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Welcome to ICENS 2015
On behalf of the organizing committee, we are pleased to announce that the 1st International Conference on Engineering and Natural Sciences 
(ICENS 2015) is held from May 15 to 19, 2015 in Skopje, Macedonia. ICENS 2015 provides an ideal academic platform for researchers to present 
the latest research findings and describe emerging technologies, and directions in Engineering and Natural Sciences issues. The conference 
seeks to contribute to presenting novel research results in all aspects of Engineering and Natural Sciences. 

The conference aims to bring together leading academic scientists, researchers and research scholars to exchange and share their experiences 
and research results about all aspects of Engineering and Natural Sciences. It also provides the premier interdisciplinary forum for scientists, 
engineers, and practitioners to present their latest research results, ideas, developments, and applications in all areas of Engineering and 
Natural Sciences. The conference will bring together leading academic scientists, researchers and scholars in the domain of interest from 
around the world .

ICENS 2015 is the oncoming event of the successful conference series focusing on Engineering and Natural Sciences. The scientific program 
focuses on current advances in the research, production and use of Engineering and Natural Sciences with particular focus on their role in main-
taining academic level in Engineering and Applied Sciences and elevating the science level. 

The conference's goals are to provide a scientific forum for all international prestige scholars around the world and enable the interactive 
exchange of state-of-the-art knowledge. The conference will focus on evidence-based benefits proven in clinical trials and scientific experi-
ments. 

Best regards, 

Chairman of Conference 

Prof. Dr. Özer ÇINAR 



PROGRAM DAY 1 16th May, 2015

SESSION A SESSION B SESSION C SESSION D SPECIAL SESSION 

11:00 455 - Computational Hydrodynamic Analysis of Turbulent 
Duct Flow - Selcuk Selimli, Ziyaddin Recebli, Erol Arcaklioglu

338 - A Numerical Study on the Effects of Surface Roughness for 
a New Cyclone Filter - Fuat TAN, Irfan KARAGOZ, Atakan AVCI

374 - Detection of the weld damages by Lamb wave technique - 
Volkan Yusuf Şenyürek, Mustafa Demetgül

530 - A New Modified Shah Correlation on Condensation Heat 
Transfer in Plain Tubes Kemal Ermis, Yasar Sen

5G: Challenges and Innovative Solutions - Liljana 
Gavrilovska - Ss Cyril and Methodius University, Macedo-
nia

11:15 531 - Towards Rotational Foam Molding Operations Based on 
Physical Blowing Agents - Remon Pop-Iliev

313 - Optimisatıon of Tool Edge Geometry and Cutting Param-
eters in Hard Turnıng Of AISI 52100 using Taguchi Method - 
Mehmet BOY, İbrahim ÇİFTÇİ, Mustafa GÜNAY, Halil DEMİR

400 - Numerical Investigation of Simultaneously Developing 
Laminar Flow And Conjugate Transient Heat Transfer in a Thick 
Walled Pipe - Selçuk Darıcı, Soner Şen

416 - A New Combined Method of Protein Extraction for Prot-
eomic Studies - Can YILMAZ, Mesude İŞCAN

11:30 457 - CFD Thermophysical Analysis of MHD Turbulent Pipe 
Flow - Ziyaddin Recebli, Selcuk Selimli, Erol Arcaklioglu

232 - Aerodynamic Simulation of a Traditional High-Speed Train 
with Different Head Angles - Gürhan Külahlı, Hilmi Yazıcı

169 - Gaussian and wavelet filtering methods for Michelson in-
terferometric expansion measurement - Veysel Gökhan Böcekçi, 
Volkan Yusuf Şenyürek

266 - A Numerical Method To Find the Transient Temperature 
Distribution of Hollow Cylinders - Hakan Pekel and Vebil Yildirim

Spectrum Sensing Approaches for Cognitive LTE-A 
Systems - Wolfgang Gerstacker - University of Erlangen-
Nurnberg, Germany

11:45 499 - Jet formation and water pile-up in slamming of rigid 
bodies - Bulent Guzel, F. Cuneyt Korkmaz

331 - Comparison of linear and non-linear strain effects on an 
angled Timoshenko Beam FEM Model - Mustafa Taşkın, Özgür 
Demir, Hakan Paşahan

205 - Efficient Routing of Ambulances Aftermath of a Disaster 
- Hazan Daglayan, Nergiz Kilinc, Senem Aktas, Ibrahim Cereci, 
Murat Karakaya

507 - - Numerical Analysis on Oxy-Fuel Combustion for Different 
Mixture Rate - Osman İPEK, Barış GÜREL, Mehmet KAN

12:00 149 - Investigation of Aerodynamic Characteristics and Flow 
Visualization under Pitching Motion over Non-Slender Delta 
Wing - B. YANIKTEPE, C. OZALP, B. SAHIN and S. CAG

271 - Thermal Analysis of New Molten Salts Electrolyte for 
Medium Temperature Thermal Batteries - A.KOCA, Y.VAROL, 
H.F.ÖZTOP, F.YAKUPHANOĞLU, F.DAGDELEN, M.C.MENTES, 
G.P.AKSOY, A.DERE

248 - Intagrated Dynamic Analysis of a Six Axis Serial Robot - 
Şahin Yavuz, Hira Karagülle

167 - Alterations in the Activities of Chickpea Antioxi-
dant Enzymes During the Progression of Drought Stress 
- Tuğçe Kalefetoğlu Macar, Oksal Macar

Cybersecurity: Recent Trends and Perspectives - Christos 
Douligeris - University of Piraeus, Greece 

12:15 170 - Investigation of the Test Device Determining Character-
istics of Automotive Brake Pads - Mustafa Timur, Hilmi Kuşçu, 
Sinan Savaş

237 - Effect of Magnet Materials on the Efficiency of Line Start 
Permanent Magnet Synchronous Motor - Seda Kül, Osman Bilgin

009 - The Concept of Urban Forest in Turkey, Situation Today and 
Targets - Atilla Atik, Fürüzan Aslan, Bülent Yılmaz

211 - The factors that effect the externel patch repaired in 
laminated Composite Materials - Şükrü Çetinkaya, Haşim Pıhtılı, 
Hayri Yıldırım

12:30 BREAK Lunch 
(Only for Blue, Green and Orange Package ID Holders) 

13:30 515 - Numerical Investigation of Al2O3-Water Nanofluid Flow 
And Heat Transfer in Sudden Expansion Channels - Engin 
GEDİK, Muhammed Atıf TOPAL, Alper Ergün, Bahadır ACAR

240 - Design of Five Degrees of Freedom Bomb Loader - Ümit 
Koçer, Koray Kavlak

339 - A Study on Improving the Thermal Performance of the 
Solar Chimney System with Using Fresnel Lenses - Fuat TAN, Irfan 
KARAGOZ

532 - Automating Non-Destructive Product Disassembly 
Sequence Generation - Ile Mircheski, Tatjana Kandikjan, Remon 
Pop-Iliev

Towards a more Safe and Green Driving Experience in 
Smart Cities using Vehicular Networking - Falko Dressler - 
University of Paderborn, Germany 

13:45 188 - Determantion of Failure Distribution Parameters for 
Welding Machines used in Ship Construction - Baha GÜNEY, 
Çağatay TEKE

289 - Optimization of Control Parameters of 2-DoF Twin-Rotor 
MIMO System - Gonca Ozmen Koca, Sengul Dogan

241 - The Correlation between CPU Core Temperatures of a Server 
under Specific Cooling Systems - Serhat Orkun TAN, Hüseyin 
DEMİREL

091 - Kinetics of fine dry grinding of barite in a laboratory steel 
ball mill - Ali ARAS, Alper OZKAN, Salih AYDOGAN

14:00 458 - Evaluation and Modelling of Modified Hazelnut Shell in 
Pb2+ Removal From Aqueous Solution - Evren Gölge, Gülden 
Ova

309 - Modelling of Specific Cutting Resistance In MachiningiOf 
AISI P20 Plastic Mould Steel - Nafiz Yaşar, Mustafa Günay, Ulvi 
Şeker

336 - Analysis and Design of Passive and Active Interconnected 
Hydro-Pneumatic Suspension Systems in Roll Plane - Ferhat 
Saglam, Y. Samim Unlusoy

212 - Analysis of Laminated Composite Plates By Using Element-
Free Galerkin Method - Özkan ÖZBEK, Ömer Yavuz BOZKURT

Transmission of warning messages and other reports 
through vehicular networks in Smart Cities - Monica 
Aguilar Igartua - Univ Politecnica de Catalunya, Spain 

14:15 475 - Morphological Comparison of Transgenic and Non-
Transgenic Corn (Zea mays L.) Lines Under Drought Stress 
- Oksal Macar, Tuğçe Kalefetoğlu Macar, Kültiğin Çavuşoğlu, 
Emine Yalçın

529 - The Parametric Study on Intercooler in Turbocharger Diesel 
Engine - Yasar Sen, Kemal Ermis

258 - Effects of heat treatment on abrasion properties of fir and 
beech wood - Hamiyet SAHIN KOL, Yusuf SEFIL, Sema AYSAL

295 - Monitoring of the Daily Global Solar Radiation in Eastern 
Turkey by Using Satellite Images - Selmin ENER RUSEN

14:30 015 - Analysis of the Turkmen Tents that Provide Energy Ef-
ficiency by Use of Natural Material from the Socio-Economic 
and .... - GULSEN CENGIZ

369 - Design of Hydraulic Bulge Test Unit for Warm Forming 
- Emine Feyza Şükür, Hüseyin Selçuk Halkacı, Murat Dilmeç, 
Mevlüt Türköz

197 - A Genetic Algorithm for Safe and Rapid Transmission of 
Military Vehicles in a Minefield - Nergiz Kilinc, Ibrahim Cereci, 
Hazan Daglayan, Senem Aktas, Murat Karakaya

236 - E-Invoicing in Turkey and a Software-as-a-Service Solution 
- Ahmet Ozcan, Salim Eryigit

The social layer in Resource Competition - Ioannis 
Stavrakakis - University of Athens, Greece

14:45 238 - The Kinematic Analysis of the Eight Legged Scorpion 
Robot - Koray Kavlak, Hüseyin Sayman, Fatma Koç, Şakir 
Taşdemir, Kevser Dincer

511 - Determination of the Effects of Operating Parameters on 
the Supernatant Turbidity of Quartz Suspensions by Experimen-
tal Design - Adem Taşdemir, Tuba Taşdemir

224 - 8D Problem Solving Technique Case Studies in Industry for 
Metallic Materials Production - Yavuz Gezicioglu, Adnan Sozen

053 - Determination of Public Expectancy and Approach of 
Urban People Towards Urban Forest: Sample of Malatya-Turkey - 
Fürüzan Aslan, Atilla Atik, Bülent Yılmaz

15:00 BREAK  COFFEE / TEA

15:15 207 - Numerical Investigation of Convective Heat Transfer 
Characteristics of TiO2/Water Nanofluid in a Trapezoidal Mi-
crochannel - Tuğçe İŞGÜZAR, Cüneyt UYSAL, Kamil ARSLAN, 
Hüseyin KURT

460 - Particle Swarm Optimization Approach to Solve Single Ma-
chine Total Weighted Tardiness Problem with Unequal Release 
Date - Serdar ÖZER, Tarık ÇAKAR

419 - Optimization of Surface Roughness in Wire-Cut EDM Of 
Aa6061/B4CP Using Response Surface Method - Şener Karabulut, 
Halil Karakoç, Ömür Kaya Kalkan, Ramazan Çıtak

376 - WDXRF Analysis and Determination of Effects in Cement 
Production Processes Sample Prepared with Pellet Method - Me-
like Arslanhan, Gökçe Borand, Zeynep Sır, Faruk Demir

15:30 217 - Optimum Autofrettage Pressure for a High Pressure 
Cylinder of a Waterjet Intensifier Pump - Hakan Çandar, İmam 
Hüseyin Filiz

310 - Gender Determination from Regions of the Face - Betül 
AKKOÇ, Ahmet ARSLAN

417 - Controlling Temperature Rise in Mass Concrete Foundation 
of Folkart Towers - A. Atacan ÜTE

539 – Energy Efficiency Enhancement of A Household Refrigera-
tor Using With Oil Cooling Condenser - Erdoğan Kılıçaslan, Alper 
Ergün, Engin Gedik, Bahadır Acar, Engin Özbaş

Mobile Health Solutions for Neurological Applications - 
Zaher Dawy - American University of Beirut, Lebanon 

15:45 402 - Numerical Investigation of the Performance of Twisted 
and Untwisted Blades for Small Horizontal axis Wind Turbines 
- M.E. Abdelmoty, A. Osman, O.E. Abdellatif

329 - Identification of Normal and Abnormal Heart Sounds Using 
Neural Network - Fatma Zehra Göğüş, Bekir Karlık

018 - Analytical Investigation Of The Stress Distribution in the 
Beam End Connector in Storage Rack Systems - Yaşar PALA, Emre 
Çalış, Murat REİS

252 - UAV Route Planing for Avoidıng Enemy Radars - Senem 
Aktas, Nergiz Kilinc, Hazan Daglayan, Ibrahim Cereci, Murat 
Karakaya

16:00 191 - Vibration Control of an Onelink Flexible Manipulator 
with Harmonıc Excitation - Şahin Yavuz, Hira Karagülle

130 - Research Data Management System Proposal having Confi-
dentiality and Privacy - Feriştah Dalkılıç, Enis Karaarslan, Mehmet 
Beşir Eren

361 - Determination of the awareness level of individuals about 
the parks designed for the disabled - Fürüzan Aslan, Atilla Atik

454 - Salt Bath Nitriding of Fe72Al28 Intermetallic Alloy - İbrahim 
Çelikyürek

War on Faults - Ilir Capuni - Epoka University, Tirana, 
Albania

16:15 131 - Using Base Algorithms Combinatorially in Adaboost 
Ensemble for Intrusion Detection - Necati Demir, Gökhan 
Dalkılıç

497 - The Friction Welding of Feal Intermetallic Alloy And AISI 
316 Stainless Steel - Ibrahim CELIKYUREK, Bedri BAKSAN, Osman 
TORUN, Akın OZCAN

044 - Providing Engineering Solutions to Forest Fire Access Prob-
lems Using Network Analysis Method - Abdullah E. AKAY, Hande 
E. KILIÇ

452 - Dry sliding wear behaviours of Fe3Al and Fe-32.5Al-15Ti 
alloys - O. Torun

16:30 BREAK  COFFEE / TEA Autonomous Control for Visual Sensor Networks - Mela-
nie Schranz - University of Klagenfurt, Austria

16:45 End of the day End of the day End of the day End of the day End of the day

ORAL PRESENTATIONS



17th May, 2015

SESSION A SESSION B SESSION C SESSION D SESSION E

9:00 023 - Utilization of Cryolite Based (Na3AlF6) Electro-Metallurgy Wastes in Fired Clay 
Brick Production - M.Serhat Başpınar, Uğur Karakaya, Akın Bozkurt and Emre Demir

155 - Identification of Waste Sources in Ready-Mixed Concrete Plants - Aynur 
Kazaz, Serdar Ulubeyli, Ahmet Arslan, Bayram Er, Murat Atıcı

352 - Removal of Phenol from Aqueous Solutions by Photo-Fenton Processes - 
Özlem TEPE, Arzu Y. DURSUN

364 - Determining the Risks in Maritime Container Terminals Operations: 
Health and Safety Applications - Gül EMECEN KARA, Ersoy KAÇMAZ

027 - - Effect of Different Percentages of TENCEL® Fibres on Polylactic Acid Fibres 
Based Nonwoven Structure Properties - M. Uzun, C. Bach, S. Jockenhoevel, I.Usta, 
M.Akalın

9:15 035 - Agricultural Waste Biomass Hydrolysis by Scytalidium thermophilum Xyla-
nase - Didem SUTAY KOCABAS

146 - Effect of Catalyst Amount on Azo Dye (Basic Yellow 28) Oxidation Using Pr 
Doped TiO2-MMT Composite Photocatalyst - Başak Otsukarcı, Yasemen Kalpaklı

301 - Proposals for the protection of water resources in the Prespa lake basin, 
Greece - Romanos - Vasileios Araviadis

371 - Determination of Hazard Effects of Truck Accident Carrying Hazardous 
Waste by Using Ranking System - Mehmet Emin ARGUN, Havva ATEŞ

063 - Glucose Concentrations in Blood Regarding to Different Physiological States 
of Holstein, Friesian Cattle - Nejra Hadzimusic

9:30 048 - Bioinformatics Application for the Detection of Pathogenic Bacteria by 
duplex real Time PCR - Ergün Şakalar, Ahmet Kaynak

186 - Removal Efficiency of The Herbicide Aclonifen by Soil Fungi - Gokhan 
Onder Erguven, Hurrem Bayhan, Bahar Ikizoglu, Gurdal Kanat, Yasar Nuhoglu

328 - Removal Rate of Herbicide Aclonifen in Agricultural Sunflower Field in 
Natural Period - Hurrem Bayhan, Gokhan Onder Erguven , Gurdal Kanat, Sadul-
lah Levent Kuzu

107 - Causes and Reasons of Soil Degradation Problems in Turkey - Taskin 
Oztas

257 - The Research of the Economic Impact of Granite Dust Remains Usage in Auto 
Brake Pads - Halil Kılıç, Mustafa Timur, İbrahim Mutlu, Sinan Savaş

9:45 038 - Foam Concrete Production with a Mineral Waste Addition - İsmail Demir, 
M.Serhat Başpınar, Erhan Kahraman, Volkan Atabey

486 - Physical Activity Prediction: Accelerometers or Gyroscopes - Musa Hakan 
Asyalı, Ömer Kayaaltı

359 - The Impact of Climate Change on Maritime Transport Routes - Gökhan 
KARA

355 - Toxic and Hazardous Waste Management - Sakine UGURLU KARAAĞAÇ 280 - Comparative Assessment of Attributes and Ranking of Alternative Product 
Variants for Smart Running Shoes - Gülden Turhan

10:00 052 - Algae for Renewable Energy - Meltem CONK DALAY 251 - Natural Gas Consumption and Its Effect On Air Emissions in Turkey - Ali 
CAN, Halil EKMEKCİ

332 - Removal of Color and COD from Wastewater of a Local Textile Factory by 
Coagulation - M. Sara TUNÇ, Özlem TEPE

005 - Slope Stability Analysis Method of Account Back And Examination of 
Tekke Landslide with Back Analysis Method - Mümin FİLİZ, Semiha GÖKCAN

034 - Detection of Human-Induced DNA Contamination Using Molecular Based 
Technique - Ergün ŞAKALAR, Şeyma ÖZÇIRAK ERGÜN, Cengiz ATASOGLU, Emine 
AKAR, Cigdem PALA

10:15 065 - Application of Differential Evolution Algorithm for Interpretation of Magnetic 
Anomalies due to Dipping Dike-like Bodies - Ç. Balkaya, Y.L. Ekinci, G. Göktürkler

509 - Vehicle’s On-Board Diagnostic(OBD) and Road Data Board Communication 
over Mobile Devices in Traffic - Gül Fatma TÜRKER, Akif KUTLU

187 - Removal Rate of Herbicide Trifluralin in Agricultural Sunflower Field in 
Natural Period - Gokhan Onder Erguven, Hurrem Bayhan, Bahar Ikizoglu, Gurdal 
Kanat

250 - Animal Manure Effect on Climate Change and Usage As a Energy 
Sources in Turkey - Ali CAN

393 - Some example of mismanagement practices in natural vegetation İn Turkey - 
Mahmut DAŞCI, Binali ÇOMAKLI

10:30 070 - Evaluation of Presplit Blasting Operation in Apa-Hotamış Irrigation (AHI) 
Channel Construction - Bilgehan Kekeç, Niyazi Bilim, Mümin Yüce

302 - Groundwater Modelling of Afyonkarahisar Sinanpasa Plain - Murat KILIT 363 - Evaluation of Maritime Safety in Istanbul Strait Using Port State Control 
Inspections - Gül EMECEN KARA, Olgay OKŞAŞ

357 - Land use change detection in Turkish coastal zone by Corine database 
- Tuncay Kuleli

179 - Effect of Temperature on Copper Losses in Synthetic Matte-Slag System with 
Colemanite Addition - Aydın RÜŞEN, Ahmet GEVECİ, Yavuz Ali TOPKAYA

10:45 BREAK  COFFEE / TEA

11:00 086 - Flocculation of wastewater from coal washing plant by polymers in Turkey - 
Selma Duzyol, Berk Eroz, Tevfik Agacayak, Ali Aras

513 - A Doubly Fed Induction Generator Modelling and Controlling For Wind 
Turbine Applications - Huseyin AKDEMIR, Yavuz SEZER, Omer Faruk KARADA-
VUT, Erkan MESE

372 - Use of Rainwater in Recreational Irrigation of a University Campus in 
Turkey - Ahmet Doğan

341 - Numerical Investigation of the Effect On Flow Characteristic of the 
Objects Placed Between Nozzle And Impinging Plate - M. Akçay, G. Külahlı, 
A. Akbıyık

308 - The Effects of Franchising System on International Marketing Strategies: Turk-
ish Clothing Sector Case - Turan Atılgan, Seher Kanat

11:15 054 - Effects of Terebint (Pistacia terebinthus L) Oil Addition to Quail Diets on 
Growth Performance, Carcass Traits, Some Blood Parameters and Composition of 
Breast Meat Fatty Acid -  Tuncay TUFAN*, Cavit ARSLAN, Aydın DAŞ  

403 - Carnitine Levels in Milk And Milk Products - Rabia Serpil GÜNHAN, Suzan 
YALÇIN

378 - Investigation of Practical Design Approach for Circular Steel Base Plates 
- Mutlu Secer

330 - Near Surface Mounted CFRP Composites for Shear Strengthening of RC 
Beams - H.M. Tanarslan

476 - - Stiffness Prediction of Bi-adhesive Single Lap Joints - Ozkan Oz, Halil Ozer

11:30 081 - Investigations into deep geological structure of Gulf of Antalya, Turkey by 
using airborne magnetic data - Abdullah Ateş

399 - Effect of Drying Conditions on Moisture Diffusivity in Thin Layer Drying of 
Apricot - Soner ŞEN, Selçuk DARICI

394 - Seismic behavior of mid-story buildings with base isolation system - 
Özgür Bozdağ

354 - Evaluation of Tank Container Logistics in Turkey - Olgay OKSAS, Gokhan 
KARA

TBA

11:45 032 - Quantification and Novel Duplex Identification of Escherichia coli O:157 H:7 
and Listeria monocytogenes - Ahmet KAYNAK, Ergün ŞAKALAR

494 - Energy recovery potential of municipal sludge disposal and agricultural 
residuals - NEZAKET PARLAK, HÜSEYİN PEHLİVAN

528 - Human Resources Management and Relationship Horoscope - Erdoğan 
Adeviye, Adıgüzel Orhan

030 - Natural Dyeing on Woollen Fabric Using Some Red Rose Petals - Emrah 
ÇİMEN, Mustafa DEMİRELLİ, Burcu YILMAZ ŞAHİNBAŞKAN, Mahmure ÜSTÜN 
ÖZGÜR

TBA

12:00 161 - A bacteriocinogenic lactic acid bacterium from Turkish traditional fermented 
sucuk and its molecular characterization - M.Gulluce, M.Kaya, G.Kaban, O.Baris, 
M.Karadayi, A.Kamiloglu, H.Genc, K.Fettahoglu, B.Alaylar

375 - Semi-quantitative analysis in WDXRF spectrometry of polyethylene mate-
rials used in food packaging - Gökçe Borand, Melike Arslanhan, Zeynep Sır, Fatih 
Dağdelen, Emine Alkın, Faruk Demir

316 - Presstressed near-surface mounted fibre reinforced polymer reinforce-
ment for concrete structures - Gokhan SAKAR

031 - Dyeing Properties of Silk Fabric with Dactylopius Coccus Costa and 
Quercus Infectoria Olivier - B.Y. Şahinbaşkan, R. Karadağ, E. Torgan

TBA

12:15 156 - Evaluation of Current Recycling Facilities for RMC Plants in Turkey - Aynur 
Kazaz, Serdar Ulubeyli, Murat Atıcı, Bayram Er, Ahmet Arslan

502 - The microstructure and hardness analysis of decarburization followed 
by boronizing AISI 2080 tool steel - Arzum Uluköy, Yavuz Kaplan, Volkan Onar, 
Merve Yıldız , Emre Armağan, Okan Çarık

358 - Evaluation of Turkish Straits Vessel Traffic Services (TSVTS) Applications in 
the Istanbul Strait - Gökhan KARA

202 - Treatment of Dairy Wastewaters Using Anaerobic Baffled Bioreactor 
Started with Waste Activated Sludge - Erkan Sahinkaya, Adem Kilic, Zaharia 
Marius, Bahadir Duygulu

TBA

12:30 BREAK Lunch (Only for Blue, Green and Orange Package ID Holders) 

13:30 043 - Propolis and Its Usage Opportunity - Sabire YERLİKAYA, Cemalettin 
SARIÇOBAN

TBA 049 - Model Development for the prediction of Prasinococcus sp. Growth - Esra 
Imamoglu, Zeliha Demirel, Meltem Conk Dalay

537 - Controlled Recirculation of Ventilating Air in Underground Coal Mining 
– Applications in Turkey and in the World - Cem SENSOGUT, Ibrahim CINAR

TBA

13:45 103 - Synthesis and Characterization of Carbon nanotube supported PdAu formic 
acid electrooxidation anode catalysts - Dilan Atbas, Fazile Cicek, M. Mücahit 
Toprak, Hilal Kivrak

176 - A New Statistical Approach to Assess Alternative Store Locations: Pugh 
Method - Mehmet Akalın, Gülden Turhan

305 - Employee Selection with Analytic Hierarchy Process in Clothing Sector: 
Turkish Case - Seher Kanat, Turan Atılgan

006 - An Invesigation of The Effects of Chemical Addıtıves on The Mortar 
Phase - Osman Ünal, Kadir Akyüz, Kadir Güçlüer

TBA

14:00 042 - An Early Warning System Design for Steel Frame Trusses - Yigit Mahmutoglu, 
Ali Gurbuz, Cemalettin Terzi

033 - Developing of a New Ionize Radiation Detection Method - Ergün 
ŞAKALAR, Emine AKAR, Şeyma ÖZÇIRAK ERGÜN, Ahmet KAYNAK

480 - Application of Digital Image Correlation in Uniaxial Tensile Test - Murat 
AYDIN, Kerim CETINKAYA

136 - Analysis and Back-Calculation Modelling of Snow Avalanche Event 
of 10th January 2015 in Uzuntarla (Trabzon-Turkey) - A. Aydın, R. Eker, Y.B. 
Odabaşı

TBA

14:15 120 - Non-enzymatic H2O2 sensor based on PtAu/C catalysts - Ozlem Sahin 122 - Astronomical aspects of the cult practice of the peak sanctuary Kokino - 
Olgica Kuzmanovska, Jovica Stankovski

129 - Distrubution of Antibiotic and Antisepic Resistance Genes in Isolated 
Stahpylococci from Bovine Mastitis - Zafer CANTEKIN, Hasan SOLMAZ, Kemal 
Gurturk, İsmail Hakkı Ekin, Dilek Ozturk, Yasar ERGUN

126 - Is Plant Growth Promoting Rhizobacteria an Alternative to Mineral 
Phosphorus Fertilizer in Pea Seed Productıon? - M.K. GULLAP, H.İ. ERKOVAN, 
K. HALILOGLU, A. KOC

TBA

14:30 036 - Isolation and molecular characterization of bacterial strains with enrichment 
potential from Magnesite Mines in Kütahya - Selin Hundur, Medine Gulluce, Ceyda 
Bozoglu, Mehmet Karadayi

076 - Hydrogen Generation from Ammonia Borane by PVP-Protected Rutheni-
um-Rhodium Nanoparticles - Murat RAKAP

162 - Investigation the Effect of Connection Models on the Optimum Design of 
Semi-Rigid Steel Frames - Soner ŞEKER, Erkan DOĞAN, M. Polat SAKA, Celalettin 
KOZANOĞLU

373 - Determination of Oxygen Gain in Hydraulic Structures - Aslı SARI, Tuba 
BOSTAN, Saadettin TOPÇU, Ali COŞAR

TBA

14:45 245 - Application properties of groundnut hull/epoxy composites - Gulcihan 
Guzel, Huseyin Deveci

066 - Algorithm Analysis of Computer Games: 2048 Game Example - Ruya Samli 440 - Separation And Preconcentration Of Silver Ions On Activated Carbon 
From Vine Shoots - Harun Ciftci, Cigdem Er, Esin Kiray, Ergin Kariptas, Ahmet 
Cetin, Mehmet Erdem, Orhan Cakirer

438 - Determination of Lead by Flame Atomic Absorption Spectrometry 
After Separation/Preconcentration Process on Rhodococcus ruber - Ergin 
Kariptas, Esin Kiray, Cigdem Er, Harun Ciftci, Kıymet Kariptaş

TBA

15:00 BREAK  COFFEE / TEA

15:15 253 - Synthesis of ethynyl-thiophenes as starting materials for the synthesis of 
biologically active compounds - Arif Kivrak, Emrah Kavak, Aslı Köroğlu

367 - Cucurbit Viruses of Turkey - Serkan YEŞİL 165 - Optimization of Rapid DNA Extraction Protocol From Ancient Human 
Bones - Elif OZDEMIR-KAYNAK, Ozlem YESIL-CELIKAS

397 - Theoretical Aproach for Modelling and Simulation of Electrical Pas-
senger Car Powertrain System - Mustafa Umut KARAOĞLAN, Nusret Sefa 
KURALAY

TBA

15:30 092 - Effect of microwave pretreatment on nickel extraction from lateritic nickel 
ore in hydrochloric acid - Tevfik AGACAYAK, Merve KOSELER, Selma DUZYOL

055 - Synthesis and Characterization of Acid Activated Artvin Bentonite (AR) 
Designed as a Catalyst - O. Sungur, A. Tabak, B. Caglar

152 - Extracellular biosynthesis of biocompatible titanium dioxide nanoparti-
cles by using fungus Aspergillus sp. - M. Sahin, A.Y. Demir, M. Gulluce, O. Baris, 
U. Demir, M. Karadayi, G. Karadayi

265 - Effect of carbon and nitrogen concentrations on PHB production by 
mixed culture submitted to aerobic dynamic feeding regime - Dilek AKMAN, 
Sebnem OZDEMIR, Kevser CIRIK, Ozer CINAR

TBA

15:45 121 - Electrochemical Detection of Hydrogen Peroxide Based on Pt–MnO2/C 
Nanocomposite - Hilal Kivrak, Orhan Alal, Dilan Atbas

430 - A Statistical Model for Predicting Yarn Evenness of Cotton Sirospun Yarns - 
Tuba Bedez Ute, Huseyin Kadoglu

244 - A newly recorded mite species of the genus Storchia Oudemans (Acari: 
Stigmaeidae) for Turkey: S. hendersonae Fan and Zhang - S. DiLKARAOĞLU, S. 
DOĞAN, O. ERMAN, S.SEVSAY, S. ADİL

192 - Hybridization of Electric Vehicle with Fuel Cell Based on Two Control 
Strategies - Mustafa Umut Karaoğlan, Nusret Sefa Kuralay

TBA

16:00 088 - Kinetic analysis of Zn(II) ions transport through a multi drop liquid mem-
brane containing di-(2-ethylhexyl)phosphoric acid - Ramazan DONAT, Kadriye 
ESEN ERDEN

166 - Synthesis of β-Chloralose Derivative Via [3+2]-Cycloaddition of Aziridine 
with Acetonitrile - Emriye AY, Tamer KARAYILDIRIM, Kadir AY

150 - Ten lignocellulolytic fungal isolates from decaying woody materials and 
their ethanol production potentials - M. Karadayi, M. Gulluce, O. Baris, T.Y. Koc, 
S. Hundur, F. Sahin, M. Turan, H. Ozkan

TBA TBA

16:15 114 - Effects of Cadmium on Metallothionein Gene Expression and Mineral 
Elements Uptake in Tomato (Lycopersicon esculentum) - Dursun KISA, Lokman 
ÖZTÜRK, Ali AYDIN, Şaban TEKİN

447 - Production of Alumix 13 Based Metallic Foams with Powder Metallurgy 
Method - Halil Karakoç, Görkem Kırmızı, Hanifi Çinici, Ramazan ÇITAK

446 - Experimental Investigation of Vertical Welded Connection Detail Between 
Precast RC Shear Wall Panels - Adem Solak, Yavuz Selim Tama, Salih Yilmaz, 
Hasan Kaplan

TBA TBA

16:30 BREAK  COFFEE / TEA

16:45 End of the day End of the day End of the day End of the day End of the day

PROGRAM DAY 2ORAL PRESENTATIONS



POSTER PRESENTATIONS 16th May, 2015

SESSION 11:00:00 SESSION 13:30:00 SESSION 15:30:00

 01A 297 - Optimization of GC-FID procedure for simultaneous determination of heroin and cocaine in real samples - 
Jeton Halili, Avni Berisha, Adelina N. Halili, Kaltrina Jusufi, Tahir Arbneshi

097 - Determination of Bacteriological, Physicochemical and Melissopallinological Properties of 
Some Pine Honeys in Mugla/TURKEY - N.N. Bozbeyoğlu, N. M.Doğan, S. Arslan, A. Güvensen

273 - Association between serum 25-hydroxyvitamin D and some inflammatory cytokines and angiogenic 
factors - F.B.S. Cinemre, H. Cinemre, B. Aydemir, C. Karacaer, A. Nalbant, T. Kaya, A. Tamer

01B 319 - Improvement of Laundering Durability of Polypyrrole Coated Cotton Fabrics - Zehra Yildiz, Onur Atak, Ismail 
Usta

098 - Calcium Carbonate Precipitation by Bacillus aerius strain U2 - Tuğba ŞENSOY, Nazime MERCAN 
DOĞAN, Ömer BOZKAYA, Erdal AKYOL

370 - The investigate of thermodynamic properties of the HLA-B*51 protein bound to different peptides 
which pathogenic role in Behcet' - Cenk DENKTAŞ

02A 113 - Comparison of Energy and Exergy Efficiency of the Refrigerants Instead of R22 in Air-to-Air Heat Pumps - 
Fadime Simsek, Kemal Comakli, Ömer Comakli

105 - Exopolysaccaride Production Potential of Bacillus pseudomycoides strain T1-11 in Molasses 
Medium - K. SOLMAZ, G. DOĞANLI, N. DOĞAN, Ö.ÇETİN, E. COŞKUN, T. BALGİR, B. ULUTÜRK

391 - Chemical Composition and in vitro Antimicrobial, Anticancer, Antioxidant Effects of the Essential Oil 
of Thymus convolutus - S. Çelen, A.D. Azaz, S. A.Türkoğlu, F. Köçkar, F.Z.Küçükbay

02B 327 - Investigatıon of Physical Properties of Woolen Fabrics on Thermal Comfort - Zehra Yildiz, Nuray Oz Ceviz, 
Vedat Dal, Engin Akcagun, Abdurrahim Yilmaz, Mustafa Atmaca, A. Berk Kurtulus

106 - Optimization of Cryopreservation of Neocholoris texensis Under Axenic and Non Axenic Cul-
ture Conditions - A.F. Sır, Ç. Demirkaya, Z. Demirel, E. Imamoğlu, M.C. Dalay

392 - Thymus pectinatus var pectinatus from Turkey essential oil: chemical composition and biological 
activities - S. Çelen, A.D. Azaz, S.A. Türkoğlu, F. Köçkar, F.Z. Küçükbay

03A 115 - Kinetic study of Cd2+ ions through a MDLM system using TNOA as a mobile carrier - R. DONAT , M.İ. EYİCE, H. 
CETİŞLİ

090 - The Synergetic Effects of Pesticides on Swimming Performance of Rainbow Trout (Oncorhyn-
chus Mykiss) - Harun Arslan Muhammed ATAMANALP

395 - A Research on the Saprophytic Microfungi in Olive Fruit in Balikesir Province - Berna Sanon, Ayse 
Dilek Azaz, Selma Celen

03B 183 - The Production of Hexadecyltrimethylammonium bromide (HDTMA-Br) Modified Sepiolite for Heavy Metal 
Removal - Yasemen KALPAKLI, Hilal CANSEV

110 - The Effect of Environmental Conditions on Exopolysaccaride Production of Bacillus licheni-
formis strain B18 in Molasses Medium - Ö. Çetin, G. Doğanlı, N. Doğan, K. Solmaz, T. Balgir, E. Coşkun, 
B. Ulutürk

109 - Local Forage Ecotypes and Their Importance in Turkey - Mustafa TAN, Zeynep DUMLU GUL

04A 234 - Porphyrin-Metal Complex Gold Nanorods - Ozgul Birel, Chenming Xue, Quan Li 143 - Genotoxic Effects of Anabolic Doping Steroid Nandrolone Decanoate in Human Peripheral 
Lymphocyte - Arif Ayar, Handan Uysal, Deniz Altun Çolak

171 - Milk Components from Native Cows versus Human Milk Components - Tolga İNAL, Murat ÇİMEN, 
Fırat TOK

04B 235 - Production of Chitosan-Layered Silicate Nanocomposite Hydrogels and Investigation of Their Heavy Metal 
Adsorption Capacities - Seda Bozkurt, Sinan Şen

151 - Extracellular biosynthesis and characterization of ZnO nanoparticles using Rhodococcus K85 
strain - A.Y. Demir, M. Sahin, M. Gulluce, O. Baris, T. Oznuluer, M. Karadayi, T. Arasoglu

204 - DNA Damage and Retrotransposon Polymorphism in Wheat Subjected to Drought Stress - Mahmut 
Sinan Taspinar, Seba Turhan, Burcu Sigmaz, Guleray Agar, Murat Aydin

05A 242 - Crosslink agent effect on Au/Poly(4-vinyl phenol):PMF (poly(melamine-coformaldehyde) methylated)/p-Si 
Schottky diode - Cem Tozlu

228 - Chemical composition of essential oil from Teucrium chamaedrys L. - Zuleyha Ozer Sagir, 
Turgut Kilic

227 - Analysis of the Essential Oil of Marrubium peregrinum L. - Zuleyha Ozer Sagir, Turgut Kilic

05B 277 - The Investigation of How the Methods, the Different Parts and Different Cultivars of Apples Effect on the 
Antioxidant Activity of ….. - M. Yıldırım, F. Benzer, M. Çimen, D. Barış, H. Yıldırım

157 - Calcium Carbonate Precipitation induced by ureolytic Bacillus licheniformis B22 under some 
environmental conditions - T. ŞENSOY, M.C. AKDEMİR, K. KÖMÜR, M. ÖZÇANAK, N. MERCAN DOĞAN

239 - Effects of Different Bacterial Strains on Yield and Quality of Strawberry - Rafet ASLANTAS, Murat 
KOSE, Gursel OZKAN, Halil KARAKURT, Ramazan CAKMAKCI

06A 283 - Synthesis and characterization of novel poly(acrylamide–co–methacrylic acid) nanocomposite modified with 
organosmectite - A. Tabak, B. Caglar, F. Coldur, O. Sungur, S. Caglar

159 - Isolation of IAA producing bacteria from rocky areas in Gümüşhane-TURKEY - Ceyda Bozoglu, 
Mehmet Karadayi, Selin Hundur, Taha Yasin Koc, Selma Sezen, Burak Alaylar, Medine Gulluce

243 - The Effects of Modified Atmosphere Packaging with Ethylene Absorbers on Ascorbic Acid Contents 
in Red Bell Peppers - Omca DEMİRKOL, İnci CERİT

06B 414 - Investigatıon of Effects on Photodynamic Therapy by Synthesizing Novel Photosensitizers from Perylenedim-
ide Derivatives - Furkan Özçil, Funda Yükrük

524 - Application of Ionic Liquids as Catalysts for the Synthesis of 3,4- Dihydropyrimidine-2(1h)-One 
Derivatives - .M.Abbasov, A.G.Talibov, G.N.Badalova, N.I.Mursalov, Sh.Z. Jabrailzadeh

288 - Influence of ultraviolet radiation on quality and microbial population in grape must - Kamila Mi-
jowska, Ireneusz Ochmian, Paweł Nawrotek, Natalia Młodzik, Beata Zielińska

07A 294 - Comparing the analytical performance of the GC-FID and GC-MS for the determination of the drugs of 
abuse:Cocaine and heroin - J. Halili, A.N. Halili, K. Jusufi, A. Berisha, T. Arbneshi

198 - Determination of Effect of Manganese Toxicity on LTR RTs Polymorphism in Zea mays - Mah-
mut Sinan Taspinar, Esma Yigider, Esra Arslan, Guleray Agar, Murat Aydin

315 - Plant Prebiotics for the Development of Fermented Dairy Products - Ozge Ozcan, Tulay Ozcan, Lut-
fiye Yilmaz-Ersan, Arzu Akpinar-Bayizit

07B 381 - Green synthesis of Ag - Au nanoparticles, attachment on the SiO2 microsphere surface and it’s antibacterial 
activity - Süreyya Kadıoğlu, Ahmet Balcı, Merve Girgin

200 - Effect of Picloram on DNA Methylation In Common Bean (Phaseolus vulgaris L.) - Esra Arslan, 
Murat Aydin, Mahmut Sinan Taspinar, Burcu Sigmaz, Semra Yagci, Guleray Agar

401 - Practicing Transhumance in Turkey: Examples of past and present - Binali ÇOMAKLI Mahmut DAŞCI

08A 104 - Enhanced Formic acid Electrooxidation Activity of Carbon nanotube Supported CoAuPd Catalysts - Orhan 
Alal, Hilal Kivrak

203 - Analyses of Somaclonal Variation in Endosperm-Supported Mature Embryo Culture of Rye 
(Secale cereale L.) - Murat Aydin, Esra Arslan, Mahmut Sinan Taspinar, Guleray Agar, Gokce Nardemir

132 - Plants Used for Folk Medicine in the Plateau Goller (Adana-Turkey) and Close Villages - Dilan Arslan, 
Serpil Demirci, Galip Akaydın

08B 299 - 2-((2/3/4-Hydroxybenzylidene)Amino)-6-Methyl-4,5,6,7-Tetrahydrothieno[2,3-C]Pyridine-3-Carbonitrile Syn-
thesis and Investigation - Naki ÇOLAK, Saliha ALTINER, Nursabah SARIKAVAKLI

213 - Comparison of Different Variables on Aspergillus terreus in Different Fermentation Types - 
Nermin GUMUSTAS, Aytac KOCABAS

094 - Assessment of heavy metal contamination in the Golden Horn estuary sediments, Turkey - Bedri 
Alpar, Selma Ünlü

09A 300 - Chemical Constituents of Sideritis phrygia BORNM. with Antimicrobial and Antioxidant Activities - Sema 
ÇARIKÇI, Züleyha SAĞIR, Turgut KILIÇ

216 - Evaluation of Mycotoxin Content of Different Trademarks of Turkish Ravioli in Karaman Prov-
ince of Turkey - S. GOKMEN, M.F. AYDIN, A. KOCABAS, A. SAYASLAN, H. YETIM, A. CAGLAR

249 - Plasma Paste Boriding of 21NiCrMo2 Steel Using Borax Paste for Multiple Gas Mixtures - Şükrü 
ÜLKER, Şükrü TAKTAK, İbrahim GÜNEŞ

09B 284 - The evaluation of the adsorption properties of the orange peels as a (bio)sorbent material: The removal of the 
Cu(II) and Ni(II) - A. Berisha, K. Jusufi, J. Halili, V. Mehmeti, F. Ferataj, J. Hasanaj, B. Korça

226 - Synthesis and Characterization of Novel Antimicrobial Active Benzoxanthene Carboxamide 
Derivatives - İbrahim Esirden, Pınar Sola, Erhan Başar, Muharrem Kaya

472 - The Effects of Feather Color on Hatchability Traits, Growth Performance, and Survival Rate in Japa-
nese Quails - Kadir ÖNK, Mehmet SARI, Muammer TİLKİ, Serpil ADIGÜZEL IŞIK, Tuncay TUFAN

10A 324 - Determination of antioxidant activities of grape seed extracts by FRAP, HRSA and MCA methods - Ayşe 
SARIÇAM, Serap COŞANSU AKDEMİR, Omca DEMİRKOL

153 - Biosynthesis potential of Bacillus subtilis K101 for biocompatible and biodegradable CaCO3 
nanoparticles - I. Akmayan, O. Baris, M. Gulluce, M. Karadayi, H. Akoguz, N. Hidiroglu

522 - The Examination of Viscosity Properties of Aluminum powder reinforced polyprophylene - Abdul-
mecit GÜLDAŞ, Mehmet ALTUĞ, Servet TEMEL

10B 312 - Evaluation of the phenolic content of Sideritis trojana and S. athoa tea decoction and infusion - Sema ÇARIKÇI 508 - Polymer Modified Mortars Based on Fly Ash - Raman Aliti, Anita Grozdanov, Slobodan Bogo-
evski, Perica Paunovic, Goran Nacevski

024 - Nanoindentation study of CoCrMo alloys having different Pd additive - Osman Sahin, Suleyman 
Uzunoglu, Selma Ozarslan, Emine Sahin

11A 345 - Inhibition effect of the heterocyclic mercapto compounds on corrosion of copper in sulphuric acid solution - 
V. Mehmeti, K. Kalcher, A. Berisha, J. Halili, K. Jusufi, A.N. Halili, F. Podvorica

286 - Detection of Total Annual Rainfall Trends of Elazığ City, Turkey - Serkan ŞENOCAK, Muhammed 
Fatih EMEK, Reşat ACAR

102 - H-aggregates of Pyronin Y in aqueous solution containing graphene oxide sheets - Mehmet 
ŞİNOFOROĞLU, Bahri GÜR, Mustafa ARIK, Yavuz ONGANER, Kadem MERAL

11B Evaluating water quality classes and trophic level for Lake Sapanca Basin - Seda Tünay, Temel Temiz, Osman Sön-
mez, Beytullah Eren, Mahnaz Gümrükçüoğlu, Rabia Köklü, Emrah Doğan, Bülent Şengörür

517 - PVC Membrane Electrode for The Potentiometric Determination of Iodide - Semra Muratoğlu, 
Ayça Demirel Özel

101 - Effect of Fish Manure and Nitrogen Fertilization on Growth and Yield of Radish (Raphanus sativus) - 
Raziye KUL, Ertan YILDIRIM, Melek EKİNCİ, Gonca ALAK, Muhammet ATAMANALP

12A 298 - The estimation of the sorption capacity of orange peels toward the analytical indicator - methyl orange - Kalt-
rina Jusufi, Avni Berisha, Jeton Halili, Bardha Korça, Valbonë Mehmeti

518 - Development Sensor Based System Software for the Control of Motor And Axis Motion on the 
CNC Turning Machine - Metin ZEYVELİ, Kürşat Mustafa KARAOĞLAN

512 - Functionalization of Polyester Knitted Fabrics by Dyeing with Multi-Walled Carbon Nanotubes - Ner-
gis DEMİREL GÜLTEKİN, Cenkkut GÜLTEKİN, Ali BEYİT, İsmail USTA

12B 473 - Perchlorate-Selective Carbon Paste Electrode Based on A Calix[4]Arene Derivative - H. Elif Kormalı Ertürüna*, 
Ayça Demirel Özela, Özlem Şahinb, Mustafa Yılmazb, Esma Kılıça

519 - A Universal Machine Converting to Computer Numerical Control Machine with Microcontroller 
and Concurrent Control - Kürşat Mustafa KARAOĞLAN, Metin ZEYVELİ

13A 029 - Molecular identification of Dunaliella sp. isolated from Ayvalık Saltern and Seyfe Lake - Zeliha 
Demirel, Esra Imamoğlu, Meltem Conk Dalay

470 - Web Server Security Scanner Application - Ali Buldu, Fuat Muminoglu, Resat Marzioglu, Kazim 
Yildiz, Volkan Yusuf Senyurek

13B 071 - β-glucan Content and Antioxidant Activities of Boletus edulis - Özge ÖZCAN, Figen ERTAN 269 - The LOX-1 3’UTR188C/T polymorphism in patients undergoing coronary artery bypass grafting 
- B. Aydemir, O. Baykara, İ. Onaran, T. Oner, C. Arslan, B.Cinemre, A.R. Kızıler, G. Kanigur

14A 418 - Investigation of Roof and Terrace Gardens as an Alternative Green Area Model For Cities: A Case Study for 
Adana - Fürüzan Aslan, Atilla Atik, Meltem Çetinman

270 - Variations in NFKB1, NFKBIA and pre-miR-499 Genes Contribute to Susceptibility to Atheroscle-
rosis in Turkish Population - T. Oner, C. Arslan, B. Arapi, C. Tel, B. Aydemir, G. Kanigur

14B 079 - Functional Liver Stress In Dairy Sheep During Summer Season - Amina Hrkovic-Porobija, Aida Hodzic 272 - Preliminary Report on Association of Anti-Saccharomyces Cerevisiae Antibodies with Vitamin 
D Deficiency - H. Cinemre, F.B.S. Cinemre, B. Aydemir, C. Karacaer, A. Nalbant, T. Kaya, A. Tamer
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SESSION 09:00:00 SESSION 11:00:00 SESSION 13:30:00 SESSION 15:30:00

 01A 100 - Polycyclic Aromatic Hydrocarbons (PAHs) in sediment as markers of contamination 
sources in the Sea of Marmara, Turkey - Selma Ünlü, Bedri Alpar, Koray Başeğmez

041 - Landslide Investigatıon Using Electrical Resistivity Imaging and Self-Potential 
Profilling - Sedat YILMAZ

404 - Investigation of Effect of Sewing Thread on Heating of Sewing Machine Needle - Vedat 
DAL, Mahmut KAYAR

385 - Evaluation of buildings strength from microtremor measurements: A case of Folkart Towers 
(Izmir/Turkey) - Emre Timur, Sinancan Öziçer

01B 181 - Application of the Environmental and Safety Integrated Management Systems in the 
Energy Sector - Bülent Şengörür, Rabia Köklü, Asude Ateş

082 - Investigation of Reinforcement Corrosion Effect on Concrete Strength by Seismic 
Velocities - Nevbahar Sabbağ, Osman Uyanık

061 - Effect of Nonionic and Anionic Surfactants on Endoglucanase - Saime Nur DEMIR, 
Selmihan SAHIN, Ismail OZMEN

450 - Recovery of copper and cobalt from copper slags as selective - Uyan YÜKSEL, İbrahim TEĞİN, 
Recep ZİYADANOĞULLARI

02A 489 - Investigation of a New Half Cloverleaf Intersection on the Regional Traffıc by Vissim - O.Ü. 
BAYRAK, F. HATTATOĞLU, H.F. BAYATA, M.A. ÇOLAK, S. HINISLIOĞLU, N. TEPE

026 - The Synthesis of Novel Thiosubstituted 1,4-Naphthoquinone Compounds - Zeliha 
Özsoy-Güneş, Cemil İbiş

087 - Control of The Energy Flow with PLC for Battery Supported Hybrid Generation System in 
Case of a supplying to Local Area - Y.B. KOCA, A. YÖNETKEN, Y. OĞUZ, T. ÖZER

453 - Syntheses of Potentially Active Triazoles from Carbohydrates and Nucleobases - Erkan HALAY, 
Emriye AY, Tamer KARAYILDIRIM, Kadir AY

02B 222 - Nanocomposite of cement paste/graphene composite and functionalized nanosilica - 
hydration kinetics and early stage response - Sylwia Mijowska, Ryszard J. Kaleńczuk

154 - The Investıgation of Tribological Properties of Ceramic Filled Polypropylene Com-
posites - Gürhan DENİZ, Ferhat YILDIRIM, Murat ÇOLAK, Salih Hakan YETGİN

095 - Load Frequency Control by PID, Fuzzy And Fuzzy – PID in a Three Areas Power System - 
Kadir Güler,Yüksel Oğuz, Ahmet Yönetken

459 - The Effect Of Fibre Characteristics On The Breaking Elongation Properties Of Cotton Sirospun 
Yarns - Tuba Bedez Ute, Huseyin Kadoglu

03A 261 - A kinetic modeling study of phosphate removal onto modified bentonite clay - Mehtap 
Tanyol

072 - Edge detection applications of magnetic anomalies of Gölcük caldera, Isparta, SW 
Turkey - M.Nuri Dolmaz, Ezgi Erbek, Erdinc Oksum, H.Evrim Tutunsatar

127 - Input and Output Matching Circuits Design For Low Noise Amplifiers By Using Tapered 
Microstrip Lines - Mehmet Yerlikaya

461 - Investigating Mechanical Properties of Composites Prepared by Three Dımensional Hybrid 
Fibers - Yalçın BOZTOPRAK, Mustafa ÇAKIR, Mahmut KAYAR, Haluk DUGA, Vedat DAL

03B 275 - An adsorption study of methylene blue from aqueous solution with a low cost material - 
Nur Ayaz, Rabia Koklu, Cigdem Ozer

125 - Evaluation of gravity and magnetic imprints of the Eastern Anatolian Collision Zone 
- M.Nuri Dolmaz, Erdinc Oksum, U.Yalcin Kalyoncuoglu

134 - Self-organization of nanostructures using a buried square network of screw dislocations 
- Salah MADANI

466 - Optimization of physical and mechanical properties of the meleagris gallopova hydroxyapa-
tite-magnesium oxide composites - Serdar PAZARLIOGLU, Selim HARTOMACIOGLU, Serdar SAL-
MAN, Ayhan ONAT

04A 290 - Removal of organic molecules by bio-sorption process using activated banana peels as 
sorbents - A. Berisha, K. Jusufi, F. Podvorica, V. Mehmeti, T. Selimi, M. Sadiku
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Abstract 
According to “World Report on Disability (2010)” of World Health Organisation (WHO), more than a billion people are esti-
mated to live with some form of disability, or about 15% of the world’s population. In Turkey, according to TurkStat, ratio of 
the disabled to total population is 12.29% which makes nearly 10 million people all over the country. Disability may be in-
mate or caused during some unfavourable events. Form this point of view, any individual is a candidate for being disabled. 
Due to the impossibilities in their physical functions, the disabled have limited access in their living area to urban areas and oppor-
tunities to use them. However, basic duty of civilisations and states is to deliver services equally to whole sides of society. In order for 
the disabled to participate in social life, civilisations should have priory aim to set up various activity areas in urban for such groups. 
Required designs and regulations are beginning to be implemented in parks in order to meet the disabled’s recreational needs. Exten-
sion of the designs for the disabled within parks is a good practice example. In addition, the number of specially designed parks for the 
disabled to perform their all kinds of activities in these parks by considering their physical disabilities is increasing more and more. 
City centre of Malatya shelters totally 105 city parks serving actively in 2015, among which only one was designed es-
pecially for the disabled and so-called “Disabled Park”. A questionnaire survey was conducted to determine the disa-
bled’s awareness level about the Disabled Park and their use frequency of the park in Malatya city. It was determined ac-
cording to data obtained from questionnaire survey that 63.8% of the disabled living in Malatya city centre are not aware of 
a Disabled Park specially designed park serving for themselves. Among the participants, those aware of the presence of such 
a park (36.2% of all participants), 76.3% reported to visit the park at least once. When the visiting frequency of the par-
ticipants who replied “yes” to the question “Which often have you visit the Disabled Park?” was asked, 20.8% of the partic-
ipants stated that they visit the park less than once a month, 44.8% once a month, 17.2% once a week and 17.2% everyday.
According to the results above, it was found that great majority of the disabled living in Malat-
ya city centre are not well aware of the presence of a park specially designed for their own needs. Var-
ious suggestions were proposed for the use of the Disabled Park in Malatya more actively.   

             

      
Keywords:  Open green area, City, Disabled people, City park, Malatya.



 

1. Introduction 
Being handicapped, disabled, crippled and similar terms have been defined in various ways by 

different institutions and people. With the broadest sense, being handicapped is defined as a loss in 
body functions or body structure[1].Besides this definition, the definition of being handicapped has 
been defined in Turkey in the Paragraph “C” of the Social Services and Protection of Children 
Institution Law with the number 2828, Item 3. According to this item, the handicapped individual is “a 
person in the need of protection, care, rehabilitation, consultancy and support services due to losing 
his/her bodily, mental psychological, emotional and social skills because of an accident or a disease 
after birth and due to not being able to cover the requirements of normal life”. 

Turkish Standards Institution (TSE) has defined the state of being handicapped as the 
limitation or the loss in using the bodily and mental functions [2]. 

The International Labor Organization (ILO) defines a handicapped person as “an individual 
whose expectations on finding, keeping and improving a job that is suitable for him/her has decreased 
considerably due to an accepted physical or mental disability”[3]. 

According to the United Nations (UN), the definition of being handicapped is being ‘crippled’, 
and the UN defines this term as “an individual who cannot fulfil the individual or social activities, which 
normally are expected to be done by himself/herself, due to an inherited or later-acquired deficiency in 
his/her bodily or mental skills”. 

The World Health Organization (WHO) has demonstrated a professional approach which is in 
accordance with its area of medical expertise and defined it as a disease, and defined the relevant 
concepts by classifying them under various titles.  

The Rights of the Disabled has encountered various handicaps in history until today. Turkey 
has intensified the activities in policy-making, legal regulations and institutional infrastructures from the 
second half of 1990s. The Administration of the Handicapped was established in 1997, and the council 
meeting was held in 1999 for the first time and in 2005, and the legal regulation, which is shortly 
known as “The Law of the Handicapped” was accepted. These activities constitute the basic display 
and the efforts in the field for the handicapped[4]. 

According to the “World Report on Disability (2010)” of the World Health Organization (WHO), 
more than a billion people are estimated to live with some form of disability, or about 15% of the 
world’s population. In Turkey, according to TurkStat, the ratio of the disabled to total population is 
12.29% which makes nearly 10 million people all over the country. Disability may be inmate or caused 
during some unfavorable events. From this point of view, any individual is a candidate for being 
disabled[5]. 

In our country, where the number of the handicapped is high, there are various problems for 
the handicapped who have many different types of disabilities, especially in terms of transportation 
from the areas where they live to the urban areas, and using the urban areas freely. The handicapped 
individuals cannot cover their daily needs due to the negative obstacles in the urban areas. Not 
providing the handicapped with the mobility that will enable them to act in the urban areas without 
having difficulties leave them unaided in covering their own social needs.  

The biggest obstacles that prevent the handicapped from joining the society are related with 
transportation and physical environment. The physical environment in which the handicapped live is 
extremely important in that they lead to limitations in the lives of the handicapped due to their physical 
dysfunctions/deficiencies. Roads, pavements, public buildings, parks and gardens, schools, houses, 
transportation vehicles and similar physical environmental issues are serious obstacles preventing the 
handicapped from joining the society [6]. In order for the handicapped to cover their needs within the 
society without being excluded from the social life, they must make use of city parks which are among 
the public areas and which are importantelements in enhancing the life quality of the urban life.  



Cities must not consist of mere buildings and transportation, and have several facilities that 
are available for all the people living in them. Green areas are among the most important ones of 
these facilities [7].Because in these areas, the aim is to balance all the conditions for the benefit of the 
society. For this reason, green area designsmust be cared for among the most important functions in 
physical design of the settlements which are the residential areas of the people[8]. 

Green areas are the areas that are designed and planted by local administrations to cover the 
recreational needs like having a walk, having fun, bodily activities and leisure activities of the people 
other than the accommodation and working.These areas are the common cultural or natural areas in 
which the people living in the city use in mutual consent. These areas are also the places that 
constitute or must constitute the important parts of the city in terms of public areas. These areas may 
be within the functional areas and may cover trees and plants and other natural elements [9]. 

The benefits of open green areas in a city for the society have been revealed by many 
researchers from various disciplines. Among the benefits of such areas, there are the effect of 
decreasing the stress and psychological disorders of the people living in cities [10, 11], the effect of 
decreasing the obesity [12, 13], the effect of increasing physical activity[14], the effect of protecting 
health [15], the effect of increasing life quality [16]and the effect of positive influences on people in 
terms of psycho-social aspects [17]. 

In this context, to cover the recreational needs of the handicapped, necessary designs are 
made in parks which are among the most important elements of green area systems in cities. The 
designs which are made specifically for the handicapped individuals becoming widespread is one of 
the examples in this context. In addition, to cover the needs of the handicapped in a park with all the 
recreational activities, the whole of the design process must be made by taking the needs and 
limitations of the handicapped into consideration. The number of such recreational areas increase day 
by day. 

2. Materials and Methods 
According to the figures of 2015, there are 94 active parks in the city center of Malatya. 

Among these parks, there is only one park which is called as “the Park of the Handicapped” and which 
is specially designed for the handicapped people. The Park of the Handicapped in Malatya is located 
in the city center, in CengizTopelAvenue, BaşharıkNeighborhood, 5thStreet. The park is established on 
an area of 2500 m2. In the scope of the study, a questionnaire has been prepared to arouse the user 
awareness on “the Park of the Handicapped” that is established specially for the handicapped in the 
city of Malatya, and to determine the use of the park by the handicapped. In determining the 
exemplification volume, the Proportional Approach determined with the help of the formula was made 
use of[18]. 
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In the formula; nshows the size of the exemplification, Nis the size of the universe; 
2
pxσ

is the 
variance1; p is the rate of the handicapped visiting the park2. 

There are no previous studies dealing with the rates of the handicapped visiting the city parks 
in the city center of Malatya. Since a pre-questionnaire study has not been performed to determine the 
p value, the p=0.5 value that would give the highest value from the p(1-p) multiplication was taken to 
ensure that the exemplification size is as large as possible [19]. 



According to the 2011 Registry of Births and Housing data from the TurkStat, there are 420 
227 people with at least one disability in the Eastern Anatolia region, and 69 376 in Malatya. 
According to the result obtained with the formula given above, the size of the exemplification is at least 
96. By adding 10% to the exemplification volume calculated, the size of the exemplification has been 
defined as 105 people in total. The data and some statistical information based on these data are 
given in the table.   

 
 
 
 
 
 
In determining the highest exemplification volume; 1This valueis accepted as 1.645 Sp

2=0.05 Sp
2 = 0.03; 2 and calculated as 

p=0.5. 
Table 1.The results of the questionnaire. 

Socio-demographic 
characteristics Name of characteristics Label Number % Sdt. 

Dev. Scale 

Gender Female (1) FEML 34 32.4    Male (2) MALE 71 67.6 
 TOTAL  105 100 0.470 1-2 
Marital Status Single (1) SING 66 62.9    Married (2) MAR 39 37.1 
 TOTAL  105 100 0.486 1-2 
Age ≤20 (1) YONG 25 23.8 

   21-40 (2) MYNG 45 42.9 
 41-60 (3) MDDL 29 27.6 
 ≥61 (4) ELDRL 6 5.7 
 TOTAL  105 100 0.852 1-4 
Education Level Illiterate (1) ILTRT 20 19.0 

  Primary School (2) PRIM 27 25.7 
Secondary school (3) SCND 34 32.4 

High school (4) HIGH 7 6.7 
Vocational school (5) VOCS 9 8.6   

University graduate (6) UNIG 8 7.6   
TOTAL  105 100 1.451 1-6 

Occupation  Housewife (1) HWIF 11 10.5 
   Public officer (2) OFCR 10 9.5 

 Worker (3) WRKR 14 13.3 
 Retired (4) RTRD 5 4.8   
 Self-employed (5) SELF 18 17.1   
 Unemployed (6) UNEM 47 44.8   
 TOTAL  105 100 2.455 1-6 
Income Level  ≤1000 TL (1) IL1 78 74.3 

   1000-2000 TL (2) IL2 16 15.2 
 2000-3000 TL (3) IL3 10 9.5 
 ≥3000 TL (4) IL4 1 1.0   
 TOTAL  105 100 0.697 1-4 
DisabilityGroup Orthopedic (1) ORTP 43 41.0   Hearing (2) HEAR 5 4.8 

Mental (3) MENT 33 31.4   
Visuallyimpaired (4) VISL 19 18.1   

Speech andlanguage (5) SPEC 5 4.8   
TOTAL  105 100 1.746 1-5 

Do you have any social 
insurance? 

Yes (1) INSY 67 63.8   No (2) INSN 38 36.2 
TOTAL  105 100 0.483 1-2 

The Ownership 
Status of your 
House 

It belongs to me and/or to my spouse (1) OWN 26 24.8   It belongs to my family and/or relatives (2) FML 37 35.2 
Rent(3) RNT 42 40.0   
TOTAL  105 100 0.794 1-3 

3. Results and Discussion 



Do you know about 
the park of the 
handicapped in 
Malatya? 

Yes (1) PINY 38 36.2   No (2) PINN 67 63.8 

TOTAL  105 100 0.483 1-2 
Have you ever 
visited the park of 
the handicapped in 
Malatya? 

Yes (1) PVSY 29 27.6   No (2) PVSN 76 72.4 

TOTAL  105 100 0.449 1-2 
How often do you 
visit the park of the 
handicapped in? 

Never(1) POFN 76 72.4   Everyday(2) POFD 5 4.8 
Once a week (3) POFW 5 4.8   

Once a month (4) POFM 13 12.4   
Less than once a month (5) POFM+ 6 5.7   

TOTAL  105 100 1.316 1-5 
 
According to the data obtained from the questionnaire, it has been determined that 63.8% of 

the handicapped people living in the city center of the city of Malatya were not aware of the existence 
of a park for the handicapped in the city. In this context, it has become clear that the majority of the 
handicapped living in the city center of Malatya were not aware of a park that was designed for their 
use. It is necessary that the local administrations organize informative activities and introduce the park 
for its potential users.  

27.6% (29 people) who participated in the questionnaire stated that they had visited the park 
at least once.  

5.7% of the participants visit the park less than once a month; 12.4% once a month; 4.8% 
once a week; and 4.8% everyday. 

In the light of the data obtained in the study, it has become clear that the rate and frequency of 
the usage of the park of the handicapped is extremely low. The reasons of this rate being low must be 
determined with new questionnaire studies and interviews must be made with the handicapped to 
eliminate the reasons.  

In addition, the population of the city center of Malatya is 498 588 according to the 2011 data, 
and about 13.9% of this is handicapped. Althoughthe rate of the handicapped in the city center is so 
high,the number of the parks designed especially for the use of the handicapped is only one. The 
handicapped must make use of the parks, which are among the public areas and which increase the 
quality of life in the city,without being excluded from the social life together with the whole of the 
society in an independent manner. In the 61st Item of the 1982 Constitution it is stated that “The State 
takes the precautions that will ensure that the handicapped are protected and oriented with the social 
life”. This Item has been in the Constitution as a direct regulation for the handicapped. In addition, in 
the 60th Item, which is under the title of Social Security,in the 1982 Constitution it is stated that 
“Everybody has the right of social security. The State takes the necessary precautions to ensure this 
security and establishes the relevant institutions”. This item gives the duty of performing the relevant 
regulations for the handicapped being oriented in the social life[20].For this reason, it is suggested that 
the number of the parks that are designed especially for the handicapped in the city center is 
increased to at least 15% of the existing parks under the title of equality and positive discrimination for 
the handicapped by taking the population of the handicapped people in the city into consideration. 
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Abstract 
The aim of activity recognition is to recognize the type of physical movements, i.e. walking, running, sitting, staircase 
climbing etc. Nowadays, physical activity recognition is an important research area because of its potential use in health 
and emergency care. There are several different sensory devices to determine the orientation and position of an object. 
Gyroscopes and accelerometers are commonly used for this purpose. The main difference between accelerometer and 
gyroscope sensors is that gyroscope sensor can sense angular rotational velocity whereas accelerometer can sense lin-
ear velocity change of movement. In this study, we aimed at comparing efficacy of accelerometer and gyroscope sensor 
data for activity prediction. We have first extracted some basic statistical features and autoregressive model coefficients 
from accelerometer and gyroscope sensor values separately and then we have evaluated the performance of classifiers 
designed to predict the type of physical activity using these features. Our results indicate that, one can predict the type 
physical activity using features obtained from accelerometer and gyroscope data equally well, as there are no significant 
differences among the performance of the classifiers using the features obtained from accelerometer and gyroscope data.
      
Keywords:  Physical activity prediction; wearable sensors; first orde  statistics; autoregressive model; pattern 
recognition.
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1. INTRODUCTION 
Physical activity recognition is an important tool with many potential applications in healthcare. There are 
several motivations behind physical activity monitoring and its automatic recognition using machine learning 
algorithms. Firstly, there has been a d ramatic increase in average life expectancy during the last several 
decades. For instance, in Japan life expectancy at birth now exceeds 83 years [1]. Due to achievements of 
mankind, in technology in general and in healthcare in particular, relative portion of the aged population has 
been increasing steadily recently. According to statistics on European Union (EU) demographics, median age 
is also increasing [2]. The median age in EU countries rose from 38.3 years in 2001 to 41.9 years in 2013, 
which corresponds to an average increase of 0.3 years per year. These indicators underline the fact that home 
healthcare and telemedicine applications will become a relatively more important component of t he 
healthcare system. Detection of the physical activity of elderly people at home, which will provide valuable 
information about their health status, is of crucial importance. 

Another motivation has to do with the advancement of technology again, but relatively indirectly this time. 
Due to comfort increasing features of t he technology, people are less mobile, especially in developed 
countries. People walk less (drive more) and even do their grocery shopping while sitting in front of their 
computers. Healthcare providers (public healthcare systems, etc.) are looking for ways to motive relatively 
less mobile people of today’s world to carry out more physical activity to improve their health. Essentially, 
this is a preventive medicine strike in protecting public health against mass diseases like obesity and diabetes. 
In this context, we need to first measure, record and analyze daily activity of people and make suggestions to 
them, based on their data. For these reasons, measurement and analysis and/or interpretation of physical 
activity is of great importance. 

There are several different sensory devices to determine the orientation and position of an object. Gyroscopes 
and accelerometers are commonly used for this purpose. An accelerometer is a sensory device that measures 
proper acceleration. A gyroscope is a sensory device that measures rotational motion. The main difference 
between accelerometer and gyroscope sensors is that gyroscope sensor can sense angular rotational velocity 
whereas accelerometer can sense linear velocity changes of movement.  

There are numerous studies for physical activity recognition in literature. Khan et al., classified 15 different 
types of physical activity using artificial-neural-networks that used autoregressive (AR) model coefficients of 
acceleration signals as discriminative features, i.e. as inputs [3]. He and Jin also used AR model parameters of 
acceleration data in activity recognition [4]. In orde r to predict children's energy expenditure, Puyau et al. 
measured their physical activity by using accelerometer based activity monitors [5]. Kwapisz et al. tried to 
classify or pr edict to 6 di fferent types of ph ysical activity (coming downstairs, jogging, sitting, standing, 
climbing upstairs, and walking) using first order statistical features obtained from cell phone accelerometer 
recordings [6]. 

Activity information can easily recorded by using miniature (light-weight) sensors (mostly accelerometers) to 
be connected to the body at several appropriate places, mostly at extremities. Nowadays smart phones include 
many advanced sensors including position sensors (geo-magnetic field sensor and the orientation sensor) and 
motion sensors (the accelerometer and gyroscope) etc. which can sense and record physical activity with great 
ease. There are even application software developed to run on t hese smart devices that analyze and report 
daily physical activities of its user. 

In this study, using a publicly available dataset, we have tried to find which sensory devices (accelerometer or 
gyroscope) are more useful or meaningful in physical activity recognition. Using a publicly available dataset 
whose details are given in the next section, we have tested the performance of classifiers based on these two 
types of inertial measurement units. In the following Experimental section, we have outlined the features that 
we have extracted from both families of inertia measurements (linear versus rotational inertia sensors, or 
accelerometer versus gyroscope) in activity classification. We have also described the classification or 
machine learning algorithm and the experimental design that we have applied in the study. As shown in the 
Results and Discussion and discussed in the Conclusions sections, our results have revealed that the use of 
either family of signals (accelerometer or gyroscope) provides equally well prediction accuracies in physical 
activity recognition. 

2. 2. EXPERIMENTAL 
An easy way to comply with the symposium paper formatting requirements is to use this document as a 
template and simply type your text into it. 
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2.1. Materials 

2.1.1. Dataset 
In this study, we have used the University of Southern California, Signal and Image Processing Institute’s 
(USC-SIPI) Human Activity Dataset (HAD), which is available at http://sipi.usc.edu/HAD/. This dataset 
contains 3-axis accelerometer and 3-axis gyroscope sensor recordings that have been collected from 14 
subjects (Gender: 7 male, 7 fe male; Age: range 21-49, mean±SD: 30.1±7.2; Height (cm): range: 160-185, 
mean±SD: 170.0±6.8, Weight (kg): range: 43-80, mean±SD: 64.6±12.1; where SD stands for standard 
deviation). For detailed information about the dataset, please see [7]. 

The USC-SIPI HAD includes 12 di fferent types of a ctivity: walking forward, walking left, walking right, 
walking upstairs, walking downstairs, running forward, jumping up, sitting, standing, sleeping, elevator up, 
and elevator down. Each subject tried or re peated each activity 5 times, as such there are 12x5 = 60 
trials/recordings (6-channels of time series data) or data files per subject. There are total of 14x60 = 840 data 
files, trials or a ctivity samples. While the subjects were carrying out the planned physical activity, 
accelerometer and gyroscope data with 3 de grees of fre edom (i.e. along X, Y, and Z axes) are collected 
simultaneously using wearable sensors (MotionNode USB, by Motion Workshop, Seattle, WA). The 
specifications of the recording device can be found at [8]. The range of capturable acceleration and rotation 
rates were ±6g and ±500 degrees per second (dps) respectively. Here, g is the acceleration due to gravity, 
which is approximately 9.81 m/s2 on the surface of the Earth. Sampling rate is 100 Hz, i.e. 100 samples per 
second, for each of the 6 channels (3 accelerometer + 3 gyroscope). 

Our inspection of the data files revealed that the durations of activity recording trials were not the same. For 
each subject, there were variations within the 5 trials of each activity type. There were also across subjects as 
well. Table 1 reports the average data length (in seconds) for each subject and activity type. We notice that 
the range of recoding durations is from 7.00 to 132.80 seconds and overall (across both subjects and activity 
types) average mean recording length is 33.47 seconds. 

Table 1. Average data length (in seconds) for each subject and activity type 

Subject 
# 

Walk 
Forward 

Walk 
Left 

Walk 
Right 

Walk 
Upstairs 

Walk 
Downstairs 

Run 
Forward 

Jump 
Up Sit Stand Sleep Elevator 

Up 
Elevator 
Down 

1 24.60 32.80 37.40 61.40 57.40 16.40 14.00 40.00 19.00 50.00 19.37 18.37 
2 25.20 31.00 34.40 43.40 44.40 17.80 14.00 20.00 19.00 50.00 20.63 24.43 
3 26.80 21.80 20.20 7.60 7.00 19.00 15.80 29.00 30.00 50.00 22.40 22.60 
4 28.00 28.40 34.20 8.80 8.40 19.20 12.80 40.00 40.00 50.00 24.21 23.93 
5 26.60 35.60 35.40 10.40 8.20 17.80 8.20 20.00 20.00 50.00 23.43 24.13 
6 25.80 33.20 44.00 8.20 7.80 19.40 8.60 40.00 40.00 50.00 20.38 20.18 
7 21.20 23.20 32.80 8.40 8.00 11.00 15.40 28.00 30.00 50.00 19.06 22.23 
8 30.00 51.40 55.80 42.60 42.40 30.00 14.30 30.00 30.00 50.00 18.19 19.02 
9 85.00 45.00 41.60 69.00 62.80 29.80 16.40 32.00 28.00 50.00 30.89 31.05 
10 85.40 33.60 35.40 61.80 56.00 30.20 9.90 40.00 40.00 50.00 29.81 26.56 
11 97.00 41.40 40.20 37.20 32.20 42.60 20.20 54.00 54.00 50.00 29.37 27.91 
12 132.80 53.80 45.60 25.80 22.60 18.00 26.80 50.00 52.00 50.00 29.27 31.70 
13 99.20 33.40 31.80 23.60 22.80 45.40 16.60 50.00 50.00 100.00 21.96 18.07 
14 55.20 53.00 62.20 15.40 14.80 36.40 21.20 50.00 20.00 50.00 22.03 19.83 
             

 

In Figure 1, we show sample data from trials of Subject #4 for all 12 different types of physical activity. Left 
and right panels respectively show accelerometer and gyroscope recordings for X, Y, and Z channels or axes. 
As different activities have different recording durations, we have depicted only first 6 s econds of e ach 
channel of data. If we examine the data given in the figure, we observe that accelerometer values portray very 
similar values for “elevator up” and “elevator down” activities (two bottom left panels in Figure 1). When we 
separately plot the X-channel accelerometer signals for t hese two activities (see Figure 2) for  the whole 
duration of the recordings, we observe that there are significant changes in the signals during the 
aforementioned activities, however action (i.e. major changes in the signals) start up right after 7th second. 
This is why we missed these changes in Figure 1, as we have only plotted only first 6 seconds of the signals. 
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Figure 1. Sample data from trials of Subject #4 for all 12 different types of activity. Left and right panels respectively show 
accelerometer and gyroscope recordings for X, Y, and Z axes 
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Figure 1. (Continued from previous page.) 

 
Figure 2. The X-axis accelerometer signal corresponding to Subject #4’s elevator up and elevator down activities in Figure 

1 is redrawn for the whole duration of the recordings 
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2.1.2. First Order Statistics 
Mean, variance, skewness and kurtosis are the fundamental statistical features of a time series. The mean is 
the average or expected value of the time series. The variance is a measure of the spread or distribution of the 
time series around the mean value. Skewness is a measure of the asymmetry of the time series around the 
mean value. Kurtosis is a measure of t he flatness of t he distribution of t he time series. A percentile is a 
measure of what percent of the total frequency scored below that measure. For example, nth percentile is the 
value for which there are n% of the signal values below it. As such, the median is the same value with the 
50th percentile. 

In this study, for each activity trial and for each signal channel (3 accelerometer + 3 gyroscope, total of 6 
channels) we have obtained mean, variance, skewness and kurtosis and 25, 50 and 75th percentile values 
(total of 7 parameters) that we collectively call as FOS (first order statistical) features. There are total of 7 
parameters per channel x 6 c hannels = 42 FOS features per trial; half (21) of  these FOS features are from 
accelerometer and the other half (21) a re from gyroscope signals. We have later used these FOS features 
(along with AR features) in automatic recognition of the type of physical activity. 

2.1.3. Autoregressive Model 
A model which assumes that current value of a time series can be predicted using some number of i ts 
previous values is called an autoregressive (AR) model. AR model is a simple and useful method for 
describing stochastic behavior of a time series. AR model’s structure is given by Equation 1: 

𝑥𝑥(𝑡𝑡) =� 𝑎𝑎𝑖𝑖𝑥𝑥(𝑡𝑡 − 𝑖𝑖)
𝑀𝑀

𝑖𝑖=1
+ 𝑒𝑒(𝑡𝑡) 

 (1) 

where𝑥𝑥(𝑡𝑡) is the signal or time series to be modeled, 𝑎𝑎1, 𝑎𝑎2,⋯ ,𝑎𝑎𝑚𝑚are the autoregression coefficients; M is 
the order of the model and 𝑒𝑒(𝑡𝑡) is the error or residue term [8]. In estimation of AR model parameters, we 
have utilized armcov function of MATLAB (Mathworks Inc. Natick, MA). This function uses the modified 
covariance method which estimates model parameters by minimizing the forward and backward prediction 
errors in the least squares sense [9]. 

Some studies on physical activity classification recognition in the literature have utilized AR model 
parameters as signal features to be used by classification methods and obtained successful results. By this 
motivation, we have estimated an AR model of order 15 for each signal of activity trials. While selecting the 
model order as 15, we have considered the following points: i) dynamics of the underlying physical 
mechanisms, ii) the length of the accelerometer and gyroscope signals (at least 7 seconds or 700 data points), 
and iii) typical values used in the literature. With this selection of model order we have extracted total of 
3x15 = 45 features for both accelerometer and gyroscope signals, as each of these sensor family has 3 signal 
channels (X, Y, and Z axes). 

2.1.4. Classification 

The k-Nearest Neighbors algorithm (k-NN; k is an odd i nteger) is a simple non-parametric classification 
method [10-11]. Although k-NN does not exhibit any modeling capability (hence the name, non-parametric) 
it is typically used in classification settings as a benchmark or re ference method due to its relatively good 
prediction performance almost in any case. In this study, as we have aimed at comparing the usefulness or 
value of accelerometer and gyroscope signals in activity recognition, we have used only one classification 
method and selected it to be the k-NN method due its simplicity and good prediction performance. 

Let x be a sample (or t est data) point in the feature space to be classified. In k-NN method, first x’s all k 
nearest neighbors are found in the training dataset and their class labels are noted. Then, x is assigned to the 
class of the samples/neighbors that appear most frequently among those k neighbors. If there is a tie, then x is 
randomly assigned to any of those tied classes. 

Using too many features in classifier design causes a serious problem known as the curse of dimensionality. 
The number of features should be a few times less than the number of samples in the training set. In order to 
cope with this problem, feature reduction or selection methods are used. The goal of feature selection is to the 
find feature subsets (of the original feature set) which can yield acceptable classification performance. In this 
study, we have utilized the Sequential Forward Selection (SFS) method [11] for feature selection. 

In measuring prediction accuracy rate of c lassifiers, we have used the well-known m-fold Cross-Validation 
(CV) method, where m is either 5 or 10. In this method, we divide the training set into m>2 parts and form m 
sub-blocks of data. Then, we take a sub-block in turn and use it for testing of the classifier that is trained on 
the remaining m−1 sub-blocks of data. We note the resulting prediction accuracy rate and repeat the whole 
classification trial with a different sub-block used as test data until all sub-blocks are processed. After m 
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iterations, we obtain m prediction accuracy rates and we finally average these to find the overall classification 
performance, i.e. the overall prediction accuracy rate [10-11]. 

2.2. Methods 
In our study, for each activity trial (14 subjects with 70 trials each) we have obtained FOS and AR features as 
described earlier. For each family of inertial sensors (linear vs. rotational or a ccelerometer vs. gyroscope 
signals) we have obtained total of 21 (FOS) + 45 (AR) = 66 f eatures. We have then used SFS method to 
select a fewer number of features that may yield acceptable classification performance. We have used k-NN 
classifiers with k = 3 and k = 5, in our classification trials with SFS method and measured the classification 
performance (i.e. prediction accuracy) with 5- and 10-fold CV. In t hese trials, we have observed that 
increasing the number features beyond 10 d id not provide any further increase in the classification 
performance. Therefore, we have set the number of features to be used in the classification trials as 10. 

3. RESULTS AND DISCUSSION 
In Table 2, we present the classification results based solely on features obtained from accelerometer and 
gyroscope signals. As we have tried 2 k values (3 and 5) for t he k-NN classifier and two fold values (5 and 
10) for the CV method we have reported total of 4 prediction accuracy rates for each type of signal family in 
Table 2. We observe that prediction accuracy rates obtained using features from either signal family 
(accelerometer or gyroscope) are very close. We further notice that k-NN classifier with k=3 and 10-fold CV 
performance estimation method, provide slightly better prediction accuracy rates. 

Table 2. Comparison of classification performance of accelerometer and gyroscopes sensors 

 k-NN (k = 3) k-NN (k = 5) 
Feature Family CV = 5 CV = 10 CV = 5 CV = 10 
Accelerometer 79.17 82.50 77.98 78.93 
Gyroscope 79.76 80.60 77.86 79.17 
     

 

In Table 3, we present the confusion matrix, for the classification of physical activity trials into 12 categories, 
corresponding to the best classification result, i.e. k-NN classifier with k=3 and 10-fold CV using 
accelerometer features. Here we observe that the sum of c orrectly classified cases, which are the diagonal 
entries of the matrix, is 62 + 55 + 61 + 58 + 59 + 69 + 67 + 59 + 61 + 70 + 33 + 39 = 693, and when we 
divide this by the total of number of trials (840), we obtain and confirm the %82.50 best accuracy rate that 
appears in Table 2. Upon examining the confusion matrix given in Table 3, we notice that the sleep activity is 
fully recognized with no error for 70 t rials. Whereas elevator up and elevator down are recognized or 
predicted with high error (33/70 and 39/70 respectively). We further notice that these two activities are 
confused among themselves mostly. 
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Table 3. Confusion matrix corresponding to the best classification result 

 Real Activity 

 Walk 
Forward 

Walk 
Left 

Walk 
Right 

Walk 
Upstairs 

Walk 
Downstairs 

Run 
Forward 

Jump 
Up Sit Stand Sleep Elevator 

Up 
Elevator 

Down Total 

Pr
ed

ic
te

d 
A

ct
iv

ity
 

Walk 
Forward 62 8 3 6 4 0 0 0 0 0 0 0 83 
Walk Left 1 55 6 0 1 0 0 0 0 0 0 0 63 
Walk Right 3 7 61 4 1 0 0 0 0 0 0 0 76 
Walk 
Upstairs 2 0 0 58 3 0 0 1 0 0 0 0 64 
Walk 
Downstairs 2 0 0 2 59 0 0 0 0 0 0 0 63 
Run 
Forward 0 0 0 0 2 69 3 0 0 0 0 0 74 
Jump Up 0 0 0 0 0 1 67 0 0 0 0 0 68 
Sit 0 0 0 0 0 0 0 59 3 0 1 0 63 
Stand 0 0 0 0 0 0 0 8 61 0 7 7 83 
Sleep 0 0 0 0 0 0 0 0 0 70 0 0 70 
Elevator Up 0 0 0 0 0 0 0 0 2 0 33 24 59 
Elevator 
Down 0 0 0 0 0 0 0 2 4 0 29 39 74 

Total 70 70 70 70 70 70 70 70 70 70 70 70 840 
               

 

4. CONCLUSIONS 
In this study, we have designed and compared performance of classifiers based on fe atures obtained from 
accelerometer and gyroscope sensors for phy sical activity recognition. Our results indicate that the 
performance even simple classifiers like k-NN using first order statistical and autoregressive model features 
from these two family of sensors/signals are both very high and very close each other. This point underlines 
the value of both accelerometer and gyroscope sensors/signals in detecting or recognizing type of physical 
activity. 
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Abstract 
7he maritime container terminal is the physical linN between ocean and land modes of transportation.  It fulfils func-
tions of the transshipment and the temporary storage of containers.  Container terminal system is composed of two 
components. 7he first is the quayside with loading and unloading of ships. 7he second is the landside. It compris-
es container yard where containers are stacked and gate side where containers are transferred to other modes of 
transportation.  Container terminal is a dynamic system in which many operations together. Container terminal op-
erations contain a variety of dangers, because of operation rate, job multiplicity of machines, machines and peo-
ple working in the same environment and vertically stacking. In this study, container terminal structure, handling 
equipment and terminal operations are described. 7erminal operations risNs are analy]ed by divided into two subsys-
tems� quayside operation and landside operation. 0easures to be taNen and health and safety practices are discussed.
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1. INTRODUCTION 
Maritime container terminals play an important role in the container transportation process.  T hey are not 
passive points of interface between sea and land transport. They have become logistic centers acting as the 
natural points of intermodal interchange. Today’s container terminals need a significant amount of investment 
in order to develop and maintain both their infrastructure and superstructure. At the same time, they face 
much fiercer competition than ever before [1]. They need to exhibit management competency to increase 
container turnover, and to success a fast transshipment process combined with reduced costs in the allocation 
of scarce resources. 

The basic function of a  container terminal is transshipment and the temporary storage of c ontainers. 
Container terminal system has complex structure. It comprises several components which interact with each 
other.  Many operations are done at the same time and with accordance together. There are many moving 
handling machines in the terminal area. Handling machines and terminal workers work in the same 
environment.  

Operations at container terminals take place throughout 24 hours and in all types of weather.  There are often 
pressures to load or unload a ship’s cargo quickly to free up a wharf. At the same time external truck drivers 
want to receive or discharge of their cargo as quickly as possible and get back on the road.  These factors 
make it a potentially high-risk industry to work in. Occupational accidents occurring in the ports compose an 
important part of all work-related accidents. Ever-changing circumstances lead to ever-changing risks. 
Terminal managements must put appropriate health and safety measures in place to manage these risks 
properly [2]. 

The accident occurring in the terminal threatens the human and environmental health. At the same time it is 
one of the most important factors affecting the efficiency of terminal operations [3]. 

In this study, container terminal structure, handling equipment and terminal operations are described. 
Terminal operations risks are analyzed by divided into two subsystems: quayside operation and landside 
operation. In this context measures to be taken and health and safety practices are determined. 

 

2. MARITIME CONTAINER TERMINAL SYSTEM 
The maritime container terminal is the physical link between ocean and land modes of transportation. That is, 
it is an intermodal storage, transfer and distribution center.  It fulfils functions of the transshipment and the 
temporary storage of containers. Container terminal system that has entries such as human, machine, and field 
is a functional integrity. Container terminal system is composed of two components. The first is the quayside 
with loading and unloading of ships. The second is the land side. It comprises container yard where 
containers are stacked and gate side where containers are transferred to other modes of t ransportation.  
Container terminals have different types of handling equipment and the terminal layouts [4]. 

2.1. Handling Equipment 
Handling equipment used at container terminals can be classified into three groups which are explained 
below.  

Quay Cranes (QC) 

The loading and unloading at a container ship are performed by Quay Cranes.   Quay cranes have two types: 
Mobil Crane (MHC) and Gantry Crane (SSC – ship to shore crane).  SSC is fixed quay crane. It moves on a 
particular rail.  Operation the performance of this cranes is in the range of 22–30 boxes/h. MHC moves on 
wheels. It rotates about its axis. It may go to any place on the quay. 

Yard Cranes (YC) 

Yard cranes are used for stacking and handling of containers in the container yard. The most common types 
of these cranes are Rail-Mounted Gantry (RMG) cranes, Rubber-Tired Gantry (RTG) cranes, Forklifts and 
Reach stackers (CRS).   

RTGs and RMGs are used for stack containers. A  RT G runs on rubbe r tires. It carries a container on its 
spreader which can move both horizontally and vertically. By combining the movement of the spreader and 
the RTG itself, containers can be placed in any storage location of a block. A block usually consists of six 
rows and four tiers of containers. At busy time, a block can be worked on by two RTGs. RMGs are similar to 
RTGs except that they run on rail. They are taller and wider than RTGs, allowing 12 rows and 5 tiers. They 
also run faster, since a container rides more stable on it.   
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CRS and Forklift are used to move and stack containers in the container yard. Forklift is a heavy-duty forklift 
which holds a container by spanning the forks on t he two holes at the bottom of a container. It is more 
suitable for empty containers. CRS is mobile vehicles with an extensible spreader. It holds container from 
above. The raising spreader enables eight tiers (high) for empty containers and six tiers for loaded containers.  

Transport Vehicles (Yard Support Vehicles) 

These vehicles are used to transport containers between container yard and other locations inside of container 
terminal. The most common types of these vehicles are Yard Trucks (YTT), Multi Trailers, and Straddle 
Carriers (SC).  

YTT is a tractor with a detachable chassis. It is one of the most convenience means to transport containers on 
land for a short distance. There are twist locks on a chassis which lock the container on chassis in its position. 
They are usually used to transport containers between storage locations and the berths. SC can be regarded as 
a reduced version of RTG. It is used for transportation between the stack and other locations such as a quay 
crane, the area for external trucks, or the train area. SC not only transport containers, but are also able to stack 
containers in the yard. SC exist in numerous variants [5].   

2.2. Container Terminal Operations 
Container terminal operations can be divided into two subsystems: quayside operation, landside operations 
which comprise yard operation and hinterland operation.  

 

 

Quayside Operations: These operations comprise ship operations and the transportation of containers 
between quay and stack.  Ship operations include the discharging operation and the loading operation.  
During the discharging operations, quay cranes unload containers from the ship to a transport vehicle. Then, 
this vehicle delivers the inbound container to a yard crane. For the loading operation, the process is carried 
out in the opposite direction. 

Landside Operations: These operations comprise yard operations and hinterland operations. Yard operations 
are related to container handling and storage operations in a yard.  The yard crane picks up t he inbound 
container from transport vehicle and then this crane stacks it into a position in storage area separated into 
blocks. Later it is delivered out of storage for transfer to other modes.  For the import container, the process is 
carried out in the opposite direction. Hinterland Operations comprise receiving and delivery operations. When 
a container arrives at a container terminal by an external truck, the container is inspected at a gate to check 
whether all documents are ready and check for damages to the container. Also, at the gate, information 
regarding where an export container is to be stored and where an import container is located is provided to the 
external truck. When the external truck arrives at a transfer point of the yard, yard equipment, which can be a 
yard crane or s traddle carrier, either receives a container from the truck, which is called the receiving 
operation, or delivers a container to the truck, which is called the delivery operation [6]. 

 

3. THE RISKS IN CONTAINER TERMINAL OPERATIONS: HEALTH AND SAFETY  
Terminal operations risks and rules that must be followed are analyzed by divided into two subsystems: 
quayside operation and landside operation. 

3.1. Risks in Quayside Operations and Safety 
Operations carried out in the quay side impose various risks based on the characteristics of quay cranes and 
transport vehicles used in the handling of containers and the nature of operation. 

Danger in ship operations starts while ship berthing.  During berthing rope of ship can stretch or break.  The 
breaking of the ship's rope is very damaging event as an uncontrolled force. Therefore to approach the rope 
and available in the study area is dangerous and prohibited.  

Getting on and off board the vessels must be done by using a ship boarding ladder, entry-exit to the ship must 
not be done from the ship railing and over the pulpits absolutely. Personnel who are boarding on the vessel 
must wear shoes whose soles are not slippery and must be careful against slipping and falling by considering 
that there may be slippery materials like ice and oil, etc. on t he vessel ground. There must be sufficient 
illumination provided on the vessel.   
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The quay cranes give warning signals when they are moving and inform the persons around them. Getting on 
the equipment which are moving and being present on the outbound route is prohibited. Likewise, vehicle 
approach route must be determined for each crane. Entry of third persons to the area where vessel operation is 
carried out by a vehicle or on foot is not allowed.  

The equipment for lashing of containers located on the deck one on the top of the other is called “twistlock”.  
There are three types of twistlocks, namely automatic, semi-automatic and manual. It is prohibited that the 
twistlocks that are taken out are placed in the working area, on the vehicle routes, SSG rails, empty sides and 
corners.   

There is a falling risk for c ontainers during ship and loading and unloading operations because of reasons 
including incorrect locking of twistlocks, and defective twistlock. Moreover, containers may move beyond 
the control of the operator during both loading on the vessel and within the hold as a result of the vibration 
and wobbling of the containers and bumping to fixed places on the vessel. Therefore during loading operation 
it must not be approached the containers and the required safety distance must always be kept. 

There are some rules which must be followed in the handling of c ontainers out of the standards. In t he 
unloading operation of r eefer containers, container unloading must be started after making sure that reefer 
plugs are not connected and are bundled. Electric shock must be considered as well. The equipment such as a 
sling, lock and hook used during the operation of out of gauge (OOG) container must be according to the 
weight of the load that is to be lifted. IMO labels placed on the containers show that the load carried in the 
container is hazardous material. Care must be taken during handling of s uch containers and security rules 
must be obeyed maximally. 

 

 

After the completion of ship loading operation, containers must be fixed to each other and proper places of 
the ship by special equipment against slipping and falling risk. It is necessary that this process, called lashing, 
must be done in the places that are found necessary and carefully and it must be controlled. Wrong lashing 
applications may cause various accidents such as slipping and falling of the containers to the sea. 

While the ship berthing, the booms of the SSG crane that extend to the sea are erected in the air. After the 
completion of ship berthing and maneuvering, the booms of the cranes are lowered on to the hold of the ship 
again. The cranes located on or next to the ship must be removed for preventing bumping during the leave of 
the ship. 

Terminal transport vehicles move on l anes that are drawn on t he quay. The drivers who are to use the 
terminal transport vehicles must obey defined speed limits.   Re verse maneuvering without seeing the back, 
and turning and changing lanes on the quay are dangerous. In the other hand, when the hatch of the ship are 
opened, the hatch must be place in a proper place not to prevent the traffic on the quay. 

3.2. Risks in Landside Operations and Safety 
Many operations are carried out in the container field simultaneously and there are many working machines 
in the field. The nature of land operations contains dangers because of reasons including the characteristic of 
the container yard and equipment, working of machines and people in the same setting, and stowing 
vertically. There are rules that need to be followed during container stacking and container shifting in the 
field, their transportation and transfer to terminal vehicles and other transportation modes, and process of 
filling  and emptying the container. 

The ground w here container stacking will be made must be flat. The containers which are stacked on an 
uneven ground m ay be damaged, bent and lose their shape because the load is not distributed evenly. 
Moreover, the containers which are stacked on an uneven ground w ill lean and their tumbling risk will 
increase. Containers are weak against the forces to be applied from the ceiling and side walls because of their 
structure. A steel framework bears the weight in the containers. Therefore, as the containers are stacked one 
on top of the other, the upper corners of the container below must be joined with the base corners of the upper 
container, and contact must be made between the upper surface and lower surfaces.    

The equipment are used in the container yard, designed specifically for s tacking containers. Stacking style 
and plans in the container yard change depending on the properties of these equipment.  Container stacking 
more than the defined row and tier must not be made.  The precautions that need to be taken and the rules that 
need to be followed show differences according to the properties of the crane used in the container yard. In 
the container delivery operations made by RTG, the container taken from the stacking must be kept on the 
stacking not on the vehicle way until the vehicle shows up to take the container. However, after the vehicle 
which comes to take the container takes its place, the container must be loaded in the vehicle by passing over 
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the truck bed and it should not be passed over the cabin. In the container receiving operations, before the 
vehicle which brings the container stops completely, the operation must not be started.  

In the operation made by CRS, proper maneuvering area must be reserved for placing the containers to the 
stacking or taking them from the stacking. There must not be persons between CRS and the terminal transport 
vehicle during the operation. The first move must be slow and careful by considering the possibility that the 
containers taken from the terminal transport vehicle may be unbalanced in some cases. Carriage of t he 
containers to long distances within the terminal by both CRS and RTG is prohibited. 

The containers which carry dangerous load must be stored in certain divisions reserved for them in the field 
and stored as a single line preferentially. These areas must be isolated as much as possible; fire extinguishers 
may be place in locations close to these areas and a drainage system and a fire extinguisher station can be 
established around the stowing field against possible leakages.  

Container transportation is done by terminal transport vehicles in the terminals between the quay, container 
storage field and terminal door. There are some rules and security precautions that need to be obeyed as these 
transportation operations are made. A crucial part of t he accidents occurring in the terminal takes place in 
these areas. The door and terminal traffic generated by external truck which bring export containers or take 
over import containers affects land and ship operation processes of the terminal and in addition it brings along 
significant risks within the terminal. Different door and terminal traffic arrangements must be developed to 
reduce these effects. The roads within the terminal must be supported by traffic signs and direction signs.  

The drivers who are to use the terminal transport vehicles must pay attention to the written instructions and 
warnings, writings and signs in the field. The vehicles should not be driven faster than traffic allow. 
Moreover, as the containers are carried by the terminal transport vehicles, loads more than the carriage 
capacity that is determined by the manufacturer company must not be loaded on the truck beds. 

 

 

Adverse weather conditions create important risks in the storage yard. Strong winds have the risk to move the 
containers in high stacking. Especially, it is danger for the empty containers which are stowed one on top of 
other as a single line.  A ttention should be paid that their doors are closed. Weather conditions must be 
followed up and in conditions when frost and icing is expected, precaution must be taken against icing on the 
roads with salt and defroster in advance. 

4. CONCLUSIONS 
The container terminals are a complex system where many operations are carried out simultaneously. Various 
handling equipment and people work in the same field. The operational risks in the container terminals occur 
depending on reasons such as the operation type, characteristics of the terminal field, properties of the used 
equipment, competency of terminal workers, environmental conditions and lack of security rules.  

The risks that are faced during quayside operations and land operations show differences from each other. 
The risks in quayside operations occur depending on handling errors in general. In l and operations on t he 
other hand, a large part of the risks occur during transportation of the containers by terminal transportation 
vehicles and during stacking of the containers in the field. The accident types encountered during the 
operations are falling, slipping, jamming of the containers and hitting to some place in general. Such events 
can cause material damage and operation delay with the best possibility and can cause serious results for the 
health of the workers and environment. 

In this context, it is necessary that the terminal administration determines the risks according to the technical 
properties of t heir own terminals and carry out works to prevent these. At the same time the terminal 
administration must provide the most appropriate environment for t he health of their workers and inspect 
regularly whether the determined rules are followed up or not . It is necessary that work health and security 
trainings are offered to all personnel working in the terminal and their awareness must be raised on t his 
matter. Especially the crane operators who have the training and ability to do the work and act according to 
the determined security rules will enable minimizing the risks in theterminal.  
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Abstract 
In this study, laboratory campaigns were done to determine the removal efficiency of $clonifen ���chloro���nitro���phe�
noxyaniline�. 7his compound is widely used during weed activity in 7hrace 5egion and $natolia.. 7he fungi isolated from 
these lands were used in the study. 0onitoring were mostly conducted by chemical oxygen demand �&2'� with all isolated 
fungi and mix of them. 7otal 2rganic &arbon �72&� experiments were done only with mix of the fungi. Isolation of fungi 
from the soils, where aclonifen was not applied, were made through seeding to standard plate count agar. Fungi acquired 
from this isolation procedure were identified by ��s 51$ gene technique. +erbicide including liquid of ��� ml was prepared 
and fungi culture was added in this liquid. 7his mixture was held in a shaNer at a standard temperature of ���&. 0onitoring 
tooN � days at aerobic condition. 'aily culture sample was taNen and &2' and 72& analysis were made with this culture. 
$ccording to the &2' results, highest and lowest removal efficiencies were obtained by 0etacordycepschlamydosporia 
and 3enicilliumtalaromyces, from �����mg�/ to ���� mg�/ and ����mg�/, respectively. $dditionally, experiments 
were done by the isolated fungi culture �3enicilliumthrichoderma, 6tachybotryschartarum, 3enicilliumsimplicissi�
mum, and $lterniaalternata�, in parallel. (xperimental studies were completed by adding the analysis of total organ�
ic carbon. $ccording to the &2' and 72& experiment results with fungi mix, the degradation rate was ���, from 
����mg�/ to ���mg�/ as 72& and removal efficiency as &2' was ���, from �����mg�l to ����mg�/ in � days.

Keywords: Aclonifen, Chemical Oxygen Demand,Total Organic Carbon,Degredation Rate
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1. INTRODUCTION 

Aclonifen is a diphenylether herbicide in which one ring is unsubstituted and the other is NH2-1, Cl-2, NO2-6 
substituted. This substitution, especially NH2-1, is a particular feature in the diphenylether herbicidal family. 
In contrast with other herbicides of the same family (acifluorfen, oxyfluorfen, bifenox), this compound is not 
only acting through a phytotoxic protoporphyrin IX accumulation but also through an inhibition of carotenoid 
biosynthesis [1]. 

The metabolism pathways of the microbial degradation of s everal diphenyl ethers have been studied. [2] 
reported that the main degradation pathway of oxyfluorfen by A. chroococcum was reduction of nitro group 
to amino compound, further acetylation of a mino derivative, O-dealkylation and dechlorination. The 
experiments were performed to study the degradation of c hlornitrofen [3] and diphenyl ethers [4] using 
Phlebiabrevispora and Lentinustigrinus, respectively. 

However, there are no reports on the degradation of Aclonifen using fungi cultures. In this study, microbial 
degradation of Aclonifenwere studied with fungi isolated from an agricultural area previously unexposed to 
Aclonifen. Soil samples from sunflower field with known history of no pesticide usage, located in Kirklareli 
City, Turkey were also collected as source of pesticide degrading microbes. In the experiments 6 species of 
fungus were isolated from the soil samples using different media plates and Aclonifen degradation was 
investigated. 

2. MATERIAL and METHOD 

2.1. Chemicals and Reagents 

Aclonifen herbicide, under the trade name “Chekic 600”, was supplied by an agricultural products shop. This 
herbicide contains 600 gr L -1 of Aclonifen active ingredient. All media for the isolation and enrichment of 
fungi were obtained from Sigma Aldrich. 

2.2. Soil Sample Collection 

Experiments were done on soil samples obtained from farming areas around the Kirklareli City. The majority 
of the farms selected in the area have been cultivating sunflower and wheat for several years. Soil with no 
background of Aclonifen concentration was collected from an organic farm. All samples were collected 
randomly from the top 0–20 cm of soil following the standard procedure and stored in glass vessels at an 
ambient temperature [5]. 

2.3. Media Preperation 

Dextrose Casein Peptone Agar, Potato Dextrose Agar, Dichloran Rose Bengal Chlorinated Agar, Sabouraud 
Dextrose Agar, Malt Extract media were prepared according to manufacturer’s instructions (Sigma Aldrich-
USA) and were autoclaved at 1210C for 15 m in. to ensure that the solution was sterilized. After cooling, 
diluted agricultural soil (containing no trace of Aclonifen) in an isotonic solution was added into petri dishes.  

2.4. Isolation and Enrichment Studies 

Fungi were isolated from the soil samples using serial dilution on different media plates. Fungi incubation 
took about one week at 200C. After growing, the plates were screened for any colonies that were visually 
different from the others. The colonies were selected at random and denoted F1 to F6 for fu ngi. After 
incubation, the cultures were placed carefully in an enrichment media for seven days to grow at 200C, and 
were shaken continuously. 

2.5. Molecular Characterization Studies 

The fungi marked on t he petri dishes were sown in PDA petri dishes by streak plate to ensure the 
reproduction from sport fungi. The fungi that were grown at room temperature and from single colony 
isolation were transferred to other PDA petri dishes and were kept at room temperature until they reached the 
appropriate size for D NA isolation. Growing fungi were scratched using a sterile blade and crushed with 
liquid nitrogen in sterile conditions, after which, DNA was isolated from the powder hypes.  

An ordinary Taq polymerase was conducted for PCR using many combinations of ITS (Internal transcribed 
spacer) region primers, which are often used in the definition of DNA. In PCR, the expected length of bands 
were obtained only for F 1 (Penicilliumthrichoderma), F4 (Metacordycepschlamydosporia) and F6 
(Alterniaalternata). For the other fungi, F2 (Penicilliumsimplicissimum), F3 (PenicilliumTalaromyces) and 
F5 (Stachybotryschartarum), One-Taq polymerase was used. The three primers designed by [6] gave two 
results. These tapes, which were cut from the agarose gel and cleaned (in the case of multiple bands) or as a 
single band, PCR reaction were sent directly to the sequence analysis. A Thermo-Scientific GeneJET Gel  
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Extraction Kit was used in the cleaning of the bands cut from the agarose gel. In cases of a sequence reaction 
on the bands (cut from the agarose gel) not performing well, re-amplification was made (by One Taq 
polymerase). 

2.6. Microbial Biodegradation Studies 

In the liquid media study, the Aclonifen active ingredient and microcosm were added to 100 m l of 0. 8% 
isotonic saline water. The Aclonifen was prepared from Chekic 600 (trade name of the herbicide) in the same 
concentration as used in the field (200ml/1000m2). The growing media used in the experiments were the 
previously isolated and the enriched fungi, with 1 ml of t he solutions obtained from of a ll kinds from the 
separately enriched solution used in the experiments.  

In this phase, solution samples were monitored at 24-hour intervals on t he basis of t he Chemical Oxygen 
Demand (COD) and Total Organic Carbon(TOC) parameter. 100 m l of sample (includes 98 ml of 0. 08% 
NaCl and 1 ml of enriched culture solution of fungi and 1 ml of herbicide) was used in the experiments. The 
samples were filtered through 45µm filter paper then analysed through the Standard Methods 5220C: Closed 
reflux titrimetric method and Standard Methods 5310B: Total organic carbon by High-Temperature 
Combustion Method. 

3. RESULTS andDISCUSSION 
The results of identification of species isolated from studied soils are given in Table 1. The COD removal 
efficiencies of the isolated and identified fungi are given in figure 1. According to the results, it is clear that 
the best performance was obtained from the mixed cultures. As seen from the figure, isolated fungi consortia 
showed the highest degradation of 91% in the COD parameter in five days. The initial COD and TOC value 
15600mg/l and 7150mg/l respectively.Thedegregation rate for TOC is 88% in same time period for fungi mix 
(Figure2). 

 

Table 1.The primers, sequence and references used to identify the fungi 

Fungi code and 
approximate species identity 

First primer 5’-3’ sequence 
and reference 

Second primer 5’-3’sequance 
and reference 

 
Penicilliumthrichoderma (F1) 

ITS3 
GCATCGATGAAGAACGCAGC 
[7]. 

ITScnrv ATCCCTACCTGATCCGAGGTC 
[6]. 

 
Penicilliumsimplicissimum(F2) 

ITS6 
GAAGGTGAAGTCGTAACAAGG 
[8]. 

ITScnrv ATCCCTACCTGATCCGAGGTC 
[6]. 

 
Penicilliumtalaromyces (F3) 

ITS4 
TCCTCCGCTTATTGATATGC 
[7]. 

ITS6 
GAAGGTGAAGTCGTAACAAGG 
[8]. 

Metacordycepschlamydosporia(F4) 
ITSTRfw 
GAGACCGCCACTGTATTTCG 
[6]. 

ITS3 
GCATCGATGAAGAACGCAGC 
[7]. 

 
Stachybotryschartarum (F5) 

ITS1 
TCCGTAGGTGAACCTGCGG 
[7]. 

ITScnrv ATCCCTACCTGATCCGAGGTC 
[6]. 

 
Alternariaalternata (F6) 

ITS3 
GCATCGATGAAGAACGCAGC 
[7]. 

ITScnrv ATCCCTACCTGATCCGAGGTC 
[6]. 
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Figure 1. Removal rate of Aclonifen as COD 

 

It was observed that COD removal efficiencies of the systems vary according to the microbial differences in 
the liquid medium. The best removal was achieved by Stachybotryschartarum in five days as 82%. The 
lowest removal efficiency 53% by Penicilliumtalaromyces in 5 da ys. Removal efficiency of the fungi, 
separately for Penicilliumthrichoderma, Penicilliumsimplicissimum, Metacordycepschlamydosporia, and 
Alterniaalternata species, were 77%, 68%, 80%, and 69% respectively in 5 days, whereas it was increased to 
91% for fungal mixture during the same period. The ratio was 88% for the Total Organic Carbon parameter 
during the same time in mixed cultures. 

 

4. CONCLUSION 

 
This study showed that biodegradation ratios of Aclonifen were found sufficiently high, especially for the 
mixed fungi cultures. In t he liquid medium, COD removal efficiency of t he systems vary according to 
microbial differences. The best removal could be achieved by Stachybotryschartarum in 5 days as 82%.For 
Total Organic Carbon studies results, removal rate was 88% in same time period for mixed cultures of Fungi. 
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Abstract 
Air is polluted and it is one of the biggest problems of earth environment. There is some agreement for the reduction 
of air emissions and almost all countries signed the Kyoto Protocol to decrease emissions for the future. However, 
this is not the case, the world still emits CO2 and its concentration reaches approximately 380 ppm in the atmos-
phere. This gas, as a direct greenhouse gas, is important because it is responsible for approximately 60% of the 
earth’s climate change. The other direct greenhouse gases such as CH4, N2O and F-gases are the responsible for 
remaining part. $t the beginning of the ����s, the natural gases are firstly used in industries in 7urNey, with a val-
ue of 15 million m3/year, but it was reaches 45 600 million m3/year in 2013. This quantity is important because it 
is producing 33.9 million tones of oil equivalent (TOE) energy. The same quantity of energy could be produced by 
approximately 158 million tones lignite or 60 million tones of hard coal. In 2013, with the consumption of natural 
gas totally produce 88.2 million tones of CO2 equivalent emissions. If hard coal was used instead of natural gas, 
the total emission would be 152 million tones of CO2 equivalent emissions which is 72% more than natural gas con-
sumption’s emissions. If lignite was used, the total CO2 equivalent emission would be 160 million tones. This quantity 
is ��� more. 7herefore, using natural gas is one of the ways to tacNle with climate change in 7urNey in short time.

Keywords: Climate Change, Greenhouse Effect, CO2 Equivalent, CH4 and N2O Emissions, IPCC Methodology
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According to the IPCC [5], the most important greenhouse gases are carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), hydrofluoro carbons (HFCs), perfluoro carbons (PFCs), and sulfur hexafluoride (SF6). 
With the burning of coal, the first three gases are highly emitted to the atmosphere. The traditional solid fuels 
(such as coal, hard coal, lignite and etc.) emit gases, containing harmful effects on t he environment and 
human beings, into the atmosphere during combustion; while pollutant effects of na tural gas on t he 
atmosphere are very low ([6]). Although, Turkey signed United Nations Climate Framework Convention on 
Climate Change and Kyoto Protocol without any commitment, it has to change their dirty fuels to clean fuels 
to tackle with climate change and to decrease the emissions in the future [9].  

The purpose of this study was to investigate the effect of natural gas consumption on air emission of Turkey 
by using IPCC methodology and the consumption data of na tural gases. The necessary data were obtained 
from the emission inventories of the State Institute of S tatistics and energy balance tables of Ministry of 
Energy and Natural Resources. The CO2, CH4 and N20 emissions were calculated by using the IPCC-Tier 1 
method [4], [5]. 

2. METHODOLOGY 
The method (IPCC - Tier 1) was used to estimate the CO2, CH4 and N20 emissions. The estimation process 
can be divided into some steps that lead to figures for CO 2 and non-CO2 emissions from fuel consumption. 
The general formula (1) for the CO2 emission is given as [5].  

 
CO2 emissions =6  (Un+In-HIn - IB ± SC ) * EF * CF * E * C-CO2       

(1)       
 
Un : The fuel production quantity 
In : Imported fuel quantity 
HIn : Exported fuel quantity 
IB : International Bunkers 
SC : Stock changes 
CF : Conversion Factor 
n : Fuel type 
EF : Emission Factor 
E : Efficiency (Coal 95% and Natural Gas 99%) 
C-CO2 : Carbon to CO2 emission  

 

And the general formula (2) for the CH4 and N20 emissions are given by IPCC Guidelines [5]. 

 
Non-CO2 emissions =6  (Un+In-HIn - IB ± SC ) * EF * CF                          

(2) 

 

According to IPCC Guidelines, the energy units are converted into Net Calorific Values (NCV). The 
international bunkers are subtracted from the calculations. And, for na tural gas, the carbon emission factor 
depends on the composition of the gas which, in its delivered state, is primarily methane, but can include 
small quantities of ethane, propane, butane, and heavier hydrocarbons. Natural gas flared at the production 
site will usually be "wet", i.e., containing far larger amounts of non -methane hydrocarbons. The carbon 
emission factor will be correspondingly different for different fuel types. 

The emission factors (EF) for different types of coal and natural gas for the direct greenhouse gases are given 
below Tables 1 and 2. The calorific values of coal are changing considerably between 1970 and 2013. For 
calculating the TOE values of coal annual conversion factors are used for each year. For lignite the minimum 
value is 6.90 TJ/Gg and maximum value is 25.98 TJ/Gg. The values for hardcaol are changing between 25.35 
TJ/Gg and 31.43 TJ/Gg.   
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Table 1. CO2 Factors (IPCC) 

Fuel Types 

CO2     

EF Efficiency C-CO2 

Unit: tC/TJ     

Hard Coal 25,8 0,980 3,6667 

Lignite 27,6 0,980 3,6667 

Asphalt 25,8 0,980 3,6667 

Second Fuel Coal 25,8 0,980 3,6667 

Natural Gas 15,3 0,995 3,6667 
         Source: [5] 
 

Table 2. Non-CO2 Factors (IPCC) 

CH4 Factors 
    

Fuel Types 

Electricity Industry Other Transport 

EF EF EF EF 

(Kg/TJ) (Kg/TJ) (Kg/TJ) (Kg/TJ) 

Hard Coal 1 10 300 10 

Lignite 1 10 300 10 

Asphalt 1 10 300 10 

Second Fuel Coal 1 10 300 10 

Natural Gas 1 5 5 50 

N20 Factors 
    

Fuel Types 

Electricity Industry Other Transport 

EF EF EF EF 

(Kg/TJ) (Kg/TJ) (Kg/TJ) (Kg/TJ) 

Hard Coal 1,4 1,4 1,4 1,4 

Lignite 1,4 1,4 1,4 1,4 

Asphalt 1,4 1,4 1,4 1,4 

Second Fuel Coal 1,4 1,4 1,4 1,4 

Natural Gas 0,1 0,1 0,1 0,1 
       Source: [5] 
 

3. RESULT AND DISCUSSION 
The result of t his study showed that the natural gases consumption over Turkey has been increasing 
throughout the years. In order to emphasize, in year 2013, the total consumption was reached approximately 
45 610 * 10 6 Sm3 in Turkey (Figure 1). In t his year, 53.65 % of natural gas was used for 105  116 G Wh 
electricity production. And the remaining parts are used to supply of energy for residential households, 
industry, transport, and agricultural activities with the values 27.57%, 17.83%, 0.81% and 0.13% 
respectively. The consumption of the natural gases emits 88.07 million tones CO2, 5.20 ktones CH4 and 0.16 
ktones N20. The emissions are equal to 88.24 million tones of CO2 eg. The shares of direct greenhouse gases 
as CO2 eq. in sectors, however, are a little different from the usage and are equal to 53.52% from electricity 
production, 27.54% from household, 17.82% from industry, 0.99% from transport and 0.13% from 
agricultural activities (Table 3). 
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Figure 1. Total Natural Gas Consumption by different sources in Turkey between1970-2013 

 

Table 3. Emissions in 2013 (Gg) 

  CO2 CH4 N2O 

Electricity 47180.3821 0.8452 0.0845 

Industry 15681.6110 1.4047 0.0281 

Other 24361.4178 2.1822 0.0436 

Household  24245.4417 2.1718 0.0434 

Agriculture 115.6840 0.0104 0.0002 

Transport 855.3606 0.7662 0.0015 

Total 88078.7715 5.1982 0.1578 
 
As given in Table 3, the highest methane (CH4) emission in 2013 was seen from households with a value of 
2.17 ktones (Gg). The highest CO2 and N20 emission were observed in electricity production with respective 
values of 47 million tones and 0.08 ktones. Throughout the years, the emissions are increasing considerably 
especially in electricity production, industry and households. The Figure 2. is showing that the CO2, CH4 and 
N20 emissions are reaching 88.08 million tones, 5.20 ktones and 0,16 ktones, respectively. In order to get 
CO2 equivalent values as seen in Figure 3, the CH4 are multiplied by 21 and N20 is multiplied by 310 and the 
obtained values are added to CO2 emissions (IPCC 1996). 
 

 
Figure 2. CO2, CH4 and N20 emissions between1970-2013 
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Figure 3. CO2 eq. emissions between1970-2013 

 
In Turkey, the natural gas is used instead of c oal. Therefore, if the natural gas was not used, then the 
emissions from coal will be more than present situation (Figure 4). After the 1988, the effect of using natural 
gas was considerably decreased the total emissions to the atmosphere.  In t his year, the total emission was 
decreased around 2 million tones CO2 eq. If the same quantity energy (i.e., 37.63 million TOE coal in 2013) 
is used by burning coal for electricity production, industry, households, transport and agriculture, there will 
be needed 60 million tones lignite or 158 million tones hard coal.  
 

 
Figure 4. CO2 eq. emissions from different fuels between1970-2013 

 
The CO2 eq. emission difference is 70 million tones in 2013. According to the usage of lignite or hardcoal or 
both, the emission value can be changed. The minimum difference will be obtained if natural gas is used 
instead of hardcoal or maximum difference will be obtained if entire natural gas is used instead of lignite or 
other types of coal. The following figure explains the minimum and maximum differences according to the 
usage of different types of coal (Figure 5). 
 

  
Figure 5. The minimum and maximum CO2 eq. emissions in case coal used between 1970 – 2013. 
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4. CONCLUSION 
This study has shown that the natural gases usage in Turkey decrease 70 million tones CO2 eq. emissions in 
Turkey according to the IPCC Guidelines. Each category is considered and calculated according to the 
Guidelines. Using natural gas is one of t he ways to tackle with climate change for Turkey in short time. 
However, the limited reserve will prohibit Turkey for future plans. At the beginning of the 1970s, the natural 
gases are firstly used in industries in Turkey, with a value of 15 million m3/year, but it was reaches 45 600 
million m3/year in 2013. This quantity is important because it is approximately produce 33.9 million tones of 
oil equivalent (TOE) energy. The same quantity of energy could be produced by approximately 158 million 
tones lignite or 60 million tones of hard coal. And this quantity energy by burning coal could create minimum 
63.7 million tones CO2 eq. extra emissions by using only hardcoal or maximum 71.7 million tones CO2 eq. 
extra emissions by using only lignite or other types of coal. So the different percentage usage of different coal 
instead of natural gas could give extra emissions. Therefore, using natural gases as a fuel is one way to tackle 
with climate change for Turkey. 
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Abstract 
In this study the aim was to determine the levels of L-carnitine in milk and milk products consumed in Turkey. For this purpose, 
each of the 15 different of the UHT milk, pasteurized milk, plain yoghurt, strained yoghurt, white cheese, kashar cheese, 
totally �� samples were taNen from marNets. /�carnitine concentrations were measured by +3/&�Àuorescence detector.
According to the analysis’ results, the mean level of free carnitine in UHT milk as 1,57  mg /100g, total carnitine as 2,19 
mg /100g, the mean level of free carnitine in pasteurized milk as 1,07 mg /100g and the total karnitin as 1,45 mg /100g 
were determined. As for the mean level of free carnitine in white cheese as 0,32 mg /100 g, total carnitine as 0,57 mg 
/100g and the mean level of free in kashar cheese as 0,46 mg/100 g, total carnitine as 0.65 mg/100 g were determined. 
Furthermore, the mean level of free carnitine in plain yoghurt and in strained yoghurt were respectively determined 
as 0,47 mg/100g, 0,70 mg /100 g and also for the mean level of total carnitine as 0,80 mg /100g , 1,15 mg /100g.
In statistical evaluation, the difference between the groups of white and kashar cheese in terms of free carnitine was 
found to be significant �p ��.����. While the difference between plain and strained yoghurt for free carnitine was not 
important, the difference in terms of total carnitine was significant �p   �.����. $s for between pasteuri]ed and 8+7 
milN, the difference in terms of free and total carnitine was significant �p ��.����. In addition, differences in terms of 
free and total carnitine were determined to be significant �p ��.��� in product groups and in some types of products.
Consequently, it was concluded that milk and milk products having a great place in nutrition have different concentrations of 
carnitine and the carnitine levels detected were found to be important for meeting the individuals’ needs of  daily carnitine.

Keywords: Carnitine, milk, milk products, HPLC, fluorescence dedector
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1. INTRODUCTION 

In recent years, L-carnitine has become one of t he prominent bioactive compounds. L-carnitine is 
present endogenously in all mammals and it is a non-protein amino acid derivative which has a low 
molecular weight (161.2 g/mole), contains quaternary nitrogen and can be dissolved in water. ([11]-
[31]).  Although it is similar to vitamine in a functional manner, it doesn’t have the full characteristics 
of vitamine because of i ts synthesizing in the body. Carnitine has the D- and L- forms. "L" form is 
defined as the physiological form of carnitine and it is important in human and animal nutrition ([21]). 
L-carnitine plays an important role in lipid metabolism and energy production acting as a carrier by 
transporting the long chain fatty acids into the mitocondria for β-oxidation ([4]-[17]). Also many 
studies has proved that L-carnitine is used as an auxiliary in reinforcing muscles, in the treatment of 
neurodegenerative diseases, hypertension and diabetes. ([16]). Carnitine deficiency or d isorder in the 
body causes diseases such as degradation in fatty acid metabolism ([31]-[32]), hyperlipemia, 
hyperammonemia, hypoglycemia, skeletal muscle diseases and myasthenia ([18]). 

L-carnitine is synthesized endogenously from lysine and methionine amino acid ([15]). Micro nutrients 
such as vitamin C, iron, pyridoxine and niacin are necessary for the biosynthesis of carnitine. Overall 
quality of the diet is important ([30]). Under normal conditions, healthy people can synthesize adequate 
amounts of c arnitine. However, the specified daily need amount of c arnitine has been increasing for 
pregnant women and newborn babies ([27]).  I n the case of i nfancy or hi gh energy requirements as 
pregnancy and lactation endogenous synthesis is not enough because of increasing carnitine 
requirement ([5]). 

L-carnitine is present as acyl carnitine and free carnitine in cells and tissues ([14]). Daily requirement of 
carnitine (15 mg) is provided by endogenous biosynthesis and exogenous sources ([1]). The amount of 
carnitine taken with food i s variable. Intake of carnitine varies between 23-135 mg/day and 2-
12µmol/kg/day in individuals consumed variety food ( [8]-[25]). Regular daily nutrition provides 
472μmol (76.5 mg) carnitine. The 77.8% of this comes from meat products and 14.4% of it from dairy 
products and eggs ([7]). Bioavailability of carnitine taken from foods and food suplements is between 
57-87 %, 14-18% respectively ([27]-[3]).  

Enzymatic, spectrophotometric, chromatographic and electrophoretic techniques are used in 
determining the detection and quantification of carnitine. Studies have been developed by using radio-
enzymatic methods, HPLC / UV, HPLC / fluorescence, flow injection analysis, tandem MS, HPLC / 
tandem MS ([21]-[6]). 

In this paper, free and total carnitine levels were studied in pasteurized milk, UHT milk, plain yoghurt, 
strained yoghurt, white cheese and kashar cheese and those levels of carnitine were compared among 
the groups of milk products. 
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2. MATERIAL and METHODS 

2.1.Materials 

15 different samples of each UHT milk, pasteurized milk, plain yoghurt, strained yoghurt, white cheese and 
kashar cheese were taken from markets which makes a total of 90 samples.These samples were kept at -18ºC 
until the carnitine levels were determined. 

2.2.Reagents and Apparatus 
L-carnitine (Sigma CO283), (3-carboxypropyl) trimethylammonium chloride (γ-butyrobetaine 
hydrochloride),1-Aminoanthracene (Aldrich, A28606), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide 
hydrochloride (EDAC) (Fluka, 03450), Ammonium acetate (Merck, 101115.1000), Acetic acid (Merck, 
100063), Chloroform (Merck, 102431), Acetone (Merck, 100014), Sodium phosphate monobasic 
monohydrate (Sigma, S9638), Disodium hydrogen phosphate dihydrate, Acetonitrile (Merck, 100030), 
perchloric acid, hydrochloric acid. All other chemicals were used without further purification. 

HPLC analyses were conducted using a Shimadzu brand equipped with autosampler (AIL-20ACHT) , 
column oven (CTO-20A) ,fluorescence detector ( S himadzu ModelRF-20A), pump (LG-20AT), HPLC 
column (HIC-ACE-121-1546 ACE 5 C18) (150*4,6mm). 

2.3.Optimal HPLC Conditions 
The HPLC mobile phase was prepared by mixing 700ml of 0. 1 M ammonium acetate in water (pH 3.5 
adjusted with acetic acid) with 300 mL of acetonitrile. Chromatographic separation was performed at a flow 
rate of 1.5mL/min, using HIC-ACE C18, 150 × 4.6 mm I.D., particle size5 μm column. The excitation and 
emission wavelengths of the spectrofluorimeter were 248 and 418 nm, respectively. The amount injection of 
the sample into the HPLC system was 20 μL. The peak area ratios of L-carnitine and internal standard (2 
μg/mL γ-butyrobetaine hydrochloride) were used to measure L-carnitine concentration. Retention times of L-
carnitine and IS were 4.0 and 4.9 min, respectively. 

2.4.Preperation of calibration Standarts 
A stock solution of L-carnitine was prepared by dissolving approximately 10 mg in 10ml deionized Milli-Q 
filter water. Further standard solutions were obtained by applying serial dilutions of the stock solution with 
0,1, 2, 10 and 20 ppm L-carnitine.  2 µg/ml of γ- butyrobetaine was prepared for i nternal standard and 
calibration curve was drawn ([2]). 

2.5.Sample Preparation, Extraction and Precipitation 
After 2 g of both white cheese and kashar samples were weighed, they were homogenized three times with 5 
ml of saline solution by using the homogenizer. 5 ml of cheese solution was taken from the obtained amount 
of 15 ml. After plain yoghurt and strained yoghurt were weighed as 2 g, 5 ml of distilled water was added and 
homogenized. 5 ml of milk was taken directly from the milk samples. Sample preparation was carried out 
according to the method of Reference [9]-[33] with minor modifications. 5 ml 0,25 M HCLO4 was added into 
5 ml samples and 500 µl internal standard and mixed. Then it was left at room temperature about 60 min. and 
filtrated. Deproteinized 10 ml samples were divided in two parts for determining the level of free and total 
carnitine. For free carnitine it was arranged to pH 6,5. For total concentration, 5 ml sample was hydrolyzed 
with 6 M KOH. Then it was left at 40ºC for one hour in water bath. HCLO4 (70% w/v) wasadded to pH 6,5. 
For each free and total carnitine, 1 ml of supernatant was taken and passed through 0,45 µm membrane and 
used for the derivatization reaction. 

2.6.Derivatization Procedure 
Derivatization procedure was carried out according to the method of Ref [2]. The 1-Aminoanthracene 
(fluorescent reagent) was dissolved in acetone (16 m g/mL) and 1-ethyl-3-(3-dimethylaminopropyl) 
carbodiimide (EDC) in 0.01 MNaH2PO4-H2O pH 3.5 (160 mg/mL). The 500 µl of t he supernatant was 
mixed with 500 µl of 0.01 M NaH2PO4-H2O(pH 3.5). The 20 µl of 1M HCl, 100 µl of 1-aminoanthracene 
solution and 100 µl of E DC solution were then sequentially added to the sample with continuous vortex 
mixing. The mixture was incubated at 25ºC for 20 min and the excess reagent was removed by washing the 
sample with 5 mL of diethyl ether. A 300 µl aliquot of the aqueous phase was then transferred into a another 
tube, and 700 µl of 0.01 MNa2HPO4-2H2O, pH 9.1 was added to adjust the pH of the samples to about 7 and 
the mixture was washed with 5 mL of chloroform. The 500 µ l aliquots of the final aqueous phase were 
diluted with 500 µl of 0. 01 M NaH2PO4-H2O,pH 3.5 and 20 µl of t his solution was injected into the 
highperformance liquid chromatography (HPLC) system. 
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2.7.Chromatographic Analyses 
The linearity of the calibration standard curve of L-carnitine is shown in Fig.1. Regression coefficient (r2) of 
calibration was found a s 0.9918. L-carnitine concentration of samples was calculated by utilizing the 
calibration curve. The retention times for L -carnitine and internal standard were 4.044 and 4.866 m in 
respectively in Fig 2. 

 

 

 

 

 

Fig.1. Standardcalibrationcurve of L-carnitine 

 

Fig.2. HPLC chromatograms of L-carnitineandinternalstandard 

 

2.8.Statistical Analyses 
The statistical analyses were performed with SPSS 21.0. The mean and standard error of data were calculated. 
The differences between parameters in cheese, in yoghurt and in milk were analyzed through the significance 
test of the difference between two groups. The differences of carnitine content among a variety of milk and 
milk products were analyzed by using one-way ANOVA test. Homogeneity of variances was assessed by 
using Levene test. As variance is not homogenous, Welch ANOVA was used and if the difference between 
groups is found to be significant, Tamhane T2 test was performed in paired comparision. Differences were 
considered as significant if p<0.05 ([12]). 
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3.RESULTS andDISCUSSION 
In this study, statistical evaluations were made between two groups in cheese, in yoghurt and in milk samples. 
Statistical evaluations were presented for white cheese and kashar intable 1, for plain yoghurt and strained 
yoghurt in table 2 and for pasteurized milk and UHT milk in table 3. In addition, the evaluation between dairy 
products was shown in table 4. 

Table 1.Comparison of white cheese and kashar in terms of L-carnitine 

 
Mean ± std.error t p 

Freecarnitine 
(mg/100g)  

White cheese 0,32 ± 0,03 -4,636 <0,001 
Kasharcheese 0,46 ± 0,02 

   
Total carnitine 
(mg/100g) 

 
White cheese 

 
0,57 ± 0,05 

 
-1,451 

 
0,158 

Kasharcheese 0,65 ± 0,03  
  

Acylcarnitine 
(mg/100g) 

 
White cheese 
Kasharcheese 
 

0,25 ± 0,03  
0,19 ± 0,03 

1,644 
 

0,111 
 

n=15 

While the amount of free carnitine in white cheese was determined as 0,32 mg/100g, the one in kashar cheese 
was determined as 0,46 mg/100g. Differences between the two groups were found to be significant (p<0,001).  
No difference was observed in terms of total carnitine. 

Table 2. Comparison of plainyoghurtandstrainedyoghurt in terms of L-carnitine 

 
 Mean ± stderror t P 

Freecarnitine 
(mg/100g)  

Plainyoghurt      0,47 ± 0,06 -2,043 0,053 
Strainedyoghurt      0,70 ±0,10 

   
Total carnitine 
(mg/1000g) 

 
Plainyoghurt   

    0,80 ± 0,05 
 

-2,728 
 

0,013 
Strainedyoghurt      1,15 ± 0,12 

  
Acylcarnitine 
(mg/100g) 

 
Plainyoghurt 
Strainedyoghurt 
 

 
    0,33 ± 0,05 
    0,45 ± 0,04 
 

-1,849 0,075 

n=15 

Whilethelevelfreecarnitine of plainyoghurtwasfound as 0,47mg/100g, theone in strainedyoghurtwasfound as 
0,70mg/100g. Differencesbetweenthetwogroupswerefoundto be significant (p = 0,013)  i n terms of t otal 
carnitine. 

Table 3.Comparison of pasteurizedmilkand UHT milk in terms of L-carnitine 

 
Mean ± stderror t P 

Freecarnitine 
(mg/100g)  

UHT milk 1,57 ± 0,02 16,924 <0,001 
Pasteurizedmilk 1,07 ± 0,02 

   
Total carnitine 
(mg/100g) 

 
UHT milk 

 
2,19 ± 0,07 

 
9,024 

 
<0,001 

Pasteurizedmilk 1,45 ± 0,05 
   

Acylcarnitine 
(mg/100g) 

 
UHT milk 
Pasteurizedmilk 

 
0,62 ± 0,07 
0,38 ± 0,04 

3,028 0,006 

n=15 
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Thedifferencesbetweenthepasteurizedmilkand UHT milkarecrucial in terms of fre e (p<0,001)  a nd total 
carnitine (p<0,001).  

Table 4. Comparison of milkandmilkproducts in terms of L-carnitine 

 
 

n Mean ± stderror F P 

Freecarnitine Cheese     30 0,39a  ±0,02 
112,71 <0,001 (mg/100g) Yoghurt 30 0,58b  ±0,06 

 
Milk 30 1,32c  ±0,05 

 
Total 90 0,76    ±0,05 

  
Total carnitine 

 
Cheese 

 
30 

 
0,61a  ±0,03 

93,46 <0,001 (mg/100g) Yoghurt 30 0,97b  ±0,07 

 
Milk 30 1,82c  ±0,08 

 
Total 90 1,13    ±0,06 

                *theparametersshownbydifferentlettersaredifferent. 

Thedifferencesamongthegroups of c heese, yoghurtandmilkwerefoundto be significant in terms of 
freecarnitine (p<0,001) and total carnitine (p<0,001). 

The levels of mean free carnitine and total carnitine of dairy products offered for consumption by different 
brands are indicated in Fig 3. 

 

 
Figure 3. The level of mean free and total carnitine of dairy products 

 

After carnitine was discovered, a series of m ethods had been developed for qua ntitation.  M ostly, these 
methods have been used in order to determine carnitine levels in blood plasma and urine ([19], [20], [14], 
[23], [28]-[22]). Identity and quantity studies of carnitine are also present in food and food supplement ([24], 
[27], [26], [29], [23]-[1]). 

In the study the mean level of free carnitine in UHT milk as 1.57 mg /100g, total carnitine as 2.19 mg /100g, 
the mean level of free carnitine in pasteurized milk as 1,07 mg /100g and the total karnitin as 1.45 mg /100g 
were determined. Similar results were obtained: free carnitine as 1.34 mg/100g, total carnitine as 2.56 
mg/100g in UHT milk and free carnitine as 1.27 mg/100g, total carnitine as 2.64 mg/100g in pasteurized milk 
([10]). In the study of ref [33], the levels of free and total carnitine in milk were determined as 1.65 mg/100g, 
2.85 mg/100g, respectively by using enzymatic method. In o ther studies, the amounts of t otal carnitine in 
milk were indicated as between 2.1 and 5.8 mg/100g ([17]-[33]). 

Reference [13] measured the level of free carnitine content in raw milk to be 1,9 mg/100g and in milk as 1,8 
mg/100g. Ref [7] determined carnitine in milk as 2,3 mg/100ml and ref [23] rather discretely measured as 
10,1±1,1 mg/100g. In this study, the levels of carnitine found in milk are similar compared to the results of 
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the past studies. the differences could be due to the use of different analytical methods, sample preparations 
and preprocessing procedures like homogenization, standardization and some processes are applied in 
producing pasteurized and UHT milk. And also milk may be produced by using milk powder. For these 
reasons, carnitine levels in milk vary. 

The mean level of free carnitine in white cheese as 0,32 mg /100 g, total carnitine as 0,57 mg /100g and the 
mean level of free in kashar cheese as 0,46 mg/100 g, total carnitine as 0.65 mg/100 g were determined. Ref 
[7] determined carnitine level in cheese as 1,8 mg/100 g and Ref [10]  indicated the level of free carnitine as 
0,16 mg/100g, total carnitine as 0,79 mg/100g in natural cheese. Ref [27] found free carnitine level as 2,89 
mg/100g, total carnitine level as 3,46 mg/100g in white cheese. The data obtained in this study are 
determined as lower than the literature data. As can be seen in the study of Ref [27]), this difference could be 
due to cheese variety, difference of produ ction, using microbial cultures and maturation process. During 
storage of cheese, dry matter and carnitine concentration of c heese increase because of t he evaporation of 
water. The difference of carnitine concentrations between white and kashal cheese might be due to different 
manufactuary processes.  

Furthermore, the mean levels of free carnitine in plain yoghurt and in strained yoghurt were respectively 
determined as 0.47 mg/100g, 0.70 mg /100 g and also for the mean level of total carnitine as 0.80 mg /100g , 
1.15 mg /100g. Ref [10] detected free carnitine level as 1.48 mg/100g, total carnitine level as 3.03 mg/100g in 
plain yoghurt. In the study of re f [27] free and total carnitine levels in yoghurt were indicated as 2.30 
mg/100g, 3.46 mg/100g respectively. However, the level of carnitine in yoghurt was found to be lower than 
the literature data. It can be resulted from adulteration made in yoghurt production, separation of milk fat and 
addition of margarine.  Seperation process has damaged the structure of carnitine in milk. On the other hand, 
adding milk powder and microbial cultures have affected the level of carnitine ([27]). The difference of 
carnitine levels in the plain yoghurt and strained yoghurt can be due to differences in manufacturing 
processes. 

The carnitine levels compared among the dairy products were found t o be significant (p<0,001). Cheese 
contains less carnitine than milk because during cheese manufacturing milk was curdled and strained and 
removed whey from cheese products. Removing whey affects the carnitine content in cheese because of the 
hydrophilic characteristics of carnitine ([27]). The carnitine levels in milk may vary even though the same 
manufacturing processes applied to the samples. The carnitine concentrations of milk and milk products also 
change according to product types, fat content, animal species, metabolism, lactation durations and numbers. 
The amount of carnitine decreases as lactation period progresses ([34]- [27]). 

4.CONCLUSION 
As a result, detailed knowledge was obtained about the level of carnitine in milk and milk products. Carnitine 
content in milk, yoghurt and cheese varied due to the different samples, analytical methods, preparation of 
samples and process steps. Milk and milk products are important for humans in meeting the proposed Daily 
need for carnitine (0.3-1.9 mg/kg). It should also be noted that L-carnitine is sold as food supplement. But 
bioavailability of carnitine taken from food i s higher. In t his regard, detailed studies are required for 
determination of carnitine levels in various foods, especially in processed food. 
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Abstract 
In this study, the case properties and diffusion kinetics of cold work tool steel (X210CrW12) borided in Ekabor-II powder 
were investigated by conducting a series of experiments at temperatures of 1123, 1223 and 1323K for 2, 4 and 8 h. The boride 
layer was characterized by optical microscopy, X-ray diffraction technique and micro-Vickers hardness tester. X-ray dif-
fraction analysis of boride layers on the surface of the steels revealed the existence of FeB, Fe2B, CrB and Cr2B compounds.
Depending on the chemical composition of substrates and boriding time, the boride layer thickness on the sur-
face of the steel ranged from ��.�� ȝm and ���.�� ȝm. 7he hardness of the boride compounds formed on the sur-
face of the steels ranged from ���� to ���� +9�,��, whereas 9icNers hardness values of the untreated the steels 
was ��� +9�,��. 7he activation energies �4� of the borided steel were ���.��� N-�mol. 7he growth Ninetics 
of the boride layers forming on the cold work tool steel and the thickness of boride layers were also investigated.

Keywords: Activation energy, Boride layer, Cold work tool steel, Kinetics, Micro-hardness.
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1. INTRODUCTION 

Boriding is a diffusion surface treatment, which is defined as the enrichment of the surface of a workpiece 
with boron b y means of t hermo-chemical treatment. It is well known that the boronized layer has high 
hardness, high hot hardness and good wear resistance, corrosion resistance and oxidation resistance [1-20]. 
Thermal diffusion treatments of boron c ompounds used to form iron borides typically require process 
temperatures of 973K and 1323K for 1t o 12 hours. The process can be carried out in solid powder 
(boronizing compound), liquid, gaseous, electrochemical or plasma medium [6-12]. In this technique the 
boriding (pack) agent in powder form is placed into a heat resistant stainless steel box a nd samples are 
embedded into this powder under inert gas atmosphere. At the end of boriding time, the stainless steel box is 
cooled at room temperature and then, dust over the samples is removed [2].  

Boron atoms due to their relatively small size (atomic radius of 0.9 Å) and very mobile nature can 
diffuse easily into ferrous alloys (atomic radius of 1.24 Å) and the boriding of ferrous materials results in the 
formation of either a single layer (Fe2B) or double-layer (FeB/Fe2B) with definite composition.  The phase 
equilibrium diagram of the binary system iron-boron shows the existence of two iron borides: Fe2B with 8.8 
wt. % B approximately, and FeB with 16.2 wt. % B a pproximately [3-13]. For practical applications, the 
formation of a single-phase (Fe2B) is more desirable than a dual-phase layer comprising FeB and Fe2B. This 
is because, although the boron ri ch FeB phase is harder, it is more brittle than the iron sub-boride, Fe2B 
phase. Furthermore, crack formation is often observed at the FeB/Fe2B interface of a dual-phase layer, as FeB 
and Fe2B phases exhibit substantially different coefficients of thermal expansion. These cracks often lead to 
flaking and spalling when a mechanical load is applied. One of the important properties of a borided layer is 
that it keeps its hardness in subsequent heat treatment [9-14]. 

The primary objective of present study is to investigate characterization and kinetics of borided cold 
work tool steel that is the one of the most well-known cold work tool steels. Moreover, this study was to 
investigate the effect of pro cess parameters, such as temperature, time and chemical composition, on the 
boride layers formed on t he cold work tool steel after powder pack boriding at different processing 
temperatures and times. 
 

2. EXPERIMENTAL DETAILS 

2.1. Boriding and characterization 

The cold work tool (X210CrW12) contained 2.08 wt.% C, 12.3wt.% Cr, 0.6 wt.% W, 0.16 wt.% Ni, 0.36 
wt.% Mn and 0.25 wt.% Si. The test specimens were cut into Ø28x10mm dimensions, ground up to 1200G 
and polished using diamond solution. The boriding heat treatment was carried out in a solid medium 
containing an Ekabor-II powder mixture placed in (stainless steel box) an electrical resistance furnace 
operated at the temperature of 1123K, 1223K and 1323K for 2, 4 and 8 h under atmospheric pressure. At the 
end of boriding time, the box is cooled at room temperature and then, dust over the samples is removed. After 
the surfaces of the boronized specimens were ground, polished and etched with a 3% N ital solution, their 
microstructures were observed by Nikon MA100 optical microscope. The presence of borides formed in the 
coating layer was confirmed by means of X-ray diffraction equipment (Shimadzu XRD 6000) using Cu Kα 
radiation. The hardness measurements of t he boride layer on each steel and untreated steel substrate were 
made on the cross-sections using a Shimadzu HMV-2 Vickers indenter with a 50 g load. 

 

2.2. Evaluation of the activation energy of the boron diffusion  

In order to study the diffusion mechanism, borided cold work tool steel was used for this purpose. It 
is assumed that the boride layers grow parabolically in the direction of diffusion flux and perpendicular to the 
substrate surface. So, the time dependence of boride layer thickness can be described by Eq. (1): 

Dtx =2                                                                                                                                   (1) 

Where x  is the depth of the boride layer (mm), t   the boriding time (s), D  the boron diffusion coefficient 
through the boride layer. It is a well-known fact that the main factor limiting the growth of a  layer is the 
diffusion of boron into the substrate. It is possible to argue that the relationship between growth rate constant, 
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D , activation energy, Q , and the temperature in Kelvin, T , can be expressed as an Arrhenius equation 
(Eq. (2)): 

)exp(0 RT
QDD −=                                             

(2) 

Where 0D   is a pre-exponential constant, Q   the activation energy (J/mol), T  the absolute temperature in 

Kelvin and R  is the ideal gas constant (J/mol K).  
The activation energy for the boron diffusion in the boride layer is determined by the slope obtained in the 

plot of Dln  vs. T
1 , using Eq. (3): 

RT
QDD −= 0lnln                                                                                                                  (3) 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of boride coatings 

The cross-section of the optical micrographs of the borided cold work tool steel at the temperature of 1123K 
and 1323K for 2 and 8 h are shown in Figure 1. As can be seen the borides formed on the cold work tool steel 
substrate have a saw tooth morphology. It was found that the coating/matrix interface and matrix could be 
significantly distinguished and the boride layer had a columnar structure. Depending on the chemical 
composition of substrates, boriding time and temperature the boride layer thickness on the surface of the cold 
work tool steel ranged from 13.54 μm and 164.42 μm in Figure 2.  
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Figure 1: The cross-section of borided cold work tool steel;  a) 1123K - 2h, b) 1123K - 8h,  c) 1323K - 2h, d) 1323K - 8h. 

 

Figure 2: The thickness values of boride layers with respect to boriding time and temperatures. 



 
 

Investigation Of The Diffusion Kinetics Of Borided Cold Work Tool Steel Salih Kanat, øbrahim Gunes 

 

Figure 3 gives the XRD pattern obtained at the surface of borided cold work tool steel at 
1123K and 1323K for treatment time 2 and 8 h.  XRD patterns show that the boride layer consists 
of borides such as SB and S2B (S=Metal; Fe, Cr). XRD results showed that boride layers formed 
on the cold work tool steel contained the FeB, Fe2B, CrB and Cr2B phases in Fig. 3.  

 

Figure 3: X-ray diffraction patterns of borided cold work tool steel. 

Micro-hardness measurements were carried out from the surface to the interior along a line in order 
to see the variations in the boride layer hardness, transition zone and matrix, respectively. Micro-hardness of 
the boride layers was measured at 10 different locations at the same distance from the surface and the average 
value was taken as the hardness. Micro-hardness measurements were carried out on the cross-sections from 
the surface to the interior along a line; see Figure 4.  

 

 

Figure 4: The variation of hardness depth in the borided cold work tool steel. 
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The hardness of the boride layer formed on the cold work tool steel varied between 1672 and 2118 
HV0,05. On the other hand, Vickers hardness values were 584 HV0,05, for the untreated cold work tool steel. 
The micro-hardness of the boride layer also depends strongly on the composition and structure of the boride 
layer and composition of the material. When the hardness of the boride layer is compared with the matrix, 
boride layer hardness is approximately four times greater than that of the matrix. 
 

3.2 Kinetics 

In this study, the effects of the processing temperature and boriding time on the growth kinetics of the boride 
layer were also investigated. Kinetic parameters such as processing temperature and time must be known for 
the control of the boriding treatment. Figure 5 shows the time dependence of the squared value of boride layer 
thickness at increasing temperatures. This evolution followed a parabolic growth law where the diffusion of 
boron atoms is a thermically activated phenomenon.  T he growth rate constant D  at each boriding 
temperature can be easily calculated from Eq. (1). 
 

 

Figure 5: The time dependence of squared boride layer thickness at increasing temperatures. 

 

As a result, the calculated growth rate constants at the three temperatures: 1123, 1223 and 1323 K 
are the following:  0.244x10-9, 1.187x10-9, and 4.539x10-9 cm2 s-1 for the borided cold work tool steel. Table 
1 lists the calculated values of growth constant at each boriding temperature. 
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Table 1. The growth rate constant (D) as a function of boriding temperature. 

 

Material 

Growth rate constant (cm2 s-1) 

Temperature, K 

1123 K        1223 K 1323 K 

X210CrW12 0.244x10-9 1.187x10-9 4.539x10-9 

  

Figure 6 describes the temperature dependence of the growth rate constant. The plot of Dln   as a 
function of the reciprocal temperature exhibits a linear relationship according to the Arrhenius equation.  The 
boron activation energy can be easily obtained from the slop of the straight line presented on Figure 6.  The 
value of boron activation energy was then determined as equal to 180.359 kJ/mol for the borided cold work 
tool steel. 

 

 

Figure 6: The temperature dependence of the growth rate constant according to the Arrhenius equation. 

 

Table 2 compares the obtained value of energy (180.359 kJ/mol) with the data found i n the 
literature. It is seen the reported values of boron activation energy depended on the chemical composition of 
the substrate and on t he used boriding method. The calculated value in this study is compatible with the 
values reported in the literature as seen in Table 2 [17-19]. 
 

Table 2. The comparison of activation energy for diffusion of boron with respect to the different boriding medium  

Steel 
Temperature                       

range (K) 
   Boriding  
   medium    

Activation   
 energy 

 (kJ/mol) 
References 
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AISI 8620   973-1073 Plasma paste     99.77          [17] 

AISI 316 1073-1223 Pack    199           [4] 

AISI H13 1073-1273 Powder    186.2          [21] 

AISI D2 1123-1273 Electrochemical    137.8          [18] 

AISI D2 1073-1223 Salt bath    170          [16] 

AISI D2 1123-1273 Pack    201.5                     [19] 

X210CrW12 1123-1323 Pack    180.539 Present study 

 

 

A contour diagram describing the evolution of boride layer thickness as a function of the boriding 
parameters (time and temperature) is shown in Figure 7. 

  

 

Figure 7: Contour diagram describing the evolution of boride layer thickness as a function of boriding parameters. 

 

This contour diagram can be used for two purposes: (1) to predict the coating layer thickness with 
respect to the process parameters, namely time and temperature; (2) to determine the value of process time 
and temperature for obtaining a predetermined coating layer thickness [23]. The boride layer increased with 
the increase in boriding time and temperature in the borided cold work tool steel.  
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4. CONCLUSIONS 

In this study, wear behavior and some of the mechanical properties of borides on the surface of borided cold 
work tool steel were investigated. Some of the conclusions can be drawn as follows. 

x The boride layer thickness on the surface of the cold work tool steel was obtained, depending on the 
chemical composition of substrates, 13.54-164.42 μm. 

x The multiphase boride coatings that were thermo chemically grown on the cold work tool steel were 
constituted by the FeB, Fe2B, CrB and Cr2B phases. 

x The surface hardness of t he borided steel was in the range of 1672-2118 HV0,05, while for t he 
untreated the steel substrate it was 584 HV0,05. 

x The boron activation energy was estimated as 180.359 kJ/mol for the borided cold work tool steel. 
x A contour diagram relating the boride layer thickness to the boriding parameters (time and 

temperature) was proposed. It can be used a simple tool to select the optimum boriding layer 
according to the practical utilization of this kind of material. 
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Abstract 
The large part of the international trade is carried out by maritime lines transport. Most commonly used in maritime 
routes, there are certain routes. Main shipping lanes are those supporting the most important commercial shipping 
Àows servicing maMor marNets. 2ne of the most vital sea routes between the )ar (ast and (urope is the 6outhern 
6ea 5oute, which threads through the 6traits of 0alacca and across the Indian 2cean to pass through the 6ue] &a-
nal. $ northern passage, crossing the %ering 6ea into the %arents 6ea of 5ussia¶s far north and hugging 5ussia¶s 
$rctic shore, would constitute a mere ��� of the distance of its southern counterpart. 7he temperature is expect-
ed to rise as a result of climate changing. 0eteorologists sea ice in the arctic ocean in the next fifty years, they 
estimate will withdraw quicNly further north due to the temperature rise. 1orthern sea route will become more fa-
vorable for maritime transport in $rctic 2cean. In this study, the new maritime lines routes that may occur due to 
climate change impact on maritime transport are discussed. (ver made studies on this subMect are evaluated brieÀy.
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1. INTRODUCTION 
The main transport lines in the maritime transport in the world is determined based on the amount of import 
and export cargo. Today, the most important point of this line is emerging as the Far East. A large part of 
international trade is conducted in Europe, Asia and America. As is known, transportation costs constitute 
approximately 30-40% of t he total cost of a  product. Therefore, the easiest way to reduce the cost of a  
product, transport costs are minimum to make. Available maritime transport routes are the most appropriate 
line in today's climate. However, depending on the changes occurring in the climatic conditions may arise 
new routes. In particular, the northward withdrawal of glaciers due to global warming in the Arctic Ocean, 
here it will provide favorable conditions for maritime transport. 

The Arctic’s physical geography is mainly characterized by the sea ice, permafrost, glaciers, ice sheets, and 
river and lake ice [1]. Arctic seaways provide a definitely shorter route between Europe and Asia than routes 
through Panama or the Suez. The summer melting of sea ice has fuelled scenarios of an impending explosion 
in transit traffic through the Northeast and Northwest Passages, as ship owners desperately try to reduce fuel 
costs and increase their rotations [2]. Under the effect of climate change, the Polar ice cap has lost 40% of its 
thickness in only 40 years. 

2. MAIN MARITIME SHIPPING ROUTES 
There is a certain number of maritime shipping routes that can be used for maritime transport. The main axis 
is a circum-equatorial corridor linking North America, Europe and Pacific Asia through the Suez Canal, the 
Strait of Malacca and the Panama Canal. Maritime routes are a function of obl igatory points of pa ssage, 
which are strategic locations, of physical constraints (coasts, winds, marine currents, depth, reefs, and ice) 
and of political borders. As a result, maritime routes draw arcs on the earth water surface as intercontinental 
maritime transportation tries to follow the great circle distance. Main shipping lanes are those supporting the 
most important commercial shipping flows servicing major markets (Figure 1). Secondary shipping lanes are 
mostly connectors between smaller markets. In part due to physiography, geopolitics and trade specific 
locations play a strategic role in the global maritime network. They are labeled as strategic passages and can 
be classified into two main categories: 

Primary passages are the most important since without them there would be limited cost effective maritime 
shipping alternatives which would seriously impair global trade. Among those are the Panama Canal, the 
Suez Canal, the Strait of Hormuz and the Strait of Malacca, which are key locations in the global trade of 
goods and commodities. 

Secondary passages support maritime routes that have alternatives, but would still involve a notable detour. 
These include the Magellan Passage, the Dover Strait, the Sunda Strait and the Taiwan Strait [3]. In a novel 
approach, meteorologist’s sea ice in the arctic ocean in the next fifty years, they estimate will withdraw 
quickly further north due to the temperature rise. Northern sea route will become more favorable for maritime 
transport in Arctic Ocean. 

 
Figure 1. Main maritime shipping routes [3]. 
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3. NORTHERN SEA ROUTE (NSR) 
The NSR is a shipping lane between the Atlantic Ocean and the Pacific Ocean along the Russian coast of 
Siberia and the Far East, crossing five Arctic Seas: the Barents Sea, the Kara Sea, the Laptev Sea, the East 
Siberian Sea and the Chukchi Sea [4]. The Northern Sea Route, or NSR, is the modern-day designation for 
the Arctic marine route that extends from the Russian islands of Novaya Zemlya to the Bering Strait, which 
separates the State of A laska from Russia. It extends a distance of between 2200 and 2900 nautical miles 
(ran) along Russia's northern coastline, where encounters with bitter cold temperatures, ice-choked seas, 
shallow straits, blinding fog, and isolation are routine. The route extends across or into four seas of the Arctic 
Basin: the Kara, the Laptev, the East Siberian, and the Chukchi. It is the most challenging segment of the 
historic Northeast Passage from Europe to the Far East, offering a shorter distance between seaports in the 
North Atlantic and the North Pacific relative to the Suez and Panama Canal routes that are currently used 
(Figure 2). Transit distances between North Pacific and European ports are 35-60% less than the traditional 
southerly routes [5]. 

 
 

Figure 2. The NSR and current (Southern sea route) shipping routes. 
 
 
 
 
 
 

4. IMPACT OF CLIMATE CHANGE IN THE NORTH SEA ROUTE 
The A history of Arctic temperature anomalies from 1880 to 2006 is shown in Fig. 3. The zero line represents 
the average temperature for the time period 1961–1990. In the late 1800s, the Arctic was relatively cold but 
the temperature has warmed by about 0.7 oCover the 20th century. There was a warm period from the 1920s 
to the 1940s and cold periods in the early 1900s and in the 1960s. Over the last decade the temperatures were 
consistently more than 1 0 C above the 20th century average [4]. 

Figure 3 demonstrates historical records of Arctic temperature anomalies between 1880 and 2000. It is clearly 
shown that the Arctic was relatively cold in the late 1800, and temperatures started to warm by about 0.7° 
over the 20th century. It is also worth noting that warm periods existed between the 1920s and 1940s, and 
cold periods in the early 1900s and 1960s. As for t he last decade it is apparent that temperatures were 
constantly more than 1.0°C above the 20th century average value [4]. Other observations also confirm that air 
temperature has increased at a rate that is double the global average over the last hundred years [7]. 
Therefore, Arctic temperature trends are essentially worth tracking, as they represent a solid indicator for the 
impacts of climate change. This is a significant issue for predicting the future of Arctic shipping routes [4]. 

 
      Figure 3. Trends in Arctic temperature, 1880–2006. [4]. 

The projected reduction in sea ice is likely to improve access along the NSR as shown in Fig. 4. The 
navigation season is often defined as the number of da ys per year with navigable conditions, generally 
meaning days with less than 50% sea ice cover. For the NSR, the navigation season was in 2004 projected to 
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increase from 20–30 days per year to 90–100 days per year by 2080. This estimate might however be too 
conservative since the melting of the sea ice has increased dramatically from 2004 to 2007 [4]. 

 

 
Figure 4. Projected increase in days of the navigation season through the NSR [9].  

 

5. SHIPPING ADVANTAGE IN THE NORTH SEA ROUTE 
A look at the map shows the savings in distance that can be achieved with the Arctic routes: for example, a 
trip between London and Yokohama through the Northwest Passage is 15,700 km and 13,841 km through the 
Northeast Passage, which is significantly shorter than the route through Suez (21,200 km) or Panama (23,300 
km). The sailing distance between Yokohama and Rotterdam via the NSR is approximately 6920 miles, 
compared to the traditional route via Suez Canal which is 11460 miles.  Table 1 shows the general relation 
between ice thickness/ weather conditions and average speed along the NSR. The average speed drops 
dramatically from 12–13 knots during the summer period to around 6–7 knots during winter [2]. There are 
relation between ice thickness/ weather conditions and average speed along the NSR. Expected speeds in 
different months are indicated in Table 1. The average speed drops dramatically from 12–13 knots during the 
summer period to around 6–7 knots during winter [4]. 

 

 

 

 

Table 1. Assumed speed along NSR and ice thickness and weather conditions [3]. 

Ice thickness/weather conditions Speed in knots 
0/clear 18 
0/fog 15 
0.25 13 
0.5 10 
1 8 

1.5 6 
2.5 6 

 

Research results that have been published over the last 10-15 years have consistently shown that the Arctic 
sea ice has been gradually shrinking and thinning over the last few decades. There are however uncertainties 
regarding the pace and pattern of t he melting, and predictions of fut ure sea ice cover differ greatly. The 
scenario chosen for the Arctic Climate Impact Assessment (ACIA) in 2004, predicted a largely ice-free Arctic 
Ocean in late summers in 100 years. More recent and more radical scenarios see the Arctic Ocean ice free in 
summers already in 30-50 years – but then again there are others models which predict a longer process [7]. 

The diminishing Arctic sea ice cover is a fact, while the pace of the process is still uncertain. But the Arctic 
Ocean is gradually becoming more accessible, and shipping in the region is bound to increase. We are already 
seeing more regional traffic, mostly related to the development and export of pe troleum resources. Other 
export cargoes, imports to the Arctic settlements and cruise activities may also increase. Later, when the 
‘summer window of opportunity’ widens, occasional transits may be seen. Under the most radical climate 
change scenarios, it will probably still take around 20-30 years from now until conditions have become 
suitable for such occasional transits. Large-scale, year-round transit operations are hardly possible before the 
ice cover has disappeared for most of the year, and this does not seem realistic in at least 40-60 years from 
now [8]. 
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Figure 5. Arctic sea ice simulations for the 21st century. [8].  

The assessment confirmed, using a wealth of current Arctic research, that declining Arctic sea ice is a key 
climate change indicator. During the past five decades the observed extent of Arctic sea ice has declined in all 
seasons, with the most prominent retreat in summer. While the ACIA models have now been surpassed by 
more capable Global Climate Model (GCM), each of t he five GCMs used in the ACIA did project a 
continuous decline in Arctic sea ice coverage throughout the 21st century (Figure 5). From a strategic 
planning perspective, this is a key factor for evaluating future Arctic marine transport systems. As noted 
previously, one of the models simulates a summer ice-free Arctic Ocean by 2050, a future scenario of great 
significance for Arctic shipping and offshore development. Such a physical occurrence would mean that 
multi-year ice could possibly disappear in the Arctic Ocean. All of the next winter’s ice would be first-year: 
no ice will have survived a winter season (and be able to gain strength and thickness). GCM projections to 
2100 suggest that in the summer the Arctic sea ice will retreat further and further away from most Arctic 
coasts, potentially increasing marine access and extending the season of navigation in nearly all Arctic 
regional seas. One critical limitation of the GCMs is that they are not useful for determining the state of sea 
ice in the Northwest Passage region [8]. 

 

 

6. CONTENT 
The large part of the international trade is carried out by maritime lines transport. Most commonly used in 
maritime routes, there are certain routes. Main shipping lanes are those supporting the most important 
commercial shipping flows servicing major markets. The temperature is expected to rise as a result of climate 
changing. Increase in the average temperature of t he world, depending on the climate change causes 
temperatures to rise in the north and South Pole.  Meteorologists sea ice in the arctic ocean in the next fifty 
years, they estimate will withdraw quickly further north due to the temperature rise. Therefore, the northern 
sea ice will melt in time and is expected to retreat further north.   N orthern sea route will become more 
favorable for maritime transport (for about four months in summer) in Arctic Ocean. As a result, significant 
cost advantages will be obtained maritime transport. 
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Abstract 
In this paper, the effect of the magnet materials on a LSPMSM is investigated. Using NdFe and SmCo magnets 
low power /63060 are designed by helping 50xprt software and the differences of the efficiency curves have 
been obtained. 7he results demonstrated that maximum efficiency can be achieved with properly chosen materi-
als and optimization of the motor dimension in the analyses. End of the analysis, the connection between type of 
the materials and the shape of the geometry are directly related with the efficiency of the /63060 are revealed.

Keywords: line start, permanent magnet synchronous motor
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1. INTRODUCTION 
On the last decades, high efficiency electrical motors gradually come into prominence with increasing energy 
consumption especially in the industrial area. Therefore, the optimization of the electric motor efficiency has 
an importance for energy saving. Induction motors have been generally used in constant speed motor-pump 
applications. Permanent magnet synchronous motors (PMSM) are more efficient than induction motors, but 
they need to uneconomical inverters for starting.  
In this situation, line start permanent magnet motor (LSPMSM) is a superior alternative to induction motor 
and permanent magnet motor.  

LSPMSM is a hybrid machine and its permanent magnets are buried beneath the squirrel cage. It is also a 
combination of P MSM and induction motor (IM). PMSM provides higher efficiency during synchronous 
operation while IM ensure the motor for s tarting directly without any power electronic devices. A better 
efficiency can be achieved with lower stator copper losses at steady state [1]. About this situation there is 
some studies. Richter and Neumann [2] examine ferrite and SmCo magnet materials effect to motor 
performance. Kurihara [3] used NdFeB magnet to attain high efficiency have adequate starting ability. The 
other studies generally intend to get high efficiency with other methods like different rotor structure, 
changeable electromagnetic parameters 

 

 

2. Modeling LSPMSM 
LSPMSM model have been designed by using RMXPRT and Maxwell 2D/3D software programmes. Interior 
permanent magnet structure is used for the analyzed. It is shown the motor model which is attained from the 
Maxwell 3D in Figure 1.  

 

 

 
Figure 1. LSPMSM model 

 

Motor characteristic features are given in Table 1: 

 

Table 1. Motor parameters 

Name Rating 
value 

Unit 

Rated power 1.1 kW 
Rated voltage 220 V 
Rated speed 1500 rpm 

Number of poles 4  
Phase 3  

Air gap 0.4 mm 
Outer diameter of the stator 120 mm 

Inner diameter of stator 75 mm 
Shaft diameter 25 mm 
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Two motor which have been embedded different magnet materials are designed and simulated. Table. 2 
shows general differences NdFeB and SmCo magnet materials. 

 

Table 2. Comparison of NdFeB and SmCo 

Material Energy Product 
(MGOe)  

Density (Ibs/in3-
gm/cm3)  

Cost Coercivity 
(MA/m)  

Remanence 
(T)  

NdFeB 10-48  0.275-7.5 Lower 0.875-1.99  1-1.3 
SmCo 15-32  0.300-8.3 Higher 0.493-1.59  0.82-1.16  

      

 

 
Figure 2. RMXPRT model of the LSPMSM 

3. Analysis of the LSPMSM 
After motor design is completed with Rmxprt, efficiency, power factor and magnetization curves of the motor 
are attained.  

First design SmCo magnet is used and simulationed in full load operating. As follow efficiency and power 
factor curves respectively are shown below. 

 

 
Figure 3. Efficiency curve versus torque angle 
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Figure 4. Power Factor curve versus torque angle 

 

In the second design magnet material is changed with NdFeB. Simulating result in full load operating is 
acquired again. 

 

Figure 5. Efficiency curve versus torque angle 

 

 

Figure 6. Power Factor curve versus torque angle 

 

4. Conclusion 
Two motors designs were completed and simulated. At first it is said that the magnet material effects the 
performance of the motors. The magnet type is effect the motor performances like efficiency, power factor, 
torque. It ıs seen the differences of the efficiency and power factor from the motor curves which have been 
acquired with full load operation. Table 3 i s shown the power factor and efficiency values which have 
analyzed motors. 
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Table 3. Efficiency and power factor values 

Motor type Efficiency Powerfactor 
Embedded 

SmComagnet 
90.83 0.96 

Embedded 
NdFeBmagnet 

93.41 0.99 
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Abstract 
In this study, beam end connector system connecting upright column and pallet beam is investigated for me-
chanical refinement and optimum dimensions depending upon the stress distribution in the pallet beam and 
connector parts. An analytical method is developed and design provisions are provided such that the stabil-
ity strength of the frame structure constructed by means of beam connector system becomes maximum. Re-
sults indicate that a nearly intermediate position of the beam connector with respect to the pallet beam must 
be preferred instead of top-level or bottom level connections of the connector- pallet beam connection. 

Keywords: Beam end connector, stiffness, steel rack systems, analytical method, cantilever, portal
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1. INTRODUCTION 
Boltless semi-rigid connections are widely used in the storage rack industry to connect the uprights and pallet 
beams. There are several commercially available beam end connectors and they are categorized as torque and 
slot design, blanking design, stud-incorporated design and dual integrated tab design [1]. Other types of 
connectors are also designed by combining these classes. Most of the research on these systems has rather 
been experimental [2], [3] and computational [4], due to the complexity of t he system’s behavior [5]-[8]. 
Therefore, numerous research papers, most of which involve experimental results, have been published on the 
behavior of beam end connectors. Bajoria and Talikoti used different ways to find the flexibility of an end 
connector. The results of double cantilever test were found to match well with the full scale frame test. The 
experimental results and the finite element results were also compared [9]. The experimental analysis of 
semi-rigid boltless connectors was carried out by Markazi, et al. [1]. They attempted to classify the 
connectors based on their special features. The comparison of the results from a pushover analysis of a single 
story frame using a moment-rotation relation of beam-to-column connections obtained from cantilever tests 
and the experimental results from portal tests was made by Asawasongkram, et al. [10]. Kozlowski and 
Sleczka used to assess main joint properties and they compared them with test results [11]. Aguirre 
investigated the structural properties of c onnections for ra ck structures and showed that the failure is 
controlled by the connection elements [12]. 

It is evident from the previous studies that load carrying capacity, buckling load and failure of the storage 
rack systems are intimately related to the behavior of be am end connector. So, it is inevitable to design a 
beam end connector that has as large rotational stiffness value as possible. A beam end connector consists of 
a perforated plate bent into L-shape. There are several parameters that determine the strength of the hook-in 
end connector. Among these are the number of tabs, geometry of tabs, thickness of the end plate, welding 
length and type, relative position of the end plate and the pallet beam and the positions of tabs on the end 
plate. Experiments indicate that the relative position of the end plate and the pallet beam (r) and the positions 
of the tabs on the end plate are extremely important on the rotational stiffness of the connector. In the present 
study, the optimum value of the distance between the top side of the pallet beam (r in Fig.2(b)) is determined 
via an analytical method so as to obtain a more rigid connector type. Until now, any satisfactory analytical 
model used to determine true behavior of the beam end connector and the optimum relative position of the 
pallet beam and connector part has not been obtained. Therefore, an analytical method that helps to appreciate 
design parameters, needs to be developed.   

In the present study, an analytical method is developed to find the stress distributions in the end plate, tabs 
and the pallet beam. First, the mid-point deflection of t he elastically restrained pallet beam is obtained in 
terms of rotational stiffness of the beam connector obtained by means of portal tests. Second, stresses in the 
end plate are obtained. In the formulation, in order to assess the relative positioning effects of the end 
connector and pallet beam on the rotational stiffness of the beam end connector, plate position with respect to 
the top level of the pallet beam can be changed. In this way, it is aimed to explain the effect of the relative 
position of the pallet beam and the end connector on the rotational stiffness of the semi-rigid end connector. 
Third, using the results of s tresses in the end plate, tab forces are obtained to see the relative positioning 
effects on t ab forces. In orde r not to exceed the yield point in loaded tabs on t he end plate, the relative 
positions of tabs with respect to the bottom side of the end plate can be changed so that the stress values on 
them can be decreased. This surely increases the total strength of the beam end connector deformed in elastic 
or plastic regions. It is one of the objectives of the present study. 

2. METHOD OF SOLUTION 

2.1. Deflection Analysis of the Beam with Elastic Ends 
Let us consider a beam subjected to a force 2F at the middle point x=L/2 (Fig.1). Since the ends of the beam 
are assumed to have elastic nature, the end moments at the points A and B a re MA=kAșA and MB=kBșB, 
respectively (kA=kB=k). The present problem is statically indeterminate. That is, both M and k are unknown. 
Therefore, these values of s tiffness are to be found from experiments so that end moments MA=MB can be 
obtained by means of the following method.The equation of equilibrium for a beam can be written as 

ܫܧ ݀
ݕ4

݀𝑥𝑥4 + ܲ ݕ2݀
݀𝑥𝑥2 =  (1) ݍ

whereP  is the axial force and q is the distributed load.  In t he present problem, it can be assumed that the 
axial force is negligibly small (so ݀4ݕ ݀𝑥𝑥4Τ =0). The integration of this equation has the forms 

(𝑥𝑥)1ݕ = 1ܣ + 2𝑥𝑥ܣ +  4𝑥𝑥3,           0 x L/2         (2a)ܣ+3𝑥𝑥2ܣ

(𝑥𝑥)2ݕ = 1ܤ + 2𝑥𝑥ܤ +  4𝑥𝑥3,     L/2 x L              (2b)ܤ+3𝑥𝑥2ܤ
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The constants (݊ܣ ݊ܤ , ) will be obtained from the boundary conditions. These conditions can be written as 

(0)1ݕ = (ܮ)2ݕ   ,0 = 1ݕ   ,0 ቀ2ܮቁ = 2ݕ ቀ2ܮቁ,1ݕԢ ቀ2ܮቁ = 2Ԣݕ ቀ2ܮቁ 1ԢԢݕ ቀ2ܮቁ = 2ԢԢݕ ቀ2ܮቁ   (3a) 

2ԢԢԢݕܫ ቀ2ܮቁ − 1ԢԢԢݕܫܧ ቀ2ܮቁ = ԢԢ1ݕܫܧܨ2 = 1ݕ�݇
Ԣ |𝑥𝑥=0 ,   ݕܫܧԢԢ2 = 2ݕ�݇−

Ԣ |𝑥𝑥=ܮ    (3b) 

The condition given by Eq.(3a) yields 1ܣ = 0. Utilizing the other conditions results in  

3ܣ = ݇
ܫܧ2 1ܤ , 2ܣ + ܮ2ܤ + 2ܮ3ܤ + 3ܮ4ܤ = 2ܤ0݇ + ܫܧ2) + 3ܤ(݇ܮ2 + ܮܫܧ6) + 4ܤ(2ܮ3݇ = 0 (4) 

2ܣ + 3ܣ4ݑ + 4ܣ5ݑ − 2ܤ − 3ܤ4ݑ − 4ܤ5ݑ = 3ܣ02 + 4ܣ6ݑ − 3ܤ2 − 4ܤ6ݑ = 0      (5) 

4ܤ − 4ܣ = ܨ
ܫܧ3 2ܣ1ݑ + 3ܣ2ݑ + 4ܣ3ݑ + 1ܤ − 2ܤ1ݑ − 3ܤ2ݑ − 4ܤ3ݑ = 0        (6) 

where  1ݑ = u2  ,2/ܮ = u3 ,2(2/ܮ) = u4  ,3(2/ܮ) = L, u5 = u6  ,2(2/ܮ)3 =  . ܮ3

 

Figure 1. Beam and the beam forces 

In matrix form, Eqs.(4-5-6) can  be written as    

2
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»
»
»
»
»
»

            (7) 

or 

[A][X] = [Y]           (8) 

The solution of the matrix equation is in the form[13] 

[X] = [A]−1[Y]           (9) 

After matrix [X] is obtained, deflections can be found by means of Eqs.(2a) and (2b). 

2.2. Stress Distribution in the Beam End Connector 
To determine the forces and stresses in the tabs, the stress distribution in the end plate must be obtained. 
Since the beam is subjected to bending, end plate will also be subjected to bending and thus must have a 
neutral axis. If the stress change in the plate is assumed to be linear along the y axis, the neutral axis can be 
found. But, whatever the relative position of the end plate and the pallet beam is, this value always becomes  
y=H/2, the mid-point of the plate (Fig.2b). It is obvious that neutral axis cannot be the mid-point of the plate 
for varying values of r.  Here, r=H-h-u (Fig.2b). Thus, bi-linear stress distribution on the end plate must be 
accepted (Fig.3). This bi-linear change of t he stress on t he end plate results in two unknowns, namely the 
slopes k1 and k2. But, the position of the neutral axis is also not known and this inserts a third unknown into 
the problem. To determine the stresses, only two static equilibrium equations can be written. Therefore, using 
the experimental results, the possible correct position of the neutral axis needs to be obtained. Test results 
clearly indicate that neutral axis passes from the bottom side of the pallet beam in all cases. Indeed, due to the 
rigid nature of the welded region, the end plate is forced to rotate around this axis. As a result, the position of 
neutral axis is assumed in advance. Meanwhile, u must always be greater than u>0 since the assumption of bi-
linear change of stresses are failed in this case. 
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Let us write the static equilibrium condition for the stresses of the end plate in the x direction: 

+՜ ȭܨ𝑥𝑥 = 0,                   ��− ቀ݇1𝑡𝑡 ݕ
2

2
ቁቚ

0

ݑ
+ ቀ݇2𝑡𝑡 ݕ

2

2
ቁฬ

0

ݑ−0ܪ
= 0 

from which the following result is obtained: 

݇1

݇2
= 2(ݑ−0ܪ)

2ݑ      (10) 

In a similar manner, moment equation about the point O yields 

ք +ȭ𝑀𝑀 = 0,                                −𝑀𝑀0 = ቀ݇1𝑡𝑡
3
3ቁݑ + ቀ݇2𝑡𝑡

3
ܪ) −  3ቁ ,(11)(ݑ

wherek1 and k2 are unknowns and t is the thickness of the end plate and y=u shows the position of the neutral 
axis. Solving Eqs.(10) and (11) simultaneously gives 

݇1 = −3𝑀𝑀0

𝑡𝑡(2ݑ0ܪ) ,                                ݇2 = −3𝑀𝑀0

𝑡𝑡(12)      ,2(ݑ−0ܪ)0ܪ 

Thus, stresses on the end plate are obtained as follows (Fig.3): 

1ߪ = ݕ1݇ = 3𝑀𝑀0(ݕ−ݑ)
𝑡𝑡(2ݑܪ) ,           0 < ݕ < 2ߪ    ,ݑ = ݕ2݇ = −3𝑀𝑀0(ݑ−ݕ)

𝑡𝑡2(ݑ−ܪ)ܪ ݑ            , < ݕ <  (13)0ܪ

It is better to write Eqs.(13) in the dimensionless forms:  

𝑡𝑡1ߪ2ܪ

𝑀𝑀0
=

3ቀ1−ݎ
−ܪ

݄
−ܪ

ݕ
ቁܪ

ቀ1−ݎ
−ܪ

݄
ቁܪ

2 ,         0 < ݕ < ܪ𝑡𝑡    , ݑ
2ߪ2

𝑀𝑀0
=

3ቀ1−ݎ
−ܪ

݄
−ܪ

ݕ
ቁܪ

ቀܪݎ+݄
ቁܪ

2 ݑ          , < ݕ <  (14)0ܪ

It is observed from the experiments that the critical stress is  2ߪ since the beam is forced downward. To see 
the relative positioning effect on the stresses, it is assumed that  ܪ = 250 𝑚𝑚𝑚𝑚,݄ = 150 𝑚𝑚𝑚𝑚, ݎ =
0,40,70 𝑚𝑚𝑚𝑚 , 𝑡𝑡 = 4 mm, respectively. On the top side of the end plate, dimensionless values of 2ߪ are 
obtained as 2ߪ = ݎ)  3.116 = 0 𝑚𝑚𝑚𝑚), 2ߪ  = ݎ) 1.038  = 40 𝑚𝑚𝑚𝑚), 2ߪ = ݎ) 0.83 = 70 𝑚𝑚𝑚𝑚), respectively. It 
is clearly seen that shifting the pallet beam downward with respect to the end plate decreases the 
dimensionless stress 2ߪ. As a result, beam end connector becomes more rigid with downward shifting of the 
pallet beam with respect to the end plate since, in the new case, each tab takes on more load well below the 
yield point in the horizontal direction. However, on t he other hand, our second limit criteria is that the 
maximum deflection must be smaller than  ߜ <  When this criteria is taken into account,  it can be .200/ܮ
concluded  that the configuration where r=40 mm  is the more suitable one to be chosen since the maximum 
deflection of the mid-point measured is 11,78 mm < 13,5 mm.  The value of mid-point deflection continues 
to decrease after ݎ > 40 mm. However, local buckling formation is observed on the lateral surfaces of the 
pallet beam after this value and therefore, the greater values of ݎare excluded. Tab Forces 

Figure 4 shows tab forces and the stress distribution in the end plate. The number of tabs are chosen as 
5. The distance between two tabs is d. The bottom tab has a distance e from y =0. It is assumed that the forces 
in the tabs are bi-linearly varied as in the case of end plate.  The equations of force and moment equilibrium 
for the end plate and tabs can be determined as follows: 

+՜ ȭܨ𝑥𝑥 = −                ,0 ݇1𝑡𝑡ݑݕ݀ݕ
0 +  ݇2𝑡𝑡ݑ−0ܪݕ݀ݕ

0 + 1ܨ + 2ܨ + 3ܨ + 4ܨ + 5ܨ = 0         (15) 

ք +ȭ𝑀𝑀 = 0 

−න(݇1ݕ)𝑡𝑡ݕ݀ݕ
ݑ

0

+ න ݕ݀ݕ𝑡𝑡(ݕ2݇)
ݑ−0ܪ

0

+ ݑ)1ܨ| − 𝑒𝑒)| + ݑ]2ܨ| − (𝑒𝑒 + ݀)]| + ݑ]2ܨ| − (𝑒𝑒 + 2݀)]| 

ݑ]2ܨ|   + − (𝑒𝑒 + 3݀)]| + ݑ]2ܨ| − (𝑒𝑒 + 4݀)]| = 0(16) 

or, after carrying out the integrations,  

ܳ1 + 1ܨ + 2ܨ + 3ܨ + 4ܨ + 5ܨ = 0,  1ܲ + ݑ)1ܨ| − 𝑒𝑒)| + ݑ]2ܨ| − (𝑒𝑒 + ݀)]| + ݑ]2ܨ| − (𝑒𝑒 + 2݀)]| 

ݑ]2ܨ|+ − (𝑒𝑒 + 3݀)]| + ݑ]2ܨ| − (𝑒𝑒 + 4݀)]| = 0(17) 

Here, Q1 ,P2  are given as  

ܳ1 = −න݇1𝑡𝑡ݕ݀ݕ
ݑ

0

+ න ݇2𝑡𝑡ݕ݀ݕ
ݑ−0ܪ

0

=
−݇1𝑡𝑡2ݑ

2 +
݇2𝑡𝑡(0ܪ − 2(ݑ

2  

1ܲ = − ݑݕ݀ݕ𝑡𝑡(ݕ1݇)
0 +  ݑ−0ܪݕ݀ݕ𝑡𝑡(ݕ2݇)

0 = −݇1𝑡𝑡3ݑ

3
+ ݇2𝑡𝑡(ݑ−0ܪ)3

3
                      (18) 
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For the case of < ݑ < 𝑒𝑒 + ݀ ,   

ܳ1 + ݑ)1ܿ − 𝑒𝑒) + ݑ]2ܿ − (𝑒𝑒 + ݀)] + ݑ]2ܿ − (𝑒𝑒 + 2݀)] + ݑ]2ܿ − (𝑒𝑒 + 3݀)] + ݑ]2ܿ − (𝑒𝑒 + 4݀)] = 0 

1ܲ + ݑ)1ܿ − 𝑒𝑒)2 + ݑ]2ܿ − (𝑒𝑒 + ݀)]2 + ݑ]2ܿ − (𝑒𝑒 + 2݀)]2 + ݑ]2ܿ − (𝑒𝑒 + 3݀)]2 + ݑ]2ܿ − (𝑒𝑒 + 4݀)]2 = 0(19) 

or 

ܳ1 + ݑ)1ܿ − 𝑒𝑒) + ݑ4)2ܿ − 4𝑒𝑒 − 10݀) = 0,                                                             1ܲ + ݑ)1ܿ − 𝑒𝑒)2 

+ܿ2 ቂ൫ݑ − (𝑒𝑒 + ݀)൯2 + ൫ݑ − (𝑒𝑒 + 2݀)൯2 + ൫ݑ − (𝑒𝑒 + 3݀)൯2 + ൫ݑ − (𝑒𝑒 + 4݀)൯2ቃ = 0(20) 

 

(a)                                                                    (b) 

Figure 2. Beam end connector and the column 

 

Figure 3. Bi-linear stress distribution on the end plate 

 

Figure 4. Tab forces and stress distribution in the beam end connector 

Letting  

ܳ2 = ݑ) − 𝑒𝑒),     ܳ3 = ݑ4) − 4𝑒𝑒 − 10݀),     2ܲ = ݑ) − 𝑒𝑒)2 

3ܲ = ݑ] − (𝑒𝑒 + ݀)]2 + ݑ] − (𝑒𝑒 + 2݀)]2 + ݑ] − (𝑒𝑒 + 3݀)]2 + ݑ] − (𝑒𝑒 + 4݀)]2 

Eq.20 can be expressed as  

ܿ1 = ܳ3 1ܲ−ܳ1 3ܲ

ܳ2 3ܲ−ܳ3 2ܲ
,   ܿ2 = ܳ2 1ܲ−ܳ1 2ܲ

ܳ3 2ܲ−ܳ2 3ܲ
,                     (21) 

Tab forces for this case are given by  

1ܨ = 2ܨ ,1ܴ1ܿ = 3ܨ ,2ܴ2ܿ = 4ܨ ,2ܴ3ܿ = 5ܨ,2ܴ4ܿ = ܿ2ܴ5(22) 
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where 

ܴ1 = ݑ) − 𝑒𝑒),ܴ2 = ݑ] − (𝑒𝑒 + ݀)],ܴ3 = ݑ] − (𝑒𝑒 + 2݀)],ܴ4 = ݑ] − (𝑒𝑒 + 3݀)],ܴ5 = ݑ] − (𝑒𝑒 + 4݀)](23) 

For the case of  of𝑒𝑒 + ݀ < ݑ < 𝑒𝑒 + 2݀, Q2, Q3, P2, P3 are    

ܳ2 = ݑ2) − 2𝑒𝑒 − ݀),     ܳ3 = ݑ3) − 3𝑒𝑒 − 9݀),     2ܲ = ݑ) − 𝑒𝑒)2 + ݑ] − (𝑒𝑒 + ݀)]2 

3ܲ = ݑ] − (𝑒𝑒 + 2݀)]2 + ݑ] − (𝑒𝑒 + 3݀)]2 + ݑ] − (𝑒𝑒 + 4݀)]2(24) 

Tab forces in this case are 

1ܨ = 2ܨ ,1ܴ1ܿ = 3ܨ ,1ܴ2ܿ = 4ܨ ,2ܴ3ܿ = 5ܨ,2ܴ4ܿ = ܿ2ܴ5(25) 

For the case of 𝑒𝑒 + 2݀ < ݑ < 𝑒𝑒 + 3݀, Q2, Q3, P2, P3 are given as   

ܳ2 = ݑ3) − 3𝑒𝑒 − 3݀),  ܳ3 = ݑ3) − 3𝑒𝑒 − 7݀), 2ܲ = ݑ) − 𝑒𝑒)2 + ݑ] − (𝑒𝑒 + ݀)]2 + ݑ] − (𝑒𝑒 + 2݀)]2 

3ܲ = ݑ] − (𝑒𝑒 + 3݀)]2 + ݑ] − (𝑒𝑒 + 4݀)]2 (26) 

Tab forces in this case are 

1ܨ = 2ܨ,1ܴ1ܿ = 3ܨ ,1ܴ2ܿ = 4ܨ ,1ܴ3ܿ = 5ܨ ,2ܴ4ܿ = ܿ2ܴ5 

For the case of  𝑒𝑒 + 2݀ < ݑ < 𝑒𝑒 + 3݀,  Q2, Q3, P2, P3 are given as   

ܳ2 = ݑ4) − 4𝑒𝑒 − 6݀), ܳ3 = ݑ) − 𝑒𝑒 − 4݀), 3ܲ = ݑ] − (𝑒𝑒 + 4݀)]2 

2ܲ = ݑ) − 𝑒𝑒)2 + ݑ] − (𝑒𝑒 + ݀)]2 + ݑ] − (𝑒𝑒 + 2݀)]2 + ݑ] − (𝑒𝑒 + 3݀)]2(27) 

Tab forces in this case are 

1ܨ = 2ܨ ,1ܴ1ܿ = 3ܨ ,1ܴ2ܿ = 4ܨ ,1ܴ3ܿ = 5ܨ,1ܴ4ܿ = ܿ2ܴ5                                            (28) 

The thickness and the width of the tab is taken as 4 m m and 11 m m, respectively. The material is St37 
𝑖𝑖𝑒𝑒݈݀ݕߪ) = 240MPa). The change of forces in each of the tabs with u is plotted in Fig.5. u is started from y=26 
mm (1 mm above the bottom tab). Therefore, no extension of the curves to the left is seen in Figs.5 and 6.  If 
it was assumed u=25 mm, the assumption of bi-linear change of both stresses and tab forces would be failed. 
It is seen from Figs.(5) and (6) that tab forces decreases with increasing values of u, as expected. For the 
smallest value of u, the stress in tab 1 is maximum. This is also satisfied by the first of Eq.(13). Indeed, 1ߪ 
goes to infinity for ݑ ՜ 0, and decreases for smaller values of u. When u=H-h, It must be reminded that u 
must change between e<u<H-h. 

3. COMPARISON OF EXPERIMENTAL AND THEORETICAL RESULTS 
To determine the rotational stiffness of the beam end connector and compare the mid-point deflection with 
that obtained by the theoretical approach, several experiments were carried out. While the beam deflects 
under the applied load P, the uprights are assumed to be stationary. The rotational stiffness was obtained by 
connecting the end connectors at both ends of the beam to the uprights as in a frame structure (Fig.8). In the 
present case, the end moment isM=Nș. Thus, the value of t he rotational stiffness can be found by simply 
dividing this moment by the angle θ.  Table 1 gives the experimental and theoretical values of mid-point 
deflections for a  beam with the length L=2700 mm, the modulus of e lasticity E=210000 N/mm2, plate 
thickness t=1.2 mm, width w=50 mm, height h=150 mm, and the applied load P=30000 N.  Experimental 
values for the deflections for each configuration determined by the variable r depicted in Table 1 w ere 
recorded at times t=0, t=30 minutes and t=4 hours for each beam. It was found that the mid-point deflection 
was not changed after t=4 hours. Depending on these values and the maximum stresses that the connector can 
stand in the linear region, an optimum end connector is to be chosen as the best configuration.  It  must be 
observed from Table 1 that both analytical and experimental values decrease above k40, where r=40 mm. The 
standard maximum value of de flection proposed by the specifications is L/200=13.5 mm. This value is 
satisfied by all experimental values while analytical results stay around the standard value proposed by the 
specifications. It should be pointed out that the axial force in the beam has been omitted in the formulation. It 
is clear that the inclusion of the axial force will slightly reduce the deflection of the beam, and analytical and 
experimental results will become closer. It is concluded from Table 1 t hat the stiffness reduces with 
increasing values of r while the mid-point deflections increase up to the value of r=40 mm. Thus, although 
the stiffness k decreases with increasing value of r up t o r=40 mm, the maximum load that the pallet beam 
can carry increases, as seen in Table 2. The reason for the increase in load-carrying capacity with increasing 
values of r is that tabs, which carry less loads for small r values, take more loads with increasing r.  In order 
to see the deflection curve, using Eqs.(2a,2b) and (9), Figs.7 have been plotted for the values  L=2700 mm, 
E=210000 N/mm2, t=1.2 mm, w=50 mm, h=150 mm,  H=250 mm, P=30000 N, ıy=350 N/mm2. The 
maximum deflection for k70=2.467x109 and k40=2.356x109 are 13.7613 and 13.8723 mm, respectively 
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Cantilever tests were also conducted to see the physical behavior and the total strength capacity of 
the beam end connectors. The results for rot ational stiffness k in portal test can be different than those 
obtained from cantilever tests. The cantilever test set up consists of a short cantilever connected to the center 
of the column of s hort length. Both ends of t he column are rigidly supported. The load is applied 
monotonically by a hydraulic jack placed on a load cell. The free end of the cantilever beam is constrained by 
a vertical guide to prevent an undesirable out-of plane movement of the beam. The applied loads are recorded 
at each increment of loading until the failure occurred at the connection. Displacement transducer is mounted 
to measure beam deflections.𝑀𝑀 −  curve is plotted for each type of beam end connector and the rotationalߠ
stiffness of e ach connector is determined in accordance with FEM standards (Table 1). Table 2 yields the 
maximum loads for t he cantilever beam depending on t he value r. The maximum loads, that the tabs and 
beam end connector can stand up to the yield point, were obtained as 6589 N, 8499 N, 9636 N, 10646 N for 
corresponding values of r=0,20,40 and 60 re spectively. Although the maximum loads increase with 
increasing values of r, maximum deflections also increase up to r=40 mm. When the maximum deflection 
and the corresponding loads are evaluated together, it can be concluded that the configuration for r=40 mm is 
the most suitable one to be chosen in commercial production. After r>40 mm for this configuration, undesired 
local buckling effects start to occur. Therefore, the configurations where r>40 mm must be excluded in 
commercial productions. [8], [13]. 

In order to see the mid-point deflection and the rotational stiffness of the end connectors in actual 
field conditions, portal test setup has also been set. In the portal test, the beam end connector is subjected to 
shear, bending and axial force. So, the rotational stiffness in these conditions must be expected to be different 
than those obtained in cantilever tests [14]. The horizontal distance between the column centerlines is 2700 
mm. Vertical displacements of the mid-point of the pallet beam have been recorded by means of a  LVDT. 
Vertical load was taken as 30000 N. 

 

Table 1. Experimental and Theoretical Values of the Mid-Point deflection of Elastically Restrained Pallet Beam 

Stiffness, kr (Nmm/rad) Exp. values, δmax(mm) (after 30 minutes) Exp. values, δmax(mm) (after 4 hours) Theoretical values, δmax(mm) 
k0=2.818x109 

k20=2.654x109 

k40=2.356x109 

k60=2.432x109 

9.9 
10.3 
11.78 
11.33 

10 
10.55 
11.80 
11.40 

13.4639 
13.5937 
13.8722 
13.7952 

Table 2. Maximum loads corresponding to yielding in the cantilever test. Moment arm l=50mm.  

 r=0  r=20 r=40 r=60 
Max. load at yielding (N) 6584 8499 9686 10646 
Stiffness x (10-8) k0=1.3765 k20=1.4753 k40=1.4082 k60=1.6891 

   
Figure 5. The variation of normalized tab stresses versus position (u) 

20 30 40 50 60 70 80 90 100
30

40

50

60

70

80

90

100

110

Position From y=0, u (mm)

Ta
b 

St
re

ss
, W

Re
su

lta
nt

 (M
Pa

)

 

 

Tab 1
Tab 2
Tab 3
Tab 4
Tab 5



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

Figure 6. The variation of normalized tab forces versus normalized position (u/umax) 

 

   (a)  k40=2.356x109                                                 (b)  k70=2.467x109 

Figure 7. Deflection Curve. L=2700mm, E=2.1x105N/mm2, t=1.2mm, w=50mm, h=150mm, P=�����1,ıy ��� 1�mm�. 

 

(a)                                                      (b)                                                        (c) 

Figure 8. Cantilever test setup designed for different values of r,    a) r=0,     b) r=40 mm,    c) r=60 mm. 

4. RESULTS AND CONCLUSIONS 

In this study, an analytical method has been developed to obtain the optimum selection of the beam end 
connector under two restrictions, namely the specified maximum value of t he mid-point deflection of t he 
pallet beam and the maximum stresses in the tabs and end plate. First, deflection analysis involving the 
rotational stiffness coefficient was made. Both cantilever tests and portal tests were carried out to find the 
rotational stiffness k for e ach case. Portal test results were used in the formulation. Second, stresses in the 
tabs and end plate were obtained. The relative position (r) of the end plate and the pallet beam was obtained 
such that the maximum value of the stresses don’t exceed the yielding point of the materials. The results 
obtained were found to be compatible with those in commercial productions. 
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Abstract 
Serial robots are by far the most common robots used in industrial applications such as welding, pick and place, and 
various processes. Computers and engineering programs play important role to constitute motion analysis and design 
process. These days, engineers can analyze all parameters to produce the generous robots which are required for the 
process and find effective solutions quicNly by using computer programs with the development of the technology. In 
this study, a six axis serial robot is produced by using integrated approaches with parallel analysis in SolidWorks, 
CosmosMotion, VisualBasic and Adlink Motion Control Card. The parts of the robot are modeled in SolidWorks and 
produced the real model of the robot. .inematic analysis is studied in &osmos0otion by defining the velocity pro-
file to the end effector point through the software algorithm developed in 9isual%asic, which uses the application 
programming interface �$3I� capabilities. 'ifferent tasNs are given to the robot in this study. 7he Ninematic worN-
space and maximum motor velocities are evaluated by inverse kinematic analysis for each task. The kinetic work-
space and maximum motor torques are evaluated by forward kinetic analysis. The optimum trajectory is chosen after 
reviewing dynamic analysis and the same traMectory is generated using $'/I1. motion control card. 9elocity mode 
is used. 7he maximum deviation for each motor is determined which is between the sending velocity profile data and 
the receiving feedbacN velocity profile data and compared whether the deviation values are in acceptable ranges.

Keywords: Robot programming, dynamic analysis, trajectory planning
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1. INTRODUCTION 
Mechanic, electronic and computer technologies are used in mechatronic systems. The creation and analysis 
of the mechanical model are done with computer aided programs [1]. Servo motors are widely used in 
mechatronic systems. There are two main types of control in servo motors. These are PC-based or stand-alone 
control systems [3].  

One of the major objects of the research in the robotic systems is to evaluate dynamic analysis and to control 
the motion of t he robot by using different methods. Some researchers carried out an adoptive learning 
strategy using neural an artificial network algorithm to control the motion of a 6 D.O.F manipulator robot and 
to overcome the inverse kinematics problem [4]. Two researchers studied on the systematic derivation of the 
n × n generalized inertia matrix of a general n-axis manipulator. They developed two methods to compute the 
joint accelerations from the governing equations of motion, which are based on the Cholesky decomposition 
of the generalized inertia matrix and a combination of minimum-norm and least-squares approximations of 
under determined and over determined linear algebraic systems. These two researchers developed also an 
algorithm based on K ane’s dynamical equations for t he numerical solution of the inverse dynamics of 
roboticmanipulators of the serial type which produces the time histories of the n torques or forces required to 
drive the manipulator through the prescribed trajectory [5]. 

Nguyen and Poorandealed with the design of the end effector and showed the effects of system parameters on 
the end-effector dynamics. The emphasis in their some researches is to employ Lagrangianaproach to derive a 
set of equations of motion and Newton-Raphson method to solve forward kinematic [6]. 

Examining the studies in literatur, the lack of integrated software which performs the modeling, dynamic 
analysis and the motion of the robot is observed. An integrated design process presented by Karagülle and 
applied to a hexapod robot which can be used for medical operations[2]. 

2. MODELING OF SIX AXIS ROBOT 
In this study, a six-axis robot, which may extend to 1.5m and have 5kg t ip load is discussed as shown in 
Figure 1.  Robot is modeled in Solidworks [7]. The modeling software developed in Visual Basic reads the 
data from the databases and models the parts, sub-assemblies, members and the robot automatically, using the 
Application Programming Interface (API) capabilities of SolidWorks. SolidWorks + CosmosMotion package 
is used in this study. The robot model developed in SolidWorks is used automatically in CosmosMotion. 
Solid modeling of parts and assembly can also be done using the Graphical User Interface (GUI) capabilities 
of SolidWorks without the modeling software. 

 
Figure 1. Model of the robot with undetailed parts 

The model of the six axis robot assembly consists of motion sub-assemblies which are called as members as 
shown in Figure 2. Each member consists of models of parts or sub-assemblies which have a common rigid 
body motion. Members are connected by revolute joints. 
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Figure 2. Members of the robot 

3. MOTION ANALYSIS 
The position of the robot is defined by the position of the moving end-point.The incremental position vector 
of the end-point is defined as qei = [xi, yi, zi, θxi, θyi, θzi]T. xi, yi, and zi are the incremental displacements and 
θxi, θyi and θzi are the incremental rotation angles of the end-point from its previous position in the x, y, and z 
directions, respectively. The time interval for an incremental displacement is defined as ti= [t1, t2], where t1 is 
the starting time and t2 is the ending time for the incremental motion. The distances are given in mm, times 
are given in seconds, unless otherwise stated.   

The motor rotation vector is defined asሶ mi(t)= [ߠሶ1i(t), ߠሶ2i(t), ߠሶ3i(t), ߠሶ4i(t), ߠሶ5i(t), ߠሶ6i(t)] T. ߠሶ1i(t), ߠሶ2i(t), 
 ,ሶ6i(t) are time histories of the motor velocities for the axes 1, 2, 3,4,5 and 6ߠ ሶ5i(t) andߠ ,ሶ4i(t)ߠ,ሶ3i(t)ߠ
respectively. The starting position of t he end-point is defined as qes= qea+ qis, where the first term is the 
assembly position vector. The second term is the incremental displacement vector for the starting position, 
which is defined as qis= [xis, yis, zis]T. The assembly position is given as qea=[-944.44,1003.52,-163.74]T.  

The database for a planned task contains the information for the end point, qes, qei and ti for motion steps. An 
example motion input may be given as 

     0,4,-400,-800,0,0,0,0 

Here, t1=0s starting time, t2=4s ending time, x1=-400mm, y1=-800mm, z1=0mm, θx1=0o, θy1=0o and θz1=0o. 
The end-point motion follows the trapezoidal velocity profile by the integration software (IS) which is created 
in VisualBasic, given in Figure 3. 

 

 

Figure 3. Trapezoidal velocity profile 

 

3.1. Inverse Kinematic Analysis 
In the inverse kinematics analysis, the incremental position vector qei is given and the time histories of motor 
velocities ሶ mi(t) are found. The RotateZ components of all motors are set to “Free” for the inverse kinematic 
analysis. A motion object is assigned to the end point. The location of the object is at the end-point, and the 
variable name “motione” is assigned to the motion object. motione has 6 de grees of fre edom titled as 
TranslateX, TranslateY, TranslateZ, RotateX, RotateY, and RotateZ. The TranslateX, TranslateY, TranslateZ, 
RotateX, RotateY, and RotateZ components are set to the “Velocity” mode in motion type and “Spline” 

 
 

 

 

 

Member-1 Member-2 Member-3 Member-4 

Member-5 Member-6 Gripper 
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function to enter the data points of velocity profile. An example time history of the velocity profile which is 
created in IS, is given below. 

 

 

 

 

 

 

Figure 4. Trapezoidal velocity profile for displacement x 

 

 

Table 1. Example motion input 

qes 

Step-1 

ti qei 

[172.84,1010.26,-164.14]T [0,4] [-400,-800,0,0,0,0] 
 

Plot objects for the motor rotations are defined to observe the results. The results can be exported to the files 
and can be read. The time histories of motor angles and velocities are transferred to Visual Basic after the 
inverse kinematic analysis in CosmosMotion. Motor-3 angle and velocity time histories are shown in Figure 5 
for the path given in Table 1. 

 

 

 

  

 

(a)                                                                (b) 

Figure 5. Motor-3 a)angle and b)velocity time histories (for path in Table 1) 

 
The maximum motor angles are determined and evaluated by the IS whether they exceed the limits for the real robot. If the 
motor angles are within the limits, it means the robot is in the workspace, and the reachability button turns to green color in 
the kinematic evaluation chart shown in Figure 6. The motor velocities are checked whether they exceed the limits. 
Similarly, these buttons turn to the green or red colors. The percentages of the maximum motor velocities to the motor 
velocity limits are indicated in the chart. They must be below 100. 
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Figure 6. Results chart for evaluating kinematic parameters in IS 

3.2. Forward Kinetic Analysis 
All the components of t he end-point motion (motione) are set to “Free” and the RotateZ components of 
Motor-1, Motor-2, Motor-3, Motor-4, Motor-5 and Motor-6 are set to the “Velocity” mode in motion type 
and “Spline” function to enter the data points of velocity profile in the forward kinetic analysis. The time 
histories of ߠሶ1i, ߠሶ2i, ߠሶ3i, ߠሶ4i, ߠሶ5i and ߠሶ6i found in the inverse kinematic analysis are assigned to the 
corresponding RotateZ components. Plot objects are defined to observe the kinetic outputs such as motor 
torques and reaction forces. An example time history of Motor-3 torque is shown in Figure for the path given 
in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Motor-3 torque time history 

The percentages of the maximum reaction forces and motor torques to the corresponding limit values are 
shown in Figure 8. The results are shown with vertical colored lines. The line is shown in green color if the 
percentage is less than 50. The brown color is used if the percentage is between 50.1 -100. The red color is 
used if the percentage is above 100, which indicates that the task is out of kinetic workspace. 

 

Figure 8. Results chart for evaluating kinetic parameters in IS 

4. MOTION CONTROL 
ADLINK PCI 8366 motion control card is used for sending the created path from SolidWorks to actual robot 
[10]. Drive and control system include 6 Mitsubishi servo motors given in Table 2 and a personal 
computer.PCI-8366 is a PCI bus interface card designed for personal computer or industrial computer 
accompanied with a Mitsubishi MR-J2S-B type or SSCNET type servo amplifier. PCI-8366 can control up to 
6 servo amplifiers. The connection between the motion control board and the amplifier is done via high-speed 
serial communication of the SSCNet II protocol. 
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Table 2. Drive system 

Axis Servo motora/Drivera Moment (Nm) Gear unitb/Gear ratio 
1 HC-KFS73B/MR-J2S-100B 2.4 HFUC-40-80/ 80 
2 HC-SFS102B/MR-J2S-70B 4.78 HFUC-40-100/ 100 
3 HC-KFS43B/ MR-J2S-40B 1.3 HFUC-32-100/ 100 
4 HC-KFS23B/ MR-J2S-20B 0.64 HFUC-20-80/ 80 
5 HC-KFS13B/ MR-J2S-10B 0.32 HFUC-20-80/ 80 
6 HC-KFS50B/ MR-J2S-10B 0.16 HFUC-14-80/ 80 

    a Mitsubishi Electric [8] , bHarmonic Drive [9] 

After performing the desired motion in CosmosMotion by integrated software, the inverse kinematic analysis 
and forward kinetic analysis are evaluated respectively and time based velocity profile data for all motors are 
written to the file using the following code. 

Call elem.ExportCSVFile (fl) 

Time based velocity profile graphics are seen as degree/sec in GUI, but the velocity data are saving as rad/sec 
while exporting data from SolidWorks. Therefore, all data are converted to degree/sec by software 
automatically. Next step is changing interface in IS by clicking “Motion” button to communicate the software 
with ADLINK motion control card. After clicking “Motion” button, all servo motor drivers are on and ready 
to drive. On the “Motion” interface, there are many buttons to move the actual robot such as manual motion 
commands for each motor, demo motion and trajectory moving for following the planned path by getting the 
data from SolidWorks. For manual motion, we can move specified axis with a specified speed and 
acceleration/deceleration time by clicking “move-a” button. Manual motion uses “start_tr_move” function. 

 

Figure 9. “Motion” interface on the IS 

“save abs pos.” button in the program interface, saves the pulse information of current position from the 
encoders on t he motors and also writes the values on a  file. By this program if the robot loses its current 
position for whatever reason, it can go back to its set position by clicking “Rest pos.” button. During robot’s 
movement if the motor torques are exceeded because of an obstacle or if an error occurs in any of the drivers, 
”Alarm Status” screen shows which driver is faulty and why. 

In this section, it is described how to send velocity commands to motion control card by IS. For trajectory 
motion, “single axis velocity motion” and “change velocity on the fly” functions are used. Single axis 
velocity motion function uses “tv_move” command to accelerate the axis from a starting velocity to a 
specified maximum velocity (Figure 10). 

tv_move (Axis, StrVel, MaxVel, Tacc) 

Here; 

Axis: Axis number 
StrVel: Starting velocity 
MaxVel: Maximum velocity 
Tacc: Acceleration time 
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(a)             (b)                 (c) 

Figure 10. (a)tv_move, (b)tv_stop and (c)emg_stop commands 

Change velocity on the fly function uses the following commands as shown below. 

tv_change (Axis, SpeedFactor, Tacc) 
tv_stop (Axis, Tdec) 
emg_stop (Axis) 

“tv_stop” command stops the specified axis with a deceleration time period (Tdec) and a trapezoidal velocity 
profile during deceleration. “emg_stop” command stops the specified axis instantly (Figure 10). 

 

“tv_change” command changes the moving speed of a specified axis with acceleration time period (Tacc) and 
a trapezoidal velocity profile during acceleration. The second parameter “Speed- Factor” is used to define the 
new speed. For example, if the specified axis starts its motion using tv_move command and the “MaxVel” is 
set to be 10 mm/sec. Then tv_change is applied with “Speed- Factor” = 1.5. The new speed is 1.5 * 10 = 15 
mm/sec (Figure 11). 

 

 

 

 

Figure 11. tv_change command 

“Move Traj.” button on the IS applies the developed algorithm with the following order: 
1- IS reads the velocity data of all axis from the text files and finds the maximum velocity value of each axis 
and checks whether the maximum velocity value given by SolidWorks is smaller than the maximum velocity 
of the actual motor. If the maximum velocity value in simulation is higher than the maximum velocity of the 
actual motor, the message box appears on the screen and gives a warning “Max. Velocity!” Program stops 
running and doesn’t continue applying the algorithm. 
2- Speed-Factor needs the ratio of new velocity to starting velocity. For example, motor starts the motion with 
the speed of 100 mm/sec and the new velocity is wanted to be 200 m m/sec. Then Speed-Factor must be 
200/100=2.  It is given in motion input data that the time intervals in simulation are 0.1 second. So that, total 
simulation time is 9 seconds and 91 velocity data for each axis are exported from SolidWorks. IS calculates 
all the speed factor values of each axis to use it in tv_change command. 
3- All motor velocity data are taken from motor from the first step (t=0 s) to the end motion with 0.1s time 
interval simultaneously and written to text file. Example code is given below. 

 
 
 

 

Figure 12. Reading velocities from motor 

All time based velocity feedback data for each axis are written to the text file and compared the velocity data 
given by SolidWorks. Both velocity profile data are graphed by MATLAB. Experimental and simulation 
velocity profiles for motor-3 are shown in Figure 13. 

 

 

 

For naxis = 0 To 5 
a = get_velocity(naxisa(naxis), vel_enc, vel_com) 
Print #naxis + 1, t(naxis, 1), Round((vel_enc / kpuls(naxis)), 5), Round((vel_com / kpuls(naxis)), 5), vel(naxis, 1) 
Next naxis 
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Figure 13. Velocity profile for actual motors and motors in simulation (Motor-3) 

Maximum deviations between reference data (taken by SolidWorks) and receiving data (taken by actual 
motor) are calculated for all motors given in Table 3. 

Table 3. The ratio of the maximum deviation between reference data (by SolidWorks) and receiving data (by actual motor) 

 The ratio of maximum deviation (%) 
Motor-1 0.0134 
Motor-2 0.1285 
Motor-3 0.0639 
Motor-4 0.0005 
Motor-5 0.115 
Motor-6 0.0279 

  

5. CONCLUSIONS 
Mechatronic systems can be designed and analyzed by the VisualBASIC API of computer aided design and 
analysis software. The data that is obtained from inverse kinematic analysis is used for m otor control in 
motion analysis. Motor control system software which can be controlled by the VisualBASIC API is 
integrated with motion analysis. 

In this study, a 6-axis robot is modeled in SolidWorks, and kinematic and kinetic workspaces are evaluated 
by defining a task to the end effector. 

With the inverse kinematic analysis velocity data of each servo motor are obtained and sent to the real system 
through the Adlink PCI-8366 motion control card. During the motion, velocity data is obtained 
simultaneously with the simulation time-step from each motor and simulation data is compared with the 
velocity data obtained from the motors in the real system. The results showed that robot’s end effector moved 
to the targeted position with a maximum deflection of %0.1285 and followed the velocity curve with high 
sensitivity. 

The integration software which is developed for modeling in SolidWorks, performing motion simulation, 
evaluating simulation results in terms of kinematic and kinetic workspaces and moving the real system, can 
be used for other custom designed industrial robots or systems. 
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Abstract 
Raw material costs constitute the majority of the yarn production costs, therefore it is critically important to select the suit-
able cotton blend and to Nnow required fibre characteristics for spinning. 7his article is a part of a comprehensive worN 
including the experimental research and the modeling of the physical and mechanical properties of the cotton sirospun 
yarns. In this paper, a model for estimating sirospun yarn evenness from cotton fibre properties was investigated. )or this 
purpose, different cotton blends were selected from different spinning mills in 7urNey and their properties were measured 
with $)I6 �$dvanced )ibre Information 6ystem�. %esides some yarn production parameters were also selected as inde-
pendent variable �predictor� due to their significant effect. 6irospun yarns were produced at (ge 8niversity 7extile (ngi-
neering 'epartment¶s spinning mill under the same conditions. /inear multiple regression method were performed and 
statistical evaluation showed that generated equations for predicting yarn evenness had a large 5� and adMusted 5� values. 

Keywords: Estimation, AFIS, multiple regression analysis, prediction, sirospun, yarn evenness
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1. INTRODUCTION 
Yarn production is a sequence of processes that convert fibres into yarn, which will be used in various end 
products. Basic interest of every spinner is to reduce costs and to optimize the spinning process as well as to 
reach the desirable yarn quality.  Raw material costs are more than half of the total manufacturing costs in a 
spinning mill, therefore knowing and monitoring the quality characteristics of the fibers, with the purpose of 
reducing costs and optimizing the spinning process, have great importance for the spinners.  

For many years, the spinning machinery manufacturers enhanced the spinning process and reduced the mass 
variation of yarns, rovings and slivers thanks to precise measurement. This improvement provides an 
opportunity to increase productivity and to reduce considerably the raw material costs [1].  

As much as spinners would like to produce an absolutely regular yarn, it is unachievable because of c ross 
sectional fibre variation and the mechanical constraints. Accordingly, there are limits to achievable yarn 
evenness. According to Martindale, in the best possible conditions, the following evenness limit could be 
achieved for ring-spun yarns: 

 
or 

 
(1) 

n is the number of fibers in the yarn cross section 

CVD is the coefficient of variation of the fiber diameter 

 

Since the variation of the fibre diameter is small enough to be ignored in industrial use, the equations reduce 
to: 

 
or 

 
(2) 

This can be expressed approximately as CV~= 1.25U. In t he evaluation of t he achieved evenness, the 
unevenness index I is commonly used which is defined as [2]: 

 
In recent years, prediction of the yarn quality characteristics from process parameters and fibre properties is 
one of the favorite research subjects for the engineers. Consequently researchers have been developed various 
mathematical, statistical and empirical models which are considerably important for the spinners in terms of 
raw material selection [3-9].Especially, Hunter [8] a nd Ethridge et. al. [9] has investigated models for 
predicting yarn irregularity by using fibre parameters. Most of the researchers are focused on modeling of 
ring spun and rotor spun yarn properties but  there is a few study on modeling sirospun yarn characteristics. 

It is authenticated that, yarn properties are particularly influenced from fibre properties and this effect 
becomes more influential in the case of finer yarns. This paper is a part of a work concerning the 
experimental research and determination of the equations and models for estimating the sirospun yarn quality 
characteristics from the yarn production parameters and cotton fiber properties which are measured by the 
HVI and AFIS systems. As a result, equations were derived for the prediction of yarn tenacity, breaking 
elongation, unevenness and hairiness by using fiber and yarn properties. Some of the results are given in 
previous papers [10-13]. Regressional estimation of c otton sirospun yarn properties from fibre properties 
measured with HVI [11], regressional estimation of yarn hairiness of cotton sirospun yarns from AFIS fiber 
properties [12] and the prediction of yarn strength of c otton sirospun yarns from AFIS fiber properties by 
using linear regression analysis [13] were investigated previously.  

2. EXPERIMENTAL 

2.1. Materials 
As the raw material represents about 50-75% of the manufacturing cost of a  short-staple yarn and it has a 
significant effect on productivity and quality, yarn producers focus on the suitable blend [14].  

In order to investigate the effect of fibre properties, various cotton blends were supplied from spinning mills 
in different regions of T urkey. Cotton fibres properties were analyzed with Advanced Fibre Information 
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System (AFIS) which is developed for the measurement of individual fibres. The features provided with the 
USTER are given in Table 1 [15].  

Table 1. Fibre properties that can be measured with AFIS. 

 
AFIS can be used for bl end composition, analysis of c hanges in fibre properties during processing, 
optimization of the process parameters and predicting the produced yarn quality [16]. Different blends are 
coded from B1 to B11 and fibre properties measured with AFIS are given in Table 2. 

 
 
 
 

Table 2. Fibre properties of different blends measured with AFIS. 

Fibre properties Abbreviation B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 

Fiber nep count per 
gram Nep Cnt/g 4 19 24 8 5 7 152 12 19 25 17 

Mean length by 
weight L(W) (mm) 29,5 28,1 25 30,3 26,8 27 24,8 26,1 26,3 28 25,5 

Upper Quartile 
Length by weight UQL (w) 35,2 33,9 30,7 36,6 32 32,6 30,9 31 31,2 33,9 30,6 

Short fibre content by 
weight SFC (w) % 2,3 3,7 6,2 2,4 3,8 4,6 9,9 3,7 4,6 3,9 5,1 

Mean length by 
number L(n) (mm) 25,8 24,2 21,5 26,4 23 23,3 20,2 22,9 22,7 24,3 22,2 

Length variation  by 
number L(n) %cv 37,6 40,3 40,3 38,9 38,4 40 48,5 37,8 39,6 39,2 38,7 

Short fibre content by 
number SFC (n) % 8,5 11,6 15,1 9 11,3 13,2 25,5 11 12,8 11,4 14,2 

5% Length by number 
5.0% (mm) 40,9 39,9 36,7 42,4 37,3 38,2 35,6 36,1 36,9 39,1 35 

Total trash count per 
gram*  Total Cnt/g 8 11 14 7 29 16 84 5 14 9 9 

Trash count per gram 
Trash Cnt/g 0 0 0 0 0 0 11 0 2 0 2 

* dust particles included 

Upper quartile length by weight and 5% length by number values of the different blends are given in Figure 
1. B4 blend has the highest values, whereas B11 has the lowest length values.  
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Figure 1. UQL (w) and 5.0% (mm) values of the different blends 

Short fibre content by number and by weight values of the different blends are given in Figure 2. B1 and B4 
blends have the lowest short fibre content while B3 and B7 blends have the highest ratios.  

 
Figure 2. Short fibre content by weight and short fibre content by number values of the different blends 

2.2. Methods 
Yarn production parameters, as is known, have significant effect on yarn properties. Accordingly, yarn count, 
twist coefficient and strand spacing, which is defined as the distance between the two parallel roving strands 
fed through the drafting system, were also selected as predictors. As the sirospun yarns are produced with two 
rovings, spinners have to produce finer rovings and increase the creel capacity of the spinning frame. Besides, 
a double roving sirospun guides and condensers must be used in siro-spinning, which is mounted on the rail 
and disconnected from the traverse mechanism. 

According to experimental design, it is planned to spun in four yarn counts (11.81, 14.77, 19.69 and 29.53 
tex), at three twist coefficients and three strand spacing values, for e ach blend. More clearly, each linear 
density was spun at 3, 6 and 9 mm strand spacing, and at three different twist multipliers (αTt 3831, αTt 4310 
and αTt 4789). Cotton sirospun yarns were produced on a Rieter Model G30 ring spinning machine by 
keeping the spinning conditions constant. Some samples cannot be produced because of the raw material 
quality and drafting limits of the machine. For each yarn type, ten samples were produced and tested. 
Comparison was made between the yarns of different linear density, different twist factor and strand spacing. 
Experimental plan for each blend and yarn codes are given in Figure 3 and Table 3, respectively. 

Subsequently yarn quality characteristics was measured and Uster Tester 5 was used for determining of the 
yarn unevenness, number of thin places, number of thick places, number of nep.  

Final step is determining the equations and models for estimating the sirospun yarn uneveness from the yarn 
production parameters and cotton fiber properties which are measured by AFIS instrument. For this purpose, 
multivariate linear regression methods were performed. Statistical analyses were performed using Gretl 
(GNU Regression, Econometrics and Time-series Library) software.  



Title of Paper and Authors Names 

 
Figure 3. Experimental plan. 

Table 3. Yarn code matris. 

Twist 
coeff. 

Strand 
spacing 

Yarn count 

11,81 
tex 14,77 tex 19,69 tex 29,53 tex 

αTt 3831 

3 mm 28 1 10 19 

6 mm 29 2 11 20 

9 mm 30 3 12 21 

αTt 4310 

3 mm 31 4 13 22 

6 mm 32 5 14 23 

9 mm 33 6 15 24 

αTt 4789 

3 mm 34 7 16 25 

6 mm 35 8 17 26 

9 mm 36 9 18 27 

 

3. RESULTS AND DISCUSSION 
Yarn unevenness, number of thin places, number of thick places, number of nep were measured with Uster 
Tester 5. According to the Figure 4, it is found that yarn unevenness is higher for finer yarns and increases 
with the increasing of the twist coefficient and strand spacing. For some blends, some yarn types cannot be 
produced because of poor spinning stability depending on the fibre quality, strand spacing and yarn count. 

 
Figure 4. Yarn uneveness values (CV%). 

Regression analysis is used for the investigation of re lationships between two groups of va riables. The 
obtained model can be used to describe the relationship between dependent and independent variables and to 
predict new values. As the yarn characteristics are influenced by fibre properties, production parameters, the 
spinning conditions, etc. the multiple regression analysis and ordinary least-squares methods were selected. 
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The types of relationship between selected parameters and yarn properties were checked by curve estimation 
and correlation analysis. Based on statistical analysis, a nearly linear relationship between fibre properties 
measured with AFIS and yarn properties was found, therefore, the linear multiple regression analysis method 
was chosen for this study [7]. 

Table 4. Pearson correlation coefficients between fibre properties measured with AFIS. 

  
Nep Lw SFCw UQLw Ln SFCn %5Ln Total Trash 

Nep 1 -0,366** 0,788** -0,256** -0,493** 0,838** -0,283** 0,778** 0,901** 

Lw -0,366** 1 -0,804** 0,986** 0,986** -0,739** 0,973** -0,386** -0,451** 

SFCw 0,788** -0,804** 1 -0,709** -0,885** 0,989** -0,706** 0,706** 0,786** 

UQLw -0,256** 0,986** -0,709** 1 0,953** -0,640** 0,985** -0,309** -0,383** 

Ln -0,493** 0,986** -0,885** 0,953** 1 -0,833** 0,935** -0,489** -0,556** 

SFCn 0,838** -0,739** 0,989** -0,640** -0,833** 1 -0,645** 0,754** 0,843** 

%5 
Ln -0,283** 0,973** -0,706** 0,985** 0,935** -0,645** 1 -0,314** -0,420** 

Total 0,778** -0,386** 0,706** -0,309** -0,489** 0,754** -0,314** 1 0,783** 

Trash 0,901** -0,451** 0,786** -0,383** -0,556** 0,843** -0,420** 0,783** 1 

      **Correlation is significant at 0.01 level (two-tailed). 

According to Pearson correlation coefficients, there is high correlation between number based and weight 
based measurements (r>0,98). Besides, correlation between fibre length measurements (UQL(w)-L(w)) were 
also high (Table 4). As a result, for regression analysis, fibre properties that have a higher correlation with 
yarn unevenness were used: nep /gr, L(w), SFC(w), Total cnt, Trash cnt. Besides these, yarn count, twist 
coefficient and strand spacing were also chosen as independent variables. 

A polynomial relation was found between short fibre content and yarn unevenness, due to curve estimation. 
Apart from that, there is a linear relationship between fibre properties and yarn properties. Following the 
curve estimation and collinearity tests, Best Subsets Regression method was used for de termining which 
independent variables should be included in the model. To analyze the model in details, Stepwise regression 
was used. Models with higher adjusted R2, but lower Akaike and Schwarz values were determined. Finally, 
heteroskedasticiy is tested with White test, it is  found and a new model was established. Otherwise, it can 
invalidate statistical tests of significance that assume that the modelling errors are uncorrelated and normally 
distributed and that their variances do not vary with the effects being modelled. 

Regression coefficients of variables, t-values and significance level of each variable of the final model are 
given in Table 5. Regression coefficients, which are constants, represent the rate of c hange of t he yarn 
unevenness as a function of changes in the fibre properties and yarn parameters. Signs (+ or -) of regression 
coefficients of variables indicate the direction of influence P-value indicate the statistically significance. If the 
p-value is less than the significance level α, the null hypothesis is rejected and the result is statistically 
significant.  

Table 5. Regression coefficients, t-values and significance level of t-values of linear regression model for yarn unevenness. 

 Coefficient Std. error t-ratio p-value 

Constant 19.977 0.505 39.556 <0.00001*** 

Strand spacing (mm) 0.028 0.004 7.932 <0.00001*** 

Yarn count (Ne) 0.181 0.001 151.054 <0.00001*** 

7ZiVt cReIIicient �Įe) 0.058 0.019 3.036 0.00242** 

Lw -0.529 0.013 -39.271 <0.00001*** 
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SFCw 0.378 0.117 3.228 0.00126*** 

SFC w
 2 -0.191 0.021 -8.964 <0.00001*** 

SFC w
 3 0.018 0.001 15.025 <0.00001*** 

Trash cnt 0.023 0.011 2.084 0.0373** 

R2 0.9272 Adjusted R2 0.9269 

Yarn unevenness (CV%) = 19,977 + 0,028 F.A.M. + 0,181 Yarn count (Ne) + 0,058 
�Įe) – 0,529 Lw+ 0,378 SFCw -0,191 SFCw

2 + 0,018 SFCw
3 + 0.023 Trash cnt 

**  is significant for D=0.05. 
***  is significant for Į �,��. 

All of the regression coefficients in the model are statistically significant. According to the equation, yarn 
unevenness increases with the increase of yarn fineness, twist coefficient and strand spacing. Among fibre 
properties, fibre length and short fibre content have greater influence on yarn evenness. As fibre length 
increases and trash count decreases, yarn unevenness decreases. Short fibre content has a polynomial relation, 
yarn uneveness increase with the increase of short fibre content, up to a limit, after that decrease and increase 
again.  

Figure 5 shows the scatter plot of predicted yarn unevenness values versus actual yarn unevenness values and 
regression line of the models. A high correlation (r=0,95) was found between actual and predicted values.  

 
Figure 5. Predicted versus actual values of yarn evenness. 

 

4. CONCLUSION 
As the raw material costs are more than half of the total manufacturing costs in a short staple spinning mill, 
therefore knowing and monitoring the quality characteristics of the fibers, have great importance for the 
spinners. In t his paper, a model for e stimating sirospun yarn evenness from cotton fibre properties was 
investigated. This article is a part of a  comprehensive work and some of t he results are given in previous 
papers. Cotton fibre properties, measured with AFIS and some yarn production parameters such as yarn 
count, twist coefficient and strand spacing were selected as predictors. Linear multiple regression method 
were performed and statistical evaluation showed that  generated equations for predicting yarn evenness had a 
large R2 a nd adjusted R2 values. Prediction ability of our model is very high as shown in Figure 5. Yarn 
unevenness increases with the increase of yarn fineness, twist coefficient and strand spacing. Fibre length and 
short fibre content are most important fibre properties for yarn unevenness. As fibre length increases and 
trash count decreases, yarn unevenness decreases.  
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Abstract 
Istanbul 6trait is one of the heaviest maritime traffic of the seaways in the world. 2n the other hand, it has sig-
nificant navigational challenges.  In addition to these factors, sub�standards ships threat the lives as well as 
the marine environment. +owever, high risN arising from maritime shipping in this region may be reduced 
and safely navigation may be enhanced by means of 3ort 6tate &ontrol inspections.  (specially, inspections of 
%lacN 6ea 028 are very important for maritime safely in Istanbul 6trait. In this context, in this study, %lacN 6ea 
028 inspections data are investigated for general an evaluation during ��������� periods. $nd later, per-
formance of )lag 6tates of the most passing from 6trait region is determined by using %lacN 6ea 028 inspec-
tions and other regional 028s inspections. 7hus, an assessment of maritime safety is done for this region.

Keywords: Istanbul Strait, Port State Control, Black Sea MOU, Safety
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1. INTRODUCTION 
Istanbul Strait has become important link between Black Sea which is a closed sea and the rest of the world 
for centuries.  It is one of the heaviest maritime traffic of the seaways in the world. On the other hand, it, as 
related to its twisting path and powerful currents, presents significant navigational challenges.  In addition to 
these factors, sub-standards ships which are navigating in an unsafe condition threat the lives as well as the 
marine environment. Therefore, there is always high risk arising from maritime shipping in this region.  
However, risk may be reduced and safely navigation in this region may be enhanced by means of Port State 
Control inspections. 

Port State Control (PSC) mechanism has been established for the purpose of confirming that condition of the 
ship and its equipment comply with the requirements of international conventions and that the ship is manned 
and operated in compliance with applicable international laws.  Re gional agreements on port  state control 
have been established in order to exchange information on s hips inspected, and to unify the standards for 
inspection, ship detention and training of officers conducting inspections under Port State Control [1].   

The first regional agreement, including Europe and North Atlantic region, was created in Western Europe in 
1982 by means of Paris MOU (Memorandum of Understanding on P ort State Control).  S ince then setup 
other regional agreements are Acuerdo de Vina del Mar Agreement (Latin American region), Tokyo MOU 
(Asia-Pacific region), Caribbean MOU (Caribbean region), Mediterranean MOU (Mediterranean region,) 
Indian Ocean MOU (Indian Ocean region) Abuja MOU (West and Central African region), and Black Sea 
MOU (Black Sea region). 

Although these PSC regimes are same, there are differences in the applications such as target inspections rate 
of ships, assessment of performance of flag states and selecting priority flags and ships for inspection.   Paris 
MOU and Tokyo MOU generate a black/grey list of flags based on the statistics of inspections and detentions 
conducted during previous 3 years.  This black list aims to identify ships that pose a very high risk.  There 
aren’t the black/gray lists in Black Sea MOU.  However, Flag States whose number of detention exceeds the 
average detention rate, exceeding 10 num bers of i nspections, are listed. AlthoughUnited States are not a 
member of a ny regional agreement, they conduct port state control inspections, adding to their own rules. 
United States use The Port State Control Safety and Environmental Protection Compliance Targeting Matrix 
to better target ships that pose the most risk to their ports.  The larger and stringent inspections are conducted 
in Paris MOU, Tokyo MOU and United States [2].  

Especially inspections of Black Sea MOU are very important for maritime safely in Istanbul Strait, because it 
demonstrates performance of s hips passing through this region.   In  this context, in this study, Black Sea 
MOU inspections are investigated for evaluating detention rates and types of deficiencies detected in 
inspections during the period of 2004- 2013.  P erformance of F lag States of t he most passing from Strait 
region is determined by using Black Sea MOU inspections and other regional MOUs inspections.  And as 
related to this performance an assessment of maritime safety is done for this region. 

 

2. PORT STATE CONTROL INSPECTIONS IN THE BLACK SEA MOU REGION  
In 2000 t he Black Sea Memorandum of U nderstanding on P ort State Control was signed by 6 Bl ack Sea 
countries with the common understanding of main principles for PSC. Target inspection rate in Black Sea 
MOU is at least 15 % per country within a period of 3 years. A port State control visit on board will normally 
start with verification of certificates and documents. When deficiencies are found or the ship is reportedly not 
complying with the regulations, a more detailed inspection is carried out. When serious deficiencies are 
found, the ship shall be detained. The captain is instructed to rectify the deficiencies before departure. Only 
internationally accepted conventions shall be enforced during port State control inspections. These 
conventions are the so-called “relevant instruments” [3].  

Black Sea MOU inspection statistics over the period of 2004-2013 are summarized in Figure 1. Percentage of 
inspections with deficiencies and detentions are given in Figure 2. These inspection data were obtained from 
Black Sea MOU Web Site [4].  I t is seen that over 60 % deficiencies are detected in inspections and that 
detentions rate is subsequently decrease. 
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Figure 1. PSC Inspection Data (2004-2013). 

 
Figure 2. Percentage of Deficiencies and Detentions (2004-2013). 

 

Percentage of deficiencies by categories over the period of 2004-2013 are shown in Figure 3.  It is seen that 
safety of navigation, lifesaving appliances, stability- structure and related equipment and fire safety measures 
are top four deficiency categories. 

 

 
Figure 3. Percentage of major deficiencies by categories.  
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3. MARITIME SAFETY IN ISTANBUL STRAIT  

3.1. Vessel Traffic in Istanbul Strait 
The numbers of vessels that passing through Istanbul Strait between 1997-2013 years are shown in Figure 4. 
In addition to this figure, approximately more than two million people pass through the Istanbul Strait daily 
by small crafts. This value is four times higher than Suez Channel and tree times than Panama Channel [5].  
Percentage of ships passing through Istanbul Strait per Flags are given in the Figure 5.   

 

 

 
 

Figure 4. The number of ships that passing through Istanbul Strait between1997-2013. 
 

 

 
 

Figure 5. Ships passing through Istanbul Strait per flags. 

 

3.2. Flag State Performance of Ships Passing through Istanbul Strait 
In this study, performances of top 16 F lag states of t he most passing from region are considered for 
evaluation.  Be cause Flag state performance reflects to risks that arise from marine transportation in the 
region. Used PSC data were obtained from annual reports of all regional MOU.  
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Detention rates of these flag states which are calculated from PSC data for the period of 2004-2013 are given 
in Figure 6 and Figure 7.  Most of these countries have larger detention rates in inspections. 

 

 
Figure 6. Detention rates of ships passing through Istanbul Strait by flags in each MOU (%). 

 

Honduras, Syrian Arab Republic, Ukraine, Panama and Lebanon from these flag states have been a maximum 
detention percentage (Over % 5) in the Black Sea MOU for investigated periods. Also these flag states have a 
maximum detention percentage in the Paris MOU. 

It is seen that Honduras has a maximum detention percentage in all Regional MOUs except Indian Ocean 
MOU over this period. Panama and Ukraine have a maximum detention percentage (42 % around) in the 
Indian Ocean MOU. 

 

 

 
Figure 7. Detention rates of ships passing through Istanbul Strait by flags in each MOU (%). 

 

Calculated deficiency rates of the most passing flag states from this region for the period of 2004-2013 are 
given in Figure 8 and Figure 9.   T hese states have over % 50 de ficiency percentage in the Paris MOU, the 
Black Sea MOU, the Tokyo MOU, the Indian MOU, and the Mediterranean MOU. Honduras, Syrian Arab 
Republic, Romania, Ukraine and Lebanon have a maximum deficiency percentage (Over % 75) in the Black 
Sea MOU respectively. 
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Figure 8. Deficiency rates (%). 

 

Besides this profile Ukraine, Bulgaria, Syrian Arap Republic and Lebanon are in the Gray List in Paris MOU 
in 2013. Turkey is in the Flag State Safety Compliance targeted list in United States in the same year. Panama 
and Ukraine are in the list of 2013 Flag states exceeding average detention percentage in Black Sea MOU. 
Panama is also is in the Flag State Safety Compliance targeted list in United States. 

Honduras is in the Black List in Paris MOU and it is in the Flag State Safety Compliance targeted list in 
United States.  Antigua& Barbuda is in the Gray List in Tokyo MOU, Cyprus and Malta are in the Flag State 
Safety Compliance targeted list in United States in 2013 year. The Black list, The Grey list, targeted list and 
Flag states exceeding average detention percentage list demonstrate flag states with high risk. 

 

 
Figure 9. Deficiency rates (%). 

 

0,00

20,00

40,00

60,00

80,00

100,00

120,00

Bulgaria Romania Russian 
Federation

Ukraine Turkey Antigua & 
Barbuda

Bahamas

Paris MOU Black Sea MOU
Tokyo MOU Indian Ocean MOU
Mediterranean MOU Acuerdo de Vina del Mar MOU
Abuja MOU Caribbean MOU
United States

0,00

20,00

40,00

60,00

80,00

100,00

120,00

Honduras Liberia Malta Norway Panama Cyprus Greece Syrian 
Arab 

Republic

Lebonan

Paris MOU Black Sea MOU
Tokyo MOU Indian Ocean MOU
Mediterranean MOU Acuerdo de Vina del Mar MOU
Abuja MOU Caribbean MOU
United States



Evaluation of Maritime Safety in Istanbul Strait Using Port State Control Inspections,  
E. Gül EmecenKara, Olgay2Núaú 

4. CONCLUSIONS 
In this study, performance of the most passing flag states from Istanbul strait region has been taken into the 
consideration for evaluation of risks.  Honduras and Syrian Arab Republic from these flag states have over 
10% detention rate in the Black Sea MOU during the period of 2004-2013. Ukraine, Panama and Lebanon 
have between 5% and10 % detention rates and Antigua& Barbuda, Turkey, Russia Federation and Bulgaria 
have over 3% detention rate in the same period. In addition to this profile Honduras, Syrian Arab Republic, 
Romania, Ukraine and Lebanon have larger deficiency percentage (Over 75 %) i n the Black Sea MOU 
respectively. Most of these flag States have larger detention rate and deficiency rate in other MOUs. 

In some of t he regional MOUs, Ukraine, Bulgaria, Syrian Arap Republic, Lebanon, Panama, Honduras, 
Antigua& Barbuda, Cyprus and Malta are in the risk lists (the Black list, the Grey list, targeted list, Flag 
states exceeding average detention percentage list) in 2013 year. 

It is seen that safety of navigation, lifesaving appliances, stability- structure and related equipment and fire 
safety measures are top four deficiency categories in the Black Sea MOU during the period of 2004 - 2013.     

Flag state performance found in PSC inspections reflects to risks that arise from maritime transportation in 
the region. If re gional MOU inspections carry out stringent and effective, substandard ships may be 
eliminated over time. By this way, navigation safety is enhanced and risks arising from maritime 
transportation may be reduced in this region.  
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Abstract 
Climate is changing with the increasing number of population. Since the people wealth is mostly depended on econ-
omy and economical growth is explained by the high energy usage, there will always be high energy needed. The 
energy demand is mostly supplied by non-renewable energy sources for human beings wealth and economy. The in-
vestigators are searching new energy sources due to the possible end of non-renewable energy sources. The renew-
able energy sources such as wind, solar radiation, water, biogas production from the wastes and livestock manure 
are becoming more and more important due to consideration of positive environmental effect. The livestock manure 
is one of the new valuable energy sources for the people. Within this study, the livestock manure’s CH4 and N2O 
emissions and the energy potential from manure as biogases will be considered. The highest energy could be pro-
duced in %alÕNesir, .onya and (r]urum provinces, because ��� of 7urNey¶s livestocN¶s �cattle, buffalo and dairy cat-
tle) are in these cities. The CH4 and N2O emissions from these provinces are 88.4 Gg and 0.85 Gg, respectively. 
7hese emissions are ����.�� *g &2� equivalents. $ccording to the ����¶s energy balance tables, ���� Ntones of 
2il (quivalent �72(� was produced from the animal and plant wastes. 7he total &+� and 1�2 emission from this 
energy source are around �.�� *g &+� and �.�� *g 1�2. 7hese emissions are Must ��.�� *g &2� equivalents. It 
was only �.��� of total animal wastes in 7urNey. 7herefore, producing energy from animal wastes will not only re-
sult emission reduction, but also produce clean energy which decreases total consumption of non-renewable energy..

Keywords: Climate Change, Greenhouse Effect, CO2 Equivalent, CH4 and N2O Emissions, IPCC Methodology
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1. INTRODUCTION 
The livestock manure was considered under agricultural activities of IP CC Guidelines [6], [7]. The most 
important direct greenhouse gases are CO2, CH4 and N2O [4]. Methane emissions from manure management 
are usually smaller than enteric fermentation emissions, and are principally associated with confined animal 
management facilities where manure is handled as a liquid. Livestock manure is principally composed of 
organic material. When this organic material decomposes in an anaerobic environment (i.e., in the absence of 
oxygen), methanogenic bacteria, as part of an interrelated population of micro-organisms, produce methane 
[2], [5]. During storage of manure, some manure nitrogen is converted to N2O. Emissions of N2O related to 
manure handling before the manure is added to soils are included in this source category. Nitrous oxide is 
formed when manure nitrogen is nitrified or denitrified. The amount of N2O released depends on the system 
and duration of waste management [1], [4]. The CH4 from animal manure can be used as a clean energy. The 
energy production from manure saves emissions from fossil fuel combustion, resulting in a positive 
environmental impact and resulting in fewer emissions in case climate change consideration. Moreover, as 
manure contains a large amount of ammoniacal N, and due to nitrification and denitrification processes, land 
spreading of poultry manure causes larger emissions of N2O than combustion [3]. 

Turkey signed United Nations Climate Framework Convention on Cl imate Change and Kyoto Protocol 
without any commitment [10]. In T urkey, total 1.6 million tones of oi l equivalent (TOE) energy were 
obtained from animal and plant wastes [9].  In orde r to tackle with climate change and to decrease the 
emissions in the future, Turkey could use animal wastes as a fuel to obtain a clean energy. 

The purpose of this study was to investigate the effect of livestock manure on air emission in Turkey by using 
IPCC methodology. The numbers of l ivestock’s data were obtained on the web site of S tate Institute of 
Statistics [11] and the energy balance tables are gathered from Ministry of Energy and Natural Resources [9]. 
The CH4 and N20 emissions were calculated by using the IPCC-Tier 1 method [7].  

2. METHODOLOGY 
The method (IPCC - Tier 1) w as used to estimate the CH4 and N20 emissions. And the general CH4 
production capacity and its energy as biogases are also calculated according to the IPCC Methodology and 
Turkish energy conversion factors obtained from energy balance tables.  

The general formula (1) for the CH4 emission from Enteric Fermentation is given as [6]:  

CH4 emission =6  An * EF * CF                                                               (1) 
 
An : The number of livestock 
CF : Conversion Factor  
EF : Emission Factor 
n : Type of livestock (Cattle, Buffalo, Sheep, Gooats, Camel, horse, mules, swine, 

poultry) 
 

And the general formula (2) for the CH4 emission from manure management is given as: 

CH4 emission =6  An * EFc                                                                                              (2) 
  
An : The number of livestock 
EF : Emission Factor 
n : Type of livestock (Cattle, Buffalo, Sheep, Gooats, Camel, horse, mules, swine, 

poultry) 
c : Temperate or cool emission factor 

 

The general formula (3) used for the N20 emission for Manure Management is;  

N2O emission =6  An * EF * CF * N-N20                                                                (3) 
 
An : The number of livestocks 
CF : Conversion Factor  
EF : Emission Factor 
N-N20 : Molecular weight of N20/N - (44/28) 
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n : Type of livestock (Cattle, Buffalo, Sheep, Gooats, Camel, horse, mules, swine, 
poultry) 

 

According to the IPCC (1996) Guidelines, The method for estimating methane emission from enteric 
fermentation and manure management requires three basic steps: 

a) Divide the livestock population into subgroups, 

b) Estimate emission factors for each subgroup in terms of ki lograms of methane per 
animal per year – separate emission factors are required for enteric fermentation and 
manure (Table 1). 

c) Multiply the subgroup emission factors by the subgroup populations to estimate 
subgroup emission 

 

 

 

 

Table 1. CH4 emission Factor for Enteric fermentation and Manure Management 

  Enteric Fermentation   Manure Management 

 
Emission Conversion 

 
Emission Emission 

 
Factor Factor 

 
Factor Factor 

Livestocks type 
   

Cool Temperate 

Dairy Cattle (avg) 68,5 0,001 
 

7 16 

Dairy Cattle 56 0,001 
 

7 16 

Other Cattle 44 0,001 
 

1 1 

Buffalo 55 0,001 
 

1 2 

Sheep 5 0,001 
 

0,1 0,16 

Sheep 6,5 0,001 
 

0,11 0,17 

Goats 5 0,001 
 

0,11 0,17 

Camels 46 0,001 
 

1,3 1,9 

Horse 18 0,001 
 

1,1 1,6 

Swine 1 0,001 
 

1 4 

Mules&Dankeys 10 0,001 
 

0,6 0,9 

Poultry - -   0,012 0,018 
        Source: [6] 

 

Table 2. N20 emission Factors 

  Direct N2O   Indirect N2O     

 
N Waste  

 
Fraction of  N20 

 
Fraction of  

 
Excretion/animal Management Type 

 
Total N lost Emission factor 

 

Total N 
used 

Livestock Type kg N/head/year (%)         as fertilizer 

Dairy Cattle 82,58125 0,0027875 
 

0,2096 0,01 
 

0,8 
Other Cattle 45,08845 0,006305 

 
0,15975 0,01 

 
0,5 

Buffalo 44,384 0,00705 
 

0,132 0,01 
 

0,5 
Sheep (domestic) 13,5022625 - 

 
- 0,01 

 
- 

Sheep (merinos) 13,5022625 - 
 

- 0,01 
 

- 
Goats 16,49435 0,002 

 
- 0,01 

 
- 

Camels 33,2661 - 
 

- 0,01 
 

- 
Horse 37,86875 0,002 

 
0,05 0,01 

 
0,1 

Swine 6,79995 0,0068925 
 

0,150225 0,01 
 

0 
Mules&Dankeys 37,86875 0,002 

 
0,05 0,01 

 
0,1 
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Poultry - - 
 

- - 
 

- 
     Chicken 0,4089825 0,0005 

 
0,2375 0,01 

 
0,2 

     Duck & Geese 0,817965 - 
 

- 0,01 
 

0 
     Turkey 1,83668 0,0005   0,2375 0,01   0,2 

 Source: [6] 
 
For the consideration, the CH4 and N20 are converted to CO2 equivalent emissions. The CH4 is multiplied by 
21 and N20 is multiplied by 310 and the obtained values are gathered to reach CO2 equivalent emissions. In 
order to draw maps, Geographic Information System is used [8].  

3. RESULT AND DISCUSSION 
The result of this study showed that the livestock wastes could be an alternative energy sources over Turkey. 
This energy is clean and eco-friendly, therefore producing energy from livestock wastes will decrease the 
adverse affect of non-renewable fuel usage in the environment. Turkey has a great potential for producing 
CH4 from livestock wastes. Approximately, quarter of t he livestock could be gathered in the specially 
designed animal farms. The following maps, seen on Figure 1, just show the last 10 year livestock average 
numbers in Turkey Provinces. According to these graphs, the highest cattle livestock population was seen in 
Erzurum, Konya and Balıkesir. 

 
  
 
 
     
 

 
 
 
 
 
 

Figure 1. 2003-2014 (10 year) averages of cattle and sheep population in Turkey province. 

 
By using 10 year averages of livestock population and IPCC methodology, the potential CH4 emission was 
calculated. According to the CH4 emissions resulted from enteric fermentation of l ivestock’s and manure 
management, 2367.6 GW electricity could be produced from the animal wastes. The distributions of potential 
electricity capacity of provinces are given in Figure 2.  
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Figure 2. The distributions of potential electricity capacity of provinces 

 

The highest portion electricity could be produced from cattle. It was approximately 77.79% (Table 3). In 
practical, turning all wastes into energy was not possible because the livestock population is distributed entire 
area of the provinces. However, such as Erzurum, Konya and Balıkesir which form 12% capacity of total 
probable energy production provinces can be organized or just cattle can be collected in animal farms. In 
case, the produced energy will decrease 2.5 million tones of CO2 equivalent emissions annually. If the 
number of orga nized animal farms is increased, the decreased CO2 equivalent emissions could be reached 
approximately 20 million tones of CO2 equivalent emissions annually. The produced biogases will also emit 
CH4 and N20 into the atmosphere. However, the quantity is just 0.5 ktones/year. If t he manure was not 
collected and just let it free to emit emissions into the atmosphere, then the total CO2 equivalent emissions 
would be around 18.85 million tones as given in Table 3. 

 

 

 

 

Table 3. The emission from livestock (10 year averages) 

  Enteric Manure Direct Indirect CO2 

 
CH4 CH5 N20 N20 Eq. 

Anmal Type (Gg) (Gg) (Gg) (Gg) (Gg) 

Cattle 564,87 49,01 4,45 1,91 14863 
Buffalo 3,25 0,08 0,03 0,01 81 
Sheep 124,38 2,91 0,00 0,00 2673 
Goats 31,95 0,91 0,33 0,00 793 
Camels and Llamas 0,05 0,00 0,00 0,00 1 
Horses 3,50 0,26 0,02 0,01 88 
Mules and Asses  3,77 0,27 0,04 0,01 102 
Swine 0,00 0,01 0,00 0,00 0 
Poultry  0,00 3,98 0,09 0,43 246 

TOTAL 731,78 57,41 4,9676 2,3670 18847 
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According to the Energy balance tables of Turkey, in 2013, just a 1.83% of livestock manure (including also 
plant wastes) is used as energy. The following Figure 3. gives CO2 eq. emissions from the annual usage of 
livestock manure as fuel according to the energy balance tables. 

 

 
Figure 3. CO2 eq. emissions from the annual usage of livestock manure as fuel 

 

Between the years 1970 and 1988, the livestock manure is highly used as fuel by farmers in the rural areas. 
After 1990’s, the usage of l ivestock manure is considerably decreased. And finally, it reached the lowest 
value in 2013. It was only 4.7 million tones of livestock wastes. Compared to the total livestock numbers in 
Turkey, it was very low.  

4. CONCLUSION 
According to this study, there is a big potential in the provinces to produce energy from livestock wastes. The 
livestock manure is one of the new valuable energy sources for the people. From this source, the potential 
electrical energy, which is around 2367.6 GW, could be produced. And this value energy from animals, 
decreases, annually, approximately 20 million tones of CO2 equivalent emissions. According to the Energy 
balance tables of Turkey, in 2013, just a 1.83% of livestock manure (including also plant wastes) was used as 
energy. Therefore, producing energy from animal wastes will not only result emission reduction, but also 
produce clean energy which decreases total consumption of renewable energy. Moreover, obtaining biogases 
energy from animal manure is one way to tackle with climate change for Turkey.  
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Abstract 
The region consisting of the Turkish Straits, called Istanbul and Çanakkale Straits and the Sea of Marmara, is one of the 
regions that have the highest concentration of maritime traffic in the World. In the year ����, ��.��� ships in total have 
passed through Istanbul 6trait with a monthly average of ���� ships. 'aily averages are ��� ships for Istanbul 6trait. 
In the year ����, ���.���.��� tons of dangerous cargoes shipped through Istanbul 6trait. In addition to these figures, 
approximately more than two million people pass across the Istanbul 6trait daily by small passenger vessels.  7urNish 
6traits 9essel 7raffic 6ervices �76976� was put into service with the purpose of lessening the risNs of maritime accidents 
which may happen and directing the maritime traffic in the area with continuous observations made and increasing the 
safety of life, properties and the environment in the 7urNish 6traits and in the 6ea of 0armara. 7his study will assess sit-
uation from when establishment of 976. Istanbul 6trait ship accidents that may occur, the effect of 976 applications were 
examined. 7his analysis allowed us to investigate the impact of various factors on the risN profile of the østanbul 6trait.

Keywords: 7urkisK 6traits, 9essel 7raI¿c 6erYices, ,stanEul 6trait, 76976, 0aritime accidents
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1. INTRODUCTION 
Istanbul Strait in terms of ship traffic is very dense transition center. Each year, approximately 45,000 ships 
pass. The Istanbul Strait is about 31 km long, an average 22 of 1.5 km wide and with its narrowest place of 
just 698 meters (Figure 1). All of these vessels on both sides of the passage in which a densely population 
constitutes a potential threat to Istanbul. For example, 20% of the ships are carrying dangerous cargo in 2014. 
In case of any accident that might occur, the people who live there and the sea life will be affected as 
seriously negatively. Istanbul Strait in the past year; collision, grounding, explosion and fire as many 
accidents have occurred. The largest of these accidents, crude oil loaded "Independent" at the ship have 
collided with another vessel in 1979 and has caused the oil spill into the sea. Turkish Straits Vessel Traffic 
Services (TSVTS) was put into service with the purpose of lessening the risks of maritime accidents which 
may happen and directing the maritime traffic in the area with continuous observations made and increasing 
the safety of l ife, properties and the environment in the Turkish Straits and in the Sea of M armara. The 
vessels arriving at the North or South entrance of t he Strait of Istanbul enter the Strait according to the 
directions of VTS, which uses strict and well defined regulations, rules and all other data that are received by 
radars, sensors and stations [1]. The TSVTS does not simply enhance the safety of na vigation but it also 
serves an important function in coordinating emergency teams in case of a n emergency. The TSVTS also 
makes risk assessments by using information received from vessels, tugs, SAR, and medical boats etc. It also 
issues warnings to other vessels and strives to prevent or minimize the risk of an accident or of an unexpected 
situation from taking place [2]. 

 

 

Figure 1. The strait of Istanbul. 

 

2. SERVICES AND PURPOSE OF THE TSVTS 
Information service provided by a VTS is the case that VTS is enabling essential or necessary information 
provided to the users i.e. those on-board subject to make navigational decision. Second service provided by a 
VTS is navigational assistance. Navigational assistance is a higher level service comparing the previous one 
and it is the case that VTS is involving decision making process regarding the ship‘s navigation and providing 
navigational advice to those on -board and consequently monitor its effects. Other service provided by VTS is 
traffic organization service [3].  

2.1. Task and Responsibilities 
Traffic organization is a service to prevent the development of dangerous maritime traffic situations of a n 
early stage and in fact it regulates the traffic within the VTS area [3]. 

İnformation service is a service for providing information about maritime traffic, the position of vessels in 
relation with order vessels, intended movements of ot her vessels, notices to marines, meteorological 
information and any other information deemed to be necessary by the VTS Operators. 

Traffic organization service is a service for providing operational information before vessels enter the Straits 
to assist vessel traffic organization in accordance with the Turkish Straits Maritime Traffic regulations [2]. 
Improvement of E fficiency of Traffic; by achieving an appropriate planning and execution delays can be 
avoided and optimum traffic flow can be obtained. This capability also depends on the quality of the VTS 
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elements as well as VTS objectives. Similarly through the service provided this benefit can be shared by the 
service providers, allied services and the users. 

Improvement of Safety of Environment by achieving safer navigable waters VTS does serve to reduce the 
environmental risks simultaneously in fact. Nevertheless, there are some other facilities provided by the VTS 
for the environmental protection in the following areas: Improvement of S afety of Traffic by foresighted 
prevention of situations of likely to be endangering either the vessel concerned or any other encounters in the 
vicinity or the environment. Optimized traffic flow and additional navigational assistance (if provided) for 
ships carrying dangerous and/or noxious cargo can decrease the possibility of casualties involved these type 
of vessels, In case of emergency of a pollution incident early detection can be performed and co-operation can 
be done with the emergency clean-up services and other official bodies. Consequently by regulating the 
traffic further problems can be prevented in advance. By continuous monitoring illegal and deliberate spills 
and other source of pollution events can be prevented [3]. 

2.2. Services Provided 
Services provided by TSVTS has been defined by considering the regulations and recommendation of IALA 
related with VTS and TSVTS has been providing Information, Navigational Assistance and Traffic 
Organization Services in accordance with A.857(20) and A.827(19) numbered regulation of IMO. 

Information Service 

• Marine Traffic information. 

• Information about the position of a vessel in relation with other vessels. 

• Information about positions of other vessels by means of di stances from own vessel, course and 
speed over the ground. 

• Information about intended movements of other vessels. 

• Notice to Mariners. 

• Meteorological information and current situation. 

• Information about the reported status of aids to navigation. 

• Any other information when deemed necessary by the TSVTS. 

Navigational Assistance Service 

Navigational assistance is a service for providing information in order to ensure the safe navigation of vessels 
experiencing difficulties due to navigational equipment failure or b ad weather. Navigational Assistance 
Service will be provided when severe meteorological situations have been observed, deficiencies or 
breakdowns have occurred during the passage of the participants, when required by the master or w hen 
deemed necessary by the TSVTS. With regard to the safety of navigation, decision making process on the 
bridge of the participant vessels may be assisted by providing the following information. 

• Position information in order to ensure safe navigation of vessels sailing within the TSS 

• Information about movements of other vessels in the vicinity 

• Warnings with regard to dangerous situations that might develop 

The beginning and ending time of the navigational assistance service must be clearly agreed and recorded by 
the Master and TSVTS operator. 

Traffic Organization Service 

• Vessel Sailing Plan and its entry permission, time and date to the Istanbul and Çanakkale Straits. 

• Any changes in the Sailing Plan. 

• Necessary operational information to the vessels before entering the Straits related to the traffic 
organization. 

• Operational information to all vessels in Straits according to the Turkish Straits Maritime Traffic 
Regulations. 

• The SP 1 a nd SP 2 Re ports constitute the primary sources for t raffic organization service to be 
provided by the TSVTS. Sending all these reports timely and accurately will increase the efficiency 
of traffic organization. 
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As vessels not providing timely and accurate information will disrupt the regular flow of maritime traffic may 
expose to delays and penalty procedure. After all, vessels not providing timely and accurate information may 
create risk in terms of safety of life, property and navigation by endangering not only their own vessels but 
also the others. All these services above are provided on r equest of V essels or b y TSVTS as deemed 
necessary. TSVTS cannot be hold as responsible related with services unclaimed [6]. 

In addition, the TSVTS, provides important services for s ecurity measures in accordance with the IMO 
(International Maritime Organization) adopted International Ship and Port Security Code (ISPS) was adopted 
by the IMO, and for search and rescue operations. The TSVTS is the first contact point in the case of any 
emergency in the VTS area and it distributes all related information to the concerned organization [2]. 

 

3. VESSEL TRAFFIC SERVICES IN ISTANBUL STRAIT 
The competent authority of Turkish Straits Vessel Traffic Service (TSVTS) is the Minister of Transportation, 
and the General Director of Coa stal Safety and Salvage Administration, appointed by the Turkish 
Government, is the TSVTS Authority. In a ddition to the safety of navigation, the TSVTS applies the 
emergency plans, and coordinates all the means to be used in accordance with these plans (towing, 
firefighting, antipollution, S.A.R., medical care). But its domain of responsibility is limited by “the fact that 
the ultimate decision relating to the safety of navigation is given by the Master, and that any information, any 
warning, any instruction or recommendation given by the VTS does not affect in any way the responsibility 
of managing the vessel, the professional ability and the knowledge of the Master”. All the VTS operators are 
Captains with at least two years of c ommand experience, and received a specific formation in conformity 
with the IALA standards. There are currently three VTS areas in the Turkish straits: the Istanbul VTS 
(55Nm), the Çanakkale VTS (78Nm), and The Marmara Sea TSS (71 Nm). Istanbul VTS is divided into 4 
sectors, each one controlled by an operator [5]. 

 

Information on the vessel traffic situation is obtained from 8 towers on the Istanbul strait (Figure 2). Each 
tower is fitted with a X band radar and a remote-controlled TV camera sending data to the area's VTS center. 
Three towers in each VTS area are equipped with VHF devices. Six AIS base stations are established in the 
Turkish straits, and the straits pilot station has 50 portable AIS transponders units, enabling each pilot to 
obtain a whole image of the vessels proceeding through the straits. 

The sectors of Istanbul VTS; sector Türkeli, sector Kavak, sector Kandilli, sector Kadıköy and sector 
Marmara (Figure 2). 

 

 
Figure 2. VTS areas and vessel traffic stations in the strait of Istanbul [6]. 

 

3.1. Pilotage in the Turkish Straits 
There is a well-established system of P ilotage in the Turkish Straits, operated by Turkish Maritime 
Incorporated. The service employs 140 pilots from two stations in the Strait of Istanbul and two stations in the 
Strait of Çanakkale. Pilotage within the Turkish Straits is compulsory only for vessels bound for or leaving 
Turkish ports, and/or for LNG vessels transiting the Strait of Çanakkale. Pilotage is recommended by IMO 
and the Turkish Authorities for all vessels transiting the Turkish Straits. Although almost all large tankers 
adhere to the recommendations of the IMO Resolution and employ a pilot [7]. 
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4. RISK ASSESSMENT OF ISTANBUL STRAIT 
Narrower sea passage having areas such as the straits, they differ from each other depending on the structural, 
physical, oceanographic and meteorological factors. Risk in narrow straits varies according to channel 
dimensions, configurations, and length, hydrodynamics, commodity types and flows, vessel types, hull forms, 
sizes, propulsion and steering systems, vessel loading, traffic types, patterns, density, times of movement, 
tides etc. All of these factors are not identical at every narrow strait. A general statement cannot be taken 
custom-made for every narrow strait. But, it gives an idea to make a strait -specific assessment [3]. Hazards in 
a narrow strait often come along with the following risk factors at the (Table 1). 

The primary mission of the regulations and the VTS is to reduce the maritime transportation risks in the Strait 
[6]. The risk assessment studies identified that many casualties originated from equipment or human failures 
on vessels carrying non-dangerous cargo, registered with Flag States associated with lower safety standards. 
Consequently, efforts to improve the quality of vessels that transit the Turkish Straits would reduce overall 
casualty risk in the Straits. This suggests that a robust regional inspection regime to enforce international 
Conventions and regulations would be of benefit. Increased use of t ankers of under 200 m eters in length, 
which are not affected by the current implementation of t he rules for ‘Re stricted Vessels’, is undesirable 
because, for a given volume of cargo, it will have the unwanted effect of increasing the density of traffic in 
the Straits and therefore the risk. The current system requiresthat 'Restricted Vessels' and other vessels 
carrying hazardous goods must clear specific points in the respective Straits - i.e. substantially complete the 
transit – before similar vessels can enter from the opposite direction. Further obstruction to consistent traffic 
scheduling and transit direction flow is caused by the priority given to Restricted Vessels bound for Turkish 
ports. While LNG vessels bound for Marmara ports have a stated priority in the Turkish Rules, other vessels 
do not [7]. 

 

Table 1. General risk factors in the transition narrow strait [4]. 

 

Risk Factors 

Physical Factors Vessel Factors Economic Factors 
- Strait geometry and configurations 
- Hydraulic and hydrologic conditions 
- Hydrography Environmental 

Conditions (E.g. Currents, Wind, etc.) 

- Types 
- Sizes 
- Propulsion and steering systems 
- Hydrodynamics 
- Maneuvering behavior 
- Vessel status/Maintenance condition 

- Ship scheduling 
- Cargo transfer operations 

Transit Considerations Potential Consequences to Human Systems 
- Cargoes 
- Marine traffic 
- Duration of exposure 
- Navigational aids and support 

systems, 
- Waterway management/Traffic 

systems 
- Subsystem support (Such as tugboats) 

- Vessel 
- Human life 
- Environment 
- Economics 
- Property 

- Decision making 
- Suitability, qualifications 

and proficiency of 
- Vessel operators 
- Bridge team 
- Support system personnel 
- Work environment 

4.1. Statistical Analysis 
Until now Istanbul strait has undergone large number of marine accidents. These accidents are occurred as 
collision (touching, rubbing, aging), grounding, sinking and capsizing, fire and explosion, crash ashore (lean 
land) and a machine malfunction. The causes of the accident in the Strait describes as follows: 

• Lack of Pilotage 

• The nature of the strait 

• Surface currents 

• Restricted visibility 

• Local conditions 

• Onboard mechanical failures and technical failures 
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The above reasons are generally the risk of accidents in the narrow waterway at different locations and 
conditions. They are affected to varying degrees. In other words, accident locations and for some time, 

It cannot be estimated as deterministic. The statistical analysis was used to analysis the accidents occurred in 
Strait of İstanbul in the period of 1995-2014. These statistics show the total number of vessels, number of 
ships proceeding with a pilot, accidents and the total number of vessels carrying dangerous cargo that passed 
through Istanbul strait during the this years. They are compared with each other.  

 

 

Fig 3. The total number of vessels and the number of dangerous cargo ship in Istanbul strait (1995-2014). 

 

One of the most important reason for this improvement can be attributed to the efficient and proper traffic 
organization provided by the VTS, which began providing these services at the and of 2003. According to this 
statistics, almost 20 percent of these vessels carry dangerous cargo [2].  

As seen in Figure 3, despite of the total number of vessels decreased after 2004, remained almost the same as 
the number of ships carrying dangerous cargo. In 2008, due to the economic crisis that occurred in the world, 
Istanbul has been a reduction in the number of ships passing through the strait. 

 

 
 

Fig 4. The amount of dangerous cargo, ratio of tanker traffic and ratio of vessels proceeding with a pilot in Istanbul strait 
are compared with each other (1995-2014). 

 

In Figure 4, the amount of da ngerous cargo, the ratio of da ngerous cargo traffic and ration of ve ssels 
proceeding with a pilot in Istanbul strait between the years 1995-2014 are compared with each other. As 
shown in Figure 4, after the start of process VTS in 2004, the proportion of ship pilots who demand increased 
by 50 percent. However, the amount of dangerous goods transported increased by almost two times. 

After starting the process VTS, a significant reduction in the number of accidents occurred in response to the 
increasing number of t ankers. It increased the number of s hips that pilots assigned according to the VTS 
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regulations and rules are determined as a result of the significant decrease in the number of accidents (Figure 
5). 

 

 
 

Fig 5. The number of accidents, ratio of tanker traffic and ratio of vessels proceeding with a pilot in Istanbul strait are 
compared with each other (1995-2014). 

 
 
 
 

5. RESULTS AND DISCUSSIONS 
Tankers carrying dangerous cargo have become a serious threat to safety of navigation, human life and 
environment in the İstanbul Strait. Accidents, which may occur, especially from dangerous cargo traffic, 
could create hazard such as oil spill and closes of the Strait of İstanbul traffic. In addition to the VTS, the use 
of a pilot during passage provides another important means for enhancing the safety of navigation. Although 
engaging a pilot in the İstanbul Strait is strongly recommended by IMO resolution A.827 the percentage of 
vessels engaging a pilot is only 51 percent in total for all vessels in Istanbul Strait in 2014 of which only 35.4 
percent was comprised non-stopover vessels [2]. After the entry into Vessel Traffic Services (VTS-2004), 
there has been a significance improvement in safety of vessel traffic and marine environment.  Although the 
total number of ships carrying dangerous cargoes with the increasing number of ships, VTS applications in 
particular has led to a reduction in accidents that may occur as a result of human error. 70% of the accidents 
occurred in the Istanbul strait by ships that do not demand maritime pilots. The collision was the most 
accident type occurred in the Bosphorus and respectively grounding, fire/explosion, stranding, contact, 
foundering/capsizing and breakdown. After the implementation of T he Maritime Traffic Regulations and 
introduction of Traffic Separation Schemes (TSS) in 1994 and implementation of VTS in 31 December 2003 
there has been a significance decrease the number of accidents in the Strait. 

6. CONTENT 
After the Turkish Straits VTS is established, the last ten years, the Bosphorus and the Dardanelles has an 
effective and efficient services.  D epending on t he growing energy needs in the world has caused to an 
increase in the amount transported, also ships with carrying oil and its derivatives. Sea accidents occur in the 
very narrow channel and passage in maritime transport. The Istanbul strait waterways having the most traffic 
after from Gate Malacca in the world. In addition, the city of Istanbul has been established on both sides of 
the strait. Therefore, the effect of accidents occur will be important. The human error is the major cause of 
accidents and respectively current and bad weather conditions and local traffic density. The vessels should be 
promoted to appoint maritime pilot in bad weather conditions. 
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Abstract 
Flexible manipulators are more desirable than rigid manipulator due to lightweight arm, higher motion speed 
and better energy efficiency. 7he Àexibility causes residual vibrations at the end point after motion. 7herefore, 
controlling residual vibration of Àexible manipulators is important. In this study the residual vibration of a Àexi-
ble beam is studied in $16<6.  7he trape]oidal velocity profile is applied in the transient analysis. 7he residu-
al vibrations are observed for the control�off case. $ high frequency harmonic velocity excitation is applied after 
the end of the trape]oidal velocity profile to control the residual vibration. $n exponential decaying is added to the 
harmonic excitation after a certain time. It is Nnown that the vibration amplitudes of a system decrease when the 
system is excited at higher frequency than the natural frequencies. 7he effect of the amplitude, frequency, the dura-
tion of the application and the exponential decaying factor on the suppression of the residual vibration is analy]ed.

Keywords: fle[iEle manipulators, Karmonic e[citation, YiEration control
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1. INTRODUCTION 
Flexibility of robot manipulators depends on the parameters such as the weight, the dimension, the payload 
and speed of manipulators. The effect of flexibility in manipulators is observed as vibrations both during the 
motion and after the motion has finished. Vibrations caused after finishing the motion are called as residual 
vibrations. Residual vibrations also affect the accuracy and settling time at the end point. The performance of 
such manipulators or re peatability decreases in high speed engineering applications. Suppressing residual 
vibrations are important and possible by applying different control strategies such as passive or active. 

Active control requires actuator, sensor and a control system. Many researchers have examined feedback 
approaches to the control of flexible systems such as the use of endpoint position feedback and feedback of 
strain gage measurements [1-4]. 

Another approach for vi bration control is passive control such as input shaping. Command shaping is a 
method of re ducing vibration that does not require additional sensors or actuators. The earliest form of 
command shaping was the use of high-speed cam profiles as motion templates. Cam profiles were shaped to 
decrease energy at system resonances [5]. 

Input shaping has been investigated and extended by many researchers [6,7]. Input shapers containing 
negative impulses were shown to improve response time [8]. Some researchers used input shaping on a long-
reach manipulators [9,10]. Input shaping was used to control a flexible pointing mechanism on a recent space 
shuttle mission [11]. 

In this paper, exponential harmonic input is applied to the system to reduce the residual vibration of the end 
point of t he link. Exponential harmonic input consists of di fferent parameters such as decaying factor, 
excitation frequency and initial angle. The effect of these parameters is analyzed. 

2. MODELING OF THE SYSTEM 
In this study, onelink flexible beam model is considered as shown in Figure 1. Flexible beam is modeled in 
ANSYS by using APDL (ANSYS Parametric Design Language) which allows you typing commands in text 
file and running analysis without using graphical interface. In graphical interface study, it is very difficult to 
fix when there is a mistake on the model. Therefore, APDL is much easier and faster way to create a model 
and make changes on the model. BEAM3 element is used as a flexible beam. BEAM3 is a uniaxial element 
with tension, compression, and bending capabilities. The element has three degrees of freedom at each node: 
translations in the nodal x and y directions and rotation about the nodal z-axis. The element is defined by two 
nodes, the cross-sectional area, the area moment of inertia, the height, and the material properties. The 
material of the beam is aluminum and the properties of the beam are given in Table 1. 

 
Figure 1. Model of the robot flexible beam 

 

Table 1.Properties of the aluminum beam  

Properties Values 
Modulus of Elasticity, E (N/m2) 68x109 

Density, ρ (kg/m3) 2800 
Length, L (mm) 500 
Height of the cross-section, h (mm) 0.8 
Width of the cross-section, b (mm) 20 

  
 

The other element type used in APDL is MPC184 element to define revolute joint. The MPC184 family of 
elements serves to connect the flexible and rigid component to each other in a multibody mechanism. An 
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MPC184 joint element is defined by two nodes with six degrees of freedom at each node. The relative motion 
between the two nodes is characterized by six relative degrees of fre edom. Depending on application, 
different kinds of joint elements can be configured by imposing appropriate kinematic constraints on any or 
some of these six relative degrees of freedom. For example, to simulate a revolute joint, the three relative 
displacement degrees of freedom and two relative rotational degrees of freedom are constrained, leaving only 
one relative rotational degree of freedom available. Some joint types of M PC184 elements are given in 
Table2. 

Table 2. Drive system 

Joint Element Type Keyoption (1) Keyoption (4) Constraints 
Revolute 6 - 5 
Z-axis Revolute 6 1 5 
Universal 7 - 4 
Translational 10 - 5 
Spherical 5 - 3 
Cylindrical 11 - 4 
Z-axis Cylindrical 11 1 4 

    
 
In Figure 1, the motor is connected to the beam at point O. Defining MPC184 element as a revolute joint with 
keyoption(1) as 6 and keyoption(4) as 1 allows to rotate the beam on the axis-z. Due to having joint flexibility 
of the motor, motor rotational spring constant is defined as 16000 N m/rad. Example codes for defining 
element types in APDL are given below:     

 

et,1,beam3                          !first element type is beam3 
r,1,A,Izz,ymax                      !r,1,area,cross sectional area, height 
uimp,1,ex,dens,,E,rho,0       !material properties such as density and modulus of elasticity 
et,2,mpc184                        !second element type is mpc184 
keyopt,3,1,6                        !revolute joint between rigid and flexible beam 
keyopt,3,4,1                        !z axis is revolute axis 
TB,JOIN,3,,,STIF                 !defining joint stiffness 
TBDATA,21,16000.             !value of the joint stiffness 

Modal analysis is performed in ANSYS and first three natural frequencies are identified as 5474.21 =f Hz, 

965.152 =f Hz and 701.443 =f Hz, respectively. Natural frequencies can be calculated for the cantilever 
beam analytically as follows: 

߱݊ = ݊ߚ
2ܮ ට

ܫܧ
 (1)                                                                   (rad/s)ܣߩ

Here, βn, L, E, I, ρ and  A is frequency parameter, length of the beam, modulus of elasticity, inertia of cross 
section and cross sectional area, βn frequency parameter for f irst three frequency is 3.516, 22.03 and 61.7, 
respectively.  

3. VIBRATION CONTROL WITH HARMONIC INPUT 
In flexible systems, the vibration occurs major problem after the motion. Suppressing residual vibration after 
the motion is a large research area for the researchers. In this study, exponential harmonic input is applied 
after the end of the trapezoidal velocity profile to control the residual vibration. The harmonic input can be 
written in the form as follows: 

ߠ = 0ߠ cosɘ0t  (2) 

߱ = 0ߠ0߱ sinɘ0t(3) 
Here, θ0 and ω0 are initial angle in degree and excitation frequency in degree/s, respectively. θ and ω are 
angular displacement and angular velocity based on t ime. Transient analysis is used in ANSYS to obtain 
response spectrum of the system. An arbitrary trapezoidal velocity profile is applied to the system during 1.5s 
and residual vibration of the end point of t he flexible beam is observed after the motion. The Rayleigh 
damping is used in transient analysis to take effect the damping of the system and considered as η=0, β=3.8e-
4, where, η and β are damping coefficients [12]. Total time duration is given 4s. Velocity profile input and 
system response are given in Figure 2. 
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(a)                                                                                          (b) 

Figure 2. (a) Velocity profile input, (b) system response 

It is shown that the amplitudes of residual vibration are extremely high and the end point of the flexible beam 
reaches the steady state value in a long time. The harmonic input given in Equation 3 is applied after the end 
point of the velocity profile. The excitation frequency ω0 and initial angle θ0 are chosen as two times of the 
first natural frequency and 1 degree, respectively. The control-off and control-on results are given in Figure 3. 

 
Figure 3. Response spectrum of the end point 

The amplitudes of the end-points acceleration are increased. An exponential decaying factor is added to the 
harmonic input to decrease the residual vibration. The exponential harmonic input parameters given in 
Equation 4, initial angle, excitation frequency and decaying factor are chosen by trial. Different parameters 
are applied at the end point of the velocity profile and response spectrums are given in Figure 4-8. 

߱ = 0𝑒𝑒−𝑎𝑎𝑡𝑡ߠ0߱ sinɘ0t  (4) 
Here, ais the decaying factor. 
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(a)                                                                                       (b) 

Figure 4. (a) Response spectrum of the end point, (b) exponential harmonic input �ș0 � degree, Ȧ0=2f1, a=-6) 

 

 
(a)                                                                                          (b) 

Figure 5. �a� 5esponse spectrum of the end point, �b� exponential harmonic input �ș0 � degree, Ȧ0=3f1, a=-6) 

 
(a)                                                                                           (b) 

Figure 6. �a� 5esponse spectrum of the end point, �b� exponential harmonic input �ș0 � degree, Ȧ0=4f1, a=-6) 
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(a)                                                                                           (b) 

Figure 7. �a� 5esponse spectrum of the end point, �b� exponential harmonic input �ș0 � degree, Ȧ0=2f1, a=-15) 

 
(a)                                                                                           (b) 

Figure 8. �a� 5esponse spectrum of the end point, �b� exponential harmonic input �ș0 �.� degree, Ȧ0=2f1, a=-15) 

 

4. CONCLUSIONS 
In this paper, vibration control of anonelink flexible manipulator with harmonic excitation is presented. The 
flexible beam is modeled in ANSYS. Modal analysis and transient analysis are used to determine natural 
frequencies of the system and to obtain the residual vibration after the motion. An arbitrary velocity profile is 
applied to the flexible beam and different exponential harmonic inputs are applied to suppress the residual 
vibration of the end point of the beam. The effect of the parameters of exponential harmonic input is analyzed 
and itwas observed that exponential harmonic input parameters are important to suppress the residual 
vibration of the flexible beam. 
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Abstract 
$mong measurable yarn characteristics, yarn elongation has significant effect on weaving performance, par-
ticularly for high speed looms. +owever, it has not received much attention of researchers. <arn elongation is af-
fected by fibre properties and basic spinning parameters such as yarn twist and yarn count. 7his study has been 
performed to investigate the effects of cotton fibre characteristics and spinning process variables on the breaN-
ing elongation properties of ���� cotton sirospun yarns. 6irospun yarns were spun at (ge 8niversity, 7extile (n-
gineering 'epartment under the same conditions from different cotton blends. )ibre properties were measured 
by $)I6 Instrument and the breaNing elongation of the sirospun yarns were measured by 7ensorapid. $dditional-
ly, for prediction of yarn elongation, a statistical model has been developed with linear multiple regression method.

Keywords: EreakinJ elonJation, cotton, estimation, ¿Ere cKaracteristics, sirospun \arns, prediction�
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1. INTRODUCTION 
Main objectives of t he spinners are keeping the process parameters under control via optimization of t he 
production costs, machine settings, production rates etc. and meeting the customer demands. Therefore, 
analyzing the raw material characteristics, that represents the largest cost item, is very important. These 
approaches enhance the desired yarn quality and provide competitive advantages. 

Physical and mechanical fiber parameters like length, tenacity, strain, fineness, maturity, stickiness, color, 
trash and nep content can be measured with modern instrumental methods on the basis of bundle or individual 
fiber measurements [1]. Advanced Fibre Information System (AFIS is based on single fiber testing and used 
for controlling and optimizing the process parameters as well as predicting the produced yarn quality. [2]. 

Previous researches showed that, yarn properties are particularly influenced from fibre properties and this 
effect becomes more influential in the case of finer yarns. Among measurable yarn characteristics, yarn 
breaking elongation has significant effect on weaving and knitting performance, for the high-efficiency 
machines. However, it has not received much attention of researchers. Yarn elongation is affected by fibre 
properties and basic spinning parameters such as yarn twist and yarn count. Figure 1 shows the degree of 
influence of the fibre characteristics on the breaking force of ring-spun yarn [3].  

 
Figure 1. Dependence of ring spun yarn’s breaking force on fibre characteristics. 

Majumdar et al (2004), compared mathematical, statistical, and artificial neural network models for 
predicting the breaking elongation of ring spun cotton yarns. They used cotton fiber properties (fiber bundle 
tenacity, elongation, UHML, uniformity index, micronaire, reflectance degree, and yellowness), measured 
with HVI, as inputs. They have reported that the breaking elongation of cotton ring spun yarns is influenced 
by fiber properties, particularly, fiber elongation, fiber length uniformity and yellowness. They have found 
that ANN model’s prediction performance is better than the statistical and mathematical models, respectively 
[4].  

In another study, they have developed linear regression, artificial neural network and neuro-fuzzy models for 
prediction of the breaking elongation of rotor-spun yarns. Again they’ve used fiber properties measured with 
HVI and yarn count as predictors. They’ve find out that yarn count and cotton fibre fineness are the most 
efficient estimators, and, artificial neural network and neuro-fuzzy models’ prediction accuracy is better than 
regression models [5]. 

Baykal et al, have used blend ratios and yarn count as independent variables in regression models to predict 
the strength and elongation properties of cotton/polyester blended rotor yarns. They’ve showed that breaking 
elongation values of the blended yarns are decreased with the increase of metric yarn count and decrease of 
polyester ratio in the blended yarn [6].  

The breaking elongation and strength properties of s pliced ring spun yarns were predicted with response 
surface methodology by using splicing parameters, fiber properties measured with HVI and yarn production 
properties as predictors. They’ve presented that fiber fineness, fiber length, short fiber index, fiber elongation, 
yarn count, yarn twist and opening air have significant effect on the breaking elongation of spliced yarns. [7].  

The performance of neural network during the prediction of cotton ring spun yarn breaking elongation was 
investigated. It is reported that, yarn twist, yarn count, fiber elongation, length, length uniformity and spindle 
speed are the most influential factors for yarn breaking elongation [8]. 

As is seen from the literature survey, most of the studies on prediction of yarn properties were carried out for 
ring spun yarns. There are very few studies on prediction of yarn properties of sirospun yarns. This paper is a 
part of a  work concerning the experimental research and determination of t he equations and models for 
estimating the sirospun yarn quality characteristics from the yarn production parameters and cotton fiber 
properties which are measured by the HVI and AFIS systems. As a result, equations were derived for t he 
prediction of yarn tenacity, breaking elongation, unevenness and hairiness by using fiber and yarn properties. 
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Some of t he results are given in previous papers [9-12]. Regressional estimation of c otton sirospun yarn 
properties from fibre properties measured with HVI [10], regressional estimation of yarn hairiness of cotton 
sirospun yarns from AFIS fiber properties [11] and the prediction of yarn strength of cotton sirospun yarns 
from AFIS fiber properties by using linear regression analysis [12] were investigated previously. 

2. EXPERIMENTAL 

2.1. Materials 
In this study, eleven different cotton blends were supplied from spinning mills in different regions of Turkey. 
In order to eliminate the effects of process parameters, fibre properties were measured from rovings by using 
an Advanced Fibre Information System (AFIS). The main test results of fibre properties are given in Table 1. 
B1 to B11 represents different blends. 

 

 

 

 

Table 1. Fibre properties of different blends measured with AFIS. 

 
Fiber nep 
count per 

gram 

Mean 
length by 

weight 

Upper 
Quartile 

Length by 
weight 

Short fibre 
content by 

weight 

Mean 
length by 
number 

Length 
variation  

by number 

Short fibre 
content by 

number 

5% 
Length by 
number- 

Total trash 
count per 

gram* 

Trash 
count per 

gram 

 Nep Cnt/g L(w) 
(mm) UQL (w) SFC (w) 

% L(n) (mm) L(n) %cv SFC (n) % 5.0% 
(mm) 

Total 
Cnt/g 

Trash 
Cnt/g 

B1 4 29,5 35,2 2,3 25,8 37,6 8,5 40,9 8 0 

B2 19 28,1 33,9 3,7 24,2 40,3 11,6 39,9 11 0 

B3 24 25 30,7 6,2 21,5 40,3 15,1 36,7 14 0 

B4 8 30,3 36,6 2,4 26,4 38,9 9 42,4 7 0 

B5 5 26,8 32 3,8 23 38,4 11,3 37,3 29 0 

B6 7 27 32,6 4,6 23,3 40 13,2 38,2 16 0 

B7 152 24,8 30,9 9,9 20,2 48,5 25,5 35,6 84 11 

B8 12 26,1 31 3,7 22,9 37,8 11 36,1 5 0 

B9 19 26,3 31,2 4,6 22,7 39,6 12,8 36,9 14 2 

B10 25 28 33,9 3,9 24,3 39,2 11,4 39,1 9 0 

B11 17 25,5 30,6 5,1 22,2 38,7 14,2 35 9 2 
 * dust particles included 

2.2. Methods 
Fibre properties measured by AFIS are predictive factors of ou r study. Yarn count, twist coefficient and 
strand spacing, which is defined as the distance between the two parallel roving strands fed through the 
drafting system, were also selected as predictors because of t heir significant effects on yarn properties. 
According to experimental design, it is planned to spun in four yarn counts (Ne 20, Ne 30, Ne 40 and Ne 50), 
at three twist multipliers (αe 4, αe 4,5 and αe 5) and three strand spacing values (3, 6 and 9 mm), for each 
blend. Cotton sirospun yarns were produced on a Rieter Model G30 ring spinning machine by keeping the 
spinning conditions constant. Some samples cannot be produced because of the raw material quality and 
drafting limits of the machine. Experimental plan for each blend with yarn sample codes is given in Table 2. 

Table 2. Experimental plan for one cotton blend and yarn sample code matrix. 

B1 

Twist coefficient αe 4 αe 4,5 αe 5 

Strand spacing 3 mm 6 mm 9 mm 3 mm 6 mm 9 mm 3 mm 6 mm 9 mm 

Yarn 
count 

Ne 40 1 2 3 4 5 6 7 8 9 

Ne 30 10 11 12 13 14 15 16 17 18 
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Ne 20 19 20 21 22 23 24 25 26 27 

Ne 50 28 29 30 31 32 33 34 35 36 

   
Yarn sample codes 

Subsequently the breaking elongation values of the yarns were measured with Uster Tensorapid. Final step is 
determining the equations and models for e stimating the sirospun yarn breaking elongation from the yarn 
production parameters and cotton fiber properties which are measured by AFIS instrument. For this purpose, 
multivariate linear regression methods were performed. Statistical analyses were performed using Gretl 
(GNU Regression, Econometrics and Time-series Library) software. 

 

3. RESULT AND DISCUSSION 
Yarn strength and breaking elongation were measured with Uster Tensorapid. Breaking elongation values of 
the cotton sirospun yarns are given, all together in Figure 2. 

 
Figure 2. Breaking elongation values (%) of cotton sirospun yarns. 

For some blends, some yarn types cannot be produced due to fibre quality, wide strand spacing and fine yarn 
counts. Experimental plan can be completely produced for only B1 and B10 blends. For this reason, 
comparison between the yarns of different linear density, different twist factor and strand spacing, for these 
blends is shown in Figure 3. 

 
Figure 3. The breaking elongation values of the yarns of different linear density, different twist factor and strand spacing 

(for B1 and B10). 

As is seen from the figure, breaking elongation increases with the increasing of twist coefficient and yarn 
thickness. 
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Regression analysis is used to investigate the relationships between parameters and to predict breaking 
elongation characteristics of the cotton sirospun yarns. The types of relationship between selected parameters 
and yarn breaking elongation values were checked by curve estimation and correlation analysis. The linear 
multiple linear regression and ordinary least-squares methods were selected depending on t he to multiple 
factors and nearly linear relationship between fibre properties and yarn properties [13]. Based on the Pearson 
correlation coefficients, some of the independent variables were omitted due to high correlation with other 
variables. Weight based measurements have higher correlation with yarn breaking elongation, in brief fibre 
properties used for regression models were; nep /gr, L(w), SFC(w), UQL (w), total count, Trash count. Yarn 
count, twist coefficient and strand spacing were also chosen as independent variables. A linear relationship 
between fibre properties and yarn properties was found with the curve estimation and collinearity tests. Best 
Subsets regression and stepwise regression was used and heteroskedasticiy is tested. In conclusion, an 
equation is developed for the prediction of breaking elongation of cotton sirospun yarns. 

Yarn breaking elongation (%) = 17,087 + 0,011 Strand spacing - 0,033 Yarn count (Ne) + 
0,758 αe - 1,744 Lw + 1,119 UQLw - 0,762 SFCw + 0,011 TotalCnt + 0,149 Trash Cnt R2 = 0.68 Adj. R2 = 0.69 

Regression coefficients of variables, t-values and significance level of each variable of the model are given in 
Table 3. Regression coefficients represent the rate of change of the yarn breaking elongation as a function of 
changes in the fibre properties and yarn parameters. Signs (+ or -) of r egression coefficients of variables 
indicate the direction of influence.  

Table 3. Regression coefficients, t-values and significance level of t-values of linear regression model for breaking 
elongation. 

 Constant 
Strand 
spacing 
(mm) 

Yarn 
count 
(Ne) 

Twist 
coefficient 

�Įe) 
L_Wmm UQLw SFCw TotalCnt TrasgCnt 

Coefficient 17.087 0.011 -0.035 0.758 -1.744 1.119 -0.762 0.011 0.149 

Std. error 0.811 0.003 0.001 0.016 0.104 0.067 0.042 0.001 0.012 

t-ratio 21.079 3.874 -43.315 46.519 -16.847 16.606 -18.014 11.689 12.376 

Sig. 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 

***  is significant for Į �,��. 

All of the regression coefficients in the model are statistically significant. According to the equation, breaking 
elongation increases with the increase of yarn thickness, twist coefficient and strand spacing. Among fibre 
properties, fibre length is the most efficient estimator. As fibre length and short fibers content increase, 
breaking elongation decreases.  

Figure 5 shows the scatter plot of predicted yarn unevenness values versus actual yarn unevenness values and 
regression line of the models. A high correlation (r=0,95) was found between actual and predicted values.  

 

Figure 4. Predicted versus actual values of breaking elongation (%). 
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4. CONCLUSION 
Even though the yarn elongation has significant effect on weaving and knitting performance, particularly for 
high speed machines, it has not received much attention of researchers. This study has been performed to 
investigate the effects of c otton fibre characteristics and spinning process variables on t he breaking 
elongation properties of 100% cotton sirospun yarns. Eleven different cotton blends were supplied from 
different spinning mills. In order to eliminate the effects of process parameters, fibre properties were 
measured from rovings by using an Advanced Fibre Information System (AFIS). Cotton sirospun yarns were 
spun in four yarn counts (Ne 20, Ne 30, Ne 40 and Ne 50), at three twist multipliers (αe 4, αe 4,5 and αe 5) 
and three strand spacing values (3, 6 a nd 9 m m) on a  Rieter Model G30 ring spinning machine at Ege 
University, Textile Engineering Department, by keeping the spinning conditions constant. The breaking 
elongation of t he sirospun yarns were measured by Uster Tensorapid. Additionally, for prediction of yarn 
elongation, a statistical model has been developed with linear multiple regression method. The goodness of fit 
statistics showed that the equation had a large coefficient of m ultiple determination (R2) and adjusted R2 
values.  A ccording to the model, breaking elongation increases with the increase of y arn thickness, twist 
coefficient and strand spacing. Among fibre properties, fibre length is the most efficient estimator. As fibre 
length and short fibers content increase, breaking elongation decreases. 
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Abstract 
One of the methods used in slope stability analysis is the method of back accounts. In the method provides the de-
tection of unknown parameters from the parameters are known. In this study, which is one of slope stability meth-
ods back calculation method by including information about the method applied Tekke Landslide was investigated.
7here are the characteristics of the soil profile among the factors that control the slope stability. øn addition� there 
are additional loads can be located on the slope with topographic, geological, hydrological, climatic conditions and 
vibration forces. Ground material condition of Tekke Landslide on Antalya-Burdur highway were investigated and 
improvement works were carried out for path to enhance the existing standards. As a result of the assessment and 
accounts� the most appropriate solution is found to be the fore�piling applications for area available protect from land-
slides an increasing size. This situation has been deducted around the landslide areaso as to be properly drained. This 
situation was designed and implemented will not be allowedto the water inlets the bottom of the slope in landslide area. 

Keywords: Slope, Stability, Tekke Landslide
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1. INTRODUCTION 
The loss due to the mass movements (landslides) in Turkey, because of which the number of the dead and 
premises is numerous, are of great significance. Champer movements cause to the champer corruptions on 
highways as well as constructional damage in urban areas and harvest losses in rural regions on accountt of 
rippled surface sructure of our country.  T hese movements might occur due to human acts however they 
might as well come out by themselves. The measurements to be applied for these movements in Turkey are 
practised by various ways, one of which is Back Measurement Method. This method provides to determine 
the way that the earth would conduct in future, and thus designate proper precautions to be taken. 
On the highway between Antalya and Burdur, in Tekke passage, a landslide occured as a result of a stability 
problem due to the weakness of geological units and existence of underground water. For this reason on this 
route were drillings constracted in order to gain data for back measurement method to get a local betterment 
by means of g eological-geotechnical studies. The data obtained from Tekke Landslide has been analysed 
through PLAXIS, an alaysisprgram with an ending element, and thus attempted to strenghten the earth to 
realize precautions not to have a future occurance of the same event. 

2. EXPERIMENTAL 
On the highway between Antalya and Burdur, in Tekke passage, a champer movement occured resulting in 
the deformity of existing quality of the highwa. The higway route is shown in Pic. 5.1. In order to meet the 
increasing traffic current due to the develoment of our country the Burdur-Antalya highway has been 
resconstrated by warm mixture method. In this betterment project the starting point is the existing champer 
movement and thus the reasons for the corruption is analysed. The surface parameters analysed and for that 
the scurity factor is taken as. By means of the usage od Back Measurement Method the model is applied in 
Plaxis program and parameters giving the slide conditioon are determied. These parameters are used in the 
betterment project applied later on.  
Within these the studies, in order to determine the geometrics of t he landslide geological-geotechnical 
surveys are realized by means of several drilling applications on the highway between Antalya and Burdur, in 
Tekke passage. Several essential tests are applied then on the samples taken from these drillings, which are 
then used for geological and geotechnical mapping of the route. The findings are put into the usage for proper 
betterment process in case of a repetition of the landslide.  
 
 
2.1.Materials 
The place of 2.1.1. Landslide: Highway between Antalya and Burdur, Tekkekoy region. 
The geology of 2.1.2. Survey Area: The structure of the land of the city area has a complex texture because of 
the combinations occured in various geological eras. Prior to the second geological era the region was within 
TETIS geocenklinal era, and through second, third and fouth eras the land have passed the Alpine orogeny 
having its shape today.  
The formations commonly seen in the region belong to vairouspeoriods of mesozoic and tesierpeirods. 
Quaternary storages take place in the lower areas of the region. (Figure. 1) 
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Figure 1. 1/25000 scale Geology Map of the project area and the environment 
 
2.1.3. Tectonical Evolution 
Burdur city and its environment is within 1st degree earthquake zone, and in the past century numerous 
earthquakes occured, 11 of w hich were either medium or high level earthquakes. As a result becuse of the 
numerous deads and loss of l and premises people started to abondon the place, which then affected the 
theeconomical and social life blocking the development of the whole area. 
The city of Bur dur is located over Burdur pl ate zone which is one of t he most active plates in the West 
Anatolia. (Figure 2).Within the years of 1914, 1957 and 1971 various major earthquakes between the sizes of 
6.1 – 7.1occured in the area. The distance of the underground water from the surface is of a great importance 
within the areas enjoying first degree earthquake risk because of the difluation of the surface.  

 
Figure 2. The costructional map of the area 

 
2.1.4. Geomorphology 
The area has two parts geomorphologically, one of which is Burdurresevoir involving Burdur and Yarışlı 
Lakes, and the other is Tefenni reservoir in the southwest of Burdurresevoir between Karamanlı-Tefenni and 
Kemer. These young reservoirs which occured in different durations in lengths and developments connect 
with a passage. 
 
2.1.5. Seismicity 
According to the data obtained from “Turkey Earthquake Regions Map” studied by T.C. 
BayındırlıkveİskanBakanlığı (Ministry of Public Settlements) the project area is in a first degree earthquake 
area. The horizontal earthquake acceleration to be used in slope satbility analysis is to be taken as ah ≈ 0.2 g. 
 
2.1.6. Land Studies 
As a result of drilling applications organized by Highways 13. Region, on the highway between Antalya and 
Burdur, in Tekke passage, a landslide occured as a result of a  stability problem due to the weakness of 
geological units and existence of underground water. For this reason on this route were drillings constracted 
in order to gain data for back measurement method to get a local betterment by means of geological-
geotechnical studies. As a consequence of these results the structure of the ground is Silty sand and Clay 
sand, and this info is then used in the designs.    
The sieve analysis results in accordence with the samples obtained from the drillings: The percentage 
majority of the ground particules goes through sieve 200, and for this reason Attenberg Limits tests are 
required.  
Attenberg Limits tests results for the drillings samples taken from the area involved in the reports are; 
 
Liquid Limit LL (%)=31-44 
Plastic Limit PL (%)= 15-17 
Plastisite İndex PI (%)= 15,5-27,5 
Natural Water content between (%): 10-11  
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Table 1.Tekke Landslide area Labortuary test results 
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Drill No Depth 
(m) 

Sample No Wa 
(%) 

LL PL PI 4 
% 

10 
% 

40 
% 

200 
% 

SK-5 9,00-9,07 SPT-6 6,8  N-P  52,0 39,5 24,5 3,2 SP 

SK-5 10,50-10,95 SPT-7 19,0 36,3 15,2 21,1 72,5 66,9 55,2 40,0 SC 

SK-5 13,50-13,67 SPT-9 9,4 43,7 16,2 27,5 75,5 72,3 61,7 47,8 SC 

SK-6 1,50-1,95 SPT-1 7,4  N-P  61,7 51,8 39,2 18,6 SM 

SK-6 4,50-4,85 SPT-3 12,0  N-P  76,1 62,5 38,3 23,0 SM 

SK-6 9,00-9,28 SPT-6 4,2  N-P  69,8 59,1 45,0 20,9 SM 

SK-6 15,00-15,35 SPT-10 10,9 31,8 16,1 15,7 62,1 54,4 45,0 35,1 SC 

SK-6 19,50-19,60 SPT-13 13,3  N-P  63,2 49,5 32,4 12,1 SM 

SK-7 4,50-4,70 SPT-3 11,2 37,3 17,0 20,3 97,0 88,7 65,4 46,3 SC 

SK-7 10,50-10,60 SPT-7 9,5  N-P  65,3 54,3 44,1 25,5 SM 

 
Table 1. Drilling list 

No Dirll No Depth (m) YASS. (m) 

1 SK-5 34,00 - 

2 SK-6 30,00 15,50m 

3 SK-7 20,00 - 

 
2.1.7. Research area geology and Tekke Landslide size 
During the construction of the existing highway Dutluderelimestones located in a massive and steep slope on 
the right handside (TRjd) are costructed with mixed filling and some part of the way with filling (Qm). The 
reason why there is a noncontinuous surface between the old slope (Qc) and the filling is that the cullival (Qc) 
and Kızılcadağmelange and contact of the filling are not contructed in a squezed way from the bottom 
towards the top along with its high and steep slope structure. 
Besides there is a water canal taken from the small river running towards Tekke village in 1050-1053 
elevages, which goes through the landslide area (probably in the area of the filling before the land slide). This 
water canal is still running without coating and control through the landslide. Some part of t he canal 
disappears in the landslide. It is thought that this canal weakens the filling and activates the landslide. 
Moreover the rainfalls leak through the filling+cullivion-surface contact which results in a noncontinuous 
surface. This, with the addition of gra vity creates stability problem. In a ddition the the upper parts of 
melanges (Kkzm) in the basis are very weak-non durable, a lot-totally seperated, fragmental and in the form 
of clay. 
In the skirts of t he landslide area is a retaining wall constructed before. The wall itself and the dilatations 
have lost their stability due to openings towards outside and drawdowns, which depend on two reasons: 
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First; the wall cannot bear the filling on top of it. Second; the leaking water at the base charges the grounds. 
Consequently, Tekke landslide; is a filling landslide with 70 metres in width, and 80-90 metres in length. All 
told 3 dri llings (SK-5, SK-6 and SK-7 drillings) have been applied in the area. In a ccordence with the 
drillings the section of the landslide area is shown in Figure. 3 
 

 
Figure 3.landslide zone section 

 
2.1.8. The Susceptibility of the units against water 
When the permeability of the units are taken into consideration the existing way fillings is costructed with 
sand, blocked pebbles and blocks which are permeable, and colluvials, depending on the pebbles and clay 
they involve, are permeable and half permeable. The Recristalizedlimestones involved in Dutderelimestones 
(TRjd) and conglomera and limestone blocks in Kızılcadağmelange (Kkzm) are half permeable and 
impermeable depending on the leaks and gaps within themselves. 

3. GEOMETRICAL PROJECTS 
 

The target of this project studiesis to find a permanent solution for the landslides occured in Turkey Antalya-
Burdur Highway km 99+200. In order to have an idea of the occurence and macanism of the landslides for 
the mentioned solution analysis in the land of the occurence has been done along with several detailed 
geological and geotechnical researches have been applied concerning the landslide area. In accordence with 
these studies the tests and assumptions determined some geotechnical parameters which are then used in 
designing. Google earth provided the existing and past chamfer and highways conditions. This data provided 
useful info for the design of the landslide along with what kind of stability problems might occur in future. 
As a result of the evaluations, the way to protect the existing Antalya-Burdur highway in part 99+200 from a 
bigger landslide is the fore-pile application. While analysing fore-piles the method used is basic ground 
mechanics principals. PLAXIS program is for the design. The concrete design of the Fore-piles is 
applied/resulted according to the The principals of design and Constructions of Concrete Structures (TS500) 
along with the regulations for the structures to be constructed in disaster areas.  
Besides various suggestions have been taken into consideration in order to support the fore-piles and to 
decrease the amount of the load likely to come on the fore-piles. 

 
3.1. The conditions of the environment during the landslide 
Tekke landslide occured in Burdur-Antalya highway KM: 99+200. As it can be seen from the photographs 
and the section of the landslide champfe slope is about 30 degrees (Figure. 4). The chamfer angles that have 
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slided and settled on the filling are below 30 degrees. In the geotechnical department these materials have 
been named as colluvial and way fillings. The angle of the chamfer slopes from the wall that has moved 
towards the valley grounds go until 35 degrees. This material has been defined as Bresh. On the other side of 
the highway there is a steep drop-off with 40-45 degrees structured with limestone (Figure.5). The existing 
chamfer slopes provides useful data about the endurence of the material. 

 
Figure 4. The Landslide and the deformations 

 

 
Figure5. The steep drop-off on the other side of the landslide 

 
The satellite photographs of the landslide provides important ideas about the shape and the reasons 
of the landslide. In the photo in year 2003 (Figure 6) we understand that the higway has three lines 
and there is a landslide in the 15-20 mt of the  chamfer towards the walley grounds moving the 
fillings. In the photograph that belongs to year 2006 (Figure 7) we see that the part that slided has 
been repaired with a 30 degree filling. The 2010 (Figure8) photograph shows we can see that the 
repaired filling slipped. In Figure11 the the borders of the estimated filling is shown with red lines. 
Upon analysing the photographs we can clearly see that the 2-3 mt high wall underneath the 
chamfer has started to lose its stability in the 2003 landslide. When comparing 2006 a nd 2010 
photographs the filling and the wall side of the filling has moved clearly. All these datas indicate 
that the sliding mechanism occurred in complex (mix) surface.  

 
Figure 6.The satellite photo of the landslide in 2003. 
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Figure 7.The satellite photo of the landslide in 2006. 

 

 
Photo 8.The satellite photo of the landslide in 2010. 

4. BACK ACCOUNT ANALYSIS 
The analysis of T ekke Landslide has been realized by PLAXIS, a program with elements with ends. The 
model of element with ends is shown in Figure 9. The highway is represented with a 10kPa regular spread 
load. 
 
 

 
Figure9. The realized PLAXIS model 

According to the observations of the landslide area and the labrotary experiment results analysis has been 
resulted and the model slide surface of the lanslide and the shape of the slide has been drawn. (Figure 10). 
Table 5.11 shows that the landslide is 60 m long. Accordingly the simplest solution to protect the highway 
from a growing landslide was to locate piles that are connected with bent cap method 15 m ts behind the 
beginning of the landslide. The piling application has been determined in the duration of construction. 

1 
2 

3 
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Figure 10. The existing material parameters along with a probable landslide situation in the area 

 
Figure11. The size of the landslide 

The Material parameters used in analysis are shown in Table 3. 

Table 3.Material parameters used in analysis 

ID Name Type Ȗunsat 

[kN/m3] 
Ȗsat 

[kN/m3] 
kx 

[m/day] 
ky 

[m/day] 
ȣ 
[-] 

Eref 

[kN/m2] 
cref 

[kN/m2] 
ĭ 
(o) 

Ȍ 
(o) 

Eincr 

[kN/m3] 
cincr 

[kN/m3] 
Ȗref 

[m] 
T-
Strengh 
[kN/m2] 

Rinter 

[-] 

1 RoadFilling Dranied 19.0 19.0 0.0000 0.0000 0.30 35000.0 4.0 27.0 0.0 0.0 0.0 0.0 0.0 0.60 

2 RoadFilling Dranied 19.0 19.0 0.0000 0.0000 0.30 40000.0 4.0 28.0 0.0 0.0 0.0 0.0 1E10 0.65 

3 Colluvial Dranied 19.0 19.0 0.0000 0.0000 0.30 45000.0 4.0 29.0 0.0 0.0 0.0 0.0 0.0 0.70 

4 Bres Dranied 22.0 22.0 0.0000 0.0000 0.30 2E5 100.0 37.0 0.0 0.0 0.0 0.0 100 0.90 

5 Melange Dranied 22.0 22.0 0.0000 0.0000 0.30 3E5 250.0 38.0 0.0 0.0 0.0 0.0 50 0.90 

6  Limestone Dranied 22.0 22.0 0.0000 0.0000 0.30 4E5 350.0 40.0 0.0 0.0 0.0 0.0 500 0.90 

7 Wall Dranied 24.0 24.0 0.0000 0.0000 0.20 2.8E7 5E3 55.0 0.0 0.0 0.0 0.0 2000 1.00 

 
The 80 cm fore-Piles have been designed to socket to the strong Brash layer by 3 mts, 1 mt away from center 
to center all told 25 mts in length. When measuring the piles 3 loading methods have been used.  

The situation of the filling conducted in 2006 that lost all its passive endurance by sliding totally (Table 2) 

Piles 
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Table 12. First loading situation 

The situation of the wall under the chamfer that loses its endurance and falls down (Table13) 

 

 
Table 13. Second loading situation 

 

 Earthquake situation (horizontal earthquake acceleration taken as 0.2g) 

5. Concrete Calculations 
The section effect currency obtained from analysis and the currency used in the design 
are shown in Table 4. The design values for 1st and 2nd situations have been enlarged by 
1.6 factor and the design has been realized, and for the earthquake situation the 
currencies are taken the way they are. 
 
Table 4.The currency used analysis results and Fore-pile design 

N (kN/m) V(kN/m) M (kN.m/m)
1. Situation 83 89 290
2. Situation 63 91 335
3. Situation 148 154 364

N (kN/m) V(kN/m) M (kN.m/m)
1. Situation 132,8 142,4 464
2. Situation 100,8 145,6 536
3. Situation 148 154 364

Analysis Results

Currencies Used in Design

 
The concrete design of fore-piles are constructed by taking The Rules of Construction 
and Design of Concrete Structures (TS500) and The Regulations for Structures to be 
Built in Disaster Areas into consideration by the Administration of 13. Region. 
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The analysis results conducted in PLAXIS program are as below:  
The factor for 1.And 2.Situations is designed as 1.6 in order to keep the situations safe 
and for the 3. Situation, the earthquake situation, the currencies remain the same. 
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Fore Pile Concrete Analysis Results (The existing factors of fore-piles and beams applied 
in the landslide area) 
Discontinual Outfit Calculation 
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Lengthwise outfit Calculation 

 
Caping Beam Calculation 
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6. RESULTS 
We determine the conditions in case of a chamfer reconstruction and an appropriate 
model for chamfer now. Thus upon applying a model, the way to determine an unknown 
parameter is to enter the known parameters and get a result through it. The back 
calculation method is one of the most effective methods in our country where it 
contributes a great deal to complete the betterment projects economically and safely in 
chamfer conditions in which a landsllide occurred. Also PLAXIS program for which the 
method make use practically and safely has been a source to apply within this study. 
PLAXIS prorgram indicates the geometrical madel that it creates within itself appropriate 
to the real condition in a detailed way.  
To be able to examine the landslide occurred on Antalya-Burdur highway in 99+200 and 
to make use of the highway safely the problem has been approached in a safe way by 
means of Back Calculation method. Accordingly the area has been examined for several 
ways like geological, geotechnical and for earthquakes. The geological units determined 
in the landslide area; Existing road filling (Qm), Cullivion (Qc), Recritalized Limestone 
'XWGHrH OLPHVWRQH (T5MG), 6HrSaQWLW, LLPHVWRQH aQG .ı]ıOFaGaJ0HOaQJH aQG 2OLVWRVWrRP 
that constitute Conglomeras (Kkzm). The Tekke landslide is within the 1st degree 
earthquake zone in Turkey Earthquake Map (1996). Three drills the depth of which vary 
between 20-30 mt were organized in the area to examine the existing landslide 
mechanism. As a result of the labrotary examinations and analysis of the samples taken 
from the drills along with the studies and the examinations applied in the landslide area, 
the data that determined the size and type of the lanslide has been modelled by means of 
PLAXIS program. This model has been subject to certain loads within parameters. Upon 
entering the loads 3 different situations have been defined and these situations have 
been then analised. The 1st situation is that the filling applied in 2006 loses its passive 
endurance by sliding totally, the 2nd is the situation that the wall underneath the chamfer 
looses its endurance and falls down and the 3rd situation is where the loads applied by 
taking the horizontal earthquake acceleration 0.2 g. As a reslut of the analysis for 1st and 
2nd situations the N, V, M values are close, and for 3rdsituation  the value is pretty high. 
The reason for this is tension created by a probable earthquake situation. The values 
obtained in the designing process according to the results: For 1st and 2nd situations the 
1.6 factor is multiplied and obtained, and the 3rd (earthquake situation) is kept the same. 
All these standarts and the concrete design of the Fore-piles are applied/resulted 
according to the The principals of design and Constructions of Concrete Structures 
(TS500) along with the regulations for the structures to be constructed in disaster areas. 



Title of Paper and Authors Names 

The position of the landslide is exactly in 99+175-99+235 km which is determined along 
with the studies conducted with Higways 15. Region Administration. In order not to give 
damage during the deep foundation diggings the fore piling system which is one of the 
chamfer supprting systems has been conducted. Fore piling system presents a high 
safety preference depending on the depth of the digging, the conditions of the ground and 
surcharge (environmental) loads as well as economical solutions. Accordingly in order to 
prevent the landslides in the area the 80 cm fore-Piles have been designed to socket to 
the strong Brash layer by 3 mts, 1 mt away from center to center all told 25 mts in length. 
When measuring the piles 3 loading methods have been used. In addition the simplest 
solution to protect the highway from a growing landslide was to locate piles that are 
connected with bent cap method 15 mts behind the beginning of the landslide. The piling 
application has been determined in the duration of construction. The application cot was 
determined in the duration of construction. The concrete used in the piles is Concrete 
C20, Steel S420 class, ߶25iron, and in the entries ߶ 8 iron in addition of spacer 75 mm 
distance has been left. The concrete used in the beams is Concrete C20, Steel S420 
class, ߶25iron, and in the entries ߶ 8 iron in addition of spacer 75 mm distance has been 
left. In beam connection ߶ 25 iron is used and the links are determined as ߶ 8. The link 
slope is in 1000x1000 mm measurements. In addition to the fore piling applications for 
strengthening the broken chamfer some precautions are also planned for the water that 
has an accelerating effect for the landslides. The surrounding area of the landslide hass 
been drained properly and the leaking parts underneath the chamfer have been blocked. 
In order not to have any repetitions of some identical problems several precautions have 
been taken. As a result of this study we understand how important it is to take 
precautions for such occasions like preventing from the landslides because of the rough 
topographical structure of our country and as well as our country being in the earthquake 
zone. The factors causing landslides (e.g. slope, rain, type of land, gravity, various 
natural disasters, various construstion activities etc.) according to the place of the region 
and the condition of it should be analysed, examined and determined one by one, and 
studies and examinations should be done in order to prevent the repetitions of the same 
events. In addition to this  
Necessary precautions should be taken. The experiments applied and coducted in 
labrotary and in the land represent the limited part of the region. Also the analysis that the 
back calculation method provides us indicates more precise data of the section edurence 
information. Within the application of back calculating method which is applied through 
the geotechnical data in such occasions,  the usage of PLAXIS program (Ended 
Elements Method) reveals that the betterment of sliding chamfers might as well be 
provided in a short time. 
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Abstract 
In concrete production the use of chemical and mineral contribution today is increasing rapidly in order to improve 
of strength, durability and viscosity properties. In this respect, Õn this study it is investigated that the effect on strength 
and viscosity properties of used mineral and chemical additive in normal mortar. Thus, both the fresh and hard-
ened properties of a worksheet that provides surveys were conducted. As aggregate 0-2 mm grain size of crushed 
sand, binding as &(0 I ��.� 5 cement used in the  mortar mixture which three different chemical additives with Ày 
ash mineral additive used. Water / Cement ratio of 0.5 and the amount of binder 500 kg / m3 in the mixture taken 
as constant, chemical contribution rate must be selected as ��.� to �� and ��.�, Ày ash ��� in rates has been 
substituted with cement. Viscosity of the the mortar was measured to determine the workability and consistencies 
characteristics. In general, the angular speed increases in viscosity of mortar is reduced and chemical additives mor-
tars viscosity values higher than spending out of control mortars.  By making 28 day compressive and bending tests 
for mechanical properties have been determined amount and type of additives on properties of the mortar. As a re-
sult, the mortar will be produced at different temperatures effect of super plasticizer additive for chemical additives 
both Àuidity and strength according to the score from the other additives  has been given to the most appropriate

Keywords: Viscosity of Mortar, Chemical Additives, Fly Ash, Crush Sand.
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1. INTRODUCTION 

Concrete is known as a construction material that is produced by the mixture of aggregates of mineral essence 
such as sand, gravel or c rushed stone, which make up 70% of i ts total volume, together with water and 
cement and some chemical or mineral admixtures when needed; it has a plastic consistency at the beginning, 
but solidifies and gains strength over time through the hydration of the cement. Today, it can be observed that 
there is an increase in the consumption of ready-mixed concrete in the construction industry as a result of 
rapid constructions.It is inevitable for a  material, which is so widely used, not to display an improvement 
parallel to technology. Concrete, which used to be made up of onl y those ingredients as water, cement and 
aggregates, has gained several favorable features through the addition of chemical and mineral admixtures 
into its composition. It has become almost impossible for t he modern concrete technology of our da y to 
produce concrete without employing chemical or mineral admixtures. (Felekoğlu et al., 2004). 

The types of mineral admixtures used in concrete are fly ash, blast furnace slag and silica fume. Although 
these materials do not display a cementitious feature on their own, they might gain a binding feature when 
used together with cement. Thus, they can fill in the macro-gaps microstructure and affect some qualities of 
the concrete, such as its compressive strength or fluidity positively. Fly ash is a type of artificial pozzolana, 
which is a by-product having pozzolanic properties derived by burning pulverized coal in coal-fired power 
plants (Güçlüer and Ünal, 2010). 

Fly ash is a valuable concrete admixture of pozzolanic quality which affects many features of the concrete 
positively. Owing to its global structure, it improves the workability of t he concrete, reduces bleeding 
(surface water) of fresh concrete, contributes to long-term strength of the concrete, decreases its permeability 
and increases its resistance to internal and external abrasion (Yiğiter et al.2004). 

Rheological properties of cement paste are the critical performance values for its slump value, consistency 
and workability. The reology of cement paste is affected by the proportion of the mixture and characteristics 
of materials, the water-cement proportion, admixture of c ement and thinness of pow der material. Those 
changes mentioned may or may not lead to provide advantages(Bentz et al, 2012). That’s why, the reology of 
cement paste can be affected by several variables (Turk, 2012). 

Viscosity, on the other hand, is the measurement of the resistance which a fluid shows against deformation 
under surface tension. It can also be defined as the internal resistance of the fluid against flowing. All of the 
real fluids, except superfluids, resist surface tension. However, a fluid that does not resist surface tension is 
called ‘ideal fluid’. Viscosity is independent from pressure and increases in parallel with temperature 
(Internet Source 1). 

Reology of concrete of higher fluidity can be explained by the yield point describing its behavior and plastic 
viscosity parameters. The strength required for the concrete to be triggered is defined as yield point, and the 
resistance it puts against flowing under external tensions is called plastic viscosity (Karataş et al., 2010). 

Concrete which has a high yield point is harsh and resistant to movement, whereas one having a high 
viscosity is flowable, yet very slow in movement. If the plastic viscosity is very low, it is rather flowable; 
however, it is quite difficult to keep together the cement and sand particles in the suspension and concrete is 
prone to severe dissolution and bleeding (Karataş et al., 2010). 

Yazıcı Ş. (2003), stated in his study that super plasticizer admixtures increased workability and at the same 
time could cause the water amount in the mixture to decrease, and thus, would contribute to increase the 
compressive strength. Chemical components of the cement type and their features are the most important 
parameters affecting the performance of pl asticizers. Different mortar samples produced in different 
proportions and with various cement types and plasticizer admixtures differ in their rheological behaviors 
(Golazewski and Szwabowski, 2004). 

In their experimental study, Subaşı et al.(2008) increased the amount of fly ash gradually  and reached 
conclusions based on compressive strength, through evaluating the physical qualities of wet mixtures, such as 
setting time and slump value and mechanical qualities of ha rsh mixtures. According to the results, setting 
time of the sample with 5% fly ash addition was observed to decrease, whereas for the ones with 10%-20% 
and 30% fly ash addition, the setting time increased. Compressive strength of samples was found to decrease 
with the increase in fly ash. 
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Montes et al.,(2013), produced cement pastes with 10%-30% and 50% limestone and fly ash admixtures and 
employed plasticizers of melamine-naphthaline-polycarboxylate base in the mixtures in their study. As a 
result, they indicate an increase in the efficacy of the plasticizers owing to the mineral admixtures they added.  

For a fresh concrete mixture to have a self-compacting property, it needs to have low threshold shear stress 
and optimum viscosity. Viscosity is the measurement of t he resistance which a fluid shows against 
deformation under surface tension. Increase in viscosity is important as it prevents segregation. (Açıkgenç et 
al. 2013). 

In this study, the aim is to determine the effects of the mortars produced by addition of chemical admixtures 
like super plasticizer, air entraining and retarder admixtures and by binding cement with a 10% fly ash 
substitute, on viscosity features and strength. 

2. (;3(5ø0(17$/ 
This study investigates the effects of chemical admixture usage upon strength and viscosity features of fresh 
and hardened mortars. During the study, cement and fly ash were used as binding materials and crushed sand 
of 0-2mm grain size as aggregate, and three different kinds of chemicals were added in order to provide 
workability. 

2.1. Materials 
In mortar mixtures, CEM I-42.5/R type Portland cement in conformity to TS EN 197-1 standard was fixed at 
500 kg/m3 as the binding material TS EN 197-1/A3 (2008). Specific gravity of the cement is 3,07 and total 
alkali content is 65%. Fly ash was supplied by KütahyaTunçbilek thermal plant and the chemical and physical 
properties of the cement and fly ash are shown in Table 1. 10% of t he cement was substituted by fly ash in 
mixtures except the control mixture. 

Table 1. Properties of thecementandflyash 

Component, % FlyAsh Cement 

CaO 6.66 63.6 
SiO2 47.4 16.6 

Al2O3 19.8 4.72 

Fe2O3 11.8 3.27 

S+A+F 79.0 - 

MgO 4.76 1.91 

Na2O 0.57 0.34 

K2O 2.62 1.06 

SO3 1.86 4.72 

Cr2O3 0.13 0.04 

TiO2 0.88 0.41 

K.K. 2.76 2.69 

SpecificGravity 1.99 3.07 

(Specificsurfacearea),  
cm2/g 

3126 3312 

The effects of three different chemical admixtures on determining the viscosity of mixtures were investigated 
and the properties of admixtures that were added, according to the statement of the manufacturer company, 
are given in Table 2. 

Table 2. Properties of chemicaladmixtures 

  FLUICON 274W AERMIX RETARDEX 

Technical Properties Superplast. AirEntraining Retarder 
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Appearance No segregation No segregation No segregation 

Color Dark Brown Lightcolor, Amber Brown 

RelativeDensity(gr/cm3) 1,204 1,01 1,194 

PH Value 6,73 7,1 7,38 

Chloride Content < 0,1 < 0,1 0,0021 

Alkali Amount(Na2O)% < 5 < 0,5 < 5 

Solid Content 39,23 --- 38,03 

 

 

 

 

2.2. Methods 
Superplasticizers, retarders and air entraining admixtures were preferred as chemical admixtures since they 
are used more commonly in the sector. Too much or too little addition of the chemical admixture affects the 
usage, durability and fluidity of the mortar. Chemical admixtures, which are generally recommended for use 
between 0,5% to 2%, differ according to the type of the chemical binder and the amount of water used in the 
mortar (TS EN 934- 2, 2002). Thus, the mixtures we used in our study were produced by adding admixtures 
at rates of 0%-0,5%-1%-1,5%. As for the mixtures prepared with an admixture inclusion of 2%, too much 
fluidity, bleeding of admixture and water, too late setting time and disintegration at the course of curing were 
observed.  Crushed sand of 0-2mm grain size was added to the mixtures. The physical properties of crushed 
sand are given in Table 3. and sieve analysis in Figure 1. 

Table 3. Physicalproperties of crushedsand 
BulkSpecificGravity -dry- 2,659 

Bulkspecificgravity –saturatedsurface, dry- 2,688 

ApparentSpecificGravity 2,740 

AbsorptionAmount  gr 5,5 

AbsorptionPercentage 1,112 

 

 
Figure 1. Sieveanalysis of crushedsand 

For all of the mortar productions, water/binder (cement) ratio was fixed at 0,50. In the control samples and all 
of the mixtures with a fly ash substitute of 10% of cement weight, the total amount of binder employed was 
500 kg/m3. Superplasticizer, air entraining and retarder admixtures were used at 3 different ratios as 0,5%, 
1% and 1,5% of the amount of binder in the mixtures. FA stands for fly ash, SP for superplasticizer, R for 
retarder, AE for air entraining and WA for without additive in the series produced.  
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Brookfield DV-II+ PRO Series viscosimeter was utilized for viscosimeter measurements. The container used 
for viscosimeter measurement has a volume of 1000 ml and is made of hard plastic (Figure 2). 

 
Figure 2. Brookfield DV-II+ PRO Series Viscosimeter, measurementcontainerandspindlenumber RV 7. 

Spindle number RV 7 was used for measurement. Spindle number RV 7 is a means of measurement which 
can be employed for measuring semi-fluid materials like concrete mortar. Thus, it is easier to conduct the 
processes taking into consideration the fluidity of fresh mortar, its pumpability, ability to settle into the mould 
and easiness/difficulty in flowing. Besides, the greatest factor that may have an influence on that fluidity is 
the ratio of c hemical admixture, mineral admixture and water added into the mortar. The mortar mixtures 
produced were poured into 40*40*160mm prismatic steel moulds and after keeping it for 24 hours, they were 
extracted from moulds and were cured in lime-saturated water of 20±2 oC.(Figure 3). 

 
Figure 3. Mouldsusedandsamplesproduced 

By carrying out experiments of flexure and compression upon the samples, the effects of chemical admixtures 
on their mechanical features were assessed.    

3. RESULTS AND DISCUSSION 
Today, the application of chemical admixtures is increasing rapidly in order to improve the strength, 
durability and viscosity properties in concrete production. This study investigates the effects of us ing 
chemical admixtures in mortar upon strength and viscosity.  

Viscosity of the mortars were measured at 10, 20, 30, 40,  50, 60, 70, 80, 90 and 100 rpm angular velocities 
and immediately after puddling. Thus, viscosity values of each mixture at different angular velocities (cP) 
were obtained and viscosity-angular velocity diagrams were drawn (Figure 4-9). 

When the viscosity diagrams of mortars with the three chemical admixtures—together with the control mortar 
of FA0—were examined, it was observed that viscosity curves of m ortars with each of three admixtures, 
which were added at 0.5% rate to the mixtures, were above that of control mortar. The situation is the same 
for mortar samples of 1.5%. In this case, it is possible to say chemical admixtures increase viscosity. 
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Figure 4. Viscosity measurement diagram of mortars without FA 

 
Figure 5. Viscosity measurement diagram of mortars without FA 

 
Figure 6. Viscosity measurement diagram of mortars without FA 

Viscosity is the measurement of the resistance which a fluid shows against deformation under surface tension. 
Increase in viscosity is important in that it prevents segregation. For all of the mortars, viscosity value was 
decreased when the angular velocity increased and curves exhibited an asymptotic approach towards X axis. 
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Figure 7. Viscosity measurement diagram of mortars with 10% FA 

 
Figure 8. Viscosity measurement diagram of mortars with 10% FA 

 
Figure 9. Viscosity measurement diagram of mortars with 10% FA 
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Application of 10% FA in mortars changed the operating levels of chemical admixtures and rendered a higher 
viscosity to R and AE admixtures. As for the mortar with SP admixture, the viscosity value decreased at a 
level even below that of control mortar and its fluidity increased. However, for the mortars produced with R 
and AE admixtures, fluidity increased as more amount of admixture was used, and thus, viscosity value also 
increased.  

When the amount of a dmixture was increased, whereas there was an increase in viscosity value of A E 
admixture, a dramatic decrease was observed in that of S P admixture, and a more flowable mortar was 
attained compared to the one without admixtures and with AE admixture. Besides, fly ash that was used has 
also got an effect on mortar. As a consequence of substituting cement with 10% fly ash, the need for water 
grew, but fluidity was attained through chemical admixtures since no e xtra water was added. Experiments 
carried out previously put forth that FA, whose grain size is smaller than that of cement, affects workability 
positively. 

Results that were obtained during the study were given in Table 4 and effects of admixture type and amount 
on strength were assessed in diagrams (Figure 10-11). 

 

 

 

 

 

Table 4. Compressive and Flexural Strengths (MPa) 
 

AdmixtureType 
CompressiveStrength (MPa) FlexuralStrength (MPa) 

0,50% 1% 1,50% 0,50% 1% 1,50% 

WA FA-0 21,9 21,9 21,9 6,2 6,2 6,2 

SP FA-0 31,8 34,5 36 7,3 8 8,3 

AE FA-0 12,2 10,8 11,8 5,6 4,2 4,9 

WA FA-10 23,1 23,1 23,1 6,5 6,5 6,5 

SP FA-10 33,1 34,4 36,4 7,2 8 8,7 

AE FA-10 12,7 11,4 12,2 5,8 4,3 5,3 

 

 

Figure10. Compressivestrength of samplesproduced 
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Comparing FA10 mixtures to FA0 control samples, when the amount of admixture was raised, strength of 
samples with SP admixture tends to increase, whereas it tends to decrease in samples produced with AE 
admixture. Strength of samples with AE admixture reached a value below that of control mortar. 

 
Figure 11. Flexuralstrength of samplesproduced 

When the effect of c hemical admixture on fl exural strengths of s amples produced, it can be stated that it 
shows similar behavior to compressive strength. The effect of SP admixture was higher than control samples 
in area as well. Hence, it is possible to say that SP admixture facilitates workability of mixtures and as it 
enables them to settle homogenously, it reduces void space and improves strength. When the amount of SP 
admixture was increased from 0.5% to 1.5%, strength improved at a rate of 20-25%. 

4. CONCLUSIONS 
Increase in the amount of retarder chemical admixture causes the fluidity to decrease which, in turn, makes it 
difficult to settle in the mould, and thus void space in internal structure grows; so it is possible to say it leads 
to compressive strength to decrease.  

Air entraining chemical admixtures, on t he other hand, yield rather favorable results compared to retarder 
admixtures; yet, they are left behind by superplasticizer admixtures in terms of fl exural and compressive 
strength. 

Flexural and compressive strength of s amples produced using superplasticizers showed 30-40% increase 
compared to that of control samples.  

To sum up, it is convenient to conclude that, among chemical admixtures, superplasticizers, when employed 
with mineral admixtures, show the best performance compared to other types, in terms of both fluidity and 
strength—for mortars that will be applied under appropriate weather conditions. Hence, they can contribute to 
production of mortar and concrete of higher quality. 
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Abstract 
In addition to the global method and the traditional method which are commonly used in geophysics artificial neural 
networks methods were used to estimate the cavity parameters of residual gravity anomalies. Feed Forward Backprop-
agation neural network is a technique commonly used for inversion problems, recently. In addition to this method, the 
Cascade Forward Backpropagation and the Nonlinear Autoregressive Network were used for parameter estimation 
and the results of errors were compared. Also Genetic Algorithm and Levenberg-Marquardt algorithm were used for 
estimation of depth and radius parameters from residual anomaly and the results of errors compared. In the theoret-
ical study, horizontal cylinder model representing the underground cavity was used. The effectiveness of the method 
was investigated by adding noise to the horizontal cylinder gravity anomalies. After calculating the error values, it 
was determined that Levenberg-Marquardt algorithm and Nonlinear Autoregressive Neural Network seem to be the 
least affected methods from noise. 5esidual gravity data of 0edford �86$� cavity site was used for field investiga-
tions. When the results of field data were analy]ed, it is seen that )eed )orward %acNpropagation and 1onlinear 
Autoregressive Neural Network gave the closest result to known structure depth value from the drilling. Among the 
applied methods in the field application, although the lowest error value of inversion results obtained by the /even-
berg-Marquardt algorithm, the depth value obtained from this method is the most different known from the drilling value.

Keywords: *raYit\, $rti¿cial 1eural 1etZork, *enetic $lJoritKm, *eopK\sics, ))%P, 1$5;�
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1. INTRODUCTION 
The determination change of the physical properties of t he causative sources in horizontal and vertical 

directions is the goal of the evaluation of the gravity data. One of the most important problems in interpreting 

gravity data, the result is not the only and definitive. In other words, an infinite number of model design can 

be produce the same symptom ([17]). However, a unique solution may be obtained by incorporating certain 

prior information, such as assigning a simple geometry to the causative source ([18]). Various methods have 

been presented for the interpretation of re sidual gravity anomaly. Such methods include least squares 

approaches ([5]; [11]; [19]; [1]), neural networks ([4]; [15]; [6]), continuous wavelet transform ([3]), 3D 

analytic signal amplitude ([16]).  

2. METHODS 

2.1. Artificial Neural Network 
Neural networks is the algorithm that developed to simulate the principle of operation of the human brain 

([14]). In the neural networks, the cells contains neurons and the neurons connect to each other in different 

ways by links as in the human brain. These networks has a capacity of learning, data storing and reveal the 

relationship between data. 

A schematic diagram of a FFBP neural network is shown in figure 1. 

 
Figure 1.Schematic diagram of an FFBP neural network structure. 

In this notation the residual gravity values are the inputs, the radius and depth are the outputs. To solve the 

problem, all inputs and nodes are collected at each hidden node after being multiplied by weights. Then, a 

bias is attached to this sum, and it is transformed through a certain function and transferred to the next layer. 

Mathematically, the output of network ݇ݕ  is computed by the equation 1. 



Title of Paper and Authors Names 

 

݇ݕ = ሚ݂ ቐ�݆݇ݓ ݂ �൫ݓ𝑖𝑖݆ 𝑥𝑥𝑖𝑖 + ܾ1൯
݊

𝑖𝑖=1

+ ܾ2൩
𝑚𝑚

݆=1

ቑ ,                    ݇ = 1,2, … … … . . ݈                                (1) 

In this equation; n is the number of neurons in the input layer, m is the number of neurons in the hidden layer 

and ݈ is the number of neurons in the output layer. b1 is the bias values of the first layer and b2is the bias value 

of the second layer. ݂is the activation function among input and hidden layer and ሚ݂ is the activation function 

among hidden and output layer. 

In this study, two parameters is desired in the neural network (depth and radius) so the neuron number of 

outputs is ݈ = 2. In this case, the equation (1) can be expressed in the following way: 

ܴ = ሚ݂ ቐ�݆ݓ 1݂ �൫ݓ𝑖𝑖݆ ݃𝑖𝑖 + ܾ1൯
݊

𝑖𝑖=1

+ ܾ2൩
𝑚𝑚

݆=1

ቑ ,                                                                                      (2) 

ݖ = ሚ݂ ቐ�݆ݓ 2݂ �൫ݓ𝑖𝑖݆ ݃𝑖𝑖 + ܾ1൯
݊

𝑖𝑖=1

+ ܾ2൩
𝑚𝑚

݆=1

ቑ ,                                                                                        (3) 

In these equations; ݃𝑖𝑖   values are the residual gravity values, R is the radius and z is the depth. 

CFBP neural network operates similarly to the FFBP neural network. In t his neural network, all the input 

values are linked to the all layers, unlike FFBP neural network. CFBP neural network also has capacity of 

learning as in the same FFBP neural network. Using two or more layers and sufficient number of neurons can 

be provided the relationship between output and input (Figure 2). 

 

Figure 2.Schematic diagram of Cascade Forward Backpropagation neural network. 

NARX networks can learn to predict one time series given past values of the same time series, the feedback 

input, and another time series. This learning ability is able to forecasting another time series. In this neural 

network, the delay time is given for feedback and input unlike other networks (Figure 3). 

 
Figure 3.Schematic diagram of The Nonlinear Autoregressive Network. 
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2.2. Genetic Algorithm 
Genetic algorithm is a metaheuristic global optimization method that inspired by the natural evolution and 

firstly developed by Holland ([8]). This method produces constantly improving solutions. Objective of 

genetic algorithm is made the maximum of the fitness function. The minimization of objective function or 

error function are carried out by taking the inverse of the fitness function. 

Genetic algorithm has three operators which are selection, crossover and mutation. These operators are used 

to obtain new populations with better fitness value from the initial population. Algorithm searches for the best 

results by changing numerous times the solutions of the individuals in the population. Each step select new 

individuals within the population and crossed them to produce new individuals for the next generation. The 

algorithm ends with the end of the generation number. In this process, the best fitness value is accepted as a 

solution ([12]; [9]).  

2.3. Levenberg-Marquardt Algorithm 
There is no linear relationship between the observational values and model parameters in geophysical 

problems so problem is solved by linearized most times. 

Generalized least squares solution for non-linear equation systems are given following formula; 

ο =  ο݀                                                                                                                                 (4)ܶܣ1−(ܣܶܣ)

In this equation, A is the matris containing the partial derivatives, ο݀ is the difference between the calculated 

values with observed values and ο is the correction parameter vector. 

If data does not contain complete information for the solution of some parameter, column of data resolution 

matrix corresponding of this parameter is close to zero. Eigenvalues of these parameters can also be close to 

zero. Oscillations caused by small eigenvalues must be damped during iteration. The following formula is 

obtained by adding a numerical value to diagonals of ܣܶܣ matrix according to the matrix property ([11]).  

ο = ܣܶܣ) + ᖡ2ܶܣ1−(ܫο݀                                                                                                                      (5) 

This solution is known Levenberg-Marquardt inversion or damped least-squares. In this equation, ܫ is the unit 

matrix, ᖡ2is the real number and is called the damping factor ([10]; [13]). 

3. THEORETICAL MODEL STUDIES 
Residual gravity anomaly of horizontal cylinder is used as the theoretical data. Radius and depth values are 

respectively 1.5595 m and 3.119 m. In addition, %5 random noise is added to this data (Figure 4).After the 

training stage of each ANN method is completed, radius and depth values were obtained by entering noise-

free, noise-corrupted data to the network. 1409 theoretical data is used for training the network and each data 

has 141 values.  
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Figure 4.Noisy and free-noisy theoretical residuel gravity anomalies. 

In each ANN method, a momentum and adaptive learning rate backpropagation gradient descent (traingdx) 

training function is used. Bias and weight in the training function is updated according to the gradient descent 

momentum and adaptive learning rate. Learning rate and momentum coefficient are respectively 0.01 and 0.9 

in the ANN training stage. One hidden layer is used, and the number of ne urons is taken 10. The 10000 

iterations for ANN method was considered adequate. The 100 iterations is given for LM algorithm. However, 

a change parameter or error was not observed after 4 iterations. The number of population for GA is 100, and 

crossover parameters are taken 0.8. Results are given in table 1 and 2. 

 
Table 1. The application results for noise-free data. 

METHOD Radius 
(m) 

Depth 
(m) 

Rmse 
(%) 

Iteration 
Number 

FFBP 1,5586 3,1173 0,003 10000 

CFBP 1,5578 3,1173 0,064 10000 

NARX 1,5578 3,1176 0,065 10000 

GA 1,56 3,119 0,00019 51 

LM 1,5563 3,1193 0,00025 100 

 
Table 2. The application results for noisy-corrupted data. 

METHOD Radius 
(m) 

Depth 
(m) 

Rmse 
(%) 

Iteration 
Number 

FFBP 1,5685 3,0765 0,0068 10000 

CFBP 1,6214 3,139 0,026 10000 

NARX 1,5959 3,1398 0,014 10000 

GA 1,559 3,111 0,0064 51 

LM 1,557 3,12 0,6 100 
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4. FIELD STUDY 
Figure 5 shows the residual gravity profile for a cavity anomaly located at the Medford site, Florida, USA 

([2]). Florida site is cavity site with limestone geological structures. In a  study conducted by Hajian et al. 

([7]), the shape of the cavity in the Medford area has been identified as a horizontal cylinder. The values 

obtained from the drilling depth was obtained as 3.57 m. The same parameters are used both the inversion of 

field and theoretical data. The results of the methods are shown in table 3. 

 
Figure 5.Residual gravity profile over a cavity at the Medford test site ([2]). 

The same iteration number, NARX and FFBP approximately gave the same results. The depth values 

obtained from the drilling and obtained from NARX and FFBP are seen to be close. In the results, acceptable 

errors obtained from the CFBP method. When looking at the parameter and the error value obtained on the 

results of GA are in compliance with the results of known values from drilling.  

 
Table 3. The application results for field data. 

METHOD Radius 
(m) 

Depth 
(m) 

Rmse 
(%) 

Iteration 
Number 

FFBP 1,8504 3,5241 5,9 10000 

CFBP 1,979 3,8045 8,1 10000 

NARX 1,8501 3,526 5,9 10000 

GA 1,829 3,656 5,4 51 

LM 1,851 3,8373 5,3 100 

5. CONCLUSIONS 
In this study, the current neural network method (CFBP, NARX) were tested for estimation the radius and 

depth parameter from residual gravity anomalies. In addition to these methods, FFBP neural network, GA and 

LM algorithm were used and the results were compared. The effectiveness of these methods tried and tested 

in a noise-corrupted and noise-free theoretical data. Although working principle of FFBP neural network is 

different from the NARX neural network, obtained inversion results values were too close each other. CFBP 

neural network method provided the highest error values in both theoretical and field data application but the 
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results are acceptable. Even though the lowest root mean square error value was calculated from the inversion 

of field data using by Levenberg-Marquardt algorithm, computed depth is much more distant comparing with 

present one which was obtained from drilling. Also the ANN method has been shown to give good results in 

the inversion of geophysical problems as the traditional method LM and the global method GA which is 

commonly used in geophysics. This study shows that CFBP, NARX neural network methods could be 

effectively used for solution of problems in geophysics in addition to FFBP neural network. 
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Abstract 
7he forest fires are the greatest environmental disaster on forest resources. In order to effectively fight against forest 
fires, ground team should access fire areas by fire trucNs in short time through road networN. In this study, *eographi-
cal Information 6ystem �*I6� based networN analysis method was used to decide the optimum route with minimum fire 
access time. 7he study area consisted of 3aúalar, 6arnÕo and 7urfal )orest (nterprise &hiefs, located in 0ustafaNemal-
paúa )orest (nterprise 'irectorate of %ursa, 7urNey. 7hese (nterprises are classified as the �nd degree fire sensitive 
areas where there was headquarter for the firefighting team. In the application, firstly, the road networN, location of the 
firefighting headquarters and potential fire sites were digiti]ed by using $rc*I6 �� software. 7hen, the optimum route, 
providing the fastest transportation from headquarter to possible fire sites, was determined by using &losest )acility 
tool of 1etworN $nalyst extension of $rc0ap module under $rc*I6 ��. $lso, inaccessible areas due to fire risN were 
marNed in the networN database and disregarded in networN analysis to ensure safety during the process. )inally, the 
location of the firefighting headquarter was evaluated using 6ervice $rea tool of 1etworN $nalyst by considering the 
critical response time to the possible fire areas. 7he results indicated that new firefighting headquarters should be es-
tablished in the study area in order to access the forested areas on time. %uilding new roads and increasing the design 
speed on the current roads by improving their standards can be also considered to address the forest fire access problem.
      
Keywords: )orest )ires, )ire¿JKtinJ HeadTuarters, 6Kortest patK, *,6, 1etZork $nal\st
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1. INTRODUCTION 
The forested areas (5.5 million ha) located along the coastline from the Mediterranean to the Marmara region 
are highly sensitive to forest fires in Turkey [4]. According to forest fire statistics, about 10,000 ha of forested 
areas had been burned annually [2]. In order to effectively fight against forest fires, fire fighting team must 
arrive to the scene in critical response time. The arrival time of fire fighting team at a fire area should not 
exceed critical response time when the probability of controlling forest fires rises markedly [7]. Therefore, it 
is very important to determine the areas that can be reached by fire fighting team in critical response time. 
The critical response time are computed based on fire sensitivity level of the forested areas (Table 1).   

Table 1. Critical response time to forest fires by fire sensitivity levels (minutes) [7] 

 Fire Sensitivity Levels 

 I II III IV V 

Critical Response Time (min) 20 30 40 50 50 

The engineering solutions can be provided to determine the areas that can be reached in a specific time period 
based on a road network data including length and travel speed [1]. A network analysis method is usually 
used to solve such transportation problems. Besides, GIS tools with network analysis based modules are 
capable of solving transportation problems [2].    

A GIS tool was developed in a previous study [5] to determine efficiency of fire trucks in responding forest 
fires. The vehicle travel speed on different road types and the critical response time were used as decision 
variables. Bonazountas et al. [3] also studied access time of ve hicles to a fire using GIS network analysis 
tools for managing forest damages. 

A decision support system was developed by Keramitsoglou et al. [7] for fire management purposes within 
Greece. The several variables were considered such as road type, road condition, and population density.  

In this study, location of a fire fighting team serving for three Forest Enterprise Chiefs in the city of Bursa 
were evaluated by using Network Analysis tool of GIS. The forested areas that can be reached by fire fighting 
team in critical response time were determined in the study area. The optimal travel route and associated 
response times of fi re fighting team to potential fire areas were generated in evaluation process. Besides, 
inaccessible areas due to fire risk were disregarded in network analysis to ensure safety during the fire 
fighting activities.    

2. MATERIAL AND METHODS 

2.1. Study Area 
The study area covers three Forestry Enterprise Chiefs (FECs) of Paşalar, Sarnıç and Turfal located in 
northwestern region of T urkey. These Enterprises are classified as the 2nd de gree fire sensitive areas [7]. 
There is a fire fighting team located in the north boarder of the study area (Figure 1). The locations of 
potential fire areas were determined based on t he information obtained from the Bursa Forest Regional 
Directorate and used to generate fire map.    
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Figure 1.Fire fighting teams and potential fires located in the selected Forest Enterprise Chiefs (FECs) 

2.2. GIS Analysis 
In order to perform GIS analysis, firstly, road map was developed based on topographic maps. The average 
travel time of fire truck for each road section was added into the attribute table of road network layer. The 
travel time was computed based on road length and average speed of a fire truck using the following formula: 

60
i

i
i v

lt =                        (1) 

ti: travel time for road section i (minutes) 

li: length of road section i (km)  

vi: average speed of fire truck for road section i (km/hour) 

60: used to convert the unit of travel time from hour to minute 

Vehicle speed varies depending on road types including asphalt, gravel, and forest roads (Table 2). Forest 
map within the study area was generated based on s tand type maps provided by Bursa Forest Regional 
Directorate.      

Table 2. Average vehicle speeds for road types 

Road Type 
Speed 

(km/hour) 

Asphalt 60 

Gravel 40 

Forest Road 20 
 

Network Analyst extension of ArcGIS 10 was used to determine forested areas that can be reached by fire 
fighting teams in critical response time. Network Analyst extension provides several methods to solve routing 
problems: New Route, New Service Area, New Closest Facility, New OD Cost Matrix, New Vehicle Routing 
Problem, and New Location-Allocation (Figure 2). In this study, New Service Area and New Closest Facility 
methods were used based on network database where travel times were assigned to the links representing the 
road sections in the study area. 
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Figure 2. The methods under Network Analyst 

The New Service Area method works similar to a GIS buffer analysis. A service area point represents a center 
point from which other portions of the network can be reached in a given total link value. In this study, the 
locations of t he fire fighting teams are considered as service area points while service areas are the forest 
areas that can be reached within the critical response time.  

The New Closest Facility method was implemented to determine the fastest access routes from the initial 
response team to the potential fire areas in the study area. Then, some of the road sections with fire risk were 
excluded from the network system by locating polygon barriers on those links. Finally, New Closest Facility 
method was implemented again to find not only the fastest but also the safest travel route to the potential fire 
areas. 

3. RESULTS AND DISCUSSION 
Results indicated that total length of the road network was 525.02 km (Figure 3). Most of the road section 
was classified as forest road (70.83%), followed by asphalt road (17.51%), and gravel road (11.67%). The 
results indicated that the total area of forest land was 21410 ha  in which the proportion of high forest and 
coppice forest were 84.96 % and 15.04 %, respectively (Figure 4).        
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Figure 3. Road network map 

 
Figure 4. The map of the forest land in the study are 

New Service Area method was used to determine the areas that can be reached by initial response teams 
within a critical response time. In GIS analysis, the buffer area that can be reached by fire trucks through the 
road network within critical response time of 30 minutes were investigated for forest lands sensitive to fire at 
the second degree. It was found that 31.28% of the forest land can be reached by initial response teams within 
a critical response time. Considering high and coppice forest lands, 26.18% and 60.29% of the forest lands 
can be reached within a critical response time, respectively (Figure 5). 
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Figure 5. The accessibility of the forest land 

The fastest access routes for t he initial response team to the potential fire areas in the study area were 
determined using the New Closest Facility method. Results indicated that there is a relationship between 
travel time and road length, as well as between travel time and road types. Initial response teams that reached 
potential fire areas within the minimum arrival time were identified considering two cases: 1) fastest access 
route and 2) safest access route. Figure 6 indicates the fastest access routes to the six potential fire areas. It 
was found that three of these fires (1, 2, and 3) were not accessible by the ground teams within the critical 
response time, while other three fires were accessed in less than 20 minutes (Table 3). 

 

Figure 6. The fastest access routes to the potential fire areas 

Table 3. Response time topotential fire areas 

Cases 
Potential Fire Areas 

1 2 3 4 5 6 

No Barriers 31,33 38,35 45,25 11,00 10,14 17,12 
With Barriers 31,33 41,30 63,30 19,47 10,14 17,12 
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For the second case, polygon barriers were placed in the network system to determine the safest or m ost 
reliable access routes to the potential fire areas (Figure 7). It was found that the response team that reached 
the potential fire areas within the critical response time was the same as in the first case. However, routes 
from response team to fire areas were changed for three fire areas (2, 3, and 4). The results from both cases 
indicated that new response teams should be considered by the in order to reach potential fire areas within the 
critical response time. 

 
Figure 7. The safest access routes to the potential fire areas 

4. CONCLUSIONS 
The findings indicated that 68.72% of t he forested areas could not be reached within the critical response 
time. The results also revealed that fire fighting teams could not reach 73.82% and 39.71% of high forest and 
coppice forest, respectively. Therefore, the results suggested that additional fire fighting teams are necessary 
in the region. Besides, new roads should be built or existing roads should be improved considering design 
speed.  

The results showed that a GIS-based systems can be effectively used to assist fire managers in directing 
mobile fire fighting teams to potential fire areas in real-time. The polygon barriers located in one of scenarios 
to simulate the influence of potential road closures demonstrated that the decision support system can be used 
to not only determine the fastest access route but also to identify a safer and more reliable route.    
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Abstract 
)ine and ultrafine particles come into existence in consequence of the si]e reduction operations during the preparation 
for industrial requirement and causing the environmental problems if not evaluated as raw material. 7hese fines are 
difficult to separate from the recycled plant water by gravity methods. 6ome chemicals called polymers are used in 
the si]e enlargement of fine particles to settle quicNer by increasing gravity forces on the Àocculated larger particles.
In this study, the Àocculation behaviour of waste water from the coal washing plant was investigated. 7he 
Àocculation tests were performed in the presence of different types of polymers at different polymer dosag-
es. )locculation time and p+ of suspension were also studied. )locculation of suspensions was ascertained by 
turbidity �nephelometric turbidity unit, 178� measurements. $fter Àocculation experiments, the residual tur-
bidity of suspension was measured and the best results at optimum conditions were obtained as ��.� 178, ��.� 
178 and �.� 178 for $���� �anionic�, )/2& �� $6 �anionic� and 1���� �non�ionic� polymers, respectively.
      
Keywords: Flocculation, polymer, waste water, turbidity
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1. INTRODUCTION 
Coal is an important fossil fuel used as a main source of energy in Turkey. However, it is required to clean 
from the inorganic impurities by washing due to its heterogeneous structure. Also, one of t he important 
problems is to get rid of t he ultra-fine particles occurring as the consequence of s ize reduction operations 
from the recirculating plant water after the beneficiation operations. Flocculation enables both recycling of 
plant water without these impurities and fast settling of fine and ultrafine particles. Flocculation method has 
also been applied in several industries such as mineral processing, water treatment, processing of industrial 
wastes for instance paper, textile, sugar etc. either to produce pure water or dewatering of concentrate. The 
turbidity value of suspension implies the suspended particulate matters in the suspension. Therefore, turbidity 
is the simple way to measure the performance of flocculation. 

The aggregation of fine particles using polymers having high molecule weight and dissolubility in water is 
known as flocculation. Polymeric flocculants are long-chain molecules with high molecular weights and are 
characterized by their ionic nature as cationic, anionic and non-ionic. They may be classified as natural, 
synthetic or m odified. The polymer adsorption onto the mineral surfaces is occurred by either charge 
neutralization or bridging [1]. Charge neutralization is usually weak and reversible and ensured from 
electrostatic and van der Waals forces [2]. Bridging which in consequence of chemical adsorption is usually 
strong and irreversibly occurs through covalent bonding between the adsorbate and the surface species on the 
solid [1].  

The adsorption of anionic polymers on the negative mineral surface is commonly attributed to cation bridging 
[3,4]. The non-ionic polymers adsorb on coal and mineral particles mainly by means of hydrogen bonding or 
hydrophobic interactions [5,6]. For a successful flocculation, some parameters such as pH, ionic strength, 
type of flocculants and its properties including molecular weight, charge density, and molecular structure are 
counted as significant variables [4,7-11].  

In this study, flocculation of waste water from a coal washing plant was studied by the use of three types of 
polymers. The effects of some parameters such as pH, stirring speed, polymer dosage and flocculation time 
were investigated. The flocculation performance was evaluated by means of turbidity measurements. 

2. EXPERIMENTAL 

2.1. Materials 
The waste water from coal washing plant was used in the flocculation experiments. The waste water brought 
as slurry in a closed vessel was stirred continuously to prevent the settling of solid particles in the suspension. 
The solid ratio of waste water was determined as 4.4% (w/w).   

Three types of pol ymers as A-150, FLOC 27-AS and, N-100 flocculants were prepared as 0.1% (w/w) 
solutions in the present work. The pH adjustment of suspension was executed by using sodium hydroxide and 
hydrochloric acid (Merck) and measured by a Jenco 6230 digital pH meter. All chemicals were analytical 
grade and distilled water was also employed for the preparation of the solutions throughout the experimental 
works. 

2.2. Flocculation 
The 250 cm3 volume of suspension was agitated for 1 min to realize dispersion thoroughly at a rotating speed 
of 500 rpm  in a cylindrical cell of 400 c m3 with four ba ffles. These baffles were attached to the interior 
surfaces of cell in order to increase the collision efficiency. After 5 m in of conditioning time for pH  
adjustment, the polymer was moderately added into the suspension. The suspension was then stirred for 
another 3 min to allow the flocculation. At the end of the flocculation time, the stirring speed was decreased 
to 180 rpm so as to let floc growth for 3 min. After the system was stopped, the suspension was taken in to 
the volume of 250 ml of the graduated measure and allowed for 20 min to floc settling. At the end of the 
settling time, certain amount of supernatant was taken from the certain part of the suspension by using a 
special syringe for turbidity measurements.  

The residual turbidity of s uspension was measured to be 345 N TU by Velp TB1 turbidimeter after 
sedimentation time of 20  min without addition of pol ymer. The initial turbidity of s uspension was also 
measured at the beginning of the experiments as to be 1410 NTU. 
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3. RESULTS AND DISCUSSIONS 

3.1. The Effect of pH 
The effect of pH on the turbidity of waste water of coal suspension in the presence of 4 m g/L polymer is 
given in Fig. 1. The stirring speed and flocculation time were kept constant as 500 rpm  and 3 m in, 
respectively. The anionic polymers A-150 and 27-AS showed similar behaviour and minimum turbidity of 
suspension was reached at pH=10.5. For non-ionic polymer (N-100) the pH of suspension did not affect the 
turbidity of suspension except from the acidic medium. Therefore, the pH of the suspension was kept constant 
as 10.5 for A-150 and 27-AS and 8 which is the natural pH of the suspension for N-100 polymers. 

 
Figure 1.Effect of pH on the turbidity of waste water of coal suspension 

3.2. The Effect of Stirring Speed 
The influence of stirring speed on turbidity was also investigated and the obtained results are given in Fig. 2. 
The turbidity of suspension was decreased with the increasing of stirring speed as seen from the Fig. 2. 
However, intense agitation was led to an increase of the turbidity value of suspension. As it is known that the 
increase in the stirring speed promotes the adsorption rate of polymers [12]. However, large flocs with high 
settling rates occur in low stirring speeds, while very high stirring speed during flocculation results in 
irreversible floc degradation leading to much reduced settling rates [13]. Hence, the turbidity of suspension 
rather depends on the stirring speed. Consequently, 350 rpm were determined to be appropriate stirring speed 
for all polymer types. 

 
Figure 2.Effect of stirring speed on the turbidity of waste water of coal suspension  

3.3. The Effect of Polymer Dosage 
Fig. 3 shows the effect of polymer dosages on the residual turbidity of waste water of coal suspensions. The 
turbidity value of suspension was 345 N TU in the absence of polymer. The ability of po lymers on t he 
turbidity removal was clearly seen from the Fig. 3. Three types of polymers were influential for flocculation 
of suspension in small quantities. However, the best turbidity results were obtained for N-100 and 27-AS at 
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20 mg/L as to be 8.9 NTU and 15.1 NTU, respectively. As the polymer concentration was increased, more 
particles were brought together and the size of composed flocs became larger. Therefore, these flocs settled 
more quickly causing a decrease in the turbidity of suspension. Although the increase in A-150 dosage did 
not dramatic change the turbidity. Also, the turbidity of suspension was 37.5 NTU in the presence of 4 mg/L 
of A-150 polymer. The optimum polymer dosage was determined for A-150 as 4 mg/L and 20 mg/L for the 
others. 

 
Figure 3.Effect of polymer dosage on the turbidity of waste water of coal suspension 

 

3.4. The Effect of Flocculation Time 
The extent of s urface coverage is significantly affected the conditioning time for t he mineral with the 
polymer. Extended conditioning may possibly result in re-dispersion due to the saturation coverage of t he 
particle surface by the polymer molecules [14,15]. The variation of t urbidity of suspension depending on 
flocculation time is shown in Fig. 4. The optimum flocculation time for N-100 and 27- AS was determined to 
be 3 min and was 10 minfor A-150. The best turbidity results were reached as 12.3 NTU, 15.1 NTU and 8.9 
NTU for A-150, 27-AS and N-100 polymers, respectively. 

 
Figure 4.Effect of flocculation time on the turbidity of waste water of coal suspension 

4. CONCLUSIONS 
Both anionic and non-ionic polymers were flocculated well the waste water of coal suspension. Optimum pH 
values of suspensions were determined as 10.5 and 8 for A-150 and 27-AS and N-100 polymers, respectively.  

The turbidity of suspension was very depended on stirring speed. The best results were obtained at 350 rpm 
of stirring speed for three types of polymers.   

The optimum polymer dosages were specified as 20 m g/L for N-100 and 27-AS. In a ddition, 4 m g/L of 
dosage was favorable for A-150.  
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The flocculation time was also rather effective on the turbidity of suspension. The minimum turbidity values 
were reached at 3 m in for N-100 and 27-AS and 10 m in for A-150 polymers. The measured minimum 
turbidity values were 8.9, 12.3 and 15.1 for N-100, A-150 and 27-AS polymers, respectively. 
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Abstract 
Dry grinding properties of barite were investigated with the emphasis on a kinetic study in a laboratory ball mill. The Si 
�specific rate of breaNage� and %i,M �primary breaNage distribution� values were determined by using the single si]ed feed 
fractions of ±������� �m, ±������� �m and ±������� �m. 'ry grinding of single si]e intervals showed that this material 
followed the first�order breaNage law. 7he %i,M values obtained for the sample were y �.��, Ѱ �.�� and ȕ �.��. 7he breaN�
age parameters of barite in terms of the 6i, a7, ޭ   and  values were also compared to some materials reported previously.
      
Keywords:  Ball milling, barite, breakage, grinding kinetics 
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1. INTRODUCTION 
Breaking and especially grinding are important processes that are used for t he size reduction of materials, 
production of large surface area and liberation of valuable minerals from their matrices. This processes 
increase costs in mineral processing. In fa ct, a very little amount of t he energy that is consumed in 
comminution can be used effectively and a large amount of energy is wasted in various ways (noise, heat, 
etc.). Production of a n excessive amount of fi ne material will both increase the grinding cost and prevent 
obtaining the required product. 

The kinetics of grinding in ball mills can be analyzed using two major models: the energy-size relationship 
and the population-balance models. The latter has eclipsed the energy-size relationship because it can explain 
grinding rates in greater detail. By describing the evolution of the entire size distribution with time in batch 
grinding, the population-balance model uses two primary kinetic functions; these are the breakage-rate 
function and the breakage-distribution function ([1], [2]). 

This study reports on the kinetics of dry grinding of barite obtained from Huyuk and compares the results of 
dry grinding of barite to those of different brittle materials. 

2. MATERIALS AND METHODS 
High purity barite sample was obtained from Huyuk district of Konya. The density of the sample, measured 
by a pycnometer, was determined as 4.35. The sample was crushed and prepared to –850+600 µm, –600+425 
µm, and –425+300 µm feed size fractions for the grinding experiments. These fractions were batch ground in 
a steel laboratory ball mill for 0.4, 1, 2, 4, 8, 16, 32 and 64 min of grinding times. 

After each grinding period the balls were cleaned and removed from the mill. Then, a sample of 
approximately 45 g was taken from the ground material for screen analysis. The sample was transferred to a 
set of sieves arranged in 2 sequence. Each screen was washed with water for at least 5 minutes starting from 
the top size and then each screen was put into the oven to dry. The dried material remaining on each screen 
was dry sieved with a shaker. Then, each remaining fraction on the screen was weighed. Thereafter, the balls 
and screened material were returned to the mill for further grinding test. The properties of the ball mill used 
and grinding conditions are given in Table 1. 

Table 1. Ball mill properties and grinding conditions 

Mill Inner diameter, mm  
Length, mm  
Volume, cm3  
Critical speed, rpm  
Operational speed, rpm  

200 
191 
6000 
101.1 

76 
Media  
(Balls) 

Material  
Diameter, mm  
Number 
Specific gravity, g/cm3 
Fractional ball filling  

alloy steel 
25 
92 
7.8 
0.2 

 Powder-ball loading ratio  
Fractional powder filling 

0.5 
0.04 

3. RESULTS AND DISCUSSION 

3.1. Determination of the Specific Rates of Breakage 
The first-order plots obtained for dry grinding of barite of –850+600 µm, –600+425 µm and –425+300 µm 
feeds were shown in Figure 1. As seen from Figure 1, Si values increased as the feed sizes became coarser. 
That is, while the highest Si value obtained was 1.18 min-1 for –850+600 µm, the lowest Si value was 0.68 
min-1 for -425+300 µm feed. The initial grinding results obey the first-order breakage form; 

wi(t) = wi(0) exp(-Sit)  (1) 

Figure 2 shows the variation of the specific rates of breakage (Si) against particle feed sizes, which is obtained 
from the first-order plots data as in Figure 1. The values of Si can be fitted to the Eq. (2): 

Si = aT (xi / x0)D  (2) 
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which gave an aT value of 1.35 min-1 using D=0.80, xi=850 Pm and x0=1000 Pm. 

3.2. The Primary Breakage Distribution Function Values 
The equation for calculation of Bi,1 by the BII calculation method [2] is as following: 
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Figure 1. First-order plots for various feed sizes of barite  
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Figure 2. Variation of the Si values of barite with particle size 

where Pi(0) = cumulative weight fraction at time 0 for size interval i, Pi(t) = cumulative weight fraction at 
time t for interval i. The cumulative primary breakage distribution function determined using the BII 
calculation method is shown in Figure 3. The J, I, and E values of cumulative primary breakage distribution 
can be closely fitted by an empirical function; 
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where xi is the top size of the size interval indexed by i. The parameters J, I and E are characteristic of the 
barite sample being ground. 
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Figure 3. Primary breakage distribution function for barite 

 

As seen from Figure 3, the breakage distribution parameters of barite were determined to be J=0.80, I=0.43 
and E=3.69. The comparison of the breakage parameters of barite in terms of the Si, aT, D  and J values to the 
other brittle materials (quartz, calcite and colemanite) reported previously in the literature [3], [4], [5] under 
similar experimental conditions is given in Table 2. From the Table 2, it is seen that barite is broken faster 
than quartz, calcite and colemanite in terms of the aT and Si values. On the other hand, barite produces finer 
material, compared to quartz, calcite and colemanite, by considering the J value of Bi,j.  

The dry grinding kinetics of ba rite obtained from Kahramanmaraş region was also studied ([4]). The 
researchers was used a laboratory ball mill and studied under similar experimental conditions with this study. 
The characteristic breakage parameters determined for the barite used in their study were determined as 
follow: aT=1.10 min-1, D=0.60, J=0.80, I=0.70 and E=3.81. These values are close to the data found in this 
study. 

Table 2. Breakage parameters of barite, quartz, calcite and colemanite 

Feed size, 
µm 

Barite Quartz* 
Si, min-1 aT, min-1 D J Si, min-1 aT, min-1 D J 

–850+600 1.18    0.51    
–600+425 0.90 1.35 0.80 0.80 0.40 0.60 0.80 1.20 
–425+300 0.68    0.32    

 Calcite** Colemanite *** 
–850+600 0.86    0.82    
–600+425 0.72 1.00 0.73 0.94 0.64 0.96 0.87 1.21 
–425+300 0.53    0.45    

          * [3] 
          ** [4] 
          *** [5] 

Figure 4 shows the particle size distributions obtained at various times of dry grinding of –600+425 µm barite 
feed in the ball mill. As can be seen, the 80% passing size of the material ground in the mill reached 
approximately 100 µm at a grinding time of 8 min. 
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Figure 4. Product size distributions from dry grinding of –600+425 µm barite 

4. CONCLUSIONS 
Dry grinding of single size intervals of barite followed the first-order breakage law. As the top sizes fed to the 
mill increase, the specific rate of breakage (Si) values increase as well, indicating a more rapid breakage of 
the top sizes. It was found that the characteristic breakage parameters of barite were aT=1.35 min-1, D=0.80, 
J=0.80, I=0.43 and E=3.69. When the breakage parameters of barite were compared to the other materials 
(such as quartz, calcite and colemanite) under similar experimental conditions, it can be said that barite is 
broken faster than quartz, calcite and colemanite in terms of the aT and Si values. Also, barite produces fine 
material compared to quartz, calcite and colemanite, in terms of the J value of Bi,j. 
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Abstract 
The Golden Horn is an urban estuary in the hearth of ancient Istanbul, Turkey. Rapid urban growth and uncontrolled 
industrial development (1950-1985) led to a severe increase in pollution levels of its water and cohesive sediments. The 
last mitigation solution was to bring the Black Sea’s clean, but more saline, water into the Golden Horn through the 
.a÷Õthane stream which is started at the end of ����. In order to assess the sediment quality and to highlight the anthro-
pogenic contributions to heavy metal distributions, selected heavy metals in the surficial anoxic sediments were studied 
before �'ecember������ and after �$ugust������ the sea water pumped into the *olden +orn. 0ultiple chemometric ap-
proaches, geo�accumulation index and principal component analysis, indicated three different regions characteri]ed by 
different heavy metal concentrations along the estuary, implying the possible effects of natural and anthropogenic sourc-
es. In $ugust ����, the metal concentrations show slight increments if compared to those measured before the pumping 
of sea water. The data sets were compared with Interim Sediment Quality Guideline and Probable Effect Level values. 
7he ecotoxicological significance of 3b and =n also increased at some specific places. $lthough it is early to evaluate 
that these findings are caused by the new hydrodynamic regime of the estuary, it is highly possible that Àocculation have 
an impact on the large-scale events such as pollutant transport, deposition, and sedimentation in the estuary. Therefore, 
considering Àocculation of cohesive sediments, sediment quality monitoring in the estuary must be continued regularly.
      
Keywords:  ecoloJical risk, estuaries, Juidelines, KeaY\ metals, pollution, flocculation, sediment Tualit\
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1. INTRODUCTION 
Rapid urban growth and uncontrolled industrial development between 1950 and 1985 led to a severe pollution 
increment in the Golden Horn estuary (Figure 1). The siltation due to waste dump by streams caused 
anaerobic decomposition problems in this urban estuary. After many mitigation efforts the last one was to 
pump the Black Sea's clean, but more saline, water into the estuary through the Kağıthane stream. It started at 
the end of 2012.  

The main scope of this study is to assess the sediment quality and highlight anthropogenic contributions of 
heavy metals in the bottom surficial anoxic and cohesive sediments of t he Golden Horn estuary. In this 
context an assessment has been carried out for the selected heavy metals in the bottom sediment of t he 
Golden Horn by comparing the samples collected before (December-2012) and after (August-2013) the sea 
water pumped into the Golden Horn. 

Figure 1. The Golden Horn estuary is located at the junction of the Bosphorus Strait and the Sea of Marmara, Turkey. 
Rapid urban growth and uncontrolled industrial development (1950-1985) led to tremendous pollution at this historical 

recreationalregion. 

2. METODOLOGY 
Seasonal sediment samples were taken from the same stations in December 2012 and August 2013 (Figure 2). 
The sampling stations determined by Magellan ProFlex TM500 global position system. Top surface of the 
grabs, approximately 50 g, was removed using a plastic spoon and placed in a numbered plastic bag. The 
sampling depth was 3 cm to represent the same time interval required for accumulation of the sediment trend. 
The samples recovered were then kept frozen prior to chemical and granulometric analyses. In the laboratory, 
the samples were defrosted at room temperature, dried at 40°C to constant weight, then grounded in agate 
mortar and screened through a nylon sieve. 
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Figure 2. Many small and comprehensive projects were done to heal the ecologically unlivable conditions in the Golden 
Horn. Organic matter entrance has been limited by sediment dredging operations at the stream’s mouth. They remained, 
however, far from initiating a large-scale transformation, especially for the bottom sediments. The last effort was to pump 

the %lacN 6ea water via the .a÷Õthane stream. )igure shows the sediment stations visited in 'ec. ���� and $ug. ����, 
before and after this pumping. 

Grain-size analysis and classification followed Folk’s (1974) m ethodology [1]. Coarser grained sediments 
(<4Ø or 0.063 mm) were dry sieved, whilst fine-grained material (>4Ø) were analyzed using the hydrometer 
method. The dry percentages of sand (>63μm), silt (2μm<Ø<63μm), and clay (<2μm) were determined. 

Element concentrations in the sediment samples were determined in the digested phase by Inductively 
coupled plasma mass spectrometry (ICP-MS) analysis at ACME Analytical Labs, Vancouver-Canada. All 
samples and blanks were analyzed in duplicates for quality assurance/quality control of laboratory analyses. 
OREAS24P and OREAS45E were used as the standard sediment sample for quality control of metal analyses. 
The measured concentrations of all metal analyzed were within the published metal contents given by Ore 
Research and Exploration Pty. Ltd. in 2012. Minimum detection limits for 0.25 g sediment were 0.01% for Al 
and Fe; 0.1 ppm for Ni, Cu, Cd and Pb; 0.2 ppm for Co; and 1 ppm for V, Cr, Mn, Zn and As.All the reagens 
and chemicals used were of analytical reagent grade suitable for ultratrace analysis. 

3. RESULTS AND DISCUSSION 
The adsorption and sedimentation processes of m etals are usually related with grain size [2]. Grain size 
analysis demonstrated that the samples were mainly composed of fine-grained and cohesive sediments. The 
mud ratios of the sediments were always higher than 92%. 

Cu, Pb, Zn and As indicated moderate to-significant enrichments while others minimal (Figure 3a). The metal 
concentrations were higher after the sea water pumping (Figure 3b). The highest increments were for A s 
(average 8.6%), Fe (5.2%), Cr (4.6%) and Zn (4.0%). Unexpectedly Pb decreased slightly (10-20%) at the 
inner estuary (# CA and HK) while it increased 1.12-1.14 times at the outer estuary (# UK and GK) (Figure 
3b). This explains the increment of the PLI for UK and GK (Figure 3c).  

To evaluate ecotoxicological significance of heavy metal contamination, data sets were compared with the 
NOAA sediment quality guideline [3]. According to Interim Sediment Quality Guideline and Probable Effect 
Level values, the ecotoxicological significance of P b and Zn increased at UK (Figure 3d). Even it needs 
further observations, we may suggest that these changes might be related with salinization of t he surface 
water layer of the estuary (Figure 3e).  
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Figure 3.At the end of 2012, the municipality started to pump the Black Sea's clean but more saline (17 psu) water into the 
*olden +orn estuary ����,��� cubic meters per day� through the .a÷Õthane 6tream. In $ugust ���� a slight increment in 

metal concentrations were measured as compared to those measured before the Black Sea water discharge. This figure 
shows how were the changes in the enrichment factors, pollution load indexes, ecological significance and salinization of 

surface waters after the sea water pumping process. 

Before the sea water discharge, the riverine sediments had been transported by the stream’s lower flow-rate 
fresh waters and then met with the brackish surface waters of the inner estuary. Following the Black Sea 
water discharge, however, riverine sediments are came in contact with saline water well before they are 
discharged into the estuary. Cohesive sediments tend to flocculate at moderate salinities if the physical 
conditions are appropriate [4]. Increased pollution load in the stream and flocculation are believed to be the 
main causes of the slight deterioration we assessed (Figure 3f). 

4. CONCLUSIONS 
In the late 2012 the Black Sea's clean and saline (17 psu) water was startedto be pumped into the Golden 
Horn estuary through the Kağıthane stream. Naturally this process caused estuary’s thin and fresh surface 
water to be denser, therefore to gain ability to carry the suspended particles farther, possibly up to the outer 
estuary where salinity increases to normal level. In fact, salinity affects sediment flocculation. Already at 
moderate salinities, cohesive sediments tend to flocculate if the physical conditions are appropriate. 
Increasing flocculation might have impact on the large-scale events such as pollutant transport, deposition, 
and sedimentation in the estuary.  

As sedimentation is a continuous process, the sediment bed is probably the best medium to store records 
about the pollution history of a given water body.Although it is too early to make a final conclusion, we 
propose that the new hydrodynamic conditions in the estuary modulates metal transportation in water and 
deposition in sediment. Therefore, on t he basis of our pre liminary observations, we strongly suggest that 
sediment quality monitoring in the Golden Horn estuary must be continued regularly in the near future. 
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Abstract 
In this study, foamable composite materials were produced by powder metallurgy method. Experimental study, 1 
wt. % foaming agent (TiH2), 7 wt. % Si and 2, 4 and 6 wt. % B4C with aluminum powder was mixed. Then mixed 
powders were pressed, extruded and rolled for the production of foamable materials. According to the experimen-
tal results, the relative densities of foamable materials increased by secondary operations and over 98% relative 
density were obtained. In addition the tensile strength of the composites increased with increase in the rate of B4C.
      
Keywords:  Foamable material; Mechanical properties; B4C; Aluminum
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1. INTRODUCTION 
Many manufacturing methods can be applied depending on the matrix and the reinforcing element in the 
production of aluminum matrix composites. The most commonly used production methods are solid-state and 
liquid-stateproduction methods. Powder metallurgy (PM), which is among solid-state production methods, 
enables the serial production and production of the direct net shaped parts thanks to mold cavities. In general, 
the method comprises mixing, pressing and sintering of the matrix alloy and the reinforcing element powders. 
But today, the condensation processes can be applied in addition to manufacturing processes in order to 
achieve high performance PM parts. The condensation processes are performed by applying the stress and 
temperature at the same time for the removal of residual pores. The condensation can be performed by 
processes such as hot isostatic pressing, powder forging, explosive compression, rolling and extrusion [1]. 
 
B4C, used as the reinforcing element in Al matrix composite (AMC) materials, is a light weight material. In 
particular, its properties such as the modulus of elasticity, corrosion resistance, wear resistance, hardness, and 
thermal stability are high [2]-[4]. The lack of studies conducted on Al/B4C powder metal materials compared 
to the liquid-state production methods is noteworthy in the literature. Most of the studies conducted on 
Al/B4C composite materials produced by PM method aim to determine the mechanical properties of t he 
produced materials. It is indicated that the wear resistance significantly increases with the increase in the 
amount of pa rticles in B4C reinforced Al matrix composites produced by hot isostatic pressing using PM 
method [5]. The study which was conducted by Zhang et al., revealed that the strength of Al6092/B4C 
composites produced by the two different processes such as extrusion and hot pressing increased with 
increasing volume rate of pa rticles [6]. Similar results have been stated in studies conducted by other 
researchers [7]. Meanwhile, there have been studies conducted regarding the optimization of production 
parameters in the production of Al/B4C systems with similar production methods mevcuttur [8]. Onoro et al., 
investigated the effect of reinforcing element on the mechanical properties of composite materials, produced 
by hot extrusion, at high temperatures [9]. 
 
Foamable materials are precursor materials used prior to foaming in the production of metallic foam. The 
most important feature which distinguishes this material from other composite materials, is foaming agent it 
contains and the final shape. It is converted as metallic foam with heat treatments applied after the 
production. Therefore, mechanical and physical properties of the produced foams varies depending on t he 
characteristics of t he materials prior to foaming. Foamable materials can be produced by using powder 
metallurgy, semi-solid melt method, accumulated roll bonding, and friction stir welding methods [10]-[14]. 
Researchers have carried out not only production of foa mable material but also foam production by using 
these methods. Foamable material production by powder metallurgy method is firstly started with mixture of 
the metal powders (alloy powders, reinforcing elements) and foaming agent powders [10], [15], [16]. Then, 
the mixture powders are compacted by using different techniques such as extrusion, pressing, or rolling for 
the production of foamable material [17]-[19]. Since these processes directly affect the density and 
foamability of the foam which is final product, it should be quite careful during the production process. Any 
residue or other errors in the structure can negatively affect a subsequent process. For example, the porosity 
rate at foamable materials produced without the use of adequate compression pressure increases. In this case, 
the non-homogeneous pore structures in the samples after foaming (metal foams) are obtained. The study 
conducted by Young and Kang emphasized that uniform foams can be obtained from the foamable Al6061 
alloy containing pores less than 1% depending on the compression pressure and the heating temperature [20]. 
Ceramic particles such as SiC, Al2O3, TiB2, and TiC are widely added in order to improve the stability of Al 
foams in this method [21]-[25]. 
 
In this study, B4C reinforced AlSi7 foamable materials were produced by using powder metallurgy method 
and their mechanical properties were investigated. The mechanical properties of pre cursor material also 
affects the mechanical properties of foa m structure in the metallic foam production by powder metallurgy 
method. The production of the precursor materials which have a perfect structure positively affects the quality 
of the foam. This study determined the effect of produc tion processes on t he physical and mechanical 
properties of B4C reinforced foamable precursor materials which were produced before foaming. 

2. EXPERIMENTAL 

2.1. Materials 
In experimental studies, Al (as the matrix material), TiH2, (as the foaming agent), Si (as an alloying element) 
and B4C powders (as reinforcement elements) were used for the production of B4C reinforced foamable AlSi7 
materials. Detailed physical properties of powders used in the experimental studies are given in Table 1. 
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Table 1. Detailed physical properties of powders 

Powd
er 6XSSlıer Particle size 

(µm) Particle shape Purity 
(%) 

Al Ecka Granules <160 Irregular 99,0 

TiH2 Sigma-Aldrich <44 Irregular and 
angular 98,0 

Si Atlantic 
Equipment Engineers <10 Sharp edged and 

smooth 99,9 

B4C NurolTeknology <10 Angular - 

 

2.2. Production of foamable materials 
The starting materials (7 wt. % Si, 1 wt. % TiH2, 2, 4 and 6 wt. % B4C) were blended with the base aluminum 
powder in a three-dimensional mixer for 30 m inutes. The mixture powders were cold compacted under 400 
MPa in a steel die. These samples were pre-sintered to facilitate extrusion process at the temperature of 550 
oC for 60 m in. The extrusion process was carried out at 550 oC before rolling in order to produce foamable 
precursor samples. After extrusion, the rolling process were applied to the powder metal block samples in 
order to make the plate thickness of 5 mm. Figure 1 illustrates schematically the production process. 
 

 
Figure 1. Schematic view of the production process 

2.3. Characterizations 
Tensile tests on a  universal tensile testing machine were carried out to measure the tensile strength of t he 
foamable materials, according to ASTM-E8. Vickers micro hardness was measured with 200 g  load and a 
dwell period of 10 s. Several measurements were done for each hardness value. Microstructure examinations 
were done using scanning electron microscope (SEM). The specimens, which were taken from the middle 
zone, were prepared by standard metallographic techniques. 

3. RESULT AND DISCUSSIONS 

3.1. Change of Density 
Secondary operations such as extrusion, rolling, and forging in addition to the compression processes can be 
applied in order to obtain PM products with high density and low porosity in the production of Al-based 
composite materials [26]. However, the deformation occurring in pre-formed materials produced during these 
process brings problems such as the cracking. Abdel-Rahman and El-Sheikh tried to explain the effect of the 
relative density on deformation feature at PM components. According to the researchers, there is a need for 
high stresses for deformation of materials with high relative density [27]. 
 
Figure 2 i llustrates graphic of t he density variation of B 4C reinforced foamable composite materials 
depending on secondary operations. When the graphic was examined, the increase in the amount of particles 
reduced the relative density of the samples from approximately 94 % to 90 % after pressing. However, this 
density difference (4 %) reduced to about 2% with extrusion and to 1% with rolling. In all three stages, the 
increase in the amount of B4C had a reducing effect on the relative density of the samples. It was observed 
that as a result of rolling process, the values of the relative density in B4C-free samples increased at the rate of 
5 %. This difference increased to 8 % with the increase in the amount of B4C (6 %).Therefore, it could be 
asserted that secondary operations had a positive effect on the relative density values of the foamable material 
containing B4C. 
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Figure 2. The relative density variation of B4C reinforced foamable composite materials depending on secondary 

operations 

Table 2 i llustrates the average density variations obtained in the samples as a result of applied secondary 
operations. The increase occurring in the deformation of t he foamable materials based on e xtrusion and 
rolling processes applied after pressing led to an increase in the relative density. 
 

 

 

 

Table 2. The average density variations obtained in the samples as a result of applied secondary operations 
 

PM block samples Sample 
Code 

Compaction 
processes 

Bulk 
density 
(g cm-3) 

Relative 
density 

(%) 

Theoretical 
density (g cm-3) 

 
Al 

 
B0 

Presing 2.53 94.19 

2.686 Exstrusion 2.56 95.30 

Rolling 2.68 99.78 

2 % B4C 
reinforced Al 

 
B2 

Presing 
2.50 93.21 

2.682 Exstrusion 2.54 94.70 

Rolling 2.67 99.65 

4 % B4C 
reinforced Al 

 
B4 

Presing 
2.47 92.23 

2.678 Exstrusion 2.52 94.10 

Rolling 2.66 99.42 

6 % B4C 
reinforced Al 

 
B6 

Presing 2.42 90.46 

2.675 Exstrusion 2.50 93.45 

Rolling 
2.64 98.80 

 

3.2. Examination of Microstructure 
Figure 3 shows SEM images and EDS analysis values of 6% B 4C reinforced/unreinforced pressed samples. 
When the images were examined, the pores around TiH2 and Si particles in B4C-free samples were observed 
(Figure 3a). A similar situation was also observed in samples containing 6% B4C. In pa rticular, it was 
observed that the interface compatibility between the matrix and B4C particles, which were detected by EDS 
analysis, was not sufficient (Figure 3b-c). 
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Figure 3. SEM images and EDS analysis of the pressed 6% B4C reinforced/unreinforced samples a) Unreinforced, b) 6% 
B4C reinforced, c)6% B4C reinforced-EDS analysis of number 1 

Figure 4 i llustrates SEM images and EDS analysis of 6% B 4C reinforced/unreinforced extruded samples. 
When the images were examined, the pores as the pressed samples around TiH2 and Si particles in the 
structure of B4C-free samples were not found (Figure 4a). Especially, it could be asserted that the interface 
compatibility between the matrix and Si particles was sufficient. It was observed that the interfacial 
compatibility of particles with matrix developed compared to the pressing process in 6% B 4C reinforced 
samples (Figure 4b, c). This situation had an effect increasing the relative density. 
 

 
 

Figure 4. SEM images and EDS analysis of the extruded 6% B4C reinforced/unreinforced samples a) Unreinforced, b) 6% 
B4C reinforced, c)6% B4C reinforced-EDS analysis of number 1 

Figure 5 i llustrates SEM images and EDS analysis of 6% B 4C reinforced/unreinforced rolled samples. The 
pores in the pressed and extruded samples, were eliminated by rolling and particles were directed toward the 
rolling direction (Figure 5a,c,d). Microstructure images of 6% B4C reinforced samples after the rolling, it was 
observed that the interfacial compatibility of particles with matrix developed compared to pressing and 
extrusion in these samples (Figure 5b, e). 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

Figure 5. SEM images and EDS analysis of the rolled 6% B4C reinforced/unreinforced samples a) Unreinforced, b) 6 % 
B4C reinforced, c,d) Unreinforced-EDS analysis of numbers 1 and 2, e) 6 % B4C reinforced-EDS analysis of number 1 

Figure 6 shows the variance of color distribution of each element in elemental mapping on SEM-EDS images 
of samples. Accordingly, it could be asserted that the particles generally had homogenous distribution in the 
Al matrix with the increase in the amount of B4C. However, the particles were oriented and approached to 
each other due to reduction in cross-sectional area of the samples during the rolling process (Figure 5a). This 
situation occurred by radial forces generated during the deformation. Furthermore, the radial forces caused a 
significant reduction in the number of pores in the structure of the foamable material. Banhart indicated that a 
significant pores or cracks were removed by making foamable materials to be exposed to rolling and foaming 
agent could be more retained in the matrix [28]. In the study conducted by Lee et al., the cold rolling process 
after the extrusion led to the breakage of t he interfacial bond between particles and the matrix and the 
breakage of the TiH2 particles. Therefore, this reduced the foaming capability of the foamable materials [29]. 
In this study, the significant particle breaking by rolling was not observed. Furthermore, the interface between 
the particles with the matrix developed. This is thought to be associated with the fact that the rolling process 
was performed at 550oC and the particles were easily replaced in the ductile matrix with increasing 
formability. The relative densities of foamable materials after the rolling was over 98 %. In their study, Paulin 
et al., reported that the relative density was at least 98% in terms of foa mability at compression of t he 
foamable materials [30]. Even a single compression technique applied to the foamable materials may affect 
the foaming behavior [31]. On the other hand, the secondary operations such as extrusion and rolling were 
used for compression of the foamable materials in this study. In the line of purpose of this study, especially 
the necessity of these operations is understood considering the dimensional limitations in foamable material 
production by using powder metallurgy method. 
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Figure 6. The variance of color distribution of each element in elemental mapping on SEM-EDS images of rolled samples 
(Fast Map images) 

3.3. Tensile Properties 
Table 3 i llustrates tensile test results of B4C reinforced foamable AlSi7 materials. When the table was 
examined, the maximum tensile strength was obtained with 216 MPa at 6% B4C reinforced samples. On the 
other hand, the minimum tensile strength was obtained with 193 MPa at B4C unreinforced samples. In 
foamable materials, the tensile strength increased with increase in the amount of B4C; whereas, the ductility 
decreased. It is thought to be associated with the fact that B4C particles in the structure caused strain 
hardening during the plastic deformation [32]. This case is strengthened by hardness values increased with 
the addition of B4C in AlSi7 foamable material (Figure 7). Moreover, the cracks, voids or pores in the 
structure can cause similar effects. Thus, the graphic in Figure 1 shows that the relative density reduced with 
increase in the amount of B4C before. 

Table 3. Tensile test results of B4C reinforced/unreinforced foamable AlSi7 materials 

Samples UTS* (MPa) ElongationUTS (%) Breaking elongation (%) 

0% B4C 193 10,43 13,43 

2% B4C 193 8,19 11,61 

4% B4C 208 8,27 10,04 

6% B4C 216 7,24 8,62 

   UTS*: Ultimate tensile strength 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 
Figure 7. Variations of hardness value of the samples as a function of B4C content 

4. CONCLUSSION 
In this study, production of B 4C reinforced AlSi7 foamable composite materials and their mechanical 
properties were investigated. The relative densities of foamable materials increased by secondary operations 
and over 98% relative density were obtained. The tensile strength and hardness of the composites increased 
with B4C addition. 
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Abstract 
The latest astronomical research of the site known as “Tatikev Kamen” (or peak sanctuary Kokino) casts light on the 
cult practice of the local population of the Bronze Age in this region in northeast Macedonia. The newly-discovered as-
tronomic platform has been used to observe the heliacal appearance of the star Aldebaran in a period of approximately 
500 years, as well as the sunrise at the equinox.  In 21 century BC, Aldebaran has been much nearer to the point of 
equinox. Therefore, the stone notch that marked the spring equinox has been used in the same time as a marker for the 
heliacal rising of Aldebaran, an event which has happened two months after the spring equinox. In the morning of the 
heliacal rising of the star, the appearance of the sun on the “mutual” marker has been visible from the platform with 
the stone thrones.In this article we express the view that the period from the spring equinox to the appearance of the 
Sun at the “mutual marker” (from the platform with the thrones) is a period in which, even nowadays, according to the 
local culture and folklore tradition, the local population celebrates different holidays which still encapsulate visible 
elements from pagan cults.  Those are folklore customs related to the celebrations of the so-called Agrarian and Stock 
Breeding New Year, as well as holidays related to the cosmological concepts of the Bronze Age people in the region.
      
Keywords:  Archaeoastronomy,heliacal rising,soalr calendars,stone markers



 

1. INTRODUCTION 
The ancient observatory Kokino (also known as “Megalithic observatory Kokino”) is a part of the archeoastronomical 
locality Tatikev Kamen (Tatic Rock), located 30 km northeast from the town of K umanovo, Macedonia. Its 
geographical coordinates are M = 42q 15’ 48″ north latitude, and O= 21q 57’ 10” east longitude. The locality has been 
discovered on an upper part of a hill with volcanic origin. Having a height of 1013 m , the hill dominates the 
surrounding area and the village of Kokino at its foothill (Figure 1). The site contains several artificially carved and 
flattened surfaces (platforms) and objects cut in the rocks, such as stone seats, astronomical and ritual markers, paths, 
etc (Figure 2).  
The most fascinating part of the locality is the lower, western platform (A) which contains monumental stone seats (or 
“thrones”) carved in the rock terrain (Figure 3). Their construction, as well as the construction of the platform, was 
naturally predisposed by the geological system of fractures and fissures. The fractures in the rocks are limited in almost 
ideal cube blocks which could be moved relatively easy [9]. The thrones are lined in south-north direction and in such a 
manner that a person who sits on them faces the eastern horizon. A second platform (C) that strictly had astronomical 
purpose is positioned around 30 m southwest from the thrones’ platform. A separate side path (I) that starts from the 
bottom of the hill leads to it. On the north slope of the locality there is another platform made for astronomical 
observations (E). It is a part of the northern terrace (D).  Around 70 m to east and 15 m higher than platform “A” there 
is one more artificially flattened surface (platform B) with the main path (approach) to the archeoastronomical locality - 
constructed on the rocks. 
The role of the locality as mountain, extra urban sanctuary (i.e. peak sanctuary) for the Bronze Age people in the region 
during the whole period of the second millennium BC, was confirmed by its topographic characteristics (its dominant 
position on the hill, the large radius of visibility for the top that can be approached by the slope lit by the morning sun), 
as well as the large number of excavated artifacts discovered in the archeological context (e.g. [20],[21]). The 
archeological campaigns started at 2001. Its use as megalithic astronomical observatory was additionally proved. 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Panoramic view of the archeoastronomical locality “Tatikev kamen” 
 
 



 
 

Figure 2. Map of the locality “Tatićev kamen”. A – first platform with the stone seats. B – upper eastern platform. C – astronomic 
platform (second platform). E - astronomic platform (third platform). D – northern terrace. F – sanctuary wall. G – main access path. 

H - access to the northern terrace. I - side path. K – mutual marker 
 

2. ARCHAEOASTRONOMICAL RESEARCH   
Most part of the archeological material was found on the highest part of the site and on the north slope of the hill (the 
so called northern terrace). It dates from the three phases of the Bronze Age: the early Bronze Age (21st-17th c. BC), see 
Figure 7 and Figure 8, middle Bronze Age (17th–14th c. BC) and late Bronze Age (14th–11th c. BC), according to the 
modified Reinecke chronology of the Bronze Age for central Europe. This sacred enclosure or “temenos” was enclosed 
by a 80 m long wall (Figure 4), noted with “F” on the map of the locality (see Figure 2). In the archeological research 
of the “temenos” area two types of religious structures were revealed; the ritual pits (Figure 5) and the circular stone 
constructions (Figure 6). The ritual pits had been formed around natural fissures of the rocks and delimited with stones 
mixed with earth and sometimes of clay. They were filled with ceramic vessels or their fragments, as well as ceramic 
votive figurines, pyramidal weights, moulds for casting bronze objects, stone axes, etc. The deposit was then covered 
with earth and small stones. So far, the most similar to the Kokino ritual pits are the pits of the Bronze Age sanctuary 
discovered at the locality Gradiste near village Pelince, around 8 km west of Kokino. It dates from almost the same 
chronological period [22].  
 

 
 

Figure 3. The western platform with the stone seats (thrones) 
 

 
Very fascinating is the discovery of the small ceramic figurines: a female torso, a small figurine of a bovine and several 
representations of a human leg (Figure 7). Almost identical figurines were found in a similar context on the mountain 
sanctuary Traostalos on the island Crete. According to most authors they probably had a function of providing fertility 



and good health of people and livestock (e.g. [2], [5], [6], [15], [16], [20], [21]). The figurines were had been deposited 
on the mountain sanctuaries of Crete during most of the Middle Minoan period (22st-17th c. BC).  In the Late Minoan I 
period (16st-15th c. BC) m ost of these sanctuaries were no longer used (e.g. [4], [17]). The similarity of the 
archaeological artefacts (i.e. the clay figurines) and the archaeological context in which they were found emphasize the 
same aspects of the religious cults of the Kokino sanctuary and the sanctuaries on Crete, regardless of the geographical 
distance of their Bronze Age communities. Recent ethnographic, linguistic and archaeological researches confirm the 
relation of the Greek and Cretan religious beliefs, as well as of the other Aegean communities with those of the Eastern 
peoples of Anatolia, Syria and Egypt since the Neolithic times. The relations were even stronger during the Bronze Age 
(e.g. [3],[7]). Breaking the ceramic vessels and scattering their parts after the ritual was practiced by the early Neolithic 
communities. In Kokino sanctuary, the fragments of a same vessel burned by fire are discovered even 20 m apart from 
each other.  
 

 
 

Figure 4. Sanctuary wall 
 

 
 
Another ritual practise identified in Kokino has similar parallels on the Mediterranean basin. It is connected with the so 
called circular stone constructions, composed of big stones arranged in circles with diameters of 1-2m. The deposit put 
in the circles or around them is similar with the one from the pits.  At the end of the ritual which probably included 
libations, the deposits were covered with earth and small stones forming a shape of small tumulus. Figure 8 shows a 
completely preserved cup and funnel discovered in one of the pits. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



           Figure 5. Ritual pit                                        Figure 6. Circular stone constructions 
 
 
A similar ritual was performed around 60 km southeast of Kokino, at the locality Saint Atanasie near the town Kocani. 
The locality contains three circular (with radius 2-4 m) and two rectangular (with area 2u2.5m) platforms constructed 
on natural rock which was previously covered with layer of stones coated with clay. At these platforms the researchers 
discovered fragmented ceramic vessels, anthropomorphic and zoomorphic clay and terracotta figurines, stone hand 
mills, stone axes etc. Saint Atanasie sanctuary was built at the end of 5th and the beginning of 4th c. BC (e.g. [1], [14]). 
According to the archeological findings it was related with the eneolithic settlement discovered near it.  
In early mountain sanctuaries on Crete dating from Middle Minoan (MMII) period, circular constructions made from 
layers of pebbles were made, with votive figurines placed inside or near them [17].   
The thrones’ platform and the small platforms “C” and “E” on Figure 2 contain astronomical alignments which provide 
unambiguous evidence that some of the religious rituals at Kokino were performed according to the motion of the sun 
and several other celestial objects. In the astronomical research, we measured the position of these alignments in order 
to identify the motives and estimate the period of the year the ritual celebrations had been most probably arranged. The 
markers that point to the rising positions of the sun, other stars and probably the full moon on particular calendar dates 
are presented by small notches in the rocks which are artificially carved and distinguishable from the natural cracks. 
There are indications that the notches are remains of apertures, i. e. they were covered on top with horizontally placed 
stones in order to create narrow “windows” through which the astronomical event was observed. We calculated the 
declination G  (the latitude above the celestial equator) of this marker using the formula:  
 

hhA sinsincoscoscossin MMG +=                                                                                                       (1) 
 
and taking into account the small correction due to astronomical refraction. The azimuth A, estimated from the north 
horizontal point and the altitude over the horizon h, were measured by a geodetic instrument with laser, while M is the 
geographical latitude of the locality. We also used the Red Shift 4 computer program to reconstruct the sky map of the 
locality in different periods of the Bronze Age.  
The most distinguishable astronomical marker, the so called “ritual marker”, is constructed for the observer sitting on 
the thrones. It has a form of aperture placed just below the highest part of the locality through which the sun rises on 
certain dates of the year. The sun’s rays pass through the right edge of the artificially cut trench on the eastern platform 
(noted with ‘B’ on Fig. 2) and then through another artificial notch below. As a result they illuminate just one of the 
thrones in the centre of the platform. The declination G of the marker (see Table 1) defined as the altitude above the 
celestial equator - coincides with the positions of the rising sun in the middle of May (14th or 15th of May) and in the 
end of July (30th or 31st of July). In the early Bronze Age, i.e. around 2000 BC when the observatory was constructed 
(according to the archaeological evidence), the sun rose through the marker in the third week of May and at the 
beginning of August, due to change in obliquity of the Earth’s rotational axis [16].  
. 

                               
 
                                      Figure 7. Ceramic votive figurines        Figure 8. Cup and funnel from the early Bronze Age 
 
The astronomical observations of the motion of the rising sun throughout the year were made from a narrow platform 
composed of a n artificially flattened stone blocks (noted with ‘C’ on Figure 2). Considering the period of one 
millennium the locality was used as an observatory and its main religious purpose, we guess that the observations were 
made on a daily basis by the local priests. They were probably accessing it from an additional side path (noted with ‘I’ 
on Figure 2). The platform satisfies one of the basic criteria that Hawkins laid out for a site to be considered as a 
megalithic observatory as a homogeneous group of markers can be observed from a single central point [10]. Having 
the magnitude of the solar disk, three of the markers point to the extreme positions of t he rising sun on winter and 



summer solstices and to the point of equinox, in spring and autumn [16]. Namely, moving apparently on the celestial 
circle – the ecliptic, the sun changes its daily motion on the sky, too. As a result, it rises precisely on east just on two 
dates, in the end of March and end of September (i.e. in the point of equinox). On the other days throughout the year 
the sunrise position is relocated from the equinox point and has extreme positions on summer (end of July) and winter 
solstice (end of December). The existence of markers of the extreme positions and the equinoxes indicates that the 
Kokino people had a simple solar calendar based on the observations of the daily motion of the rising sun. The calendar 
was used for p erforming religious rituals that were undoubtedly related with arranging agricultural work of the 
community (e.g. [15], [16], [20]). The stone markers for solstices and equinoxes and the rising sun through them on 
particular calendar dates are shown on Figure 9.  
 

 
 

Figure 9. The stone markers of summer solstice –S1, autumnal and vernal equinox – S2 and winter solstice – S3, and the 
rising sun on the particular days (photos above), observed from the platform “C” 

 
The existence of a marker for the equinoxes indicates the sophisticated observational skills of the Kokino 
“astronomers”. The sun’s declination G at these two dates (around 21st of March and 22rd of September) is about zero 
degrees. For the Bronze Age communities, the equinox point in the sun’s yearly motion on the sky, indicated the 
turning point between the two extremes and divided the solar cycle into a warm and a hot season (e.g. [11],[19]). 
Additional confirmation that the builders of the megalithic observatory Kokino were familiar with the concept of 
equinox is the existence of a second equinox marker. It can be observed from the platform “E” on the northern terrace. 
Additionally to this marker, few other prominent notches were carved on the rock that covers the eastern horizon of an 
observer standing on pl atform “E”. Their declinations match almost exactly with the theoretical declinations of the 
bright star Aldebaran in the constellation Taurus, in the course of the half of the second millennium BC (e.g. [15], [16]). 
Additionally, the equinox marker was also Aldebaran’s marker in the years when the sanctuary was constructed because 
the Aldebaran’s position was in the equinox point in the 21st century BC (see Table 1). More precisely, the year of the 
exact match of the Aldebaran’s position and the equinox marker is 2083 BC, according to the Red Shift 4 computer 
program. Just like most of the stars, Aldebaran’s position changed due to its proper motion and the precession of the 
Earth’s axes. That was the reason for carving the other four of its markers in the course of several centuries. 

 
Table 1. Horizontal azimuth and altitude, astronomical refraction corrections and declinations of the three markers that relate the 

astronomical platforms 
 

Marker Azimuth Altitude 
Refraction 

cRrrectiRn � ƍ � 
Declination     

( q ) 

Ritual marker on platform “A” 76q05′10″ 12q01′40″ 4.67 18.26 
Equinox marker on platform “C” 89q43′27″ -1′23″ 34 -0.19 
Equinox marker on platform “E” 

(also Aldebaran’s marker) 
106q58′13″ 18q02′42″ 2.7 0.14 

 



 
 

Figure 10. The stone block with the “mutual” marker, seen from the highest part of the locality (bottom), the rising sun in 
the middle of May, observed from the thrones’ platform (upper left) and the rising sun on vernal equinox, which was also Aldebaran’s 

rising position around 2000 BC, observed from platform “E” (upper right)  
 
We estimate that the heliacal rising of Aldebaran and the near star cluster Pleiades, which happened around 60 days 
after the spring equinox, was the astronomical event related with the religious cults of Kokino. The heliacal rising of a 
star is defined by its appearance in the eastern horizon of t he observer just before sunrise and, after a period of 
invisibility. The heliacal rising of different bright stars marked the beginning of new seasons in many ancient calendars 
[19]. The error of several days when determining the heliacal rising of a star is inevitable due to the change in visibility, 
climate conditions and the observational criteria of the ancient sky-watchers. For the case of Kokino observatory, there 
is one very important coincidence; the equinox marker on the platform “E” (which was also Aldebaran’s marker around 
2000 BC), is constructed on a same stone block as the ritual marker through which the sun rises on two mornings (in 
middle of May and late July). In other words, in the beginning of the second millennium BC, the heliacal rising of 
Aldebaran in the second half May through the equinox marker seen from platform “E” and the sunrise through the 
ritual marker seen from the thrones’ platform happened in the same morning (see Figure 10). As the equinox marker 
and the ritual marker are built on the same stone block, they are “mutual” for the both platforms, the one with the 
thrones and platform “E” (noted with “K” on Figure 2). 
In the next chapter we will discuss the most possible relation between the astronomical alignments and the rituals 
arranged in Kokino sanctuary during the Bronze Age.                                                                                                                          

3. CONCLUSIONS AND DISCUSSION 
The latest archeoastronomical research of the astronomical alignments of t he northern terrace of the peak sanctuary 
Kokino enables better insight on the cult practice of the Bronze Age communities of the north part of Macedonia. It 
also indicates its influence on the present-day rituals related with the so called spring cycle of holidays in the folklore 
of the surrounding area. 
The period between the spring equinox and the day of the heliacal rising of the star Aldebaran on the “mutual” marker 
(i.e. the morning when the sun lights just one stone seat on the lower throne platform), which happens in the second 
half of May, is a season of spring holidays in the local folklore. Most of them have had pagan origin and were later 
incorporated in the new Christian beliefs. Also, the mythological representations and practices of the old solar calendars 
were coordinated with the Julian calendar (which is also solar).  
However, it is still an open question what was the exact event (natural or astronomical) that marked the beginning of 
the pagan New Year in the Bronze Age. In the Macedonian tradition there are several closed cycles that contain 
mythical, religious and social characteristics which can be useful for the determination [18]. For example, the 
agricultural New Year begins with sowing and plowing the fields. The activities were beginning with the Orthodox 
Christian holiday Krstovden on September 27th. On this day the sower was on the field before sunrise saying a prayer 



and then starting the work. According to some researchers, these magical practices were marking the beginning of the 
agricultural New Year [18]. In Kokino, the illumination of one of the stone thrones by the morning sun occurred in 
May, but and also in late July or beginning of August. We hypothesize that the rituals arranged on the second date were 
celebrating the successful harvest, as one of the most important events of the agricultural communities in the area. The 
person who had the principal role in the execution the mountain ritual probably sat on the illuminated seat, most likely - 
the tribal leader in a role of h ead priest. The scene described the concept of u niting the Heavens and Earth which 
ensured the cyclic renewal of nature. The ritual was known in antiquity as ‘hieros gamos” i.e. the “sacred marriage” or 
union of the fertility Goddess and her divine male consort [8].  
A variety of s ources suggest that people in the Aegean believed in similar myths and had practiced corresponding 
rituals since the Bronze Age period with the divine couple having different names in different mythological concepts. 
In the region of the Near East the sacred union was made between Innana and Dumuzi, or Ishtar and Tammuz. In Greek 
mythology there is a divine couple in each generation of gods; Gaia and Uranos, Rhea and Cronos, Hera and Zeus, etc. 
All of the myths suggest the annual death of the male at the end of spring or early summer, and his rebirth in the 
autumn when he reunites with the goddess. In Near East the sacred marriage was one of the main rituals in the 
celebrations that marked the beginning of the New Year. On Crete in the historical period - the New Year, was starting 
near the autumn equinox marking the rainy season [13].  
Motives of the cosmic hierogamy between the Heavens and the Earth and the sacred marriage are also present in the 
Macedonian ethnical tradition. The main element of these cosmological concepts is the water, i.e. the heavenly rain. 
This was not ordinary, but divine rain that marked the sacred union between Heavens and Earth if it occurred on strictly 
determined time periods and under certain conditions. Thus, most of t he spring holidays are related with special 
activities, such as picking special plants or collecting the morning dew [18]. In western part of Macedonia the dominant 
activity was stockbreeding. In this region the beginning of the New Year was related with the holiday called Letnik in 
mid March. The activities arranged around this holiday had magic meaning and were performed for a  purpose of 
providing the fertility and prosperity of the community. The holiday was related with other spring holidays 
(Gjurgjovden, Eremija, etc.) that celebrated the awakening and renewal of nature.  
The most important in the spring cycle was a Christian holiday with archaic, pagan origin, called Gjurgjovden (May 
6th). It is also celebrated by non-Christian communities in Macedonia and had a basic meaning of celebration of life and 
the nature reborn [12]. The rituals preformed on Gjurgjovden are similar to those of some Roman holidays, as Palilija 
on April 21th, when people ornamented the live stock with green branches and sacrifices were given to the gods for the 
sake of protecting the people and live stock from accidents. The celebrations in honor of the god Dionysus performed 
by the ancient Greeks and Thracians, according to many ancient authors, have similar elements with the rituals 
performed by Macedonians that all culminated around Gjurgovden and marked the beginning of the warm (summer) 
half of the year.   
We suggest that the beginning of the New Year for t he Bronze Age community that built the sanctuary and the 
megalithic observatory Kokino coincided with the heliacal rising of Aldebaran in the second half of May. Then, the star 
was visible in dawn, before sunrise, for the first time after many months of invisibility. The event was symbolically 
marked by the notch seen from platform “E”, which was also the marker for the sunrise on spring (vernal) equinox in 
the period the sanctuary was built. We guess that Aldebaran, among other bright stars, was chosen to be observed 
because its appearance coincided with the position of the sun in equinoxes. As the Aldebaran’s marker is “mutual” for 
platforms “E” and the one with the thrones, the sunrise through the ritual marker on the thrones’ platform happened in 
the morning of the heliacal rising of the star on platform “E”. According to the archaeological evidences the two 
astronomical events were the main cause for arranging the celebrations and rituals. They marked the beginning of the 
new season, the renewal of the nature and starting the agricultural work cycles on w hich the whole community 
depended of.         
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Abstract 
With the increased bandwidth thereby wider usage of the Internet, the risk of attacks has raised dramatically. To pre-
vent these attacks, intrusion detection tools are being used. Conventional intrusion detection tools are signature-based 
which can detect only known type of attacks. The aim of the researchers, who are developing machine learning based 
intrusion detection methods, is to detect the previously unknown attacks. The main objective of this study is to use an 
ensemble method for intrusion detection. This ensemble method, unlike other similar methods, combines the multiple 
prediction models of different base classification algorithms. $s a methodological approach, we run experiments by 
combining several combinations of different base classification algorithms in ensemble method. We used � different 
algorithms that produced �� different combinations. .''�� dataset, which is a widely used dataset for intrusion 
detection studies, is used in the experiments. We trained our ensemble methods with ��, ��� and ��� of .''�� 
dataset which produced �� different experiments. In every experiment we assigned a label to each row of .''�� 
testing dataset and measured accuracy of each label as metric. .''�� dataset contains � different labels and at 
the end we calculated ��� metric values. We found that� for different types of traffic, different portions of the data-
set give the best results. $nd also, different algorithm combinations detect different labeled traffic more accurately.
      
Keywords:  Ensemble, KDD, KDD99,Machine learning
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1. INTRODUCTION 
The Internet has become one of the essential tools of our life today. Not just business operations are heavily 
operated on the Internet, but also ordinary users using Internet have increased much more than ever. Besides 
regular usage, there has been remarkable increase in the number of incidents reported to the United States 
Computer Emergency Response Team (US-CERT) by Federal Agencies according to the reports [11]-[14], 
presented to the US Congress. Figure 1 shows the increase of the reported incidents. In 2014, 640,222 total 
incidents were reported to US_CERT and that number was 218,886 in the year 2013. This makes an annual 
increase of 192.50%. These numbers highlight the ineffectiveness of the solutions against the incidents.  

Therefore, information security needs to be concerned carefully. Intrusion detection systems (IDS) are major 
tools to detect attacks. Most IDS use signature based techniques. These signatures are extracted from the 
attacks and stored in the IDS database, to be compared against network traffic. But this kind of technique 
does not have an ability to detect unknown type of attacks.  

To detect unknown type of a ttacks, there are studies for IDS techniques using anomaly detection based on 
machine learning algorithms. Machine learning techniques have the ability to learn from existing dataset and 
to classify the new type of t raffic as normal or a nomaly/attack by previous learnings. Some of them use 
classification algorithms such as neural networks, genetic algorithms, support vector machines or clustering 
algorithms such as self-organizing maps, k-nearest neighbors. On the other hand, some of t he studies use 
combination of these algorithms. There are two techniques mainly used to combine several algorithms; hybrid 
techniques and ensemble techniques. 

 
Figure 1. Incidents reported to US-CERT by federal agencies between 2006 and 2014 

Hybrid techniques (also referred as hybrid classifiers) typically consist of two functional components. The 
first one takes raw data as input and generates intermediate results. The second one will then take the 
intermediate results as the input and produce the final results [6]. Ensemble techniques (also referred as 
ensemble classifiers or ensemble learners) use multiple algorithms to obtain better performance. Section 3 
describes ensemble techniques in detail. In this study, an ensemble technique is used for intrusion detection. 

2. PREVIOUS WORKS 
Various machine learning techniques have been used for intrusion detection since the dataset formed when 
the Fifth International Conference on Knowledge Discovery and Data Mining (KDD99) was held. Some of 
the studies use single classification algorithms and some of t hem use hybrid methods. In t he following 
paragraphs, firstly a study which uses single classification algorithms is introduced and followed by the study 
which improves the technique by using a hybrid method.  

Reference [15] uses J48 and Naïve Bayes classification algorithms by using various data reduction techniques 
which can be shown as examples of s ingle classification algorithms. References [4] and [19] use Support 
Vector Machines (SVM). Reference [4] also uses Random Forest (RF) and compares these studies where he 
finds that SVM classification produces more accurate results than RF and RF takes less time to train the 
classifier than SVM. Li and Guo [10] use Transductive Confidence Machines for K -Nearest Neighbors 
(TCM-KNN) algorithm with different K values. Tsai and Lin [16] propose a hybrid learning model based on 
the Triangle Area based Nearest Neighbors (TANN).  
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Self Organizing Maps (SOM) is another approach for anomaly detection. References [3] and [5] use SOM for 
anomaly detection. Reference [7] uses a hybrid method which includes the SOM and Resilient Propagation 
Neural Network (RPROP). SVM is a classification algorithm used in various studies. Wang and Stolfo [17] 
use SVM for i ntrusion detection. Khan et al. [8] use SVM and hierarchical clustering forming a hybrid 
method. Lee [9] uses Apriori for rule extraction and uses these rules for classification. Zhang et al. [18] use 
Rough Set Classification (RCS) which is also a technique for rule extraction and proposes a hybrid genetic 
algorithm to increase the convergence speed and decrease the training time of RSC. 

3. OUR STUDY 

3.1. Motivation 
Up to now, so many studies using machine learning techniques, have been published for IDS. It is obvious 
that none of the studies alone has the capacity to identify all types of intrusion when it comes to detection and 
false alarm rate. Therefore, hybrid or ensemble classifiers should be used to improve the detection rates. In 
this study, we decided to use an ensemble classifier, Adaboost. Adaboost implementations take one base 
classification algorithm and the dataset as input and re-samples the dataset to create multiple classification 
models. Our main motivation in this study is to use more than one base classification algorithm as input. 

3.2. Ensemble Classifier 
Ensemble classifiers are meta-classifiers which combine the output of the classification models by different 
techniques. In t his context, the term “classification model” is the output of t he training classification 
algorithm with data, which is also used for prediction. Figure 2 shows how classification model is created and 
how it is used. 

 
Figure 2. Classification model 

There are two widely used techniques in ensemble classifiers; bagging (also referred as bootstrap 
aggregating) [1] and boosting [2]. Bagging trains the classification algorithms by using a randomly selected 
subset of t he training set. On the other hand, boosting trains each classification model to emphasize the 
training dataset that previous models mis-classified. Adaboost uses boosting technique. 

3.3. Adaboost 
AdaBoost, short for “ Adaptive Boosting”, is an ensemble algorithm created by Yoav Freund and Robert 
Schapire who won the “Gödel Prize” in 2003 for their work. As an ensemble classifier, Adaboost uses many 
other types of c lassification algorithms to improve their performance. Adaboost combines the outputs of 
classification models into a weighted sum that represents the final output as shown in Equation 1. Adaboost 
works with weak models. In this context, “weak model” is a model which predicts slightly better than random 
guessing. 

(𝑥𝑥)ܪ = σ 𝑖𝑖𝑡𝑡=1ݓ �݂�𝑖(𝑥𝑥) (1) 

where f is the weak model and w is the weight calculated.  

To our be st knowledge, the implementations of A daboost use one classification algorithm, select random 
subsets of t raining dataset, create classification models, and then combine the outputs by using boosting. 
Figure 3 shows this process. 
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Figure 3. Adaboost 

Our study uses more than one classification algorithm. 

3.4. Methodology 
We used different combinations of four c lassification algorithms, SVM, Random Forest (RF), Stochastic 
Gradient Descent (SGD) and Naïve Bayes which results in 15 different combinations. The combinations are 
listed in Table 1. The first four rows contain only one classification algorithm. As a result of combinations 
and using these four a lgorithms solely in Adaboost, gives the same result as running the classification 
algorithm alone. 

Table 1. Combination of classification algorithms 

Combination Number Algorithms Used 
 1 SVN 
 2 RF 
 3 SGD 
 4 NB 
 5 SVM+RF 
 6  SVM+SGD 
 7 SVM+NB 
 8 RF+SGD 
 9 RF+NB 
 10 SGD+NB 
 11 SVM+RF+SGD 
 12 SVM+RF+NB 
 13 SVM+SGD+NB 
 14 RF+SGD+NB 
 15 SVM+RF+SGD+NB 

We also trained ensemble classifier by using all these combinations, with different percentages of KDD data 
set; 2%, 10% a nd 14%. For the 2% t raining set, 20% of Nddcup.dataB��Bpercent࣠(http://kdd.ics.uci.edu/ 
databases/kddcup99/kddcup.data_10_percent.gz)was selected randomly. For the 10% t raining set, 
kddcup.data_10_percent (http://kdd.ics.uci.edu/databases/kddcup99/kddcup.data_10_percent.gz)was 
completely used. For the 14% training dataset, 14% of t he kddcup.data (http://kdd.ics.uci.edu/databases/ 
kddcup99/kddcup.data.gz) was randomly selected. 

3.5. Performance Metrics 
Each classifier produces a confusion matrix as shown in Table 2. Confusion matrix is a table layout which is 
used to visualize the performance of a  classification model. In Table 2, columns describes the predicted 
classes and rows describes the actual classes. 

Table 2. Example of confusion matrix 

 Normal Probe DoS U2R R2L 
Normal X00 X01 X02 X03 X04 
Probe X10 X11 X12 X13 X14 
DoS X20 X21 X22 X23 X24 
U2R X30 X31 X32 X33 X34 
R2L X40 X41 X42 X43 X44 

Performance of the classifier is evaluated in two ways: performance of each category and overall 
performance. Equations 2, 3, 4, 5, and 6 show the calculation of detection rates obtained for each category. 

𝑚𝑚𝑎𝑎݈ݎ𝑎𝑎𝑡𝑡𝑒𝑒ܴܰ݊𝑒𝑒𝑡𝑡𝑒𝑒ܿ𝑡𝑡𝑖𝑖ܦ = ܺ00
σܺ0𝑖𝑖

 (2) 

𝑒𝑒ܾݎ𝑎𝑎𝑡𝑡𝑒𝑒ܴܲ݊𝑒𝑒𝑡𝑡𝑒𝑒ܿ𝑡𝑡𝑖𝑖ܦ = ܺ11
σܺ1𝑖𝑖

 (3) 
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ܵܦ𝑎𝑎𝑡𝑡𝑒𝑒ܴ݊𝑒𝑒𝑡𝑡𝑒𝑒ܿ𝑡𝑡𝑖𝑖ܦ = ܺ22
σܺ2𝑖𝑖

 (4) 

𝑎𝑎𝑡𝑡𝑒𝑒ܷ2ܴܴ݊𝑒𝑒𝑡𝑡𝑒𝑒ܿ𝑡𝑡𝑖𝑖ܦ = ܺ33
σܺ3𝑖𝑖

 (5) 

ܮ𝑎𝑎𝑡𝑡𝑒𝑒ܴ2ܴ݊𝑒𝑒𝑡𝑡𝑒𝑒ܿ𝑡𝑡𝑖𝑖ܦ = ܺ44
σܺ4𝑖𝑖

 (6) 

4. RESULTS 
As discussed earlier, running all combinations of selected algorithms with Adaboost produces 15 confusion 
matrices. By using Equations 2, 3, 4, 5 a nd 6, we obtained 5 va lues for e ach matrix: DetectionRateNormal, 
DetectionRateProbe, DetectionRateDoS, DetectionRateU2R and DetectionRateR2L. We iterated three times for 
each training dataset. As a result, we obtained 180 different values. Figures 4, 5, and 6 show the graphs of 
detection rates for each category after training with 2%, 10% and 14% of the dataset respectively. 

 

 

 

 

 
Figure 4. Detection rate of each combination after training with 2% of the dataset 

From Figure 4, Naïve Bayes (#4) has the highest accuracy ratio for detecting Probe, U2R and R2L, but it is 
the worst for DoS. For the normal traffic, combination #14 is the best. For U2R and R2L, detection ratios are 
below 50%. 
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Figure 5. Detection rate of each combination after training with 10% of the dataset 

Like the previous figure, in Figure 5 Naïve Bayes (#4) has the highest accuracy ratio for detecting Probe, 
U2R and R2L, but in this figure for DoS, combination #11 outperforms the others. Again U2R and R2L ratios 
are not satisfactory, but now combination #4 has a ratio greater than 50% (68.57%). 

In Figure 6, combination #4 is the best for Probe, U2R and R2L like the previous two figures. For R2L, 
combination #4 has much higher accuracy rate compared to the 2% and 10% of the datasets used in previous 
tests. For the normal traffic the ranking changes and combination #2 is better than the others.  

Table 3 gives a summary of the results by listing only the best three combinations for each category and for 
each dataset. For Normal category; combination #14 shows up in three datasets, ranking first in two datasets 
and ranking third in the last dataset. For Probe category; combination #4 shows up in three datasets and ranks 
first every time. For DoS category; combinations #8 a nd #15 s how up t wice while others once. For U2R 
category; combination #4 ranks first every time. For R2L category; combination #4 ranks first every time. 
The highest ratios are marked bold in the table. 

 
Figure 6. Detection rate of each combination after training with 14% of the dataset 
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Table 3. Summary of the results 

 Normal Probe DoS U2R R2L 
Rank % Rank % Rank % Rank % Rank % 

2% of Dataset 
 #14 99.57  #4 93.27  #8 90.66  #4 45.71  #4 7.98 
 #8 99.55  #12 82.33  #9 90.32  #7 21.43  #14 4.80 
 #9 99.55  #8 76.15  #2 90.26  #3 21.43  #2 4.05 

10% of Dataset 
 #14 99.59  #4 97.90  #11 91.22  #4 68.57  #4 6.62 
 #9 99.58  #12 79.56  #14 91.03  #3 32.86  #2 4.03 
 #2 99.56  #15 78.80  #15 90.96  #15 32.86  #14 2.78 

12% of Dataset 
 #2 99.59  #4 96.11  #15 90.66  #4 38.57  #4 15.16 
 #5 99.58  #14 77.70  #8 90.55  #1 20.00  #12 1.90 
 #14 99.57  #5 74.85  #3 90.48  #7 11.43  #2 1.43 

5. CONCLUSIONS 
In this study, Naïve Bayes (combination #4) p erforms best for t he Probe, U2R and R2L categories while 
using Random Forest, Stochastic Gradient Descent and Naïve Bayes as base the classifiers in Adaboost 
(combination #14) has the highest score for theNormal category.The combination of Support Vector 
Machines, Random Forest and Stochastic Gradient Descent as the base classifiers in Adaboost (combination 
#11) performs best for theDoS category. 

Although boosting and bagging are widely used methods in ensemble classifiers, other methods like Bayesian 
model averaging and stacking can be used. Other types of ensemble methods, using the same combinations, 
can be analyzed and compared for the future work. 
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Abstract 
In engineering design, selecting the suitable materials is known as an important step for the design process. Now-
adays, selecting the suitable material from the ��� thousands industrial material is important as well as diffi-
cult issue to meet the different design requests and having the properties of designer will promote. In order to se-
lect the suitable materials, the technical personnel should have enough knowledge such as materials structure, 
density, melting point, thermal expansion coefficient, tensile and yield strength, elongation percentage, modulus 
of elasticity, hardness and other properties. In order to select the most suitable material, there are a lot of selec-
tion systems assisting to the design engineer. The simplest one of these methods is to use the tables for materials 
properties in design engineers’ handbooks. Besides, computer systems are increasingly being used. In the current 
study, selection materials for car bumper will be done using a classical selection method as well as computer aid-
ed selection software and advantages and disadvantages for both methods will be compared to each other ac-
cording to the obtained results. During the materials selection, the evaluations are done considering mechanical, 
physical, chemical properties as well as economical and production processes. The selected materials are consist-
ent with the related studies as well as recent trends in sector. In case of comparing materials selection methods, it 
is concluded that the most practical selection can be done via computer aided software in the light of recent data.
      
Keywords: Materials selection, computer aided CES software, computer aided design, car bumper.
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1. INTRODUCTION 
Design is done to meet the projected needs in the light of scientific data considering the previous experience 
of the producers and consumers in the current technological level in the direction for the consumers’ 
requirements. In the direction of the mentioned targets, the analysis is prepared for t he intended problem 
solving follows synthesis, materials selection, measuring and control methods for de sign issue. In ge neral, 
engineering design contains the all activities such as indicating the duty for a ny of t he technical system, 
determining the physical principles, selecting the suitable elements consistent with those principles, and 
preparing part and assembly technical drawings [1,2].  

Choosing the appropriate materials for engineering design is known the important step for materials selection 
process. Using all materials requires several choosing elements and this step is considered as problem solving 
activity [3-5]. Problem solving involves an extensive information flow. Considering the used parts in several 
recent vehicles such as tractor (15-20 thousands), car (25-30 thousands), military tank (40 thousands), 
submarine (120 thousands) and aircraft (5-6 millions), the importance and the difficulty of materials selection 
problem can be well understood [1, 2, 6-12]. Selecting the suitable materials is one of the main factors for any 
of the products has stable and low fabrication cost performing the functions successfully. Design engineers 
must balance between functional needs and costs. The economy for materials is really important due to costs 
for materials compose 50% of product price for many artifacts. However, occurring of materials in minimum 
cost is not sufficient for l owest total cost; since beside the starting price of the materials, product and 
assembly costs, costs for the other materials in products, guarantee and service costs for produc ts are also 
important [1, 13-16]. 

Nowadays, there are a w ide range of materials group including metals, ceramics, glasses, polymers, 
elastomers and composites having suitable mechanical, physical and environmental properties for us ing 
designers to meet the various design needs such as performance and economics. Currently designers can 
choose materials from those resources for di fferent engineering applications. Novel materials such as new 
alloys and coatings can be considered within the selected materials. But this situation brings the optimum 
materials selection to the more difficult case [1,16-19]. In t his place, it is needed for a n information 
management system. For the last years, some systems are developed in mechanical design for the needs in 
design engineers in the area of computer aided materials and production method. This development is done in 
the area for organizing the data bases for materials and production methods from selecting many factors and 
developing the systematic methods comparing the materials and production techniques. Classical 
(conventional) materials selection method is the oldest and simplest method can be applied in the light of 
standards as well as the data about physical properties and performance taken from the producers and 
suppliers. Recently, computer aided materials selection methods are developed adding to the classical 
(conventional) design procedure [12, 20-23]. Using the computer systems in which stored the materials 
properties provides faster and wide capacity of materials data for de signers [2,24,25]. These methods are 
quite useful for designers to decide them for the optimum material selection considering the cost issue [1].  

Materials selection can be done with different methods. As a first issue, Ashby [6,26,27] and Dargie [28] 
have investigated several studies about the screening method. For the screening method, Ashby [2,29] 
presented a Granta Design software having a graphic interface. By means of Ashby diagrams, it is possible to 
draw a graph between two properties and to see the place of materials group where placed in the graph. For 
the second method, there are knowledge based systems, but its usability is limited due to their complexity and 
needing to the very wide information requirement [19]. Shanian and Savadogo [15,18,22,23] have developed 
various methods, however these methods cannot permit the weighting  for gr adual materials properties. In 
addition, many researchers presented different materials selection methods [1–34]. But, the quantitative and 
logical based selection methods, reliability of the selection, repeatability and experience of the designers are 
required for the other steps outside the initial materials preliminary screening issue. Qualitative materials 
selection methods are separated into various categories. The “cost per unit property method” (CPUPM) and 
the “limits on properties method” (LOPM) have a pre-screening purpose within these methods, and “weighted 
properties method” (WPM) can be used as a decision mechanism [26]. CPUPM method is suitable for a pre-
screening process combining with a materials cost issue and here one property is openly ahead comparing to 
others. Thus, low cost materials are chosen and target materials group can be constricted [28]. 

Despite many researchers suggested many methods about materials selection, it is difficult to mention an 
optimum selection method accepted for everybody about the issue. Each method has advantages as well as 
disadvantages. Hence, materials selection will be done for car bumper and flywheel via classical materials 
selection method as well as using computer aided materials selection software following preliminary 
screening, limited properties and decision mechanism. During the materials selection process mechanical, 
physical and chemical properties as well as cost and formability will be taken into account. Thus, evaluating 
the results for materials selection categories will be investigated all together comparing the differences and 
the advantages for both materials selection methods.  
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Materials assortment for the car bumper and flywheel are given as examples for the conventional materials 
selection method.  

2. MATERIALS SELECTION BY CONVENTIONAL (CLASSICAL) METHOD 
The old and the simplest materials selection method in design is done using the data and standards taken from 
the materials producers, suppliers about materials’ physical properties and performance characteristics. The 
process steps are summarized as follows:     

x Analysis of the required properties of t he materials: Working and environmental conditions are 
evaluated in the production area for the targeted artifact. 

x Selection of the candidate materials: Alternative materials are listed in resisting to the conditions 
and variations during the service life. 

x Developing the candidates: Desired properties are compared with the engineering properties for the 
candidates in the wide materials spectrum.  

x Selection of the optimum materials matching to the required properties: Optimum material selection 
is done in the light of perception, experience and judgment obeying the best agreement.   

2.1. Materials selection for car bumpers 
Bumper is a sheet existing in front and back of the car and absorbing the impact and shock energy [26,35,36]. 
Let us examine the steps for the materials selection as follows:  

 

1- Analysis for t he required properties of t he materials: the required or re quested properties from the car 
bumpers are arranged in order as follows:  

-impact resistance must be elevated (high fracture toughness) 

-mass must be light (low density)  

-formability must be easy  

-corrosion resistance must be high (no rusting)      

-price must be cheap    

2- Selection for candidate materials:    

Evaluating the required properties for c ar bumpers, it is possible to suggest the following materials as 
candidates: 

-polymers [(polymethyl metacrilate (PMMA), polypropylene (PP)] 

-metals (stainless steels, Al-alloys) 

-composites [carbon fiber reinforced plastics (CFRP), glass fiber reinforced plastics (GFRP)] 

3- Developing the candidates:  

Let us evaluate the candidate materials for c ar bumpers and give points in the light of t he requested 
properties. In this method; a ranking system is applied to the candidate materials according to their potential 
performance for the required properties. Then, a grading process is applied to the candidates among 1 to 10. If 
the candidate fully obeys the rule, 10 scores is given, otherwise 1 score can be consistent for the mentioned 
nominee. During the grading process for the materials selection issue, the designers’ experiences as well as 
the general materials data taken from the handbooks are used. The candidate materials are written into the 
columns and the required properties into the rows, and then materials properties are read from the Ashby’s 
[26] selection graphs and written into the related rows for the correct candidates (Table 1). 

Table 1. Car bumpers candidate materials and grading [26]. 

Property/Materials PMMA PP Stainless 
steel 

Al alloy CFRP GFRP 

Fracture toughness 
(MPa m1/2) 

1.5 (1p) 1 (1p) 50 (10p) 25 (7p) 20 (6p) 30 (8p) 

Density (Mg/m3) 1.2 (10p) 0.9 (10p) 7.8 (2p) 2.7 (5p) 1.7 (8p) 1.8 (8p) 

Formability +++ (10p) +++ (10p) ++ (8p) ++ (8p) + (6p) + (6p) 
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Corrosion resistance Excellent 
 

Excellent 
 

Good (7p) Good (7p) Good (7p) Good (7p) 

Cost (USD/kg) 15 (7p) 2.5 (10p) 60 (4p) 15 (8p) 400 (1p) 35 (6p) 

Total grading 38p 41p 31p 35p 28p 35p 

 

4- Selection of the optimum materials matching to the required properties 

It is seen from Table 1 that two polymeric materials can supply the optimum properties for the car bumper 
and therefore they have the highest grades, and they are PP (41 points) and PMMA (38 points). The 
mentioned polymeric materials are the optimum candidates due to their lower cost and density, easy 
formability and excellent corrosion resistance. Then the GFRP and Al-alloy have taken the part as candidates 
having 35 points each, respectively. However, these two candidates are placed behind the polymers due to 
their higher cost and unsuccessful properties for the requirement. After that, stainless steel comes with 31 
points as candidate materials. Nevertheless, stainless steel stays in the back about the material selection 
problem due to its high density (ie heavy material) and elevated cost issues despite its positive properties in 
ranking such as corrosion resistance and high fracture toughness. As a summary, PP and PMMA polymeric 
materials are selected for the optimum materials for a car bumper. 

3. COMPUTER AIDED MATERIALS SELECTION APPLICATIONS 
In the current study, CES Selector 2014 software is used for the computer aided materials selection method 
developed by Granta Design group heading by Ashby. In t he previous literature, there are a number of 
materials selection papers reported by several investigators [2,6,13] successfully using the CES Selector 
software. Useful information can be found in the system using search button, such as current investigation 
about the selected materials, properties for the alternative materials, and production processes. It is possible to 
find the data and their properties about alternative materials using the search button, if it is desired alternative 
materials can be developed using the available data base. Clicking selection button and using these data in the 
software, an assortment can be done according to the materials group  

For the materials selection, first tabbing for “selection” and then materials database is determined in software. 
Using the determined materials database, graphs are drawn depending on the properties and firm boundary 
conditions, thus materials selection process can be continued. For screening method, Ashby’s team Granta 
Design offered a software named as Granta Design as a graphic interfaced program [2,29]. It is possible to 
see the place of the materials group in the Ashby’s graphs shown for the relationship between two properties. 
In Figure 1, steps are seen for a graphical drawn for a sample selection.    
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Figure 1. Materials selection for a graphical drawn for application steps 

The other materials selection application is that the required boundary conditions are selected from the limit 
values in the software and selection process is finished. In this part, the selection is done determining for all 
required minimum and maximum boundary conditions taking into account of the material will be used in a 
place and the alternative materials are arranged accordingly in order. According to the given boundary 
conditions, the user can compare the alternative materials and then makes the materials choice for t he 
selection problem. 

3.1. A case study for car bumpers using CES selector software 
For the materials selection, first it is possible and beneficial to discover the data about the used materials, 
processes and properties from the software using the search button and this data will facilitate the selection 
issue. In Figure 2, the materials selection results are seen for the car bumper using search button in software.  

 
 

Figure 2. Search results in CES Selector for car bumper. 
 

In Figure 2 within the software, the alternative materials for car bumper within the different data base and 
forming methods for t hose materials are determined. In t his section, if it is desired selection issue can be 
completed taking into account of t he materials properties previously used. This part is especially quite 
beneficial for t he partly inexperienced users who has no i dea about the materials will be selected. In t his 
study, the selection process is continued in detailed evaluating the materials properties obtained after the 
searching. As a result of the evaluating the required properties and investigating the current materials for 
bumper materials, polymers, metals and composites are present as alternatives. Therefore, the choice of “all 
materials” within the “materials universe” database will be the best process due to giving the assortment 
facility for all materials in selection tag within the software.    

After the assortment for s uitable database, the selection process will be continued via giving the required 
boundary conditions. Within this part, firstly the selection for s uitable materials group i s done among the 
3920 candidates.  It is seen the selection process for materials group in Figure 3.  
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Figure 3. Selection prosess steps for materials group. 

 

From the “materials universe” database, 2851 materials are remained suitable for the selection of metals and 
alloys, polymers, plastics, elastomers and composites. From the required properties, it is possible to show the 
two properties comparatively inside a graph within the selection steps. For the bumper materials, due to the 
most significant property is fracture toughness, therefore the relationship between fracture toughness against 
density and corrosion resistance are given in Figure 4 and Figure 5, respectively.  
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Figure 4. Comparison for density properties depending on fracture toughness. 
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Figure 5. Comparison for corrosion resistance (galvanic potential) depending on fracture toughness  

 

The materials groups are seen as different colors in graphs. The passive materials in gray color are presented 
in eliminated materials depending on the boundary conditions entered in database. In this step, if it is desired, 
selection is done from the materials groups in the graphs, or for the more sensitive selection, the process can 
be continued via concentrating on this material group. In this study, the selection process will be continued 
via entering the required minimum and maximum limit values for t he materials. The determined and used 
boundary conditions for the materials are tabulated in Table 3.       

 
Table 3. The property and boundary condition used for car bumper materials selection  

 
 

For the materials properties, if it is necessary a value span can be determined, or w riting the required 
minimum or m aximum values will be sufficient as seen in Table 3. For the selection step, entering the 
boundary conditions are seen in Figure 6 via deciding the limits within the software.    
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Figure 6. Definition of materials limit values in software. 

 
As a result of entering the limit values, only 5 materials are stayed on suitable for the selection conditions. 
The remained materials are compared to each other and selection process is continued. In Table 4, there are a 
comparative table for the materials obtained from the software considering them to have suitable properties 
for bumpers after the screening process. Finally, the most suitable material selection is done evaluating the 
properties of form ability from the comparative table. In t he light of t he mentioned assessment, the most 
appropriate material is selected as PP (copolymer, conductive, 5% carbon powder) for car bumper. The 
current conclusion is consistent with the previous used materials and determined by the conventional 
(classical) method.  

4. EVALUATION FOR THE MATERIALS SELECTION METHODS AND 
CONCLUSIONS 
In the current study, the selection process is done in a practical way using a classical method as well as 
computer aided CES Selector software. In both methods, there are several selection steps such as 
prescreening, evaluating limit values, considering optimum properties, cost and formability criterions, and 
assessing the properties and deciding to the candidates depending on t he required properties. Due to the 
similar materials selection approaches within the classical method and computer aided software; consistent 
results are obtained in the examined case study.  

Due to the characteristic properties for t he car bumper are fracture toughness, corrosion resistance, lower 
density and cost, depending on the determined properties and boundary conditions, the best suitable material 
is found a s PP from the polymeric materials. However, as a result of t he selection by computer aided 
software, a PP (copolymer, conductive, 5% carbon powder) material can be directly and clearly selected. On 
the other hand, after the selection for candidates the material is clarified inside the group, if it is necessary a 
suitable database can be used for the more reliable and clear selection from the more alternatives related to 
the materials group such as (IDES Plastics).  

For classical materials choice method, the selecting personnel should have wide knowledge, skill and 
experience in detail. The technical personnel should recognize the materials and have idea about the materials 
properties. Furthermore, the mentioned personnel can follow the fast developing materials such as metallic 
materials, polymers, elastomers, ceramics, composites as well as the new processes due to the forcing market 
and science. This situation is quite difficult considering especially current 160 thousands and continuously 
updating materials spectrum. However, there is no need to intense knowledge for the users due to updating 
the related data by software firms in computer aided software. The user can determine the optimum material 
very fast and more accurately comparing among the obtained results via studying the selection alternatives 
and entering the materials limits into the software. Moreover, the obtained results can be repeatable, and this 
can remove the mistakes originating from the wrong knowledge of the user. 
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Table 4. Comparison of outgoing materials according to boundary conditions for car bumper materials. 
  ABS (10% stainless 

steel fiber) 
 PP (10-12% stainless 

steel fiber) 
 PP (copolymer, 

conductive, 5% carbon 
powder) 

Composition overview 

Base Polymer  Polymer  Polymer  

Polymer type ABS  PP  PP-copolymer  

Polymer type full name Acrylonitrile butadiene 
styrene  

Polypropylene  Polypropylene copolymer  

% filler (by weight) (%) 10  10 - 12  5  

Filler type Stainless steel fiber  Stainless steel fiber  Carbon powder  

Composition detail (polymers and natural materials) 

Polymer (%) 90  88 - 90  95  

Carbon (powder) (%) 0  0  5  

Stainless steel (fiber) (%) 10  10 - 12  0  

Price 

Price (USD/kg) 3.95 - 4.35  3.02 - 3.32  2.78 - 3.19  

Physical properties 

Density (kg/m^3) 1130 - 1150  991 - 1020  947 - 976  

Impact & fracture properties 

Fracture toughness (MPa.m^0.5) 1.99 - 2.39  1.9 - 2  1.12 - 1.18  

Ductility index 0.51 - 0.62  1.98 - 2.43  9.34 - 11.4  

Impact strength, notched 23 °C (kJ/m^2) 7 - 7.8  15.3 - 24.2  62 - 82.3  

Impact strength, notched -30 °C (kJ/m^2)  13.1 - 13.8  48.7 - 51.2  

Impact strength, unnotched 23 °C (kJ/m^2)  82.2 - 86.4  113 - 200  

Impact strength, unnotched -30 °C (kJ/m^2)  67.7 - 71.1  93 - 200  

Electrical properties 

Galvanic potential (V) -0.14 - -0.06  -0.14 - -0.06  0.07 - 0.15  

Processing properties 

Polymer injection molding Limited use  Limited use  Excellent  

Polymer extrusion Unsuitable  Unsuitable  Limited use  

Polymer thermoforming Acceptable  Unsuitable  Limited use  
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Abstract 
In today’s highly industrialized world, an enormous amount of wastes is originated from the construction indus-
try. This type of wastes conversely affects both macro-economic conditions and environment of a country or a re-
gion. Therefore, waste management is an important aspect of project management. Although there is a wide vari-
ety of construction materials, concrete is still the mostly used one in the construction industry and thus has a big 
impact on the amount of construction-based wastes. Reducing such wastes is among the objectives of the waste 
management issue in construction proMects. $ccordingly, the determination of waste sources is the first step to 
deal with them. Based on these arguments, the current paper presents a study that aims to identify the sources of 
fresh concrete wastes in ready-mixed concrete (RMC) plants as a part of an on-going research project. Toward this 
aim, production and delivery processes of RMC were reported and discussed in a detailed manner from the per-
spective of waste management. $s a result, four sources were identified for such wastes. It was also found out 
that only two types of these sources �i.e., over�order and residual 50& in the trucN�mixer drum� are quantifiable.
      
Keywords: construction waste, fresh concrete waste, ready-mixed concrete, waste sources.
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1. INTRODUCTION 
Today, construction wastes constitute approximately 20–40% of the area occupied by wastes in a country 
([16], [5], [10]). Construction wastes produced per year in England [8] and US [20] are estimated as 91 and 
164 million tons, respectively. Especially in developing countries such as Turkey where the construction 
industry is in a rapid development process (Figure 1), the rate of construction wastes is expected to be higher 
[19]. Therefore, minimizing or recycling construction wastes is a crucial activity for using the limited natural 
resources efficiently for a long term. 

Although there are different construction systems, reinforced-concrete structures are still common. Easy 
supply and low cost of ra w materials, easy forming, and low know-how requirement in the production 
process are main reasons of us ing concrete in construction projects. In a concrete building, the cost of 
concrete may rise up t o 10% of  the total project cost [3]. In a ddition, according to Turkish Ready Mixed 
Concrete Association [18], Turkey has an annual ready-mixed concrete (RMC) production amount of 102  
million m3 (Figure 2). 

 

 
Figure 1. Comparison of the economic role of the construction industry with the development of GDP in Turkey 

 

 
Figure 2. The annual production amount of RMC 
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This production amount places Turkey in the first rank in Europe and the third rank in the world (Table 1). 
Therefore, it can be argued that concrete wastes have a big impact on construction-based wastes, and reducing 
them will improve both macro-economic conditions and the built environment in Turkey. 

Waste management encompasses preventing, collecting, transporting, and disposal of wastes. Main principles 
of waste management are reducing, reusing, and recycling of wastes. Therefore, for a n effective waste 
management procedure in a construction site, it is important to determine which kinds of w astes can be 
reduced, reused, or recycled. Concrete wastes appear in two ways during the whole lifecycle of a construction 
project: (i) as the fresh concrete waste during the implementation phase and (ii) as the demolition waste 
during the destruction of the structure. 

Demolition wastes are generated as hardened concrete after the building completes its economic life. 
Therefore, reducing demolition wastes or recycling them to their raw materials seems impossible in the 
current technological conditions. However, reusing crushed demolition wastes as filling materials or 
aggregate for fresh concrete are common practices in the construction industry ([1], [11], [14], [15], [21], [2], 
[6], [13]). 

Fresh concrete wastes occur both in construction sites and in RMC plants at the start of the economic life of a 
project before concrete gets hardened. There are recycling facilities which separate the fresh concrete to its 
raw materials. Therefore, identifying the sources of fresh concrete wastes can be helpful both for determining 
preventive measures and for calculating the amount of this waste that can be recycled. In this context, the 
current paper presents a study that aims to identify the sources of fresh concrete wastes in RMC plants as a 
part of an on-going research project. 

 

Table 1. The RMC production amount of ERMCO countries in 2013 

Country  
Amount of 
Production 

(million m3) 

RMC per Person 
(m3/person) 

Spain 16.3 0.3 
İtaly 31.7 0.5 
Turkey (2013) 102 1.3 
Germany 45.6 0.6 
France 38.6 0.6 
England (UK) 19.6 0.3 
Portugal 2.7 0.3 
Belgium 12.5 1.1 
Poland 18 0.5 
İreland 2.4 0.5 
Netherland 6.6 0.4 
Norway 3.8 0.8 
Sweden 3.3 0.3 
Total of Europe 218.1 0.5 
Russia 44 0.3 
USA 230 0.8 
Japan 99 0.8 

2. LIFECYCLE OF THE FRESH CONCRETE 
Concrete is mainly used to produce the bearing elements of a  structure. Therefore, the quality of the fresh 
concrete has a big impact on the strength of a  structure. This quality depends on the mixing ratios of raw 
materials used in the fresh concrete production. For example, an increase of 2 0% and 30% of t he water 
content will decrease the strength of c oncrete by %30 and 50%, respectively [17]. Although the concrete 
quality is determined by internationally and nationally accepted standards, the fresh concrete produced in site 
by unskilled workers will likely have a high risk for qua lity. In addition, since the amount of concrete 
produced in site is limited, every production may also have different qualities. In order to overcome these 
problems, the fresh concrete is produced in RCM plants where the production is supported by automation 
systems and the product is transported by truck mixers to construction sites. 
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The production process in RMC plants starts with laboratory tests. In these tests, the quality of raw materials 
and their compatibilities are evaluated. In fact, these tests are conducted when new raw materials arrive to the 
batching plant. Therefore, each RMC plant has also a quality control department. After these tests are 
completed, for each concrete class a s pecific mixing ratio is determined and saved into the automation 
system. 

In RMC plants, concrete is produced in two ways: (i) dry system and (ii) wet system (Figure 3). In the dry 
system, cement and aggregate are mixed in truck mixers without adding water and admixture. The water and 
admixture are added at the construction site before concrete is poured. Nevertheless, this system seems to be 
logical when the transport distance is too long. If the transport time exceeds two hours, there will be some 
quality problems. If the moisture content of the truck mixer is too high, the chemical reaction between cement 
and aggregate will start before the necessary water is added. In addition, admixtures and water may be added 
by unskilled workers in site and the necessary mixing for a  homogenous concrete production may not be 
waited. Therefore, in RMC plants, the wet system is more common than the dry system. In the wet system, all 
of raw materials stored in different places are weighed separately and put into the mixing drum of the plant by 
means of the automation system. Since over-mixing will lead to segregation in the fresh concrete, the mixing 
process is continued for a  specific duration in mixing drums, and then, the mixed concrete is poured into 
truck mixers where the mixing process will continue until it arrives to the construction site [9]. Finally, in 
construction sites, the fresh concrete transported by truck mixers is poured into formworks by concrete 
pumps, and residual concrete is transported back to RMC plants. 

 

 
Figure 3. The operation schema of RMC plants 

3. SOURCES OF FRESH CONCRETE WASTES 
In order to identify the sources of fresh concrete wastes, three different RMC plants operating in different 
cities in Turkey were investigated as a part of an on-going research project. Each RMC plant was visited once 
a week for 12 m onths. After detailed observations, four sources for fresh concrete wastes were identified as 
follows. 

3.1. During the Filling Process of Truck Mixers 
Since the hopper of a  truck mixer is at the back side, truck mixers have to draw close backwards to the 
mixing drum’s discharging part. In this situation, depending on drivers’ abilities, sometimes the hopper and 
discharging parts do not match exactly, and as a result, some fresh concrete is unintentionally poured outside 
of the truck mixer. In addition, if the production stops for a  while or the concrete class changes, then the 
mixing drums should be washed up. In this process, some fresh concrete waste is generated. Although the 
amount of waste generated by each filling or washing up effort seems to be negligible, the sum of this waste 
in RMC plants with high production amounts becomes remarkable. For example, the waste amount shown in 
Figure 4 was produced within two hours in an RMC plant with an average daily concrete production of 750 
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m3. However, it is very difficult to measure the amount of this waste due to the intensive vehicle traffic. In 
practice, when the production stops, this waste is collected and stored by loaders in the debris area. 

3.2. Quality Control Laboratory 
In RMC plants, besides the quality control of raw materials, the quality of the fresh concrete has to be 
controlled. In practice, for this purpose, some fresh concrete from each production is taken and filled up into 
cube formworks in the laboratory of the RMC plant. In general, this exceeds the needed amount, and hence, 
some fresh concrete waste is also generated in this process. 

3.3. The Adhesive Concrete in a Truck Mixer’s Drum 
Although truck mixers try to pour all of the fresh concrete content in construction sites, there always remains 
some adhesive concrete in their drums. Therefore, after truck mixers return to RMC plants, their drums are 
washed up by adding about 200-300 liter water. In the context of the ongoing research project, in each visit of 
RMC plants, 10 truck mixers were washed and the waste content was measured. The preliminary statistical 
analysis revealed that approximately 500 kg  aggregate comes out as waste in the 100 m 3 fresh concrete 
production. 

 

 
Figure 4. The waste generation during the filling process 

3.4. The Over-Order Concrete 
In construction projects, wastes are inevitable. Therefore, the planned material amount rarely matches with 
the actual material need. Especially in concreting works, this difference can be observed more clearly due to 
some reasons such as the content of f iller blocks and reinforcement and poor workmanship. In orde r to 
overcome this problem, many planning engineers have the tendency of over-ordering materials. For this 
purpose, they determine a coefficient based on their own personal experience and multiply it with the planned 
amount [[12], [7], [4]). Nevertheless, since these coefficients are based on experience and are not exact 
values, almost in every order the residual fresh concrete occurs because of ove r ordering. However, in 
practice, this residual concrete is not stored in the debris area. Instead, if the transport duration does not 
exceed two hours, it is mixed with lower class concrete of another order and used in other projects. For 
example, if the residual concrete class is C30, it is mixed with C25. Therefore, this type of wastes is mostly 
encountered at the end of t he working day. Since this type of w astes is documented, the amount is 
measurable. 

The aforementioned types of wastes are a part of the production and are inevitable. In addition to these waste 
sources, it was also observed that fresh concrete wastes are also generated from a problem in production, such 
as the breakdown of some machines. Although the amount of this waste can be huge when compared with 
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other types of concrete wastes, it occurs rarely and randomly. For example, during on-plant observations, 3 
m3 fresh concrete was produced only once. 

Similar to other enterprises, the aim of RMC plants is to make some profits. In this respect, many RMC plants 
neglect the environmental impact of fresh concrete wastes and do not strive to reduce or recycle these wastes. 
Interviews with plant managers revealed that the low cost and easy supply of raw materials are main obstacles 
for taking countermeasures. 

4. CONCLUSIONS 
In today’s highly industrialized world, an enormous amount of wastes is originated from the construction 
industry. Since wastes are unused materials that do not have an economic value, they conversely affect both 
macro-economic conditions and the built environment of a  country or a region. In t his context, waste 
management becomes an important aspect of project management. 

For an effective waste management procedure, it is important to determine which kinds of w astes can be 
reduced, reused, or recycled. In this regard, the first step of waste management should be the determination of 
waste sources. In this study, it was aimed to identify the sources of fre sh concrete wastes in RMC plants. 
Toward this aim, three different RMC plants were observed in every week for a  year. The results revealed 
that fresh concrete wastes are generated in four different sources in an RMC plant (i.e., during the filling 
process of truck mixers, quality control laboratory, the adhesive concrete in the truck mixer’s drum, and over-
ordering). Because of the operation process of the batching plants, only adhesive concrete in the truck mixer’s 
drum and the over-order concrete are quantifiable. 
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Abstract 
Construction wastes are mostly generated during implementation and demolition phases of a project. Since these 
wastes are inevitable, waste management focuses on reducing, reusing, and recycling of wastes instead of elimi-
nating them. As the largest part of construction wastes, concrete is one of the mostly used materials in construc-
tion projects. Three raw materials of concrete (i.e., gravel, cement, and water) are natural resources, and over 
consumption can negatively affect the economy and environment of a country. In this regard, recycling of fresh con-
crete wastes is an important issue for waste management in the domain of construction. Although there are differ-
ent recycling facilities for fresh concrete wastes, ready-mixed concrete (RMC) plants in Turkey do not have to build 
them. In the current study, it was aimed to present the benefits of the recycling facilities for 50& plants in 7ur-
key as a part of an on-going research project. To this aim, different recycling facilities were compared with each 
other, and then, operation processes of these facilities were investigated by visiting some RMC plants. The results 
revealed that most of managers in these plants are aware of potential benefits of the recycling facilities. +owev-
er, they find managing these facilities difficult, and thus, most of them do not build these facilities in their plants.
      
Keywords: construction waste, fresh concrete waste, ready-mixed concrete, recycling facilities.
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1. INTRODUCTION 
The construction industry generates enormous amounts of w astes. Since these wastes are not used in the 
production process, they do not add any value to the project. Therefore, this kind of wastes conversely affects 
both macro-economic conditions and the built environment of a country. It is estimated that in England [7] 
and in the US [14] approximately 91 a nd 164 m illion tons construction waste are produced, respectively. 
Although the estimated total annual amount of solid wastes in Turkey is 38 million tons [8], there is no a  
scientific research that clearly addresses how much of t hese originates from the construction industry. 
However, according to Baytan [1] who estimated a concrete waste ratio of 6.1%, it can be assumed that the 
total construction waste in Turkey varies between 2 and 2.5 million tons. 

Due to the variety of m aterials used in construction projects, the type of w astes also varies. However, 
concrete wastes have the highest share of 50-55% by weight among other types of wastes ([6], [3]). In the 
concrete production, natural resources, such as water, gravel, and cement, are used. Therefore, the excessive 
consumption of c oncrete can cause environmental issues as well as economic problems. In this regard, 
minimizing or recycling concrete wastes has become a crucial issue for the construction industry to date. 

Concrete wastes are generated both during the implementation phase as the fresh concrete waste and during 
the demolition phase as the demolition waste. In the related literature, some studies demonstrated that the 
crushed demolition wastes can be reused as filling materials or aggregate for the fresh concrete production 
([2], [9], [11], [12], [16], [4], [5], [10]). Similarly, in practice, if a recycling facility is not used, the fresh 
concrete waste is stored in the debris area of the RMC plant and used as a filling material after it hardens. 

In Turkey, RMC plants have to build a sedimentation pond for fresh concrete wastes. In this sedimentation 
pond, only water can be recycled for the fresh concrete production and other raw materials are stored as waste 
in the debris area. On the other hand, although there are different recycling facilities for fresh concrete wastes, 
in Turkey the reuse of these raw materials is not common among RMC plants. In this study, it was aimed to 
present the benefits of t he recycling facilities for RMC plants in Turkey as a part of an on-going research 
project. To this aim, different recycling facilities were compared with each other, and then, the operation 
processes of these facilities was investigated by visiting some RMC plants. 

2. THE CONCEPTUAL BACKGROUND 
In developing countries such as Turkey, the construction industry is in a rapid development and thereby has a 
significant impact on the national economy. Since 2009, Turkey has been ranked first in Europe and third in 
the world with an approximate annual fresh concrete production amount of 100 m illion m3. Therefore, it is 
evident that an enormous amount of the fresh concrete waste is generated in Turkey. 

Although there are different recycling facilities for fresh concrete wastes, in Turkey the RMC plants do not 
have to use them. Especially, the low cost of raw materials is the main obstacle for the installation of these 
facilities [15]. In order to determine the utilization ratio of the recycling facilities, 284 RMC plants which are 
members of T urkish Ready Mixed Concrete Association [13] were contacted. Interviews conducted with 
plant managers via phones revealed that only 28% of these plants have a recycling facility and only 22% of 
them use these facilities in an active manner, as presented in Table 1. The difficulty in managing the 
operation process is the main obstacle of us ing a recycling facility. In fa ct, the result of t hese interviews 
showed that although most of managers are aware of benefits of utilizing the recycling facilities, they do not 
give adequate importance to this issue. In this context, the main goal of this study is to extend the utilization 
rate of the recycling facilities among RMC plants by introducing potential saving costs. 

 

Table 1. The utilization ratio of the recycling facilities among members of TRMCA 

  Existing Existing but not actively used Not existing Total 
Number of the Recycling Facilities 63 16 205 284 

Percentage (%) 22.18% 5.63% 72.18% 100.00% 

3. THE WORKING PRINCIPLES OF THE RECYCLING FACILITIES 
Fresh concrete recycling facilities mainly allows reusing the waste water and aggregate of unhardened 
concrete by separating it to its raw materials by means of some physical methods. In this context, although 
there are different types of re cycling facilities, their working principles are almost the same. A typical 
recycling facility consists of five different parts such as hopper, the clean water supply unit, the washing 
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drum, the aggregate discharge unit and the contaminated water discharge unit, as shown in Figure 1. First, the 
fresh concrete waste poured into the hopper is transmitted to the washing drum by a sieve which also has an 
inbuilt vibrator. After the preliminary separation performed by the sieve, the fresh concrete is concurrently 
washed and rotated in the washing drum. By this way, aggregates of t he fresh concrete are separated and 
discharged from the washing drum. The contaminated water produced during the recycling process is 
transmitted to sedimentation ponds for further reuse. Since the contaminated water contains small cement and 
aggregate particles, an agitator is built into the contaminated water discharge unit. 

Recycling facilities used in RMC plants may have different capacities, engine powers, or productivity values. 
However, basically, recycling facilities differs from each other due to two main features. The first feature is 
the existence of the discharge sieve. The discharge sieve is located in the aggregate discharge unit and used to 
separate wet aggregates from their water and small particle contents. Therefore, besides obtaining drier 
recycled aggregates, recycling facilities with discharge sieves can also increase the amount of the recycled 
water. 

The second feature is the operation method of the recycling facilities. In t his context, these facilities are 
grouped as manual and automatic systems. In m anual systems, the recycling facility has to be started 
manually after the hopper is filled with the fresh concrete and switched off m anually after the recycling 
process ends. In ot her words, an additional worker has to be employed for s uch recycling facilities. In 
automatic systems, the recycling process starts automatically after the weight of the fresh concrete poured 
into the hopper exceeds a certain value and stops automatically after the recycled aggregates are discharged 
from the facility. Therefore, in such systems, there is no need to employ an additional worker. 

 

 
Figure 1. Parts of a typical recycling facility 

4. SAVING COSTS OF THE RECYCLING FACILITIES 
According to RMC plants’ managers, the main obstacle of using a recycling facility in the batching plants is 
the difficulty in managing the operation process. In this respect, to most of the managers, as the recycling 
process is a time consuming activity, truck mixer drivers do no t want to wait this process, and hence, an 
additional worker has to be employed. However, as mentioned before, automatic recycling facilities do not 
require to follow the recycling process. In other words, the utilization of automatic systems can eliminate the 
aforementioned reasons. In this study, as a part of an ongoing research project, it was aimed to determine 
benefit costs of an automatic recycling facility. For this purpose, document records of an RMC plant which 
utilizes a recycling facility and has a monthly fresh concrete production amount of 10, 000 m3 were 
investigated, and an interview was conducted face-to-face with the manager of this plant. 

Utilizing a recycling facility not only allows reusing the waste water and aggregate but also reduces the 
disposal cost of the waste material. In this regard, an RMC plant that utilizes a recycling facility can save 
costs in three different items. According to document records, it was calculated that the investigated RMC 
plant saves approximately 1,080 tons of w ater and 300 t ons of aggregates by recycling the fresh concrete 
waste in a month. In addition, in the context of the on-going research project, it was estimated that, in the 100 
m3 fresh concrete production, 500 kg aggregates come up as residual from truck mixers’ drums. Therefore, 
the total amount of re cyclable aggregates can increase up t o 350 tons for t he investigated RMC plant by 
taking into account its monthly production. Similarly, assuming that 75% of t he fresh concrete ingredient is 
formed by aggregates, the investigated RMC plant can also save from the disposal cost of 467 t ons of the 
concrete waste. The unit cost of each cost item was taken from the TRMCA databank, and hence, saving 
costs for the investigated RMC plant was calculated as $5,092 per month, as given in Table 2. 
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Table 2. Saving cost items of the investigated RMC plant 

Benefits 
Monthly Quantity 

(Ton) 
Unit cost per Ton 

($) 
Monthly Sum 

($) 

Water 1,080,000 lt 0.5 540 

Aggregate 350 t 5 1,750 

Disposal 467 t 6 2,802 

Total 5,092 

5. CONCLUSIONS 
Concrete is one of the widely used materials in the construction industry. Therefore, an enormous part of the 
construction waste is originated from concrete. The reduction, re-use, and recycling of t his waste can 
positively contribute to the economy and built environment of a country. In this respect, crushed demolition 
wastes are used as filling materials or a ggregates in the fresh concrete production. Similarly, by using 
recycling facilities, fresh concrete wastes are recycled to its raw materials, and water and aggregates obtained 
from this recycling activity are reused in the new fresh concrete production. 

Although there are different recycling systems available in the market, they are not common among RMC 
plants operating in Turkey. In addition to the fact that there is no a  legal obligation for us ing them, the 
difficulty in managing the recycling process seems to be the main obstacle. In t his study, it was aimed to 
introduce the benefits of t he recycling facilities to RMC plants from a cost-based perspective. For this 
purpose, operation principles of the recycling facilities were explained, different recycling facilities were 
compared, and potential saving costs of a n RMC plant that uses a recycling facility were calculated. The 
results revealed that managing automatic recycling facilities is not as difficult as assumed and that the 
investigated RMC plant can save about $5,092 per month by using a recycling facility. 

This study is a part of an ongoing research project and has not been completed yet. In this context, in the 
future, more RMC plants using recycling facilities can be investigated in order to estimate the statistically 
acceptable values of s aving costs. In a ddition, the establishment and maintenance costs of t hese recycling 
facilities can be determined by contacting with the related manufacturers of the recycling facilities. Finally, 
the profitability analysis can also be conducted for such facilities. 
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Abstract 
In this study, the extension of metals was measured using a Michelson interferometric measuring system. The result-
ing signal was analyzed using video processing. In order to improve the measurement performance noisy signal were 
filtered. )or filtering, standard *aussian filtration, which commonly used for such applications and a new approach 
wavelet filtering method is used. *aussian filtering relative error obtained as ��.� and Wavelet filtering relative error 
obtained as ��.�. 7he results show that the wavelet filtering method is more successful for interferometric video signals.
      
Keywords: Expansion Measurement, Wavelet Filtering, Interferometry, Video Processing
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1. INTRODUCTION 
Nowadays interferometric systems, that uses the interference property of the light, have an important 
application area in optoelectronics. Interferometric displacement measurement systems are one of t he 
commonly used systems in the precision displacement measurements [1].  
Masuda, has carried out a thermal expansion measurement of Corundum  (Al2O3) with a differential laser 
interferometer system that using He-Ne laser up to temperature of 1000K [2]. 
Suska, has measured the linear thermal expansion coefficients of rod-shaped materials having the dimensions 
of 60 mm2 × 40 mm2 and size of 100 mm-1300 mm by using the laser interferometric method, between 10°C 
- 40°C [3]. 
Zagar, has measured the amounts of heat expansion of copper samples at 4 different temperatures using laser 
interferometer separately, and then has tested the linearity of the system [4]. 
Demarest has described an electronic interferometric measuring system with high-resolution, high speed and 
reduced amount of unc ertainty in laser measuring systems. In his study, he has evaluated the relationship 
between the structure of i nterferometric measuring system and measurement performance of l aser 
displacement sensor [5]. 
Zhang, has measured the surface roughness and amount of di splacement using an optical sensor, 
simultaneously. As a result of the experiments using 10 different surfaces, 100% reliable surface 
classification has been made [6]. 
Neubert and his colleagues have designed a high-speed dilatometer to test expansion and contraction of solid 
subjects. They have achieved a 0.3 nm resolution by using the differential interference measurement method. 
Induction furnace for used in the system was working with induction heating and gas cooling system and was 
heated to 1600°C [7]. 
James and his team have investigated the determination of thermal expansion coefficients of materials in the 
process of e xpansion and contraction of m aterials at high temperatures of metallurgical processes by 
computer-based process modeling of thermal deformation resulting from stress and strain of materials. They 
have introduced the dilatometer for m easurements at high temperatures, mechanical, optical imaging and 
interference systems, x-ray diffraction methods and electrical pulse injection techniques [8]. 
Schödel, by taking into account the significantly growing demand for information on dimensional stability 
and thermal expansion properties of hi gh-tech materials, has investigated the recent developments in 
elongation and thermal expansion measurements using PTB sensitive interferometers. It was found that, for 
samples of uncertainty of thermal expansion measurement is constant and being 10-9 K-1 or less [9]. 
In this study gauss and wavelet filters examined to increase measurement performance on the interferometric 
systems. This filters were realized by using MATLAB platform. The results that obtained via wavelet filter, 
which proposed as a new method, were analyzed. 
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2. EXPERIMENTAL SETUP 
Main parts of the experimental setup are shown in figure 1.  

 

Figure 1. Experimental setup 

Experimental setup consist of interferometric system, video hardware and software. 

2.1. Hardware Implementation 
Thehardwarestructure of themeasurementsystemconsist of M ichelsoninterferometer, video 
cameraandcomputer. Thermalexpansion test device (LETI-1), whichproducedbyLambdaScientificPty. 
Ltd.,usedforMichelsoninterferometersystem. Video wasrecordedbySamsung VP-D351 digitalcameravia IEEE 
1394 port. 

2.2. Software Implementation 
Software part of measurement system shown in figure 1. The interference video signal  was processed by a 
programme written in MATLAB/Simulink software. The process steps are signal reduction, filtering, 
thresholding, labeling and fringe counting. 
 
Signal Reduction 
 
The frame dimension of the interferogram video signals are 736x576. one video signal composed of many 
frame, so matrix based processing is not easy for in this big frames. This process increases the computational 
load. The frame dimensions of video were reduced to 21x154 by using sub-matrix block in Simulink.  
 
Filtering 
 
There are many parasites in interferogram video signals that caused from laser intensity variation over time, 
quality of camera sensor and ambient. At this point, the filter types play an important role to prevent possible 
deviation that may be occur in the results.  For this aim, gauss and wavelet filters were used.  
 
Wavelet Filter 
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The wavelet transform (WT) is a method of converting a function (or signal) into another form which either 
makes certain features of the original signal more amenable to study or enables the original data set to be 
described more succinctly. To perform a wavelet transform it needed a wavelet which, as the name suggests. 
In fact, a wavelet is a function   which satisfies certain mathematical criteria. A wavelet is compared to a 
section at the beginning of a  signal to calculate the time-scale wavelet coefficient that shows the degree of 
correlation between the wavelet and signal section. The wavelet is translated in time and the process is 
repeated until the whole signal is covered. The wavelet is scaled again and the previous process is repeated 
for all scales. 
The denoising procedure consists of the following steps, 

x Choose a wavelet and choose decomposition level, Compute the wavelet coefficients of a signal. A 
large number of wavelets to be chosen for d enoising. The best one depends on s ignal and 
application. 

x For each level, select a threshold and apply soft or ha rd thresholding to the detail coefficients. 
Setting the thresholds is essential part of d enoising. There are many thresholding selection rules 
(universal threshold, Stein's Unbiased Risk Estimate method, minimax method, hybrid method 
etc.). 

x From the modified wavelet coefficients of the details the denoised signal is reconstructed. 
 
Thresholding 
 
The thresholding phase is used to convert the video signal from the former phase into dual images with 
automatic threshold values. Determination of threshold value is made by threshold phase, using the method 
developed by Otsu. The contrast of minimized pixel groups in the first image was separated in a histogram 
and a threshold value was determined. According to pixel brightness value (either below or a bove the 
threshold value), the image frame was formed as a dual image containing a binary number set 
 
Labelling 
 
The block tags connected elements in the image frame of the video signal which was transformed into dual 
image form and the reference number of the elements were transferred to an output.  A tagging matrix was 
developed, within which a pixel equal to 0 represents base, a pixel equal to 1 represents the first connected 
element and a pixel equal to 2 represents the second connected element. 
 
Fringe Counting 
 
The binary number value was converted into the decimal system and transferred to fringe counting phase. 
After the number of sliding interference fringes due to displacement were detected, the amount of extension 
in the experimental material was calculated with equation 1.   

NL
2
O

='          (1) 

In this equation, ΔL corresponds to the extension amount; λ; He-Ne corresponds to laser 
wavelength laser and N corresponds to the number of fringes. The sub-system of the 
result phase allows the amount of expansion to be calculated in units of µm. 
be calculated in units of µm. 

3. RESULTS AND DISCUSSION 
In the experiment, a copper bar which expansion coefficient is   w as used.  The temperature changed from 
20°C to 50°C a nd interferometry system counted 302 fri nges when gauss filter was used. This number 
correspond to expansion of 95.75µm. When wavelet filter used, system counted 299 fringes and that value 
correspond to expansion of 94. 64µm. In t his temperature range, theoretical expansion is 92.7µm. Relative 
error is calculated for Gauss and wavelet filters %3.3 and %2.1 respectively. 

4. CONCLUSION 
Gaussian and wavelet filters were used separately for interferogram video signals.  Filter performances were 
compared by observing expansion results. Gaussian filtering relative error obtained as %3.3 and Wavelet 
filtering relative error obtained as %2.1. The results show that the wavelet filtering method is more successful 
for interferometric video signals. 
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Abstract 
Planning, conducting and control of maintenance activities enable to the highest level of availability of transport 
vehicles in the Àeet is one of the most important aspects of transportation. 0aintenance is a set of activities that 
carry out to Neep a system or equipment in operation. 0aintenance activities are basically divided into two types 
as preventive maintenance and corrective maintenance. )ailure distribution of machines and equipment has to be 
Nnown for planning space parts, labor and tools. 7his can be determined by using failure data and suitable statis-
tical method. In this study, failure distribution parameters of welding machines which is used in ship construction 
were determined by using real failure data. $pplied method was shown for the equipment which is vitally important.
      
Keywords: Failure distribution parameters, ship construction, maintenance, welding machine.
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1. INTRODUCTION 
One of t he most important problems of pe ople in our da y is construction. It has become a real problem 
especially in transportation system such as ship construction. (MEB, 2014: 1). 

Ship construction process should be formed and managed properly in order to ensure completion of t he 
process in time. The maintenance planning of welding machines used in ship construction should be arranged 
such that availability is always at a maximum level. In addition, spare part, labor and equipment planning 
should also be carried out properly so that maintenance activities can be carried out as planned. It is possible 
to do this for preventive maintenance activities since the times have already been scheduled. However, the 
same is not true for corrective maintenance activities. Because it is not known when there will be a failure. If 
the past failure data are available for the system or component for which corrective maintenance activities 
will be carried out, this uncertainty can be decreased significantly. Since past failure data will fit a certain 
statistical distribution and if the parameter values for this distribution are determined then it is possible to 
carry out spare part, labor and equipment planning based on the failure time estimations. 

2. MAINTENANCE 
Maintenance covers all the actions carried out to repair or to ensure that a unit, part or equipment continues to 
work under certain conditions (Dhillon, 2002). With regard to production systems, maintenance activities are 
those that are carried out so that all production systems or c ertain equipment are in working order. This 
definition shows that maintenance function covers not only intervention to a failure but also proactive tasks 
such as routine inspection, preventive maintenance, replacement and condition monitoring.  

Various decisions related with specifications, purchasing, planning, operating, performance evaluation, 
development, replacement and scrapping are made for every stage of the life curves of v arious technical 
systems such as factories, machinery, equipment or pl ants within the scope of maintenance management. 
Maintenance management is thus the management of physical assets based on this wide perspective (Köksal, 
2007: 13). 

2.1. Corrective Maintenance 
It would be wiser to explain the concept of failure prior to corrective maintenance. Failure is the stopping of a 
system or t he decrease in production rate and/or quality due to an unpreventable reason. In t his method, 
intervention or repair is carried out after the failure. The machine or machines stop until repair. Maintenance 
crew and maintenance workshop strive to start the production system in the shortest possible time. Spare 
machines or spare parts are put into use if any so that the line continues working.  

In corrective maintenance, a machine does not go t hrough maintenance unless there is a failure. Other 
maintenance works are carried out with the repair when there is a failure. Most of the repairs are quick-fixes 
that are made to ensure that the failed part is repaired and that the machine continues to operate. These 
companies operate as minimum repair and work with professional maintenance companies for l arge 
maintenance-overhaul works. This is a management approach that minimizes maintenance crew and material 
costs (Köksal, 2007: 54). 

Corrective maintenance is observed most frequently in the following cases (Köksal, 2007: 54): 

x Small workshops with general purpose universal workbenches, 

x Facilities that are planned to be sold out because they have become outdated or idle due to the 
changes in the market, 

x In cases when there is more than one spare equipment in the facility (e.g. when there are three 
parallel connected equipment and one of them fails) 

x Activities that support main production (forklift, compressor and similar equipment) 

2.2. Preventive Maintenance 
In this method, the machinery equipment, buildings or facilities go through inspection at certain periods and 
before any failure arises and protective activities such as machinery adjustment, cleaning, part replacement, 
painting and other minor repairs are carried out if necessary. It is a preventive activity (Köksal, 2007: 54-55). 

Preventive maintenance should have the following properties (Köksal, 2007: 54-55): 
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x Oiling: An oiling program should be included in all preventive maintenance policies. It should be 
carried out with trained personnel. 

x Inspection: The condition of m achinery equipment is under constant control with regular 
inspections. It should be decided to stop the machine for maintenance prior to the arising of any 
changes due to heat, vibration or wear. 

x Programmed power off or maintenance: It is the planning of short or long term general maintenance 
or power off maintenance work. Transfer workbenches, heat treatment ovens, presses and reactors 
for short term. 

The preventive maintenance activities listed above are generally carried out outside the production hours so 
that the operation is not stopped. 

3. FAILURE DISTRIBUTIONS 
When the failures in a system or component are recorded, it will be observed that the failure data fit a certain 
statistical distribution. When the current failure data are evaluated statistically, it will fit a distribution and the 
parameters of t hat distribution will take on va lues. The parameter values of t he distribution will yield the 
failure distribution of t he related system or component. Based on t his information, failure times will be 
estimated and maintenance planning will be made.  

Even though there are many models used for failure distribution, the most widely used are weibull 
distribution, exponential distribution and normal distribution. 

3.1. Weibull Distribution 
Weibull distribution was put forth by Waloddi Weibull in 1951 in order to estimate the life times of 
machines. Today, it is used in the statistical models that are part of the science of engineering as well as in 
life data analysis. Weibull distribution is widely used in models that will be set up for the data set related with 
failure ratios which in some cases has a Rayleigh or e xponential distribution based on t he values that the 
shape parameter takes.  

In general, the Weibull distribution is one that has a scale and shape parameter. The two parameter weibull 
probability density function is given below: 

݂(ܶ) = ߚ
ߟ ቀ

ܶ
ቁߟ

1−ߚ
𝑒𝑒𝑥𝑥 − ቀܶߟቁ

ߚ
൨                                                                                                                         (1) 

Here, f(T) ≥ 0, T ≥ 0, β > 0, η > 0 and β is the shape parameter, η is the scale parameter. The two parameter 
weibull cumulative distribution is given below: 

(ܶ)ܨ = 1 − 𝑒𝑒𝑥𝑥 − ቀܶߟቁ
ߚ
൨                                                                                                                                 (2) 

One of the parameters of the Weibull distribution is the shape parameter and the reason for various different 
distributions is the value that the shape parameter takes. Failure rates increase over time when the slope value 
ranges between 0 a nd 1, that is when 0 < β <1. As a special case, when β =1, "f(T)=1/η  exp(-T/η)" 
distribution is an exponential distribution. Here, "1/η  =λ" represents the failure rate. When β = 2, it becomes 
the rayleigh distribution (Zeytinoğlu, 2009: 74). 

4. DETERMINING THE PARAMETER VALUES OF THE DISTRIBUTION 
Statistical models mostly depend on da ta for estimations. The accuracy of any estimation depends on t he 
completeness and quality of t he data to be used. A good e stimation can be made when a good data set is 
combined with the right model. The data that we will use when determining the parameter values of failure 
distribution may not be complete, they may include some uncertainties. Thus, we can classify the data used 
for analysis as complete data and censored data. 

4.1. Complete Data 
Complete data means that every sample unit has been observed and is known. For example, if we are testing 
five units and if all five of these units have failed during testing then it means we have complete 
data(http://reliawiki.org/index.php/Life_Data_Classification, 03.06.2013: 
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Figure 1. Complete data 

4.2. Censored Data 
In many cases, not all sample units fail during testing or there may be instances when we cannot detect the 
exact time of fa ilure. Such data are known as censored data. There are three types of censored data: right 
censored, interval censored and left censored(http://reliawiki.org/index.php/Life_Data_Classification, 
03.06.2013:1). 

4.2.1 Right Censored Data 
It is the most common among censored data. For example, if we have tested five units and if only three of 
these units have failed until the end of the test, it means we have two right censored 
data(http://reliawiki.org/index.php/Life_Data_Classification, 03.06.2013:1). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Right censored data 

4.2.2 Interval Censored Data 
Interval censored data represents the uncertainty regarding the time of failure of the tested unit. Thus, it is not 
certain when the unit has failed. This is observed in cases when the related unit is not under constant 
monitoring. For example, if we are testing 5 units and we observe these units every 100 hours, we can only 
know if the units failed between the observation times. If we are to give a more detailed explanation; if we 
observe that the unit is functioning at the end of the first 100 hours and that it has failed at the end of the 
second 100 hours , we can state that this unit has failed during 100-200 
hours(http://reliawiki.org/index.php/Life_Data_Classification, 03.06.2013:1). 
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Figure 3. Interval censored data 

4.2.3 Left Censored Data 
It is known as "left censored data" in English. For left censored data, we can know if the tested units have 
failed before a certain time or not. For example, we can state that the unit has failed before 100 hours , 
however we cannot give an exact time. In other words, this means that the unit has failed at some point in the 
0-100 hour interval (http://reliawiki.org/index.php/Life_Data_Classification, 03.06.2013:1). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Left censored data 

5. APPLICATION 
Failures of w elding machines used in ship construction have been handled in the application. Welding 
machines play an important role for ship construction process. Indeed, welding machines failures 
significantly effect it. 

Maximum likelihood estimation method, probability plotting, least squares method and moment method can 
be listed as methods used to estimate the parameter values of fa ilure distribution. In t his study, welding 
machines failure data were used to calculate the weibull distribution parameter values using Weibull++ 
software in accordance with the maximum likelihood estimation method.  

5.1. Maximum Likelihood Estimation Method 
݇andܿ are shape and scale parameters respectively in Weibull distribution. Maximum likelihood estimation is 
one of the methods used to calculate these parameters. Failure data comprise a set of n elements such as 
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,2ݒ,1ݒ … … … … . ݊ݒ   when using this method. The probability of ܸ = 𝑖𝑖ݒ  in the observation is proportional 
with݂(ݒ𝑖𝑖 ;݇, ܿ). Similarly, the probability of events occurring can be expressed as ܸ = 1ݒ … …ܸ = ݊ݒ . Since 
the events are independent of each other, the probability of events ܮ = ς , … … .ܸ1݊ = ݊ݒ  occurring can be 
written as such: 

ܮ = ς 𝑖𝑖ݒ)݂ ;1݊ ݇, ܿ)                              (3) 

Scale parameter; 

ܿ = ቂσ ݊݇(𝑖𝑖ݒ)
𝑖𝑖=1
݊ ቃ

1
݇                               (4) 

Shape parameter; 

݇ = σ 𝑖𝑖݇݊ݒ
𝑖𝑖=1 (𝑖𝑖ݒ)݊ܫ
σ 𝑖𝑖݇݊ݒ
𝑖𝑖=1

− σ ݊(𝑖𝑖ݒ)݊ܫ
𝑖𝑖=1

݊ ൨
−1

                              (5) 

is obtained with these equations. 

It is difficult to solve the equation since it is iterative. Hence, it is not a method used before modern 
technology. 

5.2. Determination of Failure Distribution Parameters 
The analysis was conducted with torch failure data of welding machines which is used in ship construction. 
Failures of torches are of crucial importance for welding machine because they affect running of the system 
substantially. Welding machines have 198 torches totally. Failure data of the torches was recorded for 3963 
days. 165 torches failed during the analysis period and the remaining 15 torches have not had any failures. 
Thus, we have 165 complete data and 15 right censored data. 

Failure data of the torches have been entered in the Weibull++ software and the weibull distribution 
parameters for it have been determined. “Failure” expression was used for complete data while entering the 
failure data into the software, whereas “Suspension” expression was used for censored data. The time value 
for censored data covers the time period from the starting time of the related torch to the end of the analysis 
process. Parameter values for the two parameter weibull distribution have been determined as β=1,852 and 
η=19951,916 in hours. In addition, the mean time to failure value for the torches has been determined 
approximately as 17720 hours. In other words, the average life of them is 17720 hours. The screenshots of the 
software used for analysis have been given below: 
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Figure 5. Screenshot of analysis 

 
Figure 6. Screenshot of analysis 

 

 

 

 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

6. CONCLUSION 
Planning of s pare parts, labor and equipment to be used in maintenance activities has to be carried out 
accurately in order to ensure that the planning activities are executed in a planned manner. It is possible to do 
this for pre ventive maintenances, because the maintenance times are predetermined. However, the 
maintenance time is not certain for corrective maintenance activities since it is not known beforehand when a 
failure will arise.  

In this study, failure data of w elding machines used in ship construction have been used to determine the 
failure distribution parameters via Weibull++ software in accordance with the maximum likelihood 
estimation method. In this way, failure times will be estimated and corrective maintenances will be carried 
out in proper manner. Since the spare part, labor and equipment planning will be carried out in accordance 
with this estimated value. 
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Abstract 
In this study, the forced convective heat transfer and Àuid Àow of 7i2��water nanoÀuid through the trape]oi-
dal cross�sectioned microchannel having corner angle of ��� was numerically investigated. 7he Àow was con-
sidered as three�dimensional steady�state thermally and hydrodynamically developing laminar Àow condition 
�����5e������. 7he constant heat Àux was applied at the bottom and side surfaces of the microchannel. 7op 
surface of the microchannel was insulated. 7he hydraulic diameter and the length of the trape]oidal micro-
channel were considered as ��� �m and � cm, respectively. 7he numerical analyses were performed for different 
nanoparticle volume concentrations ��   �� � vol.�� of 7i2��water nanoÀuid. 7he convection heat transfer coef-
ficient and the 'arcy friction factor values were obtained from numerical calculations. $s a result, it is observed 
that the convective heat transfer coefficient increases with increasing in nanoparticle volume concentration. 7he 
maximum convective heat transfer enhancement was obtained to be ��.��� for 7i2� nanoparticle addition of �.� 
vol.�. +owever, the 'arcy friction factor is not affected by the increasing in nanoparticle volume concentration.
      
Keywords: ConYection Keat transIer coeI¿cient, 'arc\ Iriction Iactor, )orced conYection,7i2��Zater nanofluid, 
7rape]oidal microcKannel�
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1. INTRODUCTION 
Nanofluids are new class of fl uids which consist of a  base fluid with nano-sized particles (1–100 nm) 
suspended within them. Using nanofluids are very important topic for heat transfer applications recently 
because of the fact that their higher heat transfer performance compared to that of their base fluids. They are 
prepared through addition of m etallic or non -metallic nanoparticles to conventional fluids such as water, 
ethylene glycol (EG) and engine oil. In recent years, nanofluids have been considered as a next generation 
heat transport fluid for a  wide application areas, which microelectronic cooling is one of them. The micro 
tube heat exchangers were used for cooling microelectronic equipment. Using the nanofluids in micro tube 
heat exchangers enhance the convective heat transfer ratios. Hence, heat transfer and fluid flow characteristics 
of nanofluid flow in microchannels is becoming important issue for he ating and cooling applications of 
microelectronic equipment. 

Choi [1] first proposed in 1995, nanofluid as a new type of fl uid that consists of uniformly dispersed and 
suspended nanometersized particles. A number of studies have been performed on the thermal conductivity of 
nanofluids, and considerable thermal conductivity enhancement has been consistently achieved at very low 
concentrations of nanoparticles as compared with that of base liquid [2–5]. Kayhani et al. [6] experimentally 
analyzed the heat transfer and pressure drop of TiO2/water nanofluid flow in circular cross-sectioned duct. 
The study was performed under turbulent flow condition. Different volume concentration of nanofluids (0.1, 
0.5, 1.0, 1.5 and 2.0%) was used in the experiments. It was obtained that heat transfer coefficients increased 
with increasing nanofluid volume fractions. Zhang et al. [7] performed the experimental study for TiO2/water 
nanofluid flow in a multiport minichannel flat tube. The nominal diameters of TiO2 nanoparticles of 10, 30, 
and 50 nm were dispersed in water at various volume concentrations ranging from 0.005% to 1%. The study 
was carried out for 100<Re<6100. Nusselt numbers obtained from experimental analysis did not increase 
with increasing volume concentration and decreased with increasing particle diameter. The forced convective 
heat transfer of nanofluids, made of TiO2 nanoparticles and water or ( ethylene glycol/water mixture) were 
used for the experimental study performed by Vakili et al. [8]. The experiments were conducted in a straight 
vertical pipe under laminar and turbulence forced flow conditions. The nanofluid convective heat transfer of 
water and ethylene glycol/water mixture was compared with base fluids. It was obtained in this study that, the 
mixture consisting of 60 wt.% ethylene glycol and 40 wt.% distilled water has more convective heat transfer 
coefficient rates than the nanofluid of di stilled water. The enhancement of c onvective heat transfer for 
addition of TiO2 nanoparticles with increasing particle concentration was also observed. Another 
experimental study, Arani and Amani [9] investigated the effect of nanoparticle volume fraction on the 
convection heat transfer characteristics and pressure drop of TiO2/water nanofluids with nanoparticle volume 
fraction between 0.002 and 0.02 in a horizontal double tube counter-flow heat exchanger under turbulent flow 
condition. It is observed that the Nusselt number increases with increasing the Reynolds number or 
nanoparticle volume fraction. The heat transfer and friction characteristics of turbulent forced flow of 
TiO2/water nanofluids in elliptical tube were numerically investigated by Hussein et al. [10]. Four different 
volume concentrations (0.25%-1%) and different TiO2 nanoparticle diameters (27 nm - 50 nm) was used. The 
constant surface heat flux was applied at the tube surface. The results showed that the Nusselt number and 
friction factor increased with decreasing TiO2 nanoparticle diameters but increasing volume concentrations of 
TiO2 nanoparticles. Nitiapiruk et al. [11] investigated the convective heat transfer performance of a  
microchannel heat sink using TiO2/water nanofluid. It is observed from the experimental study that the use of 
the model which is based on experimental data is very important to estimate the friction factor, while the use 
of different models to calculate of t hermal conductivity has no c onsiderable effect on t he prediction of 
Nusselt number. An experimental work was carried out on the TiO2/R600a nano-refrigerants used in a 
domestic refrigerator by Bi et al. [12]. The refrigerator performance was investigated using energy 
consumption and freeze capacity tests. It was obtained the refrigerator performance was better than the pure 
R600a system. Also, it was suggested that using TiO2/R600a nano-refrigerant in domestic refrigerators was 
feasible. 

It is obtained from literature review that the heat transfer characteristics of base fluids increase with adding 
nanoparticles. Nevertheless, there is no detailed investigation about TiO2/water nanofluid flow in trapezoidal 
cross-sectioned microchannel. It is aimed to close this gap in the literature in this study.In this study, the 
forced convective heat transfer and fluid flow of TiO2/water nanofluid through the trapezoidal cross-sectioned 
microchannel having corner angle of 45 o was numerically investigated. The numerical analyses were 
performed for different nanoparticle volume concentrations (Ø=1-4 vol.%) of TiO2/water nanofluid.The flow 
was under hydrodynamicallyand thermally developing laminar flow condition (100≤Re≤1000). The constant 
heat flux was applied at the bottom and side surfaces of t he microchannel. The average convection heat 
transfer coefficient and the average Darcy friction factor values were obtained from numerical calculations. 
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2. NUMERICAL PROCEDURES 
Laminar forced flow and heat transfer of TiO2/water nanofluid in a trapezoidal cross-sectioned microchannel 
was investigated numerically. Since the flow field is symmetric, only one half of t he channel has been 
considered in the numerical calculations for reducing the computational time. The constant heat flux of ''

wq
=10000 W/m2 was supplied at the top and side surfaces of the microchannel. The hydraulic diameter and the 
length of the trapezoidal microchannel were considered as 150 µm and 5 cm, respectively. Schematic diagram 
depicting the cross-section of the computational domain was presented in Figure 1. The geometrical 
dimensions of the trapezoidal cross-sectioned microchannel were also given in Table 1. 

 

 
Figure 1.The cross-section of the trapezoidal microchannel 

 

Table 1. The geometrical dimensions of trapezoidal microchannel 

ș H �ȝm� W1 �ȝm� W2 �ȝm� C �ȝm� 
45º 100 522.76 322.76 141.42 

 

Infinitesimal (less than 100 nm ) solid particles are considered to be able using single phase approach, so 
single phase approach was adopted for nanofluid modeling and the fluid phase was assumed to be as a 
continuous. The following assumptions were adopted for this study: (i) Both heat transfer and fluid flow in 
microchannel were in three dimensional and steady-state; (ii) fluid flow was incompressible and laminar 
flow; (iii) the physical properties of nanofluid, such as density, specific heat, thermal conductivity were taken 
as temperature independent; and (iv) negligible buoyancy effect, viscous dissipation and radiation heat 
transfer. With mentioned above assumptions, governing equations; continuity, momentum and energy are 
given, respectively:  

Continuity Equation:  0w w w
+ + =

w w w
U V W
X Y Z

     (1) 

x-Momentum Equation: 
2 2 2

2 2 2

1 § ·w w w w w w§ ·+ + = − + + +¨ ¸¨ ¸w w w w w w© ¹ © ¹

U U U dP U U UU V W
X Y Z dX Re X Y Z

     (2) 

y-Momentum Equation:
2 2 2

2 2 2

1 § ·w w w w w w§ ·+ + = − + + +¨ ¸¨ ¸w w w w w w© ¹ © ¹

V V V dP V V VU V W
X Y Z dY Re X Y Z

  (3) 

z-Momentum Equation: 
2 2 2

2 2 2

1 § ·w w w w w w§ ·+ + = − + + +¨ ¸¨ ¸w w w w w w© ¹ © ¹

W W W dP W W WU V W
X Y Z dZ Re X Y Z

 (4) 

Energy Equation: 
2 2 2

2 2 2

1
.

T T T T T T§ ·w w w w w w§ ·+ + = + +¨ ¸¨ ¸w w w w w w© ¹ © ¹
U V W

X Y Z Re Pr X Y Z
               (5) 

 

where, U, V, and W are the dimensionless velocity components, Re is the Reynolds number, Pr is the Prandtl 
number, P is the dimensionless pressure and θ is the dimensionless temperature. 

In the above equations, the following dimensionless parameters are used: 
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where, u, v, and w [m/s] are the velocity components, x, y and z [m] are Cartesian coordinates, Dh [m] is the 
hydraulic diameter of the microchannel,Tw [K] is the surface temperature of the heated section of t he 
microchannel, uin [m/s] and Tin [K] are the average velocity and average temperature at the inlet of the 
microchannel, respectively.  

The boundary conditions were used for solving the continuity, momentum and energy equations. The no-slip 
conditions were imposed at the surfaces of the microchannel. The uniform wall heat flux was applied at the 
bottom and side surfaces of t he microchannel with a value of ccwq =10000 W/m2. The insulated boundary 
condition was taken at the top surface. Pressure outlet boundary condition was used at the exit of the 
microchannel. The boundary conditions used in this study were given below in detail: 

Boundary conditions at the inlet: 1, 1T= =U  

At the outlet: = outP P  

At the fluid-solid interface: 0, , T TT T w w
= = − = −

w w
s

s sU k k
n n

 

At the bottom and side surfaces:  Tw
= −

w
s

w sq k
n

 

At the top surface: 0=wq  

To calculate the heat transfer coefficient for nanofluid, it is necessary to apply the thermophysical property 
models. The necessary thermophysical properties in this study are density, viscosity, specific heat and thermal 
conductivity. In the following equations, the subscripts ’np’, ‘f’ and ‘nf’ refer to the nanoparticles, the fluid 
and the nanofluid, respectively. 

The density and the specific heat of the TiO2/water nanofluid are determined, respectively [13]: 

 

� �1U M U MU= − +nf f np       (6) 

� �( ) 1 ( ) ( )U M U M U= − +P nf P f P npC C C                      (7) 

 

whereȡ [kg/m3] is the density and Cp [kJ/kg.K] is the specific heat.  

For determining the thermal conductivity of TiO2/water nanofluid, the following correlation for thermal 
conductivity k [W/m.K] and viscosity ȝ [N.s/m2] proposed by [14] was used, respectively: 
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         (9) 

 

where, Ƚ [m2/s] is thermal diffusivity at constant pressure [15]. 

The purpose of this study is to calculate the average Nusselt number and Reynolds number along with 
average Darcy friction factor. The hydraulic diameter ( h c D 4A= /P ) is chosen as the characteristic length. 

The Reynolds number is given by, 

X
= hUDRe          (10) 

The Nusselt number is defined as,  
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= hhDNu
k

           (11) 

The Darcy friction factor is calculated by, 

2

Δ (  / )
( / 2)U

= hP D L
U

f          (12) 

 

where, U [m/s] is the mean velocity of the air flow in the trapezoidal cross-sectioned microchannel and Q 
[m2/s] is the kinematic viscosity of TiO2/water nanofluid. 'P [Pa] is the pressure drop along the microchannel 
and L [m] is the axial length of the microchannel. In addition, h [W/m2.K] is the average heat transfer 
coefficient is obtained by: 

( )
( )

−
=

−

� p bo bi

s w b

mc T T
h

A T T
         (13) 

 

where, �m  [kg/s] is the mass flow rate, Tbi [K] and Tbo [K] are bulk temperatures of the TiO2/water nanofluid 
at the inlet and outlet of the microchannel, respectively. All nanofluid properties in the microchannel were 
evaluated at the bulk temperature; +=b bi boT (T T ) / 2 .As [m2] and Tw [K] are the surface area and the surface 
temperature of the heated section of the microchannel. 

In the computations, the finite-volume method based commercial CFD software Ansys Fluent 15.0 was used 
to perform the numerical calculations by solving the governing equations along with the boundary conditions. 
The convection terms in mass, momentum and energy equations were discretized using a second order 
upwind scheme, respectively. The standard scheme was employed for discretization of pr essure and the 
SIMPLE algorithm was used to resolve the coupling between velocity and pressure [16]. SIMPLE-code 
family is based on t he spatial integration of t he conservation equations over finite control volumes. The 
Green-Gauss cell based method was applied for discretization of the momentum and energy equations. To 
obtain convergence, each equation for m ass, momentum, and energy was iterated until the residual falls 
below 1x10-6. No convergence problems were observed during the calculations. 

The hexahedral mesh distribution was used for trapezoidal cross-sectioned microchannel. The number of grid 
points or c ontrol volumes is increased close to wall of t he microchannel to enhance the resolution and 
accuracy as given in Figure 2. 

 

 
Figure 2.The mesh distribution of the microchannel geometry 

 

The grid independence study was performed by refining the grid size until the variation in both average 
Nusselt number and average Darcy friction factor are less than 0.3% and 0.6%, respectively. To obtain the 
optimum mesh size, a grid independence study was conducted using six different grid sizes changing from 
2.2x104 to 9.4 x105 for Re=1x103 given in Figure 3. It was observed that a further refinement of grid size 
from 5.76x105 to 9.4x105, the changing of average Nusselt number and average Darcy friction is negligible. 
Thus, grid size of 5.76x105 points was considered as optimum grid size. Same procedure was used for other 
nanofluid volume fractions, and optimum grid size was obtained for each calculation.  
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Figure 3.The change of average Nusselt number and average Darcy friction with grid size. 

 

The code was further validated by comparing the present results with the experimental results of Sieder and 
Tate [17] as shown in Figure 4a. It is seen that the average Nusselt number values fall between the accepted 
ranges. Moreover, for the validation of the code, the average Darcy friction factor values obtained by present 
study were compared with the experimental results of Wu and Cheng [18] for the trapezoidal microchannel as 
shown in Figure4b. The results obtained by present study are good agreement with the correlation proposed 
by Wu and Cheng [18].  
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(a)                                                           (b) 

Figure 4.Comparison of numerical results with literature:  (a)average Nusselt number,(b)average Darcy friction factor. 

3. RESULTS AND DISCUSSION 
The thermal and hydrodynamic performances of T iO2/water nanofluid flow through the trapezoidal 
microchannel were numerically investigated. The numerical calculations have been performed under 
thermally developing laminar flow conditions (100≤Re≤1000). Numerical results were presented in non-
dimensional Nusselt number and Darcy friction factor. Average Nusselt numbers were calculated using the 
temperature fields of the nanofluid flow in the microchannel. In addition, average Darcy friction factor was 
estimated by determination of pressure drop in the microchannel. 

The thermal performance of trapezoidal cross-sectioned microchannel by using TiO2/water nanofluid having 
different nanoparticle volume fractions was examined by presenting the results of average convective heat 
transfer coefficient for each nanoparticle volume fraction. The change of average convective heat transfer 
coefficient with the Reynolds number for different nanoparticle volume fractions of TiO2/water nanofluid is 
shown in Figure 5a. 
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As can be seen from Figure 5a, the average convective heat transfer coefficients increase with increasing 
Reynolds numbers for whole nanoparticle volume fractions. Also, increasing nanoparticle volume fraction in 
base fluid increases the average convective heat transfer in microchannel. The maximum average convective 
heat transfer enhancement is obtained from TiO2/water nanofluid having nanoparticle volume fraction of 4.0 
vol.%. When the value of average convective heat transfer obtained for 4.0 vol.%TiO2/water in comparison to 
that of pure water for Re=100, 500 and 1000, the average convective heat transfer enhancements are obtained 
as 11.35, 13.95 and 14.87%, respectively. Therefore, the effect of TiO2 nanoparticle addition in water on the 
average convective heat transfer coefficient increases with increasing in the Reynolds number.The average 
Darcy friction factor variation for the different nanoparticle volume fraction of TiO2/water nanofluid versus 
the Reynolds number is shown in Figure 5b. As can be seen from Figure 5b, the effect of TiO2 nanoparticle 
addition in water on the average Darcy friction factor is negligible for TiO2/water nanofluid flow.  

It is clear that usage of TiO2/water nanofluid as a heat transfer fluid provides a significant advantage because 
of their increasing effect the convective heat transfer and remaining unresponsive for the Darcy friction 
factor.  

The velocity and temperature distributions of TiO2/water nanofluid flow at the outlet of t he trapezoidal 
microchannel for different nanoparticle volume fractions and Re=1000 are shown in Figure 6 and Figure 7, 
respectively. It is seen that the velocity and temperature distribution changes with increase in nanoparticle 
volume fraction. The velocity in the center of the microchannel increases with increase in nanoparticle 
volume fraction of TiO2/water nanofluid. 
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(a)                                                           (b) 

Figure 5.Numerical results for different nanoparticle volume fractions of TiO2/water nanofluid:(a)convective heat 
transfercoefficient, (b)Darcy friction factor. 

 

 
                           (a)   (b) 

 
(c)   (d) 

Figure 6.Velocity distribution at the outlet of the microchannel for different nanoparticle volume fractions; (a) Ø=1.0%; 
(b) Ø=2.0%; (c) Ø=3.0%; (d) Ø=4.0% 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

 
(a)   (b) 

 
(c)    (d) 

Figure 7. Temperature distribution at the outlet of the microchannel for different nanoparticle volume fractions; (a) 
Ø=1.0%; (b) Ø=2.0%; (c) Ø=3.0%; (d) Ø=4.0% 

4. CONCLUSIONS 
In this study, the forced convective heat transfer and fluid flow of T iO2/water nanofluid through the 
trapezoidal cross-sectioned microchannel was investigated numerically. The numerical analyses were 
performed for d ifferent nanoparticle volume concentrations (Ø=1- 4 vol.%) of TiO2/water nanofluid under 
thermally and hydrodynamically developing laminar flow condition (100≤Re≤1000). While the constant heat 
flux was applied at the bottom and side surfaces of the microchannel, top surface of the microchannel was 
insulated. It is observed from the numerical calculations that the convective heat transfer coefficient increases 
with increasing in nanoparticle volume concentration. The maximum convective heat transfer enhancement 
was obtained to be 14.87% for TiO2 nanoparticle addition of 4.0 vol.%. However, the Darcy friction factor is 
not affected by the increasing in nanoparticle volume concentration. 
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Abstract 
Audio signal is corrupted by noise from the surrounding environment which might be a moving car, train, facto-
ry, or a noisy telephone channel. Since noise is random and varying continuously, we need to estimate the noise 
at every instant to remove it from the desired signal. There are many schemes for noise reduction but the most ef-
ficient scheme to accomplish noise cancellation is to employ adaptive filters. In speech signal enhancement there 
are two categories of algorithms in which either a single microphone or multiple microphones are employed 
to clean up the noisy signal. In this paper, 0$7/$% simulations of different adaptive algorithms and compar-
ison of their performances for noise cancellation in a noisy environment, specifically industrial noise, is car-
ried out. $ comparative analysis of different adaptive filters in the presence of a single and dual microphone 
is provided. A robust voice activity detector (VAD) is incorporated in the single channel speech enhancement.
      
Keywords: Speech Enhancement, Kalman Filter, Least Mean Square, Spectral Subtraction, VAD
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1. INTRODUCTION 
Noisy environments usually constitute most part of our daily lives. The noise in automobiles, trains, or work 
areas like factories, which for the most part is unavoidable, makes communication between two individuals 
quite difficult. In order to improve the poor voice quality, speech enhancement becomes a necessity in these 
kinds of noisy environments. Some of the application areas of noise cancellation products are hearing aids, 
mobile phones, teleconferencing etc. [1]. In t his paper, the comparative analysis of s ome of t he adaptive 
filtering techniques used in speech signal enhancement where a single and multiple input signals are available 
in a heavy noise industry is described. 

2. SINGLE MICROPHONE NOISE CANCELLATION 
The only available signal in a single microphone system is a noisy speech signal. In this kind of environment, 
the same microphone captures both voice and noise. From among the various techniques used to suppress the 
noise in the signal, the spectral subtraction technique employing the robust multiple observation likelihood 
ratio test (MO-LRT) voice activity detection (VAD) is used. 

2.1. Voice Activity Detection 
From among the different VAD techniques mentioned in [2], the multiple observation likelihood ratio test 
(MO-LRT) which was described in [3] and [4] is employed so as to enhance the output signal quality of the 
single microphone. For 2m+1, 1{ ,..., , ,..., } l m l l l my y y y− − + observation vectors, the MO-LRT is given as 
[4]: 

� �
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Where ( / ) ip w y  is the posterior probability,  l  represents the frame being classified as speech (w1) or non-
speech (w0) which is in fact the pure noise. The likelihood ratio test (LRT) can be computed recursively as 
follows.  

1, , ( ) ( 1) l m l ml l l m l mI I+ = − − + + +         (2) 

where, 

� �
� �
� �

1

0

1/

0/

/
ln  

/
k

k

k

k

y wk

y w

p y w
p y w

I =      (3) 

The classification is made by comparing ,  l ml with the decision threshold  K  which is experimentally 

determined. For ,  l ml Kt (4) frame contains speech and otherwise non-speech. The graph below shows a 

typical output of a VAD system employing MO-LRT technique where a voice recorded in a noisy industrial 
environment is used as an input.   
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Figure 1. A typical output of a VAD system employing MO-LRT technique 

2.2. Spectral Subtraction 

The frequency domain representation of a noisy speech signal y(m) can be expressed as [1]   
( ) ( ) ( )Y k X k N k= +     , k=0,1,…,M-1     (5)   where Y(k), X(k) and N(k) are the short time discrete 

Fourier transforms of the noisy speech, clean speech and noise respectively. The complex polar form 

representation is given as:  Y X Nk k kj j j
k k kY e X e N eT T T= + ,  k=0,1,…,M-1  (6) where kX ,  kY  and kN  

are the magnitudes of t he frequency spectrums X(k), Y(k) and N(k) while , ,  Y X Nk k k
T T T represent their 

corresponding phases. Spectral subtraction is a technique used to restore the power or magnitude spectrum of 
a signal by subtracting an estimate of the average noise spectrum from the noisy signal spectrum [5]. The 
incoming signal y(m) is buffered and divided into segments of M  samples length. These samples will be 
transformed into M spectral samples via Discrete Fourier transform (DFT) after the samples are windowed 
using Hamming window. [5] The spectral subtraction carried out in order to estimate the original clean 
speech spectrum is expressed as: [5][6][7]8] 

� � � � � �  
b b b

w w wX f Y f N fD= −
                (7)

 

Where N(f) is the time averaged noise spectra. The parameter α is 1 for full noise subtraction and greater than 
1 for over subtraction while b is 1 for magnitude spectral subtraction and 2 for power spectral subtraction. In 
this paper the magnitude spectral subtraction with the MO-LRT voice activity detection technique described 
above is used. In Figure 3, a voice recorded in a noisy industrial environment is used as an input to the 
developed MO-LRT based Spectral Subtraction method.  
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Figure 2. Output of a MO-LRT based SS technique 

3. DUAL MICROPHONE NOISE CANCELLATION 
In a dual microphone system, the primary and reference microphones should be placed properly in such a 
way that the speech level at the primary microphone is higher than the level at the reference microphone. In 
this paper, the least mean square (LMS), Kalman filter and Kalman filter based LMS filter will be used for 
the case of a dual microphone. 

3.1. Least Mean Square (LMS) 
The least mean square algorithm is one of the most widely used and computationally simple noise reduction 
algorithms. The basic steps involved in LMS technique are [9][10]: 

i. Computation of the output y(n) as: 

( ) ( ) ( ) Ty n w n x n=
           (8)

 

Where x(n) and w(n) are the input and weight vectors respectively 
ii. Estimation of error e(n) as: 

( ) ( ) ( ) e n d n y n= −      (9) 

Where d(n) is the desired signal 
iii. Update the weight vector as: 

( 1) ( ) 2 ( ) ( ) w n w n e n x nP+ = +  (10) 

3.2. Kalman Filter 
The Kalman filter which was developed by R.E. Kalman in 1960 has a wide range of applications. It is based 
on the state space formulation of a discrete or continuous time systems. Kalman filtering technique using only 
a single microphone has been discussed in [11]. However in this paper, we consider a situation where there is 
an additional reference microphone. For a system described by: 

( 1) ( ) ( ) ( ) 
 

( ) ( ) ( ) ( ) T

x k F k x k n k
y k H k x k v k

+ = + ½
¾

= + ¿     (11)

 

The autocorrelation of the state noise Q(k) and the measurement noise R(k) is expressed as: 
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( ) ( ) ( )

( ) ( ) ( )

T

T

Q k E n k n k

R k E v k v k

ª º= ¬ ¼
ª º= ¬ ¼

   

(12) 

3.3. Kalman Based LMS 
Since the stability of the LMS algorithm depends on the step size µ, a more efficient version of LMS which is 
the normalized LMS is widely used. In this case the weight update in the LMS is modified as: 

( ) ( )( 1) ( )
( ) ( )T

e k x kw k w k
x k x k q
D

+ = +
+

    
  (13)

 

Where ��Į�� and q is small as compared to ( ) ( )Tx k x k . In the combined Kalman based normalized LMS 
the weight is updated as  

[12] 
2

( ) ( )( 1) ( )
( ) ( ) / ( )w

e k x kw k w k
P k R k kG

+ = +
+

  

(14) 

Where 

2 2
2

( ) /( 1) ( ) 1 ( )
( ) ( ) / ( )w w

w

P k Nk k Q k
P k R k k

G G
G

ª º
+ = − +« »+¬ ¼

  

(15) 

Figure 4 below shows the enhancement of a  noisy speech in an industrial environment using these various 
methods.  

 

4. COMPARATIVE ANALYSIS 

At this stage, we examine the performance of MO-LRT based spectral subtraction technique that employs a 
single microphone and the other adaptive filtering techniques mentioned above where there exists an 
additional reference microphone. From the mean square error (MSE) comparison it is evident that in spite of 
a single microphone used in the MO-LRT based spectral subtraction technique, the MSE obtained is very 
much closer to the dual microphone case. The spectrogram of t hese results clearly indicates that the 
performance of LMS has improved when combined with the Kalman filter. 

 

Figure 3. Output of the various methods (dual Mic) 
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Abstract 
The shapes of traditional high speed trains (THST) which are becoming more widespread every other day are important 
in terms of the pressure they are exposed to and velocity distribution. This study examined the effect of different head 
angles of a traditional high speed train on aerodynamic characteristics. The aerodynamic analysis was conducted by 
taNing five different models of train head angles which were ��, ��, ��, �� and �� degrees, and considering that the train 
was travelling at a speed of �� m�s in clear weather. 7he simulation was created by using $16<6�)luent program based 
on the mechanical theory of viscous Àow and �' incompressible viscous Àow model. %y the final of this study� maximum 
speed of air Àow was revealed between ��.�� ��.� m�s. 7he maximum pressure differences value of the train surface 
was revealed between ����.� � ����.� 3a. 7he minimum value of coefficient drag was obtained �.���� at the ���. 
      
Keywords: Train head shape, aerodynamic characteristic, numerical calculation, head angle
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1. INTRODUCTION 
Energy needs and rapid transportation are rising each passing day. In this context, energy and time come to 
forth as two important concepts. While vehicles are aimed to quickly reach their destination to save time, they 
are also wanted to be energy-efficient.  

One way to reduce energy consumption values of vehicles and enhance road handling and safety is through 
reducing the drag force they are exposed to. Vehicles consume less energy with a better aerodynamic design. 
The noise level is decreased and stable driving is ensured [1]. 

The shapes of traditional high speed trains which are becoming more widespread every other day are 
important in terms of the pressure they are exposed to and velocity distribution. Kwon et al. states that the 
head of trains should also be considered while examining the aerodynamic shape [2]. When the micro-
pressure waves that the trains are exposed to are taken into account, there are important tendencies towards 
the aerodynamic shape [3]. Studies have been conducted on t he aerodynamic characteristics of traditional 
speed trains [4-6], underground trains [7], and head, tail and other parts of magnetic trains [8,9]. 

Chen et al. (2012) determined the aerodynamic forces on a magnetic train travelling through an evacuated 
tunnel based on different evacuation pressures, blockage rates, and head and tail shapes using 
ANSYS/Flotran program. The pressure areas on the train were analyzed in different evacuation pressures and 
blockage rates. It was found that the train was least exposed to aerodynamic forces in an environmental  

pressure of 1000 P a in the tunnel. There were not significant differences between different head shapes in 
reducing aerodynamic drag forces. In a tunnel pressure of 1000 Pa, a blunt-shaped tail and a blockage rate of 
0.25 were found to be more effective in reducing drag forces [10].  

Tao (2011) analyzed the formation of pressure waves in a tunnel. The simulation model of the pressure waves 
was structured on two-equation k-epsilon model using the dynamic gridded finite volume model based on 
three-dimensional viscous variable equation. The pressure distribution on trains with variant sizes and 
travelling at differed speeds in the tunnel was numerically obtained. The result of t he simulation was 
compared with other experimental studies. It was observed that the result of the study was consistent with 
those of previous experimental studies [11].  

Külahlı and Yılmaz (2014) conducted a 2D aerodynamic analysis of a light commercial vehicle using the 
ANSYS/Fluent software, and examined the distributions of a ir flow, air flow vectors and pressure. They 
investigated the effect of fron t bumper area and front window angle of the vehicle on its aerodynamic 
characteristics. The study revealed that the curvature of the front bumper did not have any significant effect 
on the aerodynamic characteristics of the vehicle. They examined front window angles in 30-40-50 degrees 
and found t hat there was pressure intensity in 40-50 degree angles, and an angle between 30-40 degrees 
would be suitable [12].  

Yang et al. (2010) numerically calculated the aerodynamic characteristics of the head part of an underground 
train, and obtained the calculated models of i ts contour design. They analysed and compared the flow 
distributions and the difference of a erodynamic parameters between these models by using 3D turbulent 
Navier-Stokes equations and variable grid technology. The numeric calculation of t he aerodynamic 
characteristics of the head part of the underground train provided the theoretical base necessary for improving 
the head angles of an underground train [13].  

Kim and Kim (2007), are conducted three-dimensional experimental and numeric analyses of variable airflow 
induced by an underground train in a tunnel. In the experimental analysis, a modelled tunnel at a scale of 1/20 
was used, and time dependent pressure and airspeeds were obtained. Three-dimensional variable numeric 
analysis was done by using sharp interface method for the same geometrical configuration used in the 
experimental analysis. It was found t hat the numeric model results were consistent with the experimental 
analysis results [13].  

Choi and Kim (2014) investigated the effects of nose shape of a train and tunnel section area on aerodynamic 
drag. They calculated aerodynamic drag by using Computational Fluid Dynamics (CFD). The train speeds 
were taken as 100 km/h and 200 km/h. As the train speed increased from 100 km/h to 200 km/h, aerodynamic 
drag increased nearly four times. As the nose shape changed from a blunt to a streamlined shape, 
aerodynamic drag are decreased nearly 50%. As the tunnel section area increased, aerodynamic drag 
decreased nearly 50% [15]. 

The current study examined the effect of d ifferent head angles of a  traditional high speed train on 
aerodynamic characteristics. The airflow and pressure distributions between the surfaces in the operating area 
of the train were investigated. The pressure distributions in the head part of t he train were examined. The 
aerodynamic analysis was conducted by taking five different models of train head angles which were 10, 15, 
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20, 25 and 30 degrees, and considering that the train was travelling at a speed of 50 m/s in clear weather. 
Although the analyzed head and tail lengths were the same, they varied depending on t he angles. The 
simulation was created by using ANSYS/Fluent program based on the mechanical theory of viscous flow and 
3D incompressible viscous flow model 

2.  MATERIAL AND METHOD  
In this study, the aerodynamic analysis of a traditional high-speed train (THST) having different head and tail 
angles was conducted using ANSYS/Fluent program and creating a virtual wind tunnel . It was assumed that 
the THST was travelling in clear weather. Five different train head angles including 10, 15, 20, 25 and 30 
degrees were examined. The head and the tail had the same angle. The 3D models shown in Figure 1 were 
created using the Solidworks software. The created models were transferred to the ANSYS/Workbench 
software in which meshing was carefully done in accordance with the analysis of the train. Following the 
meshing step, the boundary conditions of the analysis area of the train were indicated and the virtual wind 
tunnel was created 

 

.  

Figure 1 3D model of the THST  

The body of the THST examined was 30-meter long, 4-meter wide and 3-meter high. However, the head and 
tail lengths varied depending on the angles. Table 1 presents the dimensional information of the THST. 

 

Table 1 THST analysis parameters 

Head and tail 
angle  

(Degree) 
Model 

Body  
length  

(m) 

Head 
length  

(m) 
Node Elements Velocity 

(m/s) 

10º D10 30 11.3 163328 839425 50 
15º D15 30 7.5 152736 840376 50 
20º D20 30 5.5 143589 789232 50 
25º D25 30 4.2 136779 751047 50 
30º D30 30 3.5 135765 745232 50 

       
 

The aerodynamic analysis was conducted considering the THST was travelling at a speed of 50 m/s (180 
km/h) in an area that was open to atmosphere. The Reynolds number of the airflow that came into contact 
with the THST during the travel was higher than 105 a nd turbulent. 3D standard k-H model was used to 
simulate the airflow. Various assumptions were made during the simulation work. The estimated calculation 
time, degree of convergence and the calculation for t he change in pressure waves were done with 
compressible gas assumption. In addition, it was also assumed that the aim temperature was 20o C and the 
outside surfaces of the THST were smooth. The rail wheels were omitted in geometrical drawing. To shorten 
the analysis time for the finite element simulation, the analysis was conducted by scaling down the THST 
dimensions to 1/1000. Nevertheless, the medium-scaled numeric analysis was completed in one hour.  
  
The maximum drag force was found from  the train cross sectional area in the vertical plane by using 
ANSYS/Fluent software. Drag coefficient (Cd) was calculated by using the formula below [16]; 

 

Cd =
Fd

0.5ɏAU2                    (1) 
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where Fd is drag force, ρ is  the density of air (1.204 kg/m3) and U is the velocity of air. The area (A) is the 
cross sectional area vertical to the air flow direction. Analysis was performed considering value that pressure 
and temperatures is 101,325 Pa, 20 ° C respectively. 

3. RESULTS AND DISCUSSION 
The air flowing on the train in high speeds is an important factor affecting energy consumption and driving 
stability. The aerodynamic characteristics of ve hicles change depending on t he head shape of trains. 
Therefore, it is of significance to examine the head shape of trains in terms of aerodynamics.  
 
In this section, the simulation of a THST having different head angles (10, 15, 20, 25 and 30 degrees) was 
made with the ANSYS/Fluent software. The relationship between aerodynamic drag and head shape was 
examined, and the results for the drag force, coefficient drag, pressure and speed distribution are presented in 
this section. Drag force in the vertical sectional area of the train was found and drag force was calculated 
using the formula No 1. Drag force and drag coefficient value are given table 2. As shown in Table 2, drag 
force and drag coefficient were observed changing the directly proportional with nose angle, excluding the 10 
º nose angle. Minimum and maximum value of drag coefficient was performed 15º, 0.3090 and 30º, 0.3861 
respectively. Drag coefficient of 10 º was estimated little more than 15 º because of the length of the nose. 

Table 2  Value of drag forces and drag coefficients 
Nose angle 

(degree) 
Area 
(m2) 

Drag force 
(N) 

Density 
(kg/m3) Drag coefficient  

     10 0.0012 0.5844 1.204 0.3235 

15 0.0012 0.5581 1.204 0.3090 

20 0.0012 0.5906 1.204 0.3270 

25 0.0012 0.6524 1.204 0.3612 
30 0.0012 0.6973 1.204 0.3861 

      

 
The speed distributions of t he models examined are shown in Figure 2. The analysis revealed that the 
maximum speeds on the D10, D15 and D20 models were 61.7 m/s, 64.5 m/s, and 68.4 m/s, respectively. The 
maximum speed on the D25 model was found to be 70.4 m/s while the maximum speed on the D20 model 
which had the highest speed was 71.6 m/s.  

 

 
 

 
a) D10  

 

 
b) D15  

 
c) D20  

 
d) D25  

 

 
e) D30 

Figure 2 Speed distributions 

The analysis showed that as the nose angle increased, the maximum speed increased too. The minimum speed 
was obtained in the D10 model and the maximum speed in the D30 model.  The reason for the minimum 
speed could be due to the nose angle and the drag coefficient being low.  
 
The pressure distributions of t he models examined are shown in Figure 3. The analysis revealed that the 
maximum negative pressures on the D10, D15 and D20 models were 1294.9 Pa, 1432.9 Pa and 1881.2 Pa, 



Aerodynamic Simulation of a Traditional High-Speed Train with Different Head Angles 

Gürhan .�lahlÕ , +ilmi <a]ÕcÕ , 0ehmet $Noay  

respectively. The maximum negative pressure on the D25 model was found to be 2440 P a while the 
maximum negative pressure on the D20 model which had the highest speed was 2723.6 Pa. 

 

Figure 3 Pressure distributions 

The distributions of pre ssure flowing to the head part of t he train are presented in Figure 4. As shown in 
Figure 4, the positive pressure applied on the train intensified in the nose area. Since the nose shapes of the 
trains were the same, the maximum positive pressures were close in the analysis results. The pressure 
intensity on the head parts of the trains was found to increase as the head angle increased, which also caused 
the drag coefficient on the train to increase. 

 

 
 

 
a) D10  

 
b) D15  

 
c) D20  

 
d) D25  

 
e) D30  

 
Figure 4 Distributions of pressure on the head part 

 
 

 
a) D10 

 
b) D15 

 
c) D20 

 
d) D25 

 
e) D30  
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4. CONCLUSION 
The pressure intensity on the head parts of the trains was found to increase as the head angle increased. This 
also caused the drag coefficient on the train to increase. The minimum speed obtained was 61.7 m/s while 
maximum speed was 71.6 m/s. For the pressure differences, the minimum value was 1294.9 Pa, and 
themaximum was 2723.6 Pa. The pressure and speed distribution results revealed using linearly changing 
angles are thought to be useful for similar models to be created in the future. Drag force and drag coefficient 
were observed changing the directly proportional with nose angle, excluding the 10 º nose angle. Minimum 
and maximum value of dr ag coefficient was performed 15º, 0.3090 and 30º, 0.3861 respectively. Drag 
coefficient of 10 º was estimated little more than 15 º because of the length of the nose. In conclusion, the 
optimum train nose angle is determined to be around 15º. 
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Abstract 
(�invoicing is becoming the standard way of billing globally thanNs to its efficiency, cost and auditing convenience. 7ur-
Ney is one of the countries that standardi]ed its e�invoicing procedures and e�invoice is now mandatory for certain com-
panies and optional for others. 7he companies have two options for e�invoicing� they may implement their own software, 
which should meet the imposed specifications� or they may lean to eligible integrator companies that provide software�
as�a�service solutions. In this paper, we first discuss the e�invoicing procedure in general. 7hen, we move on to the stand-
ard that is used in 7urNey, and its differences from the other countries. We then discuss the platform�independent software 
solution that is used by one of the leading integrator companies. In particular, we describe the database, web and web 
service structures employed in detail. )inally, we give statistics about the usage and penetration of e�invoicing solutions.
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1. INTRODUCTION 
Electronic invoicing is a B2B/B2C paradigm that allows billing between two companies without the need for 
printed material. Although the definition of e-invoicing vary between regions, the definition by the EU 
legislation can be stated as: “The issuing and receipt of VAT compliant invoices in an electronic format” [1]. 
The main requirements for e-invoice can be listed as: 

x The electronic document should have a simple to form, technology independent format and 
standard. For this task, Universal Business Language (UBL) standard is widely used in Europe. 

x The source and integrity of the document should be guaranteed. Timestamps and electronic 
signatures are usually employed for achieving these requirements. 

x It should be possible to store the electronic document for long periods of time for accountability. 
Since these documents tend to be small, storing them is no longer a big issue. 

The benefit of e-invoicing are [2]: 

x Reduced cost, 

x Quick payment and access, 

x Easy to process and control workflow, 

x Enhanced consistency and productivity, 

x Less disputes between parties, 

x Easy to manage cash flow, 

x Green and environment friendly. 

 
Figure 1: E-invoicing in Europe [3] 

The e-invoicing procedure in Europe can be seen in Figure 1. The suppliers send e-invoices to the buyer in 
one of t he formats that have been agreed in advance. These invoices should adhere to the aforementioned 
requirements. Upon receipt of an e-invoice, the buyer assures the authenticity and integrity of the document. 
Then he/she converts it into desired format for a rchiving and stores at least for the legally required time 
duration. 

The rest of t he paper is organized as follows: In S ection 2, we discuss the e-invoicing in Turkey and its 
differences from European counterparts. Section 3 e xplains a software-as-a-service solution together with 
some usage statistics. Finally, Section 4 concludes this paper. 
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2. THE CASE OF TURKEY 
With a recent legislation in Turkey, all companies with a turnover greater than some threshold are mandated 
to use e-invoicing. Like in South American countries, the system in Turkey is controlled and provided by a 
centralized authority, Turkish Revenue Administration (TRA). The main differences between Europe and 
Turkey can be found in Table 1. 

Table 1: E-invoicing differences between Turkey and Europe 

 Europe Turkey 

Format: Various Only UBL-TR 

Control: Independent agencies Centralized-government agency 

Messaging: Various messaging protocols: Electronic data 
interchange, XML, etc. 

All messages are relayed in UBL-TR 
format through TRA 

Methods for e-
invoicing: 

Through service providers,Direct integration. Through service 
providers,Directintegration,Through 

TRA web portal. 

Main goal: Reduced operational costs and shorter process 
times. 

Tax control. 

As can be seen in the table above, companies have three alternative methods for e -invoicing. They can 
develop their own software solutions, or use solutions provided by integrator companies that are deemed 
eligible by TRA, or us e TRA portal. Among these alternatives, TRA portal is the least preferred method, 
especially for big companies, due to the following reasons: 

x There is a monthly limit, beyond which the portal cannot be used. 

x In a single session, only a limited number of e-invoices can be uploaded.  

x The e-invoices are only archived for 6 months. 

x The responses to the e-invoices cannot be observed. 

The details of e-invoicing process in Turkey can be seen in Figure 2. Among the three alternative methods, 
using the system through an authorized integrator company is the most viable and employed one among 
companies due to requiring no initial investment, no maintenance overhead and support for automated 
procedures.   

 
Figure 1: E-invoicing in Turkey 
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3. A SOFTWARE-AS-A-SERVICE SOLUTION 
In this section, we discuss the software architecture of the leading e-invoicing integrator company in Turkey. 
The company provides a software-as-a-service solution to its customers using a subscription business model. 
The utilized software architecture is shown in Figure 3. This figure covers the supplier point of view. The 
case for the consumer is very similar, thus, omitted. 

In the first step, the supplier -through either direct integration or integrator provided web portal- sends the 
generated invoice in desired format (CSV, txt, xml, xls/xlsx). The received invoice is transformed to UBL-TR 
following the steps that are shown in Figure 4. This transformation takes place at either integration web 
service or e-invoice web service depending on the access strategy of the company. The received document is 
converted to UBL-TR format by XSL transformation using the company specific XSLT file. UBL-TR is a 
modified version of UBL that is designed by TRA in order to meet country and culture specific needs. 

Continuing with Figure 3, the resulting UBL-TR file is stored in the database. Integration window service 
periodically checks the database for new records by utilizing e-invoice web service. These new records are 
first checked for structural accuracy using XML schema definition, then they are checked for semantic 
accuracy using schematron validation. This schematron file meets the standards imposed by the TRA and the 
integrator company. If these checks are successful, integration windows service calls the signature service in 
order to sign the new e-invoice using the signature of t he integrator. Subsequently, integration windows 
service puts the signed e-invoices into envelopes and sends them to TRA. Furthermore, integration windows 
service also periodically checks TRA web service for incoming envelopes to the supplier. These received 
envelopes are stored in the database (through e-invoice web service). They are also opened for classifying the 
contents of the  

 
Figure 2: Software architecture of the described system 
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Figure 3: UBL-TR Conversion 

envelope such as incoming invoices, system responses and application responses. The envelopes used in the 
e-invoice system of Turkey adhere to the standard business document header format. If the content of t he 
envelope requiresthe notification of t he supplier (e.g. received e-invoice), the supplier is notified by 
integration windows service through mail service.  

All of the described steps/actions are logged for future accountability. Furthermore, all e-invoices are stored 
in the system for at least 10 years, which is in compliance with the legislation.  

Since the architecture utilizes web services that conform to the SOAP standard, the system can be used by 
any operating system and ERP application. Moreover, the web portal also provides platform independent 
access to the system. 

After discussing the system, we now give a couple of usage statistics. In Figure 5, we show the percentage of 
used currencies in the number of e-invoices. On the other hand, Figure 6 s hows the percentage of total 
amount each currency has within the gross total of e-invoice amounts. We observe that most of the e-invoices 
use the local currency TL (also referred as TRY) with the other currencies having very little share. However, 
we observe that these low shares for USD and EUR translate to relatively higher percentages when looking at 
Figure 6. This suggests that although the foreign currencies are infrequently used in e-invoices, the amounts 
of these e-invoices are usually large. 
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Figure 4: Percentage of used currencies 

 
Figure 5: Percentage of total amount for each currency in the gross total of e-invoices 

Finally, we observe the distribution of the TL e-invoices in Figure 7. As can be seen in this figure, most of the 
TL e-invoices have a low amount. That is to say, 40 % percent of the e-invoices have amounts lower than 500 
TL. This observation is also in accordance with our previous claim. 

 

 
Figure 6: Distribution of e-invoice amounts in TL 
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4. CONCLUSION 
In this paper, we describe the e-invoicing system that is utilized in Turkey, together with comparisons with 
the system in Europe. We also discuss the software architecture of the leading e-invoice integrator company 
in Turkey. Usage statistics about the system are also provided. For future work, we plan to employ data 
mining and big data techniques to achieve more semantic and deep inferences. 
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Abstract 
The improvements in the computer world have promoted faster and ergonomic systems in recent years. Although the 
speed and the ergonomics are desirable for users, they introduce some issues to the computer systems such as the con-
trol of increased temperature. 6ince servers continuously provide services to many clients, they are chieÀy affected by 
this temperature increment. In this study, thermoelectric cooler was applied on the CPU of the server and the effect of 
this application was investigated on the CPU and the CPU cores in short time intervals in the perspective of cooling. We 
also made an approach to uncover the correlations between whole CPU temperature and each CPU core temperatures.
      
Keywords: Thermoelectric module, Heatsink, CPU, Cooling Systems, Server, Quad Core CPUs.



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
Computers, indispensable parts of our da ily lives, are now providing services at high speed under intensive 
operation loads through the evolving technology. The reflection of this fast and intensive working character 
on computer hardware has remarkable and provoking results in terms of t emperature increment. Thus, this 
temperature increase may cause a malfunction or an irreversible error on critical hardware of computers. This 
situation should be handled most seriously on server systems because of t heir permanent and intensive 
working structures. Including memory and control units in its structure and also carrying out the arithmetic 
and logic operations, CPU is the most critical hardware among the server hardware [1]. In ten years’ time it is 
envisaged that the power dissipation will increase linearly on high performance CPUs of servers [2]. 

High power density and thermal throttling for cooling limitations can be obtained by adding Cores to CPU 
chip [3]. Servers have multi-core CPUs and other extra sophisticated hardware in order to manage many 
clients connected to it. Recently, server overheating has become a familiar problem in comprehensive data 
centres. Therefore, cooling server hardware should be dealt with severely on be half of t he prevention of 
undesirable situations that arise due to temperature [4].  

Consequently, in order to avoid exposure to high temperatures different cooling systems have been developed 
for CPUs and other computer components. Among these cooling systems, heatsink is generally used by PC 
manufacturers. In this system the cooling block absorbs the heat and the fan is mounted on the block to zoom 
out the heat. Some disadvantages as noise, vibration and high power consumption, have forced the users to 
choose different cooling systems [5] 

One of these preferred systems is heat pipe which has an operating principle based on deploying high amount 
of heat from the substance while its state change from liquid to gas. Considering its affordable prices, high 
performance heat pipe systems are mostly preferred. When some disadvantages at high speeds as noise, 
vibration, etc., are ignored the heat sink model is preferable at high speeds. However, the heat pipe cooling 
method has better thermal performance than heat sink at specific low fan speeds [6]. 

Rather complex but high efficient water cooling systems have been designed for c ooling the computer 
hardware. When compared to air systems, water cooling systems have higher heat transfer coefficients so the 
heat transfer through the water block into a liquid is carried out in a very efficient manner [7]. Size of the heat 
exchanger channels, flow rate of the liquid, surface area of radiator fins and airflow for heat rejection are four 
important parameters to identify the water cooling system efficiency [8]. On the other hand, this cooling 
system could not find wide application area in the high performance computer system due to its large size, 
high cost and less reliability [9]. 

Environmentally friendly thermoelectric modules have some advantages such as quiet and vibration-free 
working, very light and compact size, temperature control ability, longevity lasting, etc., which make it 
superior to other cooling systems [7]. As they are suitable for working together with coolers, applications 
with thermoelectric devices are generally used in our daily lives such as fridges for hotel-use, home-bar and 
so on [10]. Thermoelectric cooler, generally named as Peltier, is formed by the serial connection of P-type 
and N-type elements. One side of t hermoelectric module cools while the other side is hot via the direct 
current passed through Peltier. This situation is illustrated by the Peltier effect [11]. Considering peltier 
effect, server hardware can be cooled by the peltier modules. The important point here is the heat on the hot 
side of t he Peltier module which needs to be eliminated in order to prevent damages at hardware. This 
undesirable heat on the hot side of Peltier element can be disposed by applying heatsink or water cooling on 
to that side [12]. 

In order to reveal the performance of t he thermoelectric module, an investigation was performed with 
thermoelectric cooler for cooling the water in a tank. Heatsinks were used to remove the heat that causes 
extreme temperatures on thermoelectric cooler’s hot side. As a result of tests carried out at various time 
intervals, it was observed that the temperature on water tank decreased in time by the thermoelectric module 
application. In order to make a comparison to ensure these results, the system was connected to a computer 
for taking measurements, and it was observed that the results were very close to each other [13].  In another 
research, the thermoelectric cooler and heat pipe were cooperated for cooling the CPU of a  PC as another 
approach. The temperature of thermoelectrically cooled CPU and the coolant temperature as nanofluids used 
in heatpipe were examined. The results obtained from this study remarked that the cooperation of two cooling 
systems was seen to be relatively effective compared to others [14]. In a nother study, embedded 
thermoelectric coolers were attentively designed and implemented in accordance to decrease CPU core 
temperatures. Consequently, core temperatures were decreased between 5 ° C and 6 ° C w ith the aid of this 
system [15]. 
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Many studies like mentioned above had proven the advantages of t hermoelectric modules, but economic 
reasons have prevented these systems to diverge. However, from now on, there are expectations about the 
widespread use of the thermoelectric technology in the future as the area of microelectronics [16]. 

2. SYSTEM OVERVIEW 
The water cooling system was collaborated with a peltier module within a server system which has a quad-
core CPU structure as shown in below Fig. 1.  
 

 
Figure 1. The block diagram of the CPU cooling system 

Here, water cooling system was cascaded with peltier module to protect the hardware from overheating on the 
hot surface of module. TEC1–12706 model type with 90 W power and 4*4*0,5 cm size Peltier module, was 
used under 12 V DC voltage to cool CPU cores. Here, TEC symbolizes thermoelectric cooler.  

The properties of server which has a 64 bit operating system are shown as Table 1.  
Table 1. The properties of the server 

Server Hardware Property 
 

Processor 
 

Intel ® Xeon ® Quadcore, CPU E3-1220 V2 @ 3.10 GHZ 

Motherboard Intel C202 Chipset  Server 

RAM 4 GB DDR3 ECC 1333 MHZ Memory 

HDD 500 GB Seagate 7200 Rpm 32 MB Cache NCQ 

System type 64 bit operating system 

 

Software benchmarks and performance testing are the best techniques to compare the efficiency of emerging 
parallel architectures with the built-in support for parallelism at different levels. Two different software 
programs were used to run the server under varying workloads and to evaluate the temperature data on the 
CPU. One of these is CPU BurnIn benchmark program which was used to stimulate the operation of t he 
server under %100 workload. This program forced CPU by installing consecutive work procedures in order to 
acquire the possible highest temperatures [17]. The program runtime was set up to ten minutes time interval 
to force the CPU to full workload. And the other is, Speed Fan Program, generally used for monitoring 
voltage, fan speed and temperature values of s erver hardware.  T he program's statistics and logging 
characteristics are available to achieve temperature values desired at each time slot [18]. MS Excel program 
was also embedded to save the obtained temperature data. PASW Statistics program was also used for linear 
and multi linear regression analyzes to apply on the four core CPU, and the temperature visualizations were 
made in Matlab. 

3. CONTROL & ANALYZE 
In this study, the rationale of the experiments can briefly described as, the temperature values on CPU cores 
are interpreted by applying two cooling systems: heatsink and thermoelectric cooler. To this end, while CPU 
BurnIn program is running under full (%100) workload for ten minutes interval, the CPU core temperatures 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

of the server system, can be monitorized with Speed Fan program. This provides us to make a comparison 
between core temperature values and also to calculate the correlation coefficients for linear and multi linear 
regression analyzes method. The experiments were made at room temperature at 25 °C be fore and after 
mounting the thermoelectric module on the CPU. First of all we started to take temperature data from CPU 
which was cooled by commercially available heatsink system. 

3.1. Heatsink 
The temperature-time graph shown in Fig. 2 fo r CPU and each CPU cores was obtained while using the 
heatsink available on server. 

The average temperature of the CPU was calculated as 48.52 °C from the data in Fig.2 and the maximum and 
the minimum values of the temperature for CPU were remarked as 54.5 °C and 35 °C respectively. 

 

Figure 2. The temperature graph of the heat-sink application 

Analysing the core temperatures, it is seen that Core1 has the highest value with 58 °C and Core0 has the 
lowest value with 53 °C a t maximum temperature values. The nearest maximum temperature value to the 
CPU is Core 2 temperature with 54 °C in this category. 

Table 2. Cpu temperatures obtained with heatsink. 

 
 Max. Temp.(°C) Min. Temp. (°C) Average Temp. (°C) 

Core0 53 35 44.80 
Core1 58 38 48.59 
Core2 54 33 43.65 
Core3 56 34 44.74 
CPU 54.5 35 48.52 

 

Considering the minimum temperatures of cores, Core1 has again the highest temperature value with 38 °C. 
Although the temperatures are very close to each other Core2 has the lowest temperature value with 33 °C 
and Core0 has the same temperature value with CPU in this category. 

The average temperature values show that Core 1 has not only the maximum average temperature but also the 
nearest average temperature to the CPU temperature. 

Linear and multi linear regression analyzes were made to interpret these data more clearly. In case of using 
one variable, the highest correlation coefficient was obtained with Core0 and the lowest one was obtained 
with Core1. 

= ܷܲܥ  11,859 +  𝑒𝑒0      r = 0,845               (1)ݎܥ.0,818 

= ܷܲܥ  13, 212 +  𝑒𝑒1      r = 0,807               (2)ݎܥ.0,727 

By using two variables the highest correlation coefficient was obtained with Core0 and Core3. Core1 and 
Core2 gave the lowest coefficient values. 

ܳ =  9,699 + + 𝑒𝑒0ݎܥ.0,498   𝑒𝑒3     r = 0,891               (3)ݎܥ.0,369 
ܳ =  11,883 + + 𝑒𝑒1ݎܥ.0,347   𝑒𝑒2     r = 0,859          (4)ݎܥ.0,454 

Three variables usage showed that Core0, Core2 and Core3 had maximum and Core1, Core2 and Core3 had 
minimum coefficient values respectively. 

ܳ =  9,379 + + 𝑒𝑒0ݎܥ.0,396   0, + 𝑒𝑒2ݎܥ.215  𝑒𝑒3    r = 0,900               (5)ݎܥ.0,268 
ܳ =   10, 757 + + 𝑒𝑒1ݎܥ.0,254  𝑒𝑒2ݎܥ.0,263  +  𝑒𝑒3   r = 0,883          (6)ݎܥ.0,311 



The Correlation between CPU Core Temperatures of a Server under Specific Cooling Systems  

Serhat Orkun Tan, Hüseyin Demirel 

As it is expected when all variables were used, the correlation coefficient was higher than the other situations. 

ܳ =   8,646 + + 𝑒𝑒0ݎܥ.0,347  + 𝑒𝑒1ݎܥ.0,110  + 𝑒𝑒2ݎܥ.0,175   𝑒𝑒3  r = 0,902             (7)ݎܥ.0,253 

3.2. Thermoelectric Cooler 
First of a ll the hot and cold surfaces of t he TEC1-12706 Peltier module were identified by the 12 V  DC 
supplied from the power supply of the server. Cold surfaces of Peltier modules were mounted on the CPU and 
then as shown in Fig.1 the copper block of water cooling system was mounted on the hot surfaces of Peltier 
modules to compensate the heat on t hat side. The graph below was obtained by using the thermoelectric 
cooler on CPU of the server. 

 
Figure 3. The temperature graph of the thermoelectric cooler application 

In case of making a general assessment for the table below, the CPU temperatures are mostly converge to 
Core1 temperatures at all maximum, minimum and average temperatures categories. 

Table 3. Cpu temperatures obtained with thermoelectric cooler 

 Max. Temp.(°C) Min. Temp. (°C) Average Temp. (°C) 
Core0 38 25 34.12 
Core1 41 25 35.64 
Core2 36 23 32.3 
Core3 36 23 33 
CPU 40 26 36.42 

 

The equations (8) and (9) indicated that the highest correlation coefficient was obtained with Core1 and the 
lowest one was obtained with Core2. 

= ܷܲܥ  2,989 +  𝑒𝑒1      r = 0,943               (8)ݎܥ.0,913 

– = ܷܲܥ  0, 581 +  𝑒𝑒2      r = 0,878               (9)ݎܥ.1,143 

Core0 and Core1 had the highest correlation coefficient when using two variables. Core2 and Core3 were 
given the lowest coefficient values. 

ܳ = –  1,388 + + 𝑒𝑒0ݎܥ.0,408   𝑒𝑒1      r = 0,953           (10)ݎܥ.0,652 

ܳ = – 1,852 + + 𝑒𝑒2ݎܥ.0,499   𝑒𝑒3     r = 0,910           (11)ݎܥ.0,670 

As the formulations below show; when three variables were used, Core0, Core1 and Core3 had maximum and 
Core0, Core2 and Core3 had minimum coefficient values respectively. 

ܳ = –  2,367 + + 𝑒𝑒0ݎܥ.0,332  + 𝑒𝑒1ݎܥ.0,525   𝑒𝑒3   r = 0,957           (12)ݎܥ.0,249 

ܳ =  –  6,206 + + 𝑒𝑒0ݎܥ.0,616  𝑒𝑒2ݎܥ.0,264  +  𝑒𝑒3   r = 0,938           (13)ݎܥ.0,396 

In the case where all the four va riables used the highest correlation coefficient was obtained as shown in 
below equation. 

ܳ = –  2,712 + + 𝑒𝑒0ݎܥ.0,318  + 𝑒𝑒1ݎܥ.0,504  + 𝑒𝑒2ݎܥ.0,104   𝑒𝑒3  r = 0,958             (14)ݎܥ.0,195 
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4. CONCLUSIONS 
Alike which of the cooling system is more efficient on CP U cooling, and which core of the CPU has the 
greatest impact on general CPU temperature can both be revealed as a result of the data obtained from 
experiments. 

The experimentally achieved thermoelectric cooling system’s average CPU temperatures are approximately 
10 °C a nd 15 ° C lower than the heatsink cooling system. According to these results when compared with 
thermoelectric cooling system heatsink cooling system is not a sufficient system in the perspective of cooling. 

In the meaning of preventing the system from the destructive temperatures, thermoelectric cooler system is a 
superior system which reduces the maximum temperatures that CPU can reach. However, there are some 
factors that can convert this advantage to a disadvantage. These factors can be listed as; the formation of ice 
or moisture around the peltier module, water leakages on the water cooling system, and the increase in power 
demand. The smooth operation of the system should be provided by removing these factors from the system. 

The other phenomenon that was handled in this study is the correlation between core temperatures of t he 
CPU. This case was discussed individually for two different cooling systems. 

Firstly, when analyzing the heatsink cooling system, average CPU temperature is closest to the Core 1 
temperature. Here the main point to be emphasized is, although the minimum and maximum temperature 
values of Core  1 a re not so close to the average CPU temperature, it directly affects the average CPU 
temperature due to its working character. 

The thermoelectric cooler application implied that the Core 1 temperature values are very similar to the CPU 
temperature values according to the conclusions drawn from Table 3 and Figure 3. As thermoelectric cooler 
application decreases the general CPU temperature, it should be noted that, at lower temperatures maximum 
and minimum temperature values of CPU also varied in parallel with Core1. This means that Core1 explicitly 
showed its influence over CPU at lower temperatures in contrast to the heatsink cooling system. 

As the work intensity is thought to increase the temperature in all electronic circuits, here Core1 is 
conspicuous as the hardest working and most effective unit among CPU units. 

The system can also be developed with various designs by increasing the effectiveness of the thermoelectric 
module. A control unit can be designed to stop the cycle of the water cooling part, while the level of t he 
temperature on the hot side of the peltier module has not enough capacity to influence the cold side. Another 
proposal is that to disable the peltier module for power consumption, while CPU is working under inadequate 
workloads. When the need arises, these control mechanisms should be formed by processing the control 
signals with any external port of t he server and controlling the CPU temperatures by software. These 
suggestions can be improved to achieve less power consumption and more effective cooling of the system. 
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Abstract 
3olymeric composites are developed with polymeric matrix�convenient filler, much better interactions between matrix 
and filler. $nd also biodegradability of natural fibers is significant factor in polymeric materials. 3olymeric composites 
have many using areas such as buildings, automotive, aerospace, and pacNing industries. 6ome parameters as micro-
structure and dimensions have an effect on polymer composite properties. (poxy resins �(5� are one of the most impor-
tant classes of thermoset polymers that harden with heat effect. 7hey are used in high�performance composites on a large 
scale due to their great mechanical, thermal and chemical properties such as good resistance to chemicals, high tensile 
and compressive strength, and high heat distortion temperature. In this study, groundnut hull�epoxy resin composites 
were prepared. *roundnut hull as filler, epoxy resin �13(/ ����, polyethylene glycol �3(*�, and �� wt � hardener based 
on aliphatic amines for epoxy resins �(3$0I1( 3& ��� were used. &ommercially available epoxy resin was a bisphenol 
$�type resin modified with aromatic diluents. +ardness, adhesion, corrosion, water sorption, free]ing tests and thermal 
analysis were carried out to determine composite properties. $ccording to experimental results, the hardness of the com-
posite materials reduced with the addition of groundnut hull and 3(*. 7he water sorption of the composites increased 
when the amount of filler rose. $nd also the highest residue at ��� �& was obtained as ��,��� by the neat epoxy resin.   
      
Keywords:  epoxy, groundnut hull, composite, thermal properties
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1. INTRODUCTION 
Recently, polymers have become remarkable materials owing to better modulus and flexibility, high specific 
strength, good r esistance to corrosion and low density [1, 2]. Polymer composite/nanocomposites have 
received great attention due to the high mechanical properties to weight ratio, thermal stability and chemical 
improvements when compared with neat polymers [3, 4, 5]. They are commonly used in many industrial 
areas such as transportation, construction, electronics [6], aerospace [7] and weight sensitive applications [2]. 
Epoxy resins are one of the most substantial thermoset polymers [8, 9]. Utility of epoxy resins has shown 
great increase [10] with several benefits including absence of b yproducts through curing, lower shrinkage 
[11], usage of d ifferent temperature range [4], environmental stability [12]. Moreover epoxy resins exhibit 
lower specific weight than metals, good corrosion resistance [13] and high adhesion properties. Epoxy resins 
are usually focused to use as adhesives, coatings and matrix for composite production [12, 14]. With various 
hardeners or curing agents based on a liphatic amines, aromatic amines and anhydrides, epoxy resins are 
crosslinked at room temperature or a t high temperature interval. Curing reactions improve not only 
mechanical properties but also thermal properties like decomposition temperature [4, 12]. In spite of a lot of 
advantages, the main drawback of epoxy resins is to be brittle polymers that brings about crack formation and 
restricts their usage in many applications [11]. Addition of natural or synthetic materials/fibers and metals as 
reinforcement to epoxy resins enhance their mechanical, thermal, physicochemical, barrier properties and also 
provides cost reduction [3, 15].  
   
There are many studies interested in composites with bio-based fillers [17, 18] especially organic waste 
materials. Wheat straw and husk, sugarcane begasse, coconut shell, cotton stalk [19], walnut shell [17], barley 
husk [20] as filler have been widely used for the preparation of various composites because waste materials 
are abundant and cheap. Furthermore they are environmental friendly materials and using biological waste 
provides to avoid of environmental pollution [7, 21, 22]. Groundnut hull is one of the agricultural organic 
wastes which have not been widely used as filler up to now [22]. With the addition of groundnut hull to 
different polymers, composites that have low density, improved mechanical, thermal properties can be 
obtained [19]. 

 

2. EXPERIMENTAL 

2.1. Materials 
In this work NPEL 128, bisphenol A-type resin modified with aromatic diluents, was used as a matrix system. 
NPEL 128 has 184-190 g/eq epoxy equivalent weight and 12000-15000 cps at 25 ºC viscosity. Filler utilized 
in preparing composites was groundnut hull that is organic waste material. EPAMINE PC17 hardener based 
on aliphatic amines was used in curing process. And also PEG (polyethylene glycol) was utilized to bring 
flexibility to composite materials.  

2.2. Methods 
Groundnut hull in different proportions (0, 5, 10, 15, 20 wt %) was added to NPEL 128 and the mixtures were 
stirred mechanically for an hour. After stirring, they were mixed in an ultrasonication bath to obtain well-
dispersed suspension at room temperature for half an hour. EPAMINE PC17 hardener was added to the 
mixtures at a ratio of 25 % by weight. Later, the mixtures were poured into stainless-steel moulds according 
to ASTM D 638 standard and cured in an oven for 4 h at 40 ºC followed by postcuring for 4 h at 80 ºC. With 
the remaining mixture from each specimen, aluminum metals were coated and dried at between 40-80 ºC. The 
same process was carried out by adding 5 % PEG to obtain other composites. 

2.3. Characterization 

2.3.1. Mechanical properties 
For determining the hardness of c omposites, Shore Durometer TH 210 t ester is used. To obtain the most 
accurate values of composite hardness, measurements were taken at different points on each specimen and 
arithmetic values of hardness were calculated. 
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2.3.2. Thermal properties 
Thermogravimetric analysis was carried out by Lab. METTLER STAR SW thermal analyzer under a flowing 
nitrogen atmosphere. The groundnut hull/epoxy composites were equilibrated at certain temperature and then 
heated at a rate of 10 ºC/min from 25 to 650 ºC. 

2.3.3.   Adhesion properties 
“Lattice notch method’’ [23] was used to investigate adhesion properties of the composites. Firstly, aluminum 
surface was blasted and cleaned. Later, groundnut hull/epoxy mixture was applied to metal surface as a thin 
layer. All specimens were dried for 8 h a t between 40-80 ºC. After curing process, the layers were divided 
into squares which have 1 mm x 1mm dimension with a razor blade. These squares were pulled suddenly by a 
kind of tape. Some part of the squares was removed from the surface whereas the other squares were on the 
metal surface. The % adhesion was calculated with this equation: 

 
where a is the total square number and b is the square removed from the surface number.    

2.3.4. Corrosion properties 
Different solutions that are 3% NaCl, 10% H 2SO4, 10% NaOH and water were chosen to determine 
corrosion properties of the groundnut hull/epoxy composites [24]. Small part of t he composites were 
immersed in the these solutions at room temperature for two weeks and then corrosion resistance of the 
composites was interpreted by observing any defects like color change, swelling. 

2.3.5. Water sorption properties 
Epoxy resins are vulnerable thermoset materials to water sorption. Even if small amount of water, it affects 
many properties of e poxy composites such as chemical decomposition, swelling, weakening mechanical 
properties and decreasing glass transition temperature (Tg) [25]. In order to obtain water sorption properties 
of the epoxy composites, small part of the specimens were plunged into distilled water at room temperature 
for 15 days. Specimens were removed from water once in two days. After specimens were wiped up, they 
were weighted with analytical balance [26]. The % w ater sorption values were calculated by following 
equation: 
 

 
where m1 is the weight of the specimen at the time of measurement and m2 is the weight of the specimen at 
first.  

2.3.6.   Cold resisting properties  
Not only is heat resistance of t he epoxy composites important factor but also cold resisting properties are 
remarkable point in their applications. According to TSE K 86, cold resisting properties of the composites 
were specified. The specimens were kept in a fridge for 24 h a t -25 ºC. Whether such changes as cracks, 
fractions occurred on the specimens or not were observed by naked eye. 

 

3. RESULTS AND DISCUSSION 

3.1. Mechanical properties 
Fillers added to polymer matrix can have an effect on cross-linkage so composite hardness can be enhanced 
or reduced depend on filler structure. The hardness values of all the epoxy composites were shown in Table 1. 
It can be seen that the hardness of the composites decreased with the increase in groundnut hull content from 
0 wt% to 20 wt% even if just a drop. The highest hardness was obtained at neat epoxy resin as 86 Shore D. 
When the groundnut hull was compared with epoxy resin, the groundnut hull has ductile structure thus 
composite hardness decreased with organic filler loading as expected.   

 
Table 1. Hardness values of the composites 

Composite  Filler, % Hardness, Shore D Hardness with 5% PEG  

ER1F1 0 86,00 83,33 

ER1F2 5 84,33 83,00 
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ER1F3 10 83,00 81,83 

ER1F4 15 80,67 78,17 

ER1F5 20 78,00 74,33 

Moreover composite hardness showed a decline with the addition of 5% P EG because PEG possesses 
plasticizing property. Interfacial bond strength between matrix and filler may be weakened by PEG. 

3.2. Thermal properties  
TGA analysis was applied to composite materials to investigate thermal degradation of the epoxy composites. 
The TGA results were indicated in Table 2. Initial decomposition temperature, T5, T10, T50 which are 
respectively %5, %10, %50 degradation occurs were shown in this table. And also residue that remains at 600 
ºC namely char was determined from TGA thermograms.  

 
Table 2. TGA analysis data of the composites 

Composite Filler, % IDT ͼC T5 ºC T10 ºC T50 ºC 600 ºC, % residue 

ER1F1 0 121,5 264,17 339,17 379,67 12,66 

ER1F2 5 103,5 251,5 330,67 380,17 11,87 

ER1F3 10 97,83 234,5 326,17 379,17 11,27 

ER1F5 20 99,33 222 289,17 403,33 10,35 
The initial decomposition temperature, T5 and T10 were decreased with the addition of groun dnut hull to 
epoxy resin. There was not significant change at mid-point temperatures except composite which has 20% 
organic waste loading. Furthermore the residue value was changed slightly compared to epoxy resin. The char 
composition is substantial factor which restricts combustible gases formation. According to results, any 
remarkable increment was not observed because the groundnut hull has lower thermal stability than the epoxy 
resin.  

3.3. Adhesion properties 
Adhesion properties of t he epoxy composites are taken into consideration in a lot of i ndustry applications 
especially metal surface coating. The layer that is composite mixture applied to metal surface such as 
aluminum, steel can enhance some properties. The layer can not only retard flammability but increase 
resistance to corrosion as well. As it can be seen from Table 3, % adhesion values were given depend on the 
filler material and PEG addition. The best result was obtained by neat epoxy resin and the others had % 
adhesion values above 90%. The small difference between results may arise from nonhomogeneous layer and 
partial agglomeration of groundnut hull on the aluminum metal surface. While the PEG was added to 
groundnut hull/epoxy composites, there were hardly changes in the adhesion properties.    

 
Table 3. Adhesion properties data of the composites 

 

 

 

 

 

 

 

3.4. Corrosion properties     
Corrosion resistance of epoxy composites to saline, acidic, alkaline and water environments is important 
parameter in the usage area of the composites. The corrosion resistance can be raised by supplement of filler 
materials. To determine corrosion tolerance of the composite specimens, small parts of them were exposed to 
3% NaCl, 10% H2SO4, 10% N aOH and water solutions. It was observed that whether there was any 
difference or in appearance of the composites or c olor change of solutions for two weeks. The interaction 
between the composite parts and the solutions did not occur; therefore there was not any change on the 
composite parts and the color of the solutions. The corrosion resistance properties were indicated in Table 4. 

Composite  Filler, % Adhesion, % Adhesion with 5% PEG, % 

ER1F1 0 100 100 

ER1F2 5 96 95 

ER1F3 10 93 94 

ER1F4 15 96 95 

ER1F5 20 92 93 
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The groundnut hull added to epoxy resin at various content did not affect the corrosion resistance on a large 
scale. Moreover the addition of the PEG did not alter the resistance of the composites to corrosion. 

 
Table 4. Corrosion resistance of the composites 

Composite Filler, % PEG, % NaCl, 3% NaOH, 10% H2SO4, 10% Water 

ER1F1 0 0 + + + + + + + + 

ER1F2 5 0 + + + + + + + + 

ER1F3 10 0 + + + + + + + + 

ER1F4 15 0 + + + + + + + + 

ER1F5 20 0 + + + + + + + + 

ER1PF1 0 5 + + + + + + + + 

ER1PF2 5 5 + + + + + + + + 

ER1PF3 10 5 + + + + + + + + 

ER1PF4 15 5 + + + + + + + + 

ER1PF5 20 5 + + + + + + + + 
Positive, + 

 

3.5. Water sorption properties 
Water sorption plays a substantial role in the evaluation of the composite material properties. Besides, the 
chemical composition is the other factor that affected water sorption. Many natural fillers are tend to absorb 
water because of hydrophilic hydroxyl groups [17]. The absorbed excessive water may weaken interfacial 
bonding, so increase delamination. The water uptake as a function of t ime was indicated in Figure 1. The 
amount of w ater absorbed increased with the rise in groundnut hull content at room temperature. In ot her 
words, the epoxy composite filled with 0% had lower water absorption than the others. The water sorption 
values varied between %0,19 and %0,73 after one day. After 8 days, water sorption almost remained stable 
for all composites. The PEG influence was presented in Figure 2 for 15 d ays. The water sorption of 
groundnut hull based epoxy composites was raised by the addition of the PEG similarly the composites 
without the PEG. The amount of absorbed water increased from %0,71 to %3,87. The epoxy composites with 
PEG exhibited more water sorption than the composites without the PEG. This can be due to –OH groups in 
the PEG, because –OH groups interact with hydrogen in the water.      
   

     
Figure 1. % water sorption of the composites without PEG 
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Figure 2. % water sorption of the composites with PEG 

3.6. Cold resisting properties  
The polymeric composite materials are used in environments that require both temperature and cold 
resistance. Hence resistance of the composites to low temperatures has an importance in many applications. 
The cold resisting properties of the epoxy composites were specified by TSE K 86 i n this study. The 
specimens were kept in a fridge for 24 h  at -25 ºC and then physical appearance of t he specimens was 
observed by naked eye. There were not any defects for instance cracks and fractions.  

 

4. CONCLUSIONS 
In this experimental study, main object was to prepare groundnut hull/epoxy composite materials and 
investigate some properties such as mechanical, thermal, corrosion resistance, water sorption, adhesion and 
cold resisting. According to the results obtained, the hardness values decreased partially due to chemical 
structure of the natural filler and PEG. The initial decomposition temperature and the temperatures that occurs 
%5, %10 degradation reduced with increasing the filler content. However the mid-point temperature and 
residue at 600 ºC showed similar values in all composites. The adhesion properties of the epoxy composites 
changed negligibly with the addition of the filler as compared to neat epoxy resin. Moreover these composites 
were found to have favorable corrosion resistance to 3% NaCl, 10% H2SO4, 10% NaOH and water solutions. 
The water sorption of the composites without PEG merely rose when compared to the composites with PEG. 
While the former varied from %0,19 to 0,73, the latter changed between %0,71 and %3,87. In addition to 
what is mentioned above the epoxy composites have a capacity for cold resistance. The most important point 
of this study is that agricultural waste groundnut hull can be utilized to prepare epoxy composites and 
utilization of groundnut hull provides to avoid from environmental pollution. And also using this filler, the 
cost can be reduced successfully in the composite preparation.             
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Abstract 
Plasma paste boriding is a thermo-chemical diffusion process in which boron is diffused into the steel in plasma 
environment at high temperatures. The paste used having environmentally friendly boron raw materials and gas-
es which have inert characteristics make this process more advantageous when compared with plasma boriding.

In this study, 21NiCrMo2 steel was borided using borax paste in plasma environment at temperatures of 700 and 
800oC for duration of 2 and 5 h and for gas mixtures of 60%N2+20%H2+20%Ar and 20%N2+60%H2+20%Ar. 
7he properties of the boride layer were evaluated by optical microscopy, ;�ray diffraction �&u.Į radia-
tion, Ȝ �,���� $��, the micro�9icNers hardness tester �for �� g load�. 7he results revealed that ;�ray dif-
fraction analysis of boride layers on the surface of the boronized steel exhibited FeB and Fe2B phas-
es and intensity of FeB and Fe2B phases changed depending on the plasma gas mixtures. The thickness and 
hardness of boride layer increased with the increase in temperature and time of plasma paste boriding process.
      
Keywords:  
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1. INTRODUCTION 
Boriding is a process in which the surfaces of metals and alloys are saturated with boron. This process is 
performed to increase the hardness and the wear and corrosion resistances of these materials for engineering 
components for industrial applications that require such properties. The thickness of the formed boride layer 
affects the mechanical and chemical properties of bori ded materials, and it depends on the boriding 
temperature, the treatment time and the boron pot ential that surrounds the surface sample [1],[2],[3],[4]. 
Therefore, it is important to select the optimum process parameters to obtain boride layers with adequate 
thicknesses for their intended practical applications. Boriding can be carried out in solid, liquid, or gaseous 
medium [5]. The process is normally carried out by heating the substrate materials at a temperature between 
700 to 1100 °C for a  specific time (1-12 hours) and in the appropriate chemical environment. At present, 
several kinds of bori ding methods are available for t he production of ha rd boride layers such as, pack 
boriding, paste boriding salt-bath boriding (electro less and electrolytic including ultrafast boriding), 
fluidized-bed boriding, gas-phase and plasma boriding, plasma paste boriding and superplastic boriding 
[6],[7],[8], [9], [10], [11]. In order to decrease the boriding temperature and time, ion implantation boriding 
[12], and plasma-assisted boriding [13] have been studied over the past 40 years [14],[15]. Although the 
plasma boriding process has a superior advantage when compared to conventional boriding processes, the 
gases (B2H6, BCl3) used in plasma boriding, which have expensive, poisonous and explosive characteristics, 
constitute its disadvantages. The disadvantages in the plasma boriding process can be eliminated through the 
plasma paste boriding surface process. The fact that the paste used has environmentally friendly boron raw 
materials and that the gases used are generally hydrogen, argon and nitrogen, which have inert characteristics, 
make this process advantageous [16]. Plasma paste boriding caused lower activation energy for the formation 
of boride layer than that for the conventional boriding process. It is possible that the formation of boride layer 
at lower temperatures in plasma is more effective than the conventional processes. Boriding temperatures and 
times decrease for plasma system and boride layers form at lower temperatures [17].  
Argon and Hydrogen are important gases for plasma paste boriding process. Ar is used to change the plasma 
parameters such as electron temperature and electron density which influence the production of active species 
by inelastic collisions, plasma reactions and plasma surface interactions. During plasma paste boronizing, 
borax reacts with active hydrogen (H+) in glow discharge.   A tomic boron was produced through the 
decomposition of the boron hydride (BxHy) from the paste, and this atomic boron became the active boron, 
B+1 within the molten borax or in the glow discharge. Finally, this active boron, B+1, diffused and reacted 
with Fe to form the boride layer. Nitrogen is diatomic gas like hydrogen (two atoms to every molecule). 
Nitrogen containing plasmas have higher energy contents for a given temperature than the atomic gases of 
argon and helium because of the energy associated with dissociation of molecules. In addition, nitrogen tends 
to form compounds with iron and can change the structure of boride layer [11], [23],[24],[25].  
The characterization of borided steels by using various boriding processes has been evaluated by a number of 
investigators [18],[19],[20],[21],[22]. However, the literature on characterization of pl asma paste borided 
steels in three gas plasma environment is scarce. In this study, low alloyed 21NiCrMo2 steel was plasma 
paste borided for the gas mixtures of Ar, H2 and N2.  The phase structure and microhardness of the boride 
layers were investigated using optical microscopy, X-ray diffraction (XRD), microhardness tester.  

 

2. EXPERIMENTAL 

2.1. Materials 
21NiCrMo2 steel which contained 0.19% C, 0.4% Cr, 0.7% Mn and 0.4% Ni was used for the investigation. 
The samples had a cylindrical shape and were 18 mm in diameter and 6 mm in length. 

 
2.2. Methods 
 

The samples were ground us ing up t o 1000 mesh SiC paper and polished with 0.1 alumina suspension to 
obtain a smooth surface. Borax powder was accumulated on the steel that was immersed in a powder-alcohol 
suspension. A plasma paste boronizing treatment was performed in a dc plasma system, which is shown in 
Fig.1. The prepared samples were placed in the vacuum container and the container pressure was set to 2x10-2 
mbar of vacuum. The samples were plasma paste boronized at 700 and 800 oC for 2 and  5 h in a gas mixture 
of 60%N2+20%H2+20%Ar (6N) and 20%N2+60%H2+20%Ar  (6H) under a constant pressure of 5 mbar. The 
temperature of the samples was measured by using a chromel-alumel thermocouple that was placed at the 
bottom of the treated samples.  
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Cross-sections of plasma paste boronized steels were prepared metallographically to observe morphological 
details using the BX60 Olympus microscope. The X-ray diffractograms were obtained by using a copper tube 
source as dictated by the conventional bragg-brentano (T-2T) technique having symmetric geometry with 
monochromatized radiation (Cu Kα, λ=0.15418 nm). The thickness of the layers formed on the steels was 
measured by an optical micrometer attached to the optical microscope. The hardness of the boride layers was 
measured on the cross-sections using the Micro-Vickers indenter (Shimadzu HMV-2) with 50 g loads. 

 
Figure 1.Schematic illustration of plasma paste boriding system. 

 

3. Results and Discussions 
3.1. Surface Characterization 
 

The cross section optical micrographs of the plasma paste borided 21NiCrMo2 steel at temperature of 800 oC 
for  5 h in a gas mixture of 60%N2+20%H2+20%Ar  and 20%N2+60%H2+20%Ar  are indicated in Fig. 2. The 
saw-tooth morphology was developed on the cross-sections of the borided steel in relation to the chemical 
composition of the substrate composed of pe arlite and netlike ferrite. This columnar shape of the boride 
layers was observed in borided iron and carbon steels with low carbon contents [26],[27]. This experimental 
fact is due to an anisotropic diffusion of boron a toms where the boride needles grow rapidly along the [001] 
direction that minimizes the growth stress [28],[29].  
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Figure 2. Cross section optical micrographs of the plasma paste borided steel at 800 oC for  5 h in a gas mixture of a) 
60%N2+20%H2+20%Ar  and b) 20%N2+60%H2+20%Ar. 

 

Table 1 shows boride layer thickness of plasma paste borided samples. As can be seen in Table 1, thickness 
of boride layers increased with increasing boriding temperature and time due to the high mobility of boron in 
the borided layer at high temperatures. This finding is in agreement with literature [28],[29],[30]. Boride layer 
thickness reached a value of 48 µm for 700 oC, while it was only 50 µm for 800 oC and 5h in the gas mixture 
of 20%N2+60%H2+20%Ar. For 60%N2+20%H2+20%Ar gas mixture, thickness of boride layer was found 50 
µm at 700 oC, whereas it was 60 µ m at 800 oC and 5h. This result showed that boride layer thickness 
increased with the increase in nitrogen amount of gas mixtures.  

 
Table 1. Boride layer thickness of plasma paste borided steel in gas mixture of 60%N2+20%H2+20%Ar and 

20%N2+60%H2+20%Ar 
 
 

Plasma Gas Mixture 

Plasma Temperature (ºC) and holding time (h) 
700 800 

2 5 2 5 
Boride layer thicknesses (µm) 

20%N2+60%H2+20%Ar 16 48 30 50 
60%N2+20%H2+20%Ar 20 50 43 60 

 
Figure 3 i ndicates the XRD patterns of pl asma paste borided steel for t wo different gas mixtures. The 
diffracted intensities of t he boride phases depended on t he boriding temperature, time and plasma gas 
mixture. As shown in Figure 3, boride layer consisted of FeB and Fe2B phases. FeB contribution (2θ≈38o) to 
the pattern was increased in the gas mixture of 60%N2+20%H2+20%Ar at 800 oC. The intensity of Fe2B 
phase also decreased in the same gas mixture. This is due to the fact that diffusion of boron atom decreases 
inwards to the steel as a result of diffusion of nitrogen into the steel.    
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Figure 3.XRD patterns of the surfaces of the plasma paste borided steel at increasing temperatures and times for 

20%N2+60%H2+20%Ar (6H) and  60%N2+20%H2+20%Ar (6N). 

 

3.2. Microhardness Measurement  
 

Microhardness measurements were made on the cross-sections of the borided samples from the surface to the 
interior as a function of depth. Figure 4 shows the microhardness profiles obtained on the cross-sections of 
plasma paste borided samples at 700 and 800 oC for dura tion of 2 a nd 5 h i n gas mixtures of 
20%N2+60%H2+20%Ar (6H) and 60%N2+20%H2+20%Ar (6N). It is seen that the shape of the 
microhardness profiles is affected by the boriding temperature. These profiles can be correlated with the 
variation of boron concentration through the boride layer. The diffusion front due to the formation of i ron 
borides varies in the same direction as the hardness gradient. The hardness of boride layers on plasma paste 
borided steel at 800 oC was higher than that at 700 oC. It was also noticed that the longer boriding time results 
in higher surface hardness values due to the formation of a harder FeB phase [18],[30]. As can be seen in Fig. 
4, while a maximum surface hardness of 1765 HV0,05   was obtained for the steel borided at 800 oC for 5 h, the 
lowest surface hardness of 1685 HV0,05  was found for the sample borided at 700 oC for 2 h in the gas mixture 
of 20%N2+60%H2+20%Ar. However, for the case of 60%N 2+20%H2+20%Argas mixture, the surface 
hardness values of 1743 a nd 1673 HV0,05 were obtained  for the samples borided at 800 and 700 oC for 5 h 
and 2 h,  respectively. The results of m icro-hardness measurement pointed out that plasma paste boriding 
enhanced the surface hardness of 21N iCrMo2 steel surfaces and hardness value in gas mixture of 
20%N2+60%H2+20%Ar is slightly higher than that of 20%N2+60%H2+20%Ar gas mixture. In thermo-
chemical boriding treatments, high hardness is attained directly through formation of borides during boriding 
and does not require quenching [2], [5], [31], [32]. 
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Figure 4.Microhardness profiles obtained on the polished cross-sections of plasma paste borided at 700 and 800oC for 
duration of 2 and 5 h in gas mixtures of 20%N2+60%H2+20%Ar (6H) and 60%N2+20%H2+20%Ar (6N). 

 
4. CONCLUSIONS 
 
In this study, plasma paste boriding process, which consists of borax paste, was successfully performed on 
21NiCrMo2 steel. Since the plasma activates the chemical reaction more, a thicker boride layer is formed 
than conventional boriding methods at similar temperatures. It is possible to establish boride layer with the 
same thickness at lower temperatures in plasma environment. The saw-tooth morphology was formed on the 
cross-sections of the borided steel for both gas mixtures. Thickness of boride layers increased with increasing 
boriding temperature, time and nitrogen amount of ga s mixtures. Boride layer consisted of F eB and Fe2B 
phases and FeB intensity in the pattern was increased in the gas mixture with high nitrogen content. Plasma 
paste boriding promoted the surface hardness of 21NiCrMo2 steel surfaces and hardness value in gas mixture 
with low nitrogen is slightly higher than that of gas mixture with high nitrogen content. 
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Abstract 
In this experimental research, the tribological performance of ���wt fibre glass �*)� filled polyphenylene sulfide 
�336�*)�, �wt� wax filled 336�*), ��wt� polytetraÀuoroethylene �37)(� filled 336�*) and �wt� wax���wt� 
37)( filled 336�*) sliding against ;��&r0o9��� steel under dry sliding conditions were studied using a pin�on�
disc tribometer. 7he inÀuences of applied load and sliding speed on tribological properties were investigated. $ll 
the materials were dried at ��� o& for � hour before compounding. 336�*) composites were fabricated on twin 
screw extruder. 7he temperatures from the feed ]one to the die of the extruder were ���, ���, ���, ��� and ��� o&, 
respectively. 7hereafter, the specimens for tribological tests were produced using inMection�molding machine, with an 
inMection pressure of ��� bar and temperature profile of ���, ���, ���, ��� and ��� o&. 7he screw speed was fixed 
at �� cm��s and the mould temperature was �� o&. 7ribological tests were carried out at sliding speeds of �.�, �.�, 
and �.�m�s and applied load values of ��, �� and ���1. 7he results show that the coefficient of friction for 336�*) 
and its composites were decreased while specific wear rate increased with increased applied load and sliding speed 
values. 7he coefficient of friction and specific wear rate of the 336�*) polymer decreased with the addition of wax 
and 37)(. 7he specific wear rate for 336�*) and its composites are in the order of ��í�� and ��í�� m� � m. 
      
Keywords:  PPS, Wax, PTFE, Friction, Wear
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1. INTRODUCTION 
Poly(p-phenylensulfide) (PPS) is an excellent crystalline thermoplastic with heat and chemical resistance, and 
it is used broadly as an alternative material of metal in car parts, electricity and electronic products, and 
precision parts. As a new type of e ngineering plastic, poly(phenylene sulfide) [1]. PPS shows high 
mechanical strength as well as dual properties of thermoplastic and thermoset. Those outstanding properties 
of PPS are attributed to its chemical structure composed of ph enyl groups linked by a sulphur atom, and 
hence, PPS has been used in a variety of market segments including industrial and consumer goods sectors. 
However, the low glass transition temperature and the brittleness with low elongational strain also restrict its 
further applications. Several techniques hence have been applied to overcome the marginal properties of 
PPS  [2]-[5]. 

A solid lubricant is defined as a material that provides lubrication to two surfaces moving relatively to each 
other. The solid lubricants often lead to decrease of coefficient of friction and specific wear rate through the 
reduction in adhesion with the counterface or the creation of a transfer film at the interface [6]. The solid 
lubricants such as ultra-high molecular weight polyethylene (UHMWPE) [7-9], polytetrafluroethylene 
(PTFE) [7]-[11], molybdenum disulfide (MoS2) [6,7,11], graphite [9,12,13] and carbon [11] have been thus 
widely used to enhance the friction and wear properties of polymers [7]. There have been numerous 
investigations effect of t he influence of s olid lubricant on t he friction and wear behaviour of different 
polymers. Yi-Lan et al. [7] investigated the tribological properties of TiO2/PA6 nanocomposites filled with 
MoS2, UHMWPE, PTFE and their combinations. Mehmet and Hayrettin [10] examined the effect of sliding 
velocity, bearing pressure and temperature on friction and wear of PA66, PA66+18%PTFE and 
PA66+20%GFR+25%PTFE  j ournal bearings at ambient conditions. Laıguı et al. [11] investigated the 
friction and wear behaviour properties of graphite (C), molybdenum disulfide (MoS2), and 
polytetrafluoroethylene (PTFE) filled polyphenylene sulfide (PPS) composites.  Suck and Dae-Won [12], 
investigated nylon composite with graphite and oil for anti-static sliding applications. In this study, the 
influence of load, sliding speed and lubrications on the friction and wear behaviour of PPS-GF polymers have 
been studied and compared.  

2. EXPERIMENTAL DETAILS 
The matrix material 40%wt fibre glass (GF) filled polyphenylene sulfide with 1.65g/cm3 density was obtained 
from Royal DSM in Hollanda. In sample preparation process, the PTFE and wax were added to 40%wt fibre 
glass (GF) filled polyphenylene sulfide with 4wt% and 10 wt% ratios. The composite granules were prepared 
using twin screw extruder AYSA Lab-30 at temperatures ranging from 275 t o 300 oC. The specimens of 
40%wt fibre glass (GF) filled polyphenylene sulfide and its composites were moulded by using an injection 
moulding machine at temperatures from 275 to 300 oC. Wear tests were carried out on a pin-on-disc wear test 
configuration at room temperature under dry conditions. The cylindrical pin flat ended specimens of s ize 6 
mm in diameter and 50 m m length were tested against X40CrMoV5-1 steel disc. Figure 1 re presents a 
schematic diagram of the pin-on-disc wear test configuration that was designed and used for this work. 
Sliding wear data reported here is the average of at least three runs. The average mass loss was used to 
calculate the specific wear rate ( Ko ) as 

Ko = Δm / L . F . ρ       ( m2/N )                      (1) 

where Δm is average mass loss (g), L is sliding distance (m), F is the applied load (N) and ρ is density of the 
materials (g cm-3). 

 

  
Figure 1. Schematic diagram of wear test rig. 
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3. PRESULT AND DISCUSSIONS 
Table 1 present coefficients of friction and wear rate values for P PS-GF, PPS-GF+4%Wax, PPS-
GF+10%PTFE and PPS-GF+4wt%wax+10wt%PTFE composite against steel counterface, tested at room 
temperature, dry condition, 0.5, 1.0 and 1.5m/s sliding velocity and at 60, 900, 120N load values. Figure. 2 
and 3 show the variation of friction coefficient of PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE and PPS-
GF+4wt%wax+10wt%PTFE composite with applied load at 0.5m/s and 1.5m/s sliding speeds respectively. It 
is clear from these figures that the coefficient of friction of tested PPS-GF polymers decrease linearly with the 
increase in load value. Similar results obtained by Mehmet and Hayrettin [10].There is an average decrease of 
20% in friction coefficient value from 60N to 90N increase in load value. For all combination of materials 
used in this investigation, the average coefficient of friction value for 4wt%wax filled PPS-GF, 10wt%PTFE 
filled PPS-GF and 4wt%wax/10wt%PTFE filled PPS-GF polymers are 37%, 26% and 41% lower values than 
that of the PPS-GF composite, respectively.  
 
Table 1. Tribological properties for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE and PPS-GF+4wt%wax+10wt%PTFE 

composites against steel disc tested at different sliding speed and load. 

Materials Load 
(N) 

Sliding speed ( m/s ) 
0.5 1.0 1.5 0.5 1.0 1.5 

Coefficient of friction 
( µ ) 

Specific wear rate 
( m2/N ) 

PPS-GF 60N 0,285 0,260 0,249 9,02E-15 1,00E-14 1,11E-14 
 90N 0,278 0,224 0,195 1,09E-14 1,48E-14 1,73E-14 

 120N 0,256 0,201 0,182 1,16E-14 1,61E-14 1,88E-14 
PPS-GF+4%Wax 60N 0,176 0,162 0,160 6,07E-15 7,17E-15 8,27E-15 

 90N 0,165 0,150 0,144 8,46E-15 8,83E-15 9,93E-15 

 120N 0,152 0,139 0,131 9,65E-15 1,02E-14 1,21E-14 
PPS-GF+10%PTFE 60N 0,217 0,191 0,181 7,04E-15 8,80E-15 9,97E-15 

 90N 0,194 0,171 0,164 9,38E-15 9,78E-15 1,29E-14 

 120N 0,175 0,153 0,145 1,02E-14 1,20E-14 1,70E-14 
PPS-GF+4wt%wax+10wt%PTFE 60N 0,158 0,151 0,148 4,35E-15 5,59E-15 7,46E-15 

 90N 0,149 0,140 0,134 6,63E-15 7,04E-15 8,29E-15 

 120N 0,142 0,131 0,124 7,46E-15 8,08E-15 9,95E-15 

 

 
Figure 2. Variation of coefficient of friction with load for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Sliding speed; 0.5m/s). 
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Figure 3. Variation of coefficient of friction with load for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Sliding speed; 1.5m/s). 

Figure 4 and 5 show the variation of friction coefficient of PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE 
and PPS-GF+4wt%wax+10wt%PTFE composite materials with sliding speed values under 60N and 120N 
loads values, respectively. The coefficient of friction of tested all materials decreases linearly with the 
increase in sliding speed. In the case of PPS-GF, there is an average 30% decrease with the increase sliding 
speed. For PPS-GF+4%Wax, PPS-GF+10%PTFE and PPS-GF+4wt%wax+10wt%PTFE composite materials 
there is an average decrease of 12%, 15% and 10% in friction coefficient value for a 100% increase in sliding 
speed, respectively. The tribological behaviors of polymers and polymer-based composites are closely related 
to the transfer film characteristics. The decreasing of friction with increasing of load and sliding speed results 
from transfer film formation. And, it provide to increase of film thickness and increase the holding ability of 
the film on the counter surfaces [14-16].  

 

 
Figure 4. Variation of coefficient of friction with sliding speed for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Load; 60N). 
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Figure 5. Variation of coefficient of friction with sliding speed for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Load; 120N). 
 

 

 

 

 

Figure 6 a nd 7 show the variation of s pecific wear rate versus load for PPS-GF, PPS-GF+4%Wax, PPS-
GF+10%PTFE, PPS-GF+4%Wax+10%PTFE composites. It is clear from these figures that the wear rate for 
all tested materials is increases with the increment of load values. In general the specific wear rate for PPS-
GF is in the order of 10 −15 while PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-GF+4%Wax+10%PTFE 
composites are in the order 10−14 m2/N. It is seen that among tested PPS-GF and its composite materials, the 
lowest wear rate is for P PS-GF+4%Wax+10%PTFE with a value of 4. 35x10-15 m2/N followed by PPS-
GF+4%Wax with 6.07x10-15 m2/N and PPS-GF+10%PTFE with 7.04x10-15 m2/N and the highest value is 
1.88x10-14 m2/N for PPS-GF. This means that wax and PTFE presence in the composite presents 35% lower 
wear rate of PPS-GF material.  

 

 
Figure 6. Variation of specific wear rate with load for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Sliding speed; 0.5m/s). 

 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 
Figure 7. Variation of specific wear rate with load for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Sliding speed; 1.5m/s). 

 

 
 
 

Figure 8 and 9 present the variation of specific wear rate with sliding velocity under 60 and 120 N load values 
respectively. It is clear from these figures that the specific wear rate values increase with the increase in 
sliding speed values. The addition of gra phite and wax resulted in large improvement in lowering friction 
coefficient and wear rate of P PS-GF polymer. The PPS composite showed the highest specific wear rate 
value. This result could be explained by the brittleness of t he PPS composite from the higher amount of 
reinforcing glass fibres and due to weak bonding between the fibres and the matrix [17]. 

 

 
Figure 8. Variation of specific wear rate with sliding speed for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Load; 60N). 

 



The Effect of the Wax and PTFE on Tribological Properties of GF filled PPS Composites 

 
Figure 9. Variation of specific wear rate with sliding speed for PPS-GF, PPS-GF+4%Wax, PPS-GF+10%PTFE, PPS-

GF+4%Wax+10%PTFE composites tested against steel (Load; 120N). 
 

Figure 10 show the microscopy examination of pin and disc surfaces for PPS-GF, PPS-GF+4%Wax, PPS-
GF+10%PTFE, PPS-GF+4%Wax+10%PTFE composites under 90N load value and at 0.5 sliding speed 
conditions. For PPS-GF polymer pin materials, worn surface showed sliding with wider and deeper grooves, 
which is resulted from removed brittle GFR. For PPS-GF disc surface, transfer film was thin and 
discontinuous, which correspond to its high friction coefficient and wear rate. In case of wax and PTFE filler, 
the formation of t ransfer film is more active and stable. This transfer film protects the surfaces and has 
lubricant behaviors. This process caused to much lower coefficient of friction and specific wear rate values. 
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Figure 10. Pin and disc worn surface microscopy at 90N load and 0.5m/s sliding speed for PPS-GF, PPS-GF+4%Wax, 

PPS-GF+10%PTFE, PPS-GF+4%Wax+10%PTFE composites. 
 

 

4. CONCLUSIONS 
1. The coefficient of fri ction of tested PPS-GF polymers decrease linearly with the increase in load and 
sliding speed value. 

2. In general the specific wear rate for PPS-GF is in the order of 10 −15 while PPS-GF+4%Wax, PPS-
GF+10%PTFE, PPS-GF+4%Wax+10%PTFE composites are in the order 10−14 m2/N. 

3. The specific wear rate values increase with the increase in load and sliding speed values. 

4. The addition of wax and PTFE fillers into PPS-GF decreases the friction coefficient and specific wear rate 
of PPS-GF composites. 

5. Transfer film to the steel disc that leads to increased wear resistance. 
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Abstract 
Thermal batteries have generally three sections; anode, cathode and electrolyte. We developed a new molten salts elec-
trolyte with binary mixture. Its thermal conductivity and DSC analysis were evaluated and compared with mixture com-
ponents. It was concluded that the new molten salts electrolyte with binary mixture can improve thermal and electrical 
capacity in medium temperature thermal batteries.        
      
Keywords:  binary mixture, thermal analysis, electrolyte, thermal battery
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1. INTRODUCTION 
Thermal activated (also known thermal) batteries are used as the primary power sources for ordnance 
applications. Their inherent advantages such as reliable, robust, rugged and longtime storage, made them 
primary power sources for the military applications. First time the Germans developed this technology for a 
power source of their V2 rockets during WWII [1].  D r. Georg Otto Erb is credited with developing the 
molten-salt battery that used the heat of the rocket to keep the salt liquid during its processing [2]. In 1946 
thermal battery technology was used and developed by the Americans. 

The thermal battery cell basically has three elements; anode, cathode and electrolyte. It uses a molten, 
ionically conducting electrolyte as a separator between the anode and cathode [3]. Until the electrolyte 
becomes molten, the battery is essentially inert. Once activated the thermal battery, power can be delivered at 
extremely high rates. The desired battery power voltage is obtained by stacking the required number of cells. 

The convectional LiCl-KCl molten salt systems, which has been used as an electrolyte in thermal batteries, 
has a melting point 350oC [4]. For high temperature molten salts batteries, there are a lot of works to obtained 
better thermal and ionic conductivity [5-8]. 

There has been interest in recent years to adopt thermal “activated” battery for some domestic applications 
such as power sources for b orehole drilling application [9]. However, this would require the use of 
electrolytes lower melting points (≤300oC). Lithium based eutectic mixtures as electrolyte were studied by 
the authors to obtained lower melting points with better thermal and ionic conductivity [10-15]. 

We developed a new molten salts electrolyte with binary mixture. We mixed the salt hydrates in several 
mixture ratio and finally found proper ratio for better thermal and electrical capacity. 

 

2. EXPERIMENTATION 
The experimental work consists of synthesis of the mixture of proper salt hydrates as electrolyte and their 
mixture ratio. We used Potassium thiocyanate (KSCN) and Butanaminium iodide (C4H12IN) as salt hydrates 
as binary mixture materials. Their and binary mixture thermal and chemical properties were shown in Table 
1.  

Table 1. Salt hydrates properties 

SaltHydrate Chemical 
Formula 

MolarMasss 
(g/mol) 

Density 
(g/cm3) 

Melting 
Point 
(oC) 

Boiling 
Point 
(oC) 

Entalphy 
(mJ/mg) 

Appearance 

Potassiumthiocyanate KSCN 97.181 1.886 173.2 500 137 Colorless 
Tetramethylammoniumiodide C4H124NI 201.05 1.840 300 - 893 White solid 
New Molten Salt Electrolyte 50% 

KSCN 
+50% 
C4H12IN 

  248.3  433 colorless 

 

Hot plate magnetic mixer was used to homogenies binary mixture (Fig 1). KSCN and C4H12IN were mixed 
different ratio. Also Omega® high temperature heater tape was used with PID Temperature controller for 
more sensitive heat control (Fig 2). We made thermal analysis with Differential Scanning Calorimetry (DSC) 
and found that 50% KSCN and 50% C4H12IN mixed homogenously (Figure 3). 
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Figure 1. Hot Plate Magnetic Mixer 

 

 

Figure 1. PID Temperature controller 
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Figure 3. DSC measurements of 50% KSCN and 50% C4H12IN mixture 

 

3. RESULTS 
50% KSCN and 50% C4H12IN mixture molecular structure was investigated by Field Emission Scanning 
Electron Microscope (FESEM). Figure 4 shows FESEM images 10µm x 2.000 scale. Distribution of small 
particles was clearly shown in FESEM results. The results show that small particles in mixture covered 
homogenous by the other materials. Particles distribution is randomly formed and they are clustering certainly 
areas. 
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Figure 4. FESEM images of 50% KSCN and 50% C4H12IN mixture 

 

Thermal conductivity is made for pure  salt hydrates and mixture, separately. Table 2 s hows thermal 
conductivity results. It shows that mixture thermal conductivity (0.103W/mK) is almost same with pure 
materials. However melting point of ne w material (248.3oC) is more suitable for m edium range thermal 
battery. Also enthalpy of new molten salt electrolyte is 433mJ/mg. It is one of the higher value of molten salts 
materials which have melting point between 200-250oC.  

 

Table 2. Thermal conductivity of materials 

Salt Hydrate Chem
ical 
Form
ula 

ThermalCon
ductivity 
 (W/mK) 

VolumetricHea
tCapacity  
(Mj/m3K) 

ThermalDif
fusivity 
(mm2/s) 

MeasurementTe
mperature (oC) 

Measurement
Duration 
(min.) 

Potassiumthiocyan
ate 

KSC
N 

0.129 1.054 0.139 26.827 2 

Tetramethylammo
niumiodide 

C4H12

4NI 
0.112 1.084 0.124 25.847 2 

New Molten Salt 
Electrolyte 

50% 
KSC
N 
+50% 
C4H12
IN 

0.103 0.875 0.109 25.117 2 

 

 

It was concluded that the new molten salts electrolyte with binary mixture can improve thermal and electrical 
capacity in medium range temperature thermal batteries. 
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Abstract 
In this study, a possible trend is investigated for total annual rainfalls fall to (la]Õ÷ city in 7urNey. )or this purpose, 
Mann-Kendall test, Spearman’s Rho test and Sen’s slope method is applied to total annual rainfall data of 8 rainfall ob-
servation stations that is obtained from *eneral 'irectorate of 0eteorology �*'0�, changing from ���� to ����. 7he 
run test �6wed and (isenharth� and 3ettitt tests are used in determine the homogeneity of total annual rainfall data series. 
$ccording to trend analysis results� decreasing significant trend existence is observed at one rainfall observation station being 
as 6ivrice, for are ��� confidence level. )or ��� confidence level, $÷Õn and (la]Õ÷ have also decreasing trends in addition 
to them. $ccording to 6en¶s slope method a decreasing direction tendency at all � observation stations. 7hese results could 
be associated with regional climate changes and are consistent with proMections related to global changing phenomena.
      
Keywords: (la]Õ÷� trend anal\sis, 0ann±.endall test, 6pearman¶s rKo test, 6en¶s slope metKod
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1. INTRODUCTION 
Due to its importance, climate change has been an active area of research in the last decades. Precipitation is 
perhaps the most important component of the complex hydrologic cycle because of its impact on our daily 
life. Therefore, precipitation is often taken as a starting point towards the understanding of changes of the 
governing processes of c limate. Point precipitation data is extensively recorded over the land surface and 
constitutes an important element for monitoring the hydrological cycle. The study of precipitation variability 
is very relevant, mainly because of its impact on society, economic activities (e.g. agriculture), land use and 
water resources. Actually, temperature has the main effect on c limatic change, so both precipitation and 
temperature trend research may be considered together, especially at the interpretation stages [1]. 

The parameter that shows the greatest variety among the climate elements in terms of time and space is the 
amount of precipitation and the systematical increases and decreases during this process have the property of 
being most significant evidence of climate change [2].  

How the trend analysis of the rainfalls is well known, defining the future of the water will be just as well 
known. In t his study, the trend of t he rainfalls have been determined by using Mann-Kendall test and 
Spearman’s rho test which are nonparametric methods and the trend slopes have been determined by using 
the Sen’s slope test, with the data obtained from the precipitation stations in Elazığ. 

2. REGION AND DATA 
Elazığ which has rich surface water resources is located in the Eastern Anatolia Region. Euphrates and Dicle 
Rivers collect all waters of the rivers of t he province. The point where Murat and Karasu Rivers join and 
Murat River and its tributary Peru are now inundated by the Keban Dam Lake. The Karakaya Dam Lake, on 
the other hand, is located in the bend of Euphrates River Baskilmass.The major tributaries of Murat River 
located within the province are Haringet and Cip streams.    

Hazar Lake is most important natural lake. The lake which is 1248 meters above the sea level is new 
discharging its water into the Euphrates Basin through a tunnel constructed to operate hdyro- power plant in 
1957 while it discharged its water only to Tigris River Basin in previous years. Keban Dam Lake is second 
artificial lake of the Turkey and it has 675 kilometres square area. The area of the Karakaya dam lake is 298 
kilometres square. Cip River is a tributary of Murat River. There is a little artificial dam lake back of the Cip 
Dam which constructed on the Cip River.      

In the central and northern parts of Elazığ region, cold-continental climate is dominant, while vicinity of the 
Keban dam lake is characterised with mild-continental climate. 

Elazığ has a continental climate (Köppen climate classification: Dsa) with cold and snowy winters and hot 
and dry summers. However, due to the natural and artificial lakes around the city, some partial variations 
from this climate is experienced. 

The data of minimum 31 years and maximum 54 years of the 8 precipitation stations, between the years 1960 
and 2013 are present. Keban Precipitation Station with 808 m height and Sivrice Precipitation Station with 
1300 m height draw attention, when the 8 precipitation stations are considered according to their height from 
the sea level. In the Figure 1 the station numbers of the 8 stations that are used to be evaluated in this study, 
the years that the data are obtained and the locations of the stations are shown in Table 1. 



Title of Paper and Authors Names 

 
Figure 1.Locations of stations 

 

Table 1.Station locations and record duration 

Stations Longitude (E) Latitude (N) Elevation (m) Record Duration 
Ağın 38,72 38,94 900 1979–2013 (35) 

Baskil 38,83 38,57 1300 1979–2013 (35) 
Elazığ 39,26 38,64 989 1960–2013 (54) 

Karakoçan 40,04 38,94 1090 1980–2013 (34) 
Keban 38,74 38,79 808 1963–2013 (51) 
Maden 39,40 38,23 1100 1980–2010 (31) 
Palu 39,93 38,69 869 1966–2013 (48) 

Sivrice 39,31 38,45 1240 1979–2013 (35) 
 

3. METHODS 
Trend, which can also be defined as the long-term movement, is the development or the inclination which a 
time series shows towards a direction in long-term. Since the trend analysis is a long-term examination, 
obtaining the data on a monthly or a seasonal basis will not affect the result of the analysis. The trend of a 
series can be linear or curvilinear. However, the most significant characteristic of the trend is being consistent 
in both conditions [3].  

It can be researched with the statistical tests whether a considerable decrease or an increment (trend) occur in 
the measured values of a magnitude in the course of time. Since the hydrological magnitudes (precipitation, 
flow) have a characteristic that changes randomly in time, researching a continuous decreasing or increasing 
inclination requires the use one of specific methods [4]. 

3.1. Mann–Kendall Test 
Mann-Kendall test is a statistical testing method that is commonly used in defining the trend in time series in 
hydrology and climatology fields and that is also suggested by World Meteorological Organization (WMO). 
Mann-Kendall test pulled its rank in trend analysis in several studies. Non-parametric tests are usually more 
robust compared with parametric ones, among which the Mann–Kendall test is the most used in hydrology 
and climatology. Therefore, to detect any monotonic trends in the precipitation time series at all considered 
grid points, the Mann–Kendall test was used. This test consists of comparing each value of the time series 
with the remaining in a sequential order. The Mann-Kendall statistic S is given as 

ܵ =  � ൫𝑥𝑥݊݃ݏ − 𝑥𝑥݇൯
݊

݆=݇+1

݊−1

݇=1

 (1) 

The application of trend test is done to a time series xi_that is ranked from I =1,…,n-1 and x_j, which is 
ranked from j=i+1,…,n. Each of the data point x_i is taken as a reference point which is compared with the 
rest of the data pointsxj so that, 
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൫𝑥𝑥𝑖𝑖݊݃ݏ − 𝑥𝑥 ൯ = ൞
+1  𝑖𝑖݂ ൫𝑥𝑥𝑖𝑖 − 𝑥𝑥 ൯ > 0 
  0  𝑖𝑖݂ ൫𝑥𝑥𝑖𝑖 − 𝑥𝑥 ൯ = 0
−1  𝑖𝑖݂ ൫𝑥𝑥𝑖𝑖 − 𝑥𝑥 ൯ < 0

� (2) 

It has been documented that when n ≥ 8, the statistic S is approximately normally distributed with the mean. 

The variance statistic is given as  

ܸ𝑎𝑎ݎ(ܵ) = ݊ .(݊−1).(2݊+5)
18

 (3) 

The test statistics Z is computed as has been  

ܼ =

ە
۔

ۓ
ܵ−1

ඥܸ𝑎𝑎ݎ (ܵ)
    ܵ > 0

   0            ܵ = 0
ܵ−1

ඥܸ𝑎𝑎ݎ (ܵ)
    ܵ > 0

� (4) 

Z here follows a standard normal distribution. A positive (negative) value of Z  signifies an upward 
(downward) trend. A significance level α is also utilized for testing either an upward or downward monotone 
trend (a two-tailed test). If Z appears greater than Z(α/2) where α depicts the significance level, then the trend is 
considered as significant. 

3.2. Spearman’s Rho Test 
A quick and simple test to determine whether correlation exists between two classifications of the same series 
of observations is the Spearman’s rank correlations test. In this test, there is a significant trend only if the 
correlation between time steps and rainfall observations are found to be significant. Account of the test 
statistic Z based on rs was not presented here, since it can easily be found in statistical books. 

The test statistics rs is computed as 

ݏݎ = 1 − 6. [σ (ܴ(𝑥𝑥𝑖𝑖) − 𝑖𝑖)2݊
𝑖𝑖=1 ] (݊3 − ݊)Τ  (5) 

For n>30, the distribution of rs will be normal, so that the normal distribution tables can be used. In this case, 
the test statistic rs is computed by 

ܼ = ݏݎ .ξ݊ − 1 (6) 

If |Z|>Zα at a significance level of α; then the null hypothesis of no trend (on the other word, values of 
observations are identically distributed) is rejected. 

3.3. Sen’s Estimator of Slope 
If a l inear trend is present, the true slope (change per unit time) can be estimated by using a simple non-
parametric procedure developed. In computational procedures, the slope estimates of N pairs of data are first 
computed by 

�ܳ�𝑖 = 𝑥𝑥݆−𝑥𝑥݇
݆−݇  (7) 

For i=1,…,N; where xj and xk are data values at times j and k (j>k); respectively. The median of these N 
values of Qi is Sen’s estimator of slope. If there is only one datum in each time period, then  

ܰ = ݊ (݊ − 1)/2 (8) 

where n is the number of time periods. If N is odd, then Sen’s estimator is computed by  

ܳ𝑚𝑚𝑒𝑒݀𝑖𝑖𝑎𝑎݊ = ܳ(ܰ+1)/2 (9) 

and if is even, then Sen’s estimator is computed by 

ܳ𝑚𝑚𝑒𝑒݀𝑖𝑖𝑎𝑎݊ = ൣܳܰ/2 + ܳ(ܰ+2)/2൧/2 (10) 

The detected value of Qmedian is tested by a two-sided test at the 100(1-α)% confidence interval and true slope 
may be obtained by the non-parametric test. 

4. RESULTS 
There are several statistical methods to analyze the trend of precipitations. As being used in the trend analyses 
of several climatic parameters, the nonparametric methods, Mann Kendall test, Spearman’s rho t est for 
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analyzing the trend of precipitations and Sen’s inclination method for defining the inclination of the trend are 
preferred. In this trend analysis, it is aimed to evaluate the monthly and annual areal precipitation amounts on 
the basis of the stations. The annual areal precipitations of each station have been analyzed with Mann-
Kendall test, Spearman’s Rho test and the Sen’s inclination method and the results in Table 2 were obtained. 
 

Table 2.Results of trend analysis 

Stations Mann - Kendall Spearman’s Rho Sen’s Slope 
Z Į ���� Į ��� Z Į ���� Į ��� Q 

Ağın -1,704 - ↓ -1,717 - ↓ -3,49 
Baskil -2,073 ↓ ↓ -1,984 ↓ ↓ -3,58 
Elazığ -1,895 - ↓ -1,790 - ↓ -1,66 

Karakoçan 0,000 - - -0,189 - - -0,07 
Keban -1,267 - - -1,361 - - -1,48 
Maden -1,360 - - -1,500 - - -5,57 

Palu -1,467 - - -1,450 - - -2,17 
Sivrice -2,031 ↓ ↓ -1,998 ↓ ↓ -4,48 

 

According to Mann–Kendall and Spearman’s Rho t rend analysis results; significant trend existence is 
observed at 2 of 8 uni ts rainfall observation stations being as Baskil and Sivrice, annual total rainfalls are 
95% confidence level, in addition to these Ağın and Elazığ being as observation stations at 4 units rainfall 
observation stations annual total rainfalls are 90% confidence level to decreasing direction. Results of trend 
analysis are shown in the Figure 2. 

 
Figure 2.Results of Mann–Kendall and Spearman’s Rho trend analysis 

The inclination of the trend in these stations becomes significant following the search of a considerable trend. 
Sen’s inclination method have been used in order to define of the inclination of the trend. As a result of the 
analyses carried out with Sen’s inclination method with the data of 8 precipitation stations; only decrease is 
observed all 8 stations. 

5. CONCLUSION 
Since the precipitation is the source of water which is necessary for the life of all living creatures, it is the 
most important environmental factor that affects the structural properties, species diversity and biotic rhythm 
of animal and plant associations. Actually following the variations that are observed or e xpected in 
precipitations is significant especially for the regions where the drought pose a threat. 

In Elazığ, which has the highest potential of water in the Eastern Anatolia Region, the precipitations being in 
the form of snow and irregular, causes the flow regime to become irregular.. 

When the data that are obtained from the General Directorate of Meteorology, in order to be used in this 
study are examined, it has been determined that the station that receives the highest precipitation  w ith 
average of 840,4 mm is Maden, and the lowest is Keban with the average of 377,6 mm. In addition, when the 
maximal precipitation was observed in Maden with total of 1293,9 mm in 1987, the minimal was observed in 
Keban station with 152,8 mm in 2013. When it is evaluated annually in average, between the years 1960 and 
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2013, 1988 is the year that the maximal precipitation with average of 782,9 mm was received and 2013 is the 
year that the minimal precipitation  with average of 239,0 mm was received. 

According to Mann–Kendall trend analysis results; significant trend existence is observed at 2 of 8 un its 
rainfall observation stations being as Baskil and Sivrice, annual total rainfalls are 95% confidence level, in 
addition to these Ağın and Elazığ being as observation stations at 6 units rainfall observation stations annual 
total rainfalls are 90% confidence level to decreasing direction. 

According to Spearman’s Rho t rend analysis results; significant trend existence is observed at 2 of 8 uni ts 
rainfall observation stations being as Baskil and Sivrice, annual total rainfalls are 95% confidence level, in 
addition to these Ağın and Elazığ being as observation stations at 4 units rainfall observation stations annual 
total rainfalls are 90% c onfidence level to decreasing direction. According to Sen’s slope method a 
decreasing direction tendency at 8 units observation stations, and there is no increasing direction is 
determined. 

The results of the analyses that are performed with Mann–Kendall test and Spearman’s rho test for the total 
annual precipitations have showed that there occurred significant decrease in the trend of the same stations, 
with the confidence interval between 90% and 95%. According to these results, the province of Elazığ and its 
surroundings is under risk, since it shows a significant decreasing tendency.   

In this study, the trend is analyzed by using only the precipitation data. Carrying out similar studies on other 
meteorological parameters will form a basis both for the confidentiality of this study and also for the studies 
on climate change. Similarly, evaluating these results with different climate scripts will provide contribution 
to the determination of the water potential in the future of the region [5]. 
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Abstract 
The present paper focuses on the region of Prespa in northwestern Greece, a disadvantaged mountainous region, 
whose natural environment is protected by numerous international treaties (Ramsar, Natura2000) and which de-
pends heavily on its surface water resources for most of its socio-economical activities. The study area’s primary 
surface water bodies are the trans-border lakes Small and Great Prespa, which, over the years, have witnessed a 
decline in both the quality and the quantity of their waters. Therefore, the paper’s main objectives are to investigate 
the pressures that the water resources are under and to propose ways to counteract the current negative quantity 
and quality trends. The research methods employed in the present research include: review of relevant literature and 
the implementation of a set of methodological tools, namely SWOT Analysis, Stakeholder Analysis and the Logical 
Framework Approach (LFA). The literature review showed that activities of the primary sector are responsible for 
the largest percentage of water use in the study area, agriculture being the top consumer of water. Therefore, the 
paper discusses new irrigation�related technologies, aimed at achieving higher water efficiency and lower levels of 
agrochemical pollution of the aquifer. The implementation of the methodological tools results in an overall sche-
matization of the factors that can affect water resources in the study area and in probable policy making axes. The 
research concludes, among others, that the region can exploit several developmental and financial programs in or-
der to achieve the goals of enhancing water quality and quantity and achieving sustainable economic development.
      
Keywords: Irrigation, Prespa lakes, Water resources
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1. INTRODUCTION 
The protection of the environment and the establishment of a global framework of sustainable development 
has been a permanent topic in the sector of policy making in recent decades. Indeed, both the continuation of 
life in general, and the vast majority of modern human activities heavily depend on the condition and 
availability of natural resources. 

Water is one of those natural resources because of i ts importance both for the continuation of life and for 
many activities of economic nature, i.e. industry, agriculture, tourism etc.. The importance of water resources 
is further highlighted in small remote regions where agriculture is usually the main economic activity and the 
primary source of income. 

The Greek part of the Prespa region, which is the focal point of the present paper, belongs to the type of 
regions described above. It is located in northwestern Greece, on the borders between Greece, Albania and 
the Former Yugoslav Republic of Macedonia (F.Y.R.O.M.) and gets its name from the two trans-border lakes 
that are found in it, namely Lakes Small and Great Prespa. Great Prespa Lake is divided between the 
F.Y.R.O.M., Albania and Greece, whereas lake Small Prespa is divided between Greece and Albania. 

It is calculated that 65% of t he active population is occupied in the primary sector, the main economic 
activities - in order of population occupied in them - being: agriculture, stock raising, fishing and forestry. An 
interesting fact is that about 58% of the crops in the study area are bean cultivations, so that beans can be 
characterized as a monoculture for the study region [9]. During the last years, activities of the tertiary sector, 
such as tourism and commerce have also witnessed a development, accounting for the occupation of 23% of  
the population [10]. 

The study area also has a unique environmental and ecological value mainly due to its rich biodiversity 
centered around the Prespa Lakes. Specifically, in the region one can find circa 1500 pl ant species, 60 
mammal species, 33 species of reptiles and amphibians, 23 species of fish – of which 9 are endemic – and 
273 bird species, among which the most populous colony of the globally rare Dalmatian pelican in the world 
[14]. It is calculated that the region of Prespa gathers over 50% of the bird, amphibian and mammal species 
that can be found overall in Greece [4]. 

The study area’s aforementioned ecological value is reflected on the legal protection regime that exists in the 
area. As far as national legislation is concerned, the Prespa National Forest was declared in the Greek part of 
Prespa in 1974 and was extended and renamed to Prespa National Park in 2009, covering 32,700 hectares. As 
for international legislation, two areas within the Prespa basin, Lake Small Prespa or Micro Prespa and Mount 
Varnous, have been designated as Special Areas of Cons ervation (SACs) and Special Protection Areas 
(SPAs) under Directives 92/43/EC (“Habitats/NATURA Directive”) and 79/409/EEC (“Wild Birds 
Directive”) respectively. According to these designations they have been included within the NATURA 2000 
network sites, under the codes GR1340001 (Lake Small Prespa) and GR1340003 (Mount Varnous) [6]. 

Lake Micro Prespa is also one of t he 10 s ites in Greece designated under the Ramsar Convention on 
Wetlands, an intergovernmental treaty that provides the framework for na tional action and international 
cooperation for t he conservation and wise use of wetlands and their resources, as a contribution towards 
achieving sustainable development throughout the world [6]. 

For all the reasons described above, it is obvious that the natural environment of t he region of Prespa is 
considered highly valuable. Furthermore, it is obvious that the area’s water resources are important both for 
environmental and for e conomic and developmental reasons. Therefore, the present paper focuses on 
investigating the pressures that the study area’s water resources are under, on assessing whether corrective 
plans should be implemented and if so, what those corrective plans should be. 

2. MATERIALS AND METHODS 
The methods and techniques used in the present research are: the review of the relevant literature and the 
implementation of methodological tools. 

The review of the relevant literature is a standard method used to record the current knowledge and 
theoretical and methodological contributions on a certain topic. As such, it is not described further in the 
present paper, as its characteristics can be accessed fairly easily on various sources. 

The methodological tools employed in the research are described below.  
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2.1. SWOT Analysis 
SWOT Analysis is a standard tool used in various types of cases and consists in the recording of the Strenghts 
and Weaknesses of an idea or project, in other words, its internal environment, as well as the Opportunities 
and Threats that can affect its course or development, which, in turn, constitute its external environment. The 
initial letters of the words Strengths, Weaknesses, Opportunities and Threats make up t he name of t he 
method. 

After the recording of the various characteristics of the issue under question as described above, Strengths can 
be combined with Opportunities in order to neutralize Weaknesses and prevent the manifestation of Threats. 
In the present paper, the SWOT Analysis was implemented on the study area aiming to form proposals for the 
protection of water resources. 

2.2. The Stakeholder Analysis 
The Stakeholder analysis consists in the identification of t he implicated parts in a project, proposal or 
situation, of their interests and their needs in relation with the project under question, as well as the 
implications-pressures that they cause or t hat can be caused to them by the implementation of t he 
aforementioned project, proposal or situation [3]. 

In issues regarding water resources management, the Stakeholder analysis has to include all users of the water 
resources of t he region under question who exercise pressure on said water resources and who would be 
affected by potential proposals for the improvement in the management of the water potential. 

2.3. The Logical Framework Approach 
The Logical Framework Approach (LFA) is a method developed by USAID at the end of the 60s and at 1990 
by a Norwegian working group s upported by Samset & Stokkeland. It is promoted by the OECD and the 
Directorate General for Development of the Committee of the European Communities [12]. 

It is a detailed tool, which consists of a  series of pha ses and analyses, designed to cover the stages of 
planning, implementation and management of projects, management plans and other actions. 

Its main component is the Logical Framework Matrix or L ogframe Matrix, which summarizes the key 
elements of a project plan as well as how the main goals of the plan will be achieved. In the present research, 
it is implemented in order to analyze the strategy axes that are proposed for the improvement of the water 
resources management as well as for the achievement of sustainable economic development in the study area. 

3. RESULTS AND DISCUSSION 
All paragraphs must be justified, i.e. both left-justified and right-justified. 

3.1. Literature Review on the Pressures on Water Resources 

3.1.1. Definition and distinction of pressures 
In the framework of the present research, pressures on the water resources of the study region were identified 
following the definitions and categorization of pressures on t he aquatic environment, as defined in the 
European Union Water Framework Directive, or Directive 2000/60/EC. 

According to the latter, pressures on water resources are distinguished, on the basis of the spatial dimension 
of the activity that causes them, in point pressures and non-point (diffuse) pressures, each one related to 
various pollution sources [2]. 

Furthermore, pressures on water resources are distinguished between surface water bodies and groundwater 
bodies, on the basis of the recipient of the pressure and between pollution pressures, quantitative pressures 
(abstractions) and other pressures, on the basis of the type of the pressure [9]. 

3.1.2. Pollution Pressures 
1) Point pressure sources: 

x Urban waste 
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The collection of urban waste in all Regional Districts of the Municipality of Prespa is carried out through a 
sewage network, except for the community of Psarades, where the waste management is done in  individual 
systems, which are examined later on in the part that concerns non-point pressures [9]. 

In the basin of the Prespa lakes, there are no settlements with more than 2000 inhabitants and therefore, the 
construction of a n Urban Waste Treatment Plant is not required, according to Directive 91/271/EEC. 
However, in the study area there are two Urban Waste Treatment Plants, which use the method of 
Constructed Wetlands but are currently under reparation works [9]. 

x Overflows from rainwater pipes 

Due to the lack of sufficient data for the assessment of the overflows from rainwater pipes as a point pressure, 
according to the provisions of Guidance document No21: Guidance for Reporting under the Water 
Framework Directive, they are elaborated together with diffuse runoff from urban areas later on. 

x Industry 

There is no remarkable industrial unit operating in the study area. 

x Stabled livestock 

Stock raising is an important traditional economic activity in the study region. However, only the breeding of 
swine can be included in the category of activities that cause point pressure because swine raising units, due 
to the nature of these animals, require special constructions in a designated space, excluding the possibility of 
free farming [9]. 

x Fishfarming 

No fisheries are found in the study area. 

x Landfill sites 

Solid waste in the Municipality of Prespa and the regional district of Kristallopigi is gathered and transferred 
to the Waste Transshipment Stations of t he neighboring cities of F lorina Kastoria and from there they are 
transshipped to the regional landfill of Kozani. In any case, there is no pressure caused by landfill sites in the 
study area [9]. 

x Extractive activity 

The operation of quarries or other extractive activities is not permitted within the Prespa National Park, hence 
there is no pressure caused by extractive activities [9]. 

2) Non-point pressure sources 

x Urban runoff and overflows from rainwater pipes 

Rainwater is the runoff t hat goes through built areas and often carries a large variety of p ollutants, in 
quantities that can negatively influence the environment, the surface water recipients but also the 
underground aquifers. Due to the lack of da ta on t he management of t he overflows of ra inwater in the 
settlements of the study area, the assessment of the pressure under question is considered related primarily to 
the surface area and the use of its built areas [9]. 

According to the relevant literature, a percentage of urban coverage lower than 3% advocates for an urban 
runoff and rainwater pipe overflow pressure of low intensity. Urban areas in the study region cover an area of 
1.66 km2, which correspond to about 0.5% of the total surface area of the study region. In conclusion, it can 
be estimated that the pressure on the surface water bodies of the study area which is caused by urban runoff 
and overflows from rainwater pipes is of low intensity [9]. 

x Transportation networks 

The road network within the study area is mostly provincial, forestal or rural and the regional network has 
small length and a low daily traffic load. Therefore, runoff from the road network is not a significant pressure 
on the quality of the surface water resources [9]. 

x Urban liquid waste not treated by a Waste Treatment Plant 

The disposal of waste in individual sewage systems is considered a non point pollution. In the study area, this 
practice is in use only in the Regional district of P sarades of the Municipality of Prespa, which has a 
population of 83 inhabitants [9]. The estimation of the pollutant loads that end up in Lake Great Prespa are 
shown on table 3. 

x Outflows from agricultural activity 
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Pollutant loads which come from agricultural activities include nitrogen loads, phosphorus loads and 
pesticide residues. A percentage of the outflowing loads corresponds to the runoff, which burdens the surface 
waters and a part of them leaches towards deeper ground layers and may burden the waters of the aquifer. The 
measure of the pollutant load that ends up in the aquatic system depends on its type, on its quantity, on the 
way and the time of application, on the position and the morphology of the land parcel, on the presence and 
density of a drainage system and on a large number of ground-related factors [9]. 

x Livestock raising 

The sector of l ivestock raising, except for s wine breeding, is included in the activities causing non poi nt 
pollution on the basis of several criteria concerning the nature of this activity. The basic pollutants produced 
by livestock are: organic load, nitrogen and phosphorus. According to the relevant literature, the percentage 
of the produced load that is a runoff to the aquatic systems is 15% for ni trogen and 3% for phos phorus. 
Furthermore, deep leaching is considered to account for 17% of the nitrogen runoff and for 1% of t he 
phosphorus runoff [9]. 

x Spaces of uncontrolled waste disposal 

Uncontrolled waste disposal is a practice which has been abandoned in the study region, hence there is no 
pollutant load produced by sites of uncontrolled waste disposal [9]. 

x Outflow from other land uses 

According to Guidance Document 3 for the Directive 2000/60/EU, “Analysis of pressures and impacts”, the 
primary land uses that are calculated as pressures are urban, forest, herbaceous and bushy areas and 
agricultural uses. The pressures caused by these uses can be quantified in Total Nitrogen (TN) and Total 
Phosphorus (TP) [9]. 

3.1.3. Quantitative Pressures (Abstractions) 
Quantitative pressures in the study area’s water resources are reported herein according to the main use which 
they stem from. 

1) Abstractions for irrigation 

According to the relevant literature, the total abstractions for irrigation are estimated at around 5.9 hm3/year, 
of which 5.02 hm3/year are abstracted from surface waters – most of them from Lake Small Prespa- and 0.32 
hm3/year are abstracted from ground waters [9]. 

2) Abstractions for water supply 

According to the same source, abstractions for the area’s water supply are estimated at around 0.37 hm3/year, 
of which 0.24 hm3/year are abstracted from surface waters and 0.13 hm3/year from ground waters [9]. 

3) Abstractions for livestock breeding 

On the same logic, abstractions for l ivestock are estimated at around 0.2 hm3/year and are abstracted from 
ground waters [9].  

From the data presented above, it becomes obvious that irrigation is the largest consumer of w ater in the 
study area and also that the largest quantity of water is abstracted from surface waters, and from the Lake 
Small Prespa specifically. 

3.1.4. Other pressures 
The types of “other pressures” defined by the Directive 2000/60/EC are: 

x flow regulations – hydromorphological alterations 

x artificial recharge of aquifers 

x desalination 

x sand extractions 

For the study region, the relevant literature records that none of the types of pressures mentioned above have 
an impact on the water resources of the study area [9]. 
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3.1.5. Status of water resources 
According to the literature, Directive 2000/60/EC characterizes the ecological and chemical status of surface 
water resources and quantitative and qualitative status of ground water resources. 

For the study area, all groundwater systems are given a Good quantitative and qualitative status [9]. 

The area’s fluvial water bodies are characterized by a “Good” chemical status, whereas their ecological status 
is unknown [9]. 

As for the lacustrine water bodies, Lake Great Prespa’s ecological condition is characterized as “Moderate” 
and Lake Small Prespa’s as “Poor”. However, the most remarkable fact is that the chemical status of both 
Lakes is characterized as “Bad” [9]. 

3.2. Implementation of methodological tools 

3.2.1. The SWOT Analysis 
In order to form proposals for the protection of the water resources in the study area, a SWOT analysis was 
performed with the aim to record the strengths, weaknesses, opportunities and threats that are present in the 
region of Prespa. They are recorded as follows: 

1) Strengths 

x Existence of rare biodiversity, protected by the Ramsar Convention 

x Area with a remarkable natural environment, included in the Natura 2000 network 

x Existence of a  large number of s tudies for the area, that have been executed in the framework of 
developmental programs and programs of t rans-border cooperation (Interreg, Life 2014-2020, 
Horizon, OEMN etc.) 

x Presence of environmental organizations in the area 

x Existence of the monoculture of beans, characterised as product of P rotected Geographical 
Indication (PGI) 

x Existence of organic farming, mainly of Prespa beans 

x Progress of  the study for the installation of a drip-irrigation network in the study area 

2) Weaknesses 

x Old existing irrigation network, causing remarkable water losses and low irrigation water efficiency 

x Drawdown of Great Prespa Lake, primarily from the 80s onward 

x Lack of a  common Management Plan for t he Prespa Basin in transnational level between the 
countries which share the Prespa Lakes 

3) Opportunities 

x Application of D irective 2000/60/EU via the publication of t he Management Plan for t he river 
basins of the River basin District of Western Macedonia and that of the Special Management Plan 
of the basin of Prespa. 

x New Common Agricultural Policy for the period 2014-2020, including financial aids like: coupled 
payments for Natura 2000 areas, for bean cultivation, for disadvantaged/mountainous regions, for 
organic farming etc. 

x New national Rural Development plan for the period 2014-2020 

x Increase in eco-tourism and agro-tourism 

x Possibility of certification of agricultural products 

4) Threats 

x Non-global confrontation of problems in a trans-boundary river basin level because of the lack of a 
common Management Plan 

x Quantitative and qualitative degradation of the water resources caused by human activities 
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x Difficult economic period 

x Intense weather phenomena – climatic change 

x Possible proposals for the protection of water resources can arise from the combination of points 
from the above recorded SWOT analysis, so that strengths can attract opportunities to prevent the 
manifestation of threats. 

As it was mentioned beforehand, specifically in section 2.1, the points of t he SWOT analysis that can be 
combined on the basis of the previous reasoning can be summarized as following: 

For starters, the rich faunal and floral biodiversity of the study area – which is under numerous protection 
regimes – and the intense presence of a virgin natural environment are elements that can create opportunities 
for the growth of tourism, especially environmental tourism, agro-tourism etc. 

Secondly, the presence of the bean monoculture creates opportunities for the certification of this product and 
the creation of a stronger “brand-name” for the area. 

Also, organic farming can spread further with the financial aids for orga nic farming provided by the new 
Common Agricultural Policy. 

In addition, the perspective of the installation of a new drip-irrigation network for the crops of the study area 
is an opportunity to solve the problems caused by the existing irrigation network and to avoid the threat of the 
qualitative and quantitative degradation of the water resources. 

Finally, the lack of a common trans-border-level Management Plan for the basin of Prespes is a weakness of 
the study area, which can allow for t he manifestation of t he threat of a  non global confrontation of 
environmental problems. However, there is a variety of developmental trans-border programs that have taken 
place and are in progress, which can help prevent the threat under question. 

3.2.2. The Stakeholder Analysis 
The second methodological tool that was used in the process of forming proposals for the protection of the 
water resources in the study region is the Stakeholder analysis. A brief description of t his analysis can be 
found on sub-section 2.2. of the present paper. 

The Stakeholder Analysis as it was implemented for the issue under question is presented on table 1, further 
down. 

3.2.3. The Logical Framework Approach 
The last methodological tool that was used in the process of forming proposals for the protection of the water 
resources in the study region is the Logical Framework Approach. A brief description of this method can be 
found on sub-section 2.3. of the present paper. 

The Logframe matrix for the issue at hand is shown in table 2. 

Table 1. Stakeholder Analysis for the region of the Prespa Lake basin 

Stakeholder Interests Needs Implications/Pressures 
they can cause 

Implications/Pressures 
they may suffer 

Farmers 

The water 
resources’ good 

quality is important 
for the good quality 

of the crops 
produced 

Water of certain 
quantity and good 
quality - Efficient 
irrigation network  

Degradation of water 
resources’ quality due 

to agrochemicals 

Loss of income due to 
water losses from 
irrigation network 

Livestock breeders 

The water 
resources’ good 

quality is important 
for the health of the 

stock 

Water of certain 
quantity and good 

quality 

Degradation of water 
resources’ quality due 

to livestock waste 

Negative implications 
on health of their stock 

due to pollution of 
water resources 

Fishers 

The water 
resources’ good 

quality and quantity 
are important for the 

reproduction and 
health of the fish 

Good quality and, if 
possible, ceasing of 

the drawdown in 
lake waters 

Imbalance in the lakes’ 
ecosystems due to 

overfishing 

Reduction of fish 
population due to 

pollution and 
drawdown of lake 

waters 

Residents 
The water 

resources’ quality 
affects their health 

Potable water of 
good quality 

Degradation of the 
lakes’ waters due to 

littering – Over 

Negative effect on their 
health due to pollution 

of the aquifer 
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via drinking water – 
The less polluted 
the water is, the 

lower the treatment 
costs will be 

consumption of potable 
water 

Tourists 

The better the state 
that the Lakes’ 

environment is in, 
the more they feel 
satisfied with their 
destination choice - 

The water 
resources’ quality 
affects their health 
via drinking water 

Potable water of 
good quality – 

Good state of the 
natural environment 

Degradation of the 
lakes’ waters due to 
littering - Wasting of 

potable water 

Negative effect on their 
health due to pollution 

of the aquifer – 
Negative impression by 

the state of the 
destination they chose 

Touristic facility 
owners 

The better the state 
that the Lakes’ 

environment is in, 
the more satisfied 

their customers will 
be 

Potable water of 
good quality – 

Good state of the 
natural environment 

Overuse of water 
supplies 

Loss of customers due 
to unattractive state of 

the natural environment 

 
Table 2. Logical Framework Matrix for the study area 

Goal: The protection of water resources in the study area and the achievement of sustainable development 
Description Indexes Means of Verification Assumptions and risks 

1. Improvement of 
qualitative state of the 
water resources 

Pollution Indexes - 
Characterization of 

qualitative status of aquatic 
systems 

Measurements – Monitoring 
of physicochemical 

parameters and of special 
pollutants in the river basin 

Active commitment of the 
three neighbouring 

countries in the control and 
monitoring of the quality of 
waters – Implementation of 

national and community 
legislation – 

Implementation of 
Directive 2000/60/EU – 
Implementation of river 

basin management plan – 
Low increase of population  

1.1. Actions for the 
concentration of 
hazardous pollutants 
in the water bodies 

Concentrations of 
hazardous pollutants and 

physicochemical variables, 
according to directives – 
Characterization of the 

water bodies’ ecological 
and chemical situation  

Field measurements 
Approval of necessary 

funds – Implementation of 
the appropriate regulations 

1.2. Establishment – 
reinforcement of 
monitoring 
mechanisms  

Staffing of municipal, 
regional and national 

authorities 

Reports by said authorities – 
Posting of work position 

notices  

Approval of necessary 
funds – Active commitment 

by authorities 

2. Quantitative 
improvement of water 
resources 

Water Exploitation Index 
(WEI) – Basin water 

balance – Levels of the 
basins water bodies 

Measurement of 
abstractions per use of water 

– Measurement of 
rainfall/precipitation 

Implementation of 
Directive 2000/60/EU - 
Implementation of river 
basin management plan - 

Active commitment of the 
three neighbouring 

countries in the control and 
monitoring of the quantity 
of waters - Low increase of 
population – Installation of 
drip irrigation network in 

the Greek part of the basin 
2.1 Promotion of the 
installation of irrigation 
systems 

Implementation studies – 
Inclusion of actions in 

financial programs 

On the spot 
research/autopsy – 

Implementation studies 

Approval of necessary 
funds 

2.2. Pricing actions Review – Modification of 
legislation Publication of law review 

Prioritization of the present 
issue by appropriate 

authorities 

3. Achievement of 
conditions of 
economic 
development 

Inhabitants’ income pro 
capita – Increase of 

population – Increase in 
work positions 

Population census – 
Regional reports on 

economy and occupation 

Confrontation of difficult 
economic situation – 

Diffusion of agricultural 
products within the basin 

area – Turn towards 
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alternative tourism – 
Touristic growth 

3.1. Actions for the 
reinforcement of 
agriculture 

Quantities of produce – 
Producers’ income 

Records by agricultural 
cooperatives - Regional 
reports on agricultural 

production 

Prioritization of the present 
issue by appropriate 

authorities - Confrontation 
of difficult economic 

situation – Use of the new 
CAP 

3.2. Actions for the 
reinforcement of 
commerce 

Quantities of 
purchased/sold products - 

Income 

Records by the appropriate 
authorities - Regional 
reports on commerce 

Prioritization of the present 
issue by appropriate 

authorities - Confrontation 
of difficult economic 

situation – Use of the new 
CAP 

3.3. Actions for the 
reinforcement of 
tourism 

Arrivals/Visits by tourists 
Records by the Hotel 

owners’ Association of 
Florina 

Prioritization of the present 
issue by appropriate 

authorities – Promotional 
campaigns 

3.3. Discussion 
As it has been pointed out beforehand, irrigation is the primary consumer of w ater in the study area. 
Furthermore, as demonstrated by the results of the implementation of the LFA in the area, the installation of 
irrigation-related systems is one of t he actions proposed towards achieving the goal of the quantitative 
improvement of the water resources. Therefore, the present research proposes a set of irrigation-related 
systems that can assist in the achievement of the aforementioned goal. 

1) Installation of a drip irrigation network 

The advantages of dri p irrigation are widely known. For the study area, the function of a  drip irrigation 
system is expected to lead to the irrigation of a m ore extended area with the same amount of water. 
Furthermore, it is expected to lead to a considerable reduction in the washout of the terrains and a consequent 
need to use less fertilizer. This, in combination with the more effective application of water in the root region 
of the plants will result in less diffuse development of parasitic weeds and consequently, to the use of inferior 
quantities of herbicides. The lower cost that the producers will have to incur and the expected higher 
productivity are expected to lead to a better living standard. Finally, the lower expected use of fertilizers and 
herbicides is expected to lead in the reduction of the concentration of hazardous substances in the aquifer, as 
these substances end up in the aquifer or the lakes either through the ground or via surface runoff. 

2) Reuse of treated wastewater in irrigation 

The use of treated wastewater for irrigation is a popular practice in many countries, especially arid and semi-
arid ones [13]. Many studies have tested its effects on fruit yield and quality [8, 7, 14] and it has also been 
tested in combination with drip-irrigation systems and Waste Treatments Plants using the method of 
Constructed Wastelands, a method which is being used in the Waste Treatment Plants of the study area [1]. 

3) Automated Water-intake Device for irrigation 

The following system focuses on the economical use of water resources. With the aid of an electronic card, a 
farmer can purchase water quantity units. Subsequently, he/she has the ability to pump the quantity of water 
he wishes to apply to his parcel. After the quantity has been applied, the pump is automatically switched off, 
thus avoiding potential waste of water and higher water costs for the farmer. After the end of the irrigation 
session, the appropriate amount of water quantity units is subtracted from the quantity that the farmer has 
paid for beforehand. 

4) Precision agriculture 

Precision agriculture is a new agricultural practice, which utilizes specific information, defined in space and 
time, to assess the right amount of water or fertilizer needed in a specific area of the crop’s surface [5]. In that 
way, it takes potential variabilities within the same parcel into account. 

Precision agriculture utilizes technologies, such as productivity maps, GPS systems, laboratory analyses, GIS 
and systems of variated application (of fertilizer or water), in order to accurately apply the correct quantities 
of substances to a particular area of the parcel, depending on the needs of the area under question. 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

4. CONCLUSIONS 
In conclusion, the present paper focuses on the region of the Prespa basin, in northwestern Greece, a tri-state 
trans-border region with valuable ecosystems and virgin natural environment, which is protected by national 
and international environmental treaties and legislation. Lakes Small and Great Prespa are the center of this 
region and take part in most of its socio-economic activities. 

According to the literature review that was conducted during the present research, it was found t hat the 
quality and quantity of the water resources of the study region have both witnessed a decline. Therefore, the 
paper analyzed the various kinds of pressure that the water resources are under and subsequently applied a set 
of methodological tools in order to schematize the study area’s environment and to discover ways that the 
current negative quality and quantity trends can be reversed.  

The SWOT Analysis recorded the basic characteristics of the study area and combined them with one another 
in order to discover ways to create opportunities for economic development and protection of the water 
resources. The Stakeholder Analysis recorded all the users of water resources in the area along with their 
interests and needs from using water and the pressures-impacts they can cause or that can be caused to them. 
Finally, the Logical Framework Approach set the improvement of the qualitative and quantitative state of the 
water resources in the study area as the main strategy axes and subsequently described actions through which 
they can be achieved.  It  can be concluded that with the use of financial aid provided by the new Common 
Agricultural Policy as well as by programs of developmental nature (Horizon 2020, Interreg etc.), the study 
region can implement the actions proposed by the present paper towards the goal of prot ecting the water 
resources, like the installation of new irrigation-related systems. 
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Abstract 
&ompetition is increased day by day in clothing sector which has a significant place in 7urNish economy with its 
export potential and employment. 7he enterprises, which desire success under intense rivalry, must give great 
importance to labor which is a classic production factor. When the labor intensive structure of clothing sector is 
taNen into consideration, the importance of labor can be understood better. $t this point, the enterprises con-
front with the employment of qualified, well educated and Nnowledgeable employees as an important factor which 
increases their competitiveness. 7herefore, the clothing enterprises must select their qualified employees cor-
rectly. $nalytic hierarchy process is one of these methods which can be used in accordance with this purpose. 
$nalytic hierarchy process is one of the multi criteria decision maNing methods and it provides a selection from among 
alternatives. $nalytic hierarchy process is a fast, effective and easy applicable method in cases where the number 
of criteria and alternatives are surplus Must as employee selection in clothing sector. 7he managers of clothing en-
terprises can manage the qualified employee selection process effectively and successfully by using this method. 
Within the scope of this study, the blue�collar employee selection of a clothing enterprise, which operates in ø]-
mir province and taNes place within the ��� biggest industrial enterprises of 7urNey, will be performed with 
analytic hierarchy process and suggestions will be made related to blue�collar employee selection criteria. 
      
Keywords: Employee selection, analytic hierarchy process, Turkish clothing sector
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1. EMPLOYEE SELECTION PROCESS  
Employee selection is the evaluation of worker candidates, who apply for any job within the organization, 
according to the criteria like knowledge, skill, ability and attitude and states a decision situation which is 
concluded in acceptance or rejection [7]. The main purpose of the employee selection process is to find the 
workers who are most appropriate to the job requirements [3].  A n employee selection process, which 
depends on obj ective criteria, creates a trust towards the enterprise and also provides an efficient work 
environment due to the selection of the best candidates [7]. In this context, the employee selection process 
involves the curriculum vitae (CV) applications, application forms, examinations (psychology and ability 
tests), interviews, getting information about candidates, employee selection decision, physical examination 
report, recruitment and orientation [3,7]. 

The techniques which are used in employee selection process can be listed as; the evaluation of CV s and 
application forms, research about the candidates’ past, written and oral examinations, tests (intelligence, 
ability, personality, attention, creativity, knowledge, memory and perception), interview and physical 
examination [5,8,11].   

Most common reasons for elimination can be summarized as; lack of adequate educational and performance 
record, obvious misfit from outward appearance and conduct, failure to meet minimum standards, failure to 
have minimum necessary aptitude, negative aspects of pe rsonality, unfavorable or negative reports on past 
performance, lack of necessary innate ability, ambition or other qualities, physically unfit for job, remaining 
candidate placed in available position [4]. 

There are many researches within the literature which use analytic hierarchy process (AHP) for employee 
selection. These researches generally focus on white-collar employee selection. The main criteria that are 
determined within these researches can be summarized as; before the interview, the interview, after the 
interview, general abilities, general culture, personality, foreign language level, creative thinking, research 
skills, graduation level, professional experience, pre-assessment process, technical evaluation, references, 
main characteristics, core competencies and complementary characteristics. The sub-criteria can be listed as; 
curriculum vitae, education level, work experience, foreign language, personality, references, verbal skills, 
mathematical skills, visual skills, general culture, dynamism, strength, sociality, self-confidence, computer 
knowledge, adaptation to organizational culture, eagerness to learn, team leadership, communication, 
planning and organization, stress endurance, predisposition towards shift working, earning expectation, 
technical information, customer orientation, job appropriation, team awareness, analytic thinking, follow and 
control abilities, problem solving abilities, reporting abilities, appearance, talking abilities, expression 
abilities, consistency and willingness to work [2, 5, 8, 10,11].  

At the research which is conducted by Göklüberk Özlü (2006), employee selection process in clothing sector 
is investigated. According to the research results, blue-collar employee selection techniques in the clothing 
sector can be summarized as; written examination, oral examination, interview, practice examination, tests, 
evaluation of t he application forms and references. The properties which will be searched in production 
employees (sewing, cutting, ironing, quality control and preparation employees) are determined as; machine 
and equipment utilization knowledge, technical information and skills, education level, work experience and 
pattern knowledge [6].  

At another research which is conducted by Şener (2011), employee selection process of an integrated textile 
enterprise is fulfilled by analytic hierarchy process. The selection is performed for clothing quality control 
employee candidates. The main criteria are determined as; expected main properties, expected core 
competencies (social and technical) and expected complementary characteristics. The sub-criteria can be 
listed as; technical information, work experience, education level, job appropriation, aptitude for team work, 
flexibility, willingness to novelty and alteration, color separation, attention, hand-eye coordination, manual 
skill, reporting ability, self-expression ability, consistency, willingness to work and communication skill [12].  

2. MATERIAL AND METHOD  
The aim of the research is to perform the blue-collar employee selection of a clothing enterprise with analytic 
hierarchy process, which operates in İzmir province and takes place within the 500 biggest industrial 
enterprises of Turkey. In this context, an interview is made with human resources manager and production 
manager of the enterprise. The enterprise uses curriculum vitae and application form evaluation, interview, 
technical oral examination, technical practice examination, physical examination report evaluation and two 
months testing period techniques in blue-collar employee selection process. 

The blue-collar employee selection criteria, which are determined with the help of l iterature, are updated 
according to the criteria that are significant for the enterprise during the interview. The blue-collar employee 
criteria are altered according to the production processes in which employees are involved. In our study, 
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sewing and quality control processes, which are the significant and critical points of the production, are taken 
into consideration. Therefore, the criteria are determined separately for sewing and quality control employees. 
After that, the managers give points to the employee candidates according to these criteria via the survey. The 
obtained points are evaluated separately for s ewing and quality control employee candidates via analytic 
hierarchy process which is a mathematical modeling technique. 

 

Table 1. Evaluation scale of analytic hierarchy process [1] 

Numerical Value Definition 
1 Equal importance 
3 Moderate importance 
5 Strong importance 
7 Very strong importance 
9 Extreme importance 
2,4,6,8 Intermediate values 

 

Analytic hierarchy process is one of t he multi-criteria decision-making techniques and it is defined by 
Professor Thomas L. Saaty. It possesses a wide application area and it is efficiently used in many decision-
making problems. The analytic hierarchy process model starts with aim. The aim is followed by main criteria, 
sub-criteria and alternatives respectively. The basic problem of the multi-criteria decision process is the 
importance determination for alternatives by taking the criteria into consideration. Decision-maker gives 
points to the alternatives according to the criteria, which are found at the higher level within the hierarchy, in 
order to determine the relative importance levels. The points are given according to the scale which is shown 
in Table 1 and the paired comparison matrixes are constituted [1].   

 

Main 
Properties 

Social  
Competencies 

Technical  
Competencies 

Sub-
Criteria 

Aim Blue-Collar Employee Selection at a Clothing Enterprise  

Alternatives 

Complementary 
Properties 

Technical 
information 

Experience 

Education 

Aptitude for 
Team Work 

Flexibility 

Alteration 

Self-Expression 
Ability 

Willingness to 
Work 

Communication 
Skill 

Machine 
Utilization Skills 
(Only for sewing) 

Color Separation 
(Only for quality 

control) 
 

Attention 

Hand-Eye 
Coordination 

Manual Skill 
(Only for sewing) 

 

Candidate 1 Candidate 2 Candidate 3 Candidate 4 Candidate 5 

Main  
Criteria 
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Figure 1. The model constituted within the scope of the research 

 

Within the scope of the research a model is constituted (Figure 1) and survey questions are prepared via this 
model. The main criteria and sub-criteria within the model are determined with the help of the literature 
[6,12] and the interview which is made at the enterprise. According to these, 4 main criteria and 13 s ub-
criteria are determined for sewing employees whereas 4 main criteria and 12 sub-criteria are specified for 
quality control employees. Main properties, social competencies, technical competencies and complementary 
properties are determined as main criteria for both groups. Sub-criteria for bo th groups are specified as; 
technical information (professional knowledge), work experience (professional experience), education level, 
aptitude for team work, flexibility (easy orientation to different processes and technologies), willingness to 
novelty and alteration, self-expression ability, willingness to work, communication skill, attention and hand-
eye coordination. In a ddition to these properties, manual skill (grasp, curling and twisting abilities of t he 
fingers, hand and wrist) and machine and equipment utilization skills are expected from sewing employees. 
On the other hand, the color separation ability (non color blindness diagnosis with physical examination) is 
expected from quality control employees. The sewing and quality control employee candidates constitute the 
alternatives of the model.  

The survey involves 13 main, 65 sub questions for sewing employees whereas 12 main, 60 sub questions for 
quality control employees. An example from survey questions is shown in Table 2. The obtained data are 
transferred to paired comparison matrixes (130 matrixes for sewing employees and 120 matrixes for quality 
control employees) via the original method [9]. After that, the paired comparison matrixes are transferred to 
the 2.2.6.0 version of Super Decisions program.  

 

Table 2. An example from survey questions  

Attention Please: The points of the candidates are increased from 2 to 9 within the options. 2 represent the 
minimum point whereas 9 represent the maximum point. 1 point shows that all candidates are at the same 
advantage (point) level. In each line only one number can be chosen. The same point (in an example 8) can be 
chosen for all candidates.  

1. Give points to the sewing employee candidates according to their technical information (professional 
knowledge). 

Candidate 1 1 2 3 4 5 6 7 8 9 
Candidate 2 1 2 3 4 5 6 7 8 9 
Candidate 3 1 2 3 4 5 6 7 8 9 
Candidate 4 1 2 3 4 5 6 7 8 9 
Candidate 5 1 2 3 4 5 6 7 8 9 

 

Table 3. An example from paired comparison matrixes  

1. Compare the sewing employee candidates dually according to their technical information (professional 
knowledge). The figures which are located in the left part of 1 indicate that the left candidate is more 
advantageous according to the right candidate whereas the figures that are located in the right part of 1  
indicate that the right candidate is more advantageous according to the left candidate. Number 1 shows that 
both candidates are at the same advantage (point) level.  

Candidate 1  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 2 
Candidate 1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 3 
Candidate 1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 4 
Candidate 1 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 5 
Candidate 2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 3 
Candidate 2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 4 
Candidate 2 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 5 
Candidate 3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 4 
Candidate 3 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 5 
Candidate 4 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Candidate 5 
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3. FINDINGS OF THE RESEARCH 
Table 4 a nd 5 are obtained via Super Decisions program which show the priority values of alternatives. 
Besides, Table 6 and 7 show the limit super matrix forms which are also obtained via the program.  

 

Table 4. The priority values of alternatives for sewing employee candidates 

Alternatives Normalized by cluster Limiting values 
Candidate 1 0,30578 0,305780 
Candidate 2 0,27081 0,270814 
Candidate 3 0,20352 0,203516 
Candidate 4 0,11222 0,112216 
Candidate 5 0,10767 0,107674 

 

 

 

Table 5. The priority values of alternatives for quality control employee candidates 

Alternatives Normalized by cluster Limiting values 
Candidate 1 0,29062 0,290619 
Candidate 2 0,18077 0,180768 
Candidate 3 0,24086 0,240861 
Candidate 4 0,18721 0,187214 
Candidate 5 0,10054 0,100538 

 

Table 6. Limit super matrix for sewing employee candidates 

 Candidate 
1 

Candidate 
2 

Candidate 
3 

Candidate 
4 

Candidate 
5 

Technical information 
(Professional knowledge) 0,414680 0,257293 0,152895 0,087566 0,087566 

Work experience (Professional 
experience) 0,285714 0,142857 0,285714 0,142857 0,142857 

Education level 0,166667 0,166667 0,333333 0,166667 0,166667 
Aptitude for team work 0,303106 0,303106 0,064870 0,164459 0,164459 
Flexibility (Easy orientation to 
different processes and 
technologies) 

0,327608 0,327608 0,193835 0,075475 0,075475 

Willingness to novelty and 
alteration 0,327608 0,327608 0,193835 0,075475 0,075475 

Machine and equipment 
utilization skills 0,250000 0,250000 0,250000 0,125000 0,125000 

Attention 0,431846 0,277525 0,178847 0,055891 0,055891 
Hand-eye coordination 0,359466 0,359466 0,153473 0,063798 0,063798 
Manual skill (Grasp, curling and 
twisting abilities of the fingers, 
hand and wrist) 

0,259932 0,259932 0,259932 0,138155 0,082048 

Self-expression ability 0,267509 0,267509 0,267509 0,148398 0,148398 
Willingness to work 0,230769 0,230769 0,230769 0,076923 0,230769 
Communication skill 0,350237 0,350237 0,080688 0,138150 0,080688 

 

Table 7. Limit super matrix for quality control employee candidates 

 Candidate 
1 

Candidate 
2 

Candidate 
3 

Candidate 
4 

Candidate 
5 

Technical information 
(Professional knowledge) 0,368940 0,109265 0,206265 0,206265 0,109265 

Work experience (Professional 
experience) 0,111111 0,111111 0,333333 0,333333 0,111111 

Education level 0,500000 0,125000 0,125000 0,125000 0,125000 
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Aptitude for team work 0,222222 0,222222 0,222222 0,222222 0,111111 
Flexibility (easy orientation to 
different processes and 
technologies) 

0,297834 0,157772 0,297834 0,157772 0,088788 

Willingness to novelty and 
alteration 0,297834 0,157772 0,297834 0,157772 0,088788 

Color separation ability (Non 
color blindness diagnosis with 
physical examination) 

0,222222 0,222222 0,222222 0,222222 0,111111 

Attention 0,439655 0,158013 0,158013 0,158013 0,086305 
Hand-eye coordination 0,259932 0,138155 0,259932 0,259932 0,082048 
Self-expression ability 0,272727 0,272727 0,272727 0,090909 0,090909 
Willingness to work 0,222222 0,222222 0,222222 0,222222 0,111111 
Communication skill 0,272727 0,272727 0,272727 0,090909 0,090909 

 
The research model achieves its aim with the last calculation and evaluation process and the blue-collar 
employee selection for sewing and quality control departments of a clothing enterprise is occurred. According 
to the obtained results, the most appropriate candidate for sewing is Candidate 1 (30,57%). This candidate is 
followed by Candidate 2 (27%),  Candidate 3 (20, 35%), Candidate 4 (11, 22%) and Candidate 5 (10, 76%) 
respectively. On the other hand, Candidate 1 (29%) is the most appropriate candidate for quality control. This 
candidate is followed by Candidate 3 (%24),  Candidate 4 (%18, 72), Candidate 2 (%18) a nd Candidate 5 
(%10) respectively. 

4. CONCLUSIONS AND GENERAL EVALUATION 
The clothing sector, which possesses high employment and export potential, has an importance place within 
the Turkish economy. The enterprises which operate in the sector must increase their competitiveness in order 
to be successful in national and international markets. At this point, the enterprises confront with the 
employment of qualified, well educated and knowledgeable employees as an important factor which increases 
their competitiveness. When the labor intensive structure of c lothing sector is taken into consideration, the 
importance of s uccessful and qualified blue-collar employment can be understood better. Therefore, the 
sector must perform the blue-collar employee selection accurately.  
 
According to our research results, analytic hierarchy process is a method which can be used successfully in 
clothing enterprises for bl ue-collar employee selection. The method compares the blue collar employee 
candidates between each other and even the candidates are too close to each other it provides an accurate 
selection process which ends up with the selection of best candidate. Besides, the method brings many 
employee selection techniques (curriculum vitae evaluation, written and oral examinations, interview etc.) 
together and gives single evaluation result. In this context, it is a technique which eases and shortens the 
evaluation process for managers.  
 
As it can be seen from our research, the blue-collar employees must possess different properties according to 
the clothing departments in which they work. However, the common expected properties of bl ue-collar 
employees can be listed as; education level, experience, technical information, communication skill, 
willingness to work, aptitude for team work, flexibility (easy orientation to different processes and 
technologies), willingness to novelty and alteration. Turkish clothing sector is a labor intensive sector and 
generally its production is based on orders. Therefore, especially the production employees must have more 
technical information, must be skilled at team work, must be open to alteration, must be easily adapted to 
different methods and techniques and must possess good communication skills. It is very hard for a n 
employee, who is lack of these properties, to be successful and provide contribution to the enterprise.   
  
According to another result of our study, the technical properties of blue-collar employees differ according to 
the clothing departments in which they work. Sewing department, which is one of t he most significant 
departments of clothing production and which employs the maximum personnel within the enterprise, must 
hire careful and attentive employees whose hand-eye coordination, manual skills, machine and equipment 
utilization skills are good. Especially the clothing enterprises, which produce lots of orders in small quantities 
just like the investigated enterprise, look for sewing employees who can utilize different sewing machines. 
The mistakes of the sewing employees directly affect and decrease the quality of the products. Therefore, the 
sewing employees must possess talent, expertise, and manual skills. On the other hand, the quality control, 
which is also another significant department, must hire careful and attentive employees who can separate 
colors accurately. The employees must not possess manual skills and machine utilization skills. However, 
they must easily and accurately determine the faults in the dark colored fabrics and stitches.  
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As it can be seen from our research results, there are many technical and social criteria which affect the blue-
collar employee selection in clothing sector. Analytic hierarchy process is a selection process which evaluates 
and brings many employee selection techniques together. It specifies the best candidate by comparing 
candidates between each other according to the determined criteria. In this context, the method is a successful 
technique which can be used for accurate employee selection process.  
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Abstract 
The enterprises must think globally instead of locally due to the today’s rapidly globalizing business world. Enterprises, 
especially the ones that operate in international markets, struggle with compelling rivalry conditions in order to survive and 
accommodate to new circumstances. Within this context, rapidly globalizing business world, which is parallel to the globalizing 
world, intensively affects the marketing strategies and implementations of enterprises. Turkish clothing sector, which rapidly 
penetrates into the international markets since 1980s, is intensively affected from this globalization and alteration movement. 
Turkish clothing enterprises use different techniques and methods in order to penetrate into the international markets 
effectively and successfully. )ranchising, which is the exclusivity of definite privileges for a certain time in a specific 
area from the main enterprise to another enterprise, is one of these methods which can be used with this purpose. 
Franchising system is generally used by Turkish clothing enterprises during the international market penetration. 
(nterprises benefit from this strategy during the penetration to the countries, which possess different political, Mudi-
cial, economical and cultural structure, in order to be able to reduce the risk. When they get used to the market, they 
eliminate franchising system and establish their own retailing systems. However, franchising system is an effective 
and successful method especially for the first international marNet penetration of an enterprise with its own brand. 
In this study, the franchising systems of successful Turkish clothing enterprises, which use this strategy as an international 
marketing strategy and possess their own brands, will be analyzed. Also the effects of franchising systems on the enterpris-
es’ marketing success will be investigated.          
      
Keywords: Employee selection, analytic hierarchy process, Turkish clothing sector
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1. FRANCHISING SYSTEM AS A MARKETING STRATEGY 
Worldwide, franchising constitutes the fastest growing retail format in history. In the past decade thousands 
of European and United States franchise chains have been seduced into international expansion [11].  

Franchising is an arrangement of organizations whereby a manufacturer or marketer of a product or service 
grants exclusive rights to independent entrepreneurs in return for royalties and often conformance to certain 
operating procedures. A franchise system promises the franchisor rapid market penetration at a relatively low 
cost, compared with establishing company-owned units. For the franchisee, it provides an opportunity to enter 
a business with a proven product/service or brand name [7].  

Franchisors typically develop product or service ideas and offer these ideas to franchisees for marketing in 
prescribed territories. In return, franchisees pay initial fees and royalties to franchisors. Franchisors formulate 
overall business strategies and expect franchisees to function as integral parts of a system by implementing 
these strategies. However, franchisees may enjoy relative freedom in recruiting personnel, managing routine 
operations and running local marketing programs. Franchising provides the flexibility required implementing 
hybrid strategies in which some elements of t he marketing mix are standardized by the franchisor across 
global markets and other elements are locally determined by franchisees. It serves as a significant alternative 
to both non-integration and full vertical integration. This combination features are likely to make franchising 
an attractive organizational form for competing in global markets [9].  

The term franchising can describe a wide variety of business activities but the contemporary franchise system 
commonly in use is referred to as business format franchising [8]. Business format franchising may be 
defined as the granting of a license for a predetermined financial return by a franchising company (the 
franchisor) to its franchisees, entitling them to make use of a complete business package, including training, 
support and the corporate name, thus enabling them to operate their own businesses to exactly the same 
standards and format as the other units in the franchised chain [1,3,5,8].  

Business format franchising can be viewed as a distribution system. Essentially, it is the process of licensing 
rights and obligations to copy a unique market positioning using a packaged, configured system. It may 
include an entire business format covering a marketing strategy and plan, operating manuals and standards, 
quality control, ongoing two-way communication and assistance designed to have the franchisee replicate, in 
different locations, the entire master franchisor’s business concept [10].  

Franchising is fast becoming one of the most popular entry mode strategies for international retail companies 
when moving into international markets [3]. In t erms of m arket entry mode strategies available to 
international retail companies, franchising has proved an increasingly popular mode of operation in recent 
times [8]. The internationalization of re tail operations through franchising has been recognized as an 
increasingly important entry mode strategy during the past decade as the internationalization of retailing has 
reached a more mature phase in its development [4]. Over one-third of all United Kingdom retailers operating 
in international markets are fashion retailers. Due to the prevalence of fashion retailers on the international 
scene, many firms such as Benetton, Marks & Spencer, Mothercare, Gap and more recently Mango and Zara 
are offered as examples of retailer internationalization [2,3].  

Table 1. Implementing a business franchise system into a new international market [10] 

Stage One: Descriptive: An international marketing research process is applied to international business 
franchise relationships 
1. Franchise company conducts two information searches:  
International country analysis in terms of economic, demographic (identifiable consumer segment), distance, 
political risk, competitive and other environmental variables. 
International partner criteria selection in terms of financial capability, experience and managerial factors, 
demographic factors, attitudes and personality and others such as health and reputation. 
2. International partner conducts two information searches: 
Franchise company and business franchise system selection in terms of financial capability, experience and 
managerial factors, demographic factors, attitudes and personality and others such as business success and 
reputation. 
Within the context of the international country analysis, the franchisee (the customer) also end-consumer in 
terms of economic, demographic, distance, political risk and others such as competition. Also, demographic 
information on the target market and consumer attitudes and perceptions about franchise and others such as 
reputation of business and other international partners.  
Stage Two: Diagnostic: Domestic franchising-core-periphery concepts are applied to international business 
franchising 
1. Information exchange: The international business franchise relationship determines the appropriate level of 
standardization and adaptations (in terms of mandatory and voluntary adaptations) via the exchange process 
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of business plans and disclosure statements. 
2. Core-periphery concepts: Core-periphery concepts applied to management practices and marketing 
strategies in the international franchise system. 
3. Arrangement: The international business franchising system configures its features and strategies. A hybrid 
configuration with the strategy of standardization and mandatory/voluntary adaptations emerges. 
4. Favorable contract: The development of a favorable contract by all parties-An efficient (explicit with codes 
of conduct and clauses) contract setting performance standards and mechanisms for m onitoring and 
controlling.  
Stage Three: Predictive: Implementing the business franchising contract into an international market: 
Favorable contract is predetermined and predictive with ongoing open communication for flexibility for 
changes in the market and each party’s needs.  

In international retail franchising, retail firms franchise their brand and store concept to franchisees in return 
for a franchise fee and margin on t he product sold [2]. We may understand franchising as a low 
commitment/investment entry mode compared to own store openings. The wholly owned entry mode requires 
a greater involvement (level of market-specific managerial and financial resources committed to a foreign 
firm), allowing for greater control (authority to affect or di rect the activities of a foreign firm) and returns 
than does the franchising option. For its part franchising is beneficial because it reduces the amount of 
franchisor investment [6]. Motives for franchising internationally can be summarized as; fortuitous franchisee 
interest from third parties, exploit potential markets, increase sales and profits, market expansion, domestic 
market saturation, desire to be known as an international firm, perceived favorability of t he external 
environment, desire for growth, operating experience, top management’s international experience, tolerance 
for risk, perception of the firm’s competitive advantage, external change agent influence [2]. Table 1 indicates 
the way for implementing a business franchise system into a new international market [10] 

2. INTERNATIONAL FRANCHISING SYSTEMS OF TURKISH CLOTHING 
ENTERPRISES 

Franchising system is generally used by Turkish clothing enterprises during the international market 
penetration. Enterprises benefit from this strategy during the penetration to the countries, which possess 
different political, judicial, economical and cultural structure, in order to be able to reduce the risk. When 
they get used to the market, they eliminate franchising system and establish their own retailing systems. 
However, franchising system is an effective and successful method especially for t he first international 
market penetration of an enterprise with its own brand.  

In this study the franchising systems of successful Turkish clothing enterprises, which use this strategy as an 
international marketing strategy and possess their own brands, and their effects on enterprises’ marketing 
successes are analyzed. For this purpose, interviews are made with marketing managers.  

2.1. LC Waikiki 
LC Waikiki is established in 1985 as a French brand. Since 1997 it proceeds on its way as a Turkish brand. It 
produces women, men, children, teenagers and baby clothes. The brand possesses 515 physical stores in 23 
countries. The enterprise aims to become one of the best European clothing retailers, which posses their own 
brands, since 2023. 

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system during Saudi Arabia market penetration in 2012 for the first time. The enterprise 
penetrated into Iran, Saudi Arabia and United Arab Emirates by using franchising system. The brand still 
grows with franchising system in these countries. The enterprise considers for pe netrating into Algeria, 
Tunisia, Uzbekistan and Lebanon.  

The 13% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system due to the legal regulations within the penetrated markets. The franchisees don’t make any 
payment under the name of franchising fee. However, the enterprise considers for re ceiving an initial 
payment. The franchisees must provide the necessary conditions such as; store location, being experienced in 
the sector and having financial power. Also the franchisees’ stores are managed by the main office in Turkey.  

2.2. Mavi Jeans 
Mavi, which is established in 1991, produces denim wear and non-denim sportswear for women and men. 
Mavi has been the leading jeans brand in Turkey since the last 18 years with 11 % market share. The brand 
possesses 352 stores in 50 countries. The enterprise aims to create a Mediterranean brand around blue jean 
culture and perfect fitting jeans.  
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The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 1996. The enterprise penetrated into 
Iran, Saudi Arabia, United Arab Emirates, Egypt, Libya, Oman, Iraq, Ukraine, Albania, Azerbaijan, Armenia, 
Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan and Kosovo by using franchising system. The brand still 
grows with franchising system in these countries except Kazakhstan. At the present time, the enterprise 
possesses its own stores in Kazakhstan.   

The 30% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for minimizing risks, penetrating into the markets easily, growing, being a known brand in 
international markets and managers’ experiences. The franchisees don’t make any payment under the name of 
franchising fee. However, the franchisees must provide the necessary conditions. The store is located due to 
the mutual research of Mavi and franchisee. Mavi draws the architectural project of t he store. Unmovable 
decoration materials are produced by Mavi and the payment is made by franchisee. The store employees are 
educated by Mavi. Franchisee buys the products from Mavi with a defined discount ratio which is determined 
in the contract. For example, if the sale price of a product is 100$ according to the global price list, the 
franchisee pays 36 $ for  the product. Besides, the franchisee must buy opening stock from the products 
according to the store size (m2) and market requirements. Franchisee can participate in the seasonal collection 
meetings and gives its own orders or bu ys the recommended products. The franchisee must perform the 
marketing activities which are determined by the contract. The marketing activities alter due to the buying 
amount and Mavi’s approval.  

2.3. Defacto 
Defacto, which is established in 2003, produces women, men, children and teenager clothes. The brand 
possesses 274 stores in 15 countries. The enterprise aims to become a world brand in 10 countries within 10 
years.  

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 2015. The enterprise penetrated into 
Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, Jordan, Lebanon, Yemen, Algeria and Tunisia by using 
franchising system. The brand still grows with franchising system in these countries. In t he future, the 
enterprise plans to possess its own stores in these countries. 

The 31% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for minimizing risks, penetrating into the markets easily, growing and legal regulations. 
The franchisees don’t make any payment under the name of franchising fee. However, the franchisees must 
provide the necessary conditions. Franchisees decide to the store locations, marketing strategies, education of 
store employees, store layout and employee selection process together with Defacto. However, the payments 
are made by franchisees.  

2.4. Colin’s 
Colin’s, which is established in 1983, produces denim wear and non-denim sportswear for women and men. 
The brand possesses approximately 600 stores in 37 countries. 

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 1983. The enterprise penetrated into 
Russia, Ukraine, Kazakhstan, Balkan countries and Arabian countries by using franchising system. The brand 
still grows with franchising system in these countries.  

The 60% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for m inimizing risks, penetrating into the markets easily, growing and being a known 
brand in international markets. The franchisees must provide the necessary conditions. Store locations, store 
sizes (m2), visual appearance of the stores, store layout and education of the store employees are managed by 
Colin’s.  

2.5.  Damat - Tween 
Damat - Tween, which is established in 1986, produces suits, shirts, jackets, pants and sportswear for men. 
The brand possesses 99 s tores in 28 countries. The brand aims to become one of the world’s top five men 
brands that lead the men fashion.  

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 1995. The enterprise penetrated into 
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Morocco, Egypt and Nigeria by using franchising system. The brand still grows with franchising system in 
Egypt. The enterprise has started to open its own stores or corner shops in Morocco and Nigeria. 

The 20% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for minimizing risks, penetrating into the markets easily and being a known brand in 
international markets. The franchisees make 10.000 Euro payments under the name of franchising fee. Also, 
the franchisees must provide the necessary conditions. The store must be located in shopping malls or i n 
thoroughfare. The store size must be at least 150 m2 and the shop window’s width must be at least 6 meters. 
The payments must be guaranteed by the banks. Damat-Tween gives education to the store employees about 
products and sales techniques.  

2.6. Koton 
Koton, which is established in 1988, produces women, men, children and teenager clothes. The enterprise 
possesses 392 s tores in 25 c ountries. The enterprise aims to become a fast fashion brand, which owns the 
favorite and richest collections, throughout the five continents since 2023.  

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 2004. The enterprise penetrated into 
Saudi Arabia, Albania, Azerbaijan, Bahrain, United Arab Emirates, Iraq, Iran, Kyrgyzstan, Kosovo, Libya, 
Uzbekistan and Jordan by using franchising system. The brand still grows with franchising system in these 
countries.  

The 56% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for m inimizing risks, penetrating into the markets easily, growing and being a known 
brand in international markets. The franchisees must provide the necessary conditions. Franchisees must 
determine the store location according to the sales amount. The sales efficiency must be protected. The store 
size must be at least 1500 m2. Franchisees must provide and protect the store standards (layout, furniture 
etc.). Franchisees must obey the annual purchase budgets and make the payments on time.  

2.7. øpekyol 
İpekyol, which is established in 1986, produces skirts, blouses, jackets, trousers and casual wear for women. 
The enterprise possesses 120 stores in 5 countries.  

The enterprise benefits from franchising system during international market penetration. The enterprise has 
used the franchising system for international market penetration since 2011. The enterprise penetrated into 
Egypt, United Arab Emirates, Iraq and Azerbaijan by using franchising system. The brand still grows with 
franchising system in these countries.  

The 100% of t he enterprise’s abroad stores work with franchising system. The enterprise defines the 
franchising system as a useful strategy for penetrating into international markets. The enterprise prefers the 
franchising system for m inimizing risks, penetrating into the markets easily, growing and being a known 
brand in international markets. The franchisees make payments under the name of fra nchising fee. 
Franchising fees alter according to the countries. Also the franchisees must provide the necessary conditions. 
The store size must be at least 180 m2. The store must have a storage which minimally equals to the 10% of 
the store size. The store must be located in most popular shopping mall or in the fashion street of the city. The 
architectural concept of the store is specified by İpekyol. Franchisees must purchase products from two 
collections per year. At least 80% of the collection products must be ordered. Franchisees must have budgets 
for marketing activities. The franchising privilege is given for three years. Mono-brand policy is required.  

3. CONCLUSIONS AND GENERAL EVALUATION 
Rapidly globalizing business world, which is parallel to the globalizing world, almost obligates the 
enterprises to penetrate into international markets. Therefore, the clothing sector which is intensively affected 
by alteration and global culture, motives the enterprises for ope rating in international markets. Within this 
context, Turkish clothing enterprises, which have operated in international markets since 1980s, nowadays 
continue to their ways with their own brands. Today the branded clothing products take a 25% share from 
Turkey’s total clothing export. As the sector’s branded clothing export continues to increase, the marketing 
strategies that are used during international market penetration differentiate. Franchising system is one of 
these marketing strategies.  

 According to our research results, Turkish clothing enterprises benefit from franchising system during 
international market penetration. Our enterprises prefer the franchising system for m inimizing risks, 
penetrating into the markets easily, legal regulations, growing and being a known brand in international 
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markets. 13%-100% of our e nterprises’ abroad stores work with franchising system. Our enterprises are 
acquainted with this system in different years but they have benefited from franchising system since 1983. 

According to another result of our research, Turkish clothing enterprises use the franchising system during 
the initial international market penetration. After promotion and recognition activities, the enterprises turn 
towards retailing (they start to open their own stores). However, if they are pleased with system’s operations 
and profitability, they continue with franchising system. In s ome countries, they continue to grow with 
franchising system due to the legal regulations. However, at this point, franchising system turns into a very 
important strategy which eliminates the barriers.  

As it can be seen from our re search results, our clothing enterprises penetrated into Kosovo, Albania, 
Ukraine, Russia, Azerbaijan, Armenia, Georgia, Kazakhstan, Kyrgyzstan, Turkmenistan, Uzbekistan, Iraq, 
Iran, Bahrain, Kuwait, Saudi Arabia, United Arab Emirates, Egypt, Libya, Oman, Qatar, Jordan, Yemen, 
Algeria, Tunisia, Morocco and Nigeria by using franchising system. Turkish clothing brands prefer to 
penetrate into Balkan, Middle East, Asia, Arab and North Africa countries by using franchising system. As it 
can be seen, most of these countries haven’t reached to intended development levels in terms of social, 
economical, political and legal. Therefore, these countries can be classified as risky and troublesome markets 
for foreign investments. At this point, franchising system turns into a useful strategy which removes the 
obstacles.  

According to another result of our research, Turkish clothing enterprises generally don’t receive any payment 
under the name of franchising fee. However, the franchisees must provide the necessary conditions such as; 
store location, store size, store decoration, education of store employees, marketing activities, sold collection 
amounts and properties.  

As it can be seen, franchising system is a marketing strategy which is preferred by Turkish clothing 
enterprises during international market penetration. Turkish clothing enterprises, which are successful both in 
national and international markets and possess their own brands, intensively benefit from franchising system.  
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Abstract 
AISI P20 plastic mould steels are frequently used where wear and corrosion resistance is needed in the indus-
try. 7his study was performed in two stages whose first is to measure the cutting forces occurred in machining of 
$I6I 3�� plastic mold steel and second is to model of specific cutting resistance �Ns�. 7he machining experiments 
were performed on CNC lathe for AISI P20 plastic mold steel. The uncoated cemented carbide cutting tools which 
have 610* �������40 form with a ��� approaching angle according to I62 ���� were used in the experiments. 
7hree different levels of cutting speed, feed rate and depth of cut as cutting parameters were selected and experi-
ments were performed according to 7aguchi /�� ortogonal array. In first stage, cutting forces were measured by 
using .istler ����% type dynamometer. In second stage, specific cutting resistance was calculated by using data of 
main cutting force. 7he effects of cutting parameters on specific cutting resistance were evaluated with the anal-
ysis of variance �$129$�. 7he feed rate is the most important factor on Ns value with ���.�� 3&5. 0athemati-
cal model were developed using the artificial neural nets �$11� in order to predict the specific cutting resistance. 
      
Keywords: 6peci¿c cuttinJ resistance, $,6, P��, $nal\sis oI Yariance, $rti¿cial 1eural 1etZorks �$11�
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1. INTRODUCTION 
Plastic mould steels are extensively used in locations which desire heat, corrosion and abrasion resistance in 
the industry. It is required that resistance to chemical interaction, surface hardening and processability must 
be considered as well as plastic raw material to be injected, hardness of s teel material and corrosion 
resistance[1]. In addition, parameters such as mold design dimensions, surface burnishability and weldability 
must be considered. Increase of plastic product sizes cause increase of mould dimensions, so requirement of 
high toughness is revealed. Heating processes to be applied may cause deformation problems such as 
distortion and crack in hardening. Therefore, existing of pre-hardened mould steels such as AISI P20 is an 
important factor [2]. These steels does not require  due to its hardness of 30-36 HRC and have capability of 
easy machining due to having sulphur. On the other hand, it is emphasized that cost analysis efficiency of 
plastic injection market must be increased. Mould steel production cost and mould machining cost affect total 
cost of pl astic material produced with injection. In t his regard, rough a nd finish machining are the most 
expensive two machining processes between mould machining processes depending on machinability of 
mould steel [3]. Therefore, in order to decrease of t he machining cost in plastic moulding, modeling of 
machining outputs such as cutting forces and surface roughness as well as optimization of cutting conditions 
will contribute to increase of efficiency.  

Cutting forces occurring during metal removing operation have a significant role on heat generation, tool life, 
and quality of machined surface and sizes of w orkpiece. Cutting forces are also used in the design of 
machined tools, cutting tools and required jigs [4]. In addition, independent variables such as tool material 
and geometry, workpiece material, cutting parameters (cutting speed, feed rate and depth of cut), cutting fluid 
and machine tool and dependent variables such as tool life, energy consumption and surface integrity must be 
associated for efficiency of machining process [5]. In this regard, modeling of cutting forces has become one 
of the work spaces of metal cutting theory. Existing of lots of variables interrelated affecting cutting forces 
makes the development of m athematical model difficult. In re cent years with the transfer of developing 
computer technology to machining, analysis and modeling studies such as analysis of va riance, multiple 
regression analysis, artificial neural networks (ANN), and fuzzy expert system have been performed in order 
to minimize or eliminate difficulties in machining process [6]-12]. 

In this study, variation of specific cutting resistance during machining of AISI P20 plastic mould steel with 
different levels of cutting speed, feed rate and depth of cut has been analyzed. Effects of cutting parameters 
on specific cutting resistance (ks) have been investigated by analysis of variance. In addition, mathematical 
model of ks with artificial neural networks has been developed. 

2. MATERIALS AND METHOD 

The experimental samples were made of AISI P20 plastic mould steel with dimensions Ø60u400 mm. Prior 
the experiments, the samples were turned with a depth of cut of 0.5 mm in order to remove the outer layer 
which might have been hardened by rolling process in production stage. In Table1, chemical composition of 
the workpiece materials has been demonstrated. 

Table 1- Chemical composition of the workpiece materials 

Material % C % Si % Mn % Cr % S % Mo % Ni % P BHN 

DIN 1.2312 0.40 0,30 1.49 1.89 0.1 0.19 - 0,024 333-335 

 

All machining tests were conducted in TC-35 JOHNFORD CNC turning center. The cutting tool was a 
commercial product available from Sandvik, consisting of a tool holder and indexable inserts suited to ISO 
5608 and ISO 1832, respectively. Product no. of the tool holder is PSBNR 2525M12. The uncoated carbide 
inserts were SNMG 120408-QM H13A. Cutting parameters, i.e. cutting speed (V), depth of cut (a), and feed 
rate (f) were selected. The experiments were carried out with using three different cutting speed, feed rate and 
depth of c ut. Cutting forces were measured with a Kistler 9257 B type piezoelectric dynamometer and an 
associated 5019 B130 charge amplifier connected to PC employing Kistler Dynoware software. 

Design of e xperiments and statistical analysis was performed by using MINITAB statistical software. The 
factors and factor levels are summarized in Table 2. These factor levels result in a total of 27 un ique factor 
level combinations. Using analysis of va riance (ANOVA) and full factorial design of e xperiment, the 
effectiveness on the specific cutting resistance of cutting parameters were investigated. The ANOVA output 
and the calculated F-ratios are shown in Table 3. It was selected the 0.05 level for testing the significance of 
the main effects. 

Table 2- Factors and factor levels 
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Symbol Factors Level 
1 2 3 

V Cutting speed (m/min)   125   175   225 

f Feed rate (mm/rev) 0.1 0.25 0.4 
a Depth of cut (mm) 1 1.75 2.5 

 

3. RESULTS AND DISCUSSION 
Figure1 showing interaction between cutting parameters (V,f,a) and specific cutting resistance (ks) have been 
drawn in order to analyze ks values obtained from experiments. Specific cutting resistance (ks) has been 
calculated using the equation of Kienzle [1]. 

 (1) 

 

 

 

 
Fig.1 – Variation of ks depends on cutting parameters, a=1 mm; b) a=1.75 mm; c) a=2.5 mm 

 

In experiments performed using uncoated cutting tool, it is obvious that increase of cutting speed decrease 
specific cutting resistance insensibly but increase of feed rate, depth of cut decrease specific cutting resistance 
distinctly (Fig.1). It was determined that cutting forces measured especially for 1mm of depth of cut and 0.1 
mm/rev feed rate are higher than that of 2 mm of depth of cut and 0.4mm/rev feed rate. The reason is that the 
higher feed rate and depth of c ut, the higher chip cross-section. In t he machining of A ISI P20 steel, the 
highest ks value has been calculated as 3610 N/mm2 in 1 mm depth of cut, 0.1 mm/rev feed rate and 125 
m/min cutting speed while the smallest value has been calculated as 2042 N/mm2 in 2.5 mm depth of cut, 0.4 
mm/rev feed rate and 225 m/min cutting speed. 
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Analysis of variance (ANOVA) results applied in %95 c onfidence level in order to determine the level of 
cutting parameters’ effect on specific cutting resistance have been demonstrated in Table3. Here, P values 
indicating importance level of each parameter and percentage contribution ratio (PCR) are demonstrated. 

Table 3. ANOVA results for specific cutting resistance 

Source Degree of 
freedom (DF) 

Sum of 
squares (SS) 

Mean of 
squares 
(MS) 

F ratio P value PCR (%) 

V 2 0.777 0.3885 5.23 0.015 1.44 

f 2 46.5156 23.2578 313.23 0.000 86.17 

a 2 5.2054 2.6027 35.05 0.000 9.64 

Error 20 1.4851 0.0743   2.75 

Total 26 53.9831    100 

 

It is demonstrated that most important factor on specific cutting resistance in machining of AISI P20 steel is 
the feed rate with %86.17 PCR. As far as can be seen from ANOVA results other parameters are depth of cut 
and cutting speed with %9.64 PCR and %1.44 PCR, respectively. 

Artificial neural networks (ANN) has been developed for m athematical modeling of s pecific cutting 
resistance during machining of AISI P20 plastic mould steel with uncoated carbide cutting tool. Prediction 
performance of ANN model from experimental results has been determined by applying methods of roo t 
mean squared error (RMSE), coefficient of determination (R2), mean absolute percentage error (MAPE). 
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Pythia software has been used in ANN modelling of specific cutting resistance. Pythia software use Fermi 
function as a transfer function in training. Fermi function can be calculated as analytical with equation 6. 
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Here, n shows neuron number used in hidden layer and wi shows weight values of neurons. Ni is the effect on 
ks of each neurons used in hidden layers. According to cutting parameters used in ANN model;  

)5,0(4 321 −�+�+��= acfcVcE iiii  (7) 

and then, 

iEi e
N −+

=
1

1  (8) 

has been defined as shown in equation 7 and 8, respectively. Cij shows weights of each neuron used in hidden 
layer in the result of data set training in Pythia.   
 
In order to investigate most suitable network topologies with different cycle and number of ne urons by 
training experimental results with ANN after determining experiments for test and training, 21 experiments 
and remained 6 experiments were separated for training and test, respectively. Many trials were examined to 
determine suitable network topology by analyzing three inputs and one dependent output value in program 
data set. 
 
Most suitable network topology was determined as 3-5-4-1 for modelling of s pecific cutting resistance in 
ANN. In addition, it was determined that two-level hidden layer having 5 neurons in first and 4 neurons in 
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second hidden layer must be performed for generated model. Hence, first level in hidden layer was generated 
of N1,…,N5 neurons while second level was generated of N6,…,N9. Output neuron of the network was N10. 
Most suitable topology used in specific cutting resistance prediction is given in Figure 3.1. 
 

 
Figure 2- ANN topology generated for ks 

After determining most suitable network topologies in prediction of ks, required parameters are entered and 
training of network is provided. The weights of neurons are found after training and mean deviation value is 
found from ANN output values and experimental results. The weight values (Cij) used in completing of effect 
on Ei value of each neuron has been given in Table 4.  

Table 4. Weights of each neuron 

i C1i C2i C3i C4i C5i 

The first level neurons 

1 -0,777399 0,428751 0,39563 ---- ---- 

2 -0,367236 -1,389032 -0,703825 ---- ---- 

3 -0,412545 -0,597023 -0,983634 ---- ---- 

4 -0,23794 -1,287044 -0,032885 ---- ---- 

5 -0,045476 0,538059 0,195262 ---- ---- 

The second level neurons 

6 -0,279342 0,2145 1,313014 1,233983 -0,25989 
7 0,067828 -0,691304 -0,647513 -0,7691 0,811696 
8 0,004732 2,233038 0,508012 1,92992 -0,2463 
9 -0,787204 0,2191 0,104959 -0,32403 0,835195 

Because network topology of ks has two level hidden layer, first level neurons (N1, …, N5) have been stated 
with the help of Ci j according to equation 8 in line with equation 7. Equations 9 and 10 have been 
respectively used for hidden layers. However, due to relation between second level neurons and first level 
neurons, equation 9 and 10 have been used for i= 6,7,8,9 instead of 7. The model of ks has been obtained with 
weight values in ANN network topology according to Fermi function (eqn 11). ks value in eqn 12 i s 
predictive specific cutting resistance in modeling of ANN [13]. 

awVwfwE iiii �+�+�=− 32196  (9) 

4938271696 NwNwNwNwE iiiii �+�+�+�=−  (10) 

 (11) 

 (12) 

Comparison of experimental specific cutting resistance values and predicted values from ANN results in %95 
confidence level has been given in Figure 2. 
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Figure 2. ANN performance of ks values 

Performances of mathematical models obtained from experimental results and ANN have been compared by 
different statistical error control methods. Mean absolute percentage error (MAPE) resulting on training and 
test was calculated as 4.388% and 17.720%, respectively by examining Table 5. Moreover, the coefficient of 
determination (R2) is 99.9% for training data and 99.8% for the testing data in ANN model developed for 
specific cutting resistance. This shows that ANN model developed for ks has high accuracy. 

Table 5. Statistical Data For ANN Model 

 RMS R2 MAPE 
ANN Training 3,613476363 0,999810133 1,103041779 

ANN Test 10,27203622 0,998464727 3,768317177 

 

4. &21&/86ø21 
9 According to the formula Kinzle, smallest specific cutting resistance has been calculated as 2042 

N/mm2 in 27th experiment for depth of cut of 2.5 mm, feed rate of 0.4 mm/rev and cutting speed of 
225 m/min while highest specific cutting resistance has been calculated as 3610 N/mm2 in 1st 
experiment for depth of cut of 1mm, feed rate of 0.1 mm/rev and cutting speed of 125 m/min. 

9 According to ANOVA results, most important factor on specific cutting resistance in machining of 
AISI P20 steel is the feed rate with %86.17 PCR. 

9 Comparison of experimental and estimated specific cutting resistance values obtained from ANN 
analysis demonstrate that R2 in the result of training and testing is about 99.8%. Therefore, the 
presented model can be used effectively to predict the specific cutting resistance in machining of 
AISI P20 plastic mould steel with uncoated carbide cutting tool. 
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Abstract 
An experimental investigation was conducted to determine the effects of cutting tool edge geometry, feed rate and cut-
ting speed on surface roughness and resultant cutting forces in the hard turning of AISI 52100 steel with ceramic cutting 
tools. Ceramic inserts with two different edge preparations (chamfered and chamfered plus honed) were used. Three 
components of cutting forces and roughness of the machined surfaces were measured. Cutting speed, feed rate and 
cutting tool edge geometry were chosen as the cutting conditions (control factors). Taguchi’s L16 orthogonal array was 
used for design of experiment. Optimum levels of the cutting conditions were determined using signal-to-noise (S/N) 
ratio, which was calculated for machining output variables (surface roughness and resultant cutting force) according to 
the ‘the-lower-the-better’ approach. Analysis of variance (ANOVA) was applied for observing the effect levels of cutting 
conditions on the quality characteristics (machining output) statistically. The analysis of variance results showed that 
the feed rate and tool edge geometry were the most significant factor on resultant cutting forces and surface roughness. 
      
Keywords: Hard turning, surface roughness, tool edge geometry, Taguchi, ANOVA 
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1. INTRODUCTION 
The hard turning process is defined as machining materials with hardness higher than 45 HRC. Hard turning 
is an alternative manufacturing process to conventional grinding in machining hardened components. Hard 
turning has many advantages in comparison to the grinding operations, such as higher material removal rates, 
more flexibility, lower energy consumption, elimination coolants, shorter set up time in complex parts and 
better surface integrity. Hard turning significantly reduces the production time, tooling costs and the machine 
tool investment, also presents a great contribution to sustainable manufacturing [1-5]. Cubic boron ni tride 
(CBN) and ceramics are usually employed in hard turning operations, due to their high hardness, high 
abrasive wear resistance and chemical stability at high temperatures. The ceramic inserts have been very 
popular for its high productivity at milling and turning applications. Their application in metalworking has a 
lot of benefits as improved cutting performance, tool life and reduction in the costs. The mixed ceramic is 
recommended for continuous hard steel cutting, due to its high hardness and chemical stability but it is not 
recommended for the interrupted cutting as it does not have sufficient toughness for the operation [5-7].  
 
The cutting process is greatly influenced by the machining parameters and the geometrical parameters of the 
cutting tool. Recently, works on cutting tools have focused on optimum micro geometry developments of the 
tool edge. Tool edge geometry plays a crucial role on the workpiece surface properties and the performance 
of the cutting tool, since the cut occurs mainly in the tool tip region as a result of the small depth of cut and 
feed rate used in hard turning. Cutting tool manufacturers provide various types of modifications to tool edge 
geometry. The modification of the tool edge geometry is referred to cutting edge preparation. Various types 
of cutting edge preparations, such as sharp, honed, chamfered, and chamfered plus honed cutting edges, are 
used in machining hardened materials. The aim of cutting edge preparation is to increase the strength of the 
cutting edge, increase the tool life, reduce the internal stress of the coating, reduce the risk of edge chipping, 
prepare the tool for coating and create the defined shape and size of the cutting edge [8-13]. The cutting edge 
geometry preparation influences thermomechanical aspects of c utting process, such as the shape of 
deformation zones, cutting forces, distribution of t emperatures and stresses in cutting. These effects in 
machining affect the changes in chip formation and flow, tool wear resistance, tool life and machined surface 
integrity [13].  
 
Effects of t ool cutting edge in hard turning have been investigated using experimental and analytical 
approaches by many researchers. Effect of tool edge geometry and cutting conditions on the chip morphology 
in orthogonal hard turning of 100Cr6 steel is studied by Kountanya and et al.. They show that the edge radius 
does not influence the geometrical parameters of the chip, cutting forces decrease with increasing cutting 
speed and the chip formation frequency increases linearly with cutting speed, while a negative rake angle 
increases the chip pitch [14]. Thiele and Melkote used three-level factorial design to determine the effect of 
workpiece hardness and cutting edge geometry on surface roughness and cutting forces in finish hard turning 
of AISI 52100 steel using CBN tools. They found that increasing the edge hone radius tends to increase the 
average surface roughness and the effect of edge hone on the surface roughness decreased with an increase in 
workpiece hardness. It is also shown that the two-factor interaction of t he workpiece hardness and cutting 
edge preparation on t he surface roughness is very significant [15]. Lalwani et al. applied chamfered and 
honed edges to identify the effect of cutting parameters on cutting forces and surface roughness. They found 
that cutting speed has no significant effect on forces and surface roughness; however, the feed rate provides 
primary contribution and most significantly influences on the latter [16]. Almedia et al. investigated the effect 
of tool edge geometry, depth of cut and feed rate on surface roughness, tool wear and cutting force using 
silicon nitride ceramic. Silicon nitride ceramics have three different edge geometry (sharp, honed and 
chamfered edges) and CVD diamond coatings with ~15 µm thickness. They found that the honed tools are 
more prone to diamond film delamination from the cutting edge than the chamfered or sharp edged ones. 
While the flank wear is occurred the chamfered tools, the higher cutting forces are developed honed tools. 
Minimum surface roughness values (Ra<0,2 µm) were obtained with the sharp edge tools [17]. Özel carried 
out cutting experiments and 3D finite element simulations to compare uniform and variable edge 
preparations. The most important finding was that variable micro-geometry insert edge design reduces heat 
generation and stress concentration along the tool cutting edge, whereas tool wear depth and predicted wear 
rate decreased with the use of a variable micro-geometry insert [18]. Kurt and Şeker investigate the effect of 
chamfer angle of polycrystalline cubic boron nitride cutting tool on the cutting forces and the tool stresses in 
finishing hard turning of A ISI 52100 steel. The results obtained by them show that an angle of 20° ha s a 
major influence on the cutting forces and on Von Mises stresses [19]. 
 
Günay and Yücel investigated optimizing the cutting conditions for the average surface roughness (Ra) in 
machining of high-alloy white cast iron (Ni-Hard) at two different hardness levels (50 HRC and 62 HRC). 
ANNOVA results showed that feed rate is the most significant variable for Ni-Hard with 62 HRC while the 
cutting speed is the most significant for Ni-Hard with 50 HRC [20]. In a further work, they investigated the 
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effect of cutting conditions for cutting force and surface roughness. They found that depth of cut and feed rate 
is the most significant factor on surface roughness and cutting force for both the ceramic and CBN cutting 
tool. Also they obtained the smallest surface roughness with CBN insert during machining of Ni-Hard with 
62 HRC [21]. Bouacha et al. investigated the Ra values created in hard turning of 64 H RC hardness AISI 
52100 bearing steel with CBN cutting tool. They performed the machining tests according to the L27 
orthogonal array of Taguchi experimental design method. They reported that the cutting parameters which are 
the most effective on Ra are the feed rate and cutting speed [22]. Özel et al. used Taguchi’s L16 orthogonal 
array to determine the effects of the cutting tool edge geometry, workpiece hardness, feed rate and cutting 
speed on surface roughness and resultant forces in finish hard turning of AISI H13 steel using CBN tools 
[23]. Further, Özel and Karpat developed predictive model of surface roughness and tool wear in hard turning 
using regression and neural network for A ISI H13 steel using CBN tools. They considered work material 
hardness, CBN content in tool material, edge radius of t he CBN cutting tool, cutting speed, feed rate and 
cutting time as independent parameters [24]. This study aims at investigating the effects of cutting tool edge 
geometry, feed rate and cutting speed on surface roughness and resultant cutting force in hard turning of AISI 
52100 steel with ceramic cutting tools of di fferent edge preparations. Taguchi’s design and analysis of 
experiment process has been used to achieve this purpose. L16 orthogonal array was used in the design of 
experiment. Furthermore, analysis of variance is used to determine the statistical significance of the cutting 
parameters. Finally, confirmation tests were carried out using the optimal cutting conditions which were 
determined by Taguchi optimization method. 

2. EXPERIMENTAL  

2.1. Workpiece Material 
In this study, AISI 52100 be aring steel was used as a workpiece material. The cylindrical AISI 52100 
specimens utilized in these experiments had a diameter of 60 mm and length of 200 mm. The specimens were 
through-hardened and tempered to obtain the hardness value of 60±2 HRC. The hardness values were defined 
by the mean values of the measured workpiece hardness. 

2.2. Cutting Tool and Geometry 
Mixed ceramic (Al2O3+TiC) inserts with two different types of edge preparations were investigated in this 
study. These edge preparations include: a) “chamfered” (T-land) edges and b) “chamfered+honed” (S-land) 
edges as illustrated in Fig. 1. The cutting tools used were commercial grade ceramic inserts produced by 
Kyocera with the geometry of DNGA 150404 S/T02025 PT600M. PT600M is a special coating called 
“Megacoat”. These inserts were clamped mechanically on a rigid tool holder with an ISO designation of 
DDJNR 2525M-1504.  

         
    a)                                                        b) 

Figure 1. Type of edge preparations used in ceramic cutting tools: a) chamfered b) chamfered + honed 

2.3 Experimental Design 
A there-factor four-level factorial design was used to determine the effects of the tool edge geometry, feed 
rate and cutting speed on surface roughness and resultant forces in the hard turning of AISI 52100 steel. Four 
different levels of cutting speed (Vc) and feed rate (f) and two different levels of tool edge geometry (TEG) 
are chosen as cutting parameters (factors). The levels of fa ctors were chosen within the intervals 
recommended by the cutting tool manufacturer. L16 orthogonal array of T aguchi method was used in the 
design of e xperiment. The factors and their levels are given in Table 1. The purpose of A NOVA is to 
determine which cutting parameters significantly affect the performance characteristics of independents 
variables. The ANOVA test was performed to evaluate the statistical significances of t he fitted regression 
model and factors involved therein for the response factors namely F and Ra. From the experimental data the 
effects of t hree predictor factors (cutting speed, feed rate and cutting tool geometry) upon t wo response 
variables were analyzed by using MINITAB statistical software. Cutting forces were measured with a Kistler 
9257 B t ype piezoelectric dynamometer and an associated 5019 B130 c harge amplifier connected to PC 
employing Kistler Dynoware software.  Longitudinal turning was conducted on CNC lathe (Johnford TC35) 
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at a constant depth of cut at 0.1 mm. The length of cut for each test was 20 mm in the axial direction. Average 
surface roughness (Ra) value which is one of t he most important machinability criteria was measured 
according to ISO 4287 standard. Ra measurements were performed by using a Mahrsurf PS1 device with a 
cut-off length of 0.8 mm and sampling length of 5 m m. Ra values were calculated by averaging three 
roughness values obtained from three different positions of machined surface. 

Table 1. Factors and their levels 

Factors Level 1 Level 2 Level 3 Level 4 
A: Cutting speed, Vc (m/min) 60 80 100 120 

B: Feed rate, f (mm/rev) 0.04 0.06 0.08 0.10 
C: Tool Edge Geometry,(TEG) S Type T Type   

3. RESULTS and DISCUSSION 
An analysis of va riance (ANOVA) was applied to determine the statistically significance trends in the 
measured surface roughness and resultant cutting force. Separate ANOVA analyses were conducted for Ra 
surface roughness values and for resultant cutting forces i.e., feed, thrust, and main cutting forces. The lowest 
values of s urface roughness and resultant cutting force will significantly improve the quality of machined 
surface and for lowering production costs. For this reason, “the lower-the-better” quality characteristic was 
used for the calculation of the S/N ratio. The experimental results and S/N ratios are given in Table 2. 

Table 2. Experimental results and corresponding S/N ratios 

Run Control factors  Experimental results  Signal-to-noise ratio (S/N) 
 A B C  Ra(µm) F (N)  Ra F 

1 1 1 1  0.262 255.7  11.6340 -48.1546 
2 1 2 1  0.346 244  9.2185 -47.7478 
3 1 3 2  0.238 173.1  12.4867 -44.7659 
4 1 4 2  0.352 167.6  9.0815 -44.4855 
5 2 1 1  0.346 305.5  9.2185 -49.7002 
6 2 2 1  0.341 299.6  9.3449 -49.532 
7 2 3 2  0.424 227.8  7.4527 -47.1511 
8 2 4 2  0.452 222.3  6.9068 -46.9401 
9 3 1 2  0.625 311.4  4.0824 -49.8674 
10 3 2 2  0.583 284.9  4.6817 -49.0944 
11 3 3 1  0.423 344.3  7.4732 -50.7377 
12 3 4 1  0.510 331.4  5.8486 -50.4083 
13 4 1 2  0.912 344.1  0.8033 -50.7341 
14 4 2 2  1.135 335.4  -1.0999 -50.5106 
15 4 3 1  0.866 399.5  1.2496 -52.0297 
16 4 4 1  0.844 385.7  1.4732 -51.7247 

3.1. Effect of Feed Rate, Cutting Speed and Tool Edge Geometry on Surface Roughness 
Curves of Ra surface roughness are shown in Fig. 2a and 2b. Fig. 2a shows the effect of cutting speed and 
feed rate on the Ra surface roughness parameter for the chamfered+honed edges. Fig. 2b shows the effect of 
cutting speed and feed rate on the Ra surface roughness parameter for the chamfered edges. These two figures 
showed that minimal value of surface roughness (Ra) was obtained at lowest feed rate (0.04 mm/rev). It can 
be seen from Fig. 2a and 2b that Ra value increases as the feed rate is increased from 0.04 mm/rev to 0.1 
mm/rev. Specifically, the surface roughness increases as the feed rate increases as the surface roughness 
being proportional to the square of the feed rate. The surface roughness values are similar for two tool edge 
geometry. The lower surface roughness values were obtained with increasing cutting speeds by using 
chamfered+honed edge (Fig.3).  
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a)  b) 

Figure 2. Effect of cutting speed and feed rate on surface roughness: a) chamfered+honed, b) chamfered. 

  
a)  b)  

  
c) d)  

Figure 3. Effect of tool cutting edge and feed rate on surface roughness: a) 60, b) 80 c) 100 d) 120 m/min 

3.2. Effect of Feed Rate, Cutting Speed and Tool Edge Geometry on Cutting Force 
Figure 4a and 4b s hows the effect of c utting speed and feed rate on the resultant cutting force for t he 
chamfered+honed and chamfered edges, respectively. It is seen from Figure 4a and 4b t hat the feed and 
cutting force components increase with increasing the feed rate and generally decrease with increasing the 
cutting speed. Figure 4a and 4b shows that lower feed rate resulted in lower resultant cutting force. The 
increase in resultant cutting force with increasing the feed rate is due to an increase in chip load. However, 
drops in the cutting force with increasing the cutting speed are partly caused by a decrease in contact area and 
partly by a drop in shear strength in the flow zone as its temperature rises with increasing speed.  
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a) b) 

Figure 4. Effect of tool cutting speed and feed rate on resultant cutting force: a) chamfered+honed, b) chamfered. 

It can be seen Figure 4a and 4b; lower cutting force was obtained with chamfered edge. This can be attributed 
to the sharper chamfered edge than honed edge. Chamfered edge provides excessive negative angle to the 
cutting action and results in high heat generation [23]. The cutting edge hone increases machining force and 
the contribution of the ploughing component of force. Increasing the ploughing force leads to more material 
side flow on t he machined surface. Chamfer+honed edge affect chip formation and stress on machined 
surface. It is recommended that chamfer plus hone radius be used to obtain best residual stress profile [9,15]. 

3.3. ANOVA Results 
An analysis of variance (ANOVA) was applied to determine the influence of cutting speed, feed rate and tool 
cutting edge on the machining output (Ra and F). ANOVA tables for surface roughness (Ra) and resultant 
cutting force (F) are given in Tables 3 a nd 5, respectively.  The probability (P) values, which show the 
significance level of each factor and its degree of freedom (DF), sum of squares (SS), mean of squares (MS), 
F ratios and their percentage contribution ratio (PCR) can be seen here. This analysis was carried out for a 
significance level of α=0.05, i.e. for a confidence level of 95%. Table 3 shows that the main effects of feed 
rate and tool edge geometry are significant to surface roughness. ANOVA results indicated that feed rate is 
the most effective parameter for Ra with percentage contribution ratio (PCR) values of 90 .2%. The other 
factors that have effect on Ra are cutting speed with 2.5% of PCR and tool edge geometry with 3.1% of PCR 
(Table 3). Feed rate is the dominant parameter associated with the surface roughness. This is expected 
because it is well known that the theoretical surface roughness is primarily a function of the feed for a given 
nose radius and changes with the square of the feed rate value [23]. 

Table 3. ANOVA for S/N ratio of surface roughness 

Source DF SS MS F-Ratio P PCR (%) 
A 3 221.08 73.693 57.05 0.000 90.2 
B 3 6.239 2.080 1.61 0.262 2.5 
C 1 7.652 7.652 5.92 0.041 3.1 

Error 8 10.334 1.292   4.2 
Total 15 245.306    100 

 
The most important criterion in the Taguchi method for analyzing experimental data is S/N ratio. The mean 
values of S/N ratios for surface roughness are given in Table 4. The different values (Δ) of S/N ratio between 
maximum and minimum are also shown in Table 4. Therefore, by considering the S/N ratios in Table 4, the 
optimum cutting conditions for the surface roughness were A1, B3 and C1. The smallest surface roughness 
and its S/N ratio that can be obtained according to these levels were calculated by using Eqs. (1) and (2). Ra 
value and its S/N ratio were determined as 0.245 μm and 12.221 dB, respectively. 
 
ܩߟ = ܩҧߟ + ҧܱܣ) − (ܩҧߟ + തܱܤ) − (ܩҧߟ + ҧܱܥ) −  (1)                      (ܩҧߟ
 
ܴ𝑎𝑎ܿ𝑎𝑎݈ = 20/ܩߟ−10                                                      (2) 
                           
In these equations, ܩߟ  is the S/N ratio calculated at the optimum levels (dB), ߟҧܩ  is the average S/N ratios of 
all variables (dB),  Aഥo, Bഥo, Cതo are the mean S/N ratios when the factors A, B and C are at optimum levels 
(dB), and Racal is the calculated surface roughness (Ra) value. 

Table 4. Response table for S/N ratios of surface roughness 
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Level A B C 

1 10.6052 6.4345 6.9326 
2 8.2307 5.5363 5.5494 
3 5.5215 7.1656  
4 0.6065 5.8275  
∆ 9.9986 1.6293 1.3832 

 
Table 5 showed that the main effects of cutting speed and feed rate and edge geometry are all significant on 
the resultant cutting force. Table 5 shows that the most effective variable on the resultant cutting force is the 
feed rate with 72.6% of P CR. The other variables having effect on resultant cutting force are tool edge 
geometry with 22.2% and cutting speed with 4.7%. The error ratio was calculated as 0.5% and it is the 
smallest ratio. The mean values of S/N ratios for resultant cutting force are given in Table 6. The optimum 
cutting conditions for t he resultant cutting force were A1, B4 and C2. According to Table 6, the smallest 
resultant cutting force was calculated by using Eqs. (2) and (3). Resultant cutting force value and its S/N ratio 
were determined as 171.28 N and -44.674 dB respectively. 

Table 5. ANOVA for S/N ratio of cutting force 

Source DF SS MS F-Ratio P PCR 
A 3 55.6550 18.5517 358.38 0.000 72.6 
B 3 3.6160 1.2053 23.28 0.000 4.7 
C 1 16.9867 16.9867 328.15 0.000 22.2 

Error 8 0.4141 0.0518   0.5 
Total 15 76.6718    100 

Table 6. Response table for S/N ratios of cutting force 

Level A B C 
1 -46.29 -49.61 -50 
2 -48.33 -49.22 -47.94 
3 -50.03 -48.67  
4 -51.25 -48.39  
∆ 4.96 1.22 2.06 

3.4. Confirmation Tests 
Confirmation tests are a crucial step recommended by Taguchi to verify experimental conclusions.  The 
purpose of the confirmation experiment is to validate the conclusions drawn during the analyzing. For this 
purpose, the following equations were used in the specification of the confidence interval (Cl) for estimated 
surface roughness. Confirmation test was required in the present case study because the optimum 
combination of parameters and their levels i.e. A1B3C1 did not correspond to any experiment of t he 
orthogonal array. Optimum combination of parameters and their levels i.e. A1B4C2 for resultant cutting force 
corresponded to experiment of the orthogonal array (OA). Therefore, it may be noted that if the optimal 
combination of parameters and their levels coincidently match with one of the experiments in the OA, then no 
confirmation test is required.  
 
ܫܥ = ට1)0,05ܨ, ߭𝑒𝑒) �ܸ�𝑒 ቀ 1

݊𝑒𝑒݂݂
+ 1

 ቁ                                          (3)ݎ

 
݊𝑒𝑒݂݂ = ܰ

1+߭ܶ
                                                                       (4) 

 
Table 7. Comparison between confirmatory test results and calculated values 

Confirmatory Experiment results Calculated values Differences 

Ramea(μm) ηmea(dB) Racal(μm) ηcal(dB) |Ramea − Racal | หηmea − ηcal ห 
0.23 12.76 0.245 12.221 0.015 0.539 

 
Here,  ߭𝑒𝑒  is the error degree of freedom, Ve is the error variance, neff is the repeating number of the 
experiments (Eq. 3). N is the total number of the experiments, ߭ܶ  is the variable’s degree of freedom and r is 
the number of confirmation tests (Eq. 4). Using Eqs. (3) and (4), confidence value of 2.39 dB was obtained 
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for surface roughness (Ra). Table 7 shows the differences between the values obtained by confirmatory tests 
and the values calculated by Eqs. (2) and (3) of the S/N ratios. It is seen that the difference of 0.539 dB is 
under 5% confidence interval of 2.39 dB for surface roughness. Therefore, the optimal control factor settings 
for all the cutting conditions were confirmed as confident. 

4. CONCLUSIONS 
In this study, effects of tool edge geometry, cutting speed and feed rate on the surface roughness and cutting 
forces in hard turning of AISI 52100 were optimized by Taguchi method. The results obtained from this study 
are given below: 
 
1. According to the results of statistical analysis, it was found that the feed rate and tool edge geometry 

was the most significant factor on surface roughness with PCR of 90.2% and 3.1% PRC, respectively. 
The feed rate and tool edge geometry was the most significant parameters for resultant cutting force 
with PRC 72.6% and 22.2% PRC, respectively. 
 

2. The optimum levels of the control factors for minimizing the surface roughness and resultant cutting 
force using S/N ratios were determined. The optimal conditions for surface roughness was observed at 
A1-B3-C1 (i.e., feed rate = 0.04 mm/rev, cutting speed = 100 m/min and chamfer+honed edges). The 
optimal conditions for resultant cutting force was observed at the same levels A1-B4-C2 (i.e., feed rate 
= 0.04 mm/rev, cutting speed = 120 m/min and chamfered edge). 

 
3. Chamfer edge and chamfer+honed edges have similar trends on s urface roughness. Cutting edge 

geometry, feed rate and cutting speed are all found to be effective on resultant cutting force. The lower 
resultant cutting forces were obtained by the chamfered edge.  

 
4. Confirmation tests at optimal conditions were carried out. According to the confirmation test results, 

measured values are within the 95% confidence interval. 
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Abstract 
In this study, chemical oxidative polymerization of pyrrole monomer has been performed onto the cotton fabric surfaces 
by using ferric chloride as oxidant and an aliphatic polyether with acidic groups as surfactant. Then the obtained PPy 
deposited cotton fabrics have been evaluated in terms of weight increment, surface electrical resistivity and electromag-
netic shielding efficiency �(06(�. $ccording to the results, weight increment, electrical resistance and (06( values have 
been found as �� �, �.��x��� ȍ and �� d% respectively. In order to investigate the laundering durability of 33y deposi-
tion, fabric sample was coated by epoxyacrylate �($� adhesive formulation and then cured by 89 light. 7he characteristic 
peaNs of 33y and ($ have been proved by )ourier transform infrared �)7I5� spectroscopy. )or the laundering durability 
testing, ($ coated and un�coated, 33y deposited cotton fabrics have washed � times by (&( non�ionic detergent solution 
��g�/� in order to observe the effect of ($ layer. $ll tests were repeated after each washing process. 5esults proved that, 
($ layer helps to preserve 33y layer thus the shielding property. $fter � times washing, 33y deposited cotton fabric has 
showed Must �.�� d% (06( value, whilst the sample with 33y�($ coating layers still showed �.�� d% shielding efficiency.
      
Keywords: Polypyrrole, Cotton Fabric, Electromagnetic Shielding, Epoxyacrylate, UV-curing, Oxidative Polymer-
ization
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1. INTRODUCTION 
In general, textile fabrics have dielectric character but can be converted into conductive surfaces by 
conductive polymer coating/deposition. In literature there are many researches are exist investigating the 
conductive polymer usage onto the textile substrates such as polypyrrole (PPy), polyaniline, polythiophene 
etc. PPy is the promising one among these polymers considering its favorable properties such as high 
electrical conductivity and energy storage capacity, low cost, easy synthesis, environmentally friendly etc. 
PPy deposition or c oating process has been extensively studied in literature including electrodes for 
electrochemical capacitors, cathode material for capacitive deionization technology, corrosion inhibition 
material, dye-sensitized solar cells, electromagnetic shielding materials etc. [1-5]. Chemical oxidative 
polymerization of pyrrole monomer has been performed on cotton, polyester, and polyamide fabric surfaces 
before in order to obtain electromagnetic shielding material and electrically conductive surfaces [6-8]. But 
there are just a few study exist considering the enhancement of conductive polymer durability onto the textile 
surfaces. 

This study was aimed to improve the laundering durability of PPy coated cotton fabrics by using EA adhesive 
formulation. Firstly, chemical oxidative polymerization of p yrrole monomer has been performed onto the 
cotton fabric surfaces by using ferric chloride as oxidant and an aliphatic polyether with acidic groups as 
surfactant. PPy deposited cotton fabrics have been characterized by weight increment, surface electrical 
resistivity and EMSE measurements. Then to improve the laundering durability of P Py deposition, fabric 
sample was coated by EA adhesive formulation. After EA coating process samples were tested in terms of 
EMSE and electrical resistivity and the effect of EA layer has been observed. 

2. EXPERIMENTAL 
An easy way to comply with the symposium paper formatting requirements is to use this document as a 
template and simply type your text into it. 

2.1. Materials 
A plain weaved cotton fabric (113 g/m2, 30 warp/cm, 22 weft/cm) was used as textile surface. Pyrrole (Py) 
monomer (Sigma-Aldrich, reagent grade), ferric chloride hexahydrate (FeCl3.6H2O, oxidant) (Merck), and 
aliphatic polyether with acidic groups (product number= 4242, acid value= 95-105 mgKOH/g) (DELTA-DC, 
surfactant) were used. Epoxy resin (EPIKOTE Resin 162) based upon diglycidyl ether of bisphenol-A with an 
epoxy equivalent weight (EEW) of 167 -171 g e quiv.-1, acrylic acid (AA), triphenyl phosphine (TPP), 
hydroquinone (HQ), were all purchased from Sigma-Aldrich. Dipropylene glycol diacrylate (DPGDA) as 
reactive diluent was obtained from Allnex Corporation. 1-Hydroxycyclohexyl phenyl ketone (Irgacure 184) 
as photo initiator was obtained from Ciba Specialty Chemicals. 

2.2. Methods 
Chemical oxidative polymerization of pyrrole monomer has been performed according to a previous study 
[9]. Fabric samples in 10x10 cm dimensions were laid out in a glass vessel containing a magnetic stirrer, 30 
mL pyrrole solution (1 M with distilled water) and surfactant (2.5%). Then the oxidant solution (30 mL 0.5 M 
FeCl3 solution in distilled water) was added to the vessel drop wise in 30 minutes. Polymerization reaction 
was completed in 2h. The colour of the fabric was completely changed from white to black because of PPy 
deposition. Several washings (ethanol, 1 M  HCl solution and distilled water) were applied on the fabric 
sample and then dried in room temperature. In order to preserve the PPy layer on cotton fabrics, EA was 
firstly synthesized according to the procedure that were previously told [10]. Then the obtained EA oligomer 
was applied on PPy coated samples via dip coating, and cured by UV-light. PPy and EA coated cotton fabric 
samples have been washed by a standard washing solvent (ECE non-ionic detergent 4g/L, in water) at 40 oC 
for ½ h [11]. 

2.3. Characterization 
EMSE measurements in 0-3 GHz frequency range were carried out in Network Analyzer instrument 
(ROHDE&SCHWARZ) by using coaxial transmission line method [12]. Keithley 6517A Electrometer/High 
Resistance Meter instrument was used to measure the surface electrical resistivity [13]. All measurements 
were performed at 20 mA, 0.1 V. Weight increment after PPy deposition and weight loss values after several 
washing steps have been measured in an analytical balance (Acculab-ALC-80.4). Perkin Elmer Spectrum 100 
FTIR spectrophotometer with an ATR sampling was used for characterization of PPy and EA layers.  
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3. RESULTS AND DISCUSSION 

3.1. FTIR Spectroscopy 
Figure 1 shows the FTIR spectra of pure cotton, PPy coated cotton fabric and PPy+EA coated cotton fabrics 
respectively. According to the figure, after PPy deposition process, the formation of PPy layer onto the fabric 
surface was proven by newly formed peaks namely; C=O stretching, C=C stretching, C–N stretching , C–H 
stretching, C-H wagging vibration and N-H stretching were located at 1720 cm-1, 1550 cm-1, 1309 cm-1, 
1040 cm-1, 787 cm-1, and 617 cm-1 respectively. C-N stretching vibrations were seen in the bands of 1299 
and 1166 cm-1. The band at 672 cm-1 belongs to the doped Cl- ion on the PPy backbone.  After EA coating 
process on to the PPy-deposited cotton fabric surface, the intensity of the characteristic ester carbonyl peak at 
1720 cm-1 increased. Additionally, the intensity of the broad peak at about 3460 cm-1 which is assigned to 
secondary hydroxyl groups also increased stemming from the opening of epoxide rings. 

 
Figure 1. FTIR spectra of pure cotton, PPy coated cotton fabric and PPy+EA coated cotton fabric. 

3.2. Weight Increment and Loss 
Table 1 shows the weight increment after PPy deposition, EA coating processes and weight loss of PPy+EA 
coated samples after several washing steps. According to the table, after first washing step, a great weight 
loss of 16.68% was observed in the PPy coated cotton fabric. Whilst in PPy+EA coated fabric the weight loss 
value was only 5.78%. It is obvious that EA layer helped to keep the PPy deposition onto the fabric surface. 
These behavior also found after second and third washings. Weight loss of fabric with EA layer was always 
observed less than the samples with only PPy layer. 

Table 1. Weight increment and weight loss (%) values of PPy and EA coated fabric samples before and after several 
washings. 

Weight (g) WeightLoss (%) 
PureCotton PPy+Cotton PPy+EA+Cotton Washing-1 Washing-2 Washing-3 

1.14 1.98 --- 16.68 2.91 2.49 
1.14 1.98 2.11 5.78 1.03 1.01 

 

3.3. Surface Electrical Resistivity 
Surface electrical resistivity values of the PPy and EA coated cotton fabric samples before and after washing 
processes can be seen in Table 2. According to the table, after PPy deposition, cotton fabric became an 
electrically conductive surface. After washing steps, in PPy coated fabric, surface resistivity increases, in 
other words electrical conductivity decreases. In PPy and EA coated cotton fabric sample, after several 
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washings conductivity increases. After third washing, the conductivity value is higher than even its unwashed 
value. This result can be explained by the Maxwell-Wagner polarization effect [14]. Due to the increased 
polarity after EA coating on the molecular structure, conductivity increases with washing because of water 
hydroxyl ions. 

Table 2. Surface electrical resistivity values of PPy and EA coated fabric samples before and after several washings. 
6XrIace (lectrical 5eViVtiYit\ �ȍ/VT� 

Pure Cotton PPy+Cotton PPy+EA+Cotton Washing-1 Washing-2 Washing-3 

1.68x105 1.06x103 -- 1.08x103 1.36x103 1.16x103 
1.06x103 1.02x103 1.03x103 0.91x103 0.84x103 

3.4. EMSE Measurement 
Figure 2 shows the EMSE results of PPy coated fabric sample before and after washing steps. Accordingly, 
after PPy deposition, a max shielding value of 24 dB was observed in the range of 2-2.5 GHz frequencies. 
The highest shielding loss was seen after first washing step. After third washing the EMSE value decreased 
till 1.23 dB. 

 
Figure 2. EMSE values of the PPy coated cotton fabric sample before and after several washings. 

EMSE values of PPy and EA coated fabric sample before and after several washings can be seen in Figure 3. 
After first washing the EMSE value decreased to 16 dB and after third washing, the sample still shows about 
5 dB EMSE result. The sample with PPy and EA layers shows better laundering durability comparing to the 
sample without EA layer. EA layer helps fabric to resist more washings. 

 
Figure 3. EMSE values of the PPy and EA coated cotton fabric sample before and after several washings. 
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4. CONCLUSIONS 
In this study, the chemical oxidative polymerization of pyrrole monomer has been performed in the presence 
of oxidant and surfactant. After PPy formation on the fabric surface in order to keep the PPy layer on the 
fabric surface, EA coating process has been applied. The characteristic peaks of PPy and EA layers have been 
illustrated by FTIR spectroscopy. Weight loss, surface electrical resistivity and EMSE results were all in 
consistent with each other and showed that EA layer can be used to enhance the laundering durability of PPy 
coated cotton fabrics. 
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Abstract 
In this work a comparative approach on target density functions used in sensor imaging is pre-
sented. The target density functions that are widely used in medical and military engineering are-
as considered in various theoretical methods. The target density function used in SAR – ISAR systems 
in the form of ȡ�x,y� considering the cartesian coordinates is employed with the )ourier approach. 7he 
image function g�ȡ, ș� in one dimensional or f�x,y� two dimensional form in the 5adon 7ransform is considered with 
��' )ourier transform. With x �velocity� and y �range� variables, '�x,y� target density function of )owle � 1a-
parst is considered for dense target environments. $ new *�5,ȕ� shaped target density function which is differ-
ent from the previously developed ones will be presented. 7he new target density function with the variables 5 
as range and ȕ cos�ș� as a function of scanning angle is reconstructed with phased array sensor approach.
      
Keywords: phased array radar system, active sensor imaging, target density functions, ambiguity functions, Ra-
don transform.
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1. INTRODUCTION 
Active sensors devices that interpret the relation between sent and backscattered signals and receive various 
information about the target. The distribution of the target’s reflectivity function on spatial plane is able to 
provide the target’s image [1,2,14]. The range resolution of target area is related to bandwidth, while the cross 
range resolution varies with the aperture size. However, using large apertures in order to obtain high cross 
range resolutions is difficult to construct and also expensive. In 1950’s  a revolutionary invention called 
synthetic aperture radar was made by Wiley [11,12]. This invention provided new possibilities to coherently 
process the signals obtained from multiple radar elements from diverse angles related to target, or implement 
various geometrical approaches.  

In this paper, system models that fit in with this approach are investigated and a new method is developed. 

2. DENSITY APPROACHES 

2.1. SAR – ISAR imaging 
SAR (Synthetic Aperture Radar) – ISAR (Inverse Synthetic Aperture Radar) systems are powerful signal 
processing techniques with a wide range of applications that adapted various forms of problems. The basic 
goal of SAR-ISAR systems is to achieve a two dimensional planar image of the observed target. Synthetic 
aperture methods are used in order to obtain raw signals in SAR-ISAR systems. 

The densities of S cattering centers can be shown on a  two-dimensional planar image by applying Fourier 
based operations to the signals obtained under finite bandwidth and diverse aspect [1,4,9,11,14,15]. 

In this method, the basic steps of t he ISAR approach that processes a three dimensional target’s two 
dimensional image can be considered as: 

0
2 ( )

2
( ) ( , )  

pR t
j f

cs t x y e dxdy
S

U
−f f

−f −f
= ³ ³     (1) 

This equation assumes the condition that �5p�t��c�7�735I��5p�t��tf�. The term ȡ(x,y) is the density 
function of the target being imaged, TPRIis pulse repetition interval,Rp(t) is range, f0 is carrier frequency and 
the c is the speed of propagation, (i.e., light speed ). Range can be expressed as a function of time. 

> @ > @( ) ( ) cos θ( ) sin θ( )  pR t R t x t y tD D= + − − −        (2) 

In this expression Į is azimuth,ș�t� is the rotation angle as a function of t ime. After these operations, by 
taking inverse Fourier transform of s(t), the ȡ�x,y� target density functions can be reconstructed as [4]. 

0
2 ( )

2 (   )
( , ) ( , )  

p
x y

R t
j x f y f f

c
x y x yx y X f f e df df

S
U

−f f

−f −f
= ³ ³       (3) 

02 cosθ( ) x
ff t
c

= and 02 sin θ( ) y
ff t
c

=   (4) 

2.2. Fowle-Naparst Approach 
The Fowle-Naparst’s work is one the first ideas that put target density function forward [7]. In accordance 
with this work, the density of the space which includes target is reconstructed via the Ambiguity function. 
The expression of the Ambiguity Function is given as; 

2  ( , )   
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© ¹ © ¹³    (5) 
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In this function, x a nd y are the range and velocity of t he target respectively. This approach was first 
introduced by Fowle [6] and then improved by Naparst [7] by employing the Ambiguity Function. In this 
work, an improved target density function D(x,y) employing the ambiguity function which includes the 
variables velocity and range was developed.  

The relation between the signal reflected from the target e(t) and the signal sent s(t) is expressed as 

0
( ) ( , )  ( ( ))  e t D x y y s y t x dxdy

f f

−f
= −³ ³   (6) 

The target density function D(x,y) that contains by the backscattered signal can be reconstructed by the 
following complex operations in vector space including the Ambiguity function given above. 

, 0
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n m
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In this expression sm is the propagated signal and en is the backscattered signal (echoed). The Ambiguity 
function used has the following form. 

( , ) ( ( )) ( )  nm n mA x y s y t x s t dt
f

−f
= −³   (8) 

Figure1.represents an approximation of a Dirac function’s target density function, for x=0 y=1, that is 
reconstructed by Ambiguity function based Fowle-Naparst approach [7]. 

 

 
Figure 1. D(x,y) approximation for x=1, y=0 

2.3. Imaging by range-angle target density function 

2.3.1. Background 
In this paper, a new target density function that has different properties from the   t arget density functions 
discussed above is presented. G(5,ȕ) formed new target density function contains the variables R as range 
and ȕ cos(ș) as function of scanning angle. The newly defined target density function G(5,ȕ) represents the 
ratio of the amplitudes of the signal sent towards the point (5,ȕ) to the backscattered signal. 
The new approach introduced in this paper is imaging with phased array radar system. In t his case our 
imaging scenario’s schematic representation becomes: 
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Figure2. Imaging with phased array radar 

As can be seen, this approach only takes the upper half plane of the coordinate system into account [3]. In this 
condition, the propagated pulse signal p(t) is: 

0  ω  ( )  j k t
k

k
p t A e

f

=−f

= ¦      (9) 

0ω 2  PRFS= u      (10) 

PRF term in this equation is the pulse repetition frequency. If this signal is modulated with sc(t) carrier signal 
which is expressed as: 

 ω  ( )  cj t
cs t e=                     (11) 

the modulated output signal becomes: 

( ) ( ) ( ) m cs t p t s t=                        (12) 

Echo from the point represented by G(5,ȕ)density function is: 

( , ) ( 2 / / ) ( , ) r ms x t s t R c x c g RE E= − −     (13) 

In this case, if the backscattered signal is the echo of the point scatterer located at R1, the signal that contains 
the image function can be showed as; 
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The term sr(x,t) is the output of the radar system which consists phased array elements. For the solution to the 
algorithm, the next steps can be evaluated. 

θ 

�5,ȕ cosș� 
 

x =xi Phased radar array 
 

R 
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The last equation that expresses the radar output is demodulated by sd(t) 
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Last equation can be considered again as G(N,ȕ),  for the k and ȕ variables; 
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The important matter in here is to extract the target density function G(5,ȕ). Therefore equation (20) can be 
considered as; 

1
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To obtain the target density function from equation (21), the ambiguity function discussed in previous 
chapters (equation (54)) i s employed. By considering the signal sm(t), we can make use of t he correlation 
function – power spectral density relation. 

The correlation between sm(t) and sn(t) signals can be expressed as:  

( ) ( )* ( ) ( ) ( )  m n m nR s t s t s s t dtW W W
f
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= − = +³      (22) 

and in the symmetrical form; 
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The power spectral density corresponding to the target is correlation function’s Fourier transform, then the 
next steps can be formed: 
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Equation (21) that contains the G(5,ȕ) target density function is compared with the equation (27); 
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Therefore the target density function can be expressed as: 
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As a result, target density function is obtained by analyzing the relationship between Ambiguity Function and 
Correlation (Power Spectral Density) approaches. 

2.3.2. Simulation 
The simulated target is a fighter aircraft, digitally constructed by 120 point scatterers. The dataset of the 
simulated signal represents a complex matrix of the signal received by each unit of phased array system. And 
each received data has 64 samples [15]. 

 

 
Figure3. Positions of the scatterer centers 

 
Figure4. Backscattered E-field from scattering centers 

The radar operates at 8 GHz frequency with 525 MHz bandwidth. The total aspect angle diversity is 13.5°.  
In Figure5., schematic presentation of the process is given. 

 
During the ambiguity function process, only the right half plane of the ambiguity function is taken due to the 
symmetrical property of the ambiguity function. 

Distribution and intensity of t he side lobes around the peak points in the reconstructed image are directly 
related with signal choice [5,13] . 

In the imaging process of t he Ambiguity Function, we expect a sharp peak to be on t he scatterer point. 
However, this is impossible due to the natural imperfections of theoretical and computational processes such 
as finite bandwidth and noise [16]. 

2.3.3. Result 
Figure6.shows the result image of re construction of t he target density function by ambiguity function. In 
Figure7., ISAR image of the target is also given for comparison. 

 

Image (64x64) 

Raw data (64x64) 

AF process 
   

PSD 

Figure5. Schematic representation of imaging process 

Array 
Elements 



 
Figure6.Image of target density function reconstructed by 

Ambiguity function 

 
Figure7.Conventional ISAR image 

Alterations caused by the side lobes can be seen clearly in Figure8.and Figure9. 

 
Figure 8. Normalized scatterer points intensities of target 
density function that reconstructed by ambiguity function 

 
Figure9. Normalized ISAR image of target 

This technique certainly supports fundamental signal processing methods such as denoising, interpolation etc. 
Improvements on the reference signal enables us to get a finer result [13,16]. 

2.4. Radon Transform 

 
Figure10. A CT scenario 
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For a given function g in a plane domain, Radon transform is defined for the variables (ȡ,ș) on continuous 
space coordinates: 
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By the explanations, in radon transform, whereas the projection of g(ȡ,ș) is obtained by one dimensional slice 
projection, it corresponds to two dimensional Fourier transform as f(x,y). In the light of this, the target density 
function in our paper as G(5,ȕ) can be taken as the following. 

( , ) ( , ) ( , ) g R f x y gE U T{ {        (33) 

3. CONCLUSIONS 
This work represents existing and newly developed approaches on density functions. Relations between these 
approaches are investigated also. Angle dependent target density functions provide the advantages of imaging 
by diverse angles. This case is discussed both in theoretical background and application. 
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Abstract 
In this study, three different woolen fabric samples having the same weight, composition and different thickness 
values have been investigated in terms of thermal comfort properties. Firstly, porosity of the fabrics has been cal-
culated by using the warp/weft yarn counts and density values according to the theoretical model with cover fac-
tor. Then, thermal and water vapor resistance values have been measured by using PERMETEST Sensora instru-
ment. Air permeability of fabrics has been measured by using a wind tunnel. The effects of porosity and thickness 
values on thermal comfort properties of fabrics have been discussed. Results proved that when the thickness in-
creases the air permeability decreases. This situation can be explained with the structure effect of the fabric 
samples. In basket weave, because of the neat and dense character of the structure air permeability value is less 
than breaN twill structure. &onsidering the water vapor and thermal resistance values, because of the finest yarn 
count and the structure (twill) WB2 (wool blend) has the highest water vapor resistance result. This result is stem-
ming from the fact that finer yarns have much more surface area to resist to the water vapor and thermal energy.    
      
Keywords: Thermal comfort, wind tunnel, cover factor, porosity, woolen, air permeability.
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1. INTRODUCTION 
Comfort is a complex notion including physical, physiological, and psychological factors. It is the most 
important parameter determining the consumer preferences in garment technology. The thermal balance is the 
key factor to feel comfort and can be achieved by heat exchange between the human body and the 
surrounding. Heat exchange mechanism consists of c onduction, convection, and radiation of he at, 
evaporation and heat production. The deterministic parameters of t hermal comfort are heat and moisture 
transfer capability, air permeability, heat retention, static electrical tendency, water vapor resistance and water 
absorbency [1-3].     

Recently, many researches have addressed the issue of thermal comfort parameters in textile industry such as 
footwear [4], technical textiles [5], surgical gowns [6], sportswear [7], ballistic applications [8] etc. In 
literature, thermal properties of va rious knitted fabrics produced by cotton, regenerated bamboo and 
cotton/bamboo yarns have been investigated. Results proved that thermal conduction of kni tted fabrics 
decreases with increasing bamboo fiber ratio. Additionally, thermal conductivity decreases in fabrics made 
from fine yarns [2]. In a previous study, thermal resistance and water vapor permeability (WVP) values have 
been measured in various woven and knitted fabrics with different fiber types (polyester/wool, cotton, 
polyester). The highest thermal resistance and WVP values have been obtained in woolen fabric types [9]. In 
another study, thermal comfort properties of linen, cotton and viscose fabrics have been searched to see the 
effects of natural and regenerated cellulose blends. The highest thermal conductivity value was observed in 
linen/cotton fabric type comparing to other blends [10]. Thermal conductivity, WVP and thermal absorptivity 
in dry and wet state of c otton, cotton/PU and cotton/PES bed sheet fabrics have been investigated. 
Accordingly, cotton/PES knitted sheets with loops give the feeling of c omfort in winter whilst in summer 
cotton woven bed sheet is much more comfortable [11]. 

Thermal resistance is a measure of the body's ability to prevent heat from flowing through it. Under a certain 
condition of climate, if the thermal resistance of clothing is small, the heat energy will gradually reduce with 
a sense of coolness [12]. In l iterature, just a few studies published related to thermal comfort of wool and 
woolen fabrics. For instance, the effects of atmospheric pressure plasma treatment on thermal conductivity, 
WVP, thermal resistance, air permeability and pilling propensity of 100 % wool fabrics have been 
investigated. Results proved that with plasma treatment, thermal resistance and WVP increased whilst 
thermal conductivity and air permeability decreased because of changing in fabric morphology [13, 14].  

Fabric’s porosity mainly affects the air flow of textiles. It can be said that stoma dimension and distribution is 
a function of fa bric geometry. Porosity of t extiles is mainly affected by the diameter of t he yarn, surface 
formation techniques and the number of l oop counts per unit area. Some important features such as air 
permeability, water permeability, dyeing properties are related to the porosity of the fabric [15, 16]. 

The aim of t he study is to investigate the thermal comfort properties of w oolen fabrics having different 
porosity and thickness values. Porosity values have been calculated by using the warp/weft densities and yarn 
counts according to the theoretical model. Thermal resistance, water vapor resistance and air permeability 
values of w oolen fabrics have been measured and then compared in terms of t heir porosity and thickness 
values. 

2. EXPERIMENTAL 

2.1. Materials 
Woolen fabric samples have been purchased from Bahariye Co. The physical properties and light microscopy 
images of the woolen fabric samples are presented in Table 1 and Figure 1 respectively. 

Table 1. Physical properties of the tested samples. 

Sample 
Number Composition 

Square 
Mass 
(g/m2) 

Thickness 
(mm) Structure 

Density 
(thread/cm) 

 Yarn 
Counts 

(Nm) 
Warp Weft  Warp Weft 

WB1 60% Wool / 
40% PES 162 0.25 Basket 

Weave 28 31  37 38 

WB2 60% Wool / 
40% PES 162 0.26 Twill 38 36  46 58 

WB3 60% Wool / 
40% PES 162 0.28 Break 

Twill 36 36  40 47 

 



   
WB1 WB2 WB3 

Figure 1. Light microscopy images of the tested samples. 

2.2. Testing Methods 
All samples have conditioned in a standard atmosphere at 65% RH, and 20±2 oC for 24  h be fore 
measurements [17]. Fabric thicknesses have been measured in R&B cloth thickness tester (James H. 
Heal&Co. Ltd.) [18]. Warp/weft densities have been determined by using a loupe [19]. Fabric square mass 
and warp/weft yarn counts have been measured in an analytical balance (Acculab-ALC-80.4) [20, 21]. Water 
vapor permeability and thermal resistance measurements were performed by using PermetestSensora 
instrument and a wind tunnel has been employed to evaluate the air permeability of woolen fabrics (Fig.2). 
For thermal resistance and water vapor resistance measurement, fabrics samples were cut in 17x17 c m 
dimensions then located to PermetestSensora instrument equipped with a Skin Model measuring head. The 
measuring head was covered by a polyethylene membrane that protects the system from liquid water 
transform. During water vapor resistance testing, the pH of liquid water was set as 5.5 [11]. The air 
permeability has been measured using a hot-wire anemometer in the wind tunnel. Fabric samples have been 
cut in 13x13 cm dimensions then placed in the wind tunnel as can be seen in Figure 2. The probe was located 
when the flow direction was parallel with the axis of the probe. The velocity of air was set as 10m/s. The air 
permeability result illustrates the volume of air in milliliters which is passed through the 1 mm length fabric 
area per second [22]. Porosity value was determined by using warp/weft densities and yarn counts 
considering the cover factor of fabrics. Porosity measurement was carried out from the theoretical model as in 
previous studies [23-25]. 

 

  
WindTunnel Sample in thewindtunnel 

 
Permetest Sensora 

Figure 2. Images of the wind tunnel and PermetestSensora instrument. 
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3. RESULTS AND DISCUSSION 

3.1. The Effects of Thickness on Thermal Comfort 
In this paper the thermal properties of w oolen fabrics with different structures, thicknesses and porosities 
have been investigated. According to the Figure 3, the samples of W B1, WB2 and WB3 have the air 
permeability values of 1472,  1538 and 1616 m m/s respectively. It can be seen that when the thickness 
increases, air permeability increases. WB3 has the highest thickness value and has the highest air 
permeability. In general when the thickness increases the air permeability decreases but this situation can be 
explained with the structure effect of the fabric samples. In the sample of WB1 the structure is basket weave 
whilst WB3 has the break twill structure. In basket weave, because of t he neat and dense character of the 
structure air permeability value is less than break twill structure.  

The samples of WB1, WB2 and WB3 showed the water vapor resistance values of 2.5, 2.3 and 2.5 Pa.m2.W-
1, and thermal resistance values of 1.06, 0.4 and 1.57 mK.m2.W-1 respectively. Considering the water vapor 
resistance and thermal resistance values it is obvious that in the sample of WB2, because of the finest yarn 
count and the loose structure (twill) WB2 has the highest water vapor permeability result. This result is 
stemming from the fact that finer yarns have much more surface area to convey the water vapor and thermal 
energy. In the sample of WB3, warp/weft yarn counts are much more than WB2 but less than WB1. 

 
Figure 3. The effects of thickness on air permeability, water vapor resistance and thermal resistance.   



3.2. The Effects of Porosity on Thermal Comfort 
Fabric porosity values have been measured by using warp/weft yarn counts, densities and cover factor 
according to the theoretical model. Porosity values have found as 16.8, 13.3 and 10.9 % for t he samples of 
WB1, WB2 and WB3 respectively. In Figure 4, the effects of porosity on air permeability, water vapor and 
thermal resistance values can be seen. Accordingly, whenever porosity increases air permeability decreases. 
The sample of WB3 has the highest air permeability even though has the least porosity value. This result can 
be explained with the difference of the structures of the fabric samples. WB1 and WB3 fabric samples have 
basket weave and break twill structure respectively. In basket weave, because of the neat and dense character 
of the structure air permeability value is less than break twill structure. 

Woolen fabric samples showed similar results of w ater vapor resistance considering the thickness and 
porosity. It was observed that the sample (WB3) having the highest thickness value showed the highest 
thermal resistance. As mentioned before the result of low porosity value depends on the fabric structure such 
as break twill or basket weave. 
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Figure 4. The effects of porosity on air permeability, water vapor resistance and thermal resistance.  

4. CONCLUSIONS 
This study was aimed to investigate the relation between porosity, thickness values and thermal comfort 
properties. For this purpose three different woolen fabrics were chosen having various porosity and thickness 
values. Results proved that fabric structure directly affects the air permeability of the fabric. The sample of 
WB1 in basket weave has less air permeability than WB2 (twill) and WB3 (break twill) despite having the 
least thickness and highest porosity values. Twill structure also has the least thermal and water vapor 
resistance values because of its loose structure. 
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Abstract 
Textile industries use large amount of water and complex chemicals during various processing stages such as desizing, 
scouring, bleaching, mercerising, dyeing, printing, and finishing. 7extile industry wastewater containing intensive color, 
high p+ and chemical oxygen demand �&2'� and large amount of suspended solids impose environmental concern. 
Many methods such as physicochemical, chemical and biological processes and advanced oxidation processes have 
been reported for the decolori]ation of color wastewater. $mong these, coagulation is one of widely used processes ow-
ing to relatively simple operation and low cost. 7he most commonly used coagulants in treatment of textile wastewater 
are $l�III� and )e�III� salts. In this study, coagulation technique was applied to remove color and &2' from wastewater 
supplied a local textile factory. 7he operating variables were type and dosage of coagulants. In present study, aluminum 
sulfate and ferric chloride that are readily soluble in water was used as coagulants. 7he evaluation of treatment efficiency 
was made using parameters of &2' and color. &olor was followed by absorbance at ��� nm, ��� nm and ��� nm wave 
lengths. $t ��� mg�/ ferric chloride determined as appropriate dosage, while removal efficiencies of color at ��� nm, 
��� nm and ��� nm were found to be ���, ��� and ���, respectively, &2' removal was achieved to be ���. 5emoval 
efficiencies of color at ��� nm, ��� nm and ��� nm were found to be ���, ��� and ��� using ��� mg�/ aluminum sulfate, 
respectively. 7he maximum &2' removal was achieved to be ��� at dosage of ��� mg�/ aluminum sulfate. $ccording 
to results obtained, coagulation technique may be a good pretreatment option to remove color from textile wastewater. 
      
Keywords: Textile wastewater, coagulation, removal of color and COD
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1. INTRODUCTION 
Textile industry generally produces large volumes of wastewater. This wastewater with high pH, alkalinity 
and color also contains high concentration of o rganic matter, non-biodegradable matter, toxic substances, 
detergents and soaps, oil and grease, sulfide, and suspended/dissolved solids [1-4]. The release of the textile 
wastewater to the environment without proper treatment causes aesthetic problems for t he receiving water 
bodies such as lakes and rivers. The accumulation of c olor prevents sunlight penetration and disturbs the 
ecosystem of r eceiving water. Also, the direct discharge of this wastewater characterized by very low 
biodegradable into sewage networks causes challenges in biological treatment processes [3].  

Several methods involving physicochemical, chemical and biological processes, as well as some of ne w 
emerging techniques like sonochemical or a dvanced oxidation processes were used for t reating of t extile 
wastewater [3]. Even though the biological treatments are the cheapest and the simplest, they cannot be 
applied directly to most textile wastewaters because many dyes are also toxic to the microorganisms involved 
in these processes [5]. While these processes are generally efficient for biochemical oxygen demand (BOD5) 
and suspended solids (SS) removal, they are largely ineffective for re moving color. Because textile 
wastewater including various dyes and chemicals has very low biodegradability [1,6]. At the moment, 
alternative physical/chemical methods are used [5]. The coagulation process is a widely employed treatment 
process in order to remove suspended solids and organic matter as well as providing high color removal in 
textile wastewater [2,4]. Al(III) and Fe(III) salts are two principal inorganic coagulants used in wastewater 
treatment [1]. Coagulation for t he textile wastewater has been used for m any years as main treatment or 
pretreatment because of its low capital cost. However, the most essential disadvantages of this process are the 
generation of sludge, which has to buried, and ineffective for removal of some soluble dyes [3,7]. Because of 
scarcity of landfill sites, the disposal of s ludge is more problematic and expensive. Also, amount of s ludge 
produced during coagulation process can be minimized by optimising process parameters such as pH, dosage 
of coagulant/flocculant aids, mixing time, settling time, etc and suitable selection of c oagulant. Addition, 
recycle of sludge is another alternative option [3]. 

In this study, coagulation technique was applied to remove color and COD from wastewater supplied a local 
textile factory. The effect of the operating variables such as type and dosage of coagulant was investigated. 
The effectiveness of the process is measured by color and COD removal. 

2. 0$7(5ø$/6 $1' 0(7+2'S  

2.1. Chemicals 
FeCI3 6H2O and Al2(SO4)3 18H2O used as coagulant were supplied from Merck. All chemical reagents used 
for the preparation of c oagulants were analytical grade. FeCI3 6H2O and Al2(SO4)318H2O solutions were 
prepared daily. Distilled water was used throughout the study. 

2.2. Characteristics of real textile wastewater 
Wastewater sample used in this study was supplied from denim manufacturing factory located in Malatya, 
Turkey. The wastewater includes indigo dye. The wastewater samples were taken from rinsing after dyeing. 
Characteristics of wastewater are presented in Table 1. Wastewater to prevent change of characteristic of 
wastewater was kept in the refrigerator at +4oC before coagulation tests. 

 

Table 1. Characterization of wastewaters of the textile factory used in the study 

Parameters Unit  Values 
pH   10.35-10.39 
COD mg/L  640-650 
Color    
436 nm m-1  44-62.3 
525 nm m-1  40-53.3 
620 nm m-1  61-88.8 

2.3. Coagulation experiments 
Coagulation experiments was performed by running a series of j ar tests using aluminum sulfate 
octodecahydrate (Al2(SO4)3 18H2O) and ferric chloride hexahydrate (FeCl3 6H2O) as coagulant agent. The 
experiments were carried out at room temperature (20±2 oC) using 500 mL wastewater samples by applying 
11 different coagulant concentrations ranging from 50 mg/L to 1000 mg/L. A series of jar test experiments 
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was conducted by using 2 min rapid mixing at 120 rpm, 30 min slow mixing at 30 rpm, and 1 h settling. The 
experiments were carried out at the original pH of the wastewaters due to the chemical cost related issues by 
taking into consideration the high and continuous dyeing wastewater generation in the factory [8]. After 
settling, the supernatant samples were taken from a point of 3 cm below the surface for analysis of color and 
COD. 

2.4. Analytical measurements 
pH measurement was done by means of T hermo Scientific Orion 3 S tar pH meter.  CO D was measured 
according to open reflux procedure described in Standard Methods for Water and Wastewater Examination 
[9]. The measurements of color were determined by measuring the absorbance values of the samples at three 
wavelengths (436 nm, 525 nm and 620 nm) by Shimadzu Model Spectrophotometer (1 cm cell width). In this 
way, color values were calculated according to equation as follows[10]:  

(𝑚𝑚−1) ݎ݈ܥ = ݏܾܣ 1000  (O)
݀          (1) 

where Abs (O) is the absorbance at given wavelength (O) and d is cell width (mm).   

Removal efficiency of COD and color were obtained according to the formula given below.  

ܴ𝑒𝑒𝑚𝑚ݒ𝑎𝑎݈ 𝑒𝑒݂݂𝑖𝑖ܿ𝑖𝑖𝑒𝑒݊ܿݕ (%) = (ܥ−ܥ) 
ܥ

. 100      (2)  

where C0 is the initial absorbance or COD value of the wastewater before coagulation and C is the absorbance 
or COD value at the end of coagulation process. 

3. RESULTS AND DISCUSSION  

3.1. Coagulation with ferric chloride 
Basic equation occurring during the coagulation process for f erric chloride salts is given with Eq. (3) as 
follows [11]: 

2FeCl3 + 6HCO3
-oFe(OH)3 + 6Cl- + 6CO2          (3) 

Ferric chloride concentrations varying from 50 mg/L to 1000 mg/L by keeping original pH of the wastewater 
were applied for removing color and COD from the textile wastewater. Values of e ffluent color and color 
removal efficiency obtained after coagulation process performed using different coagulant dosages are shown 
in Figure 1 and 2, respectively. The effluent color values were obtained to be 7.2 m-1, 3.2 m-1 and 8.7 m-1 at 
436, 525 and 620 nm at FeCl3 6H2O coagulant dosage of 500 mg/L. As can been shown from Figure 2, color 
removal efficiencies obtained at coagulant dosage of 500 m g/L were determined as  84%, 92% and 86% at 
436, 525 and 620 nm, respectively. On the other hand, when dosage of coagulant increased from 500 mg/L to 
1000 mg/L, it was observed that color removal efficiencies increased about 6%. Because excess sludge occurs 
at high dosage of coagulant, optimum coagulant dosage for f erric chloride was accepted as 500 mg/L for 
removal of color from the textile wastewater used in this study. Unlu et al. [8] reported that ferric chloride 
provided 79% color removal at a much lower dose of 500 mg/L. All paragraphs must be justified, i.e. both 
left-justified and right-justified. 

 

 

Figure 1. Change profile of effluent color with dosage of ferric chloride coagulant 
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Figure 3 shows effluent COD values and COD removal efficiencies obtained at coagulant dosages in the 
range of 50-1000 mg/L. At the dosage of 500 mg/L ferric chloride, it was obtained almost 31% COD removal 
efficiency. But as can be seen from Figure 3, it was not observed a considerable increase in the coagulant 
dosages above 500 mg/L for COD removal. Therefore, optimum ferric chloride dosage was determined as 
500 mg/L for COD removal. COD removal efficiency was low. This may be related to the chemical 
composition of the wastewater, e.g. surface active materials of wastewater as expressed by Guida et al. [12].  

 

 

Figure 2. Effect of ferric chloride coagulant dosage on the color removal efficiency 

 

 
Figure 3. Effect of ferric chloride coagulant dosage on the COD removal efficiency and effluent COD 

 

Table 2 shows change of e ffluent pH after the coagulation process performed by using ferric chloride and 
aluminum sulfate. pH of raw textile wastewater used on ferric chloride coagulation experiment was 10.48. It 
was observed the pH changing during coagulation process due to the formation of F e(OH)3, as already 
described in Eq. (3), which appears clearly in Table 2. Values of e ffluent pH decreased with increasing 
coagulant dosage. 

3.2. Coagulation with aluminum sulfate 

When aluminum sulfate is added to water or wastewater, Al(OH)3 precipitation occurs according to the 
following equation (4) [11]: 
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Al2(SO4)3 + 6HCO3
-l 2Al(OH)3 + 3SO4

2- + 6CO2             (4)  

 

 

 

 

 

Table 2. Change of effluent pH with type and dosage of coagulant 

Dosage of coagulant 
(mg/L) 

Values of effluent pH 
FeCl3 6H2O Al2(SO4)3 18H2O 

50 10.28 10.37 
100 10.22 10.30 
200 10.07 10.16 
300 9.89 9.94 
400 9.68 9.72 
500 9.17 9.58 
600 8.99 9.37 
700 8.64 9.13 
800 8.33 8.90 
900 8.09 8.62 
1000 7.91 8.36 

 

Aluminum sulfate concentrations varying from 50 mg/L to 1000 mg/L like ferric chloride experiments were 
applied for t he treatment of ra w wastewater by keeping pH at the original wastewater. Color values of 
coagulated wastewater and color removals are shown in Figure 4 and 5.  It was obtained an increase in color 
removal with an increase in coagulant concentration. Removal efficiencies of color at 436 nm, 525 nm and 
620 nm were found t o be 82%, 85% and 79% using 700 mg/L aluminum sulfate, respectively. Maximum 
color removal was obtained to be 88%, 92% and 87% at the dosage of 1000 mg/L at 436 nm, 525 nm and 620 
nm, respectively. Furthermore, there was an increase almost 6-9% for color removal when coagulant dosage 
increased from 700 mg/L to 1000 mg/L. Unlu et al. [8] obtained 96% color removal efficiency at an alum 
dose of 1000  mg/L. Selcuk [11] stated that approximately 50-60% color was removed at 1500 mg/L 
aluminum sulfate. El-Gohary and Tawfik [6] investigated the color and COD removal from disperse and 
reactive dyes wastewater by means of coagulation/flocculation. They determined that the use of 200 mg/L 
alum reduced the color intensity by a value of 78.9%. 
 

 
Figure 4. Change profile of effluent color with dosage of aluminum sulfate coagulant 
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Figure 5. Effect of aluminum sulfate coagulant dosage on the color removal efficiency 

 

Effect of aluminum sulfate coagulant dosage on the COD removal efficiency and effluent COD is shown in 
Figure 6. Maximum COD removal was obtained as 26 % in the dosage of 700 mg/L. Value of effluent COD 
obtained at this coagulant dosage was 480 mg/L. 

As can be seen from Table 2, it was observed that values of effluent pH after coagulation process used 
aluminum sulfate as coagulant decreased because of the formation of Al(OH)3, as already described in Eq. 
(4).  

 

 
Figure 6. Effect of aluminum sulfate coagulant dosage on the COD removal efficiency and effluent COD 
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4. CONCLUSION 
In this study, coagulation technique was applied to remove color and COD from wastewater supplied a local 
textile factory. Coagulation experiments were performed using aluminum sulfate and ferric chloride as 
coagulant agent. The experiments were carried out by applying 11 different coagulant concentrations ranging 
from 50 mg/L to 1000 mg/L. The effect of the operating variables such as type and dosage of coagulant was 
investigated. At 500 m g/L ferric chloride determined as appropriate dosage, while removal efficiencies of 
color at 436 nm, 525 nm and 620 nm were found to be 84%, 92% and 86%, respectively, COD removal was 
achieved to be 31%. Removal efficiencies of color at 436 nm, 525 nm and 620 nm were found to be 82%, 
85% and 79% by using 700 mg/L aluminum sulfate, respectively. The maximum COD removal was achieved 
to be 26% at dosage of 700 m g/L aluminum sulfate. This process was effective for removing of color from 
raw textile wastewater used in the present study, but COD removal was quite low. This may be related to the 
chemical composition of the wastewater, e.g. surface active materials of wastewater. According to results 
obtained, coagulation technique may be a good pretreatment option to remove color from textile wastewater.  
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Abstract 
In this study, analysis and design of a half car model in roll plane with passive and active unconnected and interconnected 
+ydro�3neumatic �+3� suspension systems are made. $n interconnection configuration with a connection between the 
piston side oil volume and rod side oil volume of the right and left suspensions, respectively, is considered. The perfor-
mance of the active unconnected HP and interconnected HP suspension systems are compared in terms of ride comfort 
and handling. 1onlinear mathematical models are developed for each suspension configuration. $ state space model 
with state dependent coefficients is derived using extended lineari]ation to be used in the controller design. $ nonlinear 
control method, State Dependent Riccati Equation (SDRE) control is used for the active controllers. The active con-
trollers are designed to improve the ride comfort and handling, and to control the attitude and leveling of the vehicle. 
7he performances of the controllers are evaluated by time domain simulations. &omparisons of the active and passive, 
unconnected and interconnected HP suspension systems with respect to ride comfort and handling are performed to 
evaluate the relative advantage and disadvantage of each type. The results illustrate the advantages as well as disad-
vantages of the active interconnected +3 suspension system as compared with the other suspension configurations.
      
Keywords: Hydro-pneumatic suspension, active suspension, interconnected suspension, ride comfort, vehicle 
handling, attitude and leveling control, nonlinear control, State Dependent Riccati Equation Control
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1. INTRODUCTION 
Vehicle handling and ride comfort are two conflicting performance requirements. There are various 
approaches to improve suspension performance such as the use of roll stabilizers or the use of more advanced 
suspension designs. With soft suspensions for better ride comfort, the roll stiffness of the vehicle is lowered. 
As a result high roll angles are developed with reduced handling performance. One of the solutions to this 
problem is the use of anti-roll bars, which add to roll stiffness without affecting the vertical stiffness of the 
vehicle. By this way, a soft suspension in bounce and a stiff suspension in roll can be obtained to some extent. 
Another method of improving the vehicle ride comfort and vehicle handling is the use of semi-active and the 
active suspensions. The use of H ydro-Pneumatic (HP) suspension systems facilitates the flexible and 
relatively straightforward implementation of such applications. 

HP systems are used in military vehicles, off-road vehicles, and heavy commercial vehicles.They have some 
advantages with respect to conventional suspension systems [1]. One of the major advantages is that, active 
and the semi-active suspension applications can be easily applied to HP suspension systems. By introducing 
oil flow to or by extracting oil from oil volumes in the hydraulic cylinder an active HP suspension system can 
be obtained. Similarly, by controlling the valve openings, a semi-active suspension can be obtained. Another 
advantage of the HP suspension systems is that by connecting the oil volumes of different suspension units 
either hydraulically or pne umatically, interconnected HP suspension systems can be obtained. By 
interconnected HP suspension system, dynamics of the suspensions can be modified as required. 

In the literature, one can find a relatively small number of publ ications focusing on the interconnected HP 
suspension systems, analyzing different connection configurations and their effects on handling and vehicle 
ride dynamics. Zhang et al. [2] modeled the interconnected HP suspension system using the half car 
modeland they analyzed the dynamics of the suspension in frequency domain in the roll plane. Zhang et al. 
[3] investigated the ride comfort characteristics of the interconnected HP suspension system using the random 
road input. They further experimentally validated results of the model study. In the study of Zhang et al. [4], 
handling characteristic of the hydraulically interconnected HP suspension system was analyzed. Moreover, a 
detailed theoretical analysis of the interconnected HP suspension system for different connections in roll and 
pitch with a full vehicle model was studied in the PhD thesis of Cao [5].  

In the literature, there are many studies about the active control of t he mechanical suspensions. However, 
active controls of the HP suspension systems are covered in relatively few studies [6-10]. In these studies, 
active control of the single corner suspension model is studied. There are also few studies about the active 
control of t he interconnected HP suspension systems [11-12]. In t hese studies, roll control of the active 
interconnected HP suspension system are studied. On the other hand, a literature search shows that active 
control of the interconnected HP suspension systems for c ombined ride comfort, handling, and attitude 
control has not been studied to any extend.  

The aim of this study is the design and analysis of a vehicle with active interconnected HP suspension system 
using a roll plane vehicle model for ride comfort, handling, and attitude control. Moreover, comparisons of 
the active and passive interconnected and unconnected HP suspension system are performed. The active 
controller is designed with the aim of i mproving the ride comfort, handling and controlling the vehicle 
attitude and leveling. With the addition of the integral controller in the controller design, zero steady state 
suspension deflection values are obtained. The results are compared with the results of the active unconnected 
HP suspension system in the roll plane of the half car model. Moreover, vehicle ride, handling, attitude and 
the leveling characteristics of the passive interconnected and unconnected HP suspensions are compared. The 
evaluation and the comparison of the results are made with simulations in time domain using random road 
inputs. Moreover, handling characteristic of the vehicle models with different suspension units are examined 
by body disturbance inputs due to body inertial forces during steering maneuvers. 

2. MODELING OF THE ACTIVE INTERCONNECTED HP SUSPENSION SYSTEM 
WITH A ROLL PLANE VEHICLE MODEL 

In this part, the nonlinear mathematical model for the roll plane half car model with active interconnected HP 
suspension system will be performed. Passive interconnected and unconnected, and active unconnected HP 
suspension systems can be easily adapted from the active interconnected HP suspension system. State space 
model with state dependent matrices of the active half car models are obtained by the use the State Dependent 
Riccati Equation Control. The definition of the parameters and the numerical values of these parameters used 
in the simulations are given in Table 1. In va riable definitions the subscript “L” is used to define the left 
suspension and the subscript “R” is used to define the right suspension unit. 
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2.1. Half Car Model with Active Interconnected HP Suspension System 
Schematic of the hydraulically interconnected HP suspension system in the roll plane is given in Figure 1. In 
deriving the equations of motion, oil is assumed as incompressible. Moreover, left and the right suspension 
dimensions are identical, and the connectors which connect the left and right suspensions together are 
assumed to be of the same dimensions. A detailed analysis of a passive single HP suspension system can be 
found in the M.Sc. thesis of Joo [13]. 

Left suspension force can be found as 
1L p 4L pr fL LP A - P A - F = F  (1) 

From the polytropic gas equation, absolute gas pressure in the left suspension can be found as 

� �
κ

30L 30L
3L κ

30L p fpL tL

P VP =
V + A z - zª º¬ ¼

 (2) 

Oil flow rate through the orifice in the left suspension is 

 
 

Figure 1. Active hydraulically interconnected HP suspension system in roll plane vehicle model 

 

Table 1: Vehicle and suspension parameters 
Parameter Definition Symbol Unit Value Parameter Definition Symbol Unit Value 
Sprung Mass M kg 3000 Orifice Opening Av m2 1.6e-4 
Unsprung Mass Mt kg 150 Orifice Drag Coefficient CD - 0.8 
Floating Piston Mass Mfp kg 1 Track Width t m 2.4 

Roll Moment of Inertia Ixx kgm2 2539 Center of Gravity 
Height from Roll Center h m 1 

Piston Area Ap m2 0.007 Oil Density ρ kg/m3 800 
Rod Area Ar m2 0.0042 Connector Length L m 2.4 
Difference between 
Piston and Rod Area Apr m2 0.0028 Connector Diameter D m 0.025 
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Initial Gas Volume V30 m3 0.0019 Oil Viscosity μ Pas 0.082 
Atmospheric Pressure PAtm bar 1     

 

� �2L1L d v 2L 1L 2L 1L
2Q = C A P - P sign P - P
ρ

 (3) 

From continuity equation, oil flow rate can also be written as 
� � � �2L1L p pL tL pr pR tRQ A z - z A z - z= −� � � �  (4) 

Continuity equation for the second chamber of left suspension can be written as 
� �aL 2L1L p fpL tLQ - Q = A -z + z� �  (5) 

Flow rate Q4L1R through the connector can be found as 
� �4L1R 4L 1RQ = R P - P  (6) 

Assuming laminar flow, R can be written as 
4DR

128 L
S

=
P

 (7) 

From the continuity equation, flow rate Q4L1R can also be found as 
� �4L1R pr pL tLQ = A z - z� �  (8) 

From equations (6) and (8), pressure P4L can be found as 

� �pr pL tL
4L 1R

A z - z
P = P +

R

� �
 (9) 

Equation of motion for the floating piston mass of left suspension is 
� �3L Atm 2L p fp fpL fp fpP - P - P A - M g - F = M z��  (10) 
The same procedure can be repeated to model the right suspension. The equations derived so far can be used 
for simulation studies. For controller design, however, some simplifications are to be made. Floating piston 
mass dynamics and friction forces are assumed as negligible as compared to pressure forces. Equations of 
motions for the half car model with active interconnected HP suspension system in bounce and roll directions 
are 

L R zF + F - F - Mg = Mz��  (11) 

� �L R θ xx
t F - F - M = I θ
2

��  (12) 

whereFz and Mθ are the disturbance force and disturbance moment, respectively. Assuming small rotations, 
kinematical relationships can be written as 

pL
tz = z + θ
2

, pR
tz = z - θ
2

 (13) 

Equations (1-13) define the mathematical model of the interconnected HP suspension system in the roll plane 
model of the vehicle. 

2.2. Linear-Structured Model of the Active Hydraulically Interconnected HP Suspension 
System in Roll Plane Model 

The equations derived in the previous part can be used for simulation studies. However, to be able to design a 
controller, a convenient form of the system equations is needed. In this study, a nonlinear State Dependent 
Riccati Equation Control (SDRE) is used to design the controller. For this reason, a linear structured model 
with state dependent coefficients should be obtained from the originally nonlinear system equations. The 
nonlinear system equations are converted into the linear-structured equation using the direct parameterization 
[14] or extended linearization [15]. 

In the active interconnected HP suspension system, there are two nonlinear elements; the orifice and the gas 
volume. The mathematical models for t hese elements are derived in the previous section. In t he extended 
linearization of the gas model, the aim is to have a model equation as the well-known linear stiffness 
equation. For these reason, a polynomial is fitted to polytropic gas model as  

� � � � 2 3 4
3L 30L p L fptL fptL 1L fptL 2L fptL 3L fptL 4L fptL

5 6 7 8
5L fptL 6L fptL 7L fptL 8L fptL

P - P A = k z z = a z + a z + a z + a z

                       + a z a z a z a z

+

+ + +
 (14) 

� � � � 2 3 4
3R 30R p R fptR fptR 1R fptR 2R fptR 3R fptR 4R fptR

5 6 7 8
5R fptR 6R fptR 7R fptR 8R fptR

P - P A = k z z = a z + a z + a z + a z +

                       + a z + a z + a z + a z
 (15) 
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where aiR and aiL are the polynomial coefficients, zfptL and zfptR are the relative displacement across the gas 
volumes for l eft and right suspension, and kL(zfptL) and kR(zfptR) are the state dependent gas stiffness 
coefficients in the left and right suspensions respectively. 
Similarly, to get a convenient representation of the system equations, pressure drop through the orifice can be 
written as 

� � � �Ldamp L1 pL tL L2 pR tRF = c z - z + c z - z� � � �  (16) 

� � � �Rdamp R1 pL tL R2 pR tRF = c z - z + c z - z� � � �  (17) 

wherecLi, cRi, are the state dependent damping coefficients for the left and right suspensions. Therefore, the 
left and the right suspension forces are expressed as 

� � � �pr R fptR
L L fptL L1 pL tL L2 pR tR

p

A k z
F = k z - - c z - z - c z - z

A
� � � �  (18) 

� � � �pr L fptL
R R fptR R1 pR tR R2 pL tL

p

A k z
F = k z - - c z - z - c z - z

A
� � � �  (19) 

As Equations (18) and (19) illustrate, the nonlinear suspension forces are written in linear-structured form 
with state dependent coefficients. The equations derived in the previous section can be manipulated to obtain 
the state space equations with state dependent coefficients. States are defined as: 

1x = z� , 1x = z� , 2x = θ� , 3 fptL fpL tLx = z z z= − , 4 fptR fpR tRx = z z z= − , 5 ptL pL tLx = z z z= − ,

6 ptR pR tRx = z z z= − , 7 t0L tL 0Lx = z z z= − , 8 t0R tR 0Rx = z z z= − , 9 tLx = z� , 10 tRx = z� , 11 ptLx = z³ , 12 ptRx = z³  

State space representation of the half car model with active interconnected HP suspension system is 
� �x = A x x + Bu + Dw�  (20) 

where x is the state vector, A(x) is the state dependent system matrix B is the control input matrix, u is the 
control input, D is the disturbance input matrix, and w is the disturbance input vector. The obtained model is 
in linear state space form. However, since the system matrix depends on t he states itself, the model is 
nonlinear. Therefore nonlinearities are preserved in the mathematical model. By this way, a nonlinear 
controller can be designed for the vehicle. 

3. DESIGN OF CONTROLLER FOR ACTIVE SUSPENSION 
HP suspensions comprise two nonlinear elements which are the gas volume and the orifice, and thus it has a 
nonlinear structure. While designing the active controller, these nonlinearities should be preserved in the 
design to represent the complete dynamics of the suspension. Therefore, a nonlinear controller should be used 
to design the active suspension. In this study, the State Dependent Riccati Equation (SDRE) control method is 
used to design the active controller for the half car model with the unconnected and the interconnected active 
HP suspension systems. Theory and application of the SDRE Control is studied in the references [14-16]. In 
the first step of this control method, the nonlinear equation of motion or the system equations are linearized 
using the method called as direct parameterization or extended linearization [14-15] as presented in detail in 
the previous section. In di rect parameterization, the nonlinear differential equations are written as linear 
equations in which the nonlinearities are inserted into parameters. Therefore, nonlinear equations are 
converted into linear equations with state dependent coefficients. As the states are changed, the parameters 
are updated to preserve the nonlinearities of the system equations. Then the cost function to be minimized is 
formed. This cost function, J, is minimized by solving the Algebraic Riccati Equation at each state. Therefore 
the State Dependent Riccati Equation is solved in real time with changing state values and the control input is 
formed.  

� � � �
2 2 2 2 2 2 2

1 2 3 ptL 3 ptR 4 ptL 4 ptR 5 t0L

2 2
2 2 2

5 t0R 6 ptL 6 ptR aL aR

q z q q z q z q z q z q z1J dt
2 q z q z q z RQ RQ

§ ·+ T + + + + +
¨ ¸=
¨ ¸¨ ¸+ + + + +© ¹
³

³ ³

���� � �
 (21) 

4. SIMULATIONS 
After the controller is designed, performance of the active interconnected HP suspension systems in roll plane 
vehicle model is examined and will be compared with the active unconnected HP suspension system in the 
roll plane model.Performance evaluations will be carried out in time domain. Moreover, the designed 
controller will be examined in terms of the ride comfort, handling, and the vehicle attitude control. To be able 
to compare the interconnected and the unconnected suspensions, some design parameters of the suspensions 
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should be adjusted to similar values. One approach is to get similar vertical stiffness and vertical damping for 
both suspensions for t he same vehicle. By this way, controlled comparisons can be made between the 
interconnected and the unconnected suspensions. Keeping the piston area and rod area constant, the vertical 
stiffness of the interconnected and the unconnected suspensions can be equalized by adjusting the initial gas 
volumes. Similarly, vertical damping of the interconnected and the unconnected suspensions can be equalized 
by adjusting the orifice opening area. By this way two similar suspensions having identical vertical stiffness 
and the damping can be obtained. To be able to analyze the ride comfort, the models will be simulated by 
random road displacement inputs. Further, to be able to analyze vehicle handling characteristics, body 
disturbance inputs due to steering disturbance inputs are used in the simulations. 

4.1. Simulation with Random Road Inputs 
To be able to examine and understand the behavior of the of the active interconnected HP suspension system, 
it should be evaluated under real road conditions. Thus random road displacement input data are used for the 
left and the right tires to simulate the roll and bounce dynamics of the vehicle. The random road displacement 
inputs adapted from the study of Kilic [17] represents the road displacement of asphalt concrete on bound 
base taken at 60 kph longitudinal velocity. Root mean square (rms) values of the results from the simulations 
are calculated and presented in Table 2.As Table 2 illustrates, in general, the vertical accelerations of the 
active unconnected and active interconnected HP suspension systems are similar. Both active suspensions 
have much lower vertical acceleration as compared to the passive suspensions. For roll acceleration 
performances, active unconnected HP suspension systems have slightly lower results as compared to the 
active interconnected HP suspension system. Similarly, passive unconnected HP suspension system has 
slightly lower roll acceleration with respect to passive interconnected HP suspension system. Forsuspension 
deflections of the left and right suspensions, active interconnected suspension has slightly lower results. To 
sum up, active performance of the interconnected and the unconnected HP suspension systems are similar. 
Active unconnected HP suspension system has slightly better roll acceleration performance with respect to 
active interconnected HP suspension system for the given road inputs. 

Table 2: rms results of performance variables 

 Active 
Unconnected 

Passive 
Unconnected 

Active 
Interconnected 

Passive 
Interconnected 

Vertical Acc. [m/s2] 0.17 0.56 0.17 0.55 
Roll Acc.[rad/s2] 0.21 0.48 0.24 0.54 

Left Flow Rate [L/min] 18.00 - 20.22 - 
Right Flow Rate [L/min] 17.52 - 19.79 - 

Left Suspension Deflection [mm] 7.18 12.38 6.69 10.40 
Right Suspension Deflection [mm] 6.85 12.20 6.44 10.41 

Simulation with Body Disturbance Forces 

In this part, the handling performance of the half car model with active interconnected HP suspension system 
will be examined. When the car is cornering or when the wind forces are acting on the vehicle, the vehicle 
body rolls on the suspensions with negative effects on the handling performance of the vehicle. In order to 
reduce the roll angle of the body, higher roll stiffness is required.One way of increasing the roll stiffness of 
the vehicle is increasing the suspension stiffness. However, stiff suspension degrades the vehicle ride 
comfort. Another way of increasing the roll stiffness is the use of mechanical interconnection between left 
and right suspensions. Anti-roll bar is used to increase the roll stiffness without affecting the vertical stiffness. 
Similarly, hydraulically interconnected vehicle suspensions can also be used to increase the roll stiffness. In 
this part, the performance of the active hydraulic interconnection is to be examined in terms of the handling 
performance. Both steady state cornering and the double lane change maneuver inputs will be used to 
examine the handling performance of the active and passive unconnected and interconnected suspensions. 
The lateral acceleration input used in the simulations is given in Figure 2 and the simulation results are given 
in Figure 3 and 4. 

Figure 3 illustrates the roll angle performance of the active and passive interconnected and the unconnected 
HP suspension systems. Passive unconnected HP suspension system has the highest roll angle and thus it has 
the worst result in terms of vehicle handling. Moreover, passive interconnected HP suspension system has the 
lowest roll angle and thus it has the best handling performance. Active interconnected HP suspension system 
has nearly 30-40% lower roll angle than the roll angle of the unconnected active HP suspension system. At 
steady state region due to integral control of the active controllers, both active suspensions have zero steady 
state suspension deflections. This shows the improved performance of t he active interconnected and the 
unconnected suspensions with respect to passive suspensions. Since roll stiffness of the interconnected HP 
suspension system is higher than the roll stiffness of t he unconnected HP suspension, interconnected HP 
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suspension has lower suspension deflections and thus roll angle. Therefore, the interconnected HP suspension 
system provides better handling performance. Next the handling performance of t he active and passive 
unconnected and the interconnected HP suspension systems are compared in double lane change maneuver. 
The lateral acceleration obtained from the simulation of the double lane change maneuver is shown in Figure 
5. Simulation results with the active and passive suspension systems are shown in Figures 6 a nd 7. As 
simulation results show, passive interconnected HP suspension system gives the best results and passive 
unconnected HP suspension system gives the worst results in terms of handling performance. This is due to 
the fact that, passive interconnected HP suspension system has higher roll stiffness and damping and thus it 
has better roll performance. Since the active interconnected HP suspension system is designed mainly for the 
compromised ride comfort and handling performances, it has some overshoot for the body disturbance input 
and so it has inferior results as compared with the passive interconnected HP suspension at transient region. 
However, as the weighting coefficients are adjusted to increase the roll performance, the handling 
performance of the active interconnected HP suspension system will be better. Moreover, performance of the 
active interconnected HP suspension system is better than the performance of the active unconnected HP 
suspension system nearly by 30 % in the maximum overshoot region. 

 
Figure 2. Lateral acceleration input                                    Figure 3. Sprung mass roll angle 

 
Figure 4. Left and right suspension deflections 
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Figure 5. Lateral acceleration of double lane change maneuver                   Figure 6. Sprung mass roll angle 

 
Figure 7. Left and right suspension deflections 

5. CONCLUSION 
The aims of this study were the examination of the performance characteristics of the active interconnected 
suspension system and the comparison of active interconnected HP suspension with the active unconnected 
HP suspension system. Using SDRE control method a nonlinear active controller for the interconnected and 
unconnected HP suspension systems was designed. For the sake of completeness, all simulations were also 
performed for t he passive interconnected and unconnected HP suspension systems. It was shown that the 
active interconnected and unconnected HP suspension systems have similar performance bounce 
characteristics in terms of the ride comfort. The advantage of the active interconnected HP suspension system 
became apparent in its performance on handling characteristics. Active interconnected HP suspension system 
provided better handling performance than the active unconnected HP suspension system. These results were 
shown by the steady state cornering and double lane change maneuver simulations. Since the active 
suspensions have somewhat slow transient dynamics, passive interconnected HP suspension system produced 
better results in both maneuvers. This is due to high roll stiffness and damping of the passive interconnected 
HP suspension system. When the weighting parameters are adjusted to increase the handling performance of 
the controller, active suspensions may give better results. For passive suspensions there are some nonzero 
suspension deflection response values at steady state which are not desirable. Since active controllers are 
designed with integral control, zero steady state suspension deflections are guaranteed. It is observed that the 
active interconnected and unconnected HP suspension systems have similar ride comfort performances. 
However, active interconnected HP suspension system has better handling performance than the active 
unconnected HP suspension system. Therefore, if the main aim of the suspension design is to improve the 
handling performance alone, passive interconnected HP suspension system may be a simpler and cheaper 
alternative with a similar performance to that of an active unconnected HP suspension. On the other hand, if 
the aim is to get improved ride comfort and handling performances simultaneously, active interconnected HP 
suspension system is the better choice. Thus, according to the aim of the suspension design, both passive and 
active interconnected HP suspension systems may be implemented conveniently. 
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Abstract 
In this study, the effect of an obMect located between no]]le and plate on the Àow characteristics occurred on the plate 
surface was examined. 2bMects with different profiles �triangle, square and circle� were placed between no]]le and 
impingement plate. 7he change of the air velocity on the impingement plate was examined depending on the radi-
al distance �x�'�. 7he no]]le diameter was taNen as ' � mm, the distance between no]]le and impingement plate 
as +�' � and no]]le entrance air velocity as 8M �� m�s. In this numerical study, the air velocity on the impinge-
ment surface was resolved as �' according to the standard N±İ turbulence model by using $16<6�)luent program.
      
Keywords: ,mpinJinJ air Met, numericalinYestiJation, air Yelocit\, standard k±İ
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1. INTRODUCTION 
In spite of t heir basic structures, impinging jets draw great attention since they have the feature of he at 
transfer in higher rates [1]. The working principle of impinging jet is based on increasing heat transfer by 
making the boundary layer thin. Therefore, it enables heat and mass transfer on the impingement surface by 
obtaining local heat transfer coefficient at a high value between fluid and surface [2]. Impinging air jets are 
used in many industrial areas such as glass tempering and shaping, cooling electronic devices and gas turbine 
wings, and drying paper and textile [3]. 

In general, it is possible to divide an impinging jet flow into three regions that are free jet region, stagnation 
region and wall jet region [4]. In Figure 1, an impinging jet and flow regions are presented. In free jet region, 
there are mass, momentum and energy transfer between the environment and the jet. The flow in this region 
is not affected from the impact surface [5]. The flow in the stagnation or impingement region does not have 
an exact direction and the flow in this region is affected by the target surface, slowing down in the vertical 
direction and speeding up in the parallel direction [6]. The stagnation point in which the velocities parallel 
and vertical to the surface are zero is also in this region. In the wall jet region, as r or x increases on the plate, 
the velocity components parallel to the surface reach the highest values from zero, and then drop to zero. The 
fluid that leaves the impingement region now flows parallel to the surface and this is called wall or side jet 
[5,7]. 

In impinging jet applications, heat transfer rates are affected from many parameters such as Reynolds 
number, jet-to-plate spacing, radial distance from stagnation point, Prandtl number, target plate inclination, 
confinement of the jet, nozzle geometry, curvature and roughness of the target plate and turbulence intensity 
at the nozzle exit [1]. Experimentally examining the effect of finned (rough) surface on local heat transfer 
coefficient between air jet and flat plate, Nakod et al. (2006) observed that heat transfer coefficient increased 
depending on the shape of roughness, the distance between nozzle and plate, and the Reynolds number [8]. 

 

 

Figure 1. Impinging jet and flow regions 
 

In the studies on numerically examining and analysing impinging jet applications, the k-ɛ turbulence model is 
widely used. For example, Atmaca (2007) analyzed jet flows having different ellipse sections by means of 
Standard k-ε turbulence method. According to the numeric results, the highest velocity for each type of jet 
was obtained at x/D=0.3, and the lowest at x/D=50 [9]. 

Using RNG k-ε and SST k-ε models, Chen et al. (2012) aimed to predict the flow structure of an isothermal 
impinging jet in a room [10]. Baydar and Ozmen (2005) experimentally and numerically examined the flow 
areas of confined jet. The numerical results obtained using the standard k–ε turbulence model is in agreement 
with the experimental results except for the nozzle-to-plate spacing less than one [11]. Seyedein et al. (1994) 
made a two-dimensional numeric simulation of the flow area of singly heated slot jet placed in a channel, and 
its heat transfer. To model the jet flow, they used the k-ε turbulence model in low and high Reynolds numbers 
[12]. 

In this study, the change of the air flow on impingement plate depending on the radial distance (x/D) and 
height from plate surface (y/D) is presented. The air velocity was measured by placing objects with different 
profiles between nozzle and impingement plate. The measurement of a ir velocity was done in certain 
distances over the impingement plate (y/D=0.03-0.4). In the study, objects with three different profiles 
(triangle, square and circle) and three different surface areas (5, 10 a nd 15mm2) were used. The nozzle 
diameter was taken as D=8 mm, the distance between nozzle and impingement plate as H/D=1 and nozzle 
entrance air velocity as Uj=60 m/s. The resolution process was performed numerically by using 
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ANSYS/Fluent. As for the turbulence model, standard k-epsilon (k-ε) model and standard wall function 
features were used. 

2. MATERIAL AND METHOD 
In the study, by using an ANSYS/Fluent program, the effect of t he objects placed between nozzle and 
impingement plate on the air velocity on i mpingement plate surface. 80 m m long and 8 m m in diameter 
circular nozzle was used. The thickness of impingement plate was taken as 4 mm, and the width as 100 mm. 

 
Figure 2. Schematic view of the impinging jet configuration 

The measurement of a ir velocity was performed at y/D=0.03-0.4 starting from plate surface. The distance 
between nozzle and plate was taken as H/D=1 and nozzle entrance air velocity as Uj=60 m/s. Objects with 
triangle, square and circular profiles having 5, 10 and 15 mm2 surface area were placed between nozzle and 
impingement plate. In Figure 2, the schematic view of the object (circle) placed between impingement plate 
and nozzle is presented. 

In the study, the symmetry of a ir jet and impingement plate set was determined as the calculation area. In 
Figure 3, the schematic view of the calculation area evaluated in the study is given. 

 

 
Figure 3. The calculation area 

 

Using the SolidWorks program, 2D models of the calculation areas given in Figure 3 were formed for each 
object. The formed models were transferred to the ANSYS/Fluent software. A mesh was created in a suitable 
and sensitive way to analysis the air flow on the impingement plate. The mesh structure of the calculation 
area is shown in Figure 4. 
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Figure 4. The mesh structure of the calculation area 

 

After the meshing step, the confinement conditions of t he calculation area were specified. In the study 
conducted using the ANSYS/Fluent package program, standard k-epsilon (k-ε) model was used as the 
turbulence model and standard wall function was chosen. The information regarding the objects evaluated in 
the study and the mesh structure is presented in Table 1.As is seen in Table 1, the number of elements in the 
mesh structure that was created was found to vary at a low level depending on the geometric shape and size 
of the object. 

Table 1. Evaluation parameters applied in the study 

Object 
Profile Model Object Surface 

Area (mm2) Node Elements Figure 

No object smooth plate - 54725 54080  

Triangle 
T5 5 54719 54075  

T10 10 54715 54072 
T15 15 54704 54062 

Square 
S5 5 54748 54103 

 S10 10 54722 54078 
S15 15 54693 54048 

Circle 
C5 5 54734 54086  C10 10 54717 54071 

C15 15 54706 54060 
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b) c) d) 

   
e) f) g) 

   
h) k) m) 

Figure 5. The change of air velocity with y/D depending on x/D 

3. RESULTS AND DISCUSSION 
In this study, the effect of objects with different profiles and surface areas placed on the impingement plate on 
the air velocity on the plate surface, and the related graphics were created. The velocity of the air and the 
radial distance on the plate surface was given as dimensionless. The velocity of the air was normalized by 
dividing the velocity of the air (U) on any radial distance from the stagnation point (x) to the jet entrance 
velocity of the air (Uj). Radial distance was normalized by the division of radial distance from the stagnation 
point (x) to the nozzle diameter (D). The change of the air velocity with the height from the plate (y/D=0.03-
0.4) depending on the radial distance (x/D) is presented in Figure 5 for e ach object profile and surface area. 
As can be seen in Figure 5, it was found that the air velocity low at x/D=0, increased nearly to x/D=2, and 
constantly decreased from the point of x/D=2. 

The measurement of the air velocity was done from certain distances (y/D) from the plate, and as the height 
increased, the air velocity also increased. The highest air velocities were obtained in an approximate range of 
y/D=0.1-0.2. It was observed that the air velocity dropped again after nearly y/D=0.2. 

In Figure 6, the change of the air velocity based on the object profile (triangle, square and circle) depending 
on the radial distance (x/D) is presented. Since the highest velocities on the impingement plate for each object 
were obtained in an approximate range of y/D=0.1-0.2, the graphics were formed based on the rate y/D=0.15. 
As in seen in Figure 6, the maximum air velocity obtained in the case where there was no obj ect on t he 
impingement plate, was always lower than the maximum velocity obtained in the case where there was an 
object. 

When the air velocities obtained were compared based on object profiles, it was found that for each surface 
area, while the lowest air velocities were obtained in triangle profile, the highest were in square profile. It was 
also observed that the difference of air velocity between the profiles went up with the increasing surface area. 
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a) b) 

 
c) 

Figure 6. The change of air velocity with object profile depending on x/D 

 

In Figure 7, the change of air velocity based on the object surface area depending on the radial distance (x/D) 
is presented. Similarly, the graphics were drawn based on the rate y/D=0.15. As can be seen in Figure 7, it 
was found that for each object, the air velocity on the plate surface went up with the increasing surface area. 
While the minimum air velocities were obtained with the objects having 5mm2 surface area, the maximum air 
velocities were obtained with those having 15 mm2 surface area. It was observed that the effect of the surface 
area of the objects with circle and square profiles on t he air velocity was greater than that of those with 
triangle profile. 
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c) 

Figure 7. The change of air velocity with surface area depending on x/D 
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Figure 8. The velocity distributions on the impingement plate for each object profile 

The velocity distributions on the impingement plate for each object profile (no object, triangle, square and 
circle) and surface areas (5, 10 and 15mm2) are presented in Figure 8. As is seen in Figure 8, it was observed 
that the air velocity on t he plate increased with the object surface area, and the maximum velocity was 
obtained on the square profile (S15) having 15mm2 surface area. 

4. CONCLUSIONS 
In this study, the change of the air flow on impingement plate depending on the radial distance (x/D) and 
height from plate surface (y/D) is presented. The air velocity on the plate was measured by placing objects 
with different profiles between nozzle and impingement plate. The resolution process was performed 
numerically by using ANSYS/Fluent program. As for the turbulence model, standard k-epsilon (k-ε) model 
and standard wall function features were used. 

It was observed that the air velocity on the region where the air jet impinges was low, increased while being 
moved away from the stagnation region, and started to decrease again after reaching the highest value at 
nearly x/D=2. 
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In the measurements done at certain heights (y/D) from the plate surface, the highest air velocities were 
obtained in an approximate range of y/D=0.1-0.2. It was observed that the air velocities dropped again after 
nearly y/D=0.2. 

The maximum air velocity obtained in the case where there was no obj ect on t he impingement plate was 
always lower than the maximum air velocity obtained in the case where there was an object. 

When the air velocities obtained were compared based on object profiles (triangle, square and circle), it was 
found that for each surface area, while the lowest air velocities were obtained in triangle profile, the highest 
were in square profile. 

It was found t hat for e ach object profile, the air velocity on t he plate surface went up w ith the increasing 
surface area. While the minimum air velocities were obtained with the objects having 5mm2 surface areas, the 
maximum air velocities were obtained with those having 15 mm2 surface areas. 
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Abstract 
3henol and phenolic compounds are widely used as raw materials in the petrochemical industry and in oil refineries. 7hey 
are toxic even in the presence of low concentration. /imited phenol concentration in drinNing water was determined as 
��g/í� by 7he World +ealth 2rgani]ation. 0any technologies have been used for treatment of phenolic wastewater. %ut 
there are few suitable processes for the complete removal. 7he fenton and photo�fenton processes are well�Nnown exam�
ples. In this study, photo�fenton process were used for removal of phenol and the inÀuence of operating parameters such 
as +�2�, )e62� and initial phenol concentrations was investigated. 2n the photo�fenton experiments, photo reactor 
was used. 3henol removal efficiency was obtained to be ��� using 89�+�2� concentration of �.� m/�/ �reaction time 
�� minutes�. 7he effect of )e62� concentration ������ mg�/� was performed at p+ �, initial phenol concentration of ��� 
mg�/ and +�2� concentration of �.� m/�/. 7he maximum phenol removal efficiency was determined as ��� at )e62� 
concentration of �� mg�/ �reaction time �� minutes�. 7hen, on the optimum conditions, effect of initial phenol concentra�
tions was investigated and removal efficiencies of phenol and &2' at the initial phenol concentration of �� mg�/ were 
determined to be ��� and ���, respectively. 7hese results demonstrated that this process may be used for phenol removal. 
      
Keywords: Phenol, phenol removal, photo-fenton, hydroxyl radical
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1. INTRODUCTION 
Phenol and phenolic compounds are widely used as raw materials in the petrochemical industry and oil 
refineries. They are toxic even in the presence of low concentration [1]. Limited phenol concentration in 
drinking water was determined as 1µgL−1 by The World Health Organization. Hence, elimination of phenol 
becomes necessity to preserve the environmental quality. Several treatment methods such as chlorination, 
ozonation, adsorption, solvent extraction, coagulation, flocculation and biological treatment have been used 
for treatment of wastewater containing phenol [2]. But there are few suitable processes for t he complete 
removal. Advanced oxidation processes (AOP) are well-known examples. 

These processes are known by the production of unselective and highly oxidant species (hydroxyl radicals) 
that cause major changes in the chemical structure of the contaminants until their complete mineralization. 
Since H2O2 has been proven to be highly efficient for mineralization of organic compounds, a lot of AOP use 
it as source of oxidant species. Besides, H2O2 is environmentally friendly since its self-decomposition 
converts to H2O and O2. The oxidant action of H2O2 is significantly improved by adding Fe2+ as catalyst. This 
process known as fenton’s reagent has widely been used because of its simplicity, and generates in an acidic 
medium. Fenton process has been expressed to improve when a source of radiation (usually a UV lamp) is 
added to the experimental set up. This is mainly due to the photolytic regeneration of F e2+ from Fe3+ 
complexes, and the concurrent generation of .OH radicals in the system. This is known as photo-fenton 
process and its efficiency changes depending medium parameters such as pH, catalyst loading and hydrogen 
peroxide concentration [3]. 

Fenton and photo-fenton processes have been used in the treatment of contaminants like phenol, 
chlorophenols, nitrophenols, 2,4-dinitrophenol, caffeine, dyes [4-6]. 

In this study, photo-fenton process were used for removal of phenol and the influence of operating parameters 
such as H2O2, FeSO4 and initial phenol concentrations was investigated. 

2. (;3(5ø0(17$/  

2.1. Materials  
The chemical structure of phenol is shown in Fig. 1. Hydrogen peroxide solution (30% w/w), ferrous sulfate 
heptahydrate (FeSO4.7H2O), NaOH, and H2SO4 were obtained from Merck (Germany). 

 
Figure 1. The chemical structure of phenol 

2.2. Photo-Fenton Process  
The photo-fenton reactions were carried out in a batch photoreactor. The radiation source was a low-pressure 
mercury ultraviolet (UV) lamp (30 W , Omax=254 nm, manufactured by Philips), which was placed into a 
quartz sleeve and then into a cylindrical photoreactor. The volume of the reaction mixture was 2.5 L. The 
phenol solution was adjusted to pH=3.0, using 1 N NaOH or 1 N H2SO4. The reaction was initiated by adding 
H2O2 and FeSO4.  

2.3. Analytical Methods  
The pH of solutions was measured using an Thermo Scientific Orion 3 Star pH meter. The residual phenol 
concentration in the medium was determined spectrophotometrically. The absorbance of the colored complex 
of phenol and p-nitroaniline was read at 470 nm [7]. The COD was determined according to standard 
methods [8]. 

3. RESULTS AND DISCUSSION  

3.1. Effect of H2O2 concentration  
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In the photo-Fenton degradation process used UV light and Fenton reagents; H2O2 is converted to hydroxyl 
radical in a catalytic cycle with Fe ions acting as catalyst. Firstly, the hydroxyl radical is generated due to iron 
catalyzed decomposition of hydrogen peroxide as: 

Fe2+ + H2O2 → Fe3+ + .OH + OH-                                   (1) 

The formation of .OH radical also occurs by the following reactions: 

H2O2 + hv → .OH + .OH                                                                 (2) 

Fe3+ + H2O + hv → Fe2+ + .OH + H+                     (3) 

 

Reaction (3) in which Fe(III) catalyzes the generation of .OH with the irradiation of UV light is followed by 
Reaction (1) and iron cycle between Fe(II) and Fe(III) occurs. Hydroxyl radicals generated in Reactions (1)–
(3) can react with target organic contaminants and lead to the complete mineralization of them. The oxidative 
attack of OH radicals plays a vital role in degradation of organic contaminants in wastewater [9]. 

 

The effect of H 2O2 concentration on phe nol removal was studied at pH 3. The results obtained after the 
reaction time of 15 min are shown in Fig. 2. Removal percentange of phenol was determined to be 56% at 0.4 
mL/L of H2O2 for 100 mg/L phenol concentration in photo-Fenton process. As can be seen from the figure, 
when H2O2 concentration exceeded 0.4 mL/L, phenol removal decreased. Sometimes removal efficiency of 
contaminants is negatively affected by increasing of t he hydrogen peroxide. Because, at a higher H2O2 
concentration, the scavenging of OH radicals will occur as expressed by Eqs. (4-6) [5]. This may be owing to 
auto decomposition of H2O2 to oxygen and water and recombination of OH radicals. 
•OH + H2O2→H2O + HO2

•         (4) 

HO2
• + •OH→H2O + O2         (5) 

2H2O2 →H2O + O2         (6) 

 

Excess of H 2O2 will react with .OH competing with organic pollutants and consequently reducing the 
efficiency of the treatment, the H2O2 itself contributes to the .OH radical scavenging capacity. A higher dose 
of H2O2 means a higher production of hydroxyl radicals. Because the higher the H2O2 concentration the more 
favoured the occurrence of auto-scavenging reactions. H2O2 should be added at an optimal concentration to 
achieve the best removal [10]. Therefore, 0.4 mL/L of H 2O2 concentration was considered as the optimum 
value for phenol removal. Phenol removal was observed in the absence of H2O2 and this may be due to the 
production of hydroxyl radicals by UV irradiation [11]. 

 

 

Figure 2. The effect of H2O2 concentration on the phenol removal by photo-fenton process 

3.2. The effect of the amount of FeSO4 
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The amount of ferrous ions is one of the main parameters influencing the fenton and photo-fenton processes. 
The effect of FeSO4 on the phenol removal was studied at concentrations varying from 10 mg/L to 50 mg/L at 
pH 3, initial phenol concentration of 100 mg/L and H2O2 concentration of 0.4 mL/L. The results obtained are 
shown in Fig. 3-4. The maximum phenol removal efficiency was determined as 87% at FeSO4 concentration 
of 50 mg/L after reaction time 30 minutes. But as can be seen from Figure 3, it was obtained approximately 
the same results at the other concentrations of FeSO4. Also, at all FeSO4 concentrations, almost 70% of  
phenol concentration was removed in the first 5 minutes of re action. Optimum FeSO4 concentration was 
accepted as 50 mg/L for removal of phenol from aqueous solution used in this study.  

 

 
Figure 3. The effect of FeSO4 concentration on the phenol removal by photo-fenton process 

 

 
Figure 4. The change profile of phenol concentration with time on photo-fenton process 

3.3. The effect of initial phenol concentration 

Since the contaminant concentration has a significant effect in performance of treatment processes, the effect 
of phenol concentration on removal efficiency was investigated at different initial concentrations varying in 
the range of 50-1000 mg/L, as presented in Fig. 5-6. From these figures, it can be observed that the phenol 
removal efficiency decreased with the increase of t he initial concentration. Increasing the phenol 
concentration from 50 to 1000 mg/L, phenol removal decreased from 93 to 6%. The increase in contaminant 
concentration increases the number of contaminant molecules [5] and at high contaminant concentrations, the 
removal of contaminant requires more time and thus greater quantities of H2O2, and for the this reason, the 
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removal rate decreases [12]. In addition to this, at high phenol concentrations, the photons entering the 
solution exhibit reduced penetration [5]. At initial phenol concentration of 50 mg/L, it was obtained COD 
removal of 76%. 

 
Figure 5. The effect of initial phenol concentration on the phenol removal by photo-fenton process  

 

 
Figure 6. The change profile of initial phenol concentration with time on photo-fenton process 

4. CONCLUSION 
In this work, it was investigated the removal of phenol by photo-fenton process and effect of parameters such 
as H2O2, FeSO4 and initial phenol concentration on t he removal efficiency. The photo-fenton experiments 
were performed by using photo reactor with the working volume of 2.5 L. At the end of reaction time of 15 
minutes, phenol removal efficiency was obtained to be 56% when UV and H2O2 concentration of 0.4 mL/L 
were used. The effect of FeSO4 concentration was investigated at pH 3, initial phenol concentration of 100 
mg/L and H2O2 concentration of 0.4 mL/L by using FeSO4 concentration varying in the range of 10-50 mg/L. 
At the end of reaction time of 30 minutes, the maximum phenol removal efficiency was determined as 87% at 
FeSO4 concentration of 50 m g/L. Then, on the optimum conditions, experiments at different initial phenol 
concentrations was performed. Phenol removal decreased from 93 t o 6% with increasing the phenol 
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concentration from 50 to 1000 mg/L. Removal efficiency of COD at the initial phenol concentration of 50 
mg/L were determined to be 76%. These results demonstrated that this process may be used for phe nol 
removal.  
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Abstract 
&ontainer transportation which allows a more efficient delivery of cargoes has an important share in the maritime transport. 
2ne of the special area of container transportation is tanN container logistics which is used in the transport of liquid and gas 
cargoes. 7anN containers are included for use to carry liquids and gases more economical, faster, safer and environmentally 
friendly and has found its place in the transportation of many liquid cargoes, primarily in chemical industry. In 7urNey, it 
is obvious that tanN container demand will increase and tanN container logistics will become more important due to the 
growth of manufacturing sector in recent years. In this study, it is examined the advantages�disadvantages and important 
factors of tanN container logistics, global status of tanN container transportation and the share of 7urNey in this marNet.
      
Keywords:  chemicals transportation, container logistics, tank container.
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1. INTRODUCTION 
Chemical industry has an important role in global trade which world chemicals sales in 2013 are valued at 
€3,156 billion [1]. Container transportation has also an increasing trend year by year. Containerization makes 
transportation faster, easier, safer and allows door to door transfer. In this respect, container transportation 
meets the requirements of chemical industry especially for door to door sevice and relatively small cargoes 
which are not appropriate to load  ful l tanker vessels. There are different ways to carry chemicals in 
containers such as drums, flexitanks, etc., but safety, reliability and economy are major advantages of tank 
containers [3]. In this study, the unique part of container transportation which is tank container  is evaluated 
in different perspectives and the situation in Turkey is examined.    

2. TANK CONTAINER LOGISTICS 
Chemicals are almost in every manufactured product which is used in daily life. Transportation of either raw 
materials or final products of chemicals might be in big amounts by tanker vessels, or less by parcel tanker or 
in containers. 

Containerization refers to the method of distributing materials in a unitized form. The most common “dry” 
containers are 20 x 8. 5 x 8  ft [designated as 20 feet equivalent unit (TEU)] and 40 x 8. 5 x 8  ft [40 f eet 
equivalent units (FEU)] boxes. These containers can be seamlessly loaded onto ships, trucks, or rail using 
appropriate handling machinery [6]. The ability of e asy handling of c ontainers provides opportunity to 
arrange door to door shipments. 

In order to load chemicals into dry containers, it’s needed to use an additional loading equipment like drums 
or flexitanks. But a tank container is a special equipment whic is simply a cylindrical tank set inside a frame 
of the standard dry container so that the machinery used for t he dry containers can also handle the entire 
apparatus [6]. In the meantime, it allows to transport gas or liquid chemicals upto 35 m3 in one unit from the 
origin to the final destination without unloading chemical cargo on the way.  

 

Figure 1. Tank container 

Tank containers come in different sizes. Broadly, there are two major designs known as full-frame tank and 
beam-design tank. A standard tank container (TEU) can carry around 6300 gallons or 24 m3. Another type of 
design, known as through-frame swap body tank that meets the ISO length requirements, is wider or higher, 
which allows higher volumes (27–35 m3). The different types of tank containers are classified according to 
the type of chemical being transported. Tank containers move a range of chemicals from food products such 
as palm oil, beer, and tomato concentrate, to liquefied gases such as refrigerants [6]. 

Some of the advantages of tank containers for transport of liquid chemicals are [2]: 

• They are environment-friendly, since they are less prone to spillage during filling and unloading, as well as 
leakage during transportation. 

• They permit a higher payload when compared to drums stowed in dry containers (43% more volume). 

• They can be handled mechanically, which results in cost savings, but also ensures safety when handling 
hazardous commodities. 
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• They provide secure door-to-door multi-modal transportation (by road, rail, sea or inland waterways), and 
do not require specialized port-side infrastructure. 

• They are safe and durable, with a design life of 20–30 years. 

• They can be cleaned and placed into alternate commodity service with minimum downtime. 

• They can be used as temporary storage for customers with limited space or high-cost permanent storage. 

In a typical tank container operation, to serve a standard customer order, a tank container operator would 
provide a tank (or multiple tanks) at the customer’s origin plant and arrange transportation for the tank across 
multiple modes to the destination plant. Transportation  usually includes a truck leg at origin and destination 
and a steamship leg between a port near the origin to another port close to the destination. It may also include 
rail or b arge legs at each end. Operators use depots for t emporary storage, cleaning, and repair of e mpty 
containers [2]. 

A major challenge that the companies using tank containers face arises from the imbalance of product supply 
and demand, and thus an imbalance in the container flows across different regions. There are major flows of 
loaded containers from the production centers toward the various demand centers globally. However, 
equivalent flows of products from the demand centers, which can enable the return of the emptied containers 
to the production centers, often do not exist. As a result, empty containers accumulate at the demand centers, 
which must be “repositioned” to the production centers [6].  

Another challenge in tank container logistics is to clean inside of the tank when a different type of commodity 
is needed to be transported in the same tank. This operation is usually given by depots where tank containers 
are stocked and must be arranged by experts as per regulations of chemicals. 

3. TANK CONTAINER LOGISTICS IN THE WORLD AND IN TURKEY 
As per International Tank Container Organization (ITCO)’s annual surveys, global tank fleet is shown in 
Table 1 for the years of 2013,2014 and 2015 with an inreasing trend of total number. 

Table 1. Global tank container per year [3] 

 

 

 
2013 

 
2014 

 
2015 

Operators 116 176 192 
Owned 140460 161300 194160 
Leased 88000 103250 111540 
Total 
 

228460 265550 305700 

Lessors 27 34 33 
Idle 15000 17650 23400 
Leasedtooperators 88000 103250 111540 
Leasedtoshippers&others 47400 55600 60060 
Total 
 

150400 176500 195000 

ShipperandOthers 
Owned 

 
47400 

 
55600 

 
60060 

Leased 47400 55600 60060 
Total 
 
Estimatedmanufacture 

94800 
 

39700 

111200 
 

42620 

120120 
 

48200 
 
Disposals 

 
        0 

 
-1000 

 
-5000 

EstimatedGrandTotal 338260 394400 444220 
 

According to the table it’s needed to clarify some descriptions; Tank Operators are third party logistics 
companies that provide a door-to-door service to shippers and others that require transport of bulk liquids, 
powders or gases; Tank Lessors are companies that provide tank containers to operators, shippers and others, 
usually on a contractual term basis, where the lessee takes quiet possession and operates that tank as if it were 
owned; Shipper fleet (also referred to as producers or consignees), comprises tanks operated by chemical or 
food and drinks companies, whereas there is a major trend for shippers to outsource tank logistics to tank 
operators, there remains a significant fleet of tanks directly controlled by shippers [3].  
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The grow of grand total in 2014 is %16,5 compared with 2013 and it is %12,5 from 2014 to 2015. There is a 
considerable amount of new tank containers added to market each year.  

Table 2 shows top 5 tank operators and their fleet as of April 2015. First three operators are mostly same in 
previous years as well. Another common point of top 5 operators is all of them are headquarted in Europe. 

Table 2. Top 5 tank operators and fleet of tank containers as of April 2015 [3] 

Operators \ Years 2015 

Stolt Tank Containers 32000 

HoyerGroup 29110 

Bulkhaul Ltd. 20500 

Newport 15000 

BertschiGroup 13000 

 

It’s obvious to see the global growth of tank container industry in figure 2, which shows all parties (operators, 
lessors, shippers/others, manufacturers). Even there is a small decrease in shippers/others column in 2015, 
general trend is industry is growing steadily. 

 

 

Figure 2. Global industry growth of tank container [3] 

 

There are four tank operators which is headquarter in Turkey with the total of 880 tank containers. However, 
almost all big global operators has their local offices or agencies in Turkey especially in Istanbul and Kocaeli 
region. Also leasing companies are giving services to customers in Turkey. This means there is a competitive 
market in supply of tank container and this market is still growing with all parties.    
 

Table 3. Top 5 tank operators and fleet of tank containers as of April 2015 [3] 

Operators \ Years 2013 2014 2015 

Bati Shipping&Trading 80 80 80 

Ekol Logistics 100 100 100 

GokbilTransportation - 600 600 

TLS Global Logistics 100 100 100 

Tank container industry is a global industry. Positioning of tank containers has an important issue due to the 
importance of tank container supply when needed and most of ope rators stock their containers at 
transhipment ports or their hub centers where are easy to transfer to loading destinations. 
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4. CONCLUSIONS 
Chemical industry and tank container fleet are growing day by day. According to statistical explanations in 
previous sections there are four tank operators which is headquarters in Turkey with the total of 880 t ank 
containers but this doesn’t mean that there are 880 tank containers in Turkey. As the positioning of t ank 
containers is the most important point in tank container logistics, Turkey has a crucial location between Asia 
and Europe, and by using this geographical advantage Turkey might be an important hub point and can be 
more effective in this market. On the other hand manufacturing of tank containers is mostly materialized by 
China with almost %50 of t he total manufacture. This market can also be an opportunity for Turkish 
investors. Numbers of tank containers might  be very small when compared with dry containers but as they 
are very special equipments and needs necessary concern, this specialized area requires experts in either white 
or blue collar to improve logistics of tank containers locally and to be powerful globally. 
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Abstract 
Lamb waves are a type of ultrasonic waves has a wide range of applications in non-destructive testing. Most of the 
studies used simple and Àat structures for breaNing, cracNing or corrosion damages. In this study, the detection of 
damage in the welding is examined. 7wo �.�mm thicNness $/���� plates Moined by overlay welding method. 'am-
age was applied to the welded zone gradually.  Three piezoelectric (PZT) discs were used to create surface waves 
and to monitor their propagation. )or better examination, the envelopes of the monitored signals were calculated 
by using the +ilbert transform. 'amages occurring in the welded ]one, has led to reÀections and attenuation in 
waves. 7he study indicated that degradation occurring in the weld can be identified with the /amb wave technique.
      
Keywords:   Nondestructive testing, weld joining, Hilbert transform, Lamb wave.
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1. INTRODUCTION 
Nondestructive testing is an important area for structural health monitoring. It increases damage safety and it 
decreases cost and time consumption of monitoring systems.  Most common NDT techniques are; Penetration 
test, magnetic particle test, Eddy current test, X-rays and ultrasound test [1-3]. 
Ultrasonic waves can be used to inspect surface and subsurface defects for many materials like metal, wood 
and composite. Ultrasonic method has better penetration depth than other techniques. Also this technique 
gives damage location information. But this technique needs more training and skill. 
Lamb wave is a type of pl ane sound wave and it is commonly used in NDT. In t raditional ultrasonic 
technique, all surface must be scan for large area. This process cause to waste of time and workload. But the 
lamb waves can be propagated long distance in metals. So it can be used for l arge and long structures. 
Additionally, lamb waves can detect damages in thin plates unlike traditional ultrasonic wave [4, 5].   
There are many different signal analysis methods for health monitoring, like as artificial neural network [6], 
genetic algorithm [7, 8], wavelet transform [9], frequency response [10] and Hilbert transform [11]. In this 
study Lamb wave technique was examined for aluminum plates that joined by weld. Both 
symmetric and antisymmetric Lamb waves were tested for comparison of modes. 

1.1. Lamb wave 
In solids, sound waves can propagate in four different modes that are based on the way the particles motion. 
Sound can propagate as longitudinal waves, shear waves, surface waves, and in thin materials as plate waves. 
Lamb waves (known as guided plane wave) are a kind of ultrasonic waves. These waves are guided between 
two free surfaces. There are two types of lamb waves.  These are symmetric and antisymmetric modes. 
Symmetrical modes are shown with S0, S1, S3, ... and antisymmetrical modes shown with A0, A1, A2, … 
symbols. Symmetric waves analogous to axial waves while antisymmetric waves similar to flexural waves 
(fig. 1). Lamb waves are very dispersive and wave speed depends to the frequency and plate thickness [12, 
13]. 

 
Figure 1. Representation of Lamb wave modes 

 

1.2. Hilbert Transform 

 
Hilbert Transform is used for to create analytic signal in signal processing. Analytic signal is the complex 
representation of a signal [14, 15]. Analytic signal 𝑥𝑥𝑎𝑎(𝑡𝑡) is obtained using real signal 𝑥𝑥(𝑡𝑡) as follows, 

𝑥𝑥𝑎𝑎(𝑡𝑡) = 𝑥𝑥(𝑡𝑡) + 𝑖𝑖ܪ{𝑥𝑥(𝑡𝑡)}        (1) 

Where, ܪ{𝑥𝑥(𝑡𝑡)} is Hilbert transform. An analytic signal is shown in polar form as, 

𝑥𝑥𝑎𝑎(𝑡𝑡) = ߠ𝑒𝑒−𝑖𝑖ݎ          (2) 

Wherer and � are amplitude and phase of a nalytical signal respectively. Signal amplitude corresponds to 
envelope of the signal. Hilbert transform of a 𝑥𝑥(𝑡𝑡) signal is defined as follow, 

{𝑥𝑥(𝑡𝑡)}ܪ = 1
ߨ 

𝑥𝑥(߬)
𝑡𝑡−߬ ݀𝑡𝑡

λ
−λ         (3) 

This equation can be described in term of convolution theorem, 



H{x(t)} = x(t) 1כ
𝑡𝑡ߨ    (4) 

2. EXPERIMENTAL WORKS 
In this study two 250x500x4.5mm Al2024 plate are welded with overlay technique (fig. 2). Three 
piezoelectric sensors attached to the plate as shown figure 3. The diameter and thickness of the PZT disks 
were 12 mm and 0.2 mm, respectively. The experimental setup is presented in Figure 4. The arbitrary wave 
generator (AWG) (Agilent 33220A) was used to produce 6-cycles of sine wave.  The sine wave was passed 
through the hamming window.  The central frequencies of the generated signals were 60 kHz for A0 mode 
and 300 kHz for S0 mode in the experiments. The signal was applied to the S3 disc attached to the surface to 
generate Lamb waves. The generated Lamb waves propagated along the surface and generated electricity at 
the other PZT discs.  The outputs of the PZTs were digitized by using a digital oscilloscope (Rigol 1104B) at 
2.5 MHz sampling rate and transferred to PC. All the analysis was performed by using the MATLAB 
package. 

 
Figure 2.The welded Al2024 and sensors. 

 
Figure 3. Layout of the sensors. 

 
Figure 4. Experimental setup. 

The damage was applied to the one side of w elded zone as 2 m m width and 2.5 - 11 cm length (fig. 5). 
Damage scenario can be seen table 1. 
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Figure 5. Welded zone and damage that applied of it surface. 

 

 

 

Table 1. Damages on welded zone. 

 

Test Number DamageLength (cm) DamageWidth (mm) SignalFrequency (KHz) 

Test 1 --- --- 60 

Test 2 2.5 2 60 

Test 3 5 2 60 

Test 4 8 2 60 

Test 5 11 2 60 

Test 6 --- --- 300 

Test 7 2.5 2 300 

Test 8 5 2 300 

Test 9 8 2 300 

Test 10 11 2 300 

 

3. RESULTS AND DISCUSSION 
If the excitation signal frequency is 60 KHz, Lamb wave propagate in A0 mode. Group velocity is 2000m/sec 
in this mode. The signal that send from S3, reaches to S1 in about 0.2msec. This duration called as time to 
flight (TOF). The first arriving signal amplitude has decreased with damage length. This is an expected result 
because of the sensor S1 is located after welded zone (fig. 6). Time - amplitude graphs are not convenient to 
distinguish damages. Hilbert transform has used to obtain of the envelope of signals (fig. 7). 



 
Figure 6. The signalsfrom thesensorS1when S3sensorexcited inA0mode. 

 
Figure 7. The envelopeof thesignal received from sensor S1 when sensorS3 excited in A0 mode. 

The envelopes of the signals that gathered from S2 are shown in figure 8. The graph shows that some signals 
reach to the sensor S2 after reflect from damage region. 



ICENSInternational Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 
Figure 8. The envelopeof thesignal received from sensor S2 when sensorS3 excited in A0 mode. 

When S3 is stimulated by 300 KHz frequency signal, A0 mode Lamb wave propagates in the plate. Group 
velocity is 2000m/sec in this mode. First signals arrives to the sensor S1 in 0.1msec. An important variation 
hasn't seen on first arrived signals with the damage length (fig. 9). 

 
Figure 9. The envelopeof thesignal received from sensor S1 when sensorS3 excited in S0 mode. 

Figure 10 shows the envelope of the signals that gathered from sensor S2.  When the figure is examined, it 
can be seen that the signal amplitude increased with the damage length at 0.1 msec. This result shows that the 
Lamb waves reflect from damage zone. 



 
Figure 10. The envelopeof thesignal received from sensor S2 when sensorS3 excited in S0 mode. 

 

 

4. CONCLUSIONS 
In this study, weld damages were determined by using Lamb wave technique for aluminum plates. The two 
different Lamb wave modes S0 and A0 were compared. Welded zone were decreased the amplitude of the 
signals in both mode. But the attenuation of S0 is higher than A0. This is because, wavelength of S0 mode is 
shorter. Wavelengths were calculated 17mm and 33mm for symmetrical and antisymmetrical wave 
respectively. This results shows that antisymmetrical mode is more suitable for detection of weld damage. 
However if the sensor was located before damaged zone, symmetrical waves were better than other. 
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Abstract 
Circular steel base plates are commonly used for pipe and polygonal columns, such as wind turbine towers, lighting 
and advertisement poles. Although the explicit solutions based on various methods for rectangular base plates can 
be found in many design manuals and books, very limited studies exists for the design of circular base plates under 
different loading conditions. These types of connections are used in structures to resist gravity loads and functions as 
part of lateral-load-resisting systems. Also, circular base plates and anchor bolts are the critical interface between 
the steel structures and the reinforced concrete foundations. %esides, these connections are often the final structural 
steel items to be designed but are the first items required on the worN site. &onsequently, structural design of circular 
base plates and assembly details are essential for the steel constructions.  In this study, practical design approach 
for the design of circular steel base plates is presented accounting linear stress distribution assumption for compres-
sive bearing area and a design example is given to show the implementation of this approach. Anchor bolt diameter, 
base plate dimensions and base plate thickness are determined for obtaining safe and cost-effective steel structure.
      
Keywords: Base plate, anchor bolt, steel tower
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1. INTRODUCTION 
Base plates are generally used to transfer steel column reactions to reinforced concrete foundations. Steel base 
plates are designed in rectangular or circular forms according to the column section geometry and structural 
load pattern. Rectangular base plates are frequently favored for I or box s ections and circular base plates are 
typically preferred with pipe or round sections. Circular base plates are used in wind turbine towers, lighting 
and advertisement poles which are generally formed with one steel pipe or polygonal column. Since these 
types of s tructures are designed against severe wind and earthquake loads, they are also under high 
eccentricity.  

In this study, circular base plates under high eccentricity are focused and a practical design approach is 
presented accounting linear stress distribution assumption for compressive bearing area. A design example is 
given to show the design phases. Anchor bolt diameter, base plate dimensions and base plate thickness are 
determined. 

2. PRACTICAL DESIGN APPROACH FOR CIRCULAR BASE PLATES 
Circular steel base plates under high eccentric loads are investigated with using a practical approach. Circular 
base plate is studied accounting elastic behavior and the maximum bearing stress is selected to be lower than 
the allowable value. Also, there are some other assumptions made for gi ving a practical approach. 
Compressive bearing stress is accounted as less than the half of the base plate and the resultant compressive 
bearing stress is located at center of gravity of the compressive bearing area. Anchor bolts in the half of the 
circular base plate are considered in tension from conservative perspective. The critical section used to 
determine the base plate thickness iscalculated accounting the outside dimension of the round columns since 
stiffeners are used[1, 2]. 

Plan and section of a  typical circular column and circular base plate under high eccentric loads is given in 
Figure 1. 

 

 
Figure 1.Circular base plate  

 

In order to determine anchor bolt force and the geometry of the compression area, two equilibriums equations 
are written. In equation (1) compressive bearing stress and tension load relationship is given. In equation (2) 
sum of moments about the resultant bolt force is presented. 



ܲ + ܶ = 𝑚𝑚𝑎𝑎𝑥𝑥 ܺ
ܣ ܨܿ 𝑚𝑚  (1) 

ܲ(𝑒𝑒 + ܻ)  = 𝑚𝑚𝑎𝑎𝑥𝑥 ܺ
ܣ ܨܿ 𝑚𝑚 [ܴ − ܣ + ܺ + ܻ] (2) 

where; e is eccentricity which is ratio of moment divided by the axial force, R is radius of circular base plate, 
A is the length of the part of the base plate area under compression, Y is distance between center of gravity of 
the anchor bolt forces, Fcomp is the part of the base plate area under compression. X is the distance from center 
of gravity of compressive stress bearing area to the zero stress section. pmax is allowable bearing stress and T 
is the sum of the anchor bolt forces in the half of the circle. P is the axial force acting on base plate center. 

Since strain distribution is linear and sum of the anchor bolt forces in the half of the circle can be determined 
by using equilibrium equations, maximum anchor bolt force at outermost anchor bolt can be determined as 
equation (3). 

1ܶ,𝑚𝑚𝑎𝑎𝑥𝑥 = ܶ
ቀ1+ 2

1ݕ
σ 𝑖𝑖݊݊ݕ

=2 ቁ (3) 

Equation (1) and equation (2) can’t be solved explicitly;iteration process is used to investigate the unknowns. 
In the beginning, maximum allowable stress is determined using equations based on AISCapproach as given 
in equation (4) [1]. 

𝑚𝑚𝑎𝑎𝑥𝑥 = 0.35 ݂ܿ ට2ܣ

1ܣ
 0.7݂ܿ  (4) 

where; pmax is maximum allowable bearing stress, fcis concrete compression strength, A1 and A2 are plate and 
concrete areas. 

On the first step a trial base plate size is selected and number of bolts accounting layout in the circular base 
plate is determined. Diameter of bolts is also decided on this step. In this manner, the center of bolts which is 
termed as Y is calculated accordingly. Afterwards compressive bearing area is calculated using equation 
(5)which is mainly based on AISC approach [1]. 

ܨܿ 𝑚𝑚 = ߙ 2ܴ 0.0174532 −  ܴ (ܴ −  (5) ߙ𝑖𝑖݊ݏ(ܣ
where, α is the angle and also determined with equation (6). 

ߙ = 𝑎𝑎ݏܿܿݎ ቀܴ−ܴܣ ቁ  (6) 
Center of gravity of the compression area can be calculated with using equation (7) and equation (8) with 
respect to the value of the angle α: 

ܺ = ܴ ቂ 𝑖𝑖݊ݏ 2 ߙ3
(ߙ𝑖𝑖݊2ݏ 1.5−ߙ 3) − ቃߙݏܿ ߙ)       ߨ

4
)  (7) 

ܺ = 1)2ߙ ܴ 0.2 − 2ߙ0.0619 + ߙ)       (4ߙ 0.0027 < ߨ
4

)  (8) 

After all unknowns of these equations are determined,equation (2) is controlled for the trial value. If the left 
and right sides of the equation (2) is not close enough, then a new trial value for Y should be selected. If two 
sides of the equation (2) areclose enough, then the resultant bolt force can be determined from equation (1) 
and T1,max can be calculated using equation (3). The maximum force on outermost bolt Tmax can be controlled 
using allowable anchor bolt load. If the value exceeds the allowable load limit, then bolt diameter or number 
of bolts can be increased. Likewise, base plate thickness can be determined using equation (9). 

𝑡𝑡 = ට8𝑀𝑀
ݕܨ

 (9) 

where; M is the moment for a 1 mm wide strip at the critical section and Fy is the yield stress of base plate 
steel material. 

Main parameters of a circular base plate can be practically determined following the equations given above. 
This trial-and-error iteration approach gives opportunity to select the dimensions of the base plate, diameter 
and number of anchor bolts practically.  

3. NUMERICAL EXAMPLE 
Circular base plate for a n advertisement pole is calculated according to the approach given in this study. 
Advertisement pole structure is presented with Figure 2. Column length is 20 m and façade area is 100 m2.A 
circular base plate under high eccentric load is assumed and practical design approach is applied on control of 
the selected geometric properties of the base plate. Circular base plate used under advertisement pole column 
geometry is also given in Figure 3. 
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Figure 2.Advertisement pole 

 

 

Figure 3.Circular base plate with anchor bolts 

 

Circular base plate of the advertisement pole is designed under axial load of 326 kN and moment of 4 711 
kN-m. The pole column is pipe section and the outside diameter of pipe is 1900 mm. Outside diameter of the 
circular base plate is 2200 mm and thethickness is 60 mm. The ratio of the concrete area onthe top of the 
foundation to steel base plate area is 2/3. The allowable stress for the anchor bolts and the base plate are 112 
MPa and 235 MPa, respectively. There are 40 bolts with the bolt diameter of 42 mm. The concrete 
compressive strength is assumed as 30MPa. Allowable stress design approach for steel circular base plate is 
used and results are presented. 

On the first step, the maximum design bearing stress is calculated as 12.86 MPa using equation (4). Since this 
value is below 21 MPa, bearing stress control is satisfied. As, there are 40 bolts and their diameter is 42 mm, 
center of gravity for anchor bolts is 668 mm.  

Also, for a trial value length of the part of the base plate area under compressionis selected as 499 mm. After 
following equations (5) and (6), compressive bearing area is calculated as 6481 cm2and α is determined as 
56.9°. Since angle αis higher than π/4, equation (7) i s used for calculating the center of gravity of the 
compression area. After all unknowns for the trial step are determined, equation (2) is controlled. Since, both 
sides of the equation (2) are almost the same, no further iteration is required. Accordingly, maximum anchor 
bolt force at outermost anchor bolt is calculated using equation (3) as 237.5 kN. The maximum anchor bolt 



force is smaller than the allowable anchor force 281.2 kN. This shows that number and the diameter of the 
selected anchor bolts are enough in terms of anchor bolt force calculations. Likewise, base plate thickness is 
controlled using equation (9). The critical section is selected equal to the diameter of t he column since 
stiffeners are provided and the base plate thickness is calculated as 52.4 mm. As base plate thickness is 60 
mm, the thickness of the base plate is adequate. 

4. CONCLUSIONS 
In this study, a practical approach is presented for design of circular base plates that are commonly used for 
pipe or po lygonal columns. Circular base plates are frequently used in wind turbine towers, lighting and 
advertisement poles. These types of circular base plates are designed to withstand loads that introduce high 
eccentricity such as wind and earthquake loads. Relationship between anchor bolt forces and base plate 
bearing stress is given and calculation steps are derived containing an iteration process. A numerical example 
is performed using practical procedure given with the calculation equations. Base plate dimension, base plate 
thickness, anchor bolt number and diameter are controlled.  
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Abstract 
Metal foam using Alumix 13 was produced through powder metallurgy. Alumix 13 premix powder and 1% TiH2 powder 
were mixed for 30 minutes using a three dimensional mixer. The mixture was then compacted using cold pressing with the 
application of 300 MPa of pressure, resulting in compacted block samples. The samples were sintered at a temperature of 
500 °C for 45 minutes and then were extruded at the same temperature. Extruded product was rolled at 500 o C at thickness 
of 6 mm. The rolled product was cut into square bars. These were then foamed at varying temperatures (720 oC, 730 oC, 740 
oC and 750 o C). The effects of foaming temperature on density, linear expansion and cell morphology were investigated.
      
Keywords: Alumix13, metallic foams, powder metallurgy
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1. INTRODUCTION 
Along with advances in technology, current engineering applications call for m aterials that bring together 

varying structural and functional properties.  The use of m etal foams have made inroads for u se in such 

applications that require specific mechanical properties.  L ow density, high strength, and the ability to 

absorbe vibration, sound and impact, are some of t he distinguishing features of metal foams compared to 

other engineering materials [1-3].  Due to its functional properties, metal foam is used in the automotive 

industry, rail transport, aerospace, marine and military applications; it also has industrial uses including 

sandwich-structured composites, panels, impact energy absorbers, and heat exchangers [4].  Metal foam is 

manufactured using a number of different methods.  One method that has been gaining increasing acceptance 

is the powder metallurgy (PM) method.  The PM method incorporates a wide range of ways in which metal 

powders are processed to produce materials and components [5, 6].  In this study, metal foam was fabricated 

using Alumix 13 premix powder at four different temperatures (720 oC,730 oC,740 oC and 750 oC); the effects 

of foaming temperature on density, linear expansion and cell morphology were investigated. 

 

2. (63(5ø0(17$/ 

2.1. Materials and Methods 
For the study, TiH2 (foaming agent) was used as a precursor along with Alumix 13 powder (composition: 

0.40%-0.60% Mg, 4.2%-4.8% Cu, 0.05%-0.25% Si, balance Al).  To obtain a homogeneous mixture, these 

two powders were mixed for 30 minutes using a Turbula brand three dimensional mixer, in the ratio 

presented in Table 1.  Using a 280 ton capacity hydrolic press, the mixed powders were cold pressed in a 60 

mm diameter steel mold by applying a pressure of 300 MPa.  The pressed block samples were sintered for 45 

minutes at a temperature of 500  oC and then extruded at the same temperature.  They were then rolled at 

500 oC and shaped into preformed samples with thickness of 6 m m.  T hese were cut into square bars 

(dimensions: 27mm by 27mm by 6mm) in preparation for us e in foaming.  The foaming process was 

accomplished in a steel vessel with a base of 27x27 mm2 where, due to the exact fit with the preformed 

samples (extruded bars), the growth of t he foam occurred in unidirectional expansion (upwards).  T he 

foaming process was carried out for 10 minutes, under four different temperatures (720 oC,730 oC,740 oC and 

750 oC). 

 

Table 1. Powder particle sizes and percentages by weight 

Powder Powder Particle Size % by weight 
Alumix 13 < 45 µm 99 

TiH2 < 45 µm 1 
 



 

Figure 1. Process order for powder metallurgy used for obtaining preformed foamable samples 

 

 
Figure 2. Preformed foamable samples (dimensions: 27mm x 27mm x 6mm) 

fabricated from Alumix 13 

3. RESULTS AND DISCUSSION 
A relative density of better than 99% was achieved for the preformed foamable samples fabricated using the 

Alumix 13 powder mix, which is interpreted as a significant accomplishment as it has direct affect on the 

density and foamability of t he final foam product.  A ny residue left within the structure, as well as other 

process defects, may have negative effects on the process.  As low-density foamable material has abundance 

of pores, it is possible to come across, following the foaming phase, non-homogeneous pore structures.  

Young and Kang (2004) have demonstrated that foams with uniform structures having less than 1% porosity 

may be obtained using the 6061 aluminum alloy [7].  Similarly, Paulin et al. have emphasized in their study 

that a relative density of 98% is the minimum required amount for obtaining successful results for foamability 

[8]. 

The linear expansion rates achieved for foamable preformed samples foamed for 10 minutes within a steel 

mold under varying temperatures are presented in Figure 3.  Analysis of t he graph indicates that as the 

foaming temperature increases, the percent linear expansion rate also increases.  The highest linear expansion 

rate was achieved as 600% a t temperature 750 oC while the lowest linear expansion rate was achieved as 

183% at temperature 720 oC.  In parallel to linear expansion rates, the densities of the samples were observed 

to change as well.  Foam densities decreased as expansion rate increased (Figure 4). 
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Figure 3. Effects of foaming temperature on linear expansion 

 

 
Figure 4. Effects of foaming temperature on density 

 

The cross section photographs in Figure 5 show the cell morphology for the foam samples fabricated using 

Alumix 13.  For lower temperature values, pore formation in the samples is observed to show homogeneous 

pores.  However, outer wall thickness is observed to be thicker compared to other samples.  This is observed 

to decrease as temperature is increased.  In contrast, as temperature is increased, a thick layer is observed to 

form at the very bottom of the sample; this result is attributed to the effects of drainage.  As temperature is 

increased, cell morphology is seen to be deforming in patches throughout the structure, with cells merging 

and combining to form larger cells. 

 



 
Figure 5. Metal foam produced from Alumix 13 at varying temperatures 

 

4. CONCLUSIONS 
Metal foam material was fabricated using Alumix 13 powder and powder metallurgy.  E ffects of foa ming 

temperature on linear expansion, density and cell morphology were investigated for the process of metal foam 

production.  A n increase of up  to 600% i n linear expansion was observed in metal foam production as 

foaming temperature was increased.  A t the same time, density was observed to decrease as temperature 

increased.  Along with increased temperature, an increase in cell mergings and outer wall deformation were 

also observed. 
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Abstract 
+ydrodynamic characteristic of liquid metal magnetohydrodynamics �0+'� turbulent internal Àow under the 
magnetoviscous forces has been numerically studied. Computational liquid metal incompressible steady state tur-
bulent Àow simulation was occurred by $16<6 )luent 0+' module. +ydrodynamic parameters are Àow velocity, 
dynamic and eddy viscosity, turbulent Ninetic energy, turbulent intensity, density have been examined and conclud-
ed results have been verified with studies from literature. 'ue to the obtained results Àow velocity, eddy viscosity, 
turbulence Ninetic energy, turbulent intensity decreases by the increase of applied magnetic field and also positive 
directional electrical field. 3arameters are dynamic viscosity and density increases by the increase of magnetic and 
positive directional electrical field. %ut also, increase in negative directional electrical field intensity increases Àow 
velocity, eddy viscosity, turbulence Ninetic energy, turbulent intensity, and decreases dynamic viscosity and density.
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1. INTRODUCTION 
Magnetohydrodynamic defines the hydrodynamic behavior of electrically conductive fluids under the 
imposed magnetic forces. Some of the studies that are related with the scope of this paper have been 
presented. Dritselis et al. (2011) investigated numerically the effect of Lorentz force on turbulent channel 
flow of electrically conducting fluids. The overall magnetic damping effect on turbulence is presented 
indirectly by the variation of the mean velocities [1]. Haq et al. (2015) determined the stagnation point flow 
of nano fluid with magneto-hydrodynamics effects. It is found that rising in Hartmann number gives the 
resistive type flow; subsequently velocity profile shows the decreasing behavior with an increase of magnetic 
parameter [2]. Huang and Fang (2007) clarified a new numerical method that could be applied to a 3D free 
surface flow in strong and non-uniform magnetic field.  Results present that magnetic field suppresses the 
turbulent intensity and turbulent viscosity, and delay the fluid separation [3]. Jalil et al. investigated turbulent 
natural convection of molten sodium in a cubic cavity heated from one vertical wall and cooled from an 
opposing vertical wall with the other walls thermally insulated. It is assessed that turbulent kinetic energy, 
velocity fluctuation and so turbulence decreases by the increase in magnetic field strength [4]. Kirilov et al. 
(1995) argued review of experimental work on magnetohydrodynamic and heat transfer characteristics of 
liquid metal flows. It is evaluated that transverse magnetic field changes the velocity distribution and 
suppresses turbulent pulsations in channels [5]. Lee and Choi (2001) tried the direct numerical simulation 
technique to explain the Lorentz force on near wall turbulence structures. It is seen that the wall normal 
magnetic field is effective than the streamwise and spanwise magnetic fields in decreasing velocity and 
turbulent fluctuations [6]. Nakaharai et al. (2007) demonstrated the transverse magnetic field effect on the 
heat transfer of an electrically conducting turbulent fluid flow. It is studied that the magnetic field depresses 
the turbulent velocity fluctuation [7]. Reuter et al. (2008) assessed the parallel implementation of a nonlinear 
pseudo-spectral MHD code for the simulation of turbulent dynamos. It is presented that the magnetic field 
shows backward effect on the velocity and suppresses the turbulence pulsations [8]. Vire et al. (2011) pointed 
out that the performances of different subgrid scale models in large eddy simulations of turbulent channel 
flows. It is explained that in magnetohydrodynamics the Lorentz force breaks the flow and decrease the 
velocity fluctuation intensity, and also decreases the eddy-viscosity [9]. Zhao and Hu (2012) clarified an 
appropriate experimental system, to investigate the variation of density. It is evaluated the density of 
magnetic fluid increases by applied magnetic field increase [10]. Zikanov and Thess (1998) simulated 
numerically turbulent flow of electrically conducting incompressible viscous fluid under the influence of an 
imposed homogeneous magnetic field. It is concluded that strong magnetic field decays the MHD turbulence 
[11]. In this paper, steady state turbulent liquid metal flow hydrodynamic flow parameters are flow velocity, 
turbulent intensity; eddy viscosity, dynamic viscosity, turbulence kinetic energy and density have been 
investigated under the applied transverse magnetic and electrical field. 

2. MATERIAL AND METHODS 
Steady, turbulent, incompressible liquid metal flow in duct model that has constant wall temperature (Tw) has 
been studied computationally with ANSYS Fluent software MHD module. Studied duct model presented in 
Figure 1. 

 
Figure 1.Duct model. 

Created duct model by Gambit software meshed and parametric base mesh grid quality was assessed with 
different grid sized models in Table 1. 

Table 1.Mesh grid quality parameters. 

Meshing Size (m) AspectRatio>1 Skewness<0.85 

0<Orthogonol 

Quality<1 

�24§� e[cellent� 

Number of cell Number of nodes 

0.0002 1.74 0.23 1 1,462,500 1,542,554 
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0.00025 1.71 0.24 1 756,000 807,744 

0.0005 1.7 0.31 1 93,000 105,952 

0.00075 1.68 0.47 1 29,400 35,376 

0.001 1.65 0.53 1 12,000 15,402 

0.0015 1.53 0.65 1 3,000 4,444 

Determined software base parameters are given in Table. 1 showed that 0.0002 m and 0.00025 m grid sized 
models has satisfactorily good quality. CPU time and cost consideration directed to the study with 0.00025 m 
grid sized model. 

3. RESULTS AND DISCUSSION 
In this section steady state turbulent flow of liquid metal under the influence of magnetic and electrical field 
on hydrodynamic fluid flow parameters have been investigated. Turbulent intensity and average flow velocity 
values of the flow domain have been illustrated in Figure 2.  

 

Figure 2. Average flow velocity and turbulent intensity. 

Figure 2 presents that increase in each applied constant magnetic field induction turbulence fluctuations and 
motion of fluid depresses by the magnetic forces. Increase in constant magnetic field decreases the flow 
velocity and turbulent intensity. While imposing the magnetic field induction constantly, electrical field 
externally applied individually from positive and negative directions. Positive directionally applied electrical 
field upgrades the influence of magnetic field and so increase in electrical field reduces the flow velocity and 
turbulent intensity. Otherwise, increase in negative directionally applied electrical field retrenches the impact 
of magnetic field effect and so flow velocity and turbulent intensity rises up. In ref. [1, 2] mentioned that 
velocity profile shows the decreasing behavior with an increase of magnetic parameter. Additionally, in ref. 
[3] discussed that magnetic field suppresses the turbulent intensity and delay the fluid separation. 

Figure 3 presents the combine effect of magnetic and electrical field on hydrodynamic flow parameters are 
dynamic and eddy viscosities. 

 
Figure 3.Dynamic and eddy viscosities. 

Increase in applied magnetic field shows the reducing effect on the eddy viscosity because of suppression the 
turbulence. Swelling in applied magnetic field, gains the dynamic viscosity of the fluid. In case of application 
of positive directional electrical field on magnetic field applied flow domain, magnetic forces on the flow 
domain develops. Increase in positive directional electrical field decreases the eddy viscosity and increases 
the dynamic viscosity. Reverse directional application of electrical field decreases the dynamic fluid 
viscosity, but also increases the turbulent intensity. Similar case pointed in ref. [3, 9] that Lorentz force 
breaks the flow and decrease the velocity fluctuation intensity, and also decreases the eddy-viscosity. 

Figure 4 clarifies the magnetic forces effect on the density and turbulence kinetic energy. 
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Figure 4.Density and turbulence kinetic energy 

Domination of the liquid metal flow domain by the created magnetic forces could be interpreted because of 
the decrease in turbulence kinetic energy by the increase in magnetic field. Similarly increase in positive 
directional applied electrical field shows decreasing impact to the turbulent kinetic energy, too. Magnetic 
field effect is shortened by the increase in negative directional electrical field and so turbulent kinetic energy 
increases. Density of the fluid increases by the increase of magnetic field and positive directional electrical 
field. Increment in negative directional electrical field declines the fluid density in Figure 4. Increase in 
density by magnetic forces clarified in ref. [10] as density of magnetic fluid increases by applied magnetic 
field increase. Variation in turbulence kinetic energy by applied magnetic field evaluated in ref. [4] as 
turbulent kinetic energy decreases by the increase in magnetic field strength. 

4. CONCLUSIONS 
Liquid metal turbulent flow hydrodynamic parameters are flow velocity, turbulent intensity, dynamic 
viscosity, eddy viscosity, density and turbulence kinetic energy investigated to the case of applied magnetic 
field and together with electrical field. 

1. Externally applied magnetic field increases the liquid metal dynamic viscosity and density. 

2. Magnetic field suppresses the turbulence fluctuations and decreases the flow velocity, turbulent intensity, 
eddy viscosity, turbulence kinetic energy. 

3. Increase in externally applied positive directional electrical field develops the dynamic viscosity and 
density of the liquid metal. 

4. Positive directional electrical field declines the flow velocity, turbulent intensity, eddy viscosity, 
turbulence kinetic energy. 

5. Negative directional electrical field reduces dynamic liquid viscosity and density. 

6. Flow velocity, turbulent intensity, eddy viscosity and turbulence kinetic energy enhanced by negatively 
directed electrical field. 

Domination of turbulent fluctuations and swirling in the flow domain by magnetic forces indirectly decreases 
the liquid metal temperature and so density and dynamic viscosity is raises up.  
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Abstract 
This study cares about the thermophysical investigation of magnetohydrodynamics (MHD) liquid metal in-
compressible steady state turbulent closed conduit Àow under the imposed transversely magnetic and electri-
cal field. &ircular closed conduit model has been studied computationally by $16<6 )luent 0+' module. 7her-
mophysical parameters are temperature and heat Àux has been simulated and concluded results have been verified 
with literature studies. $ccording to the results temperature and heat Àux was decreasing by the applied magnet-
ics and positive directional electrical field. $lso applied negative directional electrical field increases two of them.
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1. INTRODUCTION 
Electrically conductive fluids dynamic flow characteristics are the subject of magnetohydrodynamic science. 
Studies in literature is related with the subject of this study is evaluated and summarized. Branover et al. 
(1995) clarified the growth in fluctuation intensity with magnetic field. The temperature fluctuation intensity 
decreases with the increase in magnetic field [1]. Gajbhiye and Eswaran (2015) studied the effect of imposed 
magnetic field on fluid flow. Results presented that motion of the fluid is suppressed and so temperature 
decreases [2].  Huang and Li (2010) mentioned the fluid flow characteristic and heat transfer of MHD flow. It 
is concluded that the magnetic field have reverse influence on the thermal performance, and values reduces 
with magnetic parameter increase [3]. Huang and Li (2010) simulated numerically free surface MHD flow. 
Mentioned that Lorentz force created by magnetic field suppresses the motion of the flow and the velocity 
gradient is sharply decreases [4]. Kirillov et al. (1995) investigated a review of experimental work on 
magnetohydrodynamic and heat transfer characteristics of liquid metal flows. Magnetic field varies the 
velocity distribution in channels and suppresses turbulent fluctuations and so dominates the heat transfer [5]. 
Nakaharai et al. (2007) evaluated the mean temperature gradient is not influenced compared to the 
temperature fluctuation in the direction vertical to the magnetic field. Magnetic field suppresses the turbulent 
velocity fluctuation, then the turbulent heat flux and temperature is decreased [6]. Smolentsev et al. (2002) 
presented the turbulent flows and the free surface boundary conditions are adjusted with MHD effects. It is 
discussed that heat transfer degraded by the magnetic field increase [7]. Takeuchi et al. (2008) reported that 
experimental results on turbulent pipe flow under magnetic field. Results demonstrated that magnetic 
parameter modificates the mean flow velocity as well as turbulence reduction [8]. Yamamoto and Kunugi 
(2015) simulated numerically the turbulent channel flow imposed a wall normal magnetic field. Concluded 
that increase in magnetic parameter decreases the turbulent heat flux [9].Zijovin et al. (2010) presented 
magnetohydrodynamic immiscible fluids flow in the presence of an applied electric and inclined magnetic 
field. It is determined that the increase in magnetic parameter decreases the temperature in the middle of the 
channel [10]. In this study, Lorentz force, which is created by magnetic field induction, effect on steady state 
liquid metal duct turbulent flow thermophysical parameters are temperature and heat flux under the normally 
oriented magnetic and also electrical field has been searched. 

2. MATERIAL AND METHODS 
Steady state incompressible turbulent flow of liquid metal has been searched in case of applied magnetics and 
electrical field. Heating of liquid metal with a high temperature constant wall temperature (Tw) closed conduit 
turbulent flow has been studied computationally by ANSYS software. Constructed pipe model is seen in 
Figure 1. 

 
Figure 1.Pipe model. 

Created pipe model with Gambit software meshed with different grid sizes and parameter base mesh study 
has been occurred. Evaluation of the mesh grid quality parameters are given in Table. 1. 

Table 1.Mesh grid quality parameters. 

Meshing Size (m) AspectRatio>1 Skewness<0.85 
0<Orthogonol 

Quality<1 
�24§� e[cellent� 

Number of 
cell Number of nodes 

0.0002 4.12 0.52 0.98 1,671,618 1,734,235 
0.00025 4.1 0.54 0.97 836,178 876,159 
0.0005 3.13 0.67 0.87 116,280 126,791 
0.00075 3.02 0.75 0.83 33,567 38,178 
0.001 2.63 0.83 0.81 13,617 16,324 
0.0015 2.59 0.92 0.59 5,250 6,572 
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Mesh grid quality parameters are given in Table 1 determined that 0.0002 m and 0.00025 m grid sized models 
convincing to the analyses. CPU time consideration directed to occurrence of the analyses with 0.00025 m 
model. 

3. RESULTS AND DISCUSSION 
This paper cares the impact of magnetic and electrical field on thermophysical parameters of turbulent steady 
state liquid metal flow. In this respect central temperature values in case of application the magnetic and 
electrical field is visualized in Figure 2. 

 

(a)                                                                    (b) 

 

(c) 

Figure 2.Central temperature through the model length. 

 Figure 2(a, b, c) could be assessed as increment of applied magnetic field on flow counter decreases the 
liquid metal temperature. While applying magnetic field constantly, electrical field applied with increasing 
values in positive and negative directions. Increasing the electrical field in positive direction decreases the 
liquid metal temperature. Reversing the electrical field direction to negative way temperature increases. 
Similar case concluded in ref. [2, 10] that the increase in magnetic parameter decreases the temperature in the 
middle of the channel. 

Figure 3(a, b, c) shows the magnetic forces effect on the heat flux of the turbulent steady state flow of liquid 
metal. 

 

(a)                                                                    (b) 
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(c) 

Figure 3.Central temperature through the model length. 

Surface heat flux values are seen in Figure 3(a, b, c) decreases by the application of magnetic field induction. 
By the application of electrical field in positive direction also decreases the heat flux. Reversing the direction 
of electrical field reduces the created magnetic forces and so enhances the surface heat flux. In ref. [6, 9] 
discussed that increase in magnetic parameter decreases the turbulent heat flux. 

4. CONCLUSIONS 
Thermopysical parameters are temperature and surface heat flux of steady state turbulent liquid metal flow 
has been investigated while magnetic and electrical field is imposing. 

 
1. Turbulence fluctuations and flow velocity at close region of the model wall depressed by the magnetic 

forces and liquid metal temperature and surface heat flux is decreased by externally imposed 
magneticfield. 

2. Positive directionally applied electrical field supports the effect of magnetic forces and so decreases the 
temperature and surface heat flux more and more by the absence of electrical field. 

3. Electrical field applied through the negative direction weaken the magnetic forces and enforces the 
temperature and surface heat flux.  
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Abstract 
Internet world brings huge benefits to users and nearby it comes with so many security threats liNe� 6tolen of credit 
card information, *rabbing of Web 6ite 'omains, hacNing e�mail accounts, gathering personal information and so 
on. 2ur aim in this application, understand web attacN types, develop an algorithm according to the attacN meth�
ods and writing a web security scanner to discover possible threats on web sites. 2ur resource belongs to the web 
security and attacN based sites and documentation. We bring these different platforms together and develop our 
program in 3ython language that is also used by an important company called *oogle 2bMect  oriented program�
ming   3ython�  give   us Àexibility and fastest base> �@ .  6ecurity 6canners do heavy process because of usage high 
&entral 3rocessing 8nit�&38� and Internet connection at the same time. $lgorithm¶s in the program and libraries 
that is used has an important effect on the speed of worNÀow. We only import the necessary modules from libraries. 
6o this highly affects the program performance> �@ . 2ur program does these functions � 'iscovers, &ommon *ate�
way Interface , 5emote )ile Inclusion, 64/ InMection exploits on Web 6erver gathering the Web 6erver information.
      
Keywords: Web Server Security, Security System, Application of Security Scanner
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1. INTRODUCTION 
There are two sides of da nger in the internet security world, personal computer security and web server 
security, threating users and web hosting companies. This program and documentation is surely not enough to 
defend a system, but gives some information about where to begin defending your network. Simply exposing 
backdoors of websites. On the other hand, OsmanWS is showing, how the firewalls can be passed through 
easily. We developed this program for e ducational purposes and teach security experts how to close 
backdoor. We share the roles between each other in two parts. First part is the security expert, described how 
to use hacking methods and discovering Exploits; Second part is the coding and developed searching 
algorithms. The Web Security can be divided into two main subjects. These are Personal Computer Security 
and Host Security. Our project basis on the Host Security side. 
 

2. WEB SERVER SECURITY 

2.1. Personel Computer Security 
Most of thesecuritythreat of PC’s is based on user. Iftheuser is conscious about computer environments and 
knows the risk of W eb Sites, he will get the highest personal computer security without getting any 
software& updates. Systems can be fixing for security threats and provide the highest security options for end 
users, but users can destroy the Security Wall so easy. User must have a secure personal firewall on the PC 
and have to configure it for best security and high performance. Usually, the personalfirewalls needs huge 
memory and it cause to reduce performance. It is an annoying side of s ecurity but user must know the 
importance of Personal information.  
 
The user, must upgrade the hardware if he needs more performance. Nowadays, Operating Systems come 
with a build in firewall for end user security. If the user wants to use other 3rd party Firewall & Antivirus 
Software, Operating Systems Firewall can be disabled for getting the highest performance. This is a way of 
increasing performance without changing hardware, but this is not recommended way. Most of  vi rus& 
Trojan written for Windows Operating System because of  its popularity.  Flash disks, is the common house 
for hosting a virus & Trojan Horse. To avoid this, users must scan the disks usable & secure area with and 
updated antivirus tool without clicking on it.  

2.2. Host Security 
There are lots of attack types of Web Hosts and this cause high security risk for end users and Companies. 
Most of the vulnerabilities reason is coding mistakes. If the input of the forms could not filter, users can read 
the database, change the fields and grab all the information. Coding mistakes are cloning every day, because 
of the Web Sites Templates. Templates are websites for ready to publish and they are using from persons and 
companies. Most of Web Site owners uses that template and get the common risk of the template. Templates 
has got own database and own structure. If the user not modifies this structure, he will most probably get into 
trouble about the host. In addition this, Web Server Infrastructure must have the high bandwidth and Intrusion 
Detection System (IDS) has to be stand for security. In figure 1 web server security scanner process can be 
seen. 

 
Figure 1. Web Server Security Scanner 



 

3. WEB SERVER THREADS 
There is some common methodology to get hold of w hole web server or website itself. We describe 3 
methods and describe of avoiding mistakes in coding. Basic coding and configuration mistakes can cause big 
damage your entire system. 

x Remote File Inclusion 
x SqlInjection 
x Common Gateway InterfaceInjection 

3.1. Remote File Inclusion 
Remote File Inclusion (RFI) is technique which used to attack Internet websites from a remote computer. It 
uses a cross site scripting (XSS) to harm a web server. 
 
It attacks to allow malicious users to run their own PHP code on a vulnerable website. The attacker is used his 
malicious code in the space provided for PHP programs on a web page. There is simple code like this: 
 
 

 
 

With these lines above, webmaster directed $page input to the web users. If we try  
 
 
 
 
the page will directed to the www.osmanws.info.Hackers use  http://www.harmfulshell.com/C99.php 
to get hold of entire system (The link placed at the end of the RFI ). 
 
Preventing RFI Injection 
Code Based Prevention ; 
RFI Occurs; 
$field= $id[field]; 
Fix; 
$field = “field”.$id;  
include, include_once, require, require_once, exec commands must use carefully. 

Configuration Based Prevention; 
With “disable_functions” you can secure your system easily. So injected Scripts like C99 shell will not 

affect your system. 

<a 
href=index.php?page=file1.php>Files</a><?
php 
 $page = $_GET[page]; 
include($page); ?> 
 

http://localhost/index.php?page=http://
www.osmanws.info/ 
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3.2. SQL Injection 

SQL injection is an attack; malicious code is inserted into strings that are later passed to an instance of SQL 
Server for parsing and execution. SQL statements are constructed by any procedure that should be reviewed 
for injection vulnerabilities. SQL Server will execute all queries that it syntactically correct. SQL injection 
consists of di rect insertion of c ode into user-input variables. SQL commands are used for c oncatenating. 
Malicious code is injected into strings that are destined for storage in a table or like a metadata for less direct 
attack. The malicious code is executed with strings are subsequently concatenated into a d ynamic SQL 
command[3]. Figure 2 shows the SQL injection of the filter method. 

 
Figure 2. Preventing SQL Injection (Filter Method) 

3.3. Common Gateway Interface 
CGI (Common Gateway Interface) has become a standard platform for interaction between web services and 
the other applications. CGI is also a program. The CGI code that is called inside an HTML page merges 
Web’s static side with Dynamic functions [4]. 
 
Web Counter’s, are the most popular CGI applications in Web Pages. Web Counter’s are small applications 
calling from inside of Web Sites. CGI programs, refers real time a working principle. The other important 
application area of CGI is online forms, filled with web guests and this form return reply after processing at 
the server side.CGI programs are executable and the main threat is:“ CGI programs can be executed remotely 
”. So, CGI programs must hosted in a demilitarized zone (DMZ) or a n restricted area for the reason of 
grabbing internal information. CGI programs can be written in so many languages. Like; C, FORTRAN, 
Pascal, C++, Perl, UNIX Shell, Visual Basic, etc. If CGI is written in C or FORTRAN, it must be compiled. 
If you write the CGI codes in Perl or U nix Shell it can be executed directly because these called Script 
Environments. 
 
Nowadays, CGI loose popularity because of the high improvements in JAVA and JAVA Scripts. CGI is using 
the resource of the real system and they are hiring in the server. However, Java Applets and JavaScript have 
come from inside of HTML to with the call of web sorters. This is the important advantage of JavaScript 
according to the CGI.  
 
CGI Scripts are argumentative for Security experts. Because of the some of C GI Scripts prepared without 
checking security protocols and this can leave you in a big Security hole. These backdoor not  only damage 
your web site also it can be used for de stroy complete server by login system in with harmful shells. 
Professional hackers always leave a backdoor for re-hacking the system. Hackers are looking this backdoors 
with using Google Dorks or some scanners. Our aim is collect all scanners into one system so Security threats 
can easily discoverable [5]. 
If you want to search CGI threats in your system with 
Google Dork, you can use these keywords below; 
cgi-bin/password.txt, 



cgi-bin/ornek.pwd 

4. DEVELOPING OF PROGRAM 

4.1. Program Workflow 
We coded the OSMAN Web Security program in Python language. Python is a dynamic object-oriented 
programming language that can be used for any software development. It can be learned in a few days and 
could offer support for ot her languages and tools. It has extensive standard libraries. Its users report 
substantial productivity for the development of higher quality, more maintainable code [6]. 

 
Figure 3. Flowchart of the program 

 

4.2. Program Structure 
 

Program can discover possible CGI, RFI , SQL exploits in the web site and also collects some  important web 
server information. First user has to enter a valid URL without http:// in to the top box, like 
www.osmanws.com.   A fter that user has to choose the exploit types need to be scanned. There are three 
options CGI, RFI and SQL.  We the more check box you select the longer you will wait Osmanws to finish 
process. As the last action we press to scan button and the process begins. After pressing scan button we have 
to wait until all boxes fill and we have to see scan complete caution in all threeboxes. This process may take 
several minutes.  Y ou can see which results are related to exploits and which one is hosting server 
information below [7] . After we scan a web site we can save results with clicking just one button (save all). 
This button will save all results with titles and will also save which backdoors you’ve scanned for this URL 
address. If you want to save only a specific part of the results you can select the partition and click save 
selected button. This button will also save the scanned doors into the word document. The word document 
mentioned is located in the folder that you have run Osmanws. The program must run at least one time to 
create register documents. The last button on the interface is clear all. This button clears all boxes for a new 
scan. In this work used python modules are: 

x Tkinter – For User Interface 
x BeautifulSoup – Forgrabbinghreflinks 
x Urllib – Urloperations 
x urllib2- ExtendedUrloperations, Errordedection 
x cgilinks – Includescommoncgiexploits 
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Figure 4: Program Interface 

Our SQL Exploit detection algorithm looks for the key error of SQLwith sending “ ‘ “ input at the end of the 
grabbed  links. 
Error: Microsoft OLE DB Provider for ODBC Drivers error '80040e14' 
RFI algorithm is lookingforthedangerfunctionslikely “include”, ”require”, “include_once”, ”require_once”. 
Sowe can easilyfindtheweakpointsof system. In figure 5 when RFI algorithm is used we can see result screen. 

 
Figure 5. GUI Explanation 

 

CGI algorithm is searches common cgi bugs that are collected from all over the world. CGI algorithm’s result 
page can be seen in Figure 6. 



 
Figure 6. Showing mistakes in coding 

 

5. CONCLUSION 
 

Digitalization of information needs high security precautions on c oding and server infrastructure side. 
Prevention of hacking must grow parallel with the exploit and bugs. User input always has to be filtered and 
check twice. Server configuration has carefully done and unnecessary function must disable. Companies must 
do a penetration test in periodically. 
 

This prototype program has some qualifications different than others. Usually, educational coding formats 
scan only one type of exploits. OsmanWS is concerned on three types of exploits and three different scan 
algorithms, checking database responses, scanning template links and searching particular words in source 
code. We tried to make this process as simple as possible and easy to learn. Also, you can find how to use an 
object oriented programming language with object oriented programming methods. OsmanWS is written by 
using template python libraries and user developed python libraries (like urllib2). We also added our own 
library for template cgi links. Research period of thesis had very wide angel to examining hacking methods 
and using python as a security language so result is very complex for a simple prototype program.  Hopefully, 
reader can have an idea about web security after studied these methods. 
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Abstract 
$pplication fields of non�contact measurement techniques have been recently increasing by means of optics and techno�
logical development in measurement applications. 'igital image correlation �'I&� is the one and powerful non�contact 
measurement method that can be used to obtain elongation and strain as well. It is versatile and Àexible measurement 
method can be adopted to many traditional test experiments such as tensile, compression, and bending in order to cal�
culate mechanical properties of materials. In this study, '3���, '3��� and '3��� steel materials were performed to 
uniaxial tensile test and 'I& technique was used to determine local strains in terms of comparison in different regions 
at the fracture area. While performing experiments, commercial '6/5 camera was installed to capture videos under the 
white led lighting which is needed to decrease visual blurring and Neep contrast as constant. 5ecorded videos were ana�
ly]ed with 9I&��' software in an effort to calculate strain data. $s a result, it was showed that the strains at the fracture 
area that were measured with 'I& were higher than those measured which out of the fractured area and concluded 
that 'I& method was appropriate and efficient technique to measure local strains in traditional uniaxial tensile test.
      
Keywords: Digital Image Correlation, Tensile Test, Sheet Metal, Strain Measurement, Optical Measurement.
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1. INTRODUCTION 
Rapid development of technology and improvements of opt ic instruments has caused widely usage of non-
contact measurement techniques both in industry and private applications. Image based measurement 
methods has recently been popular not only traditional methods can not satisfy customer requirements but 
also specific instruments are very expensive and adapted hardly. To give an easy, low cost, and flexible 
solution for those problems, digital image correlation (DIC) method is developed and has been used in many 
fields such as automotive industry, material testing, and medical applications.  

 

DIC technique is mainly based on the photogrammetry field which is a science of making measurements from 
photographs, especially for recovering the exact positions of surface points. Roots of i mage based 
measurements techniques dates back to Leonardo da Vinci writings about the perspective and imagery in 
1480 and 1492 a s pointed out by Doyle [1] and Gruner [2]. Photogrammetry and its mathematical 
improvements has been enhanced by means of development of optic tools and imaging technology, especially 
digital photogrammetry in 1985 up to present [3]. Hobrough [4] used digital image correlation so as to get 
position information. He purposed a tool that can be used to correlate high-resolution reconnaissance 
photography with high precision survey photography for calculating ground conditions. Yamaguchi [5] used 
laser speckles that are scanned by a linear image sensor in the diffraction field and made cross correlation 
function of the signal. 

Ultrasonic approach was the prior studies in two dimensional measurement with digital image correlation. 
Peters [6] and Ranson [6] developed an approach. In t heir study, the ultrasonic waves were sent to the 
reference and deformed images and compared digital images of small areas as known subsets before and after 
process in order to calculate deformation measurements in material systems. They suggested to use 
continuum mechanics concept for measuring small areas in matching process to determine locating positions 
of all subsets. Sutton et all [7] improved some numerical algorithms based on earlier study and applied to 
experiments to record images with optical instruments and this is known today as 2D DIC. In the last decade, 
digital image correlation has been applied material testing experiments such as tensile, compression, bending 
and forming limit curves on the purpose of calculating mechanical properties of the sheet materials. One of 
the crack propagation study was accomplished by McCormick [8] and Lord [8]. They demonstrated the 
calculation of crack opening measurement using concrete specimens under compression and they suggested 
that output of DIC gives local deformation map which shows the cracks not visible to the human eye.  

DIC measurement technique generally is adopted to material test experiments such as tensile, compression, 
and forming limit curves. Zhu et al [9] suggested the two cameras DIC system to measure true stress-strain 
curves of low carbon steel under uniaxial tension. They used dog bone specimen with 10mm circular cross 
section area. They calculated the true strain stress curves on the specimen using different local points along 
the length of the specimen and indicated that while region that enters the plastic zone provides axial plastic 
deformation because of decreasing cross sectional area, region that entered the plastic zone or not entered yet 
keeps constant deformed state. Dong et all [10] focused on a n application of D IC under high temperature 
using micro scale pattern. They examined variety speckle patterns and sizes to get good correlation under the 
high temperature experiments and suggested that using a macro scale speckle patterns that is produced by 
ceramic based paint to micro scale caused the high number of errors of correlation when the subset size is too 
small. In addition, they found t hat fine-sprayed paint and abrasion of pol ished surface caused micro scale 
pattern stable under 1400 °C and errors were below 0.04 pixel. 

2. EXPERIMENTAL 

2.1. Materials 
In this study, commercial automotive steels, DP600, DP800, and DP980 that consist of a ferrite matrix and a 
hard second phase, usually islands of martensite was used in order to calculate local strains using DIC method 
in uniaxial tensile test. The thicknesses of materials are 1.3mm and the tensile specimens were machined 
according to ASTM E8. Chemical compositions of these materials are given in Table 1. 

Table 1. Chemical compositions of DP600, DP800, and DP980 

DP800 [11] 

C % max Si % max Mn % max P % max S % max Cr % max Altot % max 

0,160 0,250 1,90 0,020 0,004 0,500 0,015 
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DP980 [12] 

C % max Si % max Mn % max Mo % max B % max Cr % max Altot % max 

0,135 0,05 2,1 0,35 0,007 0,15 0,45 

 

DP600 [11] 

C % max Si % max Mn % max P % max S % max Cr % max Altot % max 

0,120 0,300 1,660 0,020 0,004 0,500 0,020 

2.2. Methods 
All the mechanical tests were performed with 100 kN Instron 8801 uniaxial tensile machine. DIC is mainly 
used to calculate the displacement and strain over specified field in whole process. One of t he crucial 
instruments in DIC measurement is the camera. The professional high resolution and high frame per second 
(fps) camera can increase the accuracy and precision of m easure. In this study, Canon T3i DSLR with a 
58mm diameter and 18-55mm (f/3.5-5.6) lens that has 1920x1080 resolution and 30fps was used, see Figure 
1. 

 
Figure 1. Schematic view of DIC setup 

Creating random speckle pattern on the specimen surface is one of the important issues that can directly affect 
accuracy and precise of the correlation results. In order to obtain high and accurate correlation, the pattern 
size must be small. Experiments performed at room temperature, most of t he water based paints can give 
proper correlation results to create speckle pattern. In this study, VHT FlameProof, a silicone ceramic based 
paint was used to create black speckles onto white background because of rapid drying time and high color 
contrast. As an example, DP600 painted specimen that consists of the calibration meter and dashed area of 
interest is shown in Figure 2. On the purpose of c alculating local strains, five points were selected on 
horizontal alignment in the fracture area as seen in Figure 2(b). Point 1 is the nearest left edge of specimen 
and Point 3 i s the middle of the fractured edge, and Point 5 i s closed to the right edge of specimen out of 
fracture area. Lighting conditions is another important factor that is crucial for the correlation results. In this 
study, regular white led lighting source which was subjected to the specimen surface directly gives good 
correlation results. 
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(a) (b) 

Figure 2. (a) Calibration meter and area of interest, (b) Virtual gage length and selected points 

3. RESULTS AND DISCUSSION 
In conventional tensile tests, regular extensometer which has 2in (50.8mm) gage length has been used in 
order to measure the elongation and calculate strain. On the other hand, regular extensometer is not able to 
install some special experiments as hot tensile tests or hot forming limit tests due to high temperature of test 
environment and require special equipment like ceramic grips. Therefore, these special tools increase the 
measurement setup’s cost. As an alternative method, DIC, can easily adopt to room and high temperature 
material mechanic tests. Elongation can be calculated by DIC as well as physical extensometer measurement. 

 

Uniaxial tensile tests were performed with 0.1mm/s cross head speed for three materials. The frames were 
created from test movies after the whole recorded processes. In the case of non-contact measurement, the 
extension was obtained from the images using VIC-2D software. Two boundaries were defined that overlay 
with the two gage length edges, which were created by two Scott types that shielded the paint. After the paint 
was dried, the types were peeled out. Figure 2 shows the clear boundary of the tensile gage length. 

 

Converting pixels to millimeter was established with common tape measure onto specimen surface at the 
beginning of the uniaxial tensile test. The camera was setup as 1920x1080 pixels resolution and 16:9 aspect 
ratio and 16 bi t depth of color. The total test times were 35.457 seconds for DP600, 23.779 seconds for 
DP800, and 18.706 seconds for DP980. The recorded videos were edited with video editing software to 
obtain series of image sequences. The images were got as 30 frames per second. The images were converted 
into greyscale format as a TIF file type that has better quality rather than other image types after getting 
image sequences. Performing correlation the image sequences were imported into VIC-2D software.  

The DIC technique is based on tracking and matching process for each unique pattern regions among images 
or different times. The unique pattern of each location can be defined using subset size and step size to track 
and calculate displacements. The subset size for room temperature tensile tests is 24x24 pixels and step size 
2x2 pixels. Figure 3 shows the Von Misses strains of the fractured areas for DP600, DP800, and DP980. On 
the scale bar, red color shows the maximum Von Misses strains in the fracture zone before the failure of 
specimens. Maximum Von Misses strains were found as 0.562, 0.296375, and 0.164625 for DP600, DP800, 
and DP980, respectively. 
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(a) 
 

(b) 
 

(c) 

Figure 3. Von Misses strains before fracture. (a) DP600, (b) DP800, (c) DP980 

Figure 4 shows the plot of the strains in y direction of five points that are shown in Figure 2(b). In Figure 4, 
Point 3 w hich is a middle point of t he fracture area is always higher points that are slightly out of t he 
fractured area. 

  
(a) (b) 

 
(c) 

Figure 4. Strains in y direction of five points for (a) DP600, (b) DP800, and (c) DP980 
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4. CONCLUSIONS 
In this study, DIC technique was performed to install uniaxial tensile test in order to get local strains. Three 
different material, DP600, DP800, and DP980, were used to calculate all points of s train curves versus 
displacement. Following conclusions can be made about the DIC method; 

1) DIC can easily adapt to materials mechanical tests instead of traditional measurement methods.  

2) A low cost, easy to setup and consumer camera system can be used for non -contact strain and 
displacement 2D measurements over flat specimens in uniaxial tensile test.  

3) When the local strains take into account, the region (Point 3) which is the middle of the fracture 
area has always higher strains than the regions that are out of the fracture area for those materials. 

4) The strains along the gage width are not homogenous. So, DIC method is an effective technique 
that can be used to determine local strain evolutions at the crack edge in notch specimens.  
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Abstract 
In this study, X210Cr12 (AISI D3, 1.2080) steel was subject to heat treatments including decarburizing, boroniz-
ing and hardening. Decarburizing and boronizing were carried out in a salt bath consisting of 60% NaCl and 40% 
NaCO3 for 1 and 3 hours at 850 0C, and a liquid medium containing 70% borax and 30% silicon carbide for 5 
hours at 980 0C, respectively. The microstructures of the diffusion layers were examined by means of optical mi-
croscopy. 7he microhardness profiles of these layers were studied by a 9icNers indenter. 7he hardness value ob-
tained by the decarburizing followed by boronizing process is 10% higher than a boronized specimen’s hardness. 
The transition zone was enlarged approximately 4,5 mm via 3 hours decarburizing followed by boronizing process. 
      
Keywords:  Tool steel, boronizing, decarburizing, microstructure, hardness, transition zone



ICENSInternational Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
Boriding can be described in the simplest way that a boride layer forms via diffusion of boron atoms to a 
material surface via thermochemical or electrochemical reactions [1]. As a result of boronizing a very thin, 
but very hard (1600-2000 HV), boride layer is obtained on the material surface depending on the chemical 
composition of the base material. If t he process is applied to the iron-based material, the boride zone will 
consist of iron borides mainly.  

The process can be applied to a wide range of metals and cermets [1],[2]. Solid, paste, gaseous, and plasma 
medium can be used as boron-yielding media. The other single or combined boriding methods can be listed as 
follows: physical vapor deposition (PVD), chemical vapor deposition (CVD), ion implantation, plasma 
spraying, multicomponent boriding, plasma sintering, ultra-fast boriding [2]-[12].   

FeB and/or Fe2B phases occur on the boronized steel surface.  Despite having less hardness and less thermal 
expansion coefficient than the FeB phase, only the Fe2B phase formation is preferred. If the two-phase layer 
is formed on the surface, incompatibility between the FeB/Fe2B phases can increase the tendency of crack 
formation both the layer and between the layer and surface [1],[2],[5]-[8],[13]-[15]. Obtaining a one-phase 
Fe2B layer or multicomponent boride layer is very useful especially to reduce brittleness [5], [6]. For this 
purpose, laser heat treatment (LHT) or multicomponent boronizing can be used [5-8], [13]-[16]. The length of 
multi-component transition zone is higher than the boronizing process. Thus, a small hardness gradient is 
provided between the boride layer and the core [5], [6],[16]. 

The directivity of elements in the base material effects boronized layer’s properties such as hardness, and 
boride layer thickness. In addition, forming borides with N, Cu, or Ni can reduce the brittleness of the boride 
layer [8]. While Ni and C are diffused onto the material core and accumulate below the boride layer, Cr and 
Mn move opposite direction [2], [17]. The directivity of alloying elements affects the boride layer properties, 
also.  

AISI D3 (1.2080) steel is an air/oil hardening cold-work alloy tool steel which has high carbon high 
chromium. The steel has approximately 2,1% C content and this situation can make diffusion of boron atoms 
difficult from surface to the matrix.  

In this study, AISI D3 (1.2080) steel was subject to decarburizing before boronizing in order to facilitate 
boron atoms diffuse easier. The hardness of the boride layer and transition zone was determined. Thus, the 
effect of carbon content reduced on the surface by decarburizing process was investigated. 

2. EXPERIMENTAL 

2.1. Materials 
High carbon and high chromium AISI D3 (X210Cr12, 1.2080) cold work tool steel (10 mm diameter) was 
used in the experiments. The chemical composition of the test material can be seen in Table 1.  

Table 1. Chemical composition of the experimental material (wt%) 

C Cr Si Mn P S 

2,2 11-13 0,252 0,247 0,025 0,0065 

2.2. Methods 
Boronizing, decarburizing, and boronizing followed by decarburizing process were applied to the test 
material. Boronizing experiments were performed in a salt bath consisting of 70% N a2B4O7+ 30% S iC. 
Process temperature was selected 980 ºC for 5 hours . The boronizing process was carried out in a salt bath 
consisting of borax and SiC. A borax and SiC salt bath mixture was applied to the same steel by Yuksel et al. 
and obtained 1900 HV hardness at the surface [18].  

Decarburization process was applied in a salt bath consisting of 60% NaCl and 40% NaCO3 at 850 ºC for 1 
and 3 hours. Karakullukcu [19], [20] decarburized AISI D3 steel in a furnace at 900 ºC for 4 hours and then 
used a solid boronizing media for 3 or 5 hour s. The work showed that the thickness and hardness of t he 
boride layer was increased with increasing decarburization time. Ulukoy et al. [16], [21] found a one-phase 
iron boride layer (Fe2B at the surface of 21NiCrMo2 (AISI 8620) steel) after boronizing, borocarburizing, and 
borodecarburizing. It was found that as a result of increasing decarburizing time the hardness of boride layer 
and length of transition zone was increased proportionally borocarburized specimens.  

The abovementioned processes, the specimens’ heat treatment parameters, and carried out specimens’ 
numbers are seen Table 2. All of t he specimens were cooled in oil. Afterwards, salt and oil wastes on 
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specimens’ surfaces were cleaned with water. After surfaces were polished via using grinding papers 
(200,400,600,800,1000, and 1200 grids) and  solutions (3 µm, 6 µm),  specimens were etched by 4% nital for 
metallographic examinations. The microhardness from surface to the matrix was measured by a standard 
Vickers microhardness tester under 50 g l oad. The coating’s surface morphology was examined through an 
optical microscope.       

Table 2. The parameters of specimens’ heat treatments 

Number  
of  

Specimen 

Process 
Decarburizing Boronizing 

Duration time (h) Duration time (h) 
1 3 5 

1 - - - 

2 x - - 
 

3 - x - 

4 - - x 

5 x - x 

6 - x x 

 
3. RESULTS and DISCUSSION 

3.1. Microstructure 
The optical microstructure images of the steel without any heat treatment (1), 1 h de carburized (2) and 3 h 
decarburized (3) are shown in Figure 1, Figure 2, and Figure 3. Decarburized regions are clearly seen in the 
images. The decarburized zone reached approximately 200 and 300 µ m, 1 h de carburized and 3 h 
decarburized specimens respectively. Decarburized layer thickness increased in parallel with increasing 
decarburization time. 

 

 
Figure 1. The microstructure of AISI D3 steel 

 

 
Figure 2. The microstructure of 1 h decarburized AISI D3 steel (2) 
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Figure 3. The microstructure of 3 h decarburized AISI D3 steel (3) 

Boride layer morphology was determined using optical examinations of bori ded (4), 1 h d ecarburized 
followed by boronizing (5), and 3 h de carburized followed by boronizing (6) s pecimens. The boride zone 
reached approximately 50-65 µm. The morphologies are shown in Figure 4, Figure 5, and Figure 6, and the 
morphologies were similar to earlier obtained morphologies on borided same steel [18]. The obtained layer 
thickness’ are 50 µ m, 65 µm, and 50 µ m for borided (4), 1 h de carburized and borided (5), and 3 h 
decarburized and borided (6) specimens, respectively. Although 3 h de carburizing did not affect the boride 
layer thickness, the obtained layer thickness was increased by 1 h decarburizing process. 

 
Figure 4. The microstructure of boronized AISI D3 steel (4) 

 

 
Figure 5. The microstructure of 1 h decarburized followed by boronizing AISI D3 steel (5) 

 

 
Figure 6. The microstructure of 3 h decarburized followed by boronizing AISI D3 steel (6) 
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3.2. Hardness 
The hardness of unt reated AISI D3 steel is approximately 400 HV (1). The hardness value raised 820 HV 
with quenching in oil. Decarburizing lowers the hardness value 820 HV to 500HV. While the carbon ratio is 
decreased on the surface with increasing decarburizing time, the hardness value decreases proportionally. 
Obtained hardness values are compatible with previous works [22]. 

Figure 7a shows that boronized specimen’s hardness distribution (4). 1600 HV hardness value was obtained 
at the surface and the hardness gradient was suddenly decreased after 150 µm from surface to the matrix. The 
substrate hardness appears around 200 µm from the surface. 

Figure 7b s hows that 1 h d ecarburized and then boronized specimen’s hardness distribution (5). 1577 H V 
hardness value was obtained at the surface and the hardness gradient was suddenly decreased after 200 µm 
from surface to the matrix and hardness of t his region was obtained 833 H V. But, the hardness gradient 
showed an increase from this region through the matrix, as seen in Figure 7b. Carbon atoms accumulate 
below the boride layer and this situation can form hard carbides under the boride zone. Thus, the transition 
zone length and hardness increase. It can be said that decarburizing process contributes increasing of 
transition zone length and hardness gradient before applying boronizing process. 

Figure 7c shows that 3 h de carburized and then boronized specimen’s hardness distribution (6). 1620 H V 
hardness value was obtained at the surface and the hardness gradient was suddenly decreased after 125 µm 
from surface to the matrix and hardness of t his region was obtained 903 H V. But, the hardness gradient 
showed an increase from this region through the matrix just like other decarburized and boronized specimen 
(5), as seen in Figure 7c. All hardness values through the cross section (from surface to the matrix) were 
increased compared to all specimens. Hardness values were increased even in the core of material. 
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Figure 7. The microhardness distribution of boronized (a), 1 h decarburized and boronized (b) and 3 h decarburized and 

boronized (c) AISI D3 steel 
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Figure 8. The microhardness distribution of boronized (4), 1 h decarburized and boronized (5) and 3 h decarburized and 

boronized (6) AISI D3 steel: a) at 5000 µm; b) at 200 µm 

4. CONCLUSIONS 
In this study, AISI D3 (1.2080) steel was subject to decarburizing, boronizing and hardening. It was 
determined that the hardness values decreased at the surface after decarburizing. The transition zone enlarged 
and hardness values were increased even in the core of material via decarburizing followed by boronizing 
process. 

The steel used as test material has high carbon and chromium content. The carbon content at the surface 
decreased after decarburizing process and decreasing carbon content facilitates boron atoms diffusion. It is 
known that carbon moves into the material core during boronizing and carbon atoms accumulate below the 
boride layer. This situation can form hard carbides under the boride zone. Thus, the transition zone length and 
its hardness increase. It can be said that decarburizing process contributes increasing of transition zone length 
and hardness gradient before applying boronizing process. 
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Abstract 
7his research represents the results of Àocculation of quart] particles in suspensions with an anionic Àoccu-
lant by applying response surface method �560�. 7he experiments were designed and carried out according to 
the %ohn�%ehnNen 'esign �%%'� which is a type of 560. $ %%' with five independent parameters at three levels 
was applied to Mar test studies to investigate the effect of variables examined on quart] Àocculation process. )loc-
culant dosage, rapid mixing time, rapid mixing rate, solid ratio and settling time were tested to evaluate the main 
and interaction effects of these factors on residual turbidity. $n empirical quadratic model with a high correla-
tion coefficient was obtained for the estimation of residual turbidity within the investigated ranges of parameters. 
      
Keywords:  Quartz suspension, Flocculation, Response surface method, Box-Behnken Design.
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1. INTRODUCTION 
Dewatering is a process identified as a part of s olid/liquid separation and is an important process in most 
mineral processing operations. Generally, dewatering is accomplished by sedimentation or filtration ([1], [2]). 
Aggregation of fine particles in mineral suspensions can be carried out by applying methods such as 
coagulation, flocculation or agglomeration methods [3]. Knowledge of de tailed information while applying 
an aggregation method on a  special material are necessary to understand the mechanisms and to use less 
possible amount of reagents during the processes.  

Flocculation is usually a necessary pretreatment step in many dewatering streams containing significant 
quantity of very fine particles. The purpose of flocculation is to form aggregates or flocs from finely 
dispersed particles with the help of long chain polymers which are referred to as flocculants. Flocculation of 
suspended particles by polymeric flocculants is a multistep process. A classical coagulation/flocculation 
process consists of t hree separate steps: i) Rapid or fl ash mixing: the suitable chemicals 
(coagulants/flocculants and if required pH adjusters) are added to the wastewater stream, which is intensively 
mixed at high speed. ii) Slow mixing (coagulation and flocculation): the wastewater is only moderately 
stirred in order to form large flocs, which are easily settled out. iii) Sedimentation: the floc formed during 
flocculation is allowed to settle out and is separated from the effluent stream ([4], [5]).  

In a flocculation process applied, finding the optimum flocculation conditions is a very important entity. The 
flocculation of fine particle suspensions is a complex process and the effectiveness of the process depends not 
only on the usage of appropriate chemical reagents (coagulants, flocculants, etc.) but also on how they are 
applied. Flocculation is affected by the complex interactions between a numbers of factors. These factors may 
include slurry properties such as particle size and surface charge of p articles, solution chemistry, pH and 
physical variables such as mixing intensity (rate), mixing time and settling time. Each of them determines the 
flocculation rate and efficiency in term of settling rate, supernatant turbidity and sediment volume ([6], [7]). 
Therefore, determination of t he flocculation behavior of the suspensions is important for a n efficient 
solid/liquid separation. Jar test is one of the most efficient and commonly used methods to determine 
optimum flocculation conditions.  

Classical jar test experiments are usually carried out by systematically chancing the level of one factor at a 
time (OFAT). In OFAT jar test experiments, optimum flocculation conditions are determined by varying a 
single factor while holding the level of the other factors constant [8]. The level of the factor that results in the 
best response (e.g. lowest residual turbidity) is then selected and used in subsequent tests which continue in 
the same manner for ot her factors [9]. But it is time consuming and does not fully explore the whole 
experimental space to find the best factors’ conditions. Also, it is incapable of identifying the interaction 
effects resulting from the factors being considered. The classical jar test experiments of OFAT and studying 
the effect of the variable on the response is a complicated technique, particularly in a multivariate system as 
in the case of flocculation or if more than one response are of importance. Design of experiments (DOE) is 
statistical techniques which can be used for optimizing such multivariable systems. For these reasons, DOE 
has been proposed for t he jar tests to overcome the shortcomings and to determine the influences of 
individual factors and their interactive influences. 

The response surface methodology (RSM) which is a combination of experimental, regression analysis and 
statistical inferences is one of the DOE approach. It is useful for modeling and analyzing problems in which 
responses of interest are influenced by several factors or variables and in which objective is to optimize the 
responses. The RSM not only reduces the cost and time, but also provides required information about the 
interaction effects with minimum number of experiments [10].  

There are many scientific works investigating effect of s lurry properties such as flocculant dosage, pH on 
flocculation in the literature ([11]-[21]). However, fewer researches exist about the mixing conditions on 
flocculation ([4], [21]-[26]).  The effect of m ixing conditions under constant slurry properties on re sidual 
turbidity for t he flocculation of quartz sample with anionic flocculant used in this work have been 
investigated recently by us [25]. Results of this study showed that the effect of rapid mixing rate and time are 
more important factors compared to slow mixing rate, slow mixing time and settling time. We have also 
previously examined the effect of slurry properties (flocculant dosage, pH and solid ratio) at constant mixing 
and settling conditions on re sidual turbidity for the same material [13].  A ccording to this research, the 
efficiency of qu artz flocculation was dependent to a large extent pH of t he suspensions and the excellent 
results were obtained at alkaline media. However, the results at natural pH were not good compared to acidic 
or alkaline suspensions. Interaction between solid ratio and flocculant dosages on re sidual turbidity of 
suspensions were found to be significant in all pH values tested.  

In this study, the effects of fi ve independent variables which include the slurry and mixing conditions of 
flocculation process namely, flocculant dosage, rapid mixing rate, rapid mixing time, solid ratio and settling 



time on the flocculation behavior of quartz suspensions were investigated at natural pH of the suspensions. 
Since numerous numbers of e xperiments are needed to research the effects of fi ve variables tested, the 
efficiency of flocculation under tested conditions was determined to examine the main and interaction effects 
between these variables by the application of five parameter Box-Benhken design (BBD). 

2. EXPERIMENTAL 

2.1 Materials and Method 
A pure quartz sample from Çine region of Turkey was obtained and used in the experiments. The particle size 
of the sample was less than 20 µm sieve aperture. According to the particle size distribution determined by 
Malvern Mastersizer 2000, d90, d50 and d10 diameters were obtained as 15.7 µm, 2.2 µm and 0.6 µm 
respectively. According to the XRD results all the peaks belonged to quartz and the sample contains more 
than 95.6 % SiO2 content indicating that the sample is pure enough. The quartz sample which may causes 
pollution was chosen as a pollutant material since it is considered as one of the common components present 
in soils and clays [27].   

SPP 508 (supplied from Superkim, Turkey) polymer was used for the flocculation of synthetically prepared 
fine quartz suspensions. Medium anionic SPP 508 i s a high molecular weight (15-22x106 g/mol) 
polyacrylamide with 28% degree of ionization. A solution of polymer (0.01%) was prepared using distilled 
water. The pH of the solutions was not changed during the experiments and held constant at its natural pH. 
The neutral pH of samples was determined as 7.95 for all solid ratios by a pH-meter (Orion 5 Star).   

A jar test apparatus (Velp Scientifica FC6S) was used in order to determine the effectiveness of flocculant in 
the experimental conditions tested. It consists of a set of six beakers, which can be stirred simultaneously at 
specified speed. The flocculation tests consisted of t hree stages. First, the flocculant was added to the 
suspension and a rapid mixing was initiated. The objective is to obtain complete mixing of the flocculant with 
the suspension to maximize the effectiveness of destabilization of colloidal particles and initiate flocculation. 
Critical parameters for this stage are the rapid mixing time (duration) and the rapid mixing rate (intensity). 
Second, the suspension was slowly stirred to increase contact between flocculating particles and to facilitate 
the development of large flocs. In each experiment, a 10 minute slow mixing at 30 rpm was applied.  Finally, 
mixing was terminated. The flocs are allowed to settle at predetermined settling times and then the turbidity 
of the supernatants was measured.  

The turbidimeter (HF Scientific) was used to measure the residual turbidity. The turbidity is expressed in 
NTU (Nephelometric turbidity units). The initial turbidity of the samples were determined as 306 NTU for 
0.1% solid ratio sample, 2496 NTU for 0.55% solid ratio sample and 4400 NTU for 1.0% solid ratio sample.   

2.1 Design of Experiments 
The surface response method RSM, using the Box-Behnken experimental design, yielded correlations 
between the residual turbidity of quartz suspensions and the five independent factors. The RSM involves an 
empirical model to evaluate the relationship between a s et of controllable experimental factors and observed results. 
Factors considered included the flocculant dosage (mg/l), rapid mixing time (min), rapid mixing rate (rpm), 
solid ratio (%) and settling time (min). They are represented by A to E, respectively. The low, middle and 
high levels of each variable were designated as -1, 0 and +1 respectively, as listed in Table 1. The 
experiments were carried out according to the BBD which is given in Table 2.  

Table 1. Factors and levels for experimental design using BBD 

Variables Ranges and coded levels 

-1 0 +1 

A: Flocculant dosage (mg/l) 0.02 0.41 0.80 

B: Rapid mixing time (min) 1 3 5 

C: Rapid mixing rate (rpm) 100 200 300 

D: Solid ratio (%) 0.1 0.55 1.0 

E: Settling time (min) 5 15 25 

 
Table 2. Box-Behnken design of five experimental variables in coded units 

 
Run 

Factors  
Run 

Factors 
A B C D E A B C D E 

1 -1 -1 0 0 0 24 0 -1 -1 0 0 
2 1 -1 0 0 0 25 0 1 -1 0 0 
3 -1 1 0 0 0 26 0 -1 1 0 0 
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4 1 1 0 0 0 27 0 1 1 0 0 
5 0 0 -1 -1 0 28 -1 0 0 -1 0 
6 0 0 1 -1 0 29 1 0 0 -1 0 
7 0 0 -1 1 0 30 -1 0 0 1 0 
8 0 0 1 1 0 31 1 0 0 1 0 
9 0 -1 0 0 -1 32 0 0 -1 0 -1 
10 0 1 0 0 -1 33 0 0 1 0 -1 
11 0 -1 0 0 1 34 0 0 -1 0 1 
12 0 1 0 0 1 35 0 0 1 0 1 
13 -1 0 -1 0 0 36 -1 0 0 0 -1 
14 1 0 -1 0 0 37 1 0 0 0 -1 
15 -1 0 1 0 0 38 -1 0 0 0 1 
16 1 0 1 0 0 39 1 0 0 0 1 
17 0 0 0 -1 -1 40 0 -1 0 -1 0 
18 0 0 0 1 -1 41 0 1 0 -1 0 
19 0 0 0 -1 1 42 0 -1 0 1 0 
20 0 0 0 1 1 43 0 1 0 1 0 
21 0 0 0 0 0 44 0 0 0 0 0 
22 0 0 0 0 0 45 0 0 0 0 0 
23 0 0 0 0 0 46 0 0 0 0 0 

The independent variables and the mathematical relationship between the response Y and these variables can 
be approximated by a quadratic polynomial equation (1):  

ܻ = ܾ0 + ܣ1ܾ + ܣ2ܾ + ܣ3ܾ + ܣ4ܾ + ܣ5ܾ + ܤܣ12ܾ + ܥܣ13ܾ + ܦܣ14ܾ + ܧܣ15ܾ + ܥܤ23ܾ + ܦܤ24ܾ +
ܧܤ25ܾ + ܦܥ34ܾ + ܧܥ35ܾ + ܧܦ45ܾ + 2ܣ11ܾ + 2ܤ11ܾ + 2ܥ33ܾ + 2ܦ44ܾ +                                                    (1)                              2ܧ55ܾ

Where; Y is the predicted response variable (turbidity), b0 is the model constant, b1 – b5 linear coefficients, 
b12, b13, b14, b15, b23, b24,  b25, b34, b35, and b45 are the cross product coefficients and b11, b22, b33, b44 and b55 are 
the quadratic coefficients [28]. Factors and levels and Box-Behnken design of five experimental variables in 
coded units are given in Table 1 and Table 2 respectively.  

3. RESULTS AND DISCUSSIONS 

3.1 Model Fitting 
The residual turbidity values obtained and predicted by the BBD model in each experiment are presented in 
Table 3. Analysis of t he Box-Cox plots showed that residuals could be reduced significantly by a log 
transformation since the residual turbidity values has broad range of response from 3.3 to 62 NTU.  

Table 3. Response results and predicted turbidities in supernatants 

 
 

Run 

Turbidity Ln of 
Turbidity 

 
 

Run 

Turbidity Ln of 
Turbidity 

Obs. Pre. Obs. Pre. Obs. Pre. Obs. Pre. 
1 57 48.13 4.04 3.84 24 19.2 25.79 2.95 3.12 
2 38 26.15 3.64 3.34 25 7.5 6.31 2.01 1.86 
3 27 32.90 3.3 3.27 26 3.5 10.42 1.25 1.83 
4 11 13.93 2.4 2.28 27 3.3 2.44 1.19 1.45 
5 14 16.76 2.64 2.86 28 9.3 22.97 2.23 3.06 
6 19.8 13.79 2.99 2.54 29 21.7 36.04 3.08 3.81 
7 15 20.71 2.71 2.93 30 62 53.82 4.13 4.10 
8 7.5 4.44 2.01 1.56 31 7.3 -0.21 1.99 1.86 
9 16 19.63 2.77 2.71 32 18.5 13.86 2.92 2.56 
10 5 5.66 1.61 1.91 33 3.8 3.30 1.34 1.62 
11 15 19.38 2.71 2.75 34 17 12.92 2.83 2.49 
12 4.5 5.91 1.5 1.91 35 4.2 4.23 1.44 1.73 
13 53 47.39 3.97 3.98 36 34 35.95 3.53 3.41 
14 19 19.46 2.94 3.18 37 16.3 14.47 2.79 2.63 
15 31.6 30.31 3.45 3.08 38 32.5 34.94 3.48 3.39 
16 12.5 17.29 2.53 2.39 39 16.8 15.47 2.82 2.69 
17 17.2 15.18 2.84 2.84 40 32 24.55 3.47 3.00 
18 7.9 10.68 2.07 2.20 41 16 4.52 2.77 2.07 
19 17.2 13.38 2.84 2.68 42 8.9 15.55 2.18 2.44 
20 11.5 12.48 2.44 2.42 43 5.5 8.13 1.7 1.73 
21 4.6 6.69 1.52 1.78 44 7 4.29 1.95 1.59 
22 4.6 6.69 1.53 1.78 45 7.2 4.29 1.97 1.59 
23 4.8 6.69 1.57 1.78 46 4.8 4.29 1.57 1.59 

The Box-Cox plot provides a guideline for selecting the correct power law transformation (y’ = yȜ).. For this 
reason, the dependent variable produced after transformation transformation was named as Ln (Turbidity).  



After evaluation of e xperimental results, a quadratic function for the residual turbidity in terms of c oded 
factors was obtained with a determination coefficient of 0.84 (R2) and hence correlation coefficient of 0.9165 
(R) as:  

(ݕ𝑖𝑖݀𝑖𝑖𝑡𝑡ܾݎݑܶ)݊ܮ = 1.68− ܣ0.37 − ܤ0.41 − ܥ0.42 − ܦ0.23 + ܧ0.012 − ܤܣ0.12 + ܥܣ0.03 − ܦܣ0.75 +
ܧܣ0.02 + ܥܤ0.22 + ܦܤ0.05 − ܧܤ0.01 − ܦܥ0.26 + ܧܥ0.04 + ܧܦ0.09 + 2ܣ1.15 + 2ܤ0.25 + 2ܥ0.23 +
2ܦ0.47 +  (2)                                                                                                                                              2ܧ0.29

According to this result, the 84 % of the variance can be explained by Eq. 2 and 16% of the variance could 
not be defined by the model. 

3.2 Main Effects of Parameters 
The main effect of i ndividual variables of A, B, C, D and E and the perturbation plot which shows the 
comparison of all factors are plotted in Fig. 2 (a-e) and Fig. 2(f) r espectively. In Fig. 2 (a-f), the log 
transformed residual turbidity is plotted by changing only one factor over its range while the others held 
constant at their center points. Therefore, both individual and perturbation plots show the main effects of 
these parameters on residual turbidity at center points of parameters. All individual variables were found to 
have their own important effect of residual turbidity. It is seen that variables have a curvature effect indicating 
that the turbidity removal by quartz flocculation within the investigated ranges of va riables could be 
adequately explained by a second order model used in this study. Since the flocculation is considered as a 
second order rate process, the quadratic model by BBD can adequately describe the flocculation of qua rtz 
suspensions within the ranges of variables tested. According to the main effects plots in Fig. 2, the flocculant 
dosage, A, was the most effective parameter (Fig. 2.a). Initially, the residual turbidity decreases as the 
increasing of A and thereafter again increases. Altered rapid mixing time (B) and rapid mixing rate (C) affect 
the residual turbidity. An increase in these operating variables results in an improvement supernatant turbidity 
as seen in Fig 2 (b-c). While keeping the all parameters at their middle values, solid ratio had a quadratic 
effect on residual turbidity as shown in Fig. 2(d). Settling time (E) had less a l ittle curvature effect on the 
response (Fig. 2.e). However, it is not very significant statistically in the investigated range. 

 

 
Figure 2. Main effects of flocculation variables (a-e) and perturbation plot for the response (f). For each factor, the 

remaining factors have held at their middle levels. 

3.3 Interactions Between Factors 
Figure 3 (a-i) shows the second order interactions among the factors and curvature effects as predicted by the 
second order model. The log transformed residual turbidity is plotted by changing only one factor over its 
range while the others held constant at their center points in Fig. 3 (a-i). It should be noted that the response 
variable values plotted as a function of on e operating parameter over a range of v alues and the other 
parameter at two levels indicate the parameter interaction effects. In other words, lines in parallel indicate no 
parameter interaction effects between the two variables considered. Fig. 3 shows that there are no significant 
interactions between the variables represented on these plots. The most efficient interaction was found 
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between flocculant dosage (A) and solid ratio (D) and it is given in Fig. 4. However, we can see that altered 
the process variables from their low values to high values affect the responses significantly (Figs. 3.a, 3.b, 
3.d, 3.e and 3.g). On the other hand, changing settling time from 5 min. to 25 min. did not affect the responses 
considerably since the flocs quickly settle out within the first 5 minute (Figs. 3.c, 3.f, 3.h and 3.i). 

In the interaction plots presented in Fig. 3, we can see the effect of rapid mixing rate and time on the residual 
turbidity of quartz suspensions achieved. In Fig. 3(a, b, d, e, f, g and h) it can be seen clearly that increasing 
rapid mixing rate from 100 to 300 rpm and increasing the rapid mixing time from 1 to 5 minutes reduces the 
supernatant turbidities of qua rtz suspensions.  These plots indicate that higher turbidity removal can be 
achieved by keeping the rapid mixing time and rate at their maximum values when the other variables held 
constant at their middle values. The first stage of f locculation process is to add the flocculant to the 
suspension and then a rapid and high intensity mixing is initiated. Reference [7] states that the initial mixing 
intensity and the mixing time are the most important parameters in the determining the size of the flocs 
formed and rapid mixing conditions can have major effects on the flocculation process [7]. The flocculants 
are usually added as fairly concentrated and viscous solutions during the flocculation process. Therefore, 
intense mixing is needed to achieve rapid and uniform distribution of the polymer molecules throughout the 
suspension [29].  T he objective is to obtain complete mixing of t he flocculant with the suspension to 
maximize the effectiveness of destabilization of suspended particles. The effects of fa st stirring rate on 
flocculation process are well known and some detailed studies have been carried out ([22]-[26]). Reference 
[7] showed that the poor performance of a flocculation process in the many applications could be attributed to 
inadequate mixing [6]. If the fast mixing rate is not enough, the flocs are hardly grow and longer flocculation 
time is required. Insufficient mixing can also lead to local overdosing and restabilization of some particles, 
which is responsible for the residual haze in suspensions ([22]-[24]). On the contrary, too high intensity of 
mixing rate and long mixing time may cause breakup of f locculated flocs and this may cause detrimental 
effects on flocculation [30]. According to Fig. 3d, at constant solid ratio, flocculant dosage and settling time, 
more stirring time is required at low stirring rate of 100 rpm to achieve the same turbidity in the supernatant 
solution. However, at highest stirring rate of 300 rpm, residual turbidity remains almost constant after 3 min 
fast mixing time.  
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Figure 3. Interaction plots showing effects of flocculation parameters on  residual turbidity. For each pair of factors, the 
remaining factors have held at their midpoint values. 

The effects of fast mixing rate/time and solid ratio on residual turbidity are shown in Fig. 3e and 3g when the 
other variables held constant at their midpoints. As seen in these plots, there are no clear interactions between 
rapid mixing rate-solid ratio and rapid mixing time-solid ratio parameters. Increasing rapid mixing time 
decreases the residual turbidity for all solid ratios but it has a more pronounced effect for the higher solid 
ratio at constant mixing rate of 200 rpm, flocculant dosage of 0.41 mg/l and settling time of 15 minutes (Fig. 
3e). In addition, higher turbidity removal was achieved with increasing rapid mixing time from 1 min. to 5 
min. Confirming these findings, it was shown that the effects of mixing conditions are much more apparent 
for suspensions with higher solid concentrations ([22], [23],[ 26]). Also, these findings confirmed that 
flocculation is a second order rate process and flocculation rate depends on the square of particle 
concentration [29]. These may due to the higher collision probability which causes adsorption of flocculant 
molecules onto particle surfaces and flocculation of pa rticles for the higher particle concentrations. It is 
possible to achieve the same turbidity values at rapid mixing rate of 100 rpm for all solid concentrations but 
less turbidity are accomplished by increasing the mixing rate for the solid ratio of 1.0% while the residual 
turbidity values remain almost constant for the solid ratio of 0.1% (Fig. 3g).These results may be attributed to 
the increase in collision probability between the quartz particles and flocculant at higher solid concentrations 
[30].  

The effects of flocculant dosage and solid ratio on residual turbidity while keeping the other variables at their 
midpoint levels are shown on the interaction and contour plots in Fig. 4.  

                 

Figure 4. Interaction graph (left) and contour plot (right) of residual turbidity showing effect of solid ratio and flocculant 
dosage. The other variables are held constant at their midpoint levels. 

As seen from these plots, there is an important interaction between the solid ratio and flocculant dosages. The 
residual turbidity is decreased with increasing flocculant dosages then increases again after a critical 
flocculant dosage for the both low and high solid ratio. As seen, less amount of flocculant is sufficient for the 
solid content of 0.1%. It is well known from the literature that, the optimum polymer dosage generally 
increases proportionally when particle concentration increases [29].  These critical flocculant dosages indicate 
the half surface coverage point described by References [2] and [31]. Excess amount of flocculant higher than 
optimum dosages starts to reverse effect on the residual turbidity for all solid concentrations. In Fig. 3a and 
3b, we can see similar effect of flocculant dosage with rapid mixing speed and time and on the supernatant 
turbidity at constant solid ratio of 0.55% and settling time of 15 m inutes. In these figures, residual turbidity 
decreases with increasing of flocculant dosage up to an optimum dosage and then increase again with over 
dosage of flocculant.  
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3.4 Simplified Model for Residual Turbidity 

Since some terms of the model in Eq. (2) do not statistically significant at 95% significance level, removal of 
them did not chance the R2 significantly and a simpler model containing less parameter was obtained for 
estimating the residual turbidity. The other model terms in Eq. 3 w ere obtained after removing the 
insignificant terms (Prob >F more than 0.1) in Eq. 2 for the model improvement by applying backward 
elimination procedure.. Final second order equation in terms of coded factors for the supernatant turbidity 
estimation was obtained as:  

(ݕ𝑖𝑖݀𝑖𝑖𝑡𝑡ܾݎݑܶ)݊ܮ = 1.68− ܣ0.37 − ܤ0.41 − ܥ0.42 − ܦ0.23 + ܧ0.012 − ܦܣ0.75 2ܣ1.15++ + 2ܤ0.25 +
2ܥ0.23 + 2ܦ0.47 +                                                                                                 (3)                                              2ܧ0.29

According to the interaction effect analysis, flocculant dosage and solid ratio (AD) on supernatant turbidity 
were found s tatistically significant compared to other interactions between variables. The determination 
coefficient, R2, hence correlation coefficient, R, were calculated to be 0.82 and 0.9055 respectively.   

4. CONCLUSIONS 
Flocculation is defined as a second order rate process. This study confirmed the quadratic effects of 
investigated parameters on the residual turbidity of quartz suspensions resulted from jar test of flocculation 
process and showed that the mixing conditions (rapid mixing rate and time) and flocculant dosage had a great 
influence on the flocculation process. The second order equation obtained from the BBD method can be used 
to determine the optimum flocculation conditions of quartz suspensions within the investigated ranges of 
variables. 
The second order effect of flocculant dosage (A2) was found t o be the most significant factor to have the 
largest effect on supernatant turbidity and this was followed by the linear effect of rapid mixing rate (C), 
linear effect of rapid mixing time (B), the two level interactions between flocculant dosage and solid ratio 
(AD), the linear effect of flocculant dosage (A), the second order effect of solid ratio (D2). Moreover the main 
effect of solid ratio (D), the second order effect of settling time (E2), the second order of rapid mixing time 
(B2) and the second order of r apid mixing time (C2) were determined to affect the residual turbidity of 
suspensions. It should be realized that this order of significance is valid strictly within the range of parameter 
values tested in this study. 
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Abstract 
An intercooler, placed between the intake manifold and turbocharger, is a utility used to cool the heated air as a result 
of compression of the turbo in turbo-charged engine. Using an intercooler allows more air to be heated as a result of 
compression of the Turbocharger and enters into the cylinder in the engine block. This way, with the pressure provid-
ed by the turbocharger the intercooler contributes to a power increase. The maximum engine power can be achieved 
with the help of coldest air entering the engine. Therefore, a larger size intercooler means more air molecules can 
take to send more cold air into the engine. Thus, increase of the air quantity obtained by cooling results in increased 
fuel economy and engine power and so, allows the improvement of durability and reduction of emissions. In order to 
receive the output expected from the intercooler, the intercooler si]ing, geometric shape and type of the fins must be 
well designed. In this study the intercooler size, type of surface and its thermodynamic parameters were studied for 
diesel engine. $ccording to the obtained results, louvered surface type on airside and Àat surface type on the gas�side 
were found to be the best choice for design. When it was designed, it was observed that fuel consumption is reduced 
about 4%, the effective power is increased by about 18 kW and the heat discharged from the exhaust has fallen 1%.
      
Keywords:  Inter-cooler, Parametric study, Engine
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1. INTRODUCTION 
The intercooler; a device disposed between the turbocharger and the engine intake manifold heat exchanger is 
meant to do the cooling. Intercooler is a cooling device used to cool the heated air that is result of t he 
compression of the turbo-charged turbo engines. Turbo compression as a result of heated air, so the hot air 
through the intercooler cooling by increasing air density, which helps to cool more air molecules enter into 
the cylinders in the engine block. Cooling and increasing gas intake manifold air molecules heats the air is 
taken in from here again and subjected to compression. The heated air expands. So it is the result of previous 
warming of the air going into the engine from the turbo pressure increases. To ensure the power rollers need 
to increase more air molecules is not enough just to increase the power of the engine pressure [1]. Motor 
revenues will be at the highest power that we can get the cold weather. This causes the intercooler to their 
large size always means that more air molecules can parse and send to colder air motor. Thus, by providing 
an increased amount of air and cooling; 

1) improving fuel economy, 
2) Increasing the engine power, 
3) increasing the motor resistance, 
4) Reduction of good combustion engine gas emissions, in particular, is improved [1]. 

All turbocharged air before entering the engine cylinders in the engine after the explosion in the air passes 
through an intake air filter element means turbocharger intercoolers and sent from there. Suffered 
compression heats the air, the heated air expands and causes the warming of t he air from the turbo is not 
being hot is due to undergo compression. Intercooler compressor as high-pressure and density increase, but 
also increases the air temperature. This increase in temperature increases the volume of air. Nevertheless, the 
main problem of higher air temperature is producing the engine combinations. This solution is used as an 
intercooler. Temperature rise in the compressor calculated by the following equation. 

T2/T1= (P2/P1)k-1/k                T2=T1*(P2/P1)0.286 

T1 = absolute temperature of the air entering the compressor 
T2 = the absolute temperature of the air exiting the compressor 
P1 = absolute pressure inside the compressor 
P2 = absolute pressure at the outside of the compressor 

However; temperature, the compressor must be replaced by adiabatic efficiency. Therefore, the actual 
temperature rise; 

∆T=Nab = compressor efficiency is defined as the adiabatic  

2. FOR INTERCOOLER FINS USED, THERE ARE VARIOUS GEOMETRIC SHAPES 
TUBES TESTED 

1)  Rectangular longitudinal wings, 
2)  Triangular cross-section longitudinal wings, 
3)  Parabolic profiled longitudinal wings, 
4)  Rectangular circular wings, 
5)  Hyperbolic profiled circular wings, 

        6)     Dimensional parabolic longitudinal wings, 
        7)    in the heat source with a bar, 
        8)Both sides heat given width, length and thickness. [2];       

To assess their performance compared to bodies and surfaces, two factors must be considered. They are [3]; 

a) Activity; the amount of heat transferred from the fin surface is the ratio of the amount of heat transferred to 
the bottom surface side. 

b) Efficiency; the heat transferred from the fin surface is transferred into a substrate temperature equal to any 
temperature heat is the ratio of the fin. 

An intercooler temperature will reduce the charge entering the engine in the following situations [4]. 

1-Motor will receive between 15-20% more power. 
2-Engine will be less prone to detonation. 
3-Lower inlet temperatures will also give about the same amount of exhaust temperature as the exhaust 
temperature that comes with longer exhaust valve and turbocharger life. 
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3. SUPERCHARGING PRINCIPLE  
Supercharging pressure also results in increases temperature and density. However, if the density of cooled 
air before entering the cylinder filling can be increased. This is accomplished by a so-called intercooler. Thus, 
the same filling pressure would be provided more air into the cylinder[5]. 

In supercharged engines, three parts take place which are cooling the air cooler in filling out the intercooler`, 
the working principle of the heat exchanger, and water-to-air or air-to-air interaction [6]. 

4. INTERCOOLER STRUCTURE 
Intercooler consists of 3 parts [7,8]: 

1)  Air boilers,              2) Tubes (air channels),             3) Fins 

Air boilers are divided into the boiler input and output. They are usually placed on the right and left sides of 
the honeycomb. The boiler inlet and outlet port to ensure uniform distribution of the air to the tube are made 
in a shape widening toward. 

The tubes (ducts); the temperature on the air passing through the channels that are to be given to the flap. It 
is designed in such a way that a fin between two tubes. To provide better heat transfer by air turbulence vanes 
disposed on the inner tube. 

Fins; Heat on t he tube are cooled by air by allowing the transmission element. Surface areas of t he fins 
increases, the air-contacting surface increases. This point is a factor limiting the flap surface area. Intercooler 
is generally used as the material aluminum alloy. It is preferred for the reason of the aluminum alloy; too 
much aluminum heat transfer coefficient, inexpensive and considered to be mild. Intercooler boiler tubes and 
fins made of t he same material and are combined with Noclock Breyzing methods under heat. Intercooler 
usually arranged so that the front of the radiator and the radiator 2 to 3 cm range [9]. Intercooler valuations 
are taken into consideration while designing, limitations determined by the characteristics of the vehicle by 
the engine manufacturer companies. 

These are: 

1) intercooler inlet and outlet temperatures 
2) intercooler size 
3) intercooler airflow passing 
4) intercooler cooling power 
5) Compressor efficiency 
6) Turbine efficiency 

5. INTERCOOLER SIZING AND PARAMETRIC CALCULATIONS 
The technical specifications of the motor used 

Cylinder bore (D) 100 mm 

Stroke (S)  100 mm 

Number of cylinders  (İ) 4 

Compression ratio  (ε) 16,1 

The number of rotations - revolution (n) 2500 d/d 

The turbocharger pressure rise rate ( p )=Pk/Po 1.8 

Volumetric efficiency (ηv) 0.90 

Volumetric efficiency (λ) 1.7 

Fuel Diesel Engine  50 
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If possible, aluminum wing material within acceptable heat transfer coefficient between plates; 
k = 237 W/mK 

6.1. Heat transfer and the free flow areas 

 h h h
h

total h g

A b .βα =
V b + b + 2 . a

= Air Side; α h = 397.45 m2/m3 ; Gas Side ;α g  =  753.271m2/m3 

The total heat transfer area of both sides; 
Atop = αa . V             Aa,top = 4.689 m2                      A g,top = 10.15 m2 

 
The front contact surface area ratio of the flow field; 

σ = C

fr

A
A

 = α.r aσa,g = . hh
h

ra
4

that ;    σ a = 0.387 m2        σ g = 0.488  m2 

Fluid flows through the area; 
A c,a = σh . A frh = 0.075 m2        Ac,g = σg.  A frg = 0.019 m2located in the  

6.2. Fluid properties 
Then, firstly, to verify efficacy of approximately 0.75 can be considered [42]. Using this approach, the 
definition of effectiveness  

ε = 0.75   ε =  h hç h

min gg hg

C .(T - T )
C (T - T )

g  ,     for C air ≤ C gas ;   T airout = 350.75 K    Tgasout = 312.25 K  

The average air temperature; Ta,av = hg hcT + T
2

= 321.875 K  

Average Gas Temperature: Tg,av =    gg gçT + T
2

  = 341.125 K    

Table 2. The fluid (air-Gas) Specifications for Average Temperature 

 Air side Gas side 

µ, Pa.s 19.5x10-6Pa.s 20.4x10-6Pa.s 

Pr 0.708 0.706 

Pr 3/2 0.794 0.792 

Cp 1006 J/kgK 1008 J/kgK 

 
The specific heat values in the above table can be adjusted for dry air and moist air; 
Humidity = 0.015 kg H2O /kg dry air admission is made, X c, w = 1.013 
According to this; C phcorrection = X c,wCph =1019 J/kgK      C pgcorrection= X c,wCpg =1021.1 J/kgK 
For verification then accepting a pressure drop of 2% would be carried out if both parties accordingly; 
Air (cool) side output pressure; Pad = Ph – (Ph x 0.02)    Phd = 9.93 x 104  
Gas (hot) side output pressure; Pgd = Pg – (Pg .x0.02)      Pgd = 1.764 x 10 5 

Specific volumes of input and output for both sides; calculated from the ideal gas equation. 
The intensity of the necessary adjustment for humidity Figure 'Read correction factor is multiplied by ten. 
Xc,wd= 0.992 [9] 
Specific volume is calculated as follows; 
R = 8.314 J / molK                 M = 28,996.10-3 kg / mol, including 

Air Side;v a,in.out = hg

hg cwd h

(R/M).T1 =
ρ X .P

     v a,in= 0.837 m3/kg v a,out = 1.022 m3/kg 
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va,m = hg hç 3
V + V

= 0,929 m /kg
2

&
 

Gas Side; v g,in.out = gg

gg cwd g

(R/M).T1 =
ρ X .P

;   v g,in=0.595 m3/kg   v g,out = 0.512 m3 /kg    

V g,m = gg gç 3V + V
= 0,553 m /kg

2
 

6.3.  The presence of the Reynolds number 
If the input and output temperature of a radiator in the normal difference in sizeΔt = 20 ˚C   is considered the 
amount of heat transferred from the coolant Qc = 51583 J/s and Cpsu = 4179 

Air flow =
h

Re = h

h

.4r Gh

m
  ;

h
Re = 1.899 x 10 3   Gas flow rate gRe h g

g

.4r G
m

=  ; gRe  = 680.5456.4.  

Stanton, Prandtl number and surface of the main characteristics 

Air side;  St. 
2

3

Pr air= 9.155 x 10-3      f a= 0.043  Sta = 0.012 

Gas side;   St. 
2

3Pr gas = 7.395 x 10 -3       fg = 0.032       Stg = 9.337x 103 

6.5. Heat transfer coefficients 

Air Side;       hh= Sth. Gh. Cph    hh= 96.012 W / 2m .K 

Gas Side;       hg= Stg. Gg. Cpg     hg= 50.447 W/ 2m  

6.6. Wing effectiveness of 

Air SideCold End;   mh = ට 2݄݄
−݇ ݄ߜ.

  ;   mh = 73.01 m-1 ;
fh

h  = 
tan  m  

m
h h h

h h

l
l fh

h = 0.982                                                                                                                                             

Gas Side (Hot Party);  mg = ට 2݄݃
−݇ ݃ߜ.

    ;   mg = 52.922 m-1
fgη  = 

tanh m  
m

g g

g g

l
l fgη  = 0.984                                                                            

6.7.Surface effectiveness of 
Surface effectiveness can be found using the following formula. 

. ohh =1- ( )A
1

A
ah

fhh- air side;  ohh = 0.989    gas side;  ogh = 0.986                                                                               

 6.8. The overall heat transfer coefficient 
All these parameters are no longer found after calculating a total heat transfer coefficient 

0h h g g 0g g

1 1 1= +
U η .h (A /A ).η .h

          U = 50.463 W/ 2m .K 

6.9.NT and the heat exchanger effects 
Air Side Heat Capacity; Cairn = Wair.Cp correction = 628.944 kW/K 
Gas Heat Capacity of Parties; Cgas = Wgas.Cp correction  =102.78 kW/K 
Rates of capacity; 

gaz

hava

min

max

CC
=

C C
min

max

C
= 0,163

C
hhtop

tu,maks
min

A .U
N =

C tu,maksN  = 2.302               
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In addition, using this case Nti and heat capacity ratio B from the effectiveness of the graph in Figure B.1.ε = 
0.88 when read 
Reformulated (6.6.) Output temperatures for each side using the calculated similarly 
Tair= 360.76 K                      Tgasout= 302.24 K 
    (Cold)                                         (hot) 
Wherein the hot side outlet temperature of the air to the intake manifold will be important for us because at 
this temperature. Inlet temperature of t he intake manifold according to calculations made previously was 
required to be 303 K. According to this result, the selected type and size of heat exchanger is provided this 
requirement are suitable. 

6.10.Pressure drop 
Before the calculation 

൬ܣ𝑎𝑎𝑡𝑡ܿܣ𝑎𝑎 ൰ 𝑎𝑎𝑖𝑖ݎ = ൬ ݈
ݎ݄ 𝑎𝑎

൰ = 62.64     ൬݃ܣ𝑡𝑡݃ܿܣ ൰݃𝑎𝑎ݏ = ቆ ݈
ݎ݄ ݃

ቇ = 534.21 

 
Air-side  Gas side 

Kch = 0.52 Kcg = 0.55 
Keh = 0.30 Keg = 0.20 

Acceleration due to gravity is assumed to be 9.81 m/s2; 
 
 
 
Air-side;  

'Ph Gh2 Vhg
2 g� Ph�
� Kch 1+ σh

2
−� � 2

Vhg
Vhç

1−§̈
©

·̧
¹

�+ fhite
Ahtop
Ach

�
Vhort
Vhg

�§̈
©

·̧
¹

+ 1 σh
2

− Keh−� � Vhg
Vhç

§̈
©

·̧
¹

−ª«
¬

º
¼

�� =

 
ቀο݄ܲܲ𝑖𝑖 ቁ =1.033x104    =    �  0.103     

Gas side; 

'Pg Gg2 Vgg
2 g� Pg�
� Kcg 1+ σg

2
−� � 2

Vgg
Vgç

1−§̈
©

·̧
¹

�+ fgite
Agtop
Acg

�
Vgort
Vgg

�§̈
©

·̧
¹

+ 1 σg
2

− Keg−� � Vgg
Vgç

§̈
©

·̧
¹

−ª«
¬

º»
¼

�� =

 

ቀο ݃ܲ
ܲ𝑖𝑖
ቁ = 8.19x10-5  =� 0.0819       results obtained. 

 
In this study, the intended intake manifold filling gas temperature (303 K) to obtain the intended intercooler 
sizes, the size of the flaps used and sectional images is shown in the Figures. 
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Figure 1; is designed intercooler                                                                Figure 2; is designed intercooler      
The fins on the air Party Appearance                                                         The fins on the gas Party Appearance 
 
Table 3; parameter values used in the fin study 

 
 

7. GEOMETRICAL CROSS-SECTIONAL SHAPE OF 
THE FINS USED IN THE STUDY[9] 

 

 Air Side Gas Side 

Surface 3/8-60.6 9.03 11.1 14.77 15.08 19.86 

Plate spacing (b), m 6.35x10-3 20.90x10-3 6.35x10-3 8.38x10-3 10.62x10-3 6.35x10-3 

Hydraulic Radius 4rh ,m 4.453x10-3 4.64x10-3 3.08x10-3 2.59x10-3 2.67x10-3 1.875x10-3 

Fin thickness (δ),m 0.152x10-3 0.203x10-3 0.152x10-3 0.152x10-3 0.152x10-3 0.152x10-3 

Transferarea/Volume 
between plates (β) 

840m2/m3 800.5m2/m3 1204m2/m3 1378.0m2/m3 1358.3m2/m3 1840.6m2/m3 

Fin or extended 
area/Total area 

0640 0.888 0.756 0.844 0.870 0.849 
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Table 4. The comparison of the calculated results table 

Air Side 
Plate-fin 
surfaces,  
louvered 

fins 

 
Gas side 

Plate-fin surfaces, Plain fins 

Surfaces  Code  3/8-6.06 14.77 9.03 11.1 15.08 19.86 

 
Calculated Fluid 

specification 

cp, J/kgK 1019 1021.1 1021.1 1021.1 1021.1 1021.1 

 
Pe, Pa 

 
9.93x104 

 
1.764x105 

 
1.764x10

5 

 
1.764x105 

 
1.764x105 

 
1.764x105 

 
 

Reynolds numberRe 

1899 680.545     
3428.1  839.3    
1638.3   877.6   
2194.5    613.8  
1638.2     574.44 

 
   

St.Pr2/3 

9.155x10-3 7.395x10-3     
3.10x10-3  6.69x10-3    
9.506x10-3   5.664x10-3   
2.253x10-3    8.04x10-3  
9.50x10-3     8.66x10-3 

 
 

Heat transfer coefficient, W/m2K 

101.2 51.10     
59.69  31.83    
87.7   37.81   
22.06    38.5  
87.7     69.75 

Fin factor 0.982 0.984 0.995 0.996 0.991 0.992 
Surface factor 0.989 0.986 0.993 0.989 0.992 0.991 

Total heat transfer coefficient, W/m2K  50.463 37.03 30.95 18.1 31.56 
 
 

Exit temperature 

360.76 K 302.24 K     
337.6 K  325.3 K    
349.2 K   313.7K   
337.6 K    325.4 K  

345 K     317K 
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8. CONCLUSIONS AND RECOMMENDATIONS 
Theoretical calculations are done for modifying the intercooler for improving the performance value of the 
existing tractor engine in this study. This study is presented below in the form of c onclusions and 
recommendations obtained from the results of computer calculations. 
 
The performance of the engine used for the calculations at high speed while (2500`d / d) and Intercooler in 
charge air outlet temperature of 370 K from 303 K by comparison to reduced specific fuel consumption and 
consequently characteristic calculation was determined the effectiveness of inter-cooling method. Since 
turbocharger outlet gas temperature is high, the engine will be absorbed into the cylinder with turbocharger to 
affect the volume of t he filler aircraft engines to reduce the temperature of t he turbocharger, exhaust gas 
between the block, so to increase the volume of charge air intercooler is needed in the design. 
 
Because it is important at the same time in the fins of the geometric structure of the area where the intercooler 
cover over the motor if the key is that thought and air intake design,  intercooler size needs to be done in the 
best possible way to achieve the desired engine block inlet temperature. 
The above characteristics were compared to data presented diesel engine intercooler taken on the basis of the 
parametric values of the most commonly used size available on the market as a result of geometric design of 
the fins kept constant effective survey data. 
 
0.07 x 0.55 x 0.35 m is the size of the intercooler designed to achieve the intended temperatures have been 
identified. Fin design, derived from literature for research to airside louvered fin intercooler 3/8 to 6.06  as the 
selected surface design, has been preferred for the gas side. These results were compared with 9.03; 11.1; 
14.77; 15.08; 19.86.  Fin surface design structure was presented in the tables on comparisons of the results 
obtained by the calculations. When the 14.77 type of side surface design is used, the cylinder air temperature 
in the intake manifold of the engine is dropped from 370 K from to a value of 302.24 K. 
 
  The study design dimensions and geometric finned intercooler in the cylinder air filling the temperature in 
the engine's intake manifold, 370 K from 302.24 K-value of lowering the engine speed up to 2500 rev / d, 
while the decrease in the specific fuel consumption, the effective power is increased, the increase in torque, 
the heat from the effective work equivalent rises, the heat expended for cooling is reduced when discharged 
from the exhaust heat is low, the combustion is reduced in the last temperature, an increase of combustion 
pressure and expansion end pressure and the indicated pressure to very low TA though some value change 
results such as an increase was determined. 
According to the study results, the modified engine with turbocharger, for increasing the inlet temperature of 
the reduction of the intake manifold and engine performance of engines for improving parametric values are 
recommended Intercooler. 
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Abstract 
Condensation is an important phenomenon in many industrial applications. Condensation occurs 
when the temperature of a vapor is reduced below its saturation temperature. Small hydraulic diame-
ter, multi-port extruded aluminum tubes are widely used in automotive refrigerant condensers. Applica-
tions of condenser have been developed for heat transfer in small diameter tubes having rectangular shapes. 
This study provides condensation heat transfer data for R-134a in small hydraulic diameter plain extruded three alu-
minum tubes, having different rectangular ports for 1.26 mm, 1.82 and 2.64 mm of hydraulic diameters. Condensation 
heat transfer are obtained � NW�m� heat Àux for �������� Ng�m�s mass velocity and ������ vapor qualities at �� o& 
and 65 oC saturation temperature. The experimental data are compared with the Shah correlation. Condensation coef-
ficient is over�predicted with a mean absolute deviation of ��� and ��� at �� o& and �� o& respectively by the 6hah 
correlation. $ new modified the 6hah correlation is presented for small hydraulic tubes by changing constant to �.�.
      
Keywords:  Condensation, Heat transIer, 0odi¿ed 6KaK Correlation, 6mall K\draulic diameter



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
Condensation is an important phenomenon in many industrial applications. Condensation occurs when the 
temperature of a vapor is reduced below its saturation temperature. In e quipment such as air-conditioning 
condensers, this process takes place when the vapor flows in a tube that is cooled by an exterior fluid such as 
air. As the vapor condenses inside the tube, its latent energy of the vapor is released, heat is transferred to the 
tube wall, and the condensate formed. Substantial advances have been made in enhancement of fi lm 
condensation. The surface geometries of interest include horizontal and vertical tube orientations. A number 
of enhancement geometries have been identified and tested that many of which are described by Webb [1] 

There have been many correlations or models to predict condensation heat transfer coefficient inside tubes, 
such as those obtained by, Boyko et al. [2], Soliman et al. [3], Cavallini et al. [ 4, 5], Bandhauer et al. [6], 
Garimella [7], Shah [8, 9] etc. Some of the investigators obtained heat transfer correlations based entirely one 
empirical method while others used a semi-analytical approach. Many of the empirical correlations do not  
include sufficient variables to describe the condensate flow, and the functional dependencies. Conversely, the 
semi-analytical and analytical approaches have usually given more accurate results and also more involved 
results than the empirical methods. None of the mentioned models or correlations has found to be good for all 
tube diameters (1-40 mm) and wide range of saturation temperatures. These correlations were developed for 
large tubes that it’s have inside diameter greater than 7 mm hydraulic diameter. 

This study shows condensation heat transfer gradient for R -134a in a multi-port extruded three aluminum 
tubes, having different rectangular ports for 1.26 mm, 1.82 and 2.64 mm of hydraulic diameters. 
Condensation heat transfer are obtained 8 kW/m2 heat flux for 300-1000 kg/m2s mass velocity and 20-80% 
vapor qualities at 40 oC and 65 oC saturation temperature. The experimental data are compared with the Shah 
correlation. The condensation coefficient increases with decreasing hydraulic diameter for all tubes.  

Shah [8] and Cavallini et al. [4] correlations are popular correlations for use tubes. The Shah correlated 474 
data points for ten fluids covering a very wide range of parameters with a mean deviation of 15.4%.  Shah [8] 
recommended this correlation for general use provided all he following conditions are fulfilled uv> 3 m/s, 
Rel>350, Rev> 35000. The Shah correlation has been accepted for prediction of condensation in a plain tube. 
Dobson [10] correlation has been found t o predict refrigerant condensation data very well with the Shah 
correlation and he showed is very accurate for condensation heat transfer in a 3.14 mm inside diameter copper 
tube. But Yang and Webb [11] tested condensation heat transfer in a multi-port extruded aluminum tube with 
hydraulic diameter 1.33 mm and 2.64 mm at 65 oC saturation temperature. They found that the Shah 
correlation over-predicted the condensation coefficient by 50 - 80% respectively. Experimental data showed 
that condensation coefficient is over-predicted with a mean absolute deviation of 27% and 55% at 40 oC and 
65 oC respectively by the Shah correlation [12]. In t his study, a new modified the Shah correlation is 
presented for small hydraulic tubes by changing constant to 2.8 in the correlation. 

2. EXPERIMENTAL STUDY  

2.1. Tubes Tested 
Figure 1 shows photos of the tubes and Table 1 lists their geometrical dimensions. The descriptive code used 
to describe the code is as in the format X-YY-ZZ, where first digit (X) is the minor tube diameter, the second 
digits (YY) are the major tube diameter, and the third digits (ZZ) are the numbers of ports in the tube. 

 

 

a) Tube A, 3-16-12, (Dh = 1.26 mm)    b) Tube B, 3-16-8, (Dh= 1.82 mm)    c) Tube C, 3-16-4, (Dh = 2.64 mm) 

Figure 1. Photographs of tested  
 

Table 1. Dimensions of the tubes tested  

 
Description and Item 

Tube A Tube B Tube C 

3-16-12 3-16-8 3-16-4 

Number ports, Np (-) 12 rectangular 8 rectangular 4 rectangular 

Major diameter, w (mm) 18 16 16 
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Minor diameter, b (mm) 3 3 3 

Wall thickness, t (mm) 0.4 0.40 0.5 

Flow area , A c (mm2) 23.46 26.79 27.27 

Hydraulic Diameter, Dh (mm) 1.26 1.82 2.64 

Wetted Perimeter, P (mm) 74.32 58.92 41.36 

*Refer to Figure 1 

2.2. Test Facilities 
Figure 2 shows a schematic diagram of the test facility. It includes the test section, refrigerant system and 
water system. A cross-section view of the test section is shown in Figure 3. Refrigerant flows inside tube, 
with high velocity cooling water in the annulus. The test tube is 508 mm long and is centered within the water 

channel. The test section is designed such that the waterside heat transfer coefficient is larger than that of the 
refrigerant side. The water is flowed inside 1 mm wide annulus around the test section outer surface. An 
electric pre-heater controls the vapor quality entering the test section. The refrigerant is condensed against 
cooling water flowing in the annulus. The two-phase mixture leaving the test section enters a post–condenser 
and then the condensate is drained to the receiver. The sub-cooled refrigerant liquid is then passed through a 
dryer and a gear pump. The gear pump transports the liquid to the electric pre-heater. A flow meter installed 
between the gear pump and the pre-heater and measures refrigerant flow rate. The refrigerant flow rate is 
independently controlled by the gear pump. The inlet vapor quality is determined by the heat input to the pre-
heater, which is independently controlled. The test section saturation temperature is controlled by adjusting 
the cooling water flow rate to the post-condenser. The heat transfer rate is controlled by adjusting the 
temperature and flow rate of the cooling water. Thus, inlet the vapor quality, mass velocity and heat flux are 
independently controlled. 
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Figure 2. Schematic diagram of test facility  

 

 
Figure 3. Cross-section view of the test section 

 

Water is moved by a variable speed centrifugal pump and enters the annulus side of t he test section at a 
known temperature and flow rate. The water condenses the refrigerant flowing in the test section. The heated 
water leaves the test section and goes to a water-to-water heat exchanger. The cooled water goes to a storage 
tank, in which an electric cartridge heater is installed. The water is heated to the desired temperature. A 
turbine flow meter is placed between the pump and the test section to measure water flow rate. 

2.3. Data Acquisition and Equations  
The data measuring instruments consist of five thermistors, two pressure transducers for measuring absolute 
pressures, one differential transducer for measuring pressure drop and two turbine flow meters to measure 
refrigerant and water flow respectively.  

The modified Wilson plot method as described by Farrell et al. [13] was used to calibrate the annulus 
waterside heat transfer coefficient. The total heat transferred in the test section was determined from an 
energy balance on the water flow in the annulus: 

  

      (1) 

The vapor quality entering the test section (xin) is calculated from an energy balance on the pre-heater. The 
heat input to the refrigerant from the pre-heater (qr), is the sum of the sensible and latent heat. 

 

       (2) 

Where: 

      (3) 

       (4)  

The test section inlet quality (xin), which is also the pre-heater exit quality 
(xpre,out), is calculated from Equation (2), (3) and (4). 

 

     (5) 

 

The vapor quality change in the test section was given by: 

   

         (6) 
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Finally, the average quality in the test section was: 

 (7) 

 

The refrigerant side heat transfer coefficient was determined from the overall heat transfer coefficient and the 
calibrated annulus heat transfer coefficient (ha). The overall heat transfer coefficient (Uo) based on the outside 
area was provided by:

 
 (8) 

 

Where, ΔTln is the log-mean temperature. Assuming no fouling resistance in the annulus, the refrigerant heat 
transfer coefficient was determined by the equation: 

 

     (9) 

Where, Aavg is the average of the inside and outside areas of the tube, t is the tube wall thickness and k is the 
tube wall conductivity. Table 2 shows summary of test conditions. 

Table2. Summary of test conditions 

TUBE A 
3-16-12 

B 
3-16-8 

C 
3-16-4 

Fluid R-134a R-134a R-134a 

Tsat (0C) 40-65 40-65 40 

Mass Velocity (kg/m2-s) 300,600,1000 300,600,1000 300,600,1000 

Heat Flux (kW/m2) 8 8 8 

 

3. EXPERIMENTAL RESULTS 
The condensation heat transfer coefficient of R -134a refrigerant inside plain tube A, tube B and tube C,   
plotted as a function of the vapor quality are shown in Figures 4 for m ass velocities of G = 300, 600, 1000 
kg/m2s at 40 oC saturation temperature and constant heat flux (qıı = 8 kW/m2).  

The condensation coefficients increase with decreasing hydraulic diameter at 40 oC saturation temperature in 
the plain tubes. Figure 4 shows that the condensation heat transfer coefficient increases with increasing vapor 
quality and mass velocity for 40 oC saturation temperature.  

Vapor quality  x (%)
0 10 20 30 40 50 60 70 80 90 100

0

2

4

6

8

10

12

14

16

18

20

3-16-12, Dh=1.26 mm
3-16-4, Dh=1.82 mm
3-16-8, Dh=2.64 mm

Tsat = 40 
o
C

G=1000 kg/m
2
s

h 
(k

W
/m

2 
o C

)

q"=8 kW, R-134a

G=600 kg/m
2
s

G=300 kg/m
2
s

 

2/xxx inavg '−=



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

Figure 4. Condensation heat transfer coefficient in plain tubes at 40 0C. 

Like figure 4, the condensation heat transfer coefficient of R-134a refrigerant inside plain tube A and tube B 
plotted as a function of the vapor quality are shown in Figures 5 for m ass velocities of G = 300, 600, 1000 
kg/m2s at 65 oC saturation temperature and constant heat flux (qıı = 8 kW/m2).  

The condensation coefficients increase with decreasing hydraulic diameter in the plain tubes. Also figure 5 
shows that the condensation heat transfer coefficient increases with increasing vapor quality and mass 
velocity for 65 oC saturation temperature. 

4. NEW MODIFIED SHAH CORRELATION 
Shah [2] recommended this correlation for general use provided all he following conditions are fulfilled uv> 
3 m/s, Rel >350, Rev > 35000. The Shah correlation has been accepted for prediction of condensation in a 
plain tube. The experimental data are compared with the Shah correlation for condensation inside small 
diameter tubes in Figure 6. Condensation coefficient is over-predicted with a mean absolute deviation of 27% 
and 55% by the Shah correlation at 40 oC and 65 oC respectively as shown in Figure 6. 
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Figure 5.Condensation heat transfer coefficient in plain tubes at 650C. 
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Figure 6. Prediction of the condensation heat transfer for plain tubes using the Shah correlation at 40 oC and 65 oC. 
 

The over-prediction is more serious as the saturation temperature gets higher. Therefore, it is necessary to 
develop a new correlation for predicting condensation coefficient inside small diameter tubes. For review, the 
Shah correlation is repeated as follows: 

       (10) 

 

Where; the constant a and the exponent to the reduced pressure b are 3.8 and 0.38 respectively, Nu; Nusselt 
number (hD/k), Nul : liquid Nusselt number and Pre reduced pressure ratio (P/Pcritical). 

The reduced pressure range of Shah’s database used to develop the above equation was between 0.011 and 
0.44. Shah [8] recommended the general use of his correlation only in this range. The reduced pressure Pre is 
about 0.47 at Tsat = 65 oC for R-134a. It is marginally out of the range of the correlation. Shah [9] improved 
and extended his general correlation for heat transfer during condensation in plain tubes. But, this improved 
correlation stated that it has range of hydraulic diameter over 2 mm as same before his study.  An easy way to 
comply with the symposium paper formatting requirements is to use this document as a template and simply 
type your text into it. 

In this study, the results of experimental data’s analysis show that the constant a is 2.8 in Shah correlation. 
When the modified Shah correlation constant a changed by 2.8 instead of 3.8, result showed predictions of 
the condensation coefficient were found to be better than given by the original Shah correlation in the present 
study, The condensation coefficient is predicted very well with a mean absolute deviation of 8% b y the 
Modified Shah correlation at both the 40 oC and 65 oC predictions in shown Figure 7. 
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Figure 7. Prediction of the condensation heat transfer data for plain tubes using the Modified Shah correlation 

5. CONCLUSIONS 

x Heat transfer coefficients for R-134a condensation are reported for hydraulic diameters having 1.26, 1.82 
and 2.64 mm plain tubes.  

x The heat transfer coefficient for condensation increases with decreasing hydraulic diameter for tubes. 
x The data show that the condensation coefficients increase with increasing mass velocity and vapor 

quality. 
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x The Shah correlation can be used for small diameter tubes with the tube diameter down to 3 mm, but 
when the saturation temperature is getting higher, reduced pressure (Pred) increases over 0.44, it tends to 
fail and over-predict condensation heat transfer. 

x Condensation coefficient is over-predicted with a mean absolute deviation of 27% and 55% by the Shah 
correlation at 40 oC and 65 oC respectively.  

x Condensation coefficient is predicted very well with a mean absolute deviation of 8% by  using The 
Modified Shah correlation. 

x Modified Shah correlation is recommended to predict condensation heat transfer for smaller tubes than 3 
mm based on the hydraulic diameter. 
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Abstract 
As many underground mines have started to exploit reserves at deeper horizons and at locations remote from surface connec-
tions, it has become rather difficult to deliver adequate levels of airÀow at these remote worNing areas. In the present worN, the 
effect of controlled recirculation of ventilating air emphasized as an alternative for improving the environmental conditions 
in deep underground mines on the possible heat, humidity, dust and gaseous contaminant formations are given in details.
$dditionally, the applications of this method carried out in 7urNey and in some other countries in the world are 
also presented together with their interpretations.        
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1. INTRODUCTION 
The primary purpose of a mine ventilation system is to provide a safe and suitable working environment. As 
workings become more extensive and mechanized, this objective becomes increasingly difficult and costly to 
achieve. When a mine ventilation network encounters difficulties in providing adequate airflow to the faces, 
alternative ventilation methods must be introduced if the production cycle is to be continued. The following 
methods are commonly used to improve or maintain the ventilation requirements. 

x An increase in the capacity or number of the fans, 

x Reducing the airway resistance, 

x Constructing a satellite shaft or borehole and 

x Controlled recirculation of ventilating air. 

Only the method of recirculating air amongst the above mentioned techniques is the cheapest and the most 
easily applicable one if the conditions are suitable enough. 

1.1. The Theory of Controlled Recirculation 
Recirculation may be explained by the re-use of air within a part of a  mine. It is generally achieved by 
diverting a controlled proportion of the return air into the intake airway by means of a  booster fan located 
either in a recirculation cross-cut or inline with the main airflow (Figure 1) [1-3]. 

The very first known recorded study into the recirculation of air was conducted by Lawton at Birmingham 
University [4]. The objective of his investigations were to increase the cooling power of air in coal faces in 
deep mines experiencing problems caused by heat and humidity, by locally increasing the air velocity. He 
concluded that the increased air velocities were not sufficient enough for the general use of recirculation and 
that there was no significant increase in the general body contaminant level in the recirculated air. 

 

 
Figure 1.Simple layout of controlled recirculation 

 

2. CONTROLLED RECIRCULATION APPLICATIONS IN THE WORLD 
Some of the applications realized in the world are given below. 

2.1. In The United Kingdom 
The first underground investigation of w ide scale recirculation in Britain was achieved at Wearmouth 
Colliery, British Coal in 1983 [5]. The workings of this mine are remotely located under the North Sea at the 
distances over 10 km from the fresh air supplying shafts. In order to tackle the problem of delivering fresh air 
to these workings, two solutions were investigated. The first one was to sink shafts out to sea and the second 
was to employ controlled recirculation. It was accepted that the second method had its advantages, being 
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cheaper, safer and achieved by the present technology. A recirculation fraction of 30% w as realized and no 
considerable change in the gaseous contamination was detected (Figure 2). 

 
Figure 2.Schematic of workings at Wearmouth Colliery 

2.2. In South Africa 

Heat is one of the major environmental problems encountered in deep South African gold mines. The 
methods which used to be employed to maintain the refrigeration have gradually become insufficient due to 
the practical difficulties in operating and maintaining the necessary equipment. As an alternative to supply of 
air from surface, the controlled recirculation was employed in a gold mine (Loraine) in South Africa by 
Burton et al [6]. By taking the recirculation fraction of 70%, the fresh airflow to the district was reduced from 
35 to 15 m3/s in these trials. In addition, the wet bulb temperature in the recirculation intake fell from 27.9 to 
22 °C (Figure 3). 

 

 
Figure 3.A schematic diagram of Loraine Gold Mine recirculation zone 
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2.3. In Canada 
Controlled recirculation investigation was conducted at Ruttan Mine, where copper and zinc are extracted in 
1986 [7]. During this trial, gas and dust concentrations were measured in the return air of the major working 
areas to evaluate the potential for recirculating air into the intake air in winter to reduce heating costs. The 
findings of the investigations showed that there was excellent possibility to reduce winter heating costs by 
means of controlled recirculation and that recirculation should take place as close to surface as possible due to 
the decrease of up to 50% in the contaminant concentration levels in the return airway. Another application 
was practised in a Canadian potassium mine in Rocanville and it was shown that the contents of gaseous 
contaminants and dust concentrations were not increased causing any problem [8]. 

2.4. In Australia 

The economic viability of c ontrolled district cross-cut recirculation was examined in 1987 us ing an 
experimental mine which silver and lead were originally mined before it was closed down in 1928 [9] (Figure 
4). 

  
Figure 4.An experimental layout of mine workings and recirculation zone 

It was concluded that controlled cross-cut recirculation is highly economic for de ep or extensively 
mechanizedmetalliferous mines where the problems regarding heat encountered in their lower levels due to 
the minimum fresh air requirements being completely lower than those desired and feasible air quantities 
needed to control the climate. 

3. CONTROLLED RECIRCULATION APPLICATIONS IN TURKEY 
The first implementation of controlled recirculation in a roadway was achieved in the Central Anatolian 
Lignites in Cayirhan [10, 11] in order to determine the effect of recirculation on dust concentration. The 
schematic layout of the system is shown in Figure 5. It was revealed that the controlled recirculation of air in 
a heading would not cause an increase in dust concentrations. 

 

 
Figure 5.Recirculation of ventilating air system in a roadway 
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3.1. Darkale Colliery (Uyar Mining) 
Darkale Colliery is 93 km to the city of Manisa, 90 km to the city of Balikesir, and 1 km to the county of 
Soma. The coal was first discovered in 1916 in the region. The production of coal has been performed in the 
site since then according to conditions of the current period. 

All works at Darkale Colliery are performed at a level of 105 m to 240 m. The deepest point is vertically 120 
m. There are three production faces. The chain conveyors and belt conveyors are used for coal transportation. 
The thickness of the coal varies between 3 m and 5 m with the intermediate cuts. The coal seams in this 
thickness allow longwall production method with block caving in which coal seams are horizontally 
distributed in different levels and there is 10 m or 12 m distance between the faces.  

The dust concentration, airspeed, air pressure, roadway section, and gases were measured at 73 different 
locations on t he predetermined route in the underground mine of U yar Mining Darkale Colliery. The 
measurements were started from the mine entrance (+241,50 m.) then continued along the route and raise, and 
taken at the predetermined 73 points and ended at the outlet of airway  (+240,20 m). Figure 7 provides the 
sketch of the routes where measurements were performed.  

There are 2 l arge blower fans of 1200 m ³/min and 800 m ³/min in Darkale Colliery in order to meet the 
requirement for underground ventilation. The first fan with the larger capacity located at the mine entrance 
operates constantly. The second fan is activated when necessary. It also functions as a s ubstitute fan. 
Simultaneous continual operation of two fans poses a risk to ventilation requirements because they provide an 
intense airstream; thus only one fan is operated. Measurement was taken from the first fan when it was in 
operation (Figure 6). 

 
Figure 6.The sketch of the routes where measurements were performed 
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Auxiliary fans of 40 m³/min are also used in the pit to ventilate the areas in which the auxiliary drive, blind 
spots, and main ventilation fall short. There is one auxiliary fan on the measurement route used for 
ventilation. There are a total of 6 auxiliary fans of 40 m³/min used at different locations of the pit.  

The measurements showed that the CO2 concentration ranged between 0,03% and 0,32%. This rate is under 
the national permitted limit of 0.5% maximum in the mines. The CO2 concentration was gradually increased 
from the mine entrance along the route. This indicates that the fresh air to the mine is gradually polluted 
along the route. The concentration of CO 2 was severely increased from the measurement point number 24 
between two faces on the route. This increase in the concentration was further grew as moved along the route 
and approached to the raise. The cause of increased CO2 was that the circulating air in the mine, i.e. the fresh 
air blown by the fan, decreasingly lost its effect as it reached to each measurement point in the forward 
direction. The concentration of CO2 started to decrease again with the increased fresh air at outlet of raise.  

The concentration of CO  was not present except for t he 3rd f ace and raise on the route according to CO 
measurements in the pit. The measured values in the face ranged from 12 to 16 ppm. This was between 9 and 
15 ppm at the raise. These values are under the maximum allowable operation limits of 50 pp m for CO  
concentration.  

The cause of CO concentration in the face was that the coal gets heated in the faults behind the faces. The 
cause of CO concentration at the raise was the near face number 1. Besides, it is normal to have some CO 
concentration here as the entire air of t he mine is discharged at the raise after circulating. Spontaneous 
combustion of coal and formation of CO was one of the serious problems of the pit in the past as well as now.    

In the measurement of O 2 performed from the mine entrance, a periodic decrease was present from the 
measurement point in the face cross-cut number 21. The main cause of this decrease was that the volume of 
air to the face was controlled. The decreasing airspeed from the face cross-cut resulted in decreased 
concentration of O2 in these areas. Furthermore, the CO concentration found in the face indicates that the coal 
consumes oxygen as it gets heated. This is another factor affecting the combustion-related decreased O2. The 
concentration of O2 was significantly increased with the effect of circulation of fre sh air from the 
measurement point number 32 at the air outlet of the face. This increase was within normal limits along the 
route to the raise. The decrease at the raise appeared to be normal because the entire polluted air of the mine 
was accumulated and discharged at the raise. 

The air pressure at the mine entrance was measured with airspeed being (+241,50 m) 2,27 m/s, temperature 
being 19,8°C, and the atmospheric pressure being 744,9 mmHg, and periodically increased from the mine 
entrance. This periodic increase remained along the route in the mine and was gradually decreased as 
approached to raise, and measured at the outlet of ra ise and measurement point number 72 w ith airspeed 
being (+240,20 m) 1,62 m/s, temperature being 20.9 °C, and the atmospheric pressure being 745,8 mmHg. 
This shows that there was a pressure difference of 0.9 mmHg in the level difference of 1.3 m between the 
mine entrance and raise outlet. According to the principle that the air moves from the high pressure to the low 
pressure which is the basic requirement of natural ventilation, the level difference of 1.3 m there will not be 
sufficient to provide natural ventilation. The main factor here was the airstream and pressure produced by the 
fan. The airspeed higher than 2 m/s from the point number 4 where fan joins the air of the mine was effective 
in increased pressure.   

There was a reverse current to the point number 4 (between the mine entrance and the fan) in the direction of 
mine entrance, i.e. towards to point number 1. The cause of this was that some volume of the air blown by the 
fan that joined the mine air at point number 4 escaped towards the mine entrance. The mine air was regulated 
from the point number 4 and lost its acceleration and decreased along the mine. This decrease was further 
increased as approached to face cross-cut and reduced well after the point number 24 in the face, being under 
1,03 m/s. The air velocity which reduced down to 0.39 m/s from the air outlet of the face was again increased 
from the point number 33 being higher than 1,76 m/s.  

The temperature being 19,8 °C at the mine entrance was slightly decreased with the effect of the fan from the 
point number 4. Loss of acceleration in the air velocity and the temperature were increased as going down 
deeper. From the point number 24 where the velocity of air was fully decreased, the temperature raised up to 
23,8 °C a t the face cross-cut and as entered the face, and up t o 25,6 °C a t the air outlet of t he face. The 
temperature reduced with the increased air velocity and remained at same values to the raise. The cause of the 
high temperature raised up to 24,9 °C in the midway of raise was that the entire air of the mine was 
accumulated and discharged there. The temperature reduced again towards the outlet of raise. 

The dust measurements in the mine varied from the mine entrance to the interior sections. The main cause of 
this variation and increase was that operations in the working sites and the transportation equipment in almost 
all roadways. The dust concentration in the mine varied from 0,109 to 3,230 mg/m3. The measured values for 
dust concentration were generally under the threshold limit values as permitted by the regulations.   

 



Controlled Recirculation in Ventilation of Underground Mines - Applications in Turkey and in the World, C. 
Sensogut, I. Cinar 

3.1.1. Assessment of auxiliary ventilation measurements 
The fan installed on t he route to provide fresh air to auxiliary drive is located at the measurement point 
number 46 and blows air to the face of the auxiliary drive which is the measurement point number 52. Figure 
7 provides the sketch of area of this auxiliary ventilation. 

The fan located at the measurement point number 46 to provide fresh air to the auxiliary drive blows air to the 
point number 52 at the face of auxiliary drive. This is also to transfer the air at the point number 46 to the 
point number 52. Thus, the circulation of air is ensured without being affected by the decreased air velocity 
from the point number 46 and the pollution of CO2. The concentration of CO2 measured as 0.9% at the point 
number 46 continued to increase from this measurement point and reduced down to 0.10% at the face of the 
auxiliary drive which was the measurement point 52. This indicates that a volume of air almost equal to the 
concentration of CO2 at the measurement point number 46 was transferred to the measurement point number 
52. In this way, operations at the face of the auxiliary drive are possible to continue. 

 
Figure 7.The sketch of the routes where measurements were performed 

 

No CO concentration was present in the area with auxiliary fan (between the measurement point number 46 
and the measurement point number 53).  

The dust concentration which was measured to be 0,862 mg/m3 at the measurement point number 45 which 
was the nearest measurement point to auxiliary ventilation area with respect to forward direction of the route 
was measured to be 0,322 mg/m3 at the measurement point number 46 at which the fan was installed. The 
dust concentration remained at the same level as a r esult of that decrease and increased as approached to 
auxiliary drive. It was measured to be 0,294 mg/m3 at the measurement point number 52, i.e. face of the 
auxiliary drive. This measured value was within normal limits at the time of measurement because no works 
were being performed to produce dust at the auxiliary drive such as mining and exploding [12]. 

3.2. Turab Colliery 
Turab Mining underground mine is a subcontractor operating under Cenne Colliery and in the site with 
License Number I.R. 617. It commenced production in 1988 a nd currently continues operation. Ermenek 
lignite basin located in the Western Toros Mountains covers around an area of 620 km2. 

The mine is located in the village of Cenne, the county of Ermenek, the province of Karaman. The mine is 25 
km to Ermenek, and approximately 170 km to Karaman.  

The coal seam is fissured and tortuous in the TurabMining underground mine. Under these circumstances, the 
roadways are established in the hanging wall (marn) before the coal seam is entered; the coal seam is cut in 
cross-cuts; the short walls of 25 t o 30 m are established to apply short-wall production method with block 
caving. 

3.2.1. Measurements in Turab Colliery 
The dust concentration, air velocity, air pressure, roadway section, and gases were measured at 8 di fferent 
points on t he predetermined route in the TurabMining underground mine. The measurements were started 
from the mine entrance (+892,59 m) then continued along the route and raise, and taken at the predetermined 
8 points and ended at the outlet of raise (+894,99 m). The mean of gas measurements performed in the mine 
is presented in the Table 1, and the mean of pressure, temperature and dust measurements performed in the 
mine is presented in the Table 2. Figure 8 provides the sketch of t he route where measurements were 
performed. 
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Table 1.The results of measurement of gases 

measuring points CO2 

% 
CO 
ppm 

O2 

% 
measuring 

points 
CO2 

% 
CO 
ppm 

O2 

% 
1 0,03 0 20,4 5 0,60 0 19,5 
2 0,05 0 20,1 6 0,40 0 20,0 
3 0,77 31 19,0 7 0,42 0 20,1 
4 0,42 8 19,2 8 0,03 0 20,5 

Table 2.The results of measurement of pressure, temperature and dust concentration 
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1 687,6 22,7 0,054 5 692,5 21,0 0,118 
2 692,6 20,6 0,058 6 692,4 19,6 0,068 
3 691,6 21,3 0,123 7 689,4 18,5 0,083 
4 691,6 22,0 0,084 8 687,0 21,5 0,071 

 

The mean of air flows of 8 measurement points along the route of the pit is presented in the Table 3. 

 

Table 3.Air flow analysis in the measurement point  

measuring 
points 

area 
m  

air 
velocity 

m/s 

air flow 
m /s 

measurin
g points 

area 
m  

air velocity 
m/s 

air flow 
m /s 

1 7,1 0,93 6,60 5 4,8 0,31 1,49 
2 7,2 0,40 2,88 6 3,3 0,94 3,10 
3 5,3 0,12 0,64 7 3,3 0,67 2,21 
4 3,8 0,22 0,84 8 3,3 0,75 2,48 

 

The air flow reduced down to 0,64 m3/h, which was the lowest level, at the measurement point number 3 
referred to as drive 1 where production was performed. Depending on the air flow, the concentration of CO2, 
which was 0,03% at the mine entrance, raised to 0,77%; the CO concentration, which was 0 ppm at the mine 
entrance, raised to 31 ppm; and the concentration of O2, which was 20.4% at the mine entrance, reduced to 
19.0%. The dust concentration was at the highest being 0,123 mg/m3 in this area. 
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Figure 8. The schematic layout of routes 

3.2.2. Assessment of Recirculated Air Measurements 
The measurement stations were set up a t the points shown in Figure 9 i n the development roadways with 
auxiliary ventilation as part of works for re circulation of m ine air. The gas (O2, CO, CO2, CH4) and dust 
concentrations, volume of air, temperature and pressure values were measured at these stations.  

To detect any changes in 7 predetermined measurement points, which were likely to occur due to the method 
applied, inlet of blower ventilator (1), between the outlet of blower fan and the face (2), inlet and outlet of 
suction fans (3 and 5), the route where the air is re-sucked (4), outlet of development roadway (6), and main 
ventilation way (7) were selected. 

The rate of recirculation of main air was increased in a controlled way during the operations, and gas (O2, 
CO, CO2, CH4) and dust concentrations, the volume of air, temperature and pressure values were measured 
and recorded. The operations were started with initial rate of recirculation of mine air being around 10% and 
later a variation of 20% a nd 30% occurred in recirculation of mine air. The Tables 4, 5 and 6 show these 
variations. 
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Figure 9.The measurement points 

 

Table 4. Results of 10 % recirculation fraction 
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1 1,21 751,8 0,325 21,8 20,8 0 0,09 0 
2 1,34 752,1 0,538 22,1 20,2 30 0,22 0 
3 1,51 752,1 0,269 21,6 20,7 12 0,15 0 
4 1,17 751,9 0,391 21,9 20,4 19 0,19 0 
5 1,53 752,1 0,382 21,8 20,5 18 0,19 0 
6 1,40 752,0 0,489 21,9 20,5 16 0,17 0 
7 1,23 751,7 0,561 21,9 20,5 16 0,18 0 

RR, % gallerylength, m area, m2 
12,7 162 6,82 

 

 

 

 

 

 

Table 5.Results of 20 % recirculation fraction 
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1 1,25 751,6 0,412 21,7 20,6 0 0,08 0 
2 1,41 752,0 0,645 23,1 19,8 42 0,32 0 
3 1,72 752,1 0,372 21,3 20,3 21 0,21 0 
4 1,31 751,9 0,394 21,9 20,5 15 0,15 0 
5 1,53 752,0 0,386 21,4 20,4 14 0,15 0 
6 1,45 752,1 0,495 21,6 20,4 10 0,16 0 
7 1,26 751,8 0,480 22,0 20,4 5 0,16 0 

RR, % gallerylength, m area, m2 
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22,0 170 6,82 

 

Table 6.Results of 30 % recirculation fraction 
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1 1,18 751,9 0,260 21,9 20,7 0 0,10     0 
2 1,38 752,5 0,581 23,5 19,6 35 0,41     0 
3 1,80 752,5 0,109 21,1 20,6 11 0,19     0 
4 1,45 751,9 0,352 21,8 20,4 18 0,17     0 
5 1,54 752,2 0,298 21,0 20,5 17 0,17     0 
6 1,28 752,3 0,381 21,5 20,7 9 0,15     0 
7 1,20 751,8 0,295 22,0 20,5 10 0,14     0 
RR, % gallerylength, m area, m2 
30,4 181 6,82 

 

For three different conditions under which the works were performed, different air flows were obtained in the volumes of 
air with respect to recirculation of mine air, and significant improvement was achieved in the dust concentration, 
temperature and gas (O2, CO, CO2, CH4) concentrations [12]. 

4. RESULTS AND DISCUSSIONS 
Results obtained from the theoretical and in-situ works carried out both in Turkey and in the world proved 
that environmental conditions in underground mines regarding gaseous contaminants, dust, heat and humidity 
would be improved especially due to increasing velocity and quantity of air. 

By the implementation of controlled recirculation of mine air, the air quantity increased will cause to dilute 
the concentrations of contaminants which are over the safety limits. Underground mines moved away from 
surface connections due to mining operations will encounter deficiencies for delivering adequate amount of 
air where necessary. Therefore, the method of re circulation of ventilating air has become more important 
considering the fact that it would be difficult to open a new surface connection or e nlarge the existing 
roadways. 
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Abstract 
The base alloy Fe3Al and Fe32.5Al15Ti alloy were prepared by vacuum arc melting under argon atmosphere. The 
microstructure of the alloys were examined by optical microscopy. The results showed that microstructure of Fe32.5Al-
15Ti alloy was different from that of Fe3Al alloy. Hardness values of both alloys measured and hardness measurement 
demonstrated that the cast Fe32.5Al15Ti alloy is harder than the cast Fe3Al. The dry sliding wear test of these alloys 
were performed by ball on disc geometry using tungsten carbide ball. It was observed that the wear resistance of the cast 
Fe32.5Al15Ti alloy was higher than that of Fe3Al alloy. Worn surface of both alloys were analyzed by scanning electron 
microscopy equipped with energy dispersive spectroscopy.       
      
Keywords:  Intermetallics compound, Fe3Al, Dry sliding, Wear.
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1. INTRODUCTION 
Ordered intermetallic compounds are of interest for high temperature application because of their potential for 
high temperature stability, high creep resistance, high melting point and low density. Among the 
intermetallics, compounds based on the aluminides are of particular interest because many possess oxidation 
resistance due to their ability to form protective oxide films on surfaces [1]. Recently, considerable efforts 
have been devoted to improving the ductility of nickel aluminides at ambient temperatures by controlling 
microstructure and alloy additions [2–4]. Strengthening concepts include solid solution hardening, 
precipitation of incoherent phases such as carbides, borides and other intermetallic phases, increasing the 
order, and generation of two-phase coherent microstructures. Compared to other iron aluminide-base alloys, 
the present Fe–Al–Ti alloys show a higher yield stress and creep resistance at high temperatures. The Fe–Al–
Ti alloys on t he base of t he L21-ordered Fe2(Fe, Ti)Al are promising for furt her development for high-
temperature applications due to their improved strength at high temperatures in combination with a high 
oxidation resistance [5,6].Considerable amount of economical loss occurs because of corrosion and wear in 
mechanical parts of machinery and equipment. In orde r to reduce this loss, properties of w ear-resistant 
features and surface of materials should be improved [7]. There have been various works on wear properties 
of iron aluminides. FeAl alloys showed good wear properties and the wear resistance in room temperature. 
The wear rate of the aluminides increased with the increase of applied load and sliding speed and the wear 
resistance of the aluminides decreased with the increase in aluminum contents [8, 9]. Xingsheng Guan et al. 
investigated wear behaviors of Fe-28Al (PM) and Fe–28Al–10Ti (PM) alloys. In t his study, the wear 
behaviors of the cast Fe3Al and Fe32.5Al15Ti were examined. 

 

2. EXPERIMENTS 
Fe3Al and Fe32.5Al15Ti alloys were melted in a copper crucible cooled by water and then cast in a steel 
mold (8 mm in diameter) in a vacuum arc melting furnace (designed specially) under pure argon atmosphere. 
To prevent oxidation, furnace was evacuated to 5.0x10-2 mbar then filled with Argon Cylindrical samples 
were machined to 5 mm length for wear tests. The microstructures of the both alloys was observed with a 
light microscope and XRD analyses were taken. Hardness values were measured from surface of samples by 
means of Vickers indenter with a load of 100 g. The dry sliding wear tests were performed with ball-on-disk 
geometry (CSM Tribometer) at 15 cm/s sliding speed under 15N normal load and ambient atmosphere. The 
schematic illustration of wear test equipment is shown in Fig 1. 

 

 

 

 

 

 

 

 

Figure 1. Schematic illustration of pin-on-disk wear test equipment. 

The sample was inserted a rotating deck and a WC ball of 3 mm in diameter was pushed against it as a 
counter material. The wear of WC ball was negligible in comparison with the specimen. The wear rates were 
determined as volume loss. The tests were performed at 100 m sliding distance, and the total distance was 
300 m. The wear area of t he worn surfaces measured with a profilometer and the volume losses were 
calculated. The coefficients of friction were measured by the machine during wear tests.  

 

3. RESULTS AND DISCUSSION  
Microstructures of as-cast Fe3Al and Fe32.5Al15Ti are illustrated in Fig. 2. These figures demonstrated that 
the microstructure of Fe32.5Al15Ti was different from that of the cast Fe3Al. While Fe3Al has single phase, 
Fe32.5Al15Ti alloy has L21 Fe2(Fe, Ti)Al + C14 Laves phases [5, 6]. No porosities were observed in both 
alloy. 
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Figure 2. The microstructures of as-cast alloys. (a) Fe3Al (b) Fe32.5Al15Ti 

Microhardness values were measured from the surface of both alloys by means of Vickers indenter with a 

load of 100 g . Hardness of t he cast Fe32.5Al15Ti alloy (560±15 HV) is higher than that of as-cast Fe3Al 

alloys (310±15 HV).  

 Volume loss of the cast Fe3Al and Fe32.5Al15Ti alloys are showed in Fig. 3 The cast Fe32.5Al15Ti 

alloy shows lower wear rate than the cast Fe3Al alloy for 15 cm/s 15 N load and sliding speeds. It can be 

thought that the cast Fe32.5Al15Ti alloy has more wear resistance than the cast Fe3Al alloy, because 

Fe32.5Al15Ti alloy is much harder than the cast Fe3Al alloy. As seen from Fig. 3, the volume loss increased 

with increase in sliding distance for both alloys. The cast Fe3Al and Fe32.5Al15Ti alloys can easily form a 

thin oxide film on the their surface due to high aluminum content. The formation of oxides at the interface of 

the cast Fe3Al alloy is more than that of the cast Fe32.5Al15Ti alloy. As a result, the volume loss for the cast 

Fe3Al is higher than for Fe32.5Al15Ti alloy.  

 

 
 

Fig 3. The volume losses of the cast Fe3Al and Fe32.5Al15Ti alloys for 15 N normal load and 15 cm/s 
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4. CONCLUSION 
The base alloy Fe3Al and Fe32.5Al15Ti alloy were prepared by vacuum arc melting under argon atmosphere. 

Hardness of the cast Fe3Al and Fe32.5Al15Ti alloys were found 310±15 and 560±15 HV respectively. The 

wear resistance of t he cast Fe3Al and Fe32.5Al15Ti alloys were determined using WC ball. The cast 

Fe32.5Al15Ti alloy shows much higher wear resistance than the cast Fe3Al alloy for 15 N normal load and 15 

cm/s sliding speed. The coefficients of friction of Fe32.5Al15Ti alloy are lower than that of Fe3Al alloy for 

all sliding conditions. 
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Abstract 
An oil tank condenser is proposed for increasing overall performance of household refrigerator. A wire-tube condenser on 
the household refrigerator chosen as an experimental set was tested and energy consumption was measured. The greatest 
specialty of this work is using oil tank on the condenser. A novel refrigerator with oil tank condensers and an ordinary re-
frigerator with conventional hot-wall condensers are compared by means of COP and energy consumption. As a result of 
this study, according to the energy consumption, condenser with an oil tank (tank is full of oil) was found as % 65 and % 63 
more effective than natural convection with unloaded and loaded situation respectively. Using a condenser placed inside 
the oil tanN has caused to increase energy efficiency of the household refrigerator and to decrease energy consumption
      
Keywords:  HouseKold reIriJerator, enerJ\ consumption, perIormance oI coeI¿cient �C2P�, condenser�
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1. INTRODUCTION 

Demand for e nergy determining to economic, political and social events is increasing day by day in the 
world. Countries should have to take precautions for use their existing energy sources efficiently by searching 
the new methods.  Due to a large amount of energy consumed by the household refrigerator-freezers which 
accounts for approximately 6% of the electrical energy produced worldwide and they are widely used in the 
world now and consume a large amount of energy [1]. It must be improved with using the new novelties of 
the refrigerators to improve the performance or saving energy.  So, this topic is particularly important for 
devices produced in large numbers, such as domestic refrigerators and freezers [2]. For example household 
refrigerators, on the whole, consume a large amount of energy since hundreds of millions are currently in use, 
and dozens of millions are coming onto the market every year [3]. The condenser is an important component 
of a household refrigerator and its heat transfer performance has a significant effect on the efficiency because 
all thermal load produced by the refrigerator must be released to ambient by the condenser through nature 
convection and radiation [4]. 

Energy saving and performances of re frigerators can be improved by: i) using high efficiency compressor, 
which has a direct impact on t he coefficient of pe rformance (COP) of cooling system; ii) optimizing the 
match and control of the system by adopting advanced circulation; iii) improving the thermal insulation of 
refrigerators by thickening the insulation or us ing other advanced thermal insulation techniques; and iv) 
optimizing the heat-transfer of the evaporator and the condenser [5]. Last century, a kind of regenerator for 
energy storage by PCM (Phase Change Material) latent heat was introduced. The regenerator placed into the 
refrigerator could improve the refrigerator efficiency by reducing the start frequency of the compressor [6]. In 
recent years, Azzouz et al. [7,8] presented an energy storage method by adding a thick slab PCM on t he 
backside of the evaporator, which improved the COP of household refrigerator by 10%-30% approximately.  
Neto et al. [9] presented the application of a hot-water storage tank which was heated by the waste heat of the 
condenser. Diseconomy and inconvenience were two main disadvantages of this technique. Researchers also 
tried to use the phase change material (PCM) as heat storage unit to achieved continuous heat dissipation. It 
was evaluated that this method could increase the refrigerator efficiency by 20% approximately [10].  Yang et 
al. [11] investigated the performance of hous ehold refrigerator numerically and experimentally. Obtained 
results indicate the temperature distributions from the numerical simulation were qualitatively in line with the 
experimental measurements at the end of t he study. Patil [12] has used two different type condensers to 
improve refrigeration efficiency. When used micro-wire condenser the refrigeration capacity and COP 
increase was found as 10% and 17% respectively according to used U type condenser. However it is seen that 
to use evaporative type condenser is increasing refrigeration efficiency about 30% [13, 14]. In t he paper 
studied by Tissot [15] it was aimed to improve energy efficiency while water sprays application to the 
condenser unit of a household refrigerator. It has been found that at the end of the study about 28.9% COP 
increasing. Kılıcaslan [16] investigated performance of a commercial refrigerator with using different sized 
chimney instead of condenser fan.  

In the present work it is aimed to improve overall refrigerator performance and reduce to energy consumption 
of a household refrigerator. For this purpose a household refrigerator which condenser unit was submerged to 
the oil tank was used as an experimental test. In the next sections, the methodology is presented, as well as 
the main results. 

 

2. METHODOLOGY 

The experimental test rig was a 180 L  household refrigerator which was originally designed for R134a 
refrigerant with 139 g charge. The most important specifications of the refrigerator are summarized in Table 
1. 

Table 1. Technical specifications of household refrigerator test unit. 

Fresh food volume 180 
Voltage 190-220 V 
Current rating 0.8 A 
Frequency 50 Hz  
Number of doors 1 
Refrigerant type R134-a 
Refrigerant charged 139 gr 
Compressor capacity 160 W 
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Condenser dimension 0.55 x0.87 m 
Condenser pipe outer and inner diameter 0.0048 and 0.0038 m 
Condenser pipe length 10.8 m 
Relief type evaporator dimension  0.22 x 0.5 m 
Capillary tube length 2.8 m 
Capillary tube outer and inner diameter  0.0018 and 0.0004 m 
Oil tank dimension 0.9 x 0.6 x 0.02 m 

 

A schematic diagram of a  vapor compression refrigeration cycle used in household refrigerators and its 
pressure-enthalpy diagram are shown in the Figs. 1 and 2. The P-h diagram is well known which frequently 
used analysis of vapor-compression refrigeration cycles. Processes, 1-2, 2-4, 4-5 and 5-1 represent the various 
processes such as compression, condensation, expansion and evaporation respectively. 

 
Figure 1. Schematic diagram of the refrigeration cycle. 

 

 
Figure 2. P-h diagram of the ideal vapor compression refrigeration cycle. 

 

An oil cooled condenser located at the back side of the refrigerator is used as shown schematically in Figure 3 
(a).The condenser area of the refrigerator was designed and produced to take place in the oil tank. The test 
unit used for experimental set as shown in the Figure 3 (b). 
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Figure3. (a) Condenser and the oil tank section of the test unit.             (b)Model refrigerator used in the experiments. 

 

Experimental test unit is consisting of compressor, condenser, capillary tube, filter-dryer and the oil tank 
which produced in the laboratory of the Energy of Karabük University, Turkey. The oil tank was produced 
with metal sheet 0.5 mm in thick and 1x1.20x0.025 m dimensions using welding technique as shown in the 
Figure 4.  P roduced oil tank was placed outside of t he refrigerator with using special holding equipment 
which produced metal materials and then, they all prepared for the tests. 

 

 
Figure 4. Schematic view of oil tank and condenser. 

 

Tests were realized for the natural convection (NC) while condenser inside the oil tank with no oil and then, 
the same tests were repeated by the putting the condenser in the oil tank with oil. Temperatures at various 
points showing in Figure 1 (compressor, condenser, evaporator, etc.) were measured with K type Ni-Cr 
thermocouples. The uncertainty of temperature measurement is estimated to be ±0.3 °C. Same procedure was 
realized for the pressure measurements using manometers with uncertainty ±1 kPa for t he all points. In 
addition, the consumed voltage and current were recorded. Analyzing these data, the energy consumption and 
efficiency were calculated. There was no s ignificant change in ambient temperature during the tests.  
Temperature change is almost constant as 22 °C.  To determine the efficiency values of t he system in the 
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loaded situation a lump has 60 Watt power was placed at the evaporation section. In here digital thermometer 
was used to measure the temperatures. Experiments were realized in the situation which loaded and unloaded 
of the system without oil (oil tank empty) and with oil.  

 

Enthalpy values of the points were obtained according to measured temperatures for the R134a refrigerant. 
Thermodynamics properties of the natural convection (NC) and natural convection with oil tank (NCOT) 
were given Table 2 for the loaded and unloaded situation. 

 

Table 2. Thermodynamics properties of the NC and NCOT for loaded and unloaded situation. 

Exp Case T2= T3 T5 T1= T6 P2=P3 P1= P5= P6 h2= h3 h5 h1= h6 
  0C 0C 0C kPa kPa kJ/kg kJ/kg kJ/kg 

NCOT Loaded     66 38 -15.2 1100 20 445.96 253.48 393.75 
NC     92.4 60.6   -5.4 1970 80 461.68 288.31 399.75 
NCOT Unloaded     69 38.4 -11.76 1290 24 445.92 254.06 396.24 
NC     82.8 57.4 -13.4 1700 40 454.64 283.13 394.53 

 

2.1. Performance of refrigerator 
For the coefficient of performance (COP) calculations following relations were used.  Energy balance for a 
steady-flow condition can be expressed as: 

 

𝑒𝑒𝑡𝑡݊ݍ − 𝑒𝑒𝑡𝑡݊ݓ = ο݄ + ο݇𝑒𝑒 + ο𝑒𝑒          (1) 

 

where qnet and wnet describes the net heat and work input, Δh is the enthalpy change, Δke is the kinetic 
energy change and Δpe is the potential energy change in the system. It can be defined as, a transferred energy 
to any system via heat and work is equal to energy changing inside the system.  

 

All four components associated with the vapor-compression refrigeration cycle are steady-flow devices, and 
thus all four pr ocesses that make up t he cycle can be analyzed as steady-flow processes. The kinetic and 
potential energy changes of the refrigerant are usually small relative to the work and heat transfer terms, and 
therefore they can be neglected [17]. Then the steady flow energy equation on a unit-mass basis reduces to:    

 

𝑖𝑖ݍ) − (ݍ + 𝑖𝑖ݓ) − (ݓ = ݄0 − ݄𝑖𝑖          (2) 

 

where q, w and h are the heat, work and enthalpy respectively while i and o describe the subtitle of input and 
output.  The condenser and the evaporator do not involve any work, and the compressor can be approximated 
as adiabatic. In this instance amount of he at removed from condenser unit and absorbed from evaporator 
section of the refrigerator working as vapor-compressed refrigeration cycle can be expressed with following 
Equations 2.3 and 2.4 while the work expressed with Equation 2.5 for our system. 
 
ሶܳ 𝑒𝑒ݒ𝑎𝑎 = 𝑚𝑚ሶ (݄6 − ݄5)           (3) 

ሶܳ ݀݊ܿ = 𝑚𝑚ሶ (݄3 − ݄4)    (4) 

Wሶ comp . = mሶ (h2 − h1)     (5) 
 
In the expressions 2.3 and 2.5  ሶܳ 𝑒𝑒ݒ ., ሶܳ ݊ܿ . and ሶܹ 𝑚𝑚ܿ . defined as capacity of the evaporator, condenser and 
compressor which are the main components of the refrigeration system. The efficiency of a  refrigerator is 
expressed in terms of the coefficient of performance, COP. The objective of a refrigerator is to remove heat 
from the refrigerated space. To accomplish this objective, it requires a work input of Wcomp.. Consequently, 
the overall performance of the refrigerator is estimated from COP calculated as the ratio between the heat 
extracted by the evaporator and the electrical energy supplied to the compressor which can be expressed as:  
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ܱܲܥ = ሶܳ 𝑒𝑒ݒ𝑎𝑎 .
ሶܹ 𝑚𝑚ܿ .

= ݄6−݄5
݄2−݄1

                                   (6) 

 
In the relation 2.6 the COP values were calculated via measured enthalpy values for R134 ba sed on 
temperatures and pressures. 
 
 
3. RESULTS AND DISCUSSIONS 
 

Experiments were performed for NC and then same experiments were repeated for the NCOT. Oil tank was 
filled with 10 lt 20/50 synthetic oil. Before the measure of the parameters the experimental set was run about 
2 hours to get steady conditions. Measured temperatures values of t he inlet and outlet points of t he 
compressor, condenser and evaporator of the experimental system were registered for the NC and NCOT. The 
obtained results from these tests were plotted as shown in Figures 5 and 6 for loaded and unloaded situations.  

 

 
Figure 5.   Temperature changes of the basic components of the system for NCOT unloaded situation. 

 

 

 
Figure 6. Temperature changes of the basic components of the system for NCOT loaded situation. 

 

In Figure 5 temperatures change has been shown versus experimental time for the unloaded situation of 
NCOT. The maximum temperature differences of the evaporator outlet and inlet points was found as 32.4 °C 
which would be used COP calculations for the unloaded situation while this value was found as 27.8 °C for 
the loaded situation of the system. Using 60 W loads in the evaporator section has led to decrease about 15% 
of temperature differences between inlet and outlet of the evaporator. Likewise, same tendency were observed 
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other temperatures of the system components. Calculated COP values were plotted graphically as shown in 
Figure 7 for the NC and NCOT.  

 

 
Figure 7. Energy consumption and COP values of the NC and NCOT. 

 

As can be seen from the Figure 8 the higher COP value was found where the oil tank is full of oil in each 
case. In NC the COP values was found as 1.85 and 1.79 for the loaded and unloaded situations respectively.  
In the natural convection with oil tank (NCOT) the COP values were found as 2.68, and 2.86 for the loaded 
and unloaded situation respectively. According to condenser design (NC or NCOT) the highest values have 
been taken at the condenser with oil tank as 2.68 and 2.86 for the loaded and unloaded situation.  In the 
experiments an electric meter was used for measure of the energy consumption of compressor and obtained 
data recorded to personal computer. Energy consumption was measured on the basis of 60 minutes' duration. 
Changing of energy consumption values depend on t he condenser design of t he refrigeration system was 
shown also in the Figure 7. It can be clearly seen from the figure the highest energy consumption was 
occurred in the loaded situation of the system as 190 Wh for NC. It is seen that lower energy consumption has 
occurred all times for the NCOT according to NC. When we used the condenser with oil tank (NCOT) has 
caused to decrease energy consumption not only loaded but also unloaded situation of the refrigeration 
system. Energy consumption values were found a s 120 a nd 110 W h for t he loaded system and unloaded 
system. As can be seen from these results the system which has lower energy consumption is the NCOT and 
the greatest energy consumption is the NC.  Figure 8 shows the variety of COP values regarding three cases 
as i) oil tank empty, ii) original case (without oil tank) and iii) oil tank charged with full of oil.  

 

 
Figure 8. Comparison of the COP values for the three case study. 

 

As can be clearly seen from the figure when oil tank charged with oil it has caused to increase COP value.  In 
the situation where oil tank is empty COP was decrease according to original case due to difficulty of heat 
transfer of the condenser.  On the other hand when original case was compared with third case (oil tank full of 
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oil) the COP values became higher in the case where oil tank is full. When the tank filled with oil has led to 
increase COP values as about %7 and %4 for the unloaded and loaded situation respectively. 

 

4. CONCLISION 
 
In this study the cooling performance of a household refrigerator has been investigated experimentally. In the 
experiments natural convection (NC) and natural convection with oil tank (NCOT) type condenser were 
tested. Based on the results obtained, the following conclusions are drawn: 

 

¾ Natural convection oil tank (NCOT) system has consumed lower energy according to natural 
convection (NC). 

¾ Using of the submerged condenser coil to the oil tank has caused to increase COP values and to 
decrease energy consumption. 

¾ When it is compared NCOT with NC regarding its energy consumption, it was found that 63% and 
65% more advantage in the situation loaded and unloaded respectively. 

¾ The applicability of the NCOT to the existing household or commercial refrigerator device has led 
to a great amount of energy saving. 

¾ Different oil tank design and circulation of oil in the tank is an option to increase the efficiency of 
the system which should be investigated for the future studies. 
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Abstract 
In this study, important water quality parameters were analyzed on measurement stations selected on tributar-
ies and Lake Sapanca between 2012 and 2014. According to obtained results, water quality classes for tribu-
taries and lake; and trophic level for lake have been assessed based on conventional procedures such as Surface 
Water Quality Management Directive (SWQM) (Turkey) and Carlson Trophic Index (TSI). Water quality class-
es were identified as �nd class for /aNe 6apanca and �th class for tributaries according to conventional procedure 
(SWQM). Trophic level for Lake Sapanca was determined as eutrophic for TP (Total Phosphorus), oligotrophic for 
secchi disc and mesotrophic for Chlorophyll-a based on both of indexes; and as mesotrophic for TN (Total Nitro-
gen) based on SWQM. Lake Sapanca Basin and sub-basin areas were determined by using Geographic Informa-
tion System (GIS). In this way, the measurement points were associated with the measurement results, and wa-
ter quality pollution maps were created based on the water quality classes of tributaries and Lake Sapanca Basin. 
      
Keywords:  Lake Sapanca, water pollution, water quality class, trophic level
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1. INTRODUCTION 
Lake Sapanca is one of the internal water catchments of Marmara Region and it is located on a tectonic hole, 
which is situated between Izmit Bay and Adapazari Meadow and runs parallel to Iznik Lake (Fig. 1). It’s the 
major water resource supplying drinking water as well as water for industrial and agricultural uses. The lake 
is fed by the tributaries with seasonally changing flow rates, and by the sources in the lake bottom. The most 
important and largest streams that drain into the lake are the Harmanli, Maden, Kurudere, Degirmendere, 
Balikhane, Kasabasin, Yanik, Karacay, Mahmudiye, Istanbul, Keci and Sarp Streams. There is no di rect 
discharge of waste into the lake chemical pollutants of both domestic and agricultural origin find their way 
into the lake through surface-runoff [4]. 

 

 
1 Sakarya University, Environmental Engineering Department, Esentepe Campus, 54187, Sakarya, Turkey 
2 Sakarya University, Civil Engineering Department, Esentepe Campus, 54187, Sakarya, Turkey 
3 KocaeliUniversity, Civil Engineering Department, Umuttepe Campus, Kocaeli, Turkey 

Akkoyunlu et al. (2011) observed that there is a historical threat of eutrophication in Sapanca Lake although 
there is no hi gh risk for t he recent years. Morkoc et al. (1998) studied on t he trophic characteristics of 
Sapanca Lake and stated that it is a typical warm-monomictic and an oligotrophic lake. Consequently, 
contaminant source and beneficial uses, water quality classification and trophic levels should be determined 
for reduction of pollution at Sapanca Lake.  

In this study, water quality characteristics should be investigated current and future by considering land use in 
the basin. The important water quality parameters were measured at selected 12 stations on tributaries and 6 
stations on Lake Sapanca and the water quality classes and trophic level for lake have been assessed based on 
conventional procedures such as Surface Water Quality Management Directive (SWQM) (Turkey) and 
Carlson Trophic Index (TSI). Trophic levels of the lake and specified water quality classes have been 
identified. Basin pollution maps has been created and shown on Geographic Information System (GIS) by 
using measurement results and measurement 

2. MATERIALS AND METHODS 

2.1. Materials 
The latitude and longitude of Lake Sapanca is 40° 41‟ N / 30° 15‟ E. The lake has a length 16 km east-west / 
5 km north-south, surface area of about 46 km2and a catchment area of about 252 km2. The elevation varies 
between about 31 and 33 m and for e levation 31,5 , lake has a the volume of about 1120 ×  106 m3 . The 
maximum and average depths of the lake are approximately 61m and 25 m respectively (Table 1) 

 

 
Figure 1. Lake Sapanca location map (Google Earth, 2014) 

 

Table 1.Sapanca catchment and lake characteristics [3] 
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Catchment Area 252 km2 

Lake Surface Area 46 km2 

Lake Volume 1120 × 106 m3 (for elevation 31,5) 

Average Depth 25 m 

Maximum Depth 61 m 

Hydraulic Retention Time 8,41 yr (2013) 

 

In order to assess Lake Sapanca water pollution, 6 monitoring stations have been selected in the lake and 12 
monitoring stations have been on streams feeding the lake (Harmanlı, Maden, Kurudere, Degirmendere, 
Balikhane, Kasabasin, Yanik, Karacay, Mahmudiye, Istanbul, Keci and Sarp Streams) (Fig.2).Water samples 
were collected from September 2012 to November 2013 once or twice a month on streams and once a season 
in lake. Samples in the lake are collected at depths of surface, 5, 10, 15, 20 and 25 meters in horizontal-type 
byRuttner water sampler and on streams were collected from the surface. The depths of the stations in the 
lake are shown in Table 2.  

 

 
 

Figure 2. (a) Sampling stations in lake (b) Sampling stations on streams 

Table 2. Lake Sapanca sampling station depths 

Sampling stations Depth(m) 

A – Water intake area 26  

B – Seka Park 2 

C - Eşme 22 

D - Richmond 19 

E – Lake center 56 

F – Çark river 2 

 

2.2. Methods 

The water quality parameters of temperature, pH, dissolved oxygen, conductivity, specific conductance, 
salinity, total dissolved solids (TDS) and ORP were measured by YSI Professional Plus multiparameter on 
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land. For the measurement of TN, NO3-N, NO2-N, NH3-N, TN and PO4-P parameters, sampling bottles were 
brought to the laboratory and values were measured by spectrophotometer (MERCK NOVA 60). And 
likewise, a spectrophotometer was used to determine chlorophyll a [7] and visibility was determined by a 
limnologicalSecchi disc with a diameter of 20 cm. 

Trophic levels for Lake Sapanca have been assessed based on conventional procedures such as Surface Water 
Quality Management Directive (SWQM) (Turkey) and Carlson Trophic State Index (TSI). To determine the 
trophic state, based on SWQM, secchi depth, chl-a, total phosphorus and total nitrogen values are used; based 
on the Carlson Trophıc State Index, secchi depth, chl-a and total phosphorus vales are used. The formulations 
used by Carlson are given below [2]: 

 

(ܦܵ)ܫܦܶ = 60 − 14,41𝑥𝑥 ln༌(ܵܦ) (1) 

 

݈݄ܥ)ܫܦܶ − 𝑎𝑎) = 9,81𝑥𝑥 ln(݈݄ܥ − 𝑎𝑎) + 30,6 (2) 
 

(ܲܶ)ܫܦܶ = 14,42 𝑥𝑥 ln(ܶܲ) + 4,15 (3 

 
Table 3.Carlson’s trophic state index values and classification of lakes[5] 

 
 
 
 
 
 
 
 
 

 
 
 

 

 

Table 4.Limiting values of trophic classification system in lakes [6] 

 

 
 
 
 
 
 

 

 

3. RESULTS AND DISCUSSIONS 
This study presented the trophic states for selected 6 sampling stations in the lake. The trophic states based on 
Carlson and SWQM are given in Table 5 and Table 6. Trophic level for Lake Sapanca was determined as 
eutrophic for TP (Total Phosphorus), oligotrophic for secchi disc depth and mesotrophic for Chlorophyll-a 
based on both of indexes; and as mesotrophic for TN (Total Nitrogen) based on SWQM. The trophic states 
for TP, TN, secchi disk depth and chl-a are given by Geographic Information System (GIS) maps in Figure 3. 

 

Table 5. Trophic states of Lake Sapanca 

TSI Values Trophic Status 

< 30 Oligotrophic 

30-40 Oligotrophic 

 40-50 Mesotrophic 

50-60 Eutrophic 

60-70 Eutrophic 

70-80 Eutrophic 

>80 Eutrophic 

Trophic State TP(μg/L) TN(μg/L) Chl-a (μg/L) Secchi Disc Depth (m) 

Oligotrophic ≤10 ≤350 <3.5 >4 

Mesotrophic 10>TP≥30 350>TN≥650 3.5-9.0 4-2 

Eurtophic 30>TP≥100 650>TN≥1200 9.1-25.0 1.9-1 

Hypereutrophic >100 >1200 >25.0 <1 
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Table 6.Trophic states of Lake Sapanca 

 
 
Water quality classes for general conditions, nutrient parameters and oxygen parameters in the lake are given 
by the GIS maps in Figure 4. As shown in the figure, the lake is 1st class for general parameters, 2nd class for 
nutrient parameters and 2nd class for oxygenating parameters. 

 

 

CARLSON TSI
02.10.2012 14.11.2012 11.04.2013 30.07.2013 19.08.2013 24.03.2014

WATER INTAKE AREA TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC

TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC

TSI(CHL) OLIGOTROPHIC MEZOTROPHIC MEZOTROPHIC

SEKA PARK TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC

TSI(SD)

TSI(CHL) MEZOTROPHIC OLIGOTROPHIC MEZOTROPHIC

EbDE TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC MEZOTROPHIC EUTROPHIC

TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC

TSI(CHL) MEZOTROPHIC OLIGOTROPHIC EUTROPHIC

RICHMOND TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC MEZOTROPHIC EUTROPHIC

TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC

TSI(CHL) MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC

LAKE CENTER TSI(TP) EUTROPHIC EUTROPHIC MEZOTROPHIC MEZOTROPHIC EUTROPHIC EUTROPHIC

TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC

TSI(CHL) OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC

ÇARK SHUTTER TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC OLIGOTROPHIC EUTROPHIC EUTROPHIC

TSI(SD)

TSI(CHL) MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC

SWQM TSI
02.10.2012 14.11.2012 11.04.2013 30.07.2013 19.08.2013 24.03.2014

WATER INTAKE AREA TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC MEZOTROPHIC EUTROPHIC EUTROPHIC
TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC
TSI(TN) MEZOTROPHIC OLIGOTROPHIC MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC
TS(CHL) OLIGOTROPHIC MEZOTROPHIC MEZOTROPHIC

SEKA PARK TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC EUTROPHIC MEZOTROPHIC MEZOTROPHIC
TSI(SD)
TSI(TN) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC EUTROPHIC
TS(CHL) MEZOTROPHIC OLIGOTROPHIC MEZOTROPHIC

EbDE TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC HYPEREUTROPHIC MEZOTROPHIC EUTROPHIC
TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC
TSI(TN) OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC EUTROPHIC
TS(CHL) EUTROPHIC K>7'KdZKW,/� EUTROPHIC

RICHMOND TSI(TP) EUTROPHIC EUTROPHIC EUTROPHIC MEZOTROPHIC EUTROPHIC EUTROPHIC
TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC
TSI(TN) EUTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC EUTROPHIC
TS(CHL) MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC

LAKE CENTER TSI(TP) HYPEREUTROPHIC MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC HYPEREUTROPHIC
TSI(SD) OLIGOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC
TSI(TN) MEZOTROPHIC OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC OLIGOTROPHIC EUTROPHIC
TS(CHL) OLIGOTROPHIC OLIGOTROPHIC MEZOTROPHIC

ÇARK SHUTTER TSI(TP) MEZOTROPHIC MEZOTROPHIC EUTROPHIC OLIGOTROPHIC EUTROPHIC EUTROPHIC
TSI(SD)
TSI(TN) HYPEREUTROPHIC OLIGOTROPHIC OLIGOTROPHIC EUTROPHIC MEZOTROPHIC MEZOTROPHIC
TS(CHL) MEZOTROPHIC MEZOTROPHIC MEZOTROPHIC
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 (a) Lake trophic states for TN (b) Lake trophic states for TP 

 

  

Figure 3. (c) Lake trophic states for Chl-a (d) Lake trophic states for Secchi Disc Depth 

 
Water quality classes for general conditions, nutrient parameters and oxygenating parameters on 
streams are given by the GIS maps in Figure 5. As shown in the figure, Keci, Istanbuldere, Maden 
and Kurtkoy Streams are 1st class and the other streams are 2nd class for general parameters; 
Harmanli, Kurudere and Degirmendere streams are 3rd class and the other streams are 4th class for 
nutrient parameters and only Keçi Stream is 2nd class and the other streams are 1st classfor 
oxygenating parameters. 
 

 

  



Evaluating Water Quality Classes and Trophic Level for Lake Sapanca Basin – SedaTünay, TemelTemiz, 
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(a) Water quality classes in Lake Sapanca for general 
conditions 

(b) Water quality classes in Lake Sapanca for nutrient 
parameters 

 

 

 

Figure 4. (c) Water quality classes in Lake Sapanca for oxygenating parameters  

 

 

 

 

 

 

 

 

 

 

 

 

  

(a) Water quality classes in streams for general conditions (b) Water quality classes in streams for oxygenating 
parameters 
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Figure 5. (c) Water quality classes in streams for nutrient parameters 

 

4. CONCLUSIONS 
According to obtained results, water quality classes were identified as 2nd class for Lake Sapanca and 4th class 
for tributaries according to conventional procedure (SWQM). Trophic level for Lake Sapanca was determined 
as eutrophic for TP (Total Phosphorus), oligotrophic for secchi disc and mesotrophic for Chlorophyll-a based 
on both of i ndexes; and as mesotrophic for TN (Total Nitrogen) based on S WQM. By considering that 
Sapanca Lake is an important source for drinking water, observation stations for c ontinuous and 
instantaneous monitoring should be established on Balıkhane, İstanbul, Mahmudiye, Karaçay, Yanık, Maden 
and Kasabasın Streams discharged to Sapanca Lake will be an important step for water quality control. It is 
required that to take precautions for point and non-point sources and to arrange an integrated management 
plan. Destruction of forests and increased urbanization should be prevented as soon as possible. both the lake 
and streams fed by underground water must be protected and detected.  
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Abstract 
Taking the necessary measures to evaluate the environmental impacts; and preventing, overcoming and controlling 
the adverse effects that may occur in business management are the indications of the importance attached to the en-
vironment. This can be achieved through the establishment of the environmental management system. The standard 
representing the environmental management system is the ISO 14001:2004 standard.However, as well as the establish-
ment of the system, it is essential to evaluate the factors that may cause risks independently in terms of occupational 
health and safety; and to take measures before the accidents and incidents occur. In such a case, the guiding standard 
is the ISO 18001: 2007 standard.These two standards are similar as they are based on operation, system cycle, pro-
active approach and risk management. Its preparation and application in an integrated way lead to a reduction in the 
workload and documentation; and to an increased productivity and motivation.               In this study, the integrated 
establishment and application of the environmental and occupational health and safety systems at a Natural Gas 
Combined Cycle Power Plant has been evaluated. This integrated model’s positive contributions on both systems were 
evaluated in terms of its environmental and occupational health and safety performances� and the measurable efficien-
cy capacities that the model will provide for the organizations serving in this type of energy industry were calculated.
      
Keywords:  (nYironment, 5isk manaJement, s\stem, reduction, eI¿cienc\
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1. INTRODUCTION 
In this study, an evaluation has been carried out regarding the establishment and implementation of an 
integrated management system  including the Natural Gas Combined Cycle Power Station ISO 14001: 2004, 
Environmental management system and OHSAS 18001: 2007 a nd Occupational Health and Safety 
management system, in addition, an integrated management system model is proposed covering these two 
management systems. 

Necessary measures is an indication of the importance given to the environment with regard the evaluation of 
the effect of the environment in the management of enterprises, the prevention and elimination of the negative 
effects that may occur and can be kept in check. ISO 14001 Environmental Management Systems, first 
published in 1996 and revised in November 2004, is a standard used to establish an environmental 
management system for the use of enterprises [3]. Although, Environmental Management System is a part of 
the management system for managing the size of the environment and the development of e nvironmental 
policies and the enactment of t hem, it does not replace the legislation or re quire the best technology or 
occupational health and safety. 

Regardless of E nvironmental Management, enterprises shall provide the safety and health at work by 
evaluating risk factors and take precautions before accidents and incidents happen. OHSAS 18001 
Occupational health and safety management system standard, which was published in 1999 and developed on 
the basis of the BS 8800 standard, a guide standard for the enterprises in terms of establishing an occupational 
health and safety management system [2]. This standard covers the terms of OHS management system so that 
enterprises can control occupational health and safety risks and optimization of the performance. Similarly, 
occupational health and Safety Management System does not replace the legislation or r equire the best 
technology or does not include control of the environment outside the scope of job security. Enterprises can 
establish the ISO 14001 and OHSAS 18001 management system standards in an integrated way rather than 
creating separately.  In  this study, firstly, the reasons of establishment of an integrated system will be 
analyzed by putting these two standards in mind. Then power plant-specific system requirements and 
applications will be discussed. 

2. MATERIALS AND METHODS 
Information about combined cycle is given following because Natural Gas Combined Cycle Plants of 
environmental and occupational health and safety management systems are examined in this study. When 
electricity is produced in two stages at combined cycle gas turbine, yields are increasing. Gas turbines and 
steam turbines used together in combined cycle power plants. As well as electric energy obtained from the 
gas turbine used gas as fuel, turbine exhaust steam with high-temperature by sending to the waste heat boiler 
is also provided additional electricity generation. Thus, combined cycle efficiency can yield approximately 
55-60% in this type of power plants. 

 

 
Figure 1. Combined cycle power plant scheme 
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2.1. The Typical Environmental Specifications of Energy Power Stations  

Environmental application is related to Natural Gas Combined Cycle power plant follows as: Power plants 
are   subject to permission about emission and wastewater issues. The environment permission must to obtain 
for establishment and operation of t he enterprises that have air emission, waste water , are within  
Environmental Permits and License Regulations. It’s transcended and worked for provi sion of re levant 
regulations and limit values in evaluating air emissions originating from these enterprises [4]. 

Emissions:  T he most important emission is nitrogen oxides in power plants. Due to use of s pecial 
incineration technologies, the values are 20-30 mg/Nm3  for ni trogen oxides. Also, the limit value is 300 
mg/Nm3  in the relevant regulation. In this respect, it can be said that this value is far below the limit values. 

Waste water: The wastewaters originate from the plant are demineralized water preparation unit regeneration 
wastewaters; domestic wastewaters; plant waters and bluffing won (open field external) drainage water. 

Waste management: Due to the raw material is natural gas, the product is electric that are in Natural Gas 
Combined Cycle power plant, ıt is not possible formation of waste. Only, wastes consist of general daily 
activities and maintenance works. 

 

2.2. Compare of 14001 and 18001 standards  

The most important problems in system setup are cost, time, requirement expert staff and work load issue. 
These problems are removed by integrated system [1]. Table 1 shows the common items of s tandards and 
they are compatible to integration has been introduced there. 

Table 1 Compare of the integrated standard parameters  of 14001 and 18001 

 ISO 14001 OHSAS 18001 

4.3.1 Environmental Dimensions Hazard Identification, Risk Assessment and Determining Controls 

4.3.2 Legal and Other Requirements Legal and Other Requirements 

4.3.3 Objectives and Programs Objectives and Programs 

4.4.1 Resources, Roles, Responsibility and Authority Resources, Roles, Responsibility, Accountability and Authority 

4.4.2 Speciality, Training and Awareness Competence, Training, and Awareness 

4.4.3 Communication  Communication, Participation and consultation 

4.4.4 Documentation Documentation 

4.4.5 Control of Documents Control of Documents 

4.4.6 Activity control  Operational Control 

4.4.7  Emergency Preparedness and Response 

4.5.1 Monitoring and measurement Performance Measurement and Monitoring 

4.5.2 Evaluation of Compliance  Evaluation of Compliance 

4.5.3 Non-conformity, Corrective and Preventive 
Action 

Incident Investigation, Non-conformity, Corrective and Preventive Action 

4.5.4 Control of Records Control of Records 

4.5.5 InternalAudit Internal Audit 

4.6 Management Review Management Review 
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Figure 2. Plan, Do,Check and Act system of 14001  

3. RESULTS AND DISCUSSION 
This section, by examining the efficiency in terms of environmental and occupational health and safety, the 
natural gas cycle power plant  implemented the integrated management system has been analyzed and 
interpreted statistical data on an annual basis. 

 

 

Figure 3. Consumption of raw water between 2008-2014 
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Figure 4. Waste distribution of 2014 

 

Figure 3 i s shown the change of water consumption amount between 2008 a nd 2014 .  As a result of 
implementing a regular integrated management based on legal terms and regulations for waste management, 
by providing recycling of w aste given Figure 4 , it was obtained income approximately $ 55, 858.  It  was 
calculated the expenses of waste as $ 11205 for  transfer and $13700 for disposal. As can be seen, gain of $ 
30,953 per year was obtained with an applicable integrated management system. Figure 5  is shown the 
reduction of electricity that sources from office part of the system between years 2008-2014. 

 

 
Figure 5. The reduction of electricity that sources from office part of the system 
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It is the made great care period of between June and August when accidents are dense. There has been about 
200 people in the business of operating conditions but this number has reached 700 people in the maintenance 
period. Avoidable level of work accidents which can be cured with first aid and medical attention occurred in 
2014. It is a significantly lower number for such a sector. This situation can be considered as an advantage 
implementing an integrated management system. 

4. CONCLUSION 
After all, when integrated management system implemented in energy sector, as examples are given above, 
are practiced separately, will make negativity in terms of t ime, cost and labor. Even though, preference of 
Energy industry with this type of integrated management systems has great benefits of the environment with 
ease-of-use natural gas, on t he other hand, carrying large risk in terms of e nvironmental and occupational 
health and safety is the general structure of the sector. 

However, aforementioned management systems’ set up a nd operation are favorable in this type of power 
plant considering the easy use. 

Moreover, although there are many obstacles to set up and operate this type of systems in many companies, 
mostly no problem has been encountered regarding the funds transfer and staff employment in these types of 
power plants, as the level of education is higher in general minimal problems have been experienced in terms 
of the adoption and operation of the system. 

Energy stations generally has been evaluated negatively in terms of e nvironment, however, benefit is that 
according to the thermal power plant natural gas is a relatively clean fuel and certification is an instrument 
that can prove that enterprises’ effect on the environment was not as expected. 

At the same time, these types of pow er plants are large industrial plants and big business accidents may 
happen in these atmospheres. 

Establish and implement of O ccupational Health and Safety as management system brings convenience 
systematically and helps studies to be carried out systematically from emergency situations to risk 
assessments. 

Personnel, working in this type of plant, have high level of education in general which is an advantage in 
terms of understanding and implementation of the risk.  

In terms of environmental and occupational health and safety, Management systems standards which are built 
at the same logic, are valid not only for a ll enterprises but also Natural Gas Combined Cycle Power Plant 
which provides great convenience. 
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Abstract 
Urban people remain away from nature depending on the rapid increase of population, industrialisa-
tion and construction density and so the recreation need of people also increases. The concept of ur-
ban forest, which was used first in ����, can be defined as the forest areas around cities used for ecolog-
ical and recreational functions beyond obtaining wood raw material. 8rban forests were first seen at the 
beginning of ����s in 7urNey with the first one constituted by *eneral 'irectorate of )orestry in ����. 
In the scope of the study, the development stage of the concept of urban forest in 7urNey and the urban forests 
completed and being completed were evaluated. In this respect, distribution, surface areas, geographical charac-
teristics, social equipment elements, infrastructure features, Àora and fauna of urban forest all over the coun-
try were determined. With the help of data obtained, urban forest were categorised under different categories.
While there was only one urban forest constituted on an ����ha area in 7urNey in ����, in ����, this number was 
totally ��� constituted on a ����� ± ha area. 5elated institution to this issue targets in short term to constitute an 
urban forest in every city while in middle and long term expanding these forest to provincial areas by getting the 
views of urban people about the planning, renovating and improving ones constituted and being and to be constituted.
      
Keywords:  Urban forest, Population growth, Open green area, Recreation, Turkey.



ܲ + ܶ = 𝑚𝑚𝑎𝑎𝑥𝑥 ܺ
ܣ ܨܿ 𝑚𝑚  (1) 

ܲ(𝑒𝑒 + ܻ)  = 𝑚𝑚𝑎𝑎𝑥𝑥 ܺ
ܣ ܨܿ 𝑚𝑚 [ܴ − ܣ + ܺ + ܻ] (2) 

where; e is eccentricity which is ratio of moment divided by the axial force, R is radius of circular base plate, 
A is the length of the part of the base plate area under compression, Y is distance between center of gravity of 
the anchor bolt forces, Fcomp is the part of the base plate area under compression. X is the distance from center 
of gravity of compressive stress bearing area to the zero stress section. pmax is allowable bearing stress and T 
is the sum of the anchor bolt forces in the half of the circle. P is the axial force acting on base plate center. 

Since strain distribution is linear and sum of the anchor bolt forces in the half of the circle can be determined 
by using equilibrium equations, maximum anchor bolt force at outermost anchor bolt can be determined as 
equation (3). 

1ܶ,𝑚𝑚𝑎𝑎𝑥𝑥 = ܶ
ቀ1+ 2

1ݕ
σ 𝑖𝑖݊݊ݕ

=2 ቁ (3) 

Equation (1) and equation (2) can’t be solved explicitly;iteration process is used to investigate the unknowns. 
In the beginning, maximum allowable stress is determined using equations based on AISCapproach as given 
in equation (4) [1]. 

𝑚𝑚𝑎𝑎𝑥𝑥 = 0.35 ݂ܿ ට2ܣ

1ܣ
 0.7݂ܿ  (4) 

where; pmax is maximum allowable bearing stress, fcis concrete compression strength, A1 and A2 are plate and 
concrete areas. 

On the first step a trial base plate size is selected and number of bolts accounting layout in the circular base 
plate is determined. Diameter of bolts is also decided on this step. In this manner, the center of bolts which is 
termed as Y is calculated accordingly. Afterwards compressive bearing area is calculated using equation 
(5)which is mainly based on AISC approach [1]. 

ܨܿ 𝑚𝑚 = ߙ 2ܴ 0.0174532 −  ܴ (ܴ −  (5) ߙ𝑖𝑖݊ݏ(ܣ
where, α is the angle and also determined with equation (6). 

ߙ = 𝑎𝑎ݏܿܿݎ ቀܴ−ܴܣ ቁ  (6) 
Center of gravity of the compression area can be calculated with using equation (7) and equation (8) with 
respect to the value of the angle α: 

ܺ = ܴ ቂ 𝑖𝑖݊ݏ 2 ߙ3
(ߙ𝑖𝑖݊2ݏ 1.5−ߙ 3) − ቃߙݏܿ ߙ)       ߨ

4
)  (7) 

ܺ = 1)2ߙ ܴ 0.2 − 2ߙ0.0619 + ߙ)       (4ߙ 0.0027 < ߨ
4

)  (8) 

After all unknowns of these equations are determined,equation (2) is controlled for the trial value. If the left 
and right sides of the equation (2) is not close enough, then a new trial value for Y should be selected. If two 
sides of the equation (2) areclose enough, then the resultant bolt force can be determined from equation (1) 
and T1,max can be calculated using equation (3). The maximum force on outermost bolt Tmax can be controlled 
using allowable anchor bolt load. If the value exceeds the allowable load limit, then bolt diameter or number 
of bolts can be increased. Likewise, base plate thickness can be determined using equation (9). 

𝑡𝑡 = ට8𝑀𝑀
ݕܨ

 (9) 

where; M is the moment for a 1 mm wide strip at the critical section and Fy is the yield stress of base plate 
steel material. 

Main parameters of a circular base plate can be practically determined following the equations given above. 
This trial-and-error iteration approach gives opportunity to select the dimensions of the base plate, diameter 
and number of anchor bolts practically.  

3. NUMERICAL EXAMPLE 
Circular base plate for a n advertisement pole is calculated according to the approach given in this study. 
Advertisement pole structure is presented with Figure 2. Column length is 20 m and façade area is 100 m2.A 
circular base plate under high eccentric load is assumed and practical design approach is applied on control of 
the selected geometric properties of the base plate. Circular base plate used under advertisement pole column 
geometry is also given in Figure 3. 
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Figure 2.Advertisement pole 

 

 

Figure 3.Circular base plate with anchor bolts 

 

Circular base plate of the advertisement pole is designed under axial load of 326 kN and moment of 4 711 
kN-m. The pole column is pipe section and the outside diameter of pipe is 1900 mm. Outside diameter of the 
circular base plate is 2200 mm and thethickness is 60 mm. The ratio of the concrete area onthe top of the 
foundation to steel base plate area is 2/3. The allowable stress for the anchor bolts and the base plate are 112 
MPa and 235 MPa, respectively. There are 40 bolts with the bolt diameter of 42 mm. The concrete 
compressive strength is assumed as 30MPa. Allowable stress design approach for steel circular base plate is 
used and results are presented. 

On the first step, the maximum design bearing stress is calculated as 12.86 MPa using equation (4). Since this 
value is below 21 MPa, bearing stress control is satisfied. As, there are 40 bolts and their diameter is 42 mm, 
center of gravity for anchor bolts is 668 mm.  

Also, for a trial value length of the part of the base plate area under compressionis selected as 499 mm. After 
following equations (5) and (6), compressive bearing area is calculated as 6481 cm2and α is determined as 
56.9°. Since angle αis higher than π/4, equation (7) i s used for calculating the center of gravity of the 
compression area. After all unknowns for the trial step are determined, equation (2) is controlled. Since, both 
sides of the equation (2) are almost the same, no further iteration is required. Accordingly, maximum anchor 
bolt force at outermost anchor bolt is calculated using equation (3) as 237.5 kN. The maximum anchor bolt 



force is smaller than the allowable anchor force 281.2 kN. This shows that number and the diameter of the 
selected anchor bolts are enough in terms of anchor bolt force calculations. Likewise, base plate thickness is 
controlled using equation (9). The critical section is selected equal to the diameter of t he column since 
stiffeners are provided and the base plate thickness is calculated as 52.4 mm. As base plate thickness is 60 
mm, the thickness of the base plate is adequate. 

4. CONCLUSIONS 
In this study, a practical approach is presented for design of circular base plates that are commonly used for 
pipe or po lygonal columns. Circular base plates are frequently used in wind turbine towers, lighting and 
advertisement poles. These types of circular base plates are designed to withstand loads that introduce high 
eccentricity such as wind and earthquake loads. Relationship between anchor bolt forces and base plate 
bearing stress is given and calculation steps are derived containing an iteration process. A numerical example 
is performed using practical procedure given with the calculation equations. Base plate dimension, base plate 
thickness, anchor bolt number and diameter are controlled.  
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Abstract 
Objective of the study is to determine the suggestions and views of urban people for Malatya Urban Forest continuing to be constituted us-
ing a participatory planning and design approach. For this aim a questionnaire study was conducted among urban people using rational 
approach. In addition to demographic and socio–economic data, views of participants for the importance, utilisation possibilities and 
ecological and recreative benefits of urban forest were investigated.       
As the result of the study, 84.3% of participants thought that urban forest project is an important project for Malatya and they support 
it. As the education and socioeconomic levels increase the rate of participants thinking that urban forest project is a required project 
for the city also increases. Among the participant 90.7% of those university graduate thought that the most important value urban for-
est adds to the city is ”having a utilisation area away from stress but close to the city in nature”. When the education level decreases 
participant views change to utilisation ways as “an ideal picnic area for the city”. According to questionnaire results, public utilisa-
tion of urban forest was clearly determined first by its accessibility infrastructure and location, followed by security and maintenance. 
)or the design of the area, participants thought that the least possible amount of artificial structures should be constituted in the area.   
It was determined as the result of the data evaluated that urban people in Malatya city are willing for the urban forest to be 
constituted in their city, think that such a project may increase the recreative and liveability value of the city, however, they 
worry about maintenance and security issues and at planning stages these issues should be taken under consideration.
             

      
Keywords:  Urban forest, Questionnaire, Urban people, Demographic variable, Malatya.



 

1. Introduction 
Benefits and contributions of urban open green spaces to urban people have been 

determinedin several studies carried out by various authors from various disciplines. It wasstated in 
such studies that urban open green space systems can reduce psychological stressand mental 
disorders among urban people, have decreasing effect on obesity, allow for physical activity,contribute 
to protective health care [1-9].  

Urban forestry can be defined as to ensure the sustainability of tree planted or forest areas in 
or close proximity of urban areas; to constitute new tree planted areas; and to plan maintenance, 
repairing and management processes of such areas in order to contribute to public health and social, 
psychological and economic prosperity and wellbeing of urban people. 

Urban people feel dominantly the need of going away from cities in order to escape from noise 
and stress of cities, breathe easily and recreate themselves. Such a condition causes an increase in 
the demand and need for urban forests. 

Definition of urban forest in Turkish forestry can be clarified as “the man-made or natural forest 
areas with predetermined borders and private entrance which are located or constituted in or close 
proximity of cities; planned to have primary function of meeting recreation needs of urban people and 
basic infrastructures and simple facilities to serve for their visitors or dwellers from each age group to 
satisfy their excursive needs as well as offering possibilities for these people to perform various 
activities such as sports, relaxing and sightseeing without destroying natural structure of forests [10]. 

2. Materials and Methods 
Objective of the study is to determine the suggestions and views of urban people for Malatya 

Urban Forest continuing to be constituted using a participatory planning and design approach. 

For this aim a questionnaire study was conducted among urban people using rational 
approach. In addition to demographic and socio–economic data, views of participants for the 
importance, utilisation possibilities and ecological and recreative benefits of urban forest were 
investigated. Questionnaire forms were completed using face to face method in all neighbourhoods of 
the city in order to include almost all the views from all parts of the city. According to Addresses Based 
Population Recording System of Turkish Statistics Institution (TSI), population of the city is 769 544 in 
2014 [11]. When considered this value, sample size was calculated in 5% error and 90% confidential 
interval to be 272 people minimum. 

3. Results and Discussion 
Socio-demographic characteristics of the participants in the questionnaire survey are given in 

Table 1 and Figs. 1-6. It can be seen that 70.2%, 37.5%, 59.2%, 64.3% and 90.8% of the participant 
are married, 21 to 40 years old and in active working life, respectively. Rate of male participants is 
9.6% more than males. When education level of the participants is taken into consideration, it can be 
stated that high school graduates have the largest rate followed by university graduate and primary 
school graduates, respectively. About 64% of participants reported that they have a mean monthly 
income of 2001 to 3000 TL (Turkish Liras).  

Table 1. Socio-demographic characteristics of the participants. 
Socio-demographic 
characteristics Name of characteristics Label Number % Sdt. 

Dev. Scale 

Gender Female (1) FEML 123 45.2    Male (2) MALE 149 54.8 
 TOTAL  272 100 0.499 1-2 
Marital Status Single (1) SING 81 29.8    Married (2) MAR 191 70.2 
 TOTAL  272 100 0.627 1-2 



Age ≤20 (1) YONG 8 2.9 

   21-40 (2) MYNG 102 37.5 
 41-60 (3) MDDL 93 34.2 
 ≥61 (4) ELDRL 69 25.4 
 TOTAL  272 100 0.609 1-4 
Education Level Primary School (1) PRIM 41 15.1 

  
Secondary school (2) SCND 19 6.9 
High school (3) HIGH 103 37.9 
Vocational school (4) VOCS 29 10.7 
University graduate (5) UNIG 65 23.9 
Master education (6) MAST 15 5.5   
TOTAL  272 100 1.277 1-6 

Occupational Status  Working (1) WRKN 161 59.2 

  
 Retired (2) RTRD  53 19.5 
 Unemployed (3) UNEM 13 4.8 
 Housewife (4) HOWF 29 10.7 
 Student (5) STDT 16 5.8 
 TOTAL  272 100 1.371 1-5 
Income Level  ≤1000 TL (1) IL1 36 13.2 

   1001-2000 TL (2) IL2 28 10.3 
 2001-3000 TL (3) IL3 175 64.3 
 3001-4500 TL (4) IL4 26 9.6 
 ≥4�01 TL (�) IL5 7 2.6   
 TOTAL  272 100 1.103 1-5 
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Figure 3.Age Figure 4. Education Level 
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Figure 5.Occupational Status 

 
 
 

 
Figure 6.Income Level 

 
Table 2. Participant’ views about the urban forest. 

Type of variable I think urban forest project is an important project 
for Malatya and I support it. 

Gender Yes (%) No (%) 
FEML 81.5 18.5 
MALE 89.4 10.6 
Marital Status   
SING 83.2 16.8 
MAR 93.5 6.5 
Age    
YONG 89.1 10.9 
MYNG 80.9 19.1 
MDDL 87.7 12.3 
ELDRL 93.0 7.0 
Education Level   
PRIM 62.3 37.7 
SCND 69.0 31.0 
HIGH 73.5 26.5 
VOCS 80.5 19.5 
UNIG 89.9 10.1 
MAST 98.3 1.7 
Occupation   
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WRKN 82.2 17.8 
RTRD  85.3 14.7 
UNEM 76.1 23.9 
HOWF 83.8 16.2 
STDT 90.0 10.0 
Income Level   
IL1 
IL2 
IL3 
IL4 
IL5 

71.5 28.5 
82.0 18.0 
90.8 9.2 
91.3 8.7 
97.6 2.4 

TOTAL 84.3 15.7 
 

As the result of the study, 84.3% of participants thought that urban forest project is an 
important project for Malatya and they support it. As the education and socioeconomic levels increase 
the rate of participants thinking that urban forest project is a required project for the city also increases 
(Table 2). Among the participant 90.7% of those university graduate thought that the most important 
value urban forest adds to the city is ”having a utilisation area away from stress but close to the city in 
nature”. When the education level decreases participant views change to utilisation ways as “an ideal 
picnic area for the city”. According to questionnaire results, public utilisation of urban forest was clearly 
determined first by its accessibility infrastructure and location, followed by security and maintenance. 
For the design of the area, participants thought that the least possible amount of artificial structures 
should be constituted in the area.    

It was determined as the result of the data evaluated that urban people in Malatya city are 
willing for the urban forest to be constituted in their city, think that such a project may increase the 
recreative and liveability value of the city, however, they worry about maintenance and security issues 
and at planning stages these issues should be taken under consideration.  
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Abstract 
CO2, CO and NOx emissions are one of the major problems for pulverized coal combustion. In oxy-fuel combustion method, 
CO2-H2O-O2-N2 mixture was used for the combustion of coal. Thus, oxy-fuel combustion process produced low CO and NOx 
emissions on the other hand, air isn’t suitable for combustion in oxy-fuel process. In this study, oxy-fuel combustion method 
has been investigated for different mixture rates burned pulverized coal. The numerical analysis for air combustion and three 
different recirculating Àue gas mixture rate, was made by $16<6�)/8(17 �� commercial software. $nalysis of the oxy�fu-
el combustion process were performed by using realizable k-e turbulence model, multiple surface reactions char combus-
tion method, single rate devolatilization method, DO radiation method and second-order upwind discretization method. In 
this analysis, were used to three stage combustion burner. 3rimary stage, include coal�recirculating Àue gas, secondary and 
tertiary stage include ��� 2� � � � 2�. In these analysis, were investigated affect on  Àame temperature, mass fraction of 
the &2� and 12x emissions using different recirculating Àue gas mixture rate �&2�, �+�2, �2� �������, ��.����.���, 
��.����.����.             

      
Keywords:   Oxy-fuel combustion, pulverized coal combustion burner, CO2 and NOx emissions 



1. INTRODUCTION 

According to European Union Environmental Legislation, CO and NOx emission limits are 200 mg/Nm3 and 800 

mg/Nm3 respectively. Lignites with calorific value lower than 3000 kc al/kg is classified as low quality lignites. 

Therefore, 88% of the Turkey lignites are low quality. In this study, differences between combustion with air and, 

oxy-fuel that is known as clean coal burning technology have been investigated in the mixture burner for four  

different mixture rates.  Literature studies on the oxy-fuel pulverized coal combustion are given below. 

 

Davidson and Santos [4], 2010, in their studies, investigated oxy-fuel pulverized coal combustion system. They 

burned low quality coal mixing with recirculating flue gas and   combustion air which is separated N2. As a result of 

studies, they determined that occur CO2 and H2O in the furnace.  O ther hand, they determined that oxy-fuel 

combustion process can be made as technical and, it is necessary that manufacturing of l arge capacity and 

commercial scale systems more economical than other alternatives. Spero [9], 2009, in his study, he stated function of 

O2 injection and distribution in the combustion zone that flame stability, heat transfer of radiation and gas 

composition. Davidson [3], 2007, he stated more advantages for oxy-fuel combustion that capture emissions that isn’t 

include chemical reactions after combustion. Li, et., all.[8], 2013, in this study, they investigated NOx And SOx 

emission effect of recirculating flue gas in the co-combustion furnace.  In this study, they created Asppen-Plus model 

of volumetric combustion. They investigated decreasing of NOx and SOx emissions for combusting % 100 bi omass, 

%45 biomass and %100 l ignite. According to this study results, they stated lower NOx and SOx emissions for 

increasing biomass in the fuel mixture. They stated that increasing of recirculating flue gas rate in the mixture reduce 

the high rate NOx emissions and increase the slightly rate SOx emissions. In the all work conditions, they stated NOx 

emissions is nearly zero for recirculating of flue gas rate is more than or equal % 10 and biomass combustion less 

than consume energy from coal combustion. Buhre, et., all.[2], 2005, reported, reported that oxy-fuel combustion 

reduce high rate NOx emissions in their work and that there is need new researches to development oxy-fuel coal 

combustion technology.  

 

In the study NOx, CO2 distribution and temperature in the test furnace for different mixture rates in mixer burner 

combustion that designed by researchers were investigated by using ANSYS-FLUENT 14 commercial software. 

 

2. NUMERICAL ANALYSIS  

As could be seen in Figure 2, mesh structure of geometry that test boiler and mixer geometry in Figure 1 was formed 

96088 tetrahedral mesh in 21013 nodes by using Ansys-Meshing software. The solution accuracy was increased by 

creating more frequent intervals boundary layer mesh for burner and wing geometry.   

 



 

Figure 1. Test Furnace and Mixer Burner 

 

Figure 2. Grid Structure of Test Furnace and Burner 
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2.1. Boundary Conditions 

 
Combustion analysis were performed for pulverized coal combustion with air and combustion air that mixing 

recirculating flue gas and air and mixture contents are given in Table 1.  

 

Table 1. Boundary Conditions of Analysis 

                                    Analysis 1 

 Primary Secondary Tertiary 

Mass Flow Rate (kg/s)  0,082  0,218 0,032 

% O2 21 21 21 

% CO2 0 0 0 

% H2O 0 0 0 

                                                               Analysis 2 

 Primary Secondary Tertiary 

Mass Flow Rate (kg/s) 0,082 0,09 0,021 

% O2 3 95 95 

% CO2 59,5 0 0 

% H2O 
 

37,5 
0 0 

 Analysis 3 

 Primary Secondary Tertiary 

Mass Flow Rate (kg/s) 0,082 0,09 0,021 

% O2 3 95 95 

% CO2 77,6 0 0 

% H2O 19,4 0 0 

 

2.2. Materials and Methods 

 
In the combustion analysis, Realizable k-e turbulence method [7], FR-ED (Finite Rate-Eddy Dissipation) volatile 

matters combustion model[7] were used and multiple surface reactions char combustion model[7] were used for 

modeling the combustion of the carbon in the particle surface. In the discrete phase modeling, Eulerian-Lagrange [7] 

approach were used and DO (Discrete Ordinates) radiation model [7] were used for ra diation modelling in the 

analysis. NOx consist of three forms that temperature, prompt and fuel. NOx caused by temperature is expressed by 



Zeldovich NOx formation mechanism. In t he Zeldovich NOx formation mechanism was used Quasi-Steady State 

Assumption that reaction rate with reference taken on [1] , NOx caused by Prompt and fuel for calculating were used 

by De-Soete modeling [5;6]. Equations are given that used for combustion and NOx emissions analysis in Table 1. In 

the analysis, the inlet temperature of the coal  was 25 ͼC, primary, secondary and third stage air temperatures 325 °C. 

In this analysis; GLİ Tunçbilek coal, which elemental and proximity analysis were given in Table 3 were used. 

Equations, reactions and constants that using methods in this analysis were given in Table  2. 

 

Table 2. Equations, Reactions and Constants That Using Methods in Combustion and NOx Emission Analysis 

Turbulence method 

Continuity 

μ
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 (ɏkui) =  μ
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Discrete Phase Modelling 

ܘܝ܌
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+  (3)                                                                                                            ܠ۴

Devolatilization Combustion Model 
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                                                                                                                      (4) 

Combustion Reactions 
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Discrete Ordinates Radiation Modelling 

Particle Emissivity: 0.9 [2] 

Particle Scattering Factor: 0.9 [2] 

NOx Modelling 

Thermal NOx Zeldovich Mechanism Reactions [16] 
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Quasi-Steady-State Assumption [1] 
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Table 3. */ø-Tunçbilek Coal Elemental and Proximity Analysis 

Elemental (ultimate) analysis C 72,9 

 H 5 

 O 14,7 

 N 2,5 

 S 4,9 

Proximate analysis Ash 32,6 

 Moisture 13 

 Volatile Matter 14,8 

 Fixed Carbon 39,53 

 

3. RESULTS  

 
In the study results, temperature, total NOX emissions and mass fraction of CO2 distributions in the furnace for four 

analysis were given in Figure 3-5.  

  



                                 

Figure 3. Temperature Distribution in The Furnace 

 

                                      

Figure 4. Total NOx Distribution in The Furnace  

 

Results that obtained above analysis were given in Table 4.   

 

Table 4.  Analysis Results 

 Flame 

Temperature 

(K)  

Total NOx 

Emissions of 

Furnace 

Mean CO2 

Mass Fraction 

of Furnace 

Furnace Outlet 

Mean 

Temperature 

Combustion 

Efficiency (%) 

Analysis 1 

Analysis 3 

Analysis 2 

Analysis 1 

Analysis 2 

Analysis 3 



Outlet(mg/s) Outlet (%) (K)  

Analysis 1 1450 376 25,1 1217 98 

Analysis 2 2100 207 57,4 1220 98 

Analysis 3 2110 262 73,7 1256 98,1 

 

Results which were given in Table 4 were graphed Figure 6-11. 

 

4. CONCLUSIONS  

 
Oxy-fuel combustion is subject which is used recently years and open to improvement with new researches. Oxy-fuel 

combustion provides same heat release and low emissions with less fuel consumption. Also, increasing CO2 

concentration with recirculating flue gas and utilize CO2 that using CO2 capture and storage system in post 

combustion. Committed analysis results, as shown less flue gas with using less combustion air and although, 

increasing NOx concentrations but total NOx emissions decrease were shown due to decreasing recirculating mass 

flow rate. In this study results, as shown more than % 50 hi gh flame temperature can be reached for oxy-fuel 

combustion to air combustion and less than % 45 total NOx emissions of furnace outlet. Also, CO2 mass fraction of 

furnace outlet can be reached %80 were shown due to increasing CO2 mass fraction of recirculating flue gas.  
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Abstract 
$ll universal machine tools have their own specific worN sNills. 7hese are identified depending on the machine design hardware. 
8niversal machine tools with &1& machines, which is the same as the physical design and construction of a number of operational 
can worN with more sensitive and economically. It is possible to simulate a graphic piece can begin for manufacturing. $lso with 
the computer system, progress, speed values such as instantaneous as can be achieved. In this study, universal turning machine 
has been converted to computer�aided turning machine with microcontroller based embedded software and electronic systems. 
8niversal turning machine system has been controlled with operator software that can worN concurrent, suitable motor drive, 
advanced microprocessor. (lectronic system design provides the operator with the possibility of manual and automatic operation.
      
Keywords: Converting machine, cnc design, concurrent control, microcontroller.



ICENSInternational Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
Computer Numerical Control (CNC) machine tools which are used in a wide variety of industries today are 
the basic production machines of manufacturing industry. With the advancement of information technologies 
the software and hardware components of C NC machines are also improving rapidly [1]. The solution 
proposals presented by these computer-aided machines to the needs of production processes are directly 
related to software and hardware design. Rapidly meeting the demand for products in the industry, 
minimizing time consumption with advanced designs and production methods and, most importantly, 
increasing manufacturing quality are essential elements [2]. The fact that the machines used in the industry 
are computer-aided ensure that production is improved and production costs are lowered. Due to the fact that 
production at CNC machines is a highly-paid activity, businesses can obtain CNC machines by purchasing or 
making special designs thereof [3]. Celik et al. included the design of a  fabric cutting machine which was 
controlled by a software prepared in Pascal Language and moved on x-y plane [4]. In their study Demir et al. 
dealt with the design and manufacturing of a three-axis mini CNC milling machine. In this study they ensured 
axis movements with step motors and performed the control of these motors through a control card [5]. 
Mendi et al. suggested that the classical machines at hand would be converted to programmable versions with 
Programmable Logic Control (PLC) due to their high cost. For this purpose they examined the control and 
automation elements used in press machines which would be produced in their study [6]. Polat turned a 
classical NC milling machine, which performed axis movements with step motors, into a computer-aided 
machine with a control software which communicated with hardware units through parallel port and was 
prepared with basic programming language. As a result, the controllability of the machine was improved [7]. 
In his study, Pekozcan dealt with the conversion of a  conventional turning machine into a computer aided 
one. DC was used as spindle motor and step motors were used for axis movements. Rotation control of the 
spindle motor was calculated with the help of a n encoder and transmitted to the control unit. In addition, 
dynamic accuracy of the machine was also examined [8].  

In our study a universal turning machine is transformed into a computer-aided one. Axis motors were added 
to the universal machine and instant control of axis movements (X and Z) was ensured. Step motors chosen 
for axis was included in the system according to thrust power calculations. The entire control of machine 
system was ensured concurrently and real-time in a computer-aided manner through the control panel which 
included the prepared microcontroller, driver, power unit, sensor collector systems. Communication with 
control computers was realized through serial communication paths. Conversion of t he universal turning 
machine into a computer-aided one ensured that design and execution of manufacturing procedures in a fast, 
accurate and optimum manner. 

2. MATERIAL AND METHOD 

Universal machines realize manufacturing procedures under operator control. This has 
several disadvantages in terms of manufacturing. Production losses can occur at 
machines due to personal errors. In addition, time losses occur due to calibration, 
measurement control, manual movement etc. On computer-aided machines, serial and 
accurate production is possible as human factor is negligible in production processes [9]. 
Instalment of axis motors to the universal machine, placement of on-machine manual 
operations circuit and instant communication was ensured between the machine and 
prepared control unit and the produced axis movements and spindle motor control was 
converted into computer-aided version. On the universal machine (Optimum D 180 x 300 
Vario Model) the chosen step motors as appropriate for axis movements (X, Z) was 
installed to the worm gear axis. These motors perform their movement (G, M) according to 
the manufacturing codes generated as a result of the design through the axis driver card 
located inside the control unit. Spindle motor, on the other hand, was controlled by the 
developed microcontroller placed inside the control unit (Arduino DUE). All signal data 
received from the machine system is sent from signal collector unit to the microcontroller 
systems. Instant communication was ensured with the computer using serial 
communication paths from microcontroller systems communication between 
microcontrollers and the machine was ensured through signal organizer electronic 
circuits and measures were taken with electrical protection circuits against interferences, 
system failures and other errors. The operator is able to instantly monitor all kinds of 
situations on the machine, initiate and maintain production (Figure1). 



Development Sensor Based System Software For The Control Of Motor And Axis Motion On The CNC 
Turning Machine. 0etin =eyveli, .�rúat 0ustafa .arao÷lan 

 

Figure 1. Block diagram of the system 

 

2.1. Mechanical System 
The universal turning machine system (Optimum D180 x 300 Vario Model Lathe) that we used in our study 
has a 600 Watt Permanent Magnet (P.M.) DC Motor as spindle motor. It can work at 150/2500 rpm intervalas 
variable-speed through potentiometer. Start-up/ stop functions of the system in computer-aided manner and 
starting and maintaining manufacturing depending on t he number of rot ations that occur as a result of the 
design can be performed concurrently. In addition, spindle motor can be used manually with the electronic 
system which was integrated on the machine. The control of the spindle motor on the turning machine was 
performed by Arduino DUO microcontroller located inside the control panel. Step motor which ensures the 
movements of Z  axis is installed onto the worm shaft with the designed transmission element (coupler) 
(Figure 2). 

 

Figure 2. General view from computer-aided turning machine system 

2.2. Axis Movements 
Linear and circular turning can be performed with the turning machine which is a kind of CNC supported 
machines. In addition these machines have two fundamental axis namely X and Z axis. The movement of the 
flange and the car on the machine was ensured with step motors (2.2 Nm). Step motors were installed on the 
machine axis with fixing and transmission elements (coupler and motor fixing material) (Figure 3). Step 
motors installed on the machine were chosen as 2.2 Nm based on their thrust power. It was ensured that the 
system works in a rigid manner without vibrations, and instant control of the axis was provided. Step motors 
were controlled with drivers which were checked by the MK1 microcontroller inside the control unit. MK1 
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microcontroller works in a computer-controlled manner depending on t he G and M programming codes 
which occur as a result of the design belonging to production. 

 

Figure 3. Step motor and control of axis movements 

2.3. Application Software and CAM (Computer Aided Manufacturing) 
The control of s tep motors which provide the axis movements (X and Z) on t he machine with Computer 
Aided Manufacturing was ensured with manufacturing process programming codes (G and M). With the 
MK1 microcontroller which is serial-interface connected to the computer which is connected to the machine, 
instant control of step motors was performed with manufacturing programming codes. Axis motors were 
controlled concurrently. During production the situation of machine axis motors can be instantly monitored 
through CAM software interface (Figure 4). 

 

Figure 4. Application software and control card 

2.4. Control Unit 
In our study step motors and drivers with 2 X and Y axis pitch angles of 2.2 Nm and 1.8° were used. These 
drivers are being operated at 24-50 Volt supply and 1.5 - 4.5 Ampere intervals. These motors which provide 
axis movements are controlled in a computer-aided manner with MK1 microcontroller which operates with 5 
Volt supply. Machine spindle motor (600 W att P.M. DC) is controlled by a developed Arduino DUE 
microcontroller with 32 bit AT91SAM3X8E processor, 12 bit ADC resolution which can work at 7-12 Volt 
supply interval. Power sources (5-36 Volt, 12 Volt) and protection circuits were installed on the unit so that 
the electrical system of the control unit could be operated without interruption. The communication between 
Arduino DUE microcontroller which controls the spindle motor and control computer is performed in a 
bidirectional and instant fashion. Analog signal exchange between Arduino DUE microcontroller and spindle 
motor is realized through organizer circuits and signal collector unit. In addition, the control of the manual 
control unit of t he system located on t he machine is performed by the operator through Arduino DUE 
microcontroller. In t his sense it has been ensured that all operations on the machine can be monitored 
instantly through computer.  In addition, the panel prepared for manual usage by the operator on the machine 
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is controlled by an electronic circuit prepared with 4-channel relay card (Figure 5) s o that the operator is 
equipped with manual opportunities such as start-up/stop of the machine, determining the direction (left/right) 
of the spindle motor, automatic/manual usage and calibration of motor rotation speed. In our s tudy spindle 
motor and axis movement motors for optimum and accurate control of the machine were performed through 
different microcontrollers without any trade-offs from concurrent working principle. As a result, it was aimed 
that in further studies the control of s pindle and axis movements could be performed with artificial 
intelligence techniques. 

 

Figure 5. Control unit, 4-channel relay card, and manual usage unit 

3. CONCLUSION AND RECOMMENDATIONS 
In this paper a universal turning machine was re-equipped and converted into a computer-aided machine. A 
less costly method was proposed for companies. In addition, with this method time losses caused by operator 
errors (measurement, control, manual action etc.) were minimized. Step motors were installed on X and Z 
planes for turning machine movements. It was ensured that drivers belonging to the step motors which ensure 
axis movements could be executed by a microcontroller which operated CNC programming codes (G and M). 
Rotation control of m achine spindle motor was instantly controlled by an improved 32-bit Arduino DUE 
microcontroller with 12 bi t resolution. Thus, more accurate and optimum control of t he axis and spindle 
motors was ensured without compromising the integrity of manufacturing so that turning machine could also 
be uses manually through the machine with the designed electronic circuits. As a result, the operator was 
equipped with flexibility of usage. 

 

This study has been supported by the Department of Karabuk University Scientific Research Project. Project 
Number: KBI-BAP-13/2-YL-027 
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Abstract 
In this paper, the leaching conditions of Sivrihisar (Adatepe) limonite type lateritic ore in hydrochloric acid solution were in-
vestigated. Leaching experiments were carried out using conventional and microwave-assisted method. Stirring speed, acid 
concentration, temperature, solid/liquid ratio and particle size of the ore were selected as conventional experimental pa-
rameters. All of the microwave-assisted leaching experiments were carried out using pre-heated samples at determined op-
timum conventional leaching conditions. The samples were treated with different microwave powers (0, 90, 180, 360 and 
600 W) and pretreatment time (0, 1, 3, 5, 7, 10, 15 and 20 min). Experimental results demonstrated that microwave-as-
sisted leaching can be applied effectively and efficiently to the nicNel extraction from lateritic ore. &onsequently, the high-
er dissolution and the higher Ni recoveries in the microwave-assisted leaching process were obtained in less leach time.
      
Keywords: Lateritic ore, nickel, leaching, microwave-assisted, hydrochloric acid.



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
Nickel is an important metal and mainly used in production of stainless steel and alloys because of i ts 
resistance to corrosion and high temperature [1, 2].  Laterites are formed by weathering of ultramafic rocks. 
Lateritic ore essentially may be classified as either limonite or serpentinite ore types [3]. Nickeliferrous 
laterites, derived mainly from olivine-bearing ultramafic rocks such as dunite, olivine-pyroxene peridotite, 
their serpentinized equivalents outcrop over a wide domain, are economically exploitable reserves of nickel 
and cobalt [4]. Approximately 70% of the world’s nickel reserves are contained within laterite ores, with the 
remaining nickel associated with sulphide deposits [3,5-6]. However, 60%  o f world's nickel production is 
provided by sulfidic nickel ores [3,7-9]. The production of ni ckel from lateritic ores includes 
pyrometallurgical and hydrometallurgical processes [10]. Several leaching studies about lateritic nickel 
extraction have been performed using different solutions, such as sulphuric acid [11-21], hydrochloric acid 
[2,15, 22-26] nitric acid [15,27], ammonia [28-30], citric acid, oxalic acid and acetic acid [31-33].  

In microwave heating systems, electromagnetic energy transforms to heat in materials directly. Therefore, 
contrary to the conventional systems, in microwave heating the heat moves inside of the material to outside. 
The inner parts of the material are hotter than its surface, so evaporation of the water from inside to outside 
and the diffusion is more simpler. During drying of the material the shell formation is not observed and the 
water evaporates easily.  M icrowave energy is usually used in preheating, baking, blanching, cooking, 
pasteurization, sterilization, drying and dehydration [34,35]. Electrical and magnetic fields occur in 
microwaves in the form of electromagnetic energy [36]. The microwave energy is a non-ionized 
electromagnetic radiation with a frequency of 300 MHz to 300 GHz. Microwave causes the moving of 
molecules or ions by providing reflection and absorbance. For this reason, when they are absorbed by any 
material, they produce some heat [37]. In recent years, the microwave treatment of minerals has become a 
major focus of interest and carried out some extensive studies on the microwave processes. These studies 
include: microwave assisted ore milling, microwave assisted carbothermic reduction of metal oxides, 
microwave assisted mineral leaching, microwave assisted drying and microwave assisted waste management 
issues [38]. 

One of t he most important of these studies is microwave-assisted acid leaching. According to some 
researchers, compared to conventional leaching process, microwave-assisted leaching increases the metal 
extraction and reduces the leaching time. Microwave-assisted leaching experiments were carried out using 
lateritic nickel ore in different acid medium and it was concluded that nickel extraction increased efficiently 
by some authors [39-41].   

In this study, conventional and microwave-assisted leaching conditions of Sivrihisar (Adatepe) laterite ore, in 
hydrochloric acid medium were investigated. 

2. EXPERIMENTAL 

2.1. Materials 
In this study, lateritic nickel ore obtained from the different places of the Adatepe (Sivrihisar) deposit in 
Eskişehir province of Turkey was used. The samples were crushed by using  jaw crusher and then ground by 
using rod mill. The samples were sieved into four particle size fractions (-212+150, -150+106, -106+75 and -
75+53 μm) for experiments. Elemental analysis of each size fraction is given in Table 1. 
 

Table 1. Elemental analysis of the different size fractions of the sample. 

 

 

 

 
 

2.2. Methods 
In the experimental studies, the effects of s tirring speed, hydrochloric acid concentration, temperature, 
solid/liquid ratio and particle size on the nickel extraction from lateritic ore were investigated. A pyrex glass 
of 1L was used as a leaching reactor and put in temperature controlled water bath. It was closed by a rubber 
cover. The temperature ranged from 40 to 96°C (± 0.2°C) of the leach solution in the reactor was provided by 

Particle size fractions [µm] Elements  [W%] 
Ni Fe Co Mn 

-212 +150 1.43 39.93 0.043 0.064 
-150 +106 1.37 22.70 0.039 0.045 
-106 +75 1.29 25.83 0.033 0.036 
-75 +53 1.30 18.67 0.027 0.024 
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a thermostatically controlled water bath. The leach solution was stirred by Heidolph RZR 2021 model 
mechanical stirrer with teflon lined impeller. Microwave-assisted leaching were carried out by using the 
optimum results of the conventional leaching.  The pre-heating process was applied on different microwave 
powers (0, 90, 180, 360 and 600 W) and pretreatment time (1, 3, 5, 7, 10, 15 and 20 min). For the microwave 
processing of t he ore sample, kitchen-type microwave oven (at 2.45 GHz frequency) adjusted to different 
powers were used. 

3. RESULTS AND DISCUSSION 

3.1. Conventional Leaching Studies 

In this stage, the conventional leaching studies were presented. Stirring speed, acid concentration, 
temperature, solid/liquid ratio and particle size of t he ore were selected as conventional experimental 
parameters. The results of effects of those parameters were given below, separately. 

The effect of s tirring speed on the dissolution of Ni was performed at different stirring speeds. The results 
from these experiments are shown in Figure 1. The results of experiments showed that the dissolution 
percentage of nickel was independent of the stirring speed. For that reason, all subsequent experiments were 
carried without stirring. In order to determine the effect of hydrochloric acid concentration, the experiments 
were performed by varying HCl concentration in the range of 0.5–2.0 mol/L at 50°C. The results from these 
experiments are shown in Figure 2. As seen from Figure 2, the dissolution recovery of N i increased with 
increasing hydrochloric acid concentration.  

The effect of t emperature on ni ckel extraction was examined in 50–80 °C t emperature and 2.0 M HCl 
concentration at 120 minute leaching time. The results from these experiments are shown in Figure 3. As seen 
from Figure 3, the nickel dissolution recovery increased with increasing temperature. 
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Figure 1. The effect of stirring speed on the nickel extraction (HCl: 0.5 M; temperature: 50 °C; solid/liquid ratio: 5/500 

g/mL; particle size: -106+75 µm, leaching time: 120 min). 
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Figure 2. The effect of acid concentration on the nickel extraction (Temperature: 50 °C; stirring speed: no stirring; 

solid/liquid ratio: 5/500 g/mL; particle size: -106+75 µm, leaching time: 120 min). 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 3. The effect of temperature on the nickel extraction (HCl: 2 M; stirring speed: no stirring; solid/liquid ratio: 5/500 

g/mL; particle size: -106+75 µm, leaching time: 120 min). 

 

The effect of s olid/liquid ratio were investigated at solid/liquid ratio values of 5/500, 10/500, 15/500 and 
20/500 g/mL. The obtained results are shown in Figure 4. It was found that high dissolution occurred at low 
solid/liquid ratios. The best solid/liquid ratio to dissolve nickel from lateritic ore was at 5/500 g/mL.  
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Figure 4. The effect of solid/liquid ratio on the nickel extraction (HCl: 2 M; temperature: 80 °C; stirring speed: no 
stirring; particle size: -106+75 µm, leaching time: 120 min). 

The experiments for determination of the effect of particle size on the dissolution of nickel were performed at 
various particle size fractions in hydrochloric acid solution. As seen in Figure 5, the nickel dissolution 
recovery increases with decreasing particle size. 
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Figure 5. The effect of particle size on the nickel extraction  (HCl: 2 M; temperature: 80 °C; stirring speed: no stirring; 

solid/liquid ratio: 5/500 g/mL, leaching time: 120 min). 

 

3.2. Microwave pretreatment leaching studies 
In this stage, the microwave pretreatment leaching studies were presented. Microwave power and pre-heating 
time were selected as microwave-assisted leach experimental parameters. The results of effects of t hose 
parameters were given below, separately. All of the microwave-assisted leaching experiments were carried 
out using pre-heated samples at determined optimum conventional leaching conditions (HCl: 2 M ; 
temperature: 80 °C; stirring speed: no stirring; solid/liquid ratio: 5/500 g/mL, leaching time: 120 min). The 
pretreatment process consists of different microwave powers (0, 90, 180, 360 and 600 W) and pretreatment 
time (0, 1, 3, 5, 7, 10, 15 and 20 min). In the first stage of the study, the sample in the fraction of  -75+53 μm 
was pre-heated during 15 m inutes at different microwave powers (0, 90, 180, 360 a nd 600 W ). The 
experimental results were shown in Figure 6.  
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Figure 6. The effect of microwave power on nickel extraction. 
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As a result of the microwave-assisted leaching experiment, Ni extraction was increased with increasing 
microwave power until 360 W. The optimum Ni extraction was obtained using 360 W microwave power in 
120 min leaching time. In the second stage of the study, the sample in the fraction of  -75+53 μm was pre-
heated at different  times (0, 1, 3, 5, 7, 10, 15 and 20 min) using 360 W microwave power. The experimental 
results were shown in Figure 7. 
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Figure 7. The effect of microwave pretreatment time on nickel extraction. 

 

As a result of the microwave-assisted leaching experiment, Ni extraction was increased with increasing 
pretreatment time. The maximum extraction (97,5 % Ni) was obtained at 15 min pretreatment time in 120 
min leaching.   

4. CONCLUSIONS 
In the present study, the leaching conditions of Sivrihisar (Adatepe) lateritic ore in hydrochloric acid solution 
were investigated. Leaching experiments were carried out using conventional and microwave-assisted 
method. Stirring speed, acid concentration, temperature, solid/liquid ratio and particle size of t he ore were 
selected as conventional experimental parameters. As a r esult of the conventional leaching studies, it was 
determined that stirring speed had no effect on Ni extraction. While Ni extraction increased with increasing 
HCl concentration and temperature, decreased with increasing solid/liquid ratio and particle size. The 
optimum conventional leaching conditions were determined as: (HCl: 2 M ; temperature: 80 ° C; stirring 
speed: no stirring; solid/liquid ratio: 5/500 g/mL, leaching time: 120 min). 

Microwave power and pretreatment time were selected as microwave-assisted leach experimental parameters. 
All of the microwave-assisted leaching experiments were carried out using pre-heated samples at determined 
optimum conventional leaching conditions. According to microwave-assisted leaching it was observed that Ni 
extraction increased with increasing microwave power and pre-heating time. Consequently, the maximum 
extraction (97,5% Ni) was obtained using 360 W microwave power at 15 min pretreatment time in 120 min 
leaching.   
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Abstract 
In the present worN forced convection heat transfer were investigated numerically for the fully developed Àuid Àow of incompress-
ible viscous laminar Àow under the constant wall heat Àux in sudden expansion channels. 7wo Àuids were selected as water and 
$l�2��water nanoÀuid for considered problem. 7he Àow assumed to be uniform in the channel inlet and numerical computations 
were performed for the fully developed laminar Àow conditions. $nsys )luent code, commercially available software based on 
finite volume approach was used to calculate the governing continuity, momentum and energy equations. 2btained results from 
numerical study was plotted graphically and discussed in detail taking into consideration non dimensional parameters such as 
5eynolds number, h �convective heat transfer coefficient� and ĳ nano particle volume fraction. 7he highest increase in h was calcu-
lated about ��.�� for �� $l�2� and ��� for �� $l�2� respectively according to base Àuid �water� at highest value of 5e ���. 
      
Keywords: )orced conYection, $l�2��Zater nanofluid� sudden e[pansion� C)'
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1. INTRODUCTION 
Energy is the indispensable part of today society which indicator of development. Restricted energy sources 
and hazardous effect to the environment has led to people to investigate new energy source or use energy 
technologies efficiently. Therefore, studies being performed in the area of e nergy efficiency are of vi tal 
importance. Enhancement of heat transfer is the way for saving energy.  Since higher heat transfer rates are 
desirable in modern industrial applications, conventional fluids are not favored any longer and enhancement 
in heat transfer characteristics of working fluids has become an important concern for scientists [1]. Due to 
their superior heat transfer characteristics nanofluids are the attractive for the researchers in the area of 
universities and industries. These fluids are the suspensions of the solid particles with the sizes under 100 nm 
in base fluids such as water, oil and ethylene glycol. In the past 20 years many researchers have been studying 
the properties of nanofluids, and it’s expected to be the next generation of heat transfer technology due to the 
better thermal performances compared to that of traditional heat transfer fluid [2]. Various studies have been 
done using nanofluids to investigate convective heat transfer characteristics in different geometries and flow 
natures experimentally and numerically [3]. Sudarmatji et al. [2] has investigated the convective heat transfer 
and pressure drop of nanofluid, using alumina-water nanofluid under laminar flow regime.  

 

 
, 

 

 
The volume concentration of the nanoparticles was varied with 0.15%, 0.25% and 0.5%.  The separation in 
the fluid flow can be generated from a sudden change in flow geometry.Due to this fact sudden expansion are 
used in a wide range of engineering applications such as mechanical, chemical, civil, and nuclear industries it 
is an important issue that must be addressed by terms of nanofluid flow heat transfer characteristic. So, the 
expansion plays an important role in the design of many engineering applications like refrigeration, extrusion, 
free jets and where heat transfer is required. [7,8]. Some studies focused on t he sudden expansion which 
exhibit an influence on t he fluid flow and heat transfer behaviors. Togun et al. [9] examined a numerical 
study of heat transfer to turbulent and laminar Cu/water flow over a backward-facing step. In this simulation, 
three volume fractions of nanofluid (0%, 2% and 4%), a varying Reynolds number from 50 to 200 for the 
laminar range and 5000 to 20,000 for the turbulent range, an expansion ratio of 2 and constant heat flux of 
4000 W/m2K were considered. Bae and Kim [10] studied numerically the turbulent flow in axisymmetric 
sudden expansions channel with a chamfered edge. In the numerical study CFD software, Fluent code have 
been used. Simulations were performed in their study for t he dimensionless chamfer lengths varying from 
0.02 to 0.5, expansion ratios between 2 a nd 6, and chamfer angles of up t o 45° at a Reynolds number of 
3×105. Al-aswadi et al. [11]. Laminar forced convection flow of nanofluids over a 2D horizontal backward 
facing step placed in a duct is numerically investigated using a finite volume method. A 5% volume fraction 
of nanoparticles is dispersed in a base fluid besides using various types of na noparticles such as Au, Ag, 
Al2O3, Cu, CuO, diamond, SiO2, and TiO2. The Reynolds number was in the range of 50 ≤ Re ≤ 175. 
Christopher et al. [12] studied numerically laminar forced convection heat transfer from two-dimensional 
sudden expansion flow of di fferent nanofluids. They have reported that the Nusselt number reaches peak 
values near the reattachment point and reaches asymptotic value in the downstream of the flow regime.  
 
Motivated by the above studies in the present work flow and convective heat transfer in aluminum oxide–
water (AL2O3-water) nanofluid in a sudden expansion channel for l aminar flow regime which Re number 
vary between 50 to 500 were examined numerically. Based on the recommended concentrations for Al2O3-
water [13, 14] nanofluid as effective volume concentrations of nanoparticles in the range of 0% to 4% were 
used in the numerical study.  The effects of pertinent parameters such as Re number, convective heat transfer 
coefficient h, and volume concentration φ on the heat transfer characteristic of nanofluid were discussed with 
the help of graphs.  

2. MATERIAL AND METHOD 
Let us consider the problem of a  steady, incompressible, laminar flow of pure  water and Al2O3-water 
nanofluid in sudden expansion pipe in the axisymmetric two dimensional xy-planes along the x-direction as 
can be seen from the Figure 1. Flow separates at the corner and reattach along the top wall. The expansion 
ratio R2/R1 equals to 2, L1/R1=200 and L2/R2=250. The flow is subjected to uniform velocity from pipe 
inlet and reaches fully developed regime in the entrance of orifice then reaches again to fully developed flow 
regime at outlet of the pipe giving sufficient distance from the orifice.  In the Figure 1 a, b and c denotes the 



Numerical Investigation Of Al2O3-Water Nanofluid Flow And Heat Transfer In Sudden Expansion 
ChannelsGedik, E., Topal, M.A., Ergün, A., and Acar, B. 

wall of t he geometry which was not applied constant heat flux for a and b a nd applied for c  as qw=100 
W/m2K. Inlet temperature is assumed at ambient temperature as 300 K. No-slip boundary conditions apply at 
the pipe wall for the velocity.  
 

 
Figure 1 Shematic view of the considered problem 

The governing equations were solved numerically with the aid of commercially available Ansys Fluent 15.0 
code based on the finite volume method according to associated initial and boundary conditions.   Due to 
symmetry, the computational domain covers only half of the pipe. A finite volume technique was 
implemented for discretizing governing equations inside the computational domain (gray area of the Figure 
1). In the CFD analysis the SIMPLE algorithm was used to link the pressure and velocity fields and a second-
order upwind scheme was used to obtain higher numerical accuracy with the residual convergence criterion 
was less than 10-6 for the continuity, momentum and energy equations. 

 
A mesh converged study were performed using various mesh densities to ensure that the h convective heat 
transfer coefficient is converged for Re=50. The working fluid for the mesh testing is water where mesh sizes 
200x20 and 300x40 for upstream and downstream respectively confirms a mesh converged solution. Several 
mesh size of t he geometry is performed. The h responses for va rious mesh size are shown in Figure 2. It 
shows that the h is increasing for smaller cell number and became almost constant after cell number 16000. 
According to the test, a mesh was determined which has 16000 cells due to it shows less than 1% differences 
in h compared to the others.  

 

 
Figure 2. Mesh converged study 

 
The physical properties of t he nanofluid are calculated using specific correlations [1, 8, 9, and 15]. The 
effective density of nanofluidρnf is described as; 
 

ߩ = ߩ߮ + (1− ݂ܾߩ(߮                            (2.1) 
 
The viscosity of the nanofluids is described as;  
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ߤ = ݂ܾߤ ൫1 + 𝑎𝑎߮ߤ + ߤܾ ߮2൯𝑎𝑎ߤ = 39.11, ߤܾ = 533.9(2.2) 

 
Thermal conductivity of the nanofluids is described as; 

 
݇ = ܾ݂݇ ൫1 + 𝑎𝑎߮ߤ + ܾ݇߮2൯𝑎𝑎݇ = 7.47, ܾ݇ = 0(2.3) 

 
Theheatcapacity is given as;  

 

ܿ = ߩ߮ ݂ܾߩ(߮−1)+ܿ ܾ݂ܿ
ߩ     (2.4) 

 
In above relations ρ, µ, k and φ are the density, dynamic viscosity, thermal conductivity and the volume 
concentration of nanofluid and subscripts, p a nd bf imply nanoparticle and base fluid respectively. The 
computations of t he thermophysical properties of t he nanofluids used in this CFD simulation were given 
Table.1 

Table.1 Termophysical properties of water-Al2O3 nanofluids at 20 °C  

ĳ ��� ȡ �NJP-3) k (Wm-1K-1) µ (kgm-1s-1) Cp (Jkg-1K-1) 
0 998.20 0.6000 0.001003 4182.00 
2 1055.83 0.6896 0.002001 3931.45 
4 1113.47 0.7792 0.003428 3706.84 

100 3880 36 - 773 
According to the first law of t hermodynamics the energy transferred from heated wall surface of t he 
computational domain is equal to fluid gained energy described as; 
 
𝑚𝑚ሶ ܿοܶ =  οܶ (2.5)ݏܣ݄
 
To determine the convective heat transfer coefficient, h equations 2.6 was used in the present study.  
 
𝑚𝑚ሶ ܿ( ܶ − �ܶ�𝑖) = )ݏܣ݄ ݓܶ − ܾܶ )(2.6) 
 
where𝑚𝑚ሶ  denotes mass flow rate, As is the surface area, c is the heat capacity and To, Ti, Tw and Tb describe 
outlet, inlet, wall and bulk temperature respectively.  

3. RESULT AND DISCUSSION 

In the present study fluid flow and heat transfer characteristic of A l2O3-water naonofluids examined 
numerically. Simulations are performed for different Reynolds numbers of 50,100,150, 200, 250, 300, 350, 
400, 450 and 500 for various types of nanoparticles with 0%, 2% and 4% volume concentration of nanofluid. 
The mixture of the nanoparticles and the base fluid can be assumed as a homogeneous single phase fluid.  
 
It is known from the open literature and described in detail by the Al-Aswadi et al. [14] the flow passing to 
the sudden expansion geometrical channels expands and induced inlet flow separates at the sudden expansion, 
forming a counter-clockwise rotating vortex. After that, the velocity profile reattached and redeveloped 
approaching a fully developed flow as fluid flows towards the channel exit. Figure 3 shows the streamlines at 
the beginning of expansion for t he laminar flow regimes at 0% (pure  water), 2% (A l2O3-water) volume 
fraction and Reynolds number in 100 and 500.  It is clear from the figure, the recirculation region expanded 
with the increase of Re ynolds number for t he laminar regime where the largest recirculation region was 
obtained at Re = 500, which corresponds to the greatest heat transfer enhancement. 
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Figure 3 Streamline of velocity at expansion ratio 2 with volume fraction 0% and 2% at Re = 50 and 500 

 
Figure 4 shows the velocity change at the pipe outlet for varying Reynolds number 50 to 500 for pure water, 
2% and 4% Al2O3. The flow developed after recirculation region and become fully developed conditions at 
the pipe outlet. It is obviously seen from the figure increasing of Reynolds numbers has caused to increase 
velocity as expected.  In a ddition that increases in volume fraction increase velocities. The highest value of 
the velocity was found for the nanofluid has 4% volume fraction about two times greater than pure water.  

 

 

 

 

 

 
Figure 4 Variation of normalized axial velocity the outlet, Re = 50, 300 and 500 for pure water, 2% and 4% Al2O3 

 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

The pressure drop va riation with axial distance for di fferent nanofluid volume fractions at Re=300 is 
presented in Figure 5. As it can be seen from the figure, the pressure drop changes depend on the increase 
nanofluid volume fraction. According to the results, the largest decrease in pressure occurred for 4% Al2O3-
water nanofluid. The pressure drop is changed from 14 Pa to 0.94 Pa on the expansion region (x=0) and the 
pressure curve of the flow which is away from the expansion region it decreases linearly until it reaches zero 
Pascal at the exit. 
 

 
Figure 5 Variation of static pressure drop throughout the axial flow direction with different volume fraction of nanofluids 

 
Temperature from the radial distance is shown in Figure 6 for all fluids and Reynolds number 300. 
Temperatures profile is plotted at the reattachment point after sudden expansion to see variations for the all 
three fluids. As can be clearly seen from the figure higher temperatures changes occur near the wall and 
reattachment region of the flow. The changes in temperatures become closer and linearly nearer to centerline. 
Maximum temperature changes were observed for the water and it reduced with increasing volume fraction 
for both nanofluids.  

 
Figure 6 Temperature distributions throughout the radial distance X=0.1 Re=300 

 
Figure 7 shows the variation in surface Nusselt number for the Reynolds numbers 50, 100, 300 and 500 and 
the volume fractions of Al2O3 2%. The surface Nusselt number profile increased suddenly at the expansion 
region and then decreased gradually up t o the exit. It is also clear that the Nusselt number increased with 
increase in Re number. 
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Figure 7 Effect of Reynolds number on surface Nusselt number for 2% Al2O3 

 
The effects of Reynolds number on convective heat transfer coefficient, h value for flow in sudden expansion 
are presented in Figure 8. It can be seen that the h increases with increase of Reynolds number for all cases 
where the maximum h observed with higher Reynolds number.  F urthermore increase in convective heat 
transfer coefficient has been seen with increasing of volume fraction of nanofluid. When pure water was used 
heat transfer coefficient was change between 65.4 and 69.2 W/m2K. In the situation where Al2O3 -water was 
used with the 2% volume fraction the heat transfer coefficient was found be tween 76 - 86 W/m2K and 
whereas it varies 86.7 to 104.6 W/m2K for na nofluid which volume fraction 4%.  The highest increase is 
calculated about 24.2% for 2% Al2O3 and 51% for 4% Al2O3 according to base fluid (water) at highest value 
of Reynolds number.  

 

 

 

 

 

 

 
Figure 8 Variations of convective heat transfer coefficient with Reynolds number 
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4. CONCLUSION 
In the present study it is aimed to investigate the fluid flow and convective heat transfer characteristic in the 
sudden expansion pipe geometry. For this purpose a series of numerical computations were performed using 
Ansys Fluent code which solving process based on F inite Volume Method. Numerical simulations were 
reported for 2D laminar forced convection over expansion geometry in a pipe using pure water and water-
Al2O3nanofluids has different volume fraction. The effect of s ome parameters such as Reynolds number, 
volume fractions of nanofluids and heat transfer coefficient was reported and based on the results obtained, 
the following conclusions are drawn: 

 

x In sudden expansion the recirculation size and the reattachment length increase as Reynolds number 
increases. 
 

x It is concluded that the convective heat transfer coefficient increases with flow Reynolds number 
and nanofluid solid volume fraction. 
 

x The surface Nusselt number increased with increase in Re number. 
 

x The highest increase in h was calculated about 24.2% for 2% water-Al2O3 and 51% for 4% water-
Al2O3 respectively according to base fluid (water) at highest value of Re=500.  
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Optimazation of Control 
Parameters of 2-DoF 

Twin-Rotor MIMO System

Sengul DOGAN
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Abstract 
Twin-Rotor MIMO System modelling a real helicopter offers a highly nonlinear and a complicated control problem. In this paper, 
classical proportional-integral-derivative control with optimized controller parameters is applied to handle challenges of the system 
control. The Pattern Search (PS) and Genetic Algorithm (GA) are employed for the optimization of coupled controller’s parame-
ters to obtain fast step response and good control performance. Performance of the controllers are illustrated with step response 
by simulation studies. Simulations are performed with linearized model of Twin-Rotor MIMO system by using MATLAB program.
      
Keywords: Twin rotor, helicopter, optimization, genetic algorithm, pattern search



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

1. INTRODUCTION 
2-DoF Twin-Rotor MIMO System (TRMS) developed by Feedback Instruments (1998) i s a tool that aids 
researching of modelling, control and identification of helicopters. Some studies handled the control of TRMS 
having nonlinear and complicated dynamics as a real helicopter. The nonlinear H∞ control method is 
implemented for a laboratory helicopter [1, 2]. The inverse model control of TRMS is applied. The adaptive 
neuro-fuzzy inference system is used to improve the control performance [3]. The comparison of some classical 
control methods e.g. PID, Ziegler–Nichols and pole placement with intelligent methods fuzzy logic and genetic 
algorithm (GA) are investigated [4]. A straightforward method is used to control a TRMS [5]. In the study, least 
squares parametric identification is implemented. 

Other studies by optimizing the control parameters of t he classical PID controller aim to better control 
performance [6]. A proportional–integral–derivative (PID) compensator is applied for the TRMS. The control 
parameters of compensator are tuned by GA [7]. The Stochastic Multi-Parameters Divergence Optimization 
method is used for tuning PID parameters of closed loop twin rotor system control [8].  

In this study, The Pattern Search (PS) and Genetic Algorithm (GA) are used for the optimization of coupled 
PID controller’s parameters to reach fast step response and good control performance. There are three 
parameters of each controller for tuning. 

The system definition is given in Section II. The control structure and implementation of the system is given in 
Section III. The simulation results of t he entire system is demonstrated in Section IV. Lastly, conclusion is 
presented in Section V. 

2. DEFINITION OF THE SYSTEM 

2-DoF TRMS is a lab-scale helicopter used for researches.  This system consists of a beam pivoted on a tower 
that can be move freely in both plane: horizontal and vertical.  There are main and tail rotors at both ends of the 
beam. Rotors are driven by DC motors. A counterbalance weight arm is fixed to the beam. The schematic 
diagram of the TRMS is given in Fig.1. 

 
Figure 1.  Schematic diagram of the TRMS 

The linear model of the TRMS can be described by four t ransfer functions between motors inputs and angle 
outputs [9]. The model description is illustrated in Fig.2. 



 
Figure 2.  Lineer model of the TRMS 

Gvv(s), Gvh(s), Ghv(s) and Ghh(s) describe the transfer functions is given below; 

(ݏ)ݒݒܩ = 2.454+ݏ0.4194+2ݏ0.01657
 (1) 5.449+ݏ4.403+2ݏ1.487+3ݏ

(ݏ)݄ݒܩ = 0.4527+ݏ0.02248
 (2) 0.2181+ݏ0.4099+2ݏ

(ݏ)ݒ݄ܩ = 0.0962+ݏ0.04986
 (3) 4.902+ݏ0.2377+2ݏ

݄݄ܩ (ݏ) = 0.0009888 0.4065+ݏ0.03361+2ݏ
0.3826+ݏ0.4568+2ݏ1.345+3ݏ (4) 

for main vertical, vertical-horizontal, horizontal-vertical and main horizontal [9]. Uv and Uh are motor inputs 
that the control outputs. av and ah are angles. v and h indicates vertical and horizontal respectively. 

3. CONTROL STRUCTURE 
The TRMS is a highly nonlinear and complicated control problem needs an effective control action. The basic 
approach to control the system is PID with optimized parameters. The control structure of the system is given 
by Fig.3. 

 

Figure 3.  Schematic block diagram of the control structure 

 

As it appears on the diagram that three variables (Kp, Ki, Kd) are tuned to find the best control performance for 
each control block. The error ev and eh are described as, 

𝑒𝑒ݒ = ݒܴ − 𝑎𝑎ݒ(5.a) 
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𝑒𝑒݄ = ܴ݄ − 𝑎𝑎݄ (5.b) 

where Rv and Rh are desired outputs and av and ah are real system outputs for vertical and horizontal plain. 
The control outputs are defined as, 

ݒܷ = ቀݒݒܭ + ݒݒ𝑖𝑖ܭݏܶ ݖ
(1−ݖ) +

ݒݒ݀ܭ
ݏܶ

(1−ݖ)
ݖ ቁ 𝑒𝑒(ݖ)ݒ + ቀݒ݄ܭ + ݒ𝑖𝑖݄ܭݏܶ ݖ

(1−ݖ) +
ݒ݄݀ܭ

ݏܶ

(1−ݖ)
ݖ ቁ 𝑒𝑒݄(ݖ)(6.a) 

݄ܷ = ቀ݄ݒܭ + ݄ݒ𝑖𝑖ܭݏܶ ݖ
(1−ݖ) +

݄ݒ݀ܭ
ݏܶ

(1−ݖ)
ݖ ቁ 𝑒𝑒(ݖ)ݒ + ቀ݄݄ܭ + 𝑖𝑖݄݄ܭݏܶ ݖ

(1−ݖ) +
݄݄݀ܭ

ݏܶ

(1−ݖ)
ݖ ቁ 𝑒𝑒݄(ݖ)(6.b) 

 

Tuning of control parameters is needed to reach good control performance and effective result. In this study, PS 
and GA optimization algorithms are used to optimize control parameters. 

3.1. PS Optimization 
The entire document should be in Times New Roman. Type 3 fonts must not be used. Other font types may be 
used if needed for special purposes. 

Pattern Search (PS) which does not need any derivative data is a direct search method for solving optimization 
problems [10]. Different from conventional optimization methods, it searches trial points around the current 
point for finding the point has less objective function value than the current point. Thus, it does not require 
differentiable or continuous objective function. The method can be summarized as follows: 

Step1. Initialize with X0 which is the initial value of t he optimization parameter chosen from the available 
value between lower and upper band of the parameters and updated in each time. 

Step 2. The first step value is determined as; 

߂ = ܾܷ − ܾܮ                                                                                                                                                         (7)  

where Ub is upper and Lb is lower bounds of the X. The new value of the parameter is expressed by F and : 

ܨ݇ = ܺ݇ + ο݇{݇ א (1, …… . .݊)}                                                                                                             (8) 

where ǻk is the step value for k.  

Step 3. If fitness value of Fk is better than Xk, then 

ܺ݇ ՚ ܨ݇     (9)  

Else receive half of the ǻk 

ο݇՚ ο݇
2

(10) 

Step 4. The above steps are reiterate until stopping criterion is achieved. Depending on t he problem, the 
stopping criteria can be chosen as minimum tolerance, maximum number of iterations, and maximum number 
of evaluations of the objective function or maximum time. 

3.2. GA Optimization  
Genetic algorithm (GA) is one of the optimization methods and inspires from natural genetics structure. In this 
study, GA is also used to adjust control variables in order to provide a good control performance. The basic 
scheme of the GA is shown in Fig. 4. 



Initialize
Population

Evaluate

Selection

Crossover

Mutation

Termination 
Criterion

Solution Set

No

Yes

 
Figure 4.  The scheme of genetic algorithm 

 

The most common steps in GA methods are given in below:  

Step1. Create initial population according to the solution of the problem. The initial population of GA is shown 
in Fig.5. 

0 0 1 0 1 1 0 1 1 1 1 0 0 0 1 0

Individual 1 Individual 2

 
Figure 5. The initial population of GA 

 

Step2. Evaluate the fitness function for each individual. Fitness function is an evaluation criteria for GA.  

Step3. Select the individuals according to fitness function. The higher the fitness value, the higher the chance of 
being selected. 

Step4. Create new population after crossover and mutation process which is given in Fig.6. 

0 0 1 0 1 1 0 1

1 1 1 0 0 0 1 0

0 0 1 0 0 0 1 0

Mutation

1 1 1 0 1 1 0 1

1 1 0 0 1 1 0 1

0 0 1 1 0 0 1 0

Children 1

Children 2

 
Figure 6. Crossover and Mutation process of GA 
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Step5. Evaluate the fitness function for each individual and this process proceeds up t o the most convenient 
solution which is given iteration number. 

4.  SIMULATION RESULTS 
Optimizing the PID control parameters is an area still widely studied for different applications. In this study, PS 
and GA are used to optimize control parameters for nonlinear TRMS and the effectiveness of these algorithms 
are investigated for the same conditions. Table1 shows the parameters of the algorithms. The simulation studies 
are carried out in MATLAB environment. The sample time is chosen as 1e-3sec. The objective function is 
taken as [6], 

ܨ =  ൫𝑡𝑡|𝑒𝑒ݒ(𝑡𝑡)| + 𝑡𝑡|𝑒𝑒݄(𝑡𝑡)| + (𝑡𝑡)2ݒܷ + ݄ܷ
2(𝑡𝑡)൯λ

0 (11) 

in order to minimize the errors in two planes. The controller parameters are restricted between 0 and 2. 

Table1. Parameters of optimization algorithms 

PS Iterations 12000 

GA 

Iterations 12000 

Elite count 2 

Crossover fraction 0.80 

The best optimized PID controller parameters of each algorithm are given in Table 2. Algorithms are tried for 
20 times to find the best parameters. The step time responses and errors for two planes are illustrated in Fig.7, 
Fig.8, Fig.9 and Fig.10 respectively.  

Table2. The best optimized PID controller parameters of each algorithm  

Optimization 
Methods 

 
PS 

 
GA 

 
 
 
 
Controller 
Parameters 

Kpvv 2.0000 Kpvv 1.3562 
Kivv 0.8711 Kivv 0.9708 
Kdvv 0.0049 Kdvv 0.0271 
Kpvh 0 Kpvh 0.9942 
Kivh 1.8828 Kivh 0.3609 
Kdvh 0 Kdvh 0.0038 
Kphv 2.0000 Kphv 0.4783 
Kihv 0.3760 Kihv 0.4750 
Kdhv 0.8682 Kdhv 0.6604 
Kphh 1.6035 Kphh 0.6192 
Kihh 2.0000 Kihh 0.5259 
Kdhh 0.7363 Kdhh 1.0576 

 



 
Figure 7. Step response for the vertical plane 

 

Figure 8. Step response for the horizontal plane 

 

Figure 9. Error for the vertical plane 
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Fig.10. Error for the horizontal plane 

 

It can be seen from figures that PS and GA have acceptable step response for nonlinear TRMS problem. The 
performance of the PS is better than GA especially in horizontal plane. In addition the computation time of the 
PS is shorter than GA. 

5. CONCLUSION 
The objective of this study is to determine PID control parameters for coupled TRMS system by using 
optimization techniques. The PS algorithm provide better control performance in vertical and horizontal planes 
with the tuned control parameters than the GA. PS is a direct optimization method finds the best optimized 
parameter with certain manner whereas GA uses so many populations. The computation time of PS is also 
shorter than GA. 
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Abstract 
Research datasets are collected during research projects all around the world. The value of research datasets continues to exist also 
after the projects. It is important to keep them available to be used for further researches. However, there are practical, legal and eth-
ical issues in archiving and sharing this research data. 7here should be mechanisms by which researchers can share scientific data 
while preserving data privacy and confidentiality. In this paper, a web based research data management system is proposed where 
researchers can upload and share their research data. A web interface with the user authentication is generated as a prototype. The 
user will be able to upload the research data, and can specify which fields to be anonymi]ed. &rypt'% is used to Neep the specified 
database fields encrypted to provide privacy and confidentiality. 7he user password for logging in the system is used to create the en-
cryption/decryption key. The platform will also provide services that researchers can share their research data while preserving the 
privacy of the data. The modules will include privacy tests like k-anonymity. Research data can be shared fully or partially between 
researchers. It is aimed to provide data summari]ation and statistical methods as services to the users. 7hese services can also be 
used to create subsets of the research data. Surveillance, Epidemiology, and End Results Program (SEER) research data will be used 
as the test data source in this work. Implementation details, performance issues and recommendations will be given in the paper.
      
Keywords: Con¿dentialit\, inIormation priYac\, encr\ption, priYac\ test, researcK data manaJement
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1. INTRODUCTION 

Research datasets are collected during research projects all around the world. The value of research datasets continues 
to exist also after the projects. It is important to keep them available to be used for further researches. Research data 
sharing is discussed in [1-3]. As stated in [3], we need ways to make these research data discoverable, available and 
reusable by others. 

There are practical, legal and ethical issues in archiving and sharing the research data. There should be mechanisms 
by which researchers can share scientific data while preserving data privacy and confidentiality. Confidentiality 
covers two related concepts, which are data confidentiality and privacy. Data confidentiality satisfies that there can be 
only authorized access to private/confidential data. Privacy satisfies that the owners of t he data control the data 
collected about them and who stores and access that data [4]. Some researchers do not  even store their data in the 
servers which they don’t administer. They want to be sure who got access to that data and if this work/data is cited in 
their studies. We need cryptology methods to achieve the confidentiality so that only authorized access will be 
possible.  Research data also contains some personal data which will require special handling[5]. In order to satisfy 
privacy, some fields could be anonymized. Anonymization is hiding the identity and/or the sensitive data of record 
owners, assuming that sensitive data must be retained for data analysis [6, 7]. Anonymization may be implemented 
with some methods like data summarization and/or statistical methods. Privacy tests like k-anonymity should be used 
to understand the privacy level of t he data. Providing such services will make the amount of shared datasets 
increased. 

In this paper, a solution which is a step to solve the confidentiality and privacy issues of the research data 
management process is proposed. In t he first section, the proposed model RDMS-CP will be explained. Then the 
implementation and methods will be given. Data sharing using session keys and privacy preserving data sharing 
methods will be explained and possible future work will be given. 

1. DEVELOPING MODELS FOR RESEARCH DATA MANAGEMENT 

We propose RDMS-CP (Research Data Management System with Confidentiality and Privacy) model, which is 
based on Cr yptDB[8] and privacy algorithms. We constrain our model to handle small datasets. The system will 
provide services for data summarization and applying statistical methods. Researchers will be able to share research 
data fully or partially for a given time period. 

1.1. Related Work 

Data in its original form typically contains sensitive information about individuals, and publishing such data will 
violate individual privacy. Privacy-preserving data publishing (PPDP) provides methods and tools for publ ishing 
useful information while preserving data privacy. Many approaches have been proposed for different data publishing 
scenarios. Different approaches to PPDP have been summarized and evaluated systematically as a survey in [9]. 

Online Data Journals are becoming widely used to share data between researchers. In a recent work [3], more than 
100 currently existing data journals are analyzed. There are environments like D4Science.org, which provide social 
network environments and means to share data [10]. To our knowledge, a system which also provides confidentiality 
and privacy was not done before. 

1.2. RDMS-CP Model System Architecture 

CryptDB [11] is a system developed in MIT which provides practical and provable confidentiality for d atabase 
systems [8, 11]. CryptDB acts like proxy between the application and the database [8]. Data will be written encrypted 
to the database. CryptDB a system is used to secure the connection between database server and applications. The 
system handles and obstructs the following two threats[8]: 

x Admin Access: The database administrator (DBA) may try to learn private data. The DBA has root access 
on the device and may implement attacks like snooping on the DBMS server. 
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x Attacker Access: The attacker can attack and take the control of application and the DBMS servers. The 
system can make sure the confidentiality of logged-out users’ data. 

CryptDB allows the DBMS server to execute SQL queries on the data, except some of queries such as selections, 
projections, joins, aggregates and orderings are performed on ciphertexts. CryptDB gets queries from the applications 
with a secure way and sends them to database servers. After that database server sends encrypted data then CryptDB 
decrypts it and sends it to applications. For the encryption system CryptDB uses Random (RND), Deterministic 
(DET), Order-preserving encryption (OPE), Join (JOIN and OPE-JOIN), and Word search (SEARCH). Symmetric 
encryption is used and user/password is used for the keys. CryptDB uses user-defined functions (UDFs) to perform 
cryptographic operation in the DBMS [8]. The system architecture is given in Figure 1. 

 

Figure 1. System architecture 

In scope of this study, a database schema has been designed to handle such a system. When creating the data tables, a 
data table name convention has been followed. Project description is located at the beginning of the table names 
(Example: RDMS_ for Re search Data Management System). The second descriptions are 3-character extension 
indicating the content-type of the table. ER-Diagram containing the administrative tables and the user tables are given 
in Figure 2. 

 
 

Figure 2. ER-diagram – administrative tables and user tables 
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The system can be used by both registered and unregistered users. However, unregistered users have limited rights. 
An unregistered user can only search and access to the datasets which are shared publicly. The use-case diagram of 
the RDMS can be seen in Figure 3. 

When a user login to the system, the user can monitor, download and delete his/her own existing datasets or c an 
upload a new dataset. If the user wants to share a dataset with other users, he/she able to define a sharing profile. 
Some necessary tasks have to be completed before completion of profile definition. The user should specify the 
sharing type for each data table and data column as private, anonymized or public. After that, user can share dataset 
with other users for a specified time period by specifying their user names or e-mail addresses. When the database 
owner decides to share a database publicly, anyone using the system can search and access this database. A sample 
user interface for sharing datasets is given in Figure 4.  

 

Figure 3. Use-Case Diagram 

A registered user can display and download the datasets which have been shared with him/her by other users from the 
“Shared with me” option located at the left frame of the page. User cannot access to the private tables and columns, 
and the tables that are shared with him are anonymized. 

The design of pages is simple and common UI elements are used to feel users more comfortable. The flow of the 
usage is similar with document sharing systems, ensuring user a familiar environment and enabling the user to get 
things done quicker. Pre-chosen fields reduce the burden on the user. Unnecessary elements are avoided and plain 
language is used on labels and in messaging. 
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Figure 4. Sample user interface for sharing datasets 

 

2. EXPERIMENTAL 

An ordinary PC with 8 GB Ram, i5 3.20 Ghz processor is used as a server. CryptDB is installed on a Linux platform. 
Ubuntu 12.04 is preferred as the setup processes were clearly defined and tested for this version. Mysql 5.5.14 is used 
as database, Apache 2.2.22 used as a web server. Setup procedures and installation files of CryptDB can be found the 
official website of the CryptDB [11]. Web interface is coded in JAVA. Eclipse platform is used when developing the 
interface. 

SEER Research Data [12] is used as a test dataset. This dataset is anonymized so no privacy methods will be applied 
to it. We used this dataset to test the system in uploading data to the database and implementing privacy tests. We 
also generated a hospital (patient/doctor) dataset by using dummy values. Anonymization and privacy tests are 
implemented on this dataset. 

Uploading the datasets encrypted to the database, executing queries on t hese datasets, reading data from the 
encrypted database and sharing dataset to another researcher on the system are the implementations that are made in 
the prototype. 

In this study, two functions will be discussed: “Data sharing using session keys” and “Privacy preserving data 
sharing”. During the data sharing phase, user A wants to share a dataset with user B. Session-keys are used and the 
process is shown in Figure 5. The process is as follows: 

x User A reads the dataset from the database decrypting with his/her own key (Key A) 

x User A shares this dataset with User B by using the session key.  

x User B writes the dataset to the database encrypting with his/her own key (Key B) 
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Figure 5. Dataset Sharing between two users 

Before mentioning about the privacy preserving data sharing, it should be useful to explain the privacy threats. We 
can list privacy attack models as Record Linkage, Attribute Linkage, Table Linkage and Probabilistic Attack [9]. In 
all types of linkages attacks, we assume that the attacker knows the attributes that could potentially identify the record 
owner. In r ecord and attribute linkages, we also assume that the attacker knows that the victim’s record is in the 
released table, and tries to identify the victim’s record and/or sensitive information from the table. In table linkage, 
the attack seeks to determine the presence or absence of the victim’s record in the released table. A data table is 
considered to be privacy-preserving if it can effectively prevent the attacker from successfully performing these 
linkages.  

To prevent record linkage, the k-anonymity privacy model has been proposed [7, 13]. If one record in the table has 
some value on the attributes that could potentially identify record owner, at least k−1 other records also have the 
same value. In other words, the minimum group s ize on t hese attributes is at least k. A table satisfying this 
requirement is called k-anonymous.  

The proposed model will provide some tools for implementing privacy tests like k-anonymity to understand the 
privacy level of the resulting dataset. Bigger k-anonymity values mean better privacy level [14]. Data owner 
(researcher) will be able to implement the following methods to increase the privacy before sharing the data: 

x Not sharing a column contains sensitive information about individuals 

x Data summarization  

x Statistical methods 

3. RESULTS AND DISCUSSION 

CryptDB environment is installed and tested without any problems. CryptDB can support operations over encrypted 
data for 99.5% of columns seen in the trace. CryptDB has low overhead, reducing throughput by 14.5% for phpBB, 
26% for queries from TPC-C compared to unmodified MySQL [8]. 

The proposed system is not optimized for big data and current model will only be sufficient to share small datasets. 
However, we believe that this will also be sufficient for most the surveys and we will also work on enhancing this 
model in the following studies. 

However, we encountered some challenges when we wanted to implement data sharing between users by using  
session keys. We found some solutions about the issue and working on it. 
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4. CONCLUSIONS 

Data sharing by preserving privacy and confidentiality is a promising approach to information sharing while data 
sharing increasing between researchers, companies, and organizations. In this study, we proposed a model where 
researchers can share their data with confidentiality and privacy. The proposed solution writes the datasets encrypted 
to the database and the performance impact is between %14 to %25 depending on the system. The web interface is 
easy to use and built in functions will ensure privacy of the shared data. We think that providing such services will 
increase data sharing among researchers  and several academic studies will benefit from it. Possible future works may 
include adding social networking services, artificial intelligence and big dataset handling. We are also working on 
using this model on different implementation areas. 
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Abstract 
Nowadays, alternative power sources like fuel cells and their applications on vehicles have increased permanently. Fuel cells gen-
erate electric energy without storing ability of it instead of a chemical battery. Electric energy produces as long as a fuel supply is 
maintained. Compared with hybrid vehicle that uses ICE (Internal Combustion Engine) and battery as power sources, it has the 
advantages of high energy efficiency and much lower emissions. In the future, fuel cell vehicles will be used widely in the world 
because of deficiency of petroleum fuels and environmental limitations. 7hese concerns push researches to study about fuel cell 
vehicles and existence of such studies will lead to create our own fuel cell vehicle designs and technology. 7his study investigates 
fuel cell hybrid electric vehicles (FCHEV) and its design parameters such as electric motor, fuel cell stack and battery capacity 
including two control strategies. Propulsion system and control strategy will be created according to theoretical models. Analyzing 
propulsion system of FCHEV in a driving cycle, battery state of charge positions and vehicle range are main purpose of this study.
      
Keywords:  Fuel Cell, hybrid electric vehicle, control strategy, drive cycle simulation
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1. INTRODUCTION 
Electric vehicle drive train system has a long history in automotive industry. After the development of 
environmental awareness and economic concerns, electric and hybrid power trains have gained interests 
again. Battery is the only energy source in electric vehicles [6]. Vehicle mass and price are high because of 
batteries mass and costs related with their type and technology. Main disadvantages of electric vehicles such 
as their costs and low range limitation cause by improving hybrid technology [3,8]. Hybrid power train with 
internal combustion engine is the most common systems in automotive industry. Some of main weak points 
of the hybrid system with internal combustion engine are their air pollution causing and lower efficiency. 
Hybridization of the fuel cell system with a power source is an effective technology to overcome the 
disadvantages of electric alone powered and hybrid powered with internal combustion engine. So fuel cell 
hybrid electric vehicles have many advantages, such as higher energy efficiency and lower emissions 
compared to internal combustion engine vehicles [5,8]. 

 
Figure 1. Structure of fuel cell hybrid power train. 

The fuel cell hybrid electric vehicle has different features from ICE based hybrid power trains as control 
strategy. It generally consists of fuel cell system as primary power source and battery is the second. Fuel cell 
can use as range extender in some applications [7]. According to the power or torque command, controller 
controls the motor current output and energy flows between the fuel cell system and battery [8]. Electric 
motor converts the power to mechanical energy and transmits to tires through the gearbox that construction of 
power train shown in figure 1. Both fuel cell and battery could supply propulsion power to electric motor 
individual and together. Additionally fuel cell could charge battery according to control strategy and state of 
charge. Average auxiliary power is determined 100 W and it supplied by battery at any operating conditions. 
Main energy source is considered 4 lead acid batteries are 12 V and 60 Ah each. It has 2.88 kWh capacity and 
0.85 average efficiency (ηbat).  

Direct methanol fuel cell (DMFC) is used as range extender with 20 liter fuel tank capacity, 1 molar methanol 
inside includes 640 gr methanol mass. Methanol which lover heating value (LHVm) is 19940.6 kj/kg can be 
directly used as the fuel for a fuel cell. Methanol is a liquid fuel that can be easily stored, marketed for vehicle 
application and economic organic fuel so it could be independent from fossil fuels called advantages of 
DMFC systems. Maximum power of fuel cell is 1.5 kW (Pfc) with constant 0.2 A/cm2 current density in 400 
cm2 electrode surface area assuming constant working efficiency 0.2 (η) and 3 mm thickness each cell. 
Totally 63 fuel cells are needed for 1.5 kW fuel cell stack power. 

Electric motor is a DC motor that has 11 kW power (Pmot) and 73 Nm rated power in 1440 D/d.  Propulsion 
power from the electric motor arrives gearbox that occurs 2 stage constant ratio (i=6) and differential gears. 
During the braking, battery which has relatively high power rate can recuperate the braking energy via 
opposite line of power train.            

2. CONTROL STRATEGIES O) +<%5ø' 32:(575$,1 

Control strategy of pow er train is a control rule that is preset in the vehicle controller and commands the 
operation of e ach component such as battery and fuel cell system. Vehicle controller receives operation 
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commands from driver that mostly related with the vehicle speed according to the drive cycle ‘INRETS 
urbainfluide 1’ (figure 2). Length of single cycle of it is 1890.17 m in 680 seconds total drive cycle: 

 

 
Figure 2. Vehicle speed in drive cycle  

Power outputs of fue l cell stack and battery are controlled according to the operation commands. Main 
parameters of determination power output are current battery state of charge (SOC) which is a measure of the 
present charge capacity of the battery, methanol storage and power demand from the road. 

Two control strategies are designed called strategy 1 and strategy 2 in this study to power train simulation.  In 
these algorithms there are various operating modes, such as the battery alone mode or fuel cell and battery 
hybrid mode. Control strategy 1 is similar with max SOC of power source control strategy. The target of this 
control strategy is to maintain the SOC of battery at its pre-determined level. Control strategy 2 is based on 
fuel cell on-off working situation. Driving long time with low load in high speed for instance on a highway 
causes battery can be easily charged to its full level or desired level. In t his case fuel cell is working just 
between two SOC levels. Constant voltage can be taken from fuel cell at constant current density. Thus fuel 
cell operates in optimum efficiency area which is the main advantage of strategy 2. 

Algorithm of strategy 1 has detailed as shown in figure 3. If methanol does not exist in fuel tank, fuel cell is 
not operated and all of power requirement is supplied by battery. Otherwise state of charge (SOC) is checked 
by the controller. If the SOC is more than %80, fuel cell system is not operated and the power requirement as 
Pmot+Paux is supplied by battery. While SOC level decrease under %75, the fuel cell operates full of i ts 
capacity and the power requirement is supplied by battery and fuel cell together. If SOC level is between %75 
and %80, the power requirement for motor (Pmot) and the maximum power (1,5 kW) which is produced by 
fuel cell is compared and if the power requirement for motor (Pmot) is more than the maximum power which 
is produced by fuel cell than the fuel cell is worked full of its capacity (Pfcmax). If the power requirement for 
motor is less than the maximum power which is produced by fuel cell and it has positive sign, the fuel cell 
will produce power which is necessary for s ystem else, the fuel cell does not operated while braking in 
negative sign power requirement.  

 
Figure 3. Flowchart of control strategy 1 
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Main difference with strategy 1 and strategy 2 is about SOC level as shown in figure 4. In strategy 2, fuel cell 
operating SOC level is %85 and if the state of charge is less than %85, it will be checked that SOC is more or 
less than %70. In addition, if SOC is less than %70, the fuel cell will work full of its capacity and the power 
requirement will be supplied by battery and fuel cell. Also if it is between 70 a nd 80 p ercent and 
SOCn<SOCn+1 which means that the battery is charging, the fuel cell will work full of its capacity (Pfcmax) 
until SOC equals %85. If SOCn>SOCn+1 which means that the battery is discharging, the fuel cell will not 
work. 

 
Figure 4. Flowchart of control strategy 2 

3. ANALYSIS METHOD AND SIMULATION RESULTS 
Electric motor has to produce required power in order to overcome resistance forces and losses of propulsion 
system for the continuity of motion of the vehicle. Resistance forces consist of rolling resistance force (FR) 
and air resistance forces (FL) in no grade road conditions.  Additionally, with vehicle move up grade, grading 
resistance (FST) and under acceleration conditions, acceleration force (FB) occurs. Those resistance forces can 
be expressed as: 

  GfF RR �=    (1) 

 
2
1 2VCAF WLL ����= U                                                                                                                                   (2) 

Dsin�= GFST  (3) 

+��= amFB O   (4) 

Coefficient of formulations and parameters of vehicle design is shown in table 1. Resistive forces on vehicle 
tires determine the power requirement of ve hicle. Vehicle speed change with driving cycle thus required 
power on electric motor is calculated by the function of mechanical and electric motor efficiency.     

Table 1. Vehicle design parameters 

Parameters Value Unit 
Rolling Resistance Coefficient (fR) 0,009 - 

Vehicle Frontal Area (A) 2 m2 
Acceleration of Gravity (g) 9,81 m/s2 

Vehicle Mass (m) 500 kg 
Aerodynamic Drag Coefficient  (CW) 0,33 - 

Tire Dynamic Radius (rdyn) 0,3 m 
Air Density (ρL) 1,2 kg/m3 

Inertial Factor (λ) 1,05 - 
Mechanical Efficiency (ηM) 0,85 - 

Auxiliary Power (Paux) 100 W 
Gear Ratio 6 - 

Battery Efficiency (ηB) 0.85 - 
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Efficiency of a traction motor varies with its operating points the speed and torque. Changing of efficiency 
with driving cycle speed as regarding constant gear ratio is shown in figure 5.  

 
Figure 5. Efficiency of electric motor during drive cycle time operation 

During the drive cycle, power requirement on electric motor is function of ro lling, air and accelerating 
resistance forces. Road slope is neglected in calculation and grading resistance is not considered. During 
braking, regenerative energy is stored by the function of negative acceleration (a-), mechanical and electric 
motor efficiency and gear ratio (iF) between electric motor and tire. Constant gear & differential system has 6 
ratio that is for speed and torque converting. Power requirement with recuperation (Pmot) and battery power 
(Pbat) on battery alone mode, during the cycle time is: 
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According to formulation of required motor power and control strategies, battery and fuel cell power output 
are shown in figure 6. Drive cycle is created by repeatedly 11 INRETS urbainfluide 1 cycle that has 7480 
seconds, because of observing methanol fuel depletion. As mentioned before, in strategy 1, fuel cell does not 
operating until SOC level is arriving %80 after 1233 s econds from starting simulation and total operating 
time of fuel cell in strategy 1 is 5503 seconds.  In s trategy 2, fuel cell operates just 1701 seconds on its full 
power capacity.  F uel cell operates constantly in strategy 2 t hat independent from electric motor power 
requirement. On the other hand, strategy 1 c ontrols the SOC level and it depends on pow er requirements 
which is purpose to maintain %75 SOC until there is no methanol in fuel tank. Battery could charge when 
braking or amount of fuel cell power is maximum that is under motor power requirement.   

 
Figure 6. Battery and fuel cell power output in each control strategies 
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Fuel cell power (PFC) demand shown in figure 6 and methanol consumption (Bmet) is determined by control 
strategies.  S trategy 1 includes longer time for fuel cell operating than strategy 2 that gives peak power in 
runtime and hence methanol consumption decreases rapidly. Methanol consumption that can be obtained for 
both strategies by function of fuel cell power is defined:  
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Methanol consumption is shown in figure 7 according to equation (7) for 11  drive cycle such as figure 6. 
Consumption of methanol in strategy 1 is depended for power demand of road surface unlike strategy 2. Fuel 
cell operates its maximum capacity in strategy 1 which is clearly shown rapidly reducing consumption line in 
strategy 2. In the case that vehicle has much methanol fuel capacity, consumption will be started when SOC 
level reach %70 according to control strategy 2 on c ontinuation of t est cycle. Consumption in strategy 1 
decreases with same characteristic at same condition.   

 
Figure 7. Methanol consumptions fuel cell in each control strategies 

For a single driving cycle, energy taken from battery in electric mode (Qelc) can be defined as several methods 
such as area under the power requirement of battery (Pbat) or SOC decreasing (ΔSOC) per cent of ba ttery 
capacity (QBat) in unit kW/h (8). 
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Battery power requirement in electric mode at one driving cycle and SOC variation until cycle end are shown 
in figure 8. Initial SOC is % 85 at beginning of cycle simulation and it falls % 82.15 at cycle’s end. Energy 
requirement at one driving cycle in electric mode which is between SOC differences (ΔSOC) 0.082 kWh.  

 
Figure 8. Battery power and SOC in driving cycle at electric only mode 
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Energy requirement is calculated and shown in figure 8 for e lectric mode. Fuel cell and battery power for 
strategy 1 and 2 consist of 11 driving cycle. Except related driving cycles, vehicle operates only electric mode 
which calculated in above (8).  

The state of charge (SOC) is the amount of capacity that is left after starting to discharge from a fully charged 
condition. With an accurate measure of SOC, cell damage can be avoided by controlling the current. There is 
not any sensor available to measure SOC directly and thus it must be estimated. In mathematical form, the 
instantaneous SOC which QBat is the capacity of battery and Pbat is he instantaneous power on battery can be 
expressed as:   
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The other important parameter, battery SOC can be estimated after the output power of the battery has been 
determined for all strategies and battery alone mode for c omparison in figure 7. Electric mode is for j ust 
comparison that is not including any fuel cell operation region. SOC level is permanently decreasing till cycle 
end although increasing by recuperation. Two main control strategies are changing with fuel cell operation. 
SOC of s trategy 2 is swiftly increasing and decreasing between its upper and lower level until fuel is 
depleted.    

 
Figure 9. Estimated SOC variations for each strategies and electric only mode 

SOC value operates its working range that is limited between upper and lower limits. Battery damages may 
occur while deep discharging and regenerative braking energy reduces during over charging in upper limits of 
SOC. Lower limit of S OC is %10 to prevent shorten battery life and upper limit of S OC is %90 to store 
regenerative energy while battery charge level is high. Battery SOC level decreasing starts its initial level 
(SOCint) % 85 in both strategies during test cycle. It arrives %71.65 for first strategy and % 72.12 for second 
strategy is representing ΔSOC1,2. Vehicle range (Sv) is sum of hybrid mode in 11 drive cycle and electric only 
mode ranges. As considering one cycle length (Scycle) is 1890.17, vehicle range can be described by: 
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4. CONCLUSIONS 
Vehicle range is calculated both two strategies according to (9). Strategy 1 provides 65.35 km vehicle range is 
more efficient than strategy 2 which has 65.03 km range. Vehicle range in only electric mode is lower than 
hybrid modes which ignoring fuel cell system. Electric vehicle provides just 54.43 km. Fuel cell system 
increase range with additional costs and mass. For energy consumption, 20 liter methanol fuel at 1 molar or 
approximately 2 liter pure methanol provides about 10 km.  

Fuel cell using as range extender with different principle control strategies causes extra costs eventually. 
Beyond these control strategies effect directly energy consumption and vehicle range. Fuel cell operates in 
wide area between minimum and maximum power outputs in strategy 1. It increases fuel cell and battery 
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efficiency which is proper for urban traffic. Second strategy is proper for long range usage which fuel cell 
operates in its maximum. This choice allows constant operation of fuel cell with constant fuel flow rate. It 
makes easier of the flow control. Advantage of higher efficiency at first strategy achieve about 300 m extra 
ranges. But it has to be tested on vehicle before final decision about advantages and disadvantages. 

Application of fuel cell as a range extender in electric vehicle enhances driving for daily usage. Hybridization 
contributes to becoming prevalent of e lectric vehicle with range extender because of e liminating range 
concern that is the main disadvantage of battery electric vehicle. Researches and applications about hybrid 
vehicle technology lead to increase preferability in the public eye whereby economic and environmental 
progress.      
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Abstract 
Growing number of vehicles causes increase in fuel consumption and exhaust gases discharge into atmosphere. Alternative vehicle op-
tions such as electric vehicle or powertrain systems like hybrid propulsion can overcome these disadvantages. Therefore, hybrid electric 
and battery electric vehicles which include electric propulsion systems are located in the focus of researches. In this study, mathematical 
model of electric vehicle powertrain system was created. Power and torque requirement of electric motor and gearbox are calculated 
based on optimum performance characteristics. Systems simulation results such as electric driveline system power outputs and bat-
tery state of charge changes are investigated for drive cycles considering with electric motor efficiency and battery resistance. 9ehicle 
range is calculated and parameters that effect range were investigated. Theoretically calculated state of charge and battery current 
results compared with the results of $'9I625 program, which commonly used for hybrid and electric vehicle analysis in literature. 
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1. INTRODUCTION 
Electric vehicles have a very long history but, until the oil crisis they cannot gain any market share. After the 
1970’s with financial issue and increasing worries about air pollution, the electric vehicles gained interest 
again. Electric motors are used as driving machine for vehicle propulsion in electric vehicles and all energy to 
propel the vehicle is carried in batteries. So electric motor is powered by energy storage system that existing 
on the vehicle. These systems consist of ba tteries or s uper capacitors. With those components, storage of 
regenerative energy is the main characteristic behavior of electric vehicle. Also no pollutant emissions do not 
occur because of there is no f uel combustion in electric vehicle systems. In the case of e nvironmental 
awareness and various environmental protocols gradually getting serious, the importance of these advantages 
can easily seen in electric vehicles. However, electric vehicles still have critical disadvantages which need to 
be solved. Main challenges are short driving range, long charging time and high cost of vehicle [21]. 

Permanent magnet synchronous motor with constant ratio reduction - differential at the end of motor are used 
main propulsion component in examined concept front wheel drive electric vehicle. Torque and speed of the 
motor are controlled by the inverter which inverts the battery DC voltage to a three phase AC voltage for 
electric motor. After electric motor, torque in the differential reaches front wheels via homokinetic joints. 

2. MATHEMATIC MODELS AND DESIGN PARAMETERS 

In order to be able to estimate the energy consumption and driving range according to driving cycle of 
electric vehicles, it is necessary to have a proper model of vehicle [21].  Creating a longitudinal vehicle model 
is suitable to calculate drive train behaviors and capacity of components. Longitudinal vehicle model is about 
specifying the vehicle velocity profile with driving cycle and calculating vehicle loads from wheels to energy 
storage system corresponding to velocity profile with reflux method.  

During the movement of a  vehicle, driving resistance forces occurs that requires overcoming by motor 
traction power. Sum of resistance forces determines the required force that transmitted from electric motor to 
driven wheels for the forward movement of vehicle. Maximum velocity, maximum grading and acceleration 
ability can determine with calculated total traction forces according to resistance forces.   

Electric motor has to produce required power in order to overcome resistance forces and losses of propulsion 
system for the continuity of motion of the vehicle. Resistance forces consist of rolling resistance force (FR) 
and air resistance forces (FL) in no grade road conditions.  Additionally, with vehicle move up grade, grading 
resistance (FST) and under acceleration conditions, acceleration force (FB) occurs. Those resistance forces are: 

  GfF RR �=    (1) 

 
2
1 2VCAF WLL ����= U                                                                                                                                   (2) 

Dsin�= GFST  (3) 

+��= amFB O   (4) 

Choosing electric motor’s capacity in designed vehicle is determined by maximum velocity and maximum 
grade of vehicle Because of this, total resistance forces that transmitted vehicle’s wheel with no acceleration 
motion must be calculate.  

As a v ehicle’s characteristic, %25 grade ability and maximum 160 km/h velocity are determined for t his 
concept electric car that suitable for urban drive. In order to achieve maximum velocity value, required power 
(P) is shown (eqn.5) with constant mechanical and electric motor efficiency: 
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With this equation, maximum electric motor power for maximum vehicle velocity is calculated as 55 kW and 
chose electric motor with 55 kW power (PM) and 160 Nm torque (MM).  Maximum electric motor torque and 
total drive ratio (i) from motor to wheels are important factor to calculate grading ratio of vehicle. For %25 
grading ratio, reduction gear-differential ratio has to find. As grading slope angle α, electric motor maximum 
torque MM, reduction gear-differential ratio i: 
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According to coefficients and parameters of vehicle (table 1), reduction gear-differential ratio from motor to 
wheels are 6 (eqn.6). 

 
Table 1. Vehicle Design Parameters 
Parameters Value Unit 

Rolling Resistance Coefficient (fR) 0,009 - 
Vehicle Frontal Area (A) 2 m2 

Acceleration of Gravity (g) 9,81 m/s2 
Vehicle Mass (m) 1000 kg 

Aerodynamic Drag Coefficient  (CW) 0,33 - 
Tire Dynamic Radius (rdyn) 0,282 m 

Air Density (ρL) 1,2 kg/m3 
Inertial Factor (λ) 1,3 - 

Mechanical Efficiency (ηM) 0,85 - 
Electric Motor Efficiency (ηEM) 0,9 - 

There is no need to use manual transmissions with many different gear ratios in electric vehicles because of 
the electric motor torque-speed characteristic. Constant gear ratio reduction gears with differential designed to 
increase motor torque and decrease motor speed (Fig 1.) Two stages helical gears are used in reduction gears 
for their basic advantages such as silent and more efficient works. Number of teeth in first gear is 20, second 
gear is 41, third gear is 20 and forth gear is 59 with 200 pressure angle and 200 helix angle at reduction gears. 
Differential side and spider gears have 18 teeth in differential unit after constant gear ratio reduction gears. 
Gearbox is installed to electric motor output shaft at front axle.   

 
Figure 1. Reduction Gears & Differential Design Scheme 

As gear materials hardened cementation steel 20MnCr5 used in reduction gear-differential assembly (Fig. 1). 
Outer protective cover part is designed in two parts that coupled with bolts. O-rings take places between 
cover and shaft bearing, one 50x40x8 and two 50x35x8 radial sealing ring also used  electric motor input 
bearing and differential output shaft’s bearing.   

Maximum vehicle velocity and grading ability can calculate by transporting total resistance moments 
corresponding total resistance forces as rolling, air and grading forces to maximum electric motor torque 
curve. These curves’ intersection point is the maximum velocity of the vehicle for no grading resistance and 
the point for maximum motor torque is the grading ability of the vehicle. For these three forces, moment of 
motor shaft (MR):  
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One of the most critical design parameters is maximum range of e lectric vehicle. As considered that urban 
usage is more proper for e lectric vehicle, 120 km range is desired and chose 18 kWh capacity lithium ion 
battery. Two parallel connected 1.2 kWh lead acid battery takes place in storage system additional to lithium 
ion battery. Because of that, total lithium ion battery capacity takes 17 kWh. 
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As lithium ion battery, most suitable battery of hybrid and electric vehicle applications is lithium ion 
phosphate (LiFePO4) that is uses phosphate as cathode material for rechargeable lithium batteries. This type 
of batteries offers good e lectrochemical performance with low resistance. The key benefits are enhanced 
safety, good t hermal stability, tolerant to abuse, high current rating and long cycle life. With 20 A h cell 
capacity LiFePO4 (LFP) battery cell has 140 Wh/kg specific energy and 840 W/kg specific power. A single 
cell weight is 455 gra m and cell voltage is 3,2 V. For 17 kW h total lithium battery capacity, 24 ba ttery 
module with 11 cell in each module is used so total battery weight is almost 120 kg for t he electric vehicle. 
Modules connected in serial with each other to create operating voltage for electric motor. This application 
includes 2 battery package each has 12 serially connected modules that produces 422 V each packages.      

Battery location is very important issue in electric vehicle. Common application at battery location is using 
vehicle floor for battery packages. As increasing of ba ttery capacity, its volume has to increase and more 
space requirements for battery will occur. This reason fact on the luggage space and it becomes disadvantages 
in urban driving for customers. Vehicle floor is most proper area in hybrid and electric vehicle for not only 
luggage volume but also improves vehicle roll dynamics which causes center of gravity of vehicle becomes 
lower.  

The height of battery module is 207 mm but there is 170 mm height in vehicle floor (Fig 2). Battery module 
must locate horizontal position thus its height just is 166 mm while there is no problem locating floor and 
operating. 24 modules horizontally located which 4 modules as transverse (4x265=1060 mm) and 6 modules 
as longitudinal (6x207=1242 mm). Totally, battery packages fit on floor with rectangle placement. 

 
Figure 2. Battery Location at vehicle floor 

Since the battery is a nonlinear system, the models usually used in electric vehicles can simplify 
electrochemical model was proposed based on e lectrochemical theory and could fully describe the 
characteristics of power battery by using mathematics to describe the inner action of the battery [9]. Power 
management and estimating state of charge (SOC) in battery systems which is established by mathematics 
model are as vital as production of ba ttery. Battery management systems fulfill SOC estimation during 
operating which include operation changes such as current, SOC and battery resistance according the battery 
model. SOC is function of b attery current that occurs for vehicle resistance forces. State of c harge 
measurement is not possible directly so, it must determine while establishing model to calculate battery 
characteristics and SOC. Several battery models are developed for that nowadays.  

This study uses Rint battery model to estimate SOC which v is open circuit voltage as ideal voltage source 
and R is internal resistance of battery. Both parameters are function of temperature and SOC. For instance 
battery internal resistance is higher in low temperatures. Loading current “i” is positive in discharge and 
negative in charge conditions.  

Charging and discharging current depends on operating time such as braking and accelerating conditions on 
drive cycle. For both condition charge and discharge currents are expressed as:  
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3. ANALYISIS OF MODEL FOR DRIVE CYCLES 
The driving pattern in a given specific region can be represented as a driving cycle, which is basically a 
vehicle speed-time profile. Vehicles move irregular and unpredictable drive conditions in their operating 
times.  Legislative and non-legislative drive cycles created for conventional vehicles and electric vehicles to 
measure their fuel and exhaust emission or energy consumption and power requirement of electric vehicles 
along the variable drive routes in cycle times.    

Typical examples of legislative driving cycles are; FTP-72 (Federal Test Procedure) cycle used in the USA, 
NEDC (New European Driving Cycle) used in Europe (Fig 3). These driving cycles are used for emission 
certification and are imposed by the governments. On the other hand, non-legislative driving cycles such as 
Istanbul Drive Cycle (IDC) are used for energy conservation and pollution evaluation research. Legislative 
cycles is referred as modal or polygonal cycles, which are developed theoretically combining different 
driving modes such as constant acceleration, constant deceleration and constant speed. Non-legislative cycles 
are called real-world driving cycles which are developed by using “real-world” actual driving data [4]. 

 

 
Figure 3.  Vehicle Speed at NEDC and FTP-72 Drive Cycles  

Various operating conditions of vehicle demand different operating points in maximum motor torque area for 
different vehicle speeds. According to motor torque and speed, permanent magnet synchronous motor 
efficiency considered in drive cycle analysis.  

Wheelbase of concept electric vehicle (L) 2.511m and height of center of gravity (h) 0.57 m. Longitudinal 
location of center of gravity assumed in the middle of wheelbase (LF/L=Ψ=GR/G=0.5) as LÖ is the distance 
between front axle and center of gravity and G is the total vehicle weight. Because of the vehicle is front 
wheel drive, regenerative energy from braking (recuperation) can store via front axle to battery. Calculation 
of front axle braking ratio (iF=BR/BT) is necessary to consider for true results of SOC and battery current. 
While braking starts, static axle loads change and dynamic axle loads (GF

*, GR
*) have to be considered. As 

braking forces in front and rear axle are BF and  BR with tire road friction coefficient of axles in braking are fF 
and fR, braking acceleration ratio z means a-/g. In ideal braking z is equal to μ that is tire road friction 
coefficient. Abbreviation of X is the ratio of vehicle center of gravity height and wheelbase distance. If in 
ideal braking μ=fF=fR=z: 
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Total braking force (BT) depends on negative acceleration (a-) value in driving cycle that analyzed. During the 
cycle time total brake force is:  

−�= amBT                       (11) 

Braking raito (iF=BF/BT) can be found b y equations 13. Braking ratio changes permanent in braking time 
according to drive cycle.  

During the NEDC drive cycle that recognized road slope, power requirement on electric motor is function of 
rolling, air and accelerating resistance forces. Power requirement without recuperation (PM) during the cycle 
time with vehicle parameters in Table 1 is: 
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In case of including recuperation, power requirement can express as: 
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The main purpose of the battery is to provide power for the wheels. However, a modern car has also other 
loads which the battery should supply. These loads are either due to safety such as light, wipers, horn, etc. 
and/or comfort like radio, heating, air conditioning, etc. These loads are not constant. Total average power 
consumption of accessories (Pacc) could take 800 W that provided from battery. Battery power requirement 
(PB) at drive cycle is as [kW]: 
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Initial value of state of charge (SOCint) is assumed %80 in the beginning of analysis for total battery capacity 
(QBat) that is 17 kWh. SOC is the function of battery power and it depends on drive cycle characteristics. 
Battery energy is the sum of power requirements of battery for cycle time from beginning of cycle to end of 
cycle (t). Percentage of SOC for driving cycle is:  
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Figure 4. SOC Changes in Drive Cycles with Recuperation Situation 

Battery power can calculate for bot h recuperation and non re cuperation operation. Equation 12 and 13 
includes motor power that can be expressed as recuperated or not recuperated. For both conditions, SOC can 
be calculated. As the main advantages of electric vehicles, vehicle range and total efficiency increase thanks 
to energy storage with recuperation. Change of SOC with drive cycle is shown in figure 4 for both 
recuperation conditions. 

Battery produces current for po wer requirements during the drive cycle. Discharge current is positive and 
charge current is negative in braking. Battery cell voltage (v), battery temperature and internal resistance (R) 
of battery cell effect battery current. Assuming that battery operates in 25 0C constant temperature, open 
circuit voltage of battery increase with SOC. Internal resistance of battery cell is constant after %40 SOC in 
both charge and discharge. Low SOC values cause increase of internal resistances. Minimum SOC value is 
determined for resistance characteristic of battery at low SOC in automotive applications. Maximum value of 
SOC is determined to life cycle of battery. Electric vehicles use %10-20 for minimum SOC and %80-90 for 
maximum SOC. Operating range of SOC is taken %10-90 in this study. 

Battery currents are calculated according to equation 10 with considered internal resistance and cell voltage 
changes of battery for both cycles (Fig. 5). 
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Figure 5. Battery Current in NEDC and FTP-72 Drive Cycles 

Electric vehicle describes its energy consumption (kWh/100km) just as conventional vehicle’s fuel 
consumption criteria. The area beneath battery power for traction in drive cycle is energy of battery. At the 
end of test cycle, total battery energy consumption (Qcycle) is:  
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Range of electric vehicle depends on battery capacity and number of cycle is repeated by vehicle. Previously 
mentioned maximum limits (SOCmax) and minimum limits (SOCmin) of SOC is used for calculating number of 
cycle that electric vehicle is driven.  Range of electric vehicles according to different drive cycles (Srange) is:  

1000
cycle

cyclerange
S

nS �= [km]                     (17) 

Driving range is related with energy storage system capacity and vehicle mass. Increasing of battery capacity 
causes more battery mass that is needed and extra cost arising from greater capacity.  

4. VERIFICATION OF ANAL<7,& 02'(/ :ø7+ $'9,SOR  
To verify results that obtained from theoretical model, Advanced Vehicle Simulator (ADVISOR) had been 
used. ADVISOR was created in the MATLAB/Simulink environment. 

MATLAB provides an easy-to-use matrix-based programming environment for performing calculations while 
Simulink can be used to represent complex systems graphically using block diagrams. 

Theoretically obtained state of charge history and battery current results for NEDC and FTP-72 drive cycles 
compared with ADVISOR results shown in Figure 6. Realistic approach could be possible with true 
examination of SOC and battery current history in electric vehicles. Verification of results with ADVISOR 
shows that accurate SOC estimation can be done. 
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Figure 6. Comparison of SOC and Battery Current at NEDC ve FTP-72 Drive Cycles 

5. CONCLUSION 
Energy consumption and vehicle range can calculate for each drive cycles. According to equations (20) and 
(22), maximum energy consumption 15.77 kWh/100km occurs in NEDC. Naturally high energy consumption 
causes lower driving range as 107.8 km. Energy consumption of F TP-72 cycle is calculated 14. 62 
kWh/100km that enable for 116.3 km driving range at same cycles. Power output of component and energy 
consumption simulation is crucial for determining battery capacity and cost analysis. Beyond the legislative 
drive cycles, Istanbul Drive Cycle (IDC) gives more reliable results to urban usage in Turkey conditions.  

The entire analysis model for the powertrain of EVs has been developed, based on mathematical approaches, 
to describe vehicle and battery parameters like SOC and battery current in consideration of both mechanical 
and electrical sub-systems. The theoretical analysis models have been validated, by comparison with the 
simulation model developed with the Matlab/Simulink platform, by testing with the NEDC and FTP-72 drive 
cycles. Based on theoretical analysis of the EV powertrain, various influences on t he vehicle have been 
investigated and analyzed with respect to the mechanical and electrical quantities. 
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Abstract 
Computer Numerical Control (CNC) machines that forms the basis of modern production is a manufacturing technology open to 
development today. In this study, real-time control of the axis and spindle motor was done on a CNC turning machine, and soft-
ware based sensor condition monitoring system was developed. Providing the progress of the piece and spindle rotational speed 
for a certain work piece according to the information in the database improves the performance and precision of the production. 
Also, it can minimize the operator-based errors. Concurrently monitoring the sensor values like real-time current, power, speed 
and temperature taken from the CNC on graphical user interface display such as temperature sensor data taken from CNC as 
well as operator-interacted control ability and recording all data related to the piece in a database improves the work quality.
      
Keywords:  cnc, condition monitoring, sensor control, user interface design, database.
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1. INTRODUCTION 
Condition Monitoring Systems (CMS) have become essential components due to increased demand for low 
cost and improved production in manufacturing industry as well as its effective role in detecting potential 
failures. Using a developed instant monitoring system in production processes allows optimum usage of 
machinery elements and prevention of unwanted situations. It prevents damages with excessive costs and aids 
reliable and uninterrupted continuation of manufacturing. For this reason, CMS are important for maximizing 
the quality of material produced. CMS can also be used in Computer Numerical Control (CNC) turning 
machines which constitute the foundations of production can be defined as a technique which aims at real-
time monitoring of the working characteristics of the machine and the prediction of possible errors, failures, 
maintenance needs and production [1]. Real-time monitoring systems designed with this technique are used in 
such processes as failure detection, signal processing and maintenance management etc. in a number of fields 
as real-time condition monitoring systems, energy, transportation, aviation etc. [2-6].   

Condition monitoring systems support instant control of the system and ensure its traceability. Depending on 
the determined reaction periods, it obtains data and guarantees these processes without interruption. These 
systems can be used through specific and general software operated on t he hardware depending on t he 
requirements of control, automatic control and condition monitoring [7]. In hi gh-speed machining (HSM) 
systems monitoring of t he components which constitute the system plays a critical role. Design of t his 
monitoring system is important for continuity of the system and its higher performance. Several studies have 
been conducted on defining in the shortest possible time the situations which can have a negative impact on 
manufacturing processes and increasing the efficiency of CNC supported turning machines. These studies can 
be found in the literature with the title “Tool Condition Monitoring (TCM)”. In one of these studies the 4 
main approaches for determining system tool abrasions were discussed. These approached are cutting 
strengths, acoustic emission (AE), vibration and motor current. Camacho et al. worked on t he traceability 
through spindle motor of c urrent signals during Tool Condition Monitoring process [8]. In a ddition to the 
condition monitoring systems which actively use sensor systems in manufacturing industry, control 
applications can also be integrated according to platforms (web, portable). Thanks to the rapidly growing 
software technologies today, instant remote control and CMS have been designed using web-based 
technologies. Only a short time after the start of web technologies, since 1993, several methods have been 
proposed in order to create shared systems working through web. When it is evaluated form the point of 
existing systems, HTML, Java Applets, ActiveX, VRML technologies can be used in developing client 
interface. Lihui Wang et al. developed a web-based condition monitoring system coded with real-time java 
programming language for remote production.  

In this study a signal collecting unit which made use of position data belonging to the axis as well as spindle 
motor and progress sped data and communication was established with clients through server [9]. In addition 
to this study, in our study all start and stop processes belonging to manufacturing can be operated on web and 
client computers so that the instant sensor data of the turning machine can be monitored. A multi-layered 
condition monitoring software with Object-Oriented Programming (OOP) architecture coded with C# 
language was developed. In addition, engine current and temperature signals have been added to the sensor 
collective system which operates instantly. Pan et al. studied on remote condition monitoring system which 
communicates through sensor data collection system using socket programming with C++ language [10]. 
Romero et al. examined current signals on m illing machine and presented a system without sensors, and 
worked on de tecting toolset abrasions using instant current signals [11]. Yahya Işık presented some 
approaches on on-line toolset condition methods on TCM methods [12].  

In our s tudy, control and execution of produc tion processes is performed through software and micro-
controller instruments. Data transfers between system condition monitoring, control software and micro-
controller and application of synchronize and concurrent working principle during internal processes directly 
affects the reliability and performance of t he system. Thanks to multi-threading property, concurrent 
operating procedures and double-sided instant working monitoring and control software was developed. With 
OOP and n-Tier features simplicity, reliability, performance and improvability was targeted. With material 
machinability software and manufacturing parameter values related to the material are presented to the user. 
In addition, with the condition monitoring system and control software included in our study operator errors 
are minimized. 

2. METHOD 
In this paper with condition monitoring system designed using the serial communication protocol on an NC 
machine transformed into CNC-supported turning machine and control software instant two-way data 
exchange was performed. In this turning machine a direct current engine was used which was frequently used 
in industrial machines as spindle motor that could reach up to high-rotation 2500 RPM speed, with 600 Watt 
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power. Control of the axis (programming of progress and interruption functions) was ensured with G codes. 
For axis motors (X and Y axis) delicate-driven step motors were used. Communication between spindle 
motor on CN C turning machine and sensor data connected to the motor and user condition monitoring 
software was performed real-time with the software embedded in the microcontroller with 32 b it 
AT91SAM3X8E processor and 12 bit (analogue reading) resolution. Analog signals belonging to the spindle 
motor such as rotation, current, motor working condition, motor rotation direction and automatic-manual user 
module signals designed electronically were organized by data collection and organization unit so that 
concurrent data exchange was ensured. All sensor data were sent real-time to the condition monitoring 
software which used serial communication protocol. Advanced graphic components and instant list displays 
made condition monitoring system interface more practical. In a ddition, the feature of s witching to 
machinability catalogue software through condition monitoring and software system (Figure 1). 

 

Figure 1. General design of the system 

2.1. Software belonging to the system 
Condition monitoring and control software designed for operator use on CNC supported turning machine was 
prepared by using C# progra mming language with the purpose of pre senting and reporting sensor data 
connected to system hardware (current, rotation, temperature, spindle motor condition, spindle motor 
direction, spindle motor working style, situations of the motors which ensure axis movements, manual user 
panel signals) to the user on a real-time basis. In addition, with its object-oriented programming technique, a 
condition monitoring system and control software prepared with multi-layer architecture operates on a richly 
structured machinability material database. All manufacturing sensor data received through the system are 
recorded instantly on the database. It is now possible to examine and analyses past productions when desired. 
All communication between turning machine sensor systems and the user were performed through the 
software on t he microcontroller which had decision-making ability. The embedded software in use was 
prepared on a  platform which functionally acted as Arduino IDE code editor and compiler with a syntax 
similar to C l anguage. In terms of s oftware we can divide our study into two parts, namely condition 
monitoring, control system and embedded system. These software were prepared according to two-way, 
synchronize and concurrent working principle. The software and axis movements which process the G-codes 
provide these systems with progress and interruption functions were controlled (Figure 2). 



ICENSInternational Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

Figure 2. General design of software systems 

2.2. Condition Monitoring System and Control Software 
The condition monitoring and control software included in our study conducts its communication through 
advanced micro-controller using serial communication. This communication was designed as two-way and 
concurrent. Instant data received from sensor collector unit through microprocessor were continuously read in 
a cycle by condition monitoring and control software. As a result of t he interpretation and separation of 
received data, monitoring of the condition of the system from software interface was ensured. Depending on 
the instant condition of the software it was ensured that the system could be initiated or executed (Figure 3). 

 

Figure 3. Basic algorithm of condition monitoring system and control software 

In the .Net Framework platform which had rich software components, condition monitoring system and 
turning machine control software was developed with object-oriented programming technique with multi-
layer architecture on Visual Studio Integrated Development Environment (IDE). The software developed with 
C# language used a multi-channeled structure and concurrent working techniques with pipelining principle. 
While sensor data were being read from serial port concurrently using multi-thread, renewal of condition 
monitoring system, data recording and operation of sending to serial port were ensured synchronously. All 
production processes on t he turning machine are now instantly traceable and manageable through buttons 
electronically designed or s oftware interface. The created CMS presents sensor data (current, rotation, 
temperature, rotation direction, motor status and operation mode) in the form of a graphical and dynamic list 
to the user. In addition, with determination of the start-up rotation information of the spindle motor presented 
to the user, start-up, stop and other usage options (motor direction, auto/manual usage) a more flexible and 
high-performance system has been prepared. Start-up rotation data specific to materials can either be 
determined by the user or chosen through the database, as a result of which operator error are minimized 
(Figure 4). 
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Figure 4. Condition monitoring system and control software interface 

2.2.1. Embedded System Software 
The open source coded electronic development card, Arduino, which is included in our s tudy, is also 
remarkable in terms of automation due to its flexible and easy-to-use nature. The simplicity of programming 
development interface is similar to C/C++ language family in terms of syntax, hence, software development, 
compilation and loading stages are not complicated.  

Continuous reading of spindle motor on CNC turning machine and sensor data connected to the motor such as 
rotation, current, temperature, system status, motor direction and operation mode as well as their 
communication with condition monitoring system real-time with serial communication was performed by the 
most developed Arduino DUE microcontroller with 32 bi t AT91SAM3X8E processor and 12 bit ADC 
resolution (Figure 5). 

 

Figure 5. Basic algorithm of embedded system software 

2.3. CAM Design and Axis Movements 
In addition to condition monitoring system and control software, driving of step motors which ensure axis 
movements on the turning machine with G and M codes generated depending on t he design and the 
application of the planned production was performed by an MK1 control card and software which is 
connected to the system with Universal Serial Port. G and M codes required for the operation of CNC turning 
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machines were sent to the control card which performs the control of axis movements through CAM 
(Computer Aided Manufacturing) computer. Step motors (X, Z axis) connected to the CNC machine turning 
machine were controlled concurrently through MK1 control card (Figure 6). 

 

Figure 6. Application of the design 

2.4. Conclusion and Recommendations 
Execution of p roduction processes in modern production and its performance through software and 
microcontroller instruments affect production accuracy and quality. It helps optimum utilization of machine 
equipment and prevention of unwanted situations (abrasion and breakage of toolsets) and reliable and 
uninterrupted continuation of production. With the condition monitoring and control software prepared in this 
study, operator was equipped with current, rotation, temperature and spindle motor data instantly and he was 
allowed to instantly control the turning machine and monitor sensor data (current, rotation, temperature, 
spindle motor status, spindle motor type of usage, axis movements). Application of concurrent and real-time 
working principles between software and hardware units increased the reliability and performance of t he 
system. In a ddition, recording on the database of all sensor data belonging to manufacturing allowed for 
analysis of all past studies. With the help of material database and active system control unit presented to the 
CNC operator, higher performance and more active manufacturing management was ensured and user errors 
were minimized. 
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Abstract 
This paper proposes to provide the energy continuity of a standalone distributed (off-grid) hybrid power system applied 
which consists of solar power, wind power, battery storage and the load. A battery group was integrated to the system for ob-
taining continuous energy. Furthermore, a PLC (Programmable Logic Controller) supported control system was designed 
and integrated in order to provide efficiency during the power generation. 7he system was applied by lighting the labora-
tories of the Electrical and Electronic Engineering Department of Technology Faculty in the AfyonKocatepe University.
      
Keywords:  Energy saving, Hybrid Power System, Off-Grid, Energy Flow Control
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1. INTRODUCTION 
Energy is an indispensable component of our daily lives. Taking the rapidly increasing energy demand and 
diminishing fossil fuel sources into consideration, generation of clean energy from renewable energy sources 
come into prominence with each passing days.  

Presently, fossil fuels, coal, natural gas and fuel oil are respected as the basic energy sources which meet the 
most of the energy needs of the present system. However, the obvious vulnerability and the potential risks of 
these energy sources gathered the attention on renewable energy sources.  

The widespread usage of renewable energy systems came together with the cooperation of different kinds of 
energy sources. Such energy systems are called as hybrid power generation systems. Hybrid power 
generation systems can be formed with a combination of many different energy sources and storage devices. 
Specifically, solar and wind powers are two of the most widely used renewable energy sources in a hybrid 
power generation system. Usually, off grid wind and solar power generation systems are operated with gas 
turbine, diesel generators, fuel cells and battery groups. Furthermore, the continuity of the energy and system 
performance are enhanced at the same time [5]. 

Efficiency control mode is necessary for h ybrid power systems. In orde r to control the process, a data 
acquisition system which is widely used in renewable energy source (RES) applications in order to collect 
data regarding the installed system performance, for evaluation purposes, has to be created[3].  

 

There are several inspiring studies conducted relevant to the hybrid power generation systems. For instance, 
Nelson et al tried to meet the electricity need of an off-grid house in the Northwest Pacific region while 
comparing the system including the wind-solar-fuel cell with the one including wind-solar-battery group from 
the economical perspective. As a result, wind-solar-battery system was observed as more economical than 
wind-solar-fuel cell and electrolysis system. However, it was estimated that the fuel cell and electrolysis 
systems would be more economical in the future parallel with the development in these technologies [6].  

Furthermore, [4] tried to apply a hybrid power system which includes photovoltaic panels, wind turbine and 
fuel cells on a mobile home in their study. Solar and wind energy was used as the primary source and while 
fuel cell was the secondary one. Again, [2] studied the control of an off-grid hybrid power generation system 
which was composed of phot ovoltaic panels, wind turbine and Proton Exchange Membrane Fuel Cells 
(PEMFC). Also, [8] showed the operation of a small network comprised of the wind, photovoltaic and fuel 
cell power sources. Additionally, [7] developed a prediction algorithm for e nergy storage. Moreover, [1] 
controlled the simulated standalone distributed hybrid power system which consists of solar power, wind 
power, battery storage and the load by using Matlab-Simulink. The control system controlled the convertor 
system with using maximum-power-point tracking (MPPT) algorithm. Also, [9] designed a novel micro 
turbine for t he solar-wind hybrid power system. Two types of wind-solar hybrid system with the same 
capacity were set up in Tianjin, and the power output of the two systems were measured and simulated by the 
TRNSYS software. It was observed that the designed wind turbine hybrid system had more wind power 
output, especially at lower wind speed. Furthermore, [10] presented standalone hybrid solar–wind system 
with battery energy storage for a remote island. He observed that the combination of s olar energy, wind 
energy and battery storage could supply continuous power to the island. 

In line with the abovementioned studies, this study is based on a research project on pow er supply for 
laboratory lightening. In t his context, the hybrid power generation system including wind-solar energies 
supported by a battery group in order to provide energy continuity was developed. The energy flow was 
controlled with a PLC controller in the system. Additionally, the load control was carried out by PIC 
controller. 

2. HYBRID POWER GENERATION SYSTEM AND COMPONENTS  
Basically, applied hybrid power generation system included solar panels, wind turbine and battery groups. 
There were three mono crystalline solar panels in the system, which were at 190W power and 24V output. 
Also there was a 600W 3-phase permanent magnet synchronous generator wind turbine which was 360° 
rotatable by wind direction. Additionally, there were six 100 Ah gel batteries. Battery group was used to store 
the energy surplus when possible and to provide the energy continuity when needed. Electrical energy 
production was controlled by PLC.  The generated current and voltage data were recorded at certain periods 
by a computer system. Also, load was controlled by PIC16F877 microcontroller and fed by means of DC-DC 
converters because of unba lanced output voltage of t he electricity generated from wind and solar power 
sources. Although the DC-DC converter input voltage was in the range of 18-72V, output voltage was at 24V 
constant value. Moreover, electrical energy generated by the hybrid energy system was converted to 220V 



AC energy with using 3kW power of inverter. As a result, consumer electricity demand was provided. Hybrid 
power generation system diagram can be seen in Figure 1. 

 
Figure 1. Hybrid power generation system diagram 

 

2.1. Data Acquisition and Control System 
Every controlled system need to data acquisition system for evaluating sensors outputs according to control 
strategy. If there is a control process in a study data acquisition system has to be in this system.  

In our study, data acquisition system was created based on Delphi program and PLC S01 type of controller. 
PLC has 8 digital inputs and 8 digital outputs. PLC was used for as an evaluating center and determining 
algorithms were applied in PLC for hybrid system controlling. Delphi program was used for created a system 
interface and data processing. Created hybrid system interface is monitorized the taken data from voltage and 
current sensors as a graphical and numerical mode. Data acquisition logic steps were shown basically in 
Figure 2. 

 

 
 

Figure 2. Data acquisition logic steps 

In data acquisition system solar voltage, wind turbine voltage and battery voltage values were taken as analog 
input our power generation system. And these analog variables was transferred to the analog inputs of PLC 
controller. And digital outputs which are related to solar, wind, battery and load control were controlled 
according to these analog inputs value. The energy generated from solar and wind energy sources were saved 
separately as a watthours (Wh).  

2.2. Control System Strategy 
The energy generated in wind turbine and solar panels of hybrid power generating system was collected in 24 
V stable DC bars by means of DC-DC convertors. Battery group was collected to DC Busbar at the same 
time. Besides, stable DC was be converted to AC by means of invertor on the control unit and made ready for 
the operating voltage of the consumers. 

The data flow of energy generated from solar panels and wind turbine was organized via the designed a PLC 
based microcontroller. The power to lighting the laboratory with LED fluorescent lamps was the load to be 
supplied by the hybrid power generating system. Wind turbine and solar panels were assessed as the main 
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power sources in the hybrid power generation system. The energy required for the load was met with the 
energy produced by wind turbine and solar panels. If the wind turbine and the solar panels did not meet the 
required power of the load, the battery group provided the required energy in line with the energy flow 
control system. On the other hand, if there was energy surplus while lighting the laboratory, it was stored in 
battery groups if their charge rate is below 95%.  

The algorithm illustrating the running order of t he system according the amount of pow er demanded and 
generated can be seen in the Figure 3. 

 

Figure 3.Algorithm for energy management in the proposed hybrid power generation system. 

3. EXPERIMENTAL RESULTS AND DISCUSSION 

Solar and wind energies are used as the primary sources of the energy for the system, it is obvious that the 
meteorological conditions were very determinant for the amount of generated power. For this reason, it was 
very critical to develop a power management strategy in order to control the operation of the system’s 
components and to use the generated power effectively. The main goal of the energy control system was to 
meet the power requirement of the load without cut off. It was assumed that the less battery group was used, 
the more its operating life would be. Main factors effecting the power flow management strategy were 
amount of power generated and battery group charging rate. 

The data regarding the power generated by the hybrid power generation system was imported between the 
months of A ugust – December. Data belonging to the production and consumption units was recorded in 
every 10 seconds from 08:00 am to 06:00 pm. The system was designed to charge the batteries after 06:00 
pm. Electrical energy produced by solar panels and wind turbine fed the system instantly and they met the 
energy requirement of armatures connected to load control system. In case of energy surplus, battery group 
was engaged to store it. Electricity meter was connected to the entrance of t he lighting line in order to 
determine the total electricity consumption. In t his context, the total energy generated, loss energy, stored 
energy and consumed energy was illustrated in the Figure 4 as a kWh. As shown Figure 4 graphic in August 
month maximum energy was obtained from the solar energy. And in this time period charging rate of t he 
batteries is maximum point when we compared to other months of the data were taken. Maximum consumed 
energy data were obtained in November month. According to this graphic can be said solar panel is more 
efficiency than wind sources. Because large part of t he energy are met with solar panels. In F igure 5 t he 
hybrid system efficiency rates can be seen according to months. System efficiency has decreased slightly 
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from August to November. System efficiency was seen minimum value in December month. This condition 
was stemmed from the data being received was from the half of December month. 

 

Figure 4. Produced values according to sources at the hybrid generation system with loss and stored energy(kWh). 

 

 
 

Figure 5. Efficiency rates in the hybrid power generation system by month. 

 

4. CONCLUSIONS 
In this study, it was focused on di fferent power management strategies including off-grid hybrid power 
generation systems and hybrid power generation system integratable to grid. Hereby, continuous power flow 
was provided in power demand system. Furthermore, an effective management mechanism was built by 
controlling the frequency of energy sources’ engagements by means of the algorithm developed. Moreover, 
the power surplus was stored in battery group due to the microcontroller and the different algorithms in power 
management strategies. The frequency of operation and the operation order of power sources were optional. 
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Abstract 
Every year, billions of tons of solid wastes are discarded into our environment. These wastes range in nature from 
common household trash to complex materials in industrial wastes, range in nature from common household trash to 
complex materials in industrial wastes, such as hospitals and laboratories. Waste is defined as µany material that are no 
longer desired and has no current or substance that has been discarded or otherwise designated as a waste material, or 
one that may become hazardous by interaction with other substances. Hazardous waste is a waste which could poten-
tially threaten human health or the environment. This includes waste which exhibit one of seven hazardous characteris-
tics� ignitability �Àammability�, corrosively, reactivity �oxidi]er�, toxicity �poison�, infective, radioactivity and bioaccu-
mulation effect. Hazardous waste may either be in the form of solid, liquid, semi-solid or contained gaseous material.
Waste 0anagement 6trategies play an important role in defining a ha]ardous waste. 7hese steps may in-
clude; the source of the waste, generators, waste transport, waste storage, appropriate treatment technolo-
gies, final disposal. +a]ardous wastes should be identified and disposed of in a manner that will most effec-
tively protect the environment. All the producers and the recipients of waste need to follow certain standard 
operative procedures �623� to manage the waste in accordance with the existing law and waste regulations. 7he 
legislators of each country should create regulations enforcing the safe management of the hazardous waste. 
      
Keywords: Zaste, to[ic Zaste, Ka]ardous Zaste, classi¿cation, manaJement�



1. INTRODUCTION 

 

Every year, billions of tons of solid wastes are discarded into our environment. These wastes range 

in nature from common household trash to complex materials in industrial wastes, such as 

hospitals and laboratories. Waste is defined as any material that is no longer desired and has no 

current or substance that has been discarded or otherwise designated as a waste material, or one 

that may become hazardous by interaction with other substances. Sources of hazardous waste 

include hospitals, timber treatment, petrol storage, metal finishing, paint manufacture, vehicle 

servicing, tanneries, agriculture/horticulture, electricity distribution and dry cleaning. 

Toxic waste definition: A general term used to refer to chemical compounds produced by industry 

which, if they are ingested or breathed in by humans, can cause physiological damage. The 

disposal of toxic wastes is a major environmental problem in all countries. The waste may be 

liquid, solid, or sludge and contain chemicals, heavy metals, radiation, dangerous pathogens, or 

other toxins. Even households generate hazardous waste from items such as batteries, used 

computer equipment, and leftover paints or pesticides. Hazardous waste is generated by 

everybody. Households commonly generate unwanted gasoline, brake and windshield wiper fluid, 

cleaning supplies, paints and paint thinners, lead acid batteries, used computer equipment and 

construction materials (i.e. asbestos), pesticides and others. Hospitals and nursing stations generate 

unwanted needles and waste human tissue, body fluids and biotic cultures. Business and industry 

generate many different types of hazardous waste including used motor and lubricating oil, 

cleaning solvent, drilling fluid and cuttings and mine tailings. 

 

2. CLASSIFICATION OF HAZARDOUS WASTE 

 

Hazardous waste includes waste which exhibit one of seven hazardous characteristics: ignitability 

(flammability), corrosively, reactivity (oxidizer), toxicity (poison), infectivity, radioactivity and 

bioaccumulation effect. Hazardous waste may either be in the form of solid, liquid, semi-solid or 

contained gaseous material. Any discarded material, liquid or solid that contains substances known 

to be; fatal to humans or lab animals in low doses, toxic, carcinogenic, mutagenic, or teratogöenic 

to humans or other life-forms, ignitable with a flash point less than 60°C, corrosive, explosive or 

highly reactive. 

A useful listing of hazardous characteristics is that provided by the United Nations (1989) as part 

of recommendations relating to the transport of dangerous goods. Examples from this listing are 

given in Table 1. 

 

 

 

 

 



Table 1 - Examples of Hazardous Characteristics: Extracted From U.N. Listing (1989) 

U.N. Class Number Hazardous Characteristic 

1 Explosive 

3-4 Flammable 

5 Oxidizing 

6 Poisonous/Infectious 

7 Radioactive 

8 Corrosive 

9 Toxic (Delayed or Chronic)/Eco-toxic 

 

Substances that are not on the list but are toxic are also considered hazardous waste and subject to 

EPA’s rules. 

 
3. MANAGEMENT OF HAZARDOUS WASTE  

 
Hazardous wastes are poisonous by products of manufacturing, farming, city septic systems, construction, 

automotive garages, laboratories, hospitals, and other industries. The waste can harm humans, animals, and 

plants if they encounter these toxins buried in the ground, in stream runoff, in groundwater that supplies 

drinking water, or in floodwaters. Some toxins, such as mercury, persist in the environment and accumulate. 

Humans or animals often absorb them when they eat fish. 

Proper waste management simply makes good sense. Minimizing or eliminating the generation of hazardous 

and other waste helps to reduce the hazards and costs associated with its handling, storage, transport, 

recycling, treatment and disposal. It also reduces the impacts waste could have on the environment, human 

and worker health and safety and reduces the global emission of greenhouse gases by minimizing the use of 

raw materials.   Another term commonly used to describe activities that reduce the amount of material 

entering a waste stream or being released to the environment is ‘pollution prevention’. For hazardous waste 

the hierarchy is as follows:  

- Eliminate the production of hazardous waste. 

- Where elimination is not possible apply methods to reduce the quantity or hazard involved. 

- Minimize amount of waste for disposal by recycling, reuse and/or recovery. This includes the 

recovery of energy which may be available from the waste.  

-Treat waste to stabilize, immobilize, contain or destroy hazardous properties.  

- Dispose of residues with a minimum of environmental impact.  

 Appropriately contain, isolate and store hazardous waste for which no acceptable treatment or disposal 

option is currently available. Waste minimization benefits you: 

          - Significantly lowering costs, 

   - Reducing potential health hazards, 

  -  Reducing potential long-term liabilities for disposal, 

  -  Promoting environmental ethics, 

   - Preventing pollution. 



It is the responsibility of every investigator who generates waste to incorporate the principles of waste 

minimization into experimental design.  

4. TREATMENT OF HAZARDOUS WASTES 

The purpose of treating hazardous waste is to convert it into nonhazardous substances or to stabilize or 

encapsulate the waste so that it will not migrate and present a hazard when released into the environment. 

Stabilization or encapsulating techniques are particularly necessary for inorganic wastes such as those 

containing toxic heavy metals. According to the CAE Report (1992), treatment methods can be generally 

classified as chemical, physical and/or biological. 

4.1. Chemical Methods: neutralization, oxidation, reduction, hydrolysis and precipitation.  

2. Physical Methods: a) Encapsulation: Immobilizing hazardous materials by stabilization and incorporation 

within a solid matrix such as cement concrete or proprietary organic polymers prior to and filling. b) 

Filtration/Centrifuging/Separation: Physically separating phases containing hazardous substances from other 

nonhazardous constituents.  

3. Biological Methods: These involve the use of microorganisms under optimised conditions to mineralise 

hazardous organic substances e.g. the use of pseudomonas under aerobic conditions break down phenols.  

4. Thermal Methods: These are the treatment processes which involve the application of heat to convert the 

waste into less hazardous forms. It also reduces the volume and allows opportunities for the recovery of 

energy from the waste. 

 
4. CONCLUSIONS  

 
Some of the waste currently produced by industrial chemical processes possess hazardous properties and 

require special attention in respect to disposal. Concern relating to these wastes has resulted in the 

development of international conventions aimed at controlling their movement. These conventions also assist 

in the management of these wastes by providing listings that can be used as the basis for a identification and 

classification scheme.  

A hierarchy to assist decision making is available to promote sustainability from waste management and this 

places emphasis on the elimination or minimization of the production of hazardous waste.  

Established chemical, physical, and or biological methods are available to stabilize or break down most 

hazardous waste to a form which will have minimal adverse effect on health, safety and or the environment.  
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Abstract 
Control technologies progressively developing in technological vehicles increase the number of studies examining the 
behaviors of vehicles in different road conditions. Additionally, optimization studies are performed for different road 
profiles of suspension systems. In this study, helical spring suspension system used in an off�road vehicle was modeled. 
In this study, vehicle with maximum compression and swing arm suspension system in the publication of the maximum 
movement scenarios stemming from the roof barrier formation by analyzing dynamic forces on axle conveyor have been 
detected. 6uspension conveyor, is one of the load�bearing parts of the system based on the dynamic effects of the vehicle on 
road conditions, was examined by the finite elements method.  $ll these analy]es were conducted in the &5(2 program. 
      
Keywords: Suspension systems, Dynamic analysis, Finite elements analysis
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1. INTRODUCTION 
Vehicle suspension system, is composed of suspension arms, springs and dampers, in order to filter and 

transmit all the forces between the body and the road. Springs carry the body mass and insulate the body 

against road distortion, and this brings driving comfort. Damper supports driving safety and driving comfort. 

Its mission is to absorb the body and Wheel oscillations where the avoidance of wheel oscillation does mean 

driving safety.    

 

Suspension systems must ensure the wheels to hold on to the road, as well as they carry the vehicle weight. 

Road handling of the vehicle is of vital importance; because the active safety, balance and comfort of the 

vehicle depends on the healthy function of this system. In an intervened structure, the vertical energy of all 

the wheels, is transmitted to the chassis which moves in the same direction. In this case, wheels might lose 

their contact with the road entirely. Also, the wheels might crash into the road under the influence of 

gravity.[1] 

 

Control technologies, gradually developing in technological vehicles, increase the study for the analysis of 

vehicles’ behaviors under different road conditions, and these technologies are also used for the optimization 

studies of suspension systems for different road profiles.[2] 

 

Many studies have been carried out recently, in order to model the behaviors of the suspension systems of 

rubber-tired vehicles under different road conditions. Different suspension systems are used in different 

vehicles. Today, especially in land vehicle applications; double-wishbone, fully independent, hydro-

pneumatic or helical spring suspension systems are used in order to make the minimal transmission of the 

vibration coming from the road to the body section, and in order to enable the use of vehicle with maximum 

performance.[3]  

 

The primary duty of suspension systems, is to be mobile connectors between the wheel group and the chassis. 

The guides with respect to the vehicle body in longitudinal and transverse direction of the wheel depending 

on the brake, drive and semi-forces that the vehicle applies, enable the support of spring and stabilizers by 

receiving the vertical forces transmitted to the vehicle body through the wheel[4,5]. 

 

In this study, a helical spring suspension system of a rubber-tired vehicle, was modeled. Then, this system 

was modeled by a computer-aided design program, and its dynamical analysis was carried out in a C reo-

MECHANISM environment, a finite element analysis program. With respect to the loads acquired in 

dynamic analyses, a s tructural analysis study was carried out by means of Creo-SIMULATE, in order to 

verify the materials selection and the suspension conveyor, which is a critical part of the helical spring 

suspension system. A double-wishbone, fully independent helical spring suspension system used in a land 

vehicle, was modeled and, the spindle conveyor exposed to dynamic stress in the system, was analyzed by 

finite elements method. 



2. MATERIALS AND METHODS 
An easy way to comply with the symposium paper formatting requirements is to use this document as a 
template and simply type your text into it. 

2.1. The Modeling of Helical Spring Suspension System 
Four main bottom assembly complexes composing the helical spring suspension system, can be classified as 
wheel, spring-damper, lower arm and upper arm. Wheel wishbones connection is composed of global, 
suspension arm conveyor pin joints, and spring-damper complex lower arm body connection is composed of 
is composed of pin joints. Forces coming from the road, are transmitted to wishbones via wheel complex, and 
to the body connection via spring-damper. Helical spring suspension system was modeled by the Creo 
program.  H ere, each part composing the helical spring suspension system, was modeled separately, their 
bottom assembly was carried out separately and then, the assembly of the entire system, was carried out 
(Figure 1). 

 

 
Figure 1. The Assembly of Helical Spring Suspension System 

After the model was transferred to Creo-MECHANISM program, the essential parts were placed, and other 
parts were not analyzed because they had no effect in the function of the mechanism. While the vehicle 
moves in various road profiles, the wishbones move up and down in accordance with the road profile. The 
movement of wishbones, transmit the motion to the suspension conveyor. Helical spring-damper complex is 
attached to lower arm and to vehicle body. The force transmitted via the spring-damper, is transferred to 
lower arm and to body, and thus, it makes the vehicle move. The spring-damper absorbs the force coming 
from the road profile, and it enables the comfortable drive. The connection and joints established, are shown 
in Table 6.1.   
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Table 1.Connection and Joints 

 
Name 

Joint 
Ty
pe 

Content 
Displacement Rotation 

x y z x y z 

1 
Conveyor-Ground Planar 

Object-
Gro
und 

Fixed Fixed Free Fixed Fixed Fixed 

2 

Lower arm-
Conveyor General 

Object-
Obj
ect 

Fixed Fixed Free Free Fixed Fixed 

3 

Upper arm-
Conveyor General 

Object-
Obj
ect 

Fixed Fixed Free Free Fixed Fixed 

4 
Body-Conveyor Planar 

Object-
Obj
ect 

Fixed Fixed Free Fixed Fixed Fixed 

5 
Wheel-Upper arm General 

Object-
Obj
ect 

Fixed Fixed Free Free Fixed Fixed 

6 
Wheel-Lower arm General 

Object-
Obj
ect 

Fixed Fixed Free Free Fixed Fixed 

7 
Lower arm-Spring Rotary 

Object-
Obj
ect 

Fixed Fixed Fixed Free Fixed Fixed 

8 
Spring-Body Rotary 

Object-
Obj
ect 

Fixed Fixed Fixed Free Fixed Fixed 

 

 

2.2. Modeling of Road Profile 
 

Track tests mean that, a vehicle at a particular speed would be passed on bumps with different dimensions, 

which were placed in a particular pattern. All the parameters were determined by standards. This study 

conducted, had been designed in the manner that, the road profile wheel would rotate in 200mm vertical 

direction, and the acceleration in the vertical direction, was taken as 2.5g.  

 

In Figure 2, the road profile that would transmit the vertical acceleration motion to the helical spring 

suspension system, is modeled. In Figure 6.3, the road and helical spring suspension system joint cam road, 

are described. 

 



 

Figure 2. Road Profile 

 

 
Figure 3. Road-Helical Spring Suspension System Cam Road 

 

In Table 2, the weights related to the parts used in the system, are given. In Table 3, the properties of GGG 50 

Materials, are indicated. 

 

 

 

Table 2. Part Weights     Table 3.  GGG 50 Material Properties 

 

 

In Figure 4, the gravitational acceleration is entered to the system as 9806.65mm/sec² in Z axis.   

 

Conveyor 100 Kg. 

Lower arm 50 Kg. 

Upper arm 25 Kg. 

Wheel Complex 185 Kg. 

Spring Complex 40 Kg. 

Body 2680 Kg. 

Elastic Module 165 GPa 

Poisson Fixed 0,3 

Yield Point 390 MPa 

Ultimate Tensile Stress 580 MPa 

Intensity  7,83e-9 t/mm³ 
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Figure 4. Recognition of gravitational acceleration 

3. MATERIALS AND METHODS 

3.1. Detection of Dynamic Analysis and Forces 
In Figure 5, the graphic related to the displacement in Z axis; between the wheel axis and the ground; when 

the road profile made 2 full rotations, was measured in mm/sec.  

 

 

 

Figure 5. Distance between the Wheel Center and The Road (Z) 

 

In Figure 6, the vertical acceleration of any point on the body, was measured in Z axis, and the value was 

adjusted at 2,5g level; by increasing the cycle that the servo motor, whose body acceleration is defined, would 

do in a minute, the acceleration value can be enhanced optionally.  

 



 
Figure 6. Body (Z) Acceleration (mm/sec ) 

 

In Figure 7, the spring characteristic is shown in N/mm. 

 

 

 

Figure 7.Spring Characteristic (N/mm) 

 

In Figure 8, the force dynamic wheel motion affecting the damper spring, is measured in N/sec. 
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Figure 8. Dynamic Wheel Load (N/sec) 

 
 
 

 

3.2. 1.  Verification of the Crea Model by Mathematical Methods 
Technical features of the vehicle, belongs to six-wheel land vehicle. In case of a total loading of 21 tons, the 

static load affecting our axle, would be 34146 N. As different loading conditions occur around middle axle 

and the centre of gravity, middle axle values were used in the operations. In Figure 9, static axle load for a 

single wheel, is shown. 

 

 

Figure 9. Static axle load (for a single wheel) 

 
Motor  : 1600Nm (max. torque) 

Transmission : 1:3.49 (1st Gear) 

Wheel  : Ø1180, Rs=555mm, Rd=575mm, Nr=4250kg, Pr=95N/cm², P1=95N/cm² 



Axles  : 3480kg, Unspringed mass 250kg. 

 

During the vehicle movement, dynamic forces affect the wheels through contact points. For the analysis of 

axle conveyor, the use of these dynamic forces, is essential. Dynamic loads are calculated by the 

multiplication of the static loads affecting the axle, with the coefficients acquired in accordance with the static 

force and wheel features for per wheel regarding to the curves obtained experimentally. While time resistance 

is analyzed, the situations in which sudden overloading conditions occur, are taken into consideration. When 

the vehicle clears the bump, an excessive load coming from the road, affects the contact point of the wheel. 

 

The condition of wheel being on a straight road, the compression of spring when the vehicle clears the bump 

of 20cm, and the force transferred to the ground, were calculated; and when the graphic results in the Crea 

was analyzed, it was observed that the values were compatible. In Figure 10, the acceleration in the vehicle, is 

shown. 

 

 
 

Figure 10. Acceleration in the vehicle 

 

K: Spring Coefficient (N/cm) 

F:  Bump Height (cm) 

G: Wheel Load (N) 

 

ᇱܩ = ܩ ± οܩ 

ᇱܩ = ܩ +  ݂ 𝑥𝑥 ܭ

ᇱܩ = 34146 + 6050 𝑥𝑥 20 

ᇱܩ = 155146 ܰ 

 

In Figure 11, the graphic related to the force transmitted by the wheel to the ground during  the static 

equilibrium state of the vehicle, and the graphic related to the force that the vehicle applies on the ground 

when there is maximum spring compression, is shown.    

 

 

(1) 

(2) 
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Figure 11. Creo static wheel load graphic (N/sec) 

 

 

3.2.2 Transfer of Forces on the Parts 
The transfer of forces that we acquired in dynamic analysis, on the parts, is shown in Figure 12. The loading 

was carried out by means of arm connections. Force values are shown in Table 4. 

 

 

Figure 12. Visual positions of forces 

 

Table 4. Force Values (N) 

FORCE X Y Z 

6 -65694,7 N -147245 N 262365 N 

14 0 N 17129,3 N 0 N 

15 0 N 17129,3 N 0 N 



16 0 N 17129,3 N 0 N 

8 67292 N -26083,5 N -206057 N 

17 570,81 N 168801,3 N 0 N 
 

 

Stress and displacement values are given in Figure 13. And in Figure 14, stress values related to maximum 

and critical points on the part, are marked. Because the values are over the resistance of materials, an 

optimization will be carried out on the part, thus, stress values can be reduced 390 MPa. 

 

 
Figure 13. Stress values composed as a result of the analysis 
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Figure 14. Displacement values composed as a result of the analysis 

 

 

 

4. CONCLUSION 
As a result of this study, the following outcomes have been reached; 

- After all the necessary recognitions had been completed, dynamic analyses were carried out by the Creo 

program and forces were obtained 

- The accuracy of the forces obtained by the Creo program, was proven by mathematical methods. 

- A static analysis was carried out using these forces, and it was determined that the stress values acquired, 

were under the yield point, 390Mpa, of the part.   
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Effect   of  heat  treatment  on 
the  mechanical  properties, 

color   change  and 
dimensional  stability  

of  fir wood

Abstract
Heat treatment alters chemical, physical, and mechanical properties of wood. In this study, some mechanical and physical properties 
of heat treated fir (Abies nordmanniana subsp.) wood at temperatures 170, 180, 190, and 212 oC for 2 h with ThermoWood 
method were determined. The results were compared with kiln-dried reference samples. As a result, due to the increasing of heat 
treatment temperature, as the bending strength (MOR) was decreasing, the compression strength parallel to the grain and modulus 
of elasticity increased. Also when the treatment temperature increased, equilibrium moisture content decreased. It was seen that a 
significant increase of dimensional stability.
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1. Introduction 
Wood as a raw material has been used for centuries for indoor and outdoor applications. 
Recently, with an increasing environmental awareness, use of heat treated wood material, that 
produced in order to increase the lifetime of the scarce resource of wood products with an 
environmentally friendly method, has been increased. Heat treatment of wood is an effective 
method to improve dimensional stability and durability of wood without any toxic chemicals.  

There are four different heat treatment methods of wood that are common: The 
Finnish process (ThermoWood) uses steam, German method (OHT-Oil Heat Treatment) 
heated oil, the Dutch method (Plato Wood) uses a combination of steam and warm air and the 
French processes (Rectification and Bois Perdure) an inert gas (Esteves et al., 2008; Rapp, 
2001). The thermowood process is known as the most successful method in Europe 
(Boonstra, 2008).  

 
Heat treated wood has several application fields such as exterior cladding,  window 

and door joinery, paneling, garden furniture, sauna furniture, flooring and decking etc. (Yıldız 

et al., 2006; Özçifçi et al., 2009; Viitaniemi, 2000). The mechanical properties of heat treated 
wood are essential for the performance of wood products in these kind of applications. The 
mechanical properties of wood such as modulus of rupture (MOR) and modulus of elasticity 
(MOE), compression resistance parallel to the grain are important where the load-bearing 
capacity is needed. Besides all these in the humid conditions like saunas, bathrooms and 
garden furniture dimensional stability of wood is significant. Therefore these properties of 
wood have been mostly studied by the researchers.  

 
Several studies showed that heat treatment of wood improves physical properties of 

wood by reducing hygroscopicity and improving dimensional stability (Yıldız et al., 2006; 
Viitaniemi, 1997; Santos, 2000). But in addition to these desired properties, heat treatment 
also causes negative effects like reduced mechanical properties (Cao et al., 2012; Yıldız et al., 
2006; Esteves et al., 2007a,b; Shi et al., 2007). 

 
The amount of the change in the mechanical properties of wood during heat treatment 

depends on some factors such as process type, the maximum temperature reached in the 
process, and the holding time at that temperature (Shi et al., 2007). In addition to, in all cases 
of thermal treatment, the changes on the mechanical properties of wood depends on the 
chemical composition of the material used (Windeisen et al., 2007). 

 
Fir (Abies bornmülleriana) is the main wood species naturally grown and commonly 

used in the forest products industry in Turkey. Therefore it is the potential wood species for 
industrial-scale heat treatment. The main objective of this study is to provide some 
information about the mechanical and physical properties of heat-treated Abies 
bornmülleriana using the ThermoWood process in various temperatures. 

 
 
 
 
 



 

2. Material and Method 
 
Wood species 

The data used in this study have been collected within a larger project to assess the 
physical and mechanical properties of heat-treated Fir (Abies bornmulleriana Mattf.). The 
sample trees used for the present study were obtained from the Bolu Forestry Departments. 
With the aim of avoiding from errors during sampling, extreme cases were taken into account 
such as excessively knotty trees and containing reaction wood or slope grain. Sections with 2 
m length were cut between 1.30 and 3.30 m height of trees to obtain samples for tests. The 
planks chosen for experiments were cut from the sapwood region of the sections with 2 m 
length and planed on four sides to form a cross section of 25-140 mm2. Prior to heat treatment 
process, the material was dried using a conventional warm air kiln drying approximately at a 
temperature of 70 °C to a moisture content of 11–15%. The second selection of the raw 
material was performed at this stage. The density and moisture content of the planks, 
conditioned at room temperature and 65% relative humidity (RH), were measured and 20 
planks with a small variation in density from each species were selected for further 
experiments. Then these 2 m long planks were split from the middle and cut into five 40 cm 
long pieces and the other halves of these 20 test planks were left as a reference material (later 
also called untreated control which was dried at conventional warm air kiln drying 
temperature of 70 °C) and the other halves were heat-treated under steam at five different 
temperatures according to Figure 1. Thus, the kiln-dried materials were divided into six 
subgroups, five of which were to be heat-treated under steam at five different temperatures 
(later also called treated samples) and one of which was left untreated (later also called 
untreated control).   

 

 
 

Figure 1. Descriptions of the wood materials used in tests. 
Heat treatment 

Kiln-dried planks (2,5 cm thickness, 7 cm width, and 40 cm long) were subject to heat 
treatment using various schedules. Heat treatment was carried out under accurate conditions 
under steam with a laboratory kiln from Nova ThermoWood in Gerede, Turkey. Steam is used 
during the drying and heat treatment as a protective vapor. Protective gas prevents the wood 
from burning and also affects the chemical changes taking place in wood. According to 
desired end-use of the material, the heating temperature can vary between 170 °C and 215 °C 
with treatment time 2-3 h. The heat treatment was applied according to the method described 



 

in the Finnish ThermoWood Handbook. At first, the temperature of the kiln was raised near to 
100 °C. When the temperature inside the wood had risen to near the same temperature, the 
raising of the kiln temperature was carefully continued to the actual treating temperature. The 
target temperatures were 170, 180, 190, 200, and 212 °C. The time of thermal modification at 
the target temperature was 2 h in every test run. After the heat-treatment phase, the 
temperature was lowered to 80 to 90 °C using water spray system. Conditioning was carried 

out to moisten the heat treated wood and bring its moisture content to 4–7%. After heat 
treatment, only the planks that were free of defects were selected for further testing. 

 
Determination of the degree of thermal modification: 
 
The weight loss that occurred by heat treatment was determined. Firstly the planks 

were conditioned to a constant weight then weighed before and after the heat treatment. 
 
Weight loss (%), WL was calculated according to equation below; 
 

 
(1) 

  
where, Wu is the weight of the sample before the heat treatment (g); Wt is the dry 

weight of the sample after the heat treatment (g). 
 
Dry weight (g), Wdry, was calculated according to the equation below; 
 

 
(2) 

where, Wu is the weight of the sample at moisture content u (g); u is the moisture 
content of the sample (%). 

 
The tests were carried out according to Turkish Standards (TSE) and 20 replicates 

were used in each test for treated and untreated fir. The properties were determined based on 
the specimens with dimension of 2x2x3 cm for equilibrium moisture content (TS 2471), 
3x3x1,5 cm for anti-shrink efficiency (ASE1) and anti-swelling efficiency (ASE2) (radial, 
tangential and volumetric according to TS 4086), 2x2x3 cm for compression strength parallel 
to grain (TS 2595), 2x2x30 cm for bending strength (TS 2474), 2x2x30 cm for modulus of 
elasticity in bending (TS 2478). The differences in properties of heat treated fir wood was 
provided by calculating the property difference between heat treated and untreated wood 
samples of the same species as a percentage of the untreated  wood property according to the 
equation below: 

 

 
(3) 

Where, D (%) is difference of property (MOE, MOR, CS, Anti-Swelling and Anti-
Shrinkage); Mut is the mean value of untreated samples; and Mt is the mean value of the heat 
treated samples. 

 



 

3. Result and Discussion 
Generally, heat treatment improved some physical properties such as dimensional stability, 
equilibrium moisture content of wood (shown at Table 1) but reduces some mechanical 
properties such as bending strength (shown at Table 2). 

 
Table 1. Changes on the some physical properties of fir wood with increasing temperature 

Heat 
Treatm

ent 
Temper

ature 
(°C) 

Weight 
Loss after 

heat-
treatment 

(%) 

 
Equilibrium 

moisture 
content (%) 

 
Volumetric 

swelling (%) 

 
Volumetric 
shrinkage 

(%) 

 
Tangential 
Swelling 

(%) 

 
Radial 

Swelling 
(%) 

 
Tangential 
Shrinkage 

(%) 

 
Radial 

Shrinkage 
(%) 

  
       

Cont 0 11,18 ± 0,40 14,30 ± 0,72 12,85 ± 0,47 9,95 ± 0,98 4,34 ± 0,62 9,04 ± 0,54 3,80 ± 0,47 
170 1,7 ± 0,20 9,3 ± 0,41 13,13 ± 0,69 12,33 ± 0,60 9,13 ± 0,60 4,00 ± 0,36 8,86 ± 0,54 3,47 ± 0,60 
180 1,8 ± 0,20 8,2 ± 0,65 11,26 ± 0,60 12,07 ± 0,38 7,98 ± 0,50 3,27 ± 0,23 8,83 ± 0,32 3,24 ± 0,38 
190 2,5 ± 0,19 7,2 ± 066 10,57 ± 0,42 11,16 ± 0,48 7,48 ± 0,33 3,09 ± 0,25 8,16 ± 0,37 3,00 ± 0,48 
200 2,8 ± 0,20 6,5 ± 0,49 9,87 ± 0,65 9,78 ± 0,29 6,94 ± 0,46 2,93 ± 0,31 6,96 ± 0,28 2,82 ± 0,29 
212 5,4 ± 0,19 6 ± 0,55 9,56 ± 0,57 8,90 ± 0,26 6,73 ± 0,37 2,82 ± 0,30 6,21 ± 0,26 2,69 ± 0,26 

   
       

 
 
 
Weight loss 

The weight losses and some physical properties of the samples used in the tests are 
presented in Table I. The results showed that after the heat treatment the weight losses on the 
wood materials increased and the higher heat treatment temperature caused greater weight 
losses in the samples. It is clear that when the treatment temperature increased, the weight 
losses also increased correspondingly. It is stated that the minimum weight losses (1,7%) in 
Fir wood were in treated samples at 170 oC, maximum weight losses (5,4%) were in treated 
samples at 212 oC treatment temperature (Table I).  

 
Similar results have been indicated by several authors (Seborg et al., 1953; Stamm, 

1956; Rusche, 1973; Fung et al., 1974). Feist and Sell (1987) indicated that weight loss of 
beech wood was between 10-15% at temperature 180-200 °C. Then again in another study, 

spruce wood has 0,8% weight loss at 170 °C and at temperature 200 °C this rate became 

15,5% (Fengel, 1966). Özçifçi et al. (2009) determined that heat treated yellow pine wood at 
various temperatures (150, 170, 190 oC) for 4 hours has a weight loss of about 1.22%, 2,14%, 
3,43%. In the same study they found that the weight loss is increased with increased treatment 
time. 

 
Equilibrium Moisture Content (EMC) 

In the treated samples equilibrium moisture content decreased comparing with the 
control samples. With increasing temperature, the equilibrium moisture content was reduced.  
When the minimum decrease of the equilibrium moisture content was 19,5 % at 170 °C, the 
maximum decrease of the equilibrium moisture  



 

 
 
 
 
 
 
 
 
 
 
 
 
content was 49,2% at 212 °C (Table I). The reasons of the decreasing equilibrium 

moisture content could be degradation of hemicelluloses and amorphous zone of cellulose 
(Bhuiyan and Hirai, 2005; Tjeerdsma et al., 1998; Tjeerdsma and Militz, 2005; Esteves et al., 
2007). 

 
Anti-swelling efficiency (ASE1) 

ASE1 of treated samples were increased compared with the control samples and with 
the increasing temperature, the ASE1 of wood was also increased.  When the minimum 
increase of the ASE1 rate was 8,1% at 170 °C, the maximum increase of the ASE1 was 33,1% 

at 212 °C (Figure 2). 
 

 
 
 
 
 

 
 
 

 
Anti-shrink efficiency (ASE2) 

ASE2 of treated samples were increased compared with the control samples and with 
the increasing temperature, the ASE2 of wood also increased. The minimum increase of ASE2 
was 4,1 % at 170 °C, while the maximum increase of the ASE2 was 30,7% at 212 °C .  

Many studies show that the dimensional stability generally develops with the 
increasing treatment temperature and the treatment time. In addition that the treatment 
technique also effects the dimensional stability (Yıldız, 2002; Stamm et al., 1946; Kaygın et 

al., 2009; Akyıldız et al., 2009; Esteves et al., 2007b).  
 
 
 
 
 
 
 

Figure 2. Increase rate of EMC of heat treated fir 
wood. 

Figure 3. Increase rate of ASE1 of heat treated fir 
wood. 

Figure 4. Increase rate of ASE2 of heat treated fir 
wood. 



 

 
Usually, degradation of wood starts apparently at a temperature of about 165°C 

(Stamm and Hansen, 1937) and hemicelluloses are more sensitive than the other components 
against to high temperature (Fengel and Wegener, 1984; Stamm, 1964). When wood is 
heated, the hemicelluloses begin to degrade, and this degradation process ends with the 
production of methanol, acetic acid and various volatile heterocyclic compounds, such as 
furans, γ -valerolactone, etc. (Hill, 2006). Chang and Keith (1978) reported that there is a 
relationship between volumetric shrinkage and weight loss of wood. The presence of free 
hydroxyl groups of wood polysaccharides has a significant effect on the absorption and 
desorption (Boonstra and Tjeerdsma, 2006). Heat treatment helps the reducing free hydroxyl 
groups (Pizzi et al., 1994). The reasons of the improvement of the dimensional stability may 
be carbohydrates and especially depolymerization of hemicelluloses that cause reducing of 
total amount of hydroxyl groups (Burmester, 1975; Kollman and Schneider, 1963). After heat 
treatment a large number of hydrophilic hydroxyl groups are reduced due to the replacement 
of hydrophilic oxygen-acetyl groups hence the dimensional stability is increased considerably 
(Cao et al., 2012). 

 
Compression strength parallel to grain (CS) 

The CS increased in heat treated Fir wood samples comparing to the control samples. 
When the minimum CS value of samples was 51,95 N/mm2 at 170°C, the maximum value 

was 56,46 N/mm2 at 212 °C (Table 2).  

According to test results CS was enhanced 4,4% at 170°C and this increase continued 

to the temperature of 212°C. The similar test results are indicated in ThermoWood Handbook 

2003 and also Şahin Kol (2010) indicated that CS increased by 4,2% for treated at 212°C pine 

wood and 17% for treated at 190°C fir wood.  Boonstra et al. 2007 exposed the Scots pine 

samples 2 stages (first step hydrolysis at 165 °C for 30 min and second step curing at 180°C 
for 6 h)  heat treatment. The CS was increased by 28% after treatment.  

 
The reasons of increase of the compressive strength in longitudinal direction might be: 
1. Decrease of amount of bound water in the heat treated wood - Reducing hydrogen 

bonding between organic polymers (cell wall constitutes) depends on the increased amount of 
bound water and it is concluded with decreasing of the strength properties of wood because 
the strength is not only connected with covalent bounds but also hydrogen intramolecular 
bounds (Fengel and Wegener, 1984). 

2. Increase of the crystalline cellulose due to degradation and/or crystallization of 
amorphous cellulose (Boonstra, 2007), 

3. Increase of cross linking of the lignin polymer network - improves the strength of 
the middle lamella which effects the strength properties of the cell wall (Boonstra, 2007),  

4. Degradation of the hemicelluloses matrix (Boonstra, 2007). 
There are also opposite results comparing to these results in the literature and 

according to the other studies the compression resistance reduced rate of 2%-32% (Schneider, 
1973; Korkut, 2002; Unsal and Ayrılmış, 2005; Korkut et al., 2008; Yıldız et al., 2002). It 
might be also related to heat treatment method. 

 



 

Table 2. Changes on the some mechanical properties of fir wood with increasing temperature 

Heat 
Treatment 

Temperature 
(°C) 

Compression 
resistance 
parallel to 

fibre  
(N/mm2) 

Bending 
Strength 
(N/mm2) 

Modulus of 
Elasticity (N/mm2) 

 
     

Control 49,78 ± 4,75 88,55 ± 6,71  9254,42 ± 1044,47  
170 51,95 ± 1,37 86,19 ± 8,31  9964,7 ± 855,88 
180 53,08 ± 1,40 84,66 ± 9,11  9668,61 ± 1258,78 
190 55,10 ± 1,31 82,81 ± 9,35  9587,8 ± 947,41 
200 56,04 ± 1,66 78,99 ± 9,50  9386,6 ± 987,54 
212 56,46 ± 5,96 75,23 ± 16,19  9294,19 ± 2091,67 

       
 

Bending strength (MOR) 
Comparing with control samples, bending strength of treated samples was reduced. 

When the treatment temperature increased, the bending strength decreased, contrarily. When 
the minimum bending strength value of samples was 75,23 N/mm2 at 212 °C, the maximum 

bending strength of samples was 86,19 N/mm2 at 170 °C (Table 2).  

According to test results MOR was reduced 2,7% at 170°C and this decrease 

continued to the temperature of 212°C. The maximum reduction was 15% at temperature of 

212°C (Figure 5).  
 
 
 
 
 
 
 

 
 
In many studies it is clear that the heat treatment reduces the bending strength with the 

rates of 1-72% (Yıldız, 2002; Johansson and Moren, 2006; Esteves et al., 2007a; Esteves et 
al., 2007b; Shi et al., 2007; Korkut, 2008; Korkut et al., 2008). 

It is attributed that decrease in the bending strength is related to degradation of 
hemicelluloses. Because at lower treatment temperature, in cellulose and lignin neither 
depolymerization nor degradation are observed. Besides there is a positive relation between 
hemicelluloses content and bending strength (Sweet and Winandy, 1999; Winandy and 
Lebow, 2001; Winandy and Morell, 1993). 

 
Modulus of elasticity (MOE) 

Comparing with control samples, MOE of treated samples increased. When the 
treatment temperature increased, the MOE increased, simultaneously. The minimum MOE 
value of samples was 9294,19 at 212 °C while the maximum MOE of samples was 9964,7 at 

Figure 5. Increase rate of CS of heat treated fir 
wood. 



 

170 °C (Table 2). There was a significant increase between control samples and the heat 

treated samples. But this increase has continued to decrease from temperature 170°C (6,2%)  

to 212°C (‰4).   
It is also similar in literature. Shi et al. (2007) found that there was an increase 17% in 

fir wood. Bekhta and Niemz (2003) indicated that the change of modulus of elasticity value 
was insignificant. According to Hillis and Rozsa (1978), the effects of higher temperature and 
longer treatment time on the MOE were explained and they indicated that because of wood 
consists of partially crystal micro fibrils and on a large scale hemicelluloses and lignin, when 
it is modified above a significant temperature, most of the amorphous polymeric components 
may convert their glassy structures to elastic. At the conversion temperature from glassy 
structure to elastic, particular polymers have enough energy that reduces the mutual 
gravitational forces. Thus the wood polymers can be converted to elastic or mostly plastic 
construction. 

Recognizable increase in the modulus of elasticity might be based on increasing of the 
relative cellulose content after heat treatment although the hemicelluloses degraded. Lower 
moisture content of treated wood than control also effects the modulus of elasticity (Boonstra, 
2007). 

 
 

 
 
 

 
 

 
 

4. Conclusions  
The results of this study indicated that the compression resistance values of fir wood were 
increased with increasing temperatures which is the similar with literature. Bending strength 
values were reduced after heat treatment comparing with control. By this thermal 
modification, some mechanical properties of wood are reduced, but the most important 
property of heat treated wood compared to untreated wood is reducing the equilibrium 
moisture content of the treated wood and as a consequence of this shrinkage and swelling of 
the wood is also reduced without using any water repellents.   

Figure 6. Decrease rate of MOR of heat treated 
fir wood. 

Figure 7. Increase rates of the MOE compared 
with the control samples 
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Abstract 
The refrigerants instead of R22 limited usage due to the harmful effects of greenhouse and ozone layer has important
area in the literature. The objective of this study is to investigate the usage of alternative refrigerants (R134a, R407C,
R404A) instead of limited usage R22 and their performance in heat pump systems. It is investigated experimentally the
effects of evaporator air inlet temperature�from �� �& to �� �& �,evaporator air mass Àow rate �from �,�� Ng�s to �,��
Ng�s�,condenser air inlet temperature�from �� �& to �� �&�, condenser air mass Àow rate�from �,�� to �,�� Ng�sn� on
the coefficient of performance and exergetic efficiency values of vapor compression heat�pump system. $s results, it
was found that 5���a has the highest &23 values and 5���$ the lowest &23 values at similar operating conditions
at the heat pump system designed for 5��. 7he &23 values for 5���& are found to be nearly equal to the &23 values
for 5�� but a little less. &onsidering the experimental studies conducted� as it is the case for &23 values, 5���a had
the highest exergy efficiency and 5���$ had the lowest exergy efficiency. 6o that exergy efficiency also changed as
similar to &23 values.7he results show that these refrigerants can be used at the heat pump systems designed for 5��.
      
Keywords:  Alternative refrigerant, R22, Heat pump, COP
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1. INTRODUCTION 
The refrigerants used refrigerating systems, which have been needed in a number of fields in life from food 
preservation to the essentials of high life standards, are rapidly becoming more and more harmful to the upper 
stratosphere layer of the atmosphere and causing more global warming. There has been gradually increasing 
efforts aiming both to invent alternative refrigerants, which are applicable with slight modifications in 
existing cooling systems, and to obtain new refrigerants, which can work compatibly with new cycle models 
to be developed with new designs in classic systems in order to solve the rapidly-growing global warming 
problem.  

It was determined in Molina and Rowland (1974) that halogenated hydrocarbons containing chlorine and 
bromine caused holes in ozone in the upper parts of the atmosphere (ODP) and displayed greenhouse effect 
(GWP); therefore, gradual elimination of halogenated hydrocarbons has been brought to agenda since that 
day. Within the framework of Montreal Protocol 1987 and London Conference 1992; production of CFC 
(chlorofluorocarbon) and HCFC (hydro-chlorofluorocarbon) refrigerants was restricted. In the signatory 
countries, production of CFC type refrigerants such as R11 and R12 was ended in 1996 and production of 
HCFC type refrigerants such as R22 is going to be ended in 2030 [1].Due to the fact that the aforementioned 
refrigerants are going to be banned; studies aiming to obtain alternative refrigerants that can replace with 
those refrigerants in existing systems have gained more importance. 

R22 is generally used as the refrigerant employed in heat pump applications and air conditioning. With the 
increasing concerns related to ozone layer, Montreal Protocol set a p rogram to eliminate refrigerants 
containing R-22 and chlorine; which encouraged making vigorous efforts to find appropriate refrigerant for 
replacement. [2].In recent years, a number of studies in literature related to performance and selection of new 
refrigerants, which are ozone-friendly and do not cause global warming in heat pump applications at low 
temperature, have been conducted in order to analyze heat pump performance with new refrigerants that 
could be an alternative for R22 in existing and new systems. 
In a system, where HFC227, CFC114, and HFC134a were used as refrigerants, different condenser and 
evaporator temperatures were used. When it was operated with different refrigerants; the heat pump’s COP 
and heating capacity were compared. Consequently, it was observed that HFC227 is a good refrigerant that is 
capable of operating at an evaporator temperature over 300C. It was observed in the system where HFC 227 
was used that the heating COP value ranged between 3.5 and 4.5 at a condensing temperature of 750C. [3]. 
R22, R12, R134a, R410A, and R407C refrigerants were examined in a s olar-aided heat pump. It was 
observed at the end of the examination that the COP of R12 was the highest COP after R22 and R134a; that 
the decrease in system performance is 2-4% at a collector temperature of 0-200C when R12 is replaced with 
R134a; and that, among the mixture refrigerants, R410a – although not more efficient than R134a – is more 
efficient than both R404A and R407C. It was also observed that R410A refrigerant has 15-20% less COP 
compared to R134a [4]. In a vapour compression heat pump system where R22, R407C, and R134a are used; 
effect of primary variables on significant characteristics was investigated. Cabello et al., observed that 
compression rate increased with R22 compared to other refrigerants and that power consumption reduced. 
[5].  

In a t heoretical study examining the effects of refrigerants on ozone layer; it was stated that R134a and 
R401A were the appropriate ones among the refrigerants of R134a, R401A, R401B, R409A which were 
shown as alternatives for R12; that R404A was the appropriate one among the refrigerants of R402A, R402B, 
R408A, R404A and R507 which were shown as alternatives for R502; that R407C and R410A were the 
appropriate ones among the refrigerants of R407C, R410A, R404A and R507 which were shown as 
alternatives for R22; and that it would be more appropriate to use R123 refrigerant instead of R11 and R508B 
instead of R13. [6]. In the study examining HFC (R404A and R410A) and HC (R290) refrigerants for cooling 
at ambient temperature; it was observed that R410A is an environment-friendly alternative to replace with 
R22 in applications at ambient temperature. [7]. In an air-to-air heat pump; R22, R134a, R404A and R407C 
refrigerants were tested. COP of the heat pump, in which R134a was used, increased up to 4.5% compared to 
R22 and its capacity decreased by 37.8%. Once R407C was used in the heat pump; the capacity increased at 
the rate of 7.86% but COP decreased by 5.92% compared to R22. When the heat pump in which R404A 
refrigerant was used was compared to R22; a decrease was observed in COP and capacity. [8]. In a solar-
aided heat pump system; R22, R717, and R744 were tested. It was determined that R711 was a more 
appropriate alternative for R22 in terms of overall performance and operation parameters and it required 
substantial modifications in heat pumps. Due to low critical temperature and high operational pressures; it 
was found that R744 was not suitable for solar-aided heat pumps. Furthermore, R290 and R1270 were 
presented as alternative for R22 [9]. In a water to water heat pump, R407C and R134a were used. Three 
stream methods were determined on t he system. It was observed in all of the three methods that the 
performance of the system with R407c was higher than performance of the system with R134a in large 



Comparison of Energy and Exergy Efficiencies of Refrigerants to Replace with R22 In Air-to-Air Heat Pump 
and )adime ùø0ù(. a* Kemal ÇOMAKLIb Ömer ÇOMAKLIb  

 

volume rates [10]. In a cooling system, R22 and R407C were used. When R407C’s thermodynamic properties 
and general performance were compared with those of R22; it was observed that R407C’s COP was lower at 
the rate of 5-17%. It was consequently concluded that the system required more electrical power when 
operated with R407C in comparison with R22 in order to meet the same cooling load. It was also observed 
that R407C’s performance improved along with the increases in condenser and evaporator temperatures. [11]. 
In another system where R22 and R407C were used; R407C’s performance got closer to performance of R22 
as the evaporator temperature increased. However; the decrease in COPc and evaporator capacity was caused 
by the decrease in evaporator temperature. [12]. R22 is generally used as the refrigerant employed in heat 
pump applications and air conditioning. With the increasing concerns related to ozone layer, Montreal 
Protocol set a program to eliminate refrigerants containing R-22 and chlorine; which encouraged making 
vigorous efforts to find appropriate refrigerant for replacement. [2]. 

In this study, the set up comprised of an air-to-air vapor compression heat pump, a scroll compressor,  plate-
fin air-cooled condenser,  thermostatic expansion valve, a plate-fin air-cooled evaporator, electrical air heater 
in order to keep the air temperature passing into the evaporator and condenser at the desired level. As results, 
it was found that R134a has the highest COP values and R404A the lowest COP values at similar operating 
conditions at the heat pump system designed for R22.  The COP values for R407C are found to be nearly 
equal to the COP values for R22 but a little less. The results show that these refrigerants can be used at the 
heat pump systems designed for R22. Considering the experimental studies conducted; as it is the case for 
COP values, R134a had the highest exergy efficiency and R404A had the lowest exergy efficiency. So that 
exergy efficiency also changed as similar to COP values. 

2. EXPERIMENTAL 

2.1. Materials 
Table 1 illustrates characteristics of alternative refrigerants that could replace with R22 such as R134a, 
R404A, R407C. R407C is a zeotropic mixture containing HFC32 and HFC-125. R407C could replace with 
R22 as an interim solution in existing systems and current production sites until new methods are developed. 
R134a was classified as A1 by ASHRAE as (low poison, burn diffusionless). R134a has very good 
performance and heat transfer properties and a good alternative for screw and centrifugal compressors. The 
fact that it is accepted in automotive industry is related to its abundance. [13].  

Table 1. Characteristics of R22 and alternatives of R22. [14,15,16]. 

 

2.2. Methods 

The testing apparatus was designed as a heat pump that could operate in air-to-air, water-to-water, air-to-
water, and water-to-air modes depending on the heat transfer refrigerants used in the evaporator and 
condenser. Data that were obtained from the heat pump’s operation in air-to-air mode were assessed in this 
study. 

Temperature and pressure of the working fluid were measured at several locations of interest, as shown in 
Figure 1.[17].  K-type chrome-nickel thermocoples were used to measure the temperatures of the working 
fluid and thermocouples were calibrated with a digital temperature controller. The working fluid temperatures 
were measured at the inlets and outlets of the evaporator, condenser and compressor. Six bourdon type 

Refrigerant R22 R-134a R404A R407C 
Composition (wt %) - - R125/143a/134a (44/52/4) R32/125/134a 

(23/25/52) 
Molar mass (kg/kmol) 86.48 102.03 97.6 86.2 

Boiling point at 1 atm  (qC) - 40.80 -26.1 -46.5 -43.7 
Freezing point (qC) -160.00 -101 -118  

Critical temperature (qC) 96 101.06 72.1 86.05 
Critical pressure (bar) 49.9 40.64 37.32 46.34 

Critical density  (kg/m3) 513 508 488.5 512.7 
Latent heat of vaporization  

(kJ/kg) 
234.7 215.5 208.9 243.8 

Ozone depletion 
potential(ODP) 

0.055 0 0 0 

Global warming 
potential(GWP) 

1700 1300 3700 1600 
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manometers were installed at the inlets and outlets of the condenser, compressor and evaporator to measure 
the pressures. Compressor input current was measured using an ampermeter. 

Figure 2[18] shows a s chematic diagram of the experimental set up. The main elements of a s croll 
compressor powered by a 1,5 HP, a plate-fin air-cooled condenser, thermostatik expansion valve, a plate-fin 
air-cooled evaparator and electrical air heater in order to keep the air temperature passing into the evaparator 
and condenser at the desired level.  Sight glass is installed at the outlets from the evaparator to provide visual 
confirmation of the refrigerant state and other auxiliary equipments.  

Before the commencement of the experiments; a leak check was applied on the system by using 15 bars of 
R22; and since it was observed that there was no change in manometer indicators after an adequate period of 
time, it was understood that there was no leaking. Then, the system was vacuumed and made free of foreign 
substance and moisture.  

Flow rate of the refrigerant used in the system was measured by using a gas flowmeter. Water flow rates of 
the condenser and evaporator were measured by using flowmeters places at the condenser and evaporator 
inlets. When experimental conditions were ensured; the system was operated for 1 hour until it reached to the 
stable regime. In the system that reached the stable regime; temperature and pressure values in the main 
points shown in Figure 2 were measured and followed up by a monitor. While flow rate of the refrigerant 
used in the system was measured by a gas flowmeter, water flow rates of the condenser and evaporator were 
measured by flowmeters placed at the condenser and evaporator inlets. After each experiment was completed; 
temperature values were recorded from the thermocouples; pressure values from the manometers; flow rates 
from the flowmeters; current and volt values into the compressor from the ampermeter. Air inlet temperatures 
of the condenser and evaporator were ensured by 5 heaters, each of which had a capacity of 1 kW, placed at 
the air channel inlet.  

The compressor and the system were discharged in order to obtain basic performance results after the 
measurements were completed. Then, the system was charged with the refrigerant in order to test. This 
procedure was continued also for R404A, R407C, and R134a. 
 

 
Figure 1. Schematic view of the production process 



Comparison of Energy and Exergy Efficiencies of Refrigerants to Replace with R22 In Air-to-Air Heat Pump 
and )adime ùø0ù(. a* Kemal ÇOMAKLIb Ömer ÇOMAKLIb  

 

 
Figure 2. Schematic drawing of heat pump experiment system 

2.3. Characterizations 
Mass of the refrigerant measured on a precision balance; compressor inlet power measured by the wattmeter; 
air flow rate measured by the flowmeter; pressure values measured by the manometer and sensitive data 
containing temperatures measured by thermocouples were recorded following every experimental study. 
Energies that enter in and exit from the ideal heat pump cycle, primarily rm� which is the massive flow rate 
of the refrigerant circulating in air-to-air cycle, are explained as follows [18]. 
 
Compressor power;  

MCosUWIWC ...=� .¥�                               (3.1) 

Where U, I and Cosφ are voltage (V), current (A) and power factor, respectively. The power factor is 
measured from ammeter. The coefficient of performance (COP) for a heat pump cycle indicates the overall 
power consumption for a desired output and was evaluated using the following equation:Condenser capacity; 
in the event that heat transfer environment is air; 

)( ,. incoutcr TTmCQ −= ��                               (3.2) 

Evaporator capacity; in the event that heat transfer environment is air; 

)( ,. outciner TTmEQ −= ��                              (3.3) 

From the aforementioned values; COP of heat pump is found as; 

COP IP 

CW
cQ
�

�

=                                          (3.4)     

Exergetic efficiency is generally defined as:  

Kek =Exergy outlet / Exergy inlet 
or; 
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2. .. 68/76 $1' 'ø6&866øON 
COP values of pure refrigerants which were obtained as a result of the experiments conducted on the heat 
pump while condenser and evaporator refrigerants were in air-to-air mode and tested within the same 
operation range without making any modifications on system components were obtained as specified below. 
It is seen from Figure 3 that as evaporator air inlet temperature increased, COP values of all pure gases used 
increased even slightly; which indicates that COP value of the heat pump was considerably affected by the 
condenser air inlet temperature. 

 
Figure 3.Alteration of performance coefficient for refrigerants depending on evaporator inlet temperature 

 

 
Figure 4.Alteration of performance coefficient for refrigerants depending on condenser air temperature 

As it is seen in Figure 4; as condenser air inlet temperature increased, COP values of all pure gases used 
substantially decreased significantly. It was seen in all the refrigerants used in Figure 5 and Figure 6 that COP 
increased even slightly as evaporator and condenser air flow rate increased. 
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Figure 5.Alteration of performance coefficient for refrigerants depending on evaporator air flow rate 

 
Figure 6.Alteration of performance coefficient for refrigerants depending on condenser air flow rate 

 

Figure 7, Figure 8, Figure 9, and Figure 10 show alteration in exergy efficiencies of the refrigerants used in 
accordance with examined parameters. Considering experimental studies; it was observed that exergy 
efficiency changed in parallel with COP values.   

 
Figure 7. Alteration of exergy efficiency for refrigerants depending on evaporator air flow rate 
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Figure 8. Alteration of exergy efficiency for refrigerants depending on condenser air flow rate 

 

 
Figure 9. Alteration of exergy efficiency for refrigerants depending on evaporator air flow temperature 

 

        
Figure 10. Alteration of exergy efficiency for refrigerants depending on condenser air flow temperature 

 

4. CONCLUSIONS 

1. Considering all of the experimental studies conducted when the heat pump was on air-to-air operation 
mode; while the highest COP value belonged to R134, the lowest COP value belonged to R404A.  It was 
observed that the COP value of R407C was very close to R22 but slightly lower. Therefore, it was 
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determined that R134a, R407C and R404A could be administrated successfully without making any 
modification in a heat pump system which was installed for R22 and operated on air-to-air mode.  
 

2. Figure 11 illustrates comparison of the COP values of the pure refrigerants that were alternatives for R22 
used in air-to-air heat pump with those of R22 refrigerant. 

 
Figure 11.Comparison of the COP values of the pure refrigerants that are alternatives for R22 used in air-to-air heat 

pump with those of R22 refrigerant 

3. It was generally observed in all of the refrigerants used in the air-to-air heat pump system that COP 
increased even slightly with the increase in weld temperature; that COP decreased as condenser heat 
transfer refrigerant inlet temperature increased; and that COP increased even slightly as the air flow rate 
in condenser and evaporator increased.  

 
4. Considering the experimental studies conducted; as it is the case for COP values, R134a had the highest 

exergy efficiency and R404A had the lowest exergy efficiency. As it is seen from the figures; exergy 
efficiency also changed as similar to COP values.. 
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Abstract 
Yaylacilik is an agricultural activity, villagers move from permanent settlements to uplands with herd in certain periods 
of year, especially during warmer summer months. Traditional animal raising system, called yaylacilik in Turkish, is 
one of the best using of upland rangelands, particularly in rough terrain regions. This system is similarly practiced 
in other regions of the world, such as China, India, Canada, and Greece. In this system, domestic animals, such as 
sheep, goats, cattle, and horse are grazed on a rangeland around permanent settlements approximately until sum-
mer, and thereafter the herds are moved to upland pastoral areas until autumn. Animal owners move together with 
herds and live with their families in yayla (upland). The objective is to keep the animals in suitable conditions dur-
ing hot summer periods and provide better quality forage for animals. But in recent years, livestock basis yaylacilik 
activities have decreased; only a few families in some regions continue to yaylacilik activity in Turkey. As a result 
of the reduction use of upland rangelands for yaylacilik activities, touristic activities have been started in this area. 
      
Keywords: Yayla, upland rangeland, yaylacilik activity, herd



1. INTRODUCTION 
Yaylacilik is an agricultural activity, villagers move from permanent settlements 

to uplands with herd in certain periods of year, especially during warmer summer 
months. Traditional animal raising system, called yaylacilik in Turkish, is one of the 
best using of upland rangelands, particularly in rough terrain regions. This system is 
similarly practiced in other regions of the world, such as China, India, Canada, and 
Greece ([1]; [2]; [3]; [4]). In this system, domestic animals, such as sheep, goats, cattle, 
and horse are grazed on a rangeland around permanent settlements approximately until 
summer, and thereafter the herds are moved to upland pastoral areas until autumn [5].  
2. 9(*(7$7ø216 OF YAYLA RANGELANDS 

Heavy grazing and grazing during wrong seasons are the most important 
rangeland degradation factors ([6]; [7]). The rangelands around the permanent 
settlements are heavily overgrazed and damaged by the impacts of grazing practices 
([8]; [9]; [10]) but the condition of many nomadic or seminomadic pastoral areas is 
generally not so bad, and many rangelands can even be considered to be in good 
condition ([3]; [11]; [12]). 

 
Figure 1. An example for upland rangeland vegetations 

3. YAYLACILIK ACTIVITY 
Seminomadic animal raising system was commonly employed in the highlands of 

Turkish lands since the beginning of its early history. Animal breeders graze their 
animals freely around permanent lower altitude settlements for approximately 1 month, 
from mid-April to mid-May. Thereafter, the settlement’s animals are combined into 
herds and grazing is conducted regularly on the rangelands close to permanent 
settlements for 1 m onth from approximately May to June. In June, when the forage 
dries out on these rangelands due to dry summer conditions, animals are driven to a 
temporary settlement located on uplands (yayla) and animal owners move and live with 
their families there until September [5].  
Each family let their animals graze freely around temporary individual settlements until 
all the animals arrive at the upland, which takes about 2-3 weeks [5] (Figure 2).  



 
Figure 2. Freely grazed animals around the temporary settlements in yayla 

Then, the settlement’s animals are combined in herds and systematic grazing starts and 
continue until autumn (by the end of September). In this system, the rangelands around 
temporary settlements and water resources are exposed to more grazing pressure than 
the other sites. The duration of the grazing season in uplands is about 105 da ys, of 
which about 15 da ys is free at the beginning of the season and regular grazing under 
herds is 90 days.  
 

 
Figure 3. Animals and owners moved to yayla with together and live in there until the 

end of yayla period 

Animal owners move together with herds and live with their families in yayla 
(upland). The objective is to keep the animals in suitable conditions during hot summer 
periods and provide better quality forage for animals. But thousands of years of the 
traditional activity have not made in recently, only a f ew families in some regions 
continue to yaylacilik activity in Turkey. As a result of the withdrawed of the using of 
upland rangelands for yaylacilik activity, touristic activities have been started in this 
area.  



Due to the withdrawal from yaylacilik activity, most yayla areas are only used 
for animal grazing at last years.  

 

 
Figure 4. An example for abandoned yayla in Turkey 
 

 
Figure 5. Using of yayla area for recreational or touristic activity 
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Abstract 
$ deadly snow avalanche, which fatally buried five worNers, occurred on �� -anuary ���� in the 8]untar-
la region of 7rab]on 3rovince, 7urNey. 7he victims were employed at the construction site of a hydroelectric pow-
er plant �+3�. 7he avalanche was released at ����� noon and half an hour after the event, rescue units were 
able to reach the area. 7wo worNers in a trucN were lucNily saved from death when the snow mass Àowed over 
the rear of their trailer. 5escue worN continued for five days due to the harsh topographical and climatic condi-
tions of the region. In this study, the 8]untarla snow avalanche was analy]ed according to field observations 
made one weeN after the event. In addition, by taNing the field observations into account, (/%$� simulation soft-
ware was used for bacN calculation of the avalanche in order to calibrate friction parameters. With regard to the 
fit between the observed extent and the calculated extent of the avalanche as well as to observed Àow heights, the 
&oulomb friction was found to be �.��� for the starting ]one, �.�� for the tracN, and �.��� for the run�out ]one.
      
Keywords: YBack Calculation, ELBA+, Numerical Simulation, Snow Avalanche, Trabzon-Uzuntarla (Turkey)
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1. INTRODUCTION 
Due to its geographical location, geology and topography, Turkey commonly experiences snow avalanches 
[1]. On average, 24 people die in snow avalanches every year in Turkey, mainly in the eastern part of 
Anatolia and in the eastern Black Sea region [2]. According to GDDA (2009), between 1951 and 2006, 676 
avalanches were recorded in the Turkish avalanche archives, with a total of 1325 fatalities and 365 injured. 
Out of the 1325 deaths, 120 (9%) were soldiers, 27 (2%) were hunters, 18 (1.4%) were skiers and climbers, 
12 (0.9%) were buried in cars on highways, one (0.08%) was a worker and the remaining 1147 (86.6%) were 
local inhabitants trapped in their houses. Avalanche statistics demonstrate that avalanches in Turkey mainly 
affect settlements. Moreover, in recent years, winter tourism has gained importance in Turkey, and the 
casualties have been increasing accordingly. As an example, on 25 January 2009, an avalanche in Zigana pass 
in Trabzon Province in Turkey’s eastern Black Sea region buried 17 mountaineers, 10 of  whom lost their 
lives [2].  

A deadly snow avalanche, which fatally buried five workers, occurred on 10 January 2015 in the Uzuntarla 
region of Trabzon Province. The workers were employed at a hydroelectric power plant (HP) construction 
site. The avalanche was released at 12:00 noon and half an hour after the event, rescue units were able to 
reach the area. Two workers in a truck were luckily saved from death when the snow mass flowed onto the 
rear of their trailer. Rescue work continued for five days due to the harsh topographical and climatic 
conditions of the region. In this study, the Uzuntarla snow avalanche was analyzed according to field 
observations made one week after the event. In addition, by taking the field observations into account, 
ELBA+ simulation software was used for back calculation of the avalanche in order to calibrate friction 
parameters. 

2. MATERIAL AND METHODS 

2.1. Uzuntarla Snow Avalanche of 10 January 2015 
The snow avalanche event occurred in the Kavlatan region of Uzuntarla Village in the Çaykara sub-district of 
Trabzon Province, Turkey. A location map is given in Figure 1. The exact location is between the coordinates 
of 600002.6 – 4492998.9E and 602009.7 – 4490996.2N in the UTM European Datum 1950. 

 
Figure 1. Location map of Uzuntarla snow avalanche site 
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Information relating to the avalanche disaster, which resulted in the death of five workers, was obtained on 
the spot from villagers and workers who had witnessed the accident and helped with the rescue efforts. 
According to the witnesses, the avalanche event was released at 12 noon and half an hour later, rescue units 
were able to reach the area to help the victims. The avalanche occurred in a HP construction area, and an 
electric pole and a canvas shelter located next to the entrance of the HP tunnel were destroyed as a result of 
the accident. In addition, a power unit and a dozer were rendered inoperative (Figure 2). The locations of 
objects affected by the avalanche are given in Figure 3. 

  

 

Figure 1. Objects affected by the avalanche 

                        
                                       Figure 2. The locations of objects affected by the avalanche 
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According to the form of the starting zone, the event was a slab avalanche which flowed over an older snow 
layer. Two workers who survived the accident described how a powdery cloud suddenly covered everything 
around them at the moment the avalanche struck. From this information, it could be deduced that a powder 
avalanche had most likely occurred. As shown in Figure 4, there are two potential release areas over the 
avalanche path. The avalanche initiated from release area number 2. The width of the release zone is 130 m 
and it is located at an elevation of between 2070 and 2010 m. The extent of the avalanche obtained from the 
fieldwork is given in Figure 5. 

  

Figure 3. General view of the avalanche path and release zones 

 

 

Figure 4. The extent of the Uzuntarla avalanche site 

As seen from the slope map in Figure 6a, the region generally has very steep slopes of greater than 28°, which 
is the lower limit for avalanche occurrence. The altitude of the region where the avalanche event happened is 
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1500 m (a.s.l). A longitudinal profile of the avalanche path is given in Figure 6b. There is no forest cover in 
the avalanche area or its surroundings. 

 
a) 

 
b) 

Figure 5. a) Slope map of the area, b) Longitudinal profile of the avalanche path 

According to information obtained from witnesses, a snowfall of slightly more than one meter (110 – 115 cm) 
had occurred in the 72 hours preceding the event. As stated by the villagers, the snowfall was less than that of 
previous snowfalls in the region over the last three years. It was observed that the snow depth, which varied 
depending on the topographical characteristics of the slopes, could be greater than 3 m in valleys and gullies 
in the region. Moreover, the winds have an important role in the deposition of snow over the leeward slopes. 
The predominant wind direction is generally from the south to the north, or vice versa; however, 70% of the 
winds blow from the south. The air temperature at the moment of the avalanche release was -8 °C. 

2.2. Numerical Avalanche Simulation with ELBA+ Software 
ELBA+ (Energy Line Based Avalanche) software was developed at the University of BodenKultur according 
to the parametric calibrations of 147 well-recorded avalanche events throughout Austria [3]. ELBA+ has been 
commonly used for hazard mapping, avalanche protection measures and design purposes [4]. ELBA+ 
simulations are based on the Voellmy model containing two parameters: the Coulomb friction μ and the 
velocity squared dependent turbulent friction ξ. In addition to these two parameters, release areas (m2), 
release height (m), snow density in the release zone (kg/m3) and Digital Elevation Model (DEM) data are 
necessary inputs for simulations, with entrainment and resistance areas being optional. All spatial and table 
information for these inputs were prepared by ELBA+ Add-ins for ArcMap (Figure 7a). After completing 
preparation for all the data inputs, the simulation process was carried out by the ELBA+ Simulation Module 
(Figure 7b). In this study, the DEM data was created from a 1/25000-scale topographical map. Based on field 
observations, the release zone was digitized over the topographical map of the area. The entrainment, release 
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height, and snow density (based on measurements one week later in the field) were selected as 0.3 m, 1.6 m, 
and 230 kg/m3, respectively. Turbulent friction was calculated as a function of flow height and roughness, 
while the simulation was run by the software. Hence, in order to calibrate the Coulomb friction for the 
starting zone, track, and run-out zone separately, various scenarios were created according to the extent of the 
Uzuntarla avalanche. 

  

Figure 6a. ELBA+ Add-ins for ArcMap Figure 7b. ELBA+ Simulation Module 

3. RESULTS AND DISCUSSION 
In this study, a back calculation was made for the calibration of the friction parameter. To this aim, different 
scenarios were prepared using ELBA+ numerical snow avalanche simulation software. With regard to the fit 
between the observed extent and the calculated extent of the avalanche as well as to the observed flow 
heights, the Coulomb friction was found to be 0.275 for the starting zone, 0.25 for the track, and 0.295 for the 
run-out zone. The calculated extent of the avalanche is shown in Figure 8. 

 

Figure 7. Calculated extent of the Uzuntarla snow avalanche 

The simulation maximum velocity map of the event results is given in Figure 9a. According to the simulation 
results, the maximum velocity of the snow avalanche was 27 m/s. The velocity of the flowing avalanche had 
reached more than 20 m/s at the locations of victims and other objects. The impact pressure map is shown in 
Figure 9b. The maximum impact pressure value was 220 kPa. The flow height map of the event is depicted in 
Figure 9c. According to the simulation results, the maximum flow height of the event was 10 m. 
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Figure 8. Avalanche dynamics maps of the event derived from simulation results (yellow circle shows the place of 
victims) 

No field observations were made concerning the velocity and impact pressure of the event, although it was 
found that the flow height results of the simulation were compatible with the fieldwork measurements. 
According to the measurements and information obtained from witnesses, the flow heights over the location 
of the victims varied between 3 m and 6 m. An example of flow heights measured in the field is shown in 
Figure 10. 

 

Figure 9. Observed flow heights of the event 
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4. CONCLUSIONS 
A deadly snow avalanche event, which fatally buried five workers, occurred on 1 0 January 2015 in 
Uzuntarla-Trabzon, Turkey. In this study, the Uzuntarla avalanche event was analyzed according to field 
measurements and observations made one week after the event. According to witnesses, the avalanche event 
was released at 12 noon and half an hour later, rescue units were able to reach the area to help the victims. 
The avalanche occurred on a H P construction site. In the accident, an electric pole and a can vas shelter 
located next to the entrance of the HP tunnel were destroyed. In addition, a power unit and a dozer were 
damaged. The ELBA+ simulation software was used to perform back calculations for the avalanche friction 
parameters by taking the field observations into account. To this aim, different scenarios were proposed using 
ELBA+ numerical snow avalanche simulation software. With regard to the fit between the observed extent 
and the calculated extent of the avalanche as well as to the observed flow heights, the Coulomb friction was 
found to be 0.275 for the starting zone, 0.25 for the track, and 0.295 for the run-out zone. No field 
observations were made concerning the velocity and impact pressure of the event, although it was found that 
the flow height results of the simulation were compatible with the fieldwork 
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Abstract 
In this study, woven glass and carbon fibres reinforced composite materials have been produced with eight laminates.  
)or experimental study, specimens with �� mm internal hole were prepared. 7hen, these specimens have been repaired 
by using adhesive and composite patches with different parameters in necessary curing temperatures and laboratory 
conditions. %y performing the unidirectional tensile test, the ultimate failure loads of these repaired specimens were 
indicated. %y comparing these ultimate failure loads of repaired specimens that prepared with different parameter, 
the effects of several repair parameters on the ultimate failure strength are investigated. 7hese repair parameters 
are patch bonded area �'�W ratio�, adhesive thicNness, patch thicNness and fibres orientation angles ��, ��, ��, ���.
      
Keywords: Laminate Composite Materials, bonded repair, patch, adhesive, failure strength



1. Introduction 
 
By performing technological improvements, applications of composite materials have been increased 
both commercial and military aircraft structures applications in recent years, because of their excellent 
properties.  Due to high cost of these materials, maintenance of them, have been important. In 
industry, spare parts repair of these composite materials, have been preferred than replacement of 
spare parts. Sometimes, replacements of the damaged spare parts are costly and unnecessary. More 
structures with defects or local damages can be repaired successfully.  
 
In industry, various repair techniques have been successfully applied. Among them, adhesively 
bonded structural repair has gained more favour than mechanically fastened structural repair for the 
reason that fibber reinforced composites are essentially bonded in nature. Therefore, in recent years, 
considerable experimental and numerical studies have been conducted to investigate the influence of 
different repair parameters on the stress distributions, ultimate strength and stress intensity factor of 
the bonded repaired structures [1]. A number of authors [1-9,11] have studied the analysis of failure 
mechanism of the bonded patch repair in laminated composite materials. Wisnom M.R. [10] has 
reviewed the size effects in the testing of fibre-composite materials. Predictive fracture model for 
composite bonded joints has been proposed by Goyal V.K. and et al. [12]. Principles and practices of 
adhesive bonded structural joints and repairs have studied by Davis M. [13]. Little research has been 
carried out to analyse the ultimate failure load of repaired structures with various repair parameters.  
 
 In aircraft applications, less weight is the important criteria for the maintenance of the parts. For such 
repair applications in laminated composite materials, external bonded patch repair technique has been 
more preferable than using mechanical fastened repair. Because, using mechanical fasteners 
increase the weight and the stress concentration factor of the repaired structures. Also, in external 
patch bonding repair, the optimum quantity of repair materials must be used in order to protect weight 
increment of the repaired structure. These main repair materials are adhesives and composite 
patches. The adhesives and patches should have been used in minimum quantity in repairs without 
degrease the load carrying capacity of the structures. Also, in adhesively bonded repairs, the stresses 
that occur in bonded joints are more uniform than that of pinned joints. These stress representations 
for various connections are illustrated in Fig. 1. 
 

 
Figure 1. Presentation of stress concentration effects for various joint techniques 

 
In this study, various experimental specimens have produced with different repair parameters. Then, 
by performing unidirectional tensile testing to these prepared specimens, the ultimate failure loads of 
them were indicated. By analysing these failure loads of the specimens, the effects of repair 
parameters have been specified. 
 

2. Experimental 
 
The current work investigated the performance of the external bonded patch repairs under tensile 
loading by indicating the ultimate failure loads of repaired laminated composite structures. For this 



study, eight plies laminated woven glass and carbon fibres reinforced parent plates were used.  By 
using these parent plates, experimental specimens were prepared. 10 mm holes were drilled in the 
center of the parent plates to simulate the damages in the structures. Then, these damaged 
specimens were repaired by using adhesive and composite patches with different parameters in 
necessary curing temperatures and laboratory conditions. The repaired experimental specimens were 
shown in Fig. 2. The materials that used for parent plate specimens, adhesives and patches in repair 
were listed in Table1. During the tests, specimens were subjected to longitudinal tensile loads on 
tensile testing machine in order to indicate the failure loads of repaired structures.  
 

Table 1. Materials that were used in repair of laminated composite materials 
 

Bonding type Parent Materials Adhesive Patch Material 
W.L. Woven carbon fibres Hysol EA9396 0020989 

Woven glass fibres Hysol EA9396 0021438-09 
Prepreg Woven carbon fibres C992275 ADH FILM C992268-14 

Woven glass fibres C991957-37 ADH FILM C992270 
 

 
Figure 2. Presentation of repaired experimental specimens 

 
3. Results and discussion 

 
3.1.Effect of fibres orientation angle of laminates: 

 
In order to discuss the effect of fibres orientation angle to the failure load of repaired structure; four 
different repaired specimens were prepared with both W.L. patch and prepreg path bonding 
techniques. After performing the unidirectional testing to these specimens, the ultimate failure loads 
were indicated in Fig. 3.  Fig. 3 shows that; for all repaired specimens, the ultimate failure loads were 
decrease by increasing the fibres orientation angles of parent plates. The maximum failure load was 
obtained at 0° fibres orientation angle of parent plate that repaired with W.L. patch bonding technique. 
The minimum failure load was obtained at 45° fibres orientation angle of parent plate that repaired with 
W.L. patch bonding technique.  In failure load values, at 0° fibres orientation angle, there is % 7.1 
difference presented between W.L. patch and prepeg patch. This difference in failure loads were 
presented as % 22.6 value for the fibres orientation angle of 45° in laminate. The minimum differences 
in these values were occurred in 15°. This value was indicated as %2. This difference is caused by the 
peeling effect of the bonded patch. In W.L. bonded patch, peeling is occurred more easily then 
prepreg patch bonded technique with increasing the fibres orientation angle of the parent laminates.  
 
 



 
Figure 3. Presentation of the effect of fibres orientation angle of parent plates to the failure load of repaired 

structures by glass prepreg and wet layout patchs. 
 
 

3.2.Effect of patch thickness 
 
The effect of the patch thickness to the ultimate failure loads of repaired structure was indicated in Fig. 
4. The ultimate failure loads of the structures repaired with prepreg bonding technique were increased 
by increasing the patch thickness (increase the ply number). But, for the structure that repaired with 
W.L. bonding technique, the failure loads have increased gradually to the patch thickness of the 3 
plies values and after that, the peeling effect has occurred in repaired structure than, the failure load 
decrease dramatically. Increase the bonded patch thickness after a certain value (3 plies) in repair of 
the laminate composite materials does not improve the ultimate failure load. Increase the patch 
thickness further in repair of air craft structures may cause the weight stability effect. This is the main 
drawback in repairs of such applications. 
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Figure 4. Effect of patch thickness to the failure load of repaired structures with glass prepreg and wet layout 
patchs. 

 

 
Figure 5. Presentation of the effect of bonding length to the failure load of W/D=2 glass repaired structures with 

glass prepreg and wet layout patchs. 
 
 

3.3.Effect of bonding length  
 
In external bonded patch repairs, if the patch overlap length or bond length too short, the entire 
adhesive layer is under high shear stress. In the case of longer bond length, most of the load is carried 
at the ends of the bonded overlap which is the reason for why too large patches fails to enhance the 
expected ultimate strength [14]. Effect of bonding length of the patch to failure loads in repaired 
structures has presented in Fig. 5. The failure loads of structures repaired with glass prepreg patch 
bonding were increased gradually by increasing the bonding length in repair. In that repair with glass 
W.L. patch bonding; the failure loads were increased to the bonding length of 40 mm gradually, than 
decrease dramatically to the 5850 N value due to peeling effect that presented in W.L. applications. In 
bonded patch repair, for both W.L. and prepreg techniques, 40 mm value of bonding length, was seen 
as the optimum value. 

 
3.4.Effect of bonding area (W/D ratio)  

 
Effect of bonding area (W/D ratio) to the ultimate failure loads was presented in Fig. 6. By changing 
the W/D ratio from 2 to 4 in repair with carbon fibres prepreg, the failure loads of the repaired 
laminated plates have been changed from 20000 N to 50000 N value. In repair of woven laminated 
composite materials, the change of W/D ratio has major effect in ultimate failure loads of repaired 
parent plate materials. Increase the W/D ratio further in repair of structures may cause the weight 
stability effect. For this reason, in repair of laminated composite materials the W/D ratio should be in 
optimum value. 
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Figure 6. Presentation of the effect of  W/D ratio to the failure load glass and carbon fibres reinforced plates 

repaired structures with glass and carbon prepreg patches. 
 

 
Figure 7. Presentation of the effect of adhesive thickness to the failure load of W/D=3 carbon parent laminated 

composite that repaired with carbon prepreg patches. 
3.5. Effect of adhesive thickness 

 
The adhesives, which bond the patches and parent plates together, are always regarded as the 
weakest chain in the bonded repair, and play an essential role. Therefore, careful selection of its 
parameters is very important [1]. In this study, effects of adhesive thickness were studied with the 
W/D=3 carbon parents laminated composite specimens that repaired with carbon prepreg patches by 
using various adhesive film thicknesses. The effect of adhesive thickness in repair of laminated 
composite materials with external bonded patch to the ultimate failure loads was illustrated in Fig. 7. 
For each adhesive film ply thickness was taken as 0.2 mm. The maximum ultimate failure load 
(40750N) was obtained with 3 plies adhesive thickness (0.6 mm) in repair of woven carbon fibres 
laminated parent plates with external carbon prepreg bonded patches.    
 
The adhesive material which bonds the patch to the parent laminate is considered as the most 
important factor in the repair design. If the adhesive layer is too thin, it will be stiff and brittle which can 
result to a shear failure initiation in high stress regions near the patch and hole edges, causing the 
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damage propagates across the entire overlap region. However, if the adhesive layer is too thick it will 
be too plastic and under loading it is expected to deform quickly which weakens the effectiveness of 
load transfer between the parent laminate and patches [14]. 

 
4. CONCLUSİONS 

 
In the present study, experimental study is carried out to investigate different repair parameters effects 
on the ultimate failure load of adhesively bonded repaired structures, and the following conclusions 
can be drawn from this study. 
 
1. The ultimate failure loads of structures that repaired with external bonded patch were decrease by 
increasing the fibres orientation angles of parent plates. The maximum failure load was obtained at 0° 
fibres orientation angle of parent plate. 
2. The ultimate failure loads of the structures repaired with prepreg bonding technique were increased 
by increasing the patch thickness. But, for the structure that repaired with W.L. bonding technique, the 
failure loads have increased gradually to the patch thickness of the 3 plies values and after that, the 
peeling effect has occurred easily and this decrease the failure loads of repaired structures. 
3. Ultimate failure loads of repaired structures can be increased by choosing the optimum repair 
parameters, such as patch dimensions, adhesive thickness, bonded area and bonding length. 
4. In repair of air craft structures, due to weight stability, optimum quantity of repair materials should be 
used. 
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Abstract 
Animal husbandry is a major segment of the economy and rangelands and meadows are the most important feed resources 
for animal husbandry in Turkey. Turkey has 14.6 million ha rangeland and meadow areas and the distribution of these 
areas show great variation among the regions of the country. The North East Anatolia region has the largest pasture and 
meadow area, the lowest area is in Marmara region. In grazing season, all small livestock and vast majority of large 
livestock depend on rangelands. On the other hand, the high quality roughage need of livestock in long winter periods 
is mainly obtained from natural meadows. The produced feed in pasture and meadow areas is not adequate for animal’s 
need due to mismanagement practices and some other factors as social and cultural factors. The main problem of the 
rangelands is overgrazing. In addition to overgrazing, early and late season grazing practices is another problem with 
the rangelands. In all regions the rangelands is grazed as long as climatic conditions are favorable for grazing. Especial-
ly early spring and late fall grazing causes degradation of rangelands because these periods are critical for rangeland 
plants. In Turkey, however, meadows are managed for the production of the winter feed for livestock by individual owners. 
They may also be used for grazing in early spring or late summer after harvesting. Traditionally grazing of meadows in 
early spring leads to decrease in yield and forage quality. Meadows are irrigated by a surface irrigation system from the 
beginning of early summer to harvest time. In this irrigation system too much irrigation water is applied, the surface of 
the meadows becomes excessive wet. The soil structure is then damaged by the poor irrigation management which also 
affects the forage quality. In rangelands and meadows, suitable management practices are necessary for sustainability.   
      
Keywords: Rangeland, meadow, mismanagement, suitable management  



1. INTRODUCTION 
Rangelands occupy a considerable part of the total land areas in Turkey. Animal 

production is one of the major segments of the Country and the rangelands are the main 
food source for livestock in summer periods. On the other hand, the high quality 
roughage need of livestock in long winter periods is mainly obtained from natural 
meadows. The produced feed in pasture and meadow areas is not adequate for animal’s 
need [1] due to mismanagement practices and some other factors as social and cultural 
factors. 

Natural rangelands have many benefits for human beings and wild and domestic 
animals. Forage production for animals, conservation of biodiversity and limiting of soil 
erosion are some benefits of the rangelands [1]. Most rangelands are affected by the 
mismanagement practices negatively. Many problems of the pastures can be attributed 
to various factors [2]. Heavy and untimely grazing is one of the most important 
rangeland degradation factors [3] and some extreme environmental factors, such as 
prolonged drought lasted some years, can accelerate to this process. In many 
rangelands, soil erosion is an important process of land degradation related to low 
vegetation cover [4] and overgrazing is one of the most important reasons of the low 
vegetation cover. Standard, continuous stocking may decrease to produce all the forage 
of rangeland vegetation and often results in selective and incomplete grazing [5].    
2. EXAMPLES OF MISMANAGEMENT PRACTICES 
2.1. Early Spring-Late Fall Grazing 

Early spring grazing is one of the most important mismanagement practices in 
Turkey rangelands. Rangelands should not be grazed until the 4-leaf stage or when the 
plants are at least 6 to 15-20 cm tall. Grazing native rangelands before the third leaf 
stage can result in the loss of over 60% of the potential forage yield. Grazing a pasture 
too early will result in the vegetation being removed before the plants have had a chance 
to replenish root reserves. Grazing one week too early in the spring will sacrifice three 
weeks of grazing in the fall. Grazing is continued until late fall. There is snow in this 
period. 

As seen in figure 1, the snow doesn’t melt, but grazing has been started 

 
Figure 1. An example for early grazing of rangelands in Turkey 

In Turkey, however, meadows are managed for the production of the winter feed 
for livestock by individual owners. They may also be used for grazing in early spring or 
late summer after harvesting. Traditionally grazing of meadows in early spring leads to 



decrease in yield and forage quality. Similar to pastures, meadows are grazed until late 
fall after harvest. 

 
Figure 2. Early spring grazing of meadows in Turkey 

  
Figure 3. Late fall grazing of Rangelands in Turkey 

2.2. Heavy Grazing 
Another problem is heavy grazing and uneven spatial distribution of grazing 

during the grazing season. Especially the rangelands around the permanent settlements 
are heavily grazed and damaged by the impacts of grazing practices. 
 



 
Figure 4. Heavy grazing on rangelands in Turkey 

 
Figure 5. Heavily grazed rangelands in Turkey 

2.3. Grazing of Marginal Rangeland Areas 
The marginal rangeland areas have various problems such as high slope, too much 

rocky, high level groundwater and severe erosion.  
 

 
Figure 6. Animals are grazing on rangelands have too much rock. 
 



 

 

 

 

 

 

Figure 7. Grazing on rangelands has erosion problem. 

2.4. Irregular Spatial Distribution of Animals 
One of the important problems with present grazing practices is uneven spatial 

distribution of grazing. Current grazing management causes overgrazing some sites of 
rangelands such as around the watering points. Therefore, the plant cover is worse in 
these areas than that in the other sites. To solve these problems suitable grazing 
management plans and developing new watering points are necessary to ensure more 
even distribution of grazing pressure. 

 
Figure 8. Irregular distribution of grazing animals  

2.5. Using of the Rangelands for Different Purposes 
Main usage of the rangelands is animal grazing but in Turkey rangeland areas 

sometimes can be used for different purposes, such as sand and mineral production.   
 



 
Figure 9. Sand production on rangelands in Turkey. 

2.6. Late Harvesting in Meadows 
In Turkey, especially in Eastern Anatoli Region, meadows are harvested at too 

late period when the plants are at the full flowering. Whereas the harvest is must be 
made proper time when the dominant species are at the beginning of flowering.  

 
Figure 10. Plant species are at full flowering periods but harvest was not made yet in 
meadow. 

2.7. Improper Irrigation Practices in Meadows 
Meadows are irrigated by a surface irrigation system from the beginning of early 

summer to harvest time. This is the most common method of irrigating meadows in 
Turkey, especially in the Eastern Anatolia Region which has wide meadow areas [6]. If 
too much irrigation water is applied, the surface of the meadows becomes excessive 
wet, especially in the early spring period. The soil structure is then damaged by the poor 
irrigation management [7] which also affects the forage quality [8]. 
Irrigation systems must be managed properly and not use more water than is necessary 
[9]. 



 
Figure 11. Using too much water in meadow. 
 

CONCLUSSION 
Appropriate grazing management will increase forage productivity and quality on 

rangelands. Standard, continuous stocking may decrease to produce the yield of 
rangeland vegetation and often results in selective and incomplete grazing. This can also 
leads to lower live-weight gains per acre of rangelands. 

In suitable rangeland sites controlled, rotational grazing system must be practiced. 
Because in this grazing system lets regular grazing of rangelands by animals while 
allows ungrazed sites time to regrow. Controlled grazing allows for animals to graze the 
forage that is the most nutritious and palatable. Controlled grazing reduces soil erosion, 
improves air and water quality, and increases a variety of plant species. Regardless of 
the grazing technique, the goal should be to provide the amount and quality of forage 
animals need while maintaining the vigor of the plants. 
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Abstract 
7urbocharger systems are very important for vessels in terms of increasing energy efficiency and reducing 
green gas emissions. $mbient conditions �winter, I62 and summer� effect intaNe air temperature so do turbo-
charger efficiency. (ngine load and fuel types that effect exhaust gas energy level are the other parameters for 
the turbocharger efficiency. In this study, a new numerical method is improved for enthalpy and entropy calcula-
tion based on exhaust gas components. $lso two�stroNe 'iesel engine performance which operates various ambi-
ent conditions is analy]ed in terms of thermal efficiency, engine load, specific fuel oil consumption �6)2&�, exer-
gy efficiency and exegetic performance coefficient �(3&�. 7he results show that the highest thermal efficiency 
is obtained in winter ambient condition and turbocharger efficiency increases when fuel�oil quality is better.
      
Keywords: $mEient Condition, 7Zo�6troke 'iesel (nJine, (nerJetic (I¿cienc\, ([eJetic PerIormance CoeI¿-
cient
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1. INTRODUCTION 
Waste heat recovery systems become important in recent years. While total efficiency is increasing, global 
warming effect is decreasing result of decreasing emissions by using waste heat recovery systems [1]. 
Combine systems, steam and gas cycle used together, are the most significant way to get more heat recover. 
In this system the efficiency can reach up to 60%. The result of this system, large scale of waste heat is 
recovered, EEDI gets better and the emissions decrease [2]. 

 
Figure 1. Net power and heat loses in a ship [3] 

Waste heat which is not used and 2T Diesel shown in figure 1. It is shown that not used exhaust gases and 
sent to environment has a significant ratio (25%). So it is the best way to increase the energy efficiency. 

Exhaust gas temperature after engine depends on many parameters. The most important ones are engine load 
and ambient condition. 

Air temperature changes with ambient conditions. The compression demanding power also changes with 
ambient condition to make air target pressure. Compressor gets the power from the turbocharger turbine. 
Exhaust gas temperature is effected the changing power demand. 

Vessels work in three ambient condition: [4]. 

x ISO ambient condition 

x Tropical ambient condition 

x Winter ambient condition 

Properties ISO Tropical Winter 
Barometric Pressure (Bar) 1 1 1 
Turbocharger Air Intake Temperature (oC) 25 45 10 
Charge Air Coolant Temperature (oC) 25 32 10 
Relative Air Humidity (%) 30 60 60 

Ambient conditions and some properties belongs to them are shown in table 1. The most important factor for 
exhaust gases temperature is ambient condition. 

 
Figure 2. Turbocharger efficiency depending on engine load [5] 

Energy is transferred effectively from exhaust gas to the turbocharger turbine when the turbocharger 
efficiency is higher. High turbocharger efficiency makes the exhaust gas temperature lower because of more 
energy transfer from exhaust gas to the turbocharger. 
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Figure 3. Exhaust gas temperature after turbocharger outlet depending on engine load [6] 

The high efficiency leads to low exhaust gas temperature in figure 3. Also the lowest exhaust gas temperature 
occurs in 70-80% engine load. The highest exhaust gas temperature occurs in tropical ambient condition and 
the lowest exhaust gas temperature occurs in winter ambient condition. 

 
Figure 4. Exhaust gas temperature before turbocharger outlet depending on ambient condition [7] 

Hountalal et al [7] indicates that the effect of different ambient temperature on the exhaust gas temperature in 
figure 4. This figure is used for the equation of the temperature versus engine load. When turbine outlet 
temperature is known, turbine inlet temperature can be found by using these equations approximately. In this 
study turbine inlet temperature is calculated by using this approach. 

 
Figure 5. Engine efficiency depending on ambient condition 

The effect of air temperature takes from ambient on engine efficiency in figure 5. As this result when the air 
temperature decreases, the engine efficiency increase. Engine efficiency reaches highest value in winter 
ambient condition and lowest value in tropical ambient condition. 

 
Figure 6. SFOC depending on ambient condition 

The effect of air temperature takes from ambient on SFOC in figure 6 for MAN 7K98ME-C7-TII. As this 
result when the air temperature decreases, SFOC also decreases and the fuel oil consumption for producing 
same power also decreases so the engine efficiency increases. SFOC reaches highest value in tropical ambient 
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condition and lowest value in winter ambient condition. 

2. MATHEMATICAL METHOD 

2.1. Component of Exhaust Gas 
Exhaust gas components changes depend on various factor. The most important ones are combustion 
efficiency and fuel specifications. 2T Diesel Engine generally use heavy fuel oil (HFO). General HFO fuel 
specifications and exhaust gas components is shown in figure 7. 

 
Figure 7. Some component which are occurs after HFO combustion [8] 

Three main components, air, fuel oil and lubrication oil, goes into the engine in combustion process. Air 
includes 21% Oxygen (O2) and 79% Nitrogen (N2). Fuel oil includes 97% hydrocarbon (HC) groups and 3% 
sulfur (S).In combustion process some lubrication oil also is included but the rate of it is low. Lubrication oil 
includes %97 HC groups, %2.5 CA groups and %0.5 sulfur. 

Exhaust gases of HFO includes 76.2% N2, % 14 O2, 5.1 % H2O and %4.5 CO2. In this study it is assumed 
that exhaust gas has 4 main component (N2, O2, H2O and CO2) and all analyses are done for this 
assumption. 

2.2. Exhaust Gas temperature after Funnel 
SOX which is included in fuel react with water in low temperature. After this reaction sulphuric acid is occurs 
and it causes corrosion. So it is not possible for decreasing the exhaust gas temperature bellow the dew point 
of sulphuric acid. The rage of sulphuric acid is 3 % for HFO [9]. 

 
Figure 8. Dew point depending on sulfur ratio in fuel [8] 

Dew point of HFO which has 3% sulfur is 135 °C in figure 8. Because of this result, the exhaust gas 
temperature for waste heat recovery cannot be lower than 145 °C (135°C + pinch point for heat exchanger). 
When analyzed the real system, the exhaust gas temperature cannot decrease lower than 160°C [8]. 

2.3. Enthalpy Calculation of Exhaust Gas 
An Eq 1 was developed by Domingues et al [10] to calculate exhaust gas enthalpy value using experimental 
results. Specific heating value of exhaust gas is calculated in the Eq. 1 when the temperature range is 400 K 
to 1200 K. 

� �� � � �P,E E EC . . T . . . T−= + + − + 25956 0 3386 273 2 476 10 273       (1) 

Enthalpy of exhaust gas is calculated by using temperature and specific heat in Eq. 2. 

E P,E Eh C .T=          (2) 
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Figure 9 is drawn for enthalpy value versus various exhaust gas temperature by using Eq. 2. 

 
Figure 9. Enthalpy change of exhaust gas depending on temperature and pressure 

2.4. Entropy Calculation of Exhaust Gas 
Entropy calculations of exhaust gases are more difficult than enthalpy calculations which calculate by 
formulas that given by Bejan [11]. Entropy values of all elements in the exhaust gas must be separately 
calculated and then total entropy value will be found. Every state points entropies can be calculated with Eq. 
3 

where S+, a, b, c and d values can be read from Table 2 and also −= 3y 10 T . 

Calculated entropy values from Eq. 3 are subjected to pressure correction in Eq.4. 

k k
O kX PRls n

P
.s= −
0

        (3) 

where � �k
Os  is equal to Eq. 3, R is ideal gas constant, Xk is  mass ratio of respective component in the 

exhaust gases, P is exhaust pressure, P0 is standard ambient pressure and � �ks  refers to respective element 
entropy value. Entropy value of the exhaust gases can be calculated with Eq. 5 w hile summing every 
elements entropies. 

k k
k

x¦ s           (4) 

The constants required for entropy calculation depending on the elements of the exhaust gas are given in 
Table 2 and � �os  is calculated in accordance with terms of reference value of 25 °C temperature and 1 bar 

pressure. 
Table 2. Exhaust gases element entropy calculation constants [27] 
Element Formula % (x) S+ a b c d o

sk  
Nitrogen Nଶ(g) 14 16.203 30.418 2.544 -0.238 0 191.610 
Oxygen Oଶ(g) 76.2 36.116 29.154 6.477 -0.184 -1.017 205.146 
Carbon dioxide COଶ(g) 4.5 -87.078 51.128 4.268 -1.469 0 213.794 
Water HଶO(g) 5.1 -11.750 34.376 7.841 -0.423 0 188.824 

 
Figure 10. Exhaust gases entropy changing depends on temperature and pressure [11] 

Exhaust gases entropy changing with temperature for three different pressures is given in figure 10 which 
shows that when pressure increases the exhaust gas entropy values decrease. 
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2.5. Turbocharger Pressure  

The aim of turbocharger system is to obtain more power from smaller size engine. According to this, higher 
engine inlet air pressure means more power can be derived from the engine. Moreover, increasing inlet air 
pressure at compressor increases the compressor power consumption. 

 
Figure 11. The compression power in turbocharger depending on compression ratio 

Power consumption of 7L60ME-C8-TII engine turbocharger system which depends on turbocharger air 
pressure is shown in figure 11. It is showed that increasing inlet air pressure increases the power linearly. 

K GT. *m m=� �0 982          (5) 

The relationship between air flow rate in compressor and exhaust flow rate in gas turbine is given by Eq. 5 
[12]. Accordingly, air flow rate is almost equal to the exhaust air flow. Required compressor power for 
compressing the air to a certain pressure will be provided from the gas turbine. The produced power in gas 
turbine that required for compressor can be found from figure 11 when certain air compression pressure is 
defined. If flow rates of compressor and gas turbine are same the temperature difference in gas turbine will be 
found in figure 10. 

2.6. Energy and Exergy Analyses  

2.6.1. Energy Analysis 

Energy and exergy definitions of thermodynamic model have to be studied before waste heat recovery 
systems. General energy equation is defined below for steady state open system  

i oi o
i o

V VW m h gz W m h gQ zQ
§ · § ·

+ + + + = + + + +¨ ¸ ¨ ¸
© ¹ © ¹
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    (6) 

where � �i
�Q and � ��

oQ  are inlet and outlet heat transfer rates, � �� iW  and � ��
oW  are inlet and outlet powers 

� �m h� i  and � �m h� o  are inlet and outlet enthalpies, i
Vm

§ ·
¨ ¸
© ¹
�

2

2
 and 

Vm
§ ·
¨ ¸
© ¹
� o

2

2
 are inlet and outlet kinetical 

energy of system, � �m� igz  and � �m� ogz  are inlet and outlet potential energies. 

2.6.2. Exergy Analysis 

Exergy values of every state points in steady state open system are calculated by Eq.7. 

� � � �F
i i i. h h T s s= ª − − − º¬ ¼� � 0 0 0E m        (7) 

where � �� F
iE is physical exergy, � ��m is flow rate, � �ih is entalpy, � �is is entropy and subscripts “0” is refer to 

ambient conditions. 
= +� � �

i, i, yi i ,iE E E          (8) 

where � �i
�
i,E is exergy inlet, � �i

�
o,E is exergy outlet and � �i

�
y ,E is exergy destruction in the processes. 

Exergy destruction of control volume in a steady state is defined as Eq. 9. 
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where � �� iQ  and � ��
oQ are refer to inlet and outlet heat rates.  

2.7. Turbocharger System 

2.7.1. Principles of turbocharger system 

Turbocharger system supports higher pressure and lower volume air than atmospheric conditions to engine by 
using exhaust gases energy which allows to design more power from lower size cylinder 

 
Figure 12. Turbocharger System 

General layout of a t urbocharger system is shown in figure 12 which consists of turbine and compressors 
section. Turbine is on the exhaust section and compressor is on t he suction section and a shaft connects 
turbıne to compressor. Exhaust gases waste heat energy converts to mechanical energy in turbine transfers via 
shaft to compressor to compress and support more air flow.  

2.7.2. Thermodynamic model of turbocharger system 

Air compressor supports air at higher pressure and rate and also lower volume in turbocharger system 
Compressor power consumption is approximately equal to turbine power and real compressor power is found 
with the ratio of ideal compressor power to compressor efficiency (ηK,M). 

� �k 1
k

1 1 2
K

1 K,M

k.R.T P 11
k 1 Pη

m .W

−ª º
§ ·« »= − �¨ ¸« »− © ¹« »¬ ¼

��        (10) 

Kinetic energy of exhaust gases is converted to mechanical energy in the gas turbine whose power is obtained 
by Eq. 11. 

� �GT 3 P,E 3 4 GTW m C T. . Tη .= −� �         (11) 
Chemical exergy of fuel is calculated with Eq. 12 [13]. 

K
Y

H O S H1.0401 0.1728. 0.0432. 0.2169 1 2.0628 LHV
C C C C

e ª º§ ·= + + + � � − � �¨ ¸« »© ¹¬ ¼
   (12) 

where H, C, O and S are refer to hydrogen, carbon, oxygen and sulphur. It is suppose that fuel consist of 
87.4% carbon, 9.5% hydrogen and 3% sulphur [14] and LHV is 42700 kj/kg for heavy fuel oil [15]. 

Chemical exergy is very important however physical exergy is negligible for combustion processes. Flow rate 
and chemical exergy rate of fuel are calculated with Eq. 13-14. 

y E Hm m m= −� � �          (13) 

=� �K
Y Y yE e .m          (14) 
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Table.3. General Formulations of Turbocharger System 
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3. RESULTS AND DISCUSSION 

Table 5-6 are calculated from component efficiencies (Table 4) and thermodynamic model for turbocharger 
system. Calculations have done at ISO ambient condition and 80% engine load for MAN 7L60ME-C8-TII 
engine. 

Table.4. Efficiency of Turbocharger Components 

Mechanical Efficiency (ηm) (%) 98 
Isentropic Efficiency of Compressor (ηK,i) (%) 65 
Isentropic Efficiency of Turbine (ηC,i) (%) 90 

State properties are given at ISO ambient condition and 80% engine load in Table 5 

Table.5. The Property of the states 

State T  
(oC) 

P  
(bar) 

h
� �kj kg  s � �kj kg.K  E�  

(kW) E�  

1 25 1 299.5 6.867 30.26 � � � �1 0 0 1 0h h T s sm. − − −ª º¬ ¼�  

2 180 3.43 455.2 6.933 5087 � � � �2 0 0 2 0h h T s sm. − − −ª º¬ ¼�  

3 322.8 3.99 684.5 7.194 12004 � � � �3 3 0 0 3 0m h h T s s. − − ¼−ª º¬�  

4 216 1.50 521 7.132 6597 � � � �04 40 04m h h T s s. − − ¼−ª º¬�  

Exergetic performance parameters of the system components for ISO conditions and 80% engine load are 
shown in Table 6. The highest exergy destruction and also exergy destruction rate occurs in compressor 
beyond the diesel engine is seen from the result. 

Table.6. Exergetic Performance Coefficient of the System Component 

System Components Ey (kW) EPCi İi yi 
Diesel Engine 13286 0.986 0.496 0.9606 
Compressor 323 15.75 0.94 0.0233 
GasTurbine 221.5 53.19 0.959 0.0160 
Total 13830 0.9487 0.7257 1 
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Figure 13. Compressor Power of MAN 7L60ME-C8-TII Engine for ambient conditions and engine load 

Compressor inlet power in the turbocharger system for different ambient conditions and different engine 
loads are shown in figure 13. Compressor needs more power because of increasing compressed air flow rate 
at higher engine load and the lowest power consumption is seen at tropical conditions.  

4. CONCLUSIONS 

Performance of two-stroke Diesel engine operating various ambient conditions have been analyzed with 
respect to thermal efficiency, engine load, specific fuel oil consumption (SFOC), exergy efficiency and 
exegetic performance coefficient (EPC). The results show that the highest thermal efficiency is obtained in 
winter ambient condition and turbocharger efficiency increases when fuel-oil quality is better. A new 
numerical method is also improved for enthalpy and entropy calculation according to exhaust gas 
components. The compressor of turbocahger system needs more power at higher engine load and the lowest 
power consumption is obtained at tropical conditions. 
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Abstract 
7he 7urNmen tent has been used for more than two thousand years and represents a significant part of 7urN culture and 
lifestyle. 7urNmen tents were preferred for years due to its many properties such as use of natural and local material, 
being economic, light weight and ease of mantling and dismantling. In addition, 7urNmen tents are energy efficient and 
sustainable structures since they have the abilities to increase interior air quality, have natural insulation, climatisa-
tion, as well as natural and local material usage. )or these reasons, 7urNmen tents do not degrade the environment.
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1. ORIGINS OF TURKMENS, LANGUAGE AND CULTURAL STRUCTURE  

Turkmen is a term. Not only people live in Turkmenistan, which is a Turkic republic**,  but also members of whole 
Oghuz tribes (Oghuz Turks) are called Turkmen. They speaks Turkmen, a member of Turkic language , takes part of 
Altai Language family. In older times, they had belief of “Göktengri” and “Shaman”. Now, majority of them are 
muslims . They live in Turkmenistan, Turkey, Azerbaijan in the first  place, and also in Balkans, Afghanistan, 
Pakistan, Russia, Ukraine, Iraq, Syria and iran. They live in lands, raging from middle Asia to Europe with Turk 
migrations. And these Turk migrations caused migration of tribes.  

 

*Turkic languages: Oghuz group: Istanbul Turkish (or Turkish), Azerbaijani, Turkmen; Kipchak 
group: Kazakh, Kyrgyz, karakalpak, Nogay, Karachay, Bashkir, Kumuk; Uyghur group (Chagatay 
group): Usbek, Uigur, Salar; Yakutia group: Yakutia; Chuvash grubu: Chuvash. 
**Turkic Republiques: Republics, originated from Turk. 
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Figure 1. A map shows the areas in which Turkic people live [12] 

 

2. YORUK TURKMEN CULTURE 

Yoruk Turkmens are nomadic Turkmens. In middle Asia, they lived in urban land and low altitudes in winters,                                   
plateau and uplands in summers. Their archery skills are very good. Therefore although they lived via animal                                 
husbandry, they also hunted and gathered. Their lives were spent in Turkmen tents which is also called “Yurt”. These                                     
tents wholly represent the Turkmen culture. Since they carry their tents with them on camels, they packed light. At                                     
the present time this tradition continues with the use of summer (beach house or mountain house) or winter houses                                     
(urban house). 

 

 
Figure 2. Turkmen tent with black hair felt [9] 
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Figure 3. Inside of a Turkmen tent with traditionally Turkmens , during migration by camels    [11] 

 

 
Figure 4. Turkmen tent [9] 

 
3. MATERIALS AND CONSTRUCTION OF TURKMEN TENTS 

Natural materials are used in Turkmen tents. These are stones, straws, shrubs, wood, carpet, and hair tent cover.                                   
Usually they sheared sheeps and goats, and spinned their hair for covering roof top and walls. These hair tents have                                       
water repellant properties and they dry quickly. Commonly walls are made from stones, straws and shrubs. Yet                                 
sometimes there is wood in modern examples. There are Turk patterns on plaited walls, carpets and hair tent covers.                                     
Principal posts, supported with sticks around them, are used as structural elements. The size of tents depends                                 
according to size of family. Tents with 3-5-7 principal posts are common. To send water away from the tent,                                     
channels are digged around it. In the front of the tent, there is a half open area with only its top covered. 
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Figure 5. Interior of a Turkmen tent [11] 

 

 
 

Figure 6. Turk patterns on Turkmen carpets [1] [11] 
 

4. PROCESS OF CONSTRUCTING TURKMEN TENT AND DESIGN CRITERIAS 

Principal posts (3-5-7 piece) are put in place and supported with sticks. Top of the tent is covered with hair tent                                         
cover. Walls are put up with different materials. Differing materials can be used in the same tent roof due to its                                         
orientation. In modern examples, wooden structures are used as a wall. After this, walls are covered with hair tent                                     
cover. In addition the walls are stabilized with wrapping straw around it. The North side is enclosed with sacks or                                       
large closet for bedding. To prevent moisture from the base, a line of slate stone is paved on the ground. Carpets                                         
with Turk pattern are laid on the slate paved ground.Tents for winter are covered with shrub walls. These shrubs are                                       
also used for cooking, heating and lighting in daily life. For winter tents, entrance is designed facing South. In this                                       
way, day light enters inside. In summer, entrance of the tent is positioned to face North. Thereby, Northern winters                                     
enter inside. In entrance, there is a place for taking off shoes, and nearby is an empty place that serves as a kitchen                                             
service area. Apart from compulsory kitchen supplies, they make leathers and weavings by themselves. In summer,                               
white hair tent cover is used for reflect daylight to prevent over heating. In winter black hair tent is used for                                         
absorbing day light. In entrance, the tents consist semi open space with top cover. 
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Figure 7. Plan  [7]   Figure 8. Roof plan [7] 

 
Figure 9.  Turkmen tent’s section [7] 

 

Figure 10.Making top cover of tent with swing tent flap side by side[8] 
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Figure 11.Pitch a tent[8] 

 

 

 

 

Figure 12.Digging channels around tent[8] 
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Figure 13.Creating half open place covered from top in the entrence of tent [8] 

 

Figure 14.A pitched up Turkmen tent with it’s half open entrance [8] 
 

5. ANALYSIS OF THE TURKMEN TENT FROM ENVIRONMENTAL POINT OF VIEW 

Materials used in Turkmen tents are completely natural. Hair tent covers have water repellant and quick drying 
properties. Nowadays, water resistant hair tent covers are available. With it’s semi porous properties they help with 
natural ventilation and improve interior air quality. The entrance faces South in the summer and faces North in the 
winter, thus cause natural lighting and cliamtisation effects are evident. Shrub walls and large closet for bedding 
block North winds in winter and create a natural buffer zone. Felt has natural insulation properties and is cold proof in 
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winter and hot proof in    summer. In winter, black felt absorb day light. In summer, white ones reflect day light and 
cools the interior. Therefore, interior comfort and natural climatization is possible. 

 

 
6. CONCLUSION 

The Turkmen tent has been used for more than two thousand years and represents a significant part of Turk culture                                       
and lifestyle. Turkmen tents were preferred for years due to its many properties such as usage of natural and local                                       
material, being economic, light weight and ease of mantling and dismantling. In addition, Turkmen tents are energy                                 
efficient and sustainable structures since they have the abilities to increase interior air quality, have natural                               
insulation, climatisation, as well as natural and local material usage. For these reasons, Turkmen tents do not                                 
degrade the environment. 

 

 
REFERENCES: 
[1]. AHARON, A., 6 August 2005, http://www.turkotek.com/misc_00030/two-sided_asmalyk. htm (Download date: 27 October 

2014) 
[2]. Ancyclopaedia of Britannica, 27 October 2014, Altaic Languages, http://global.britannica.com/ EBchecked/topic/ 

17472/Altaic-languages (Download date: 27 October 2014) 
[3]. Ancyclopaedia of Britannica, 27 October 2014, Turkic People,  http://global.britannica.com/ EBchecked/topic/609972/ 

Turkicpeoples (Download date: 27 October 2014) 
[4]. Ancyclopaedia of Britannica, 27 October 2014, Turkmen http://global.britannica.com/ EBchecked/topic /610111/Turkmen 

(Download date: 27 October 2014) 
[5]. Central Intelligence Agency, 27 October 2014, https://www.cia.gov/library/publications/ 

the-world-factbook/geos/tx.html#People (Download date: 27 October 2014) 
[6]. DOĞAN, M., DOĞAN, C., 27 October 2014, Yörüklerin Hayat Tarzı, http://www.journals. 

istanbul.edu.tr/iusskd/article/viewFile/1023000482/1023000438 (Download date: 27 October 2014) 
[7]. KADEMOĞLU, O., Mayıs 1974, Yörüklerde Üç Direkli Karaçadır, http://dergi.mo.org.tr/ dergiler/4/469/6874.pdf 

(Download date: 27 October 2014) 
[8]. KAVAS, K., 2013, Mimariyi “Dokumak”: Anadolu – Batı Toros Göçerlerinde Çevre  Kültür İlişkisi, 

http://yayinlar.yesevi.edu.tr/files/article/644.pdf (Download date: 27 October 2014) 
 
[9]. SBB, 27 October 2014, 

http://www.sektorbilgibankasi.com/firma/7158/madran-kil-cadir-ve-kil-tarama-imalati/urun.goster_2509_kil-cadiri-ve-yoruk
-cadiri.html (Download date: 27 October 2014) 

[10]. SUMER, F., Oğuzlar (Türkmenler) Tarihleri Boy Teşkilatı Destanları, 1999, İstanbul  

[11]. The Metropolitan Museum of Art, 27 October 2014, http://www.metmuseum.org 
/learn/for-educators/publications-for-educators/~/media/Files/Learn/For%20Educators/ Publications %20for%20Educators/ 
Islamic%20Teacher%20Resource/Unit6.pdf (Download date: 27 October 2014) 

[12]. University of Michagan, 27 October 2014, http://www.umich.edu/~turkish/turkic.html (Download date: 27 October 2014) 

 
 
 
 
 
 

 

 



PARTICLE SWARM OPTIMIZATION 
APPROACH TO SOLVE SINGLE 

MACHINE TOTAL WEIGHTED 
TARDINESS PROBLEM WITH 

UNEQUAL RELEASE DATE
Serdar ÖZER

  Corresponding author: Trakya University, Technology Transfer Office, Edirne / Turkey, Turkey. 
serdarozer@trakya.edu.tr

Tarik ÇAKAR
Sakarya University, Engineering Faculty, Industrial Engineering Department, 54187 Esentepe Campus, 

Sakarya / TURKEY, tcakar@sakarya.edu.tr 

Abstract 
Real-world manufacturing systems are affected by various, which must be taken into consideration to obtain an effective 
schedule. Single machine total weighted tardiness problem (SMTWT) is a well-known strongly NP hard problem. This pa-
per is concerned with solving the single machine total weighted tardiness problem with unequal release date using Par-
ticle 6warm 2ptimi]ation �362�.  362 is one of the population based optimi]ation method, which never filters the solu-
tion alternatives. 3opulation members of 362 are called particles, each particle Àies in the search space with a velocity. 
PSO has been applied to SMTWT with unequal release date problem. To escape local minima Simulated Annealing (SA) 
method has been used, to help PSO algorithm. In this study groups of jobs have been generated using some parameters. 
FCFS, SPT, LPT, EDD, CR have been applied to generated problems. PSO has been applied to obtained solutions from 
FCFS, LPT, SPT, EDD, CR heuristics.  Through the analyses of experimental results, its highly effective performance 
with substantial margins in solution quality. 362 provides sufficient conditions for optimality in 607W7 problem with 
unequal release date. Also it is understandable form the results that EDD is the best heuristics for SMTWT problems. 
      
Keywords:  Particle Swarm Optimization, Total Weighted Tardiness Problem, Single Machine Scheduling 
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1. INTRODUCTION 

We study the single machine total weighted tardiness problem subject to unequal release dates. Particle swarm                               
optimization method which provides better solutions for a single machine total weighted tardiness problem with                             
unequal release dates, 1 | ri | ∑wiTi is presented. Despite the fact that costumer orders cannot reach simultaneously in                                       
daily life problems, according to the literature and the best of our knowledge we know that there is only one exact                                         
approach on the 1 | ri | ∑wiTi problem. Chu and Portmann [1] proposed in their paper that this problem could be                                           
simplified using corrected due dates, i.e. if rj +pj > dj then dj takes the value rj+pj. Jobs will be processed without                                           
interrupting on a single machine which can process only one job at a time. If job j is completed after due date dj, a                                               
tardiness penalty is exceeds for each time unit, thus Tj=max{0,(Cj-dj)}, where Cj and Tj are the completion time and                                     
the tardiness of the job j, respectively. The aim is to find a schedule minimizing the total weighted tardiness of all                                         
jobs given that any jobs cannot start processing before its release date. It is stated that the total tardiness problem with                                         
unequal release dates, 1 | ri | ∑wiTi is NP-hard by Rinnooy Kan [2]. In a paper of Lawler, the total weighted tardiness                                             
problem, 1|| ∑wiTi, has been shown strongly NP-hard, therefore the researchers know that unequal release date                               
problems are already strongly NP-hard. Solution methods based on enumeration have been proposed for both                             
weighted and unweighted situations when all jobs are initially present. Branch and bound (B&B) algorithms has been                                 
presented by Chu [3] and Dessouky and Deogun [4] to minimize total flow time, 1 | ri | ∑Fi, whereas Bianco and                                           
Ricciardelli [5] and Hariri and Potts [6] take into consideration the total weighted completion time problem, 1 | ri |                                       
∑wiCi. Potts and Van Wassenhove [7] has proposed a B&B algorithm for the minimization of the weighted number of                                     
late jobs.  
 
2. PARTICLE SWARM OPTIMIZATION (PSO) 
 
PSO is one of the latest evolutionary optimization techniques and it is based on the metaphor of social interaction an                                       
communication such as bird flocking and fish schooling. Since it is population – based and evolutionary in nature, the                                     
members in a PSO algorithm tend to follow the leader of the group, i.e., the one with the best performance. The                                         
details of PSO algorithm will be described in the following section. Although PSO is still new in evolutionary                                   
computation field, it has been applied to a wide a range of applications such as power and voltage control, optimal                                       
power flow design and task assignment problem [8][9][10].   
The following formula is used to construct the initial continuous position values of the particle:  
xij0 = xmin + (xmax  xmin ) * U(0,1) 
where xmin = 0.0, xmax = 4.0, and U(0,1) is a uniform random number between 0 and 1. Initial continuous velocities are                                           
generated by similar formula as follows: 
vij0 = vmin + (vmax   vmin ) * U(0,1) 
where vmin = 4.0, vmax  = 4.0 and U(0,1) is a uniform random number between 0 and 1.  
As the formulation of the SMTWT problem suggests that the objective is to minimize the total weighted tardiness, the                                     
fitness function value is the total weighted tardiness for the particle   of the population or swarm. That is, 
fik (Sik) =  ijTij∑

Q

j=1
w  

Where Sik is the corresponding sequence of particle Xik. For simplicity, fik (Sik) will be denoted as fik. The complete                               
computational flow of the PSO algorithm for the SMTWT problem can be summarized as follows: 
 
Step 1: Initialization 

● Set k = 0, m =  twice the number of dimensions 

● Generate m particles randomly as explained before, {Xi0 , i = 1,…,m} where Xi0 = [xi10,…..xin0]. 

● Generate initial velocities of particles randomly {Vi0 , i = 1,…,m} where Vi0 = [vi10,…..vin0]. 

● Apply the SPV rule to fmd the sequence Si0 = [si10,…..sin0]. of particle Xi0 for i = 1,……,m 

● Evaluate each particle i in the swarm using the objective function fi0 for i = 1,…..,m. 

● For each particle i in the swarm, set PBi0 = Xi0, where PBi0 = [pbi10 = xi10,……,pbin0 = xin0] along with its                                       
best fitness value, fipb = fi0 for i = 1,……,m. 



Particle Swarm Optimization Approach to Solve Single Machine Total Weighted Tardiness Problem With 
Unequal Release Date,    Serdar OZER and Tarik CAKAR 

 

● Find the hest fitness value fi0 = min {fi0} for i = 1,…….,m with its corresponding position X10. 

● Set global best to GB0 = X10  where GB0 = [gb1 = x1,1,……,gbn = x1,n ] with its fitness value fgb = f10  

Step 2: Update iteration counter 
k = k + 1 
Step 3: Update inertia weight 
wk = wk-1 * a where a is decrement factor.  
Step 4: Update velocity 
vijk  = wk-1vijk-1 + c1r1 (pbijk-1 – xijk-1) + c2r2 (gbk-1

j – xijk-1) 
Step 5: Update position 
Xijk = xijk-1 + vijk 
Step 6: Find Sequence 
Apply the SPV rule to find the sequence Sik = [si1k,………,sink] for i = 1,…….,m 
Step 7: Update personal best 
Each particle is evaluated by using its sequence to see if personal best will improve. That is, if fik < fpb for i = 1,…..,m,                                                 
then personal best is updated as PBik = Xik and fipb = fik for i = 1,…..,m  
Step 8: Update global best 
Find the minimum value of personal best. 
f1k = min {fipb} for I = 1,….,m 
if f1k < fgb, then the global best is updated as GBk = Xik and fgb = f1k 
Step 9: Stopping criterion 
If the number of iteration exceeds the maximum number of iteration, or maximum CPU time, then stop, otherwise go                                     
to step 2. 
 
The basic elements of PSO algorithm is summarized as follows: 
Particle: Xki denotes the ith particle in the swarm at iteration k and is represented by n number of dimensions as Xki                                           
=[ Xki1,.., Xkin] ,  where xi is the position value of  the ith particle with respect to the jth dimension ( j = 1 . . . , n ). 
Population: popk is the set of m particles in the swarm at iteration k,  i.e., popk = [Xk1,.., Xkm] 
Sequence: We introduce a new variable Sik, which is a sequence of jobs implied by the particle Xki . It can be                                           
described as Sik = [Si1k,.., Sink], where Sijk is the assignment of job j of the particle i in the processing order at iteration                                               
k with respect to the jth  dimension. 
Particle velocity: Vik is the velocity of particle i at iteration k. It can be defined as Vik = [Vi1k,... , Vink], where Vijk is                                                 
the velocity of particle i at  iteration k with respect to the jth dimension. 
Inertia weight: wk is a parameter to control the impact of the previous velocities on the current velocity. 
Personal best: PBik represents the best position of the particle i with the best fitness until iteration k. So, the best                                         
position associated with the best fitness value of the particle i obtained so far is called the personal best. For each                                         
particle in the swarm, PBik can be determined and updated at each iteration k. In a minimization problem with the                                       
objective function f(Sik) where Sik is the corresponding sequence of particle Xki , the personal best PBik of the ith                                       
particle is obtained such that f(Sik) <= f(Sik-1) where Sik is the corresponding sequence of personal best PBik and Sik-1                                       

is the corresponding sequence of personal best PBik-1. To simplify, we denote the fitness function of the personal best                                     
as fipb = f(Sik). For each particle, the personal best is defined as PBik =[pbi1k,…,pbink] where pbijk is the position value                                         
of the ith personal best with respect to the jth dimension. 
Global best: GBk denotes the best position of the globally best particle achieved so far in the whole swarm. For this                                         
reason, the global best can be obtained such that f(Sk) <= f(Sik) for i = 1,2,..,m where Sk is the corresponding                                         
sequence of global best GBk and Sik is the corresponding sequence of particle best PBik . To simplify, we denote the                                         
fitness function of the global best as fgb =f(Sk). The global best is then defined as GBk = [gb1k,...,gbnk] where gbik is                                           
the position value of the global best with respect to  the jth dimension. 
Termination criterion: It is a condition that the search process will be terminated. It might be a maximum number of                                       
iteration or maximum CPU time to terminate the search. 
 
Pseudo code of the PSO algorithm; 
Initialize parameters 
Initialize population 
Find sequence 
Evaluate 
Do; Find the personal best 

Find the global best 
Update velocity 
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Update position 
Find sequence 
Evaluate 
Apply local search (optional) 

While (Termination) 
 
Initial Population 
The first step to solve SMTWT using PSO algorithm is to define the initial coordinate and speed of PSO particle                                       
randomly xijo = xmin + (xmax – xmin )*U(0,1) where xmin = 0.0, xmax = 4.0 and U(0,1) is between o and 1 uniform random                                               
number. Similarly for the initial speed: vij0 = vmin + (vmax - vmin)*U(0,1) where is , vmin = -4.0, vmax = 4.0 and U(0,1)                                               
uniform random number. In this paper, PSO algorithm is prepared for 10 particle, while finding the initial value of 5                                       
of these particles, the sequences that are set up by the results of FCFS, SPT, EDD, LPT, CR algorithms is used, and 5                                             
particles of PSO algorithms is provided to start to work on this solution. 

 

 

 
3. EXPERIMENTAL DESIGN 
 
In this study, each SMTWT problem scheme was tested on a set of randomly generated data. We have tested                                     
problems with 50, 70 and 100 jobs, which were generated as: for each job i, pi, and wi were generated from two                                           
uniform distributions, [1, 10] and [1, 100] to create low or high variation, respectively. Here as stated early, pi and wi                                         
refers to an integer processing time and an integer weight, respectively. The proportional range of due dates (RDD)                                   
and average tardiness factor (TFF) were selected from the set {0.1, 0.3, 0.5, 0.7, 0.9}. di, an integer due date from the                                           
distribution [P(1-TF-RDD/2), P(1-TF+RDD/2)] was produced for each job i, here, P refers to total processing time.                               
Release dates are generated from a uniform distribution between 0 and µ∑pj. As summarized in Table 1, we                                   
considered and evaluated 1200 example sets and took 100 replications for each combination resulting among 120.000                               
randomly generated runs. 
   

Table1 Experimental design 
FACTORS  RANGE 

NUMBER OF JOBS  50-70-100 
PROCESSING TIME RANGE  [110], [1100] 
WEIGHT RANGE  [110], [1100] 
RDD   0.1  0.3  0.5  0.7  0.9 
TF  0.1  0.3  0.5  0.7  0.9 
µ   0.0  0.5  1.0  1.5 

 
Table 2. TWT Results of PSO algorithms 

PRIORITY 
RULES 

TOTAL 
WEIGHTED 
TARDINESS 

 
AFTER PSO 

Improvement 
(%) 

SPT-50  850712  801597  0.068 
EDD-50  1211347  968020  0.081 
LPT-50  1829357  1103658  0.096 
FCFS-50  1765308  989632  0.102 
CR50  1056978  856975  0.098 
SPT-70  965874  903658  0.072 
EDD-70  1569874  1125689  0.085 
LPT-70  1996352  1263254  0.099 
FCFS-70  1963247  1256987  0.115 
CR70  1205846  986321  0.121 

SPT-100  1102547  965742  0.089 
EDD-100  1695325  1012548  0.092 
LPT-100  2013657  1459862  0.136 

FCFS-100  2102356  1506941  0.133 
CR100  1358901  998754  0.119 
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Figure 1. Decreasing total weighted tardiness for an example problem using PSO 

 
Results show that PSO algorithm can improve the TWT for single machine. It can be seen in table 2. Also a                                         
particular problem how PSO works in a particular problem can be seen.   
 
4. CONCLUSION 
 
In this paper we presented a solution approach to Machine Total Weighted Tardiness Problem with unequal release                                 
dates (SMTWT). Results of the PSO algorithm show that SMTWT can be solved by using PSO algorithm. PSO can                                     
improve the results of some priority rules (EDD, SPT, LPT, FCFS, CR), which can be seen on the results. For further                                         
research, to solve SMTWT with unequal release date problem can be used a hybrid PSO system.  
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Abstract 
Due to the population growth and the quality improvement of people’s lives due to industrialization; the number of ve-
hicles in traffic is increasing rapidly in the developing cities. 7his situation causes air pollution originating from trans-
portation. 7ransportation�originated emissions of heavy metals are serious threats for the ecology and human health. 
Particles of heavy metals are released to the atmosphere from the vehicles because of the brake and tire wears, vehicle 
and road corrosion, oil leaNs and exhaust systems. 7hese pools of emissions on the roads are usually moved to different 
places by the effects of wind and rain. (specially, they seriously affect the water resources that are close to the highways. 
Sapanca Lake which is an important source of drinking water has two highways on both northern and south-
ern parts. 7he aim of this study is the annual investigation of emissions affecting the 6apanca /aNe. '���� high-
way and (��� 7(0 $natolian motorways are surround 6apanca /aNe� therefore their best sections to deter-
mine the effects of the roads were selected� and the traffic characteristics between ����� and ����� to next day 
were examined. 7otal monitoring period is �� hours. 7he vehicles that used these highways were classified as 
cars, buses, light duty vehicles, trucNs and motorcycles. 7he emission amounts were calculated for each ve-
hicle class by using &25I1$I5 �&233(57 III� emission factors �()� and fuel consumption per Nm �)&�.
      
Keywords: $ir pollution, transportation, traI¿c densit\, KeaY\ metal eIIect
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1. INTRODUCTION 

Today, factors such as rapid population growth, unguided urbanization, technological developments, unconscious use                         
of natural resources and industrialization have ruined the ecological balance and cause environmental pollution.                           
Environmental pollution-causing pollutant sources are classified as industry, warming and traffic. Increase of                         
environmental pollution, adversely affect the quality of water resources. Domestic, industrial and agricultural                         
wastewater discharged to surface water sources without purifying primarily cause the deterioration in water quality.                             
However, the number of vehicles used for the transportation needs of people and fossil fuels used for heating in                                     
residential areas also adversely affect the quality of water. 

Particulate matter (PM), nitrogen oxides (NOx), carbon monoxide (CO) and hydrocarbons (HC) are the primary                             
pollutants caused by motor vehicles. 

Traffic, according to the inventory of the EU15, is responsible for the 42% of total NOx emissions, 47% of total CO                                         
emissions and 18.4% of total PM emissions [1]. Apart from these pollutants, heavy metals are released to the                                   
atmosphere by vehicles such as lead (Pb), cadmium (Cd), nickel (Ni), copper (Cu), chromium (Cr), zinc (Zn). 

Traffic-borne heavy metals emissions both threaten human health and cause serious ecological problems. Motor                           
vehicles-borne pollutants exist as gas and particle in the atmosphere [2]. Heavy metals result from the brakes and tyre                                     
wear, transportation and road corrosion, oil spills and exhaust systems. Traffic-borne heavy metals emissions are                             
examined as exhaust and non-exhaust emissions in the studies. Many emission inventories, modeling studies have                             
been carried out to determine the deterioration of air and water quality caused by traffic, however, these studies has                                     
been in region scale. 

Traffic-borne emissions inventory is prepared in a study carried out in Italy and COPERT III model was used. CO,                                     
NMVOC SPECIES, PM and NOx emissions for the year 2001 is examined as 79, 520 tone, 11, 547 tone, 1867 tone                                         
and 19, 380 tone [3].  

Traffic-borne PM and heavy metals emissions (Pb, Cu, Cr, Se, Zn, Ni and Cd) between the years 1996-2001 are                                     
examined in a study carried out in India by using COPERT III model. The amount of heavy metals Cu and Zn has                                           
been largely high [4]. 

Kummer and his friends examined the heavy metals which are released through European road transport services.                               
They calculated the country-based exhaust and non-exhaust emission quantities by identifying the vehicles’ activities                           
and fuel consumption amounts [5]. 

Traffic-borne NOx concentration and in parallel, the heavy metal emissions are examined in a study carried out in                                   
Sweden by using COPERT III model. It is understood that Cu emissions results in 90% from brake wear and 90% of                                         
Ni emissions and 40% of Zn emissions result from exhaust [6]. 

Gunawardena and his friends examined the traffic-borne MN, Pb, Cu, Zn and Cr emissions sources and transportation                                 
routes [7]. Vehicles are counted on the selected routes for these types of studies and emission quantities are calculated                                     
by determining the emission factor from the literature. In our country, similar studies are carried out in order to                                     
determine the air pollution originated from regionalbased traffic [8].  

Traffic-borne air quality is identified in a university campus. Vehicles are classified in the study and identified                                 
according to the emission factors of 1 week, CO, NOx, VOC, SO2 and PM10 emissions respectively defined as                                   
54,1kg, 21,3kg, 7,6kg, 2,8kg and 1kg [2]. 

Air pollution resulted from the highway traffic in the city center is examined in a study carried out in Izmir. Vehicles                                         
are classified in the study and it is found out that CO. 108 tone, NOx 48 tone, and PM10 2 tone by using CORINAIR                                               
emission factors [9]. 

In a study carried out in Kocaeli, vehicle counts were made throughout the main roads between the years                                   
2003-2004-2006. With the help of the COPERT III model, PM emission was analyzed as 199 tons-155 tons-150 tons                                   
and NOx emission was analyzed as 3860 tons-4036 tons-4029 tons. The highest emission was analyzed in the                                 
highway [10]. 

During the studies carried out in Sakarya, roads were chosen according to the intensity of inner city traffic and vehicle                                       
counts were made between 08:00-22:00 and traffic characteristics were examined. CO, HC, NOx and PM emissions                               
were determined by using COPERT III emission factors [11, 12,13]. 

E-80 TEM Anatolian motorway and the D-100 highway which surround the Sapanca Lake, an important source of                                 
drinking water for Marmara region, should be examined in terms of road traffic intensity and emissions. 

Especially E-80 TEM Anatolian motorway is the most important highway of Turkey. For this reason, traffic-induced                               
air pollution which is affecting the Sapanca Lake should be examined. 
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Our aim in this study is determination the traffic density of roads that are surrounding the Sapanca Lake and                                     
examination the traffic-borne heavy metals that effect on the quality of water resources. The resulting data will                                 
provide an inventory of trafficborne exhaust emissions of heavy metals which can affect the lake. 

2. MATERIALS AND METHODS  

Since transport activities are not steady and involve variety of vehicles at different sizes and after-treatment                               
technologies, quantification of their emissions is a seriously difficult in Turkey.  

To quantify heavy metal emissions from E-80 motorway that has high traffic density and D-100 highway are                                 
surrounding Sapanca Lake, vehicle classification, making of vehicle counts on roads to determine real time traffic                               
density and calculation of traffic-borne emissions, respectively. Also, as can be seen from Figure 1, these roads too                                   
close to Sapanca Lake. So, these roads have a great importance for water quality of Sapanca Lake. As heavy metal                                       
emissions were determine, E24 road is parallel to E80 motorway is considered. 

 

 

Figure 1. Sapanca Lake and ıt’s surrounding roads 

2.1. Vehicle Classification 

Classification was based on vehicle class (busses, trucks, light duty vehicles, passenger cars, motorcycles), fuel, and                               
engine volume. These are the main specifications to determine Euro classification and emission factors of a vehicle. 

2.2. Making of Vehicle Counts on Roads to Determine Real Time Traffic Density 

The vehicles were monitored in the three roads are surrounding Sapanca Lake. The monitoring started at 08:00 and                                   
continued until 08:00 to next day. E-80 motorway and D-100 highway have a great importance in the road transport.                                     
Trucks are allowed to pass to road at certain times during the day. Therefore, 24-hours nonstop count was made                                     
manually to determine the number of reliable vehicles on all roads. 

2.3. Quantification of TrafficBorne Heavy Metal Emission  

Traffic-borne heavy metals consist of fuel consumption and tyre-brake wear. So, heavy metal emissions are divided                               
into exhaust emission (fuel consumption) and non-exhaust emissions (fuel evaporation, tyre and brake wear) [4, 5,                               
and 14]. In this work, heavy metal exhaust emissions were examined. 

The traffic-borne emissions are calculated by using the well-known Equation 1. The emission amounts are calculated                               
separately by using Equation 1 according to vehicle kilometers for each vehicle class. 

                                                                                                                                                       (1)F×AE = E    

E: Emission (gr)   

EF: Emission Factor (gr/km) 

A: Activity of Vehicle (km) 
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Heavy metal exhaust emissions occur depending on fuel consumption. Therefore, ıt needs to be known amount of fuel                                   
consumption. After determining fuel consumption and the activity of a vehicle class in E-80 motorway, E-24 road                                 
and D-100 highway. Emission amounts were calculated separately by using Equation 1.2 for each vehicle class. To                                 
determine vehicle activities, road lengths were calculated by using Google Earth and length of Sapanca Lake was                                 
considered. Vehicles were counted both one day in weekday and one day in weekend, it was calculated average daily                                     
number of vehicle for each vehicle class. 

                                                                                                                                                (2)F×A×FE = E  

E: Heavy Metal Emission (µg)  

EF: Heavy Metal Emission Factor (µg/kgfuel) 

FC: Fuel Consumption (gfuel/km) 

 

Heavy metal emission factors and fuel consumption per kilometer for each vehicle class were obtained from                               
CORINAIR (COPPERT III) [14]. 

Engine volumes that are used to determine the fuel consumption were determined according to the statistics of                                 
General Directorate of Highways and Turkish Statistical Institute [15]. Emission inventory was constituted by using                             
emission factors shows in Table 1. In the emission calculations, passenger cars and light duty vehicle were considered                                   
as 73% gasoline of passenger cars, 27% diesel of passenger cars and 50% gasoline and 50% diesel of light duty                                       
vehicles. 

3. RESULTS AND DISCUSSION 

3.1. Traffic Characteristics 

In order to satisfy a transport need of the people, there are various vehicles at different sizes with different                                     
technologies. Most of vehicles are their energy sources that are fossil fuels. Emissions such as NOx, PM, CO, HC and                                       
heavy metals occur from the combustion of fossil fuels. Also, these emissions emit to the ambient air depending on                                     
their engine technology The amount of the emissions is dependent on both engine technology, fuel consumption and                                 
activity of the vehicles. Transport activities of the people are dependent on their economic and social situations and                                   
there is no any easy way to determine these activities for every transport vehicle. 

Table 1. Heavy metal emission factors for all vehicle categories in µg/kg fuel 

Vehicle category  As  Cd  Cr  Cu  Hg  Ni  Pb  Se  Zn 

Passenger 
Car 

 

Gasoline  0,3 10,8 16 42 8,7 13 33,2 0,2 216
3 

Diesel  0,1 8,7 30 21,2 5,3 8,8 52,1 0,1 173
8 

Light Duty   
Vehicle 

 

Gasoline  0,3 10,8 16 42 8,7 13 33,2 0,2 216
3 

Diesel  0,1 8,7 30 21,2 5,3 8,8 52,1 0,1 173
8 

Bus  Diesel  0,1 8,7 30 21,2 5,3 8,8 52,1 0,1 173
8 

Truck  Diesel  0,1 8,7 30 21,2 5,3 8,8 52,1 0,1 173
8 

Motorcycle  Gasoline  0,3 10,8 16 42 8,7 13 33,2 0,2 216
3 

 

According to the results of 24-hours nonstop count; total number of vehicles for E-80 motorway, E-24 road and                                   
D-100 highway is 39159, 12330 and 18205, respectively. Figure 2 and 3 shows vehicle statistics in all roads. 49% of                                       
total vehicles are passenger car in E-80 motorway, 67% of total vehicles are passenger car in E-24 road and 51% of                                         
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total vehicles are passenger car in D-100 highway. Numbers of passenger car are 19326 in E-80 motorway, 8287 in                                     
E24 road and 9331 in D100 highway during all day. 

31% of total vehicles are truck in E-80 motorway, 7% of total vehicles are truck in E-24 road and 25% of total                                           
vehicles are truck in D-100 highway. Also, ıt’s seen that the number of motorcycles is too few in all roads.                                       
Percentages of the motorcycles are 0,00048%, 0,0052% and 1% in E-80 motorway , E-24 road and D-100 highway,                                   
respectively. Numbers of motorcycle are 19 in E-80 motorway, 65 in E-24 road and 91 in D-100 highway during all                                       
day. 

3.2. Emission İnventory 

Heavy metal exhaust emissions depend on fuel consumption. If vehicle activities increase, fuel consumption                           
increases, too. Consequently, a larger amount of emission emits to the ambient air. Heavy metals are trace elements,                                   
so these amounts are too few. Nevertheless, heavy metals have serious importance in terms of health. In this work,                                     
trafficborne heavy metal emissions were calculated for roads are surroundings Sapanca Lake. 

 

 

 

 

Figure 2. E80 Motorway and E24 Road vehicle statistics 

 

Figure 3. D100 Highway vehicle statistics 

 

Table 2 shows the annual heavy metal emission for E-80 motorway, E-24 road and D-100 highway. As heavy metal                                     
emissions are examined, Zn 95270,3 g/year and As 8,2 g/year and Se 6,7 g/year are least among heavy metals emit to                                         
the ambient air. Especially, Zn is extreme level for heavy metal pollution among the others. Their order of magnitude                                     
ranked as follows Zn˃Pb˃Cu˃Cr˃Ni˃Cd˃Hg˃As˃Se. Due to Zn and Pb are in fuel composition, among these emissions,                               
Zn and Pb contribute significantly to the ambient air. 
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Table :Q The amount of heavy metal emission for all roads in g/year 

Roads  As  Cd  Cr  Cu  Hg  Ni  Pb  Se  Zn 
E80 Motorway  4,8  296,1  848,1  848,9  197,6  316,3  1516,9  4,0  59186,6 

E24 Road  1,5  72,1  173,4  231,1  51,4  80,2  320,3  1,1  14415,7 

D100 Highway  2,0  108,4  287,8  327,4  74,6  118,0  521,7  1,6  21667,9 

Total amount 
8,2  476,5  1309,3  1407,4  323,6  514,6  2358,9  6,7  95270,3 

 

As can be seen clearly in Fıgure 4, E-80 motorway has higher traffic density than the others, has highest heavy metal                                         
emission amounts. The amounts of Cd, Ni, Cr and Cu emissions are 476,5 g/year, 514,6 g/year, 1309,3 g/year and                                     
1407,4 g/year, respectively. 

The percentages of heavy metal except Zn, As and Se shows in Figure 5. The highest emission percentages are Pb, Cu                                         
and Cr, respectively. 

 

 

 

 
Figure 4. Heavy metal amounts for all roads (g/year) 

 

 

Figure 5. Percentages of total heavy metal amounts except Zn, As and Se (g/year) 
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4. CONCLUSION 

Determination of pollutant loads of emissions by using emission factors, gives general information only. In our                               
country, there is no any work about emission factors that are used in examination of traffic-borne air pollution.                                   
Therefore, CORINAIR (COPPET III) emission factors were used in this work. Solely, it’s necessary constitution of                               
emission factors that accord with the conditions in Turkey. Moreover, emission factors that depend on traffic                               
activities and road properties have to constitute in regionalbased. 

Traffic activities are carried out with many different classes of vehicles and each vehicle class has its unique activity                                     
characteristics. So, traffic-borne emission quantifications must be based on real time activities of the vehicles.                             
Passenger cars and trucks are dominating in E-80 motorway with proportions of 49% and 31%, respectively.                               
Passenger cars are dominating in D-100 highway with proportions of 51%, trucks and light duty vehicles are 25% and                                     
22% of total vehicles in this road, respectively.  

While predicting traffic-borne emissions, vehicle activities have a profound effect on the emission predictions and, in                               
turn, it will have the same effect on air quality predictions. Therefore using real time vehicle activities have great                                     
importance for reliable emission quantification. 
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Abstract 
In this study, the use of nail particles as a new low-cost adsorbent for adsorption of methylene blue (MB) from solu-
tion has been researched. Methylene blue (MB) which may be originated from different industries such as textile, 
printing, paper etc. is widely used as a reference material of dye removal processes. The adsorption of dyes from the 
aqueous solutions has been investigated by several researchers on numerous adsorbents but the main issue is the 
cost along with the capacity of adsorbents for adsorption process. The purpose of this paper is to bring out a new 
alternative for low cost adsorbents. For this purpose MB adsorption on nail particles at different contact times, pH, 
adsorbent doses and initial MB concentration has been investigated. Obtained data from the adsorption studies MB 
using nail particles were applied to /angmuir and )reundlich isotherm models and correlation coefficients were indi-
cated.  The MB adsorption process was found in harmonious with Freundlich isotherm model according to high cor-
relation coefficient. &onsequently, it can be expressed that nail particles can be used as adsorbent for 0% adsorption.
      
Keywords: MB, adsorption, low cost, coiffeur waste
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water resources. Dye contaminated wastewater originated from various industries such as textile, paper, plastics,  

leather, cosmetic and paint is a major concern because of their hazardous effects on the water bodies and also people  

health. Among dyes MB is the most frequently used material in textile industry despite the harmful effects. 

Removing dyes from waste water is an important issue, thus many methods such as biological treatment [1],                                 

coagulationflocculation [2], flotation/ electrocoagulation [3], oxidation [4] and adsorption [5] have been used.  

The adsorption is the most preferred method because of efficiency, easy applicability and affordability. The other                               

factor that makes adsorption effective is selection of adsorbent. For this purpose, miscellaneous adsorbents such as fly                                 

ash [6], hair [7], tea leaves [8], eggshell [9], wheat straw [10], neem leaf powder [11], raw beech sawdust [12] and                                         

orange peel [13] have been used for adsorption of MB. 

In this paper, MB adsorption on nail particles at different contact times, pH, adsorbent doses and initial MB                                   

concentration has been investigated. Obtained data from the adsorption studies MB using nail particles were applied                               

to Langmuir and Freundlich isotherm models and correlation coefficients were indicated. The MB adsorption process                             

was found in harmonious with Freundlich isotherm model according to high correlation coefficient. 

2. MATERIALS AND METHODS 

2.1. Preparation of adsorbent 

Nail samples, obtained from a local barber’s shop, were washed with distilled water and was dried in oven at 400C                                       

for 24 hours. The dry samples were cut manually to the minimum possible size and the length varied from 1 to 3 mm. 

2.2. Experimental Studies 

The stock dye solution was prepared by dissolving required amount of MB in 1 litre of distilled water. The adsorption                                       

tests were carried out in a batch system by varying the pH, dose of adsorbent, contact time and initial concentration of                                         

dye. The study of the effect of pH was carried out by adding the dose of adsorbent to 75 mg and varying the pH from                                                 

3 to 11. The dose of adsorbent (75 mg) is placed into contact with an aqueous solution of MB and with an initial                                             

concentration ranging from 1 mg/L to 20 mg/L. Dye aqueous solutions at different concentrations with pH 7 were                                   

brought into contact with 75 mg of adsorbent for 2 hours at room temperature. After stirring time, the residual                                     

concentrations of MB were determined with an UV spectrophotometer, spectrophotometer (Hitachi, U-1800, Tokyo,                         

Japan) at a wavelength of 663 nm. The amount of adsorbed MB by adsorbent was calculated using the following                                     

formula [14]: 

 

                                                                                                                                                   (1)C )q = ( 0 −Ct m
V  

 

Where q is the amount of adsorption of MB per unit weight within adsorbent (mg/g), C0 is the initial concentration of                                         

MB solution (mg/L), Ce is the equilibrium concentration of the solutions (mg/L), V is the volume of solution (mL). 

 



An Adsorption Study of Methylene Blue from Aqueous Solution with a Low Cost Material  
Nur Ayaz, Rabia Koklu and Cigdem Ozer 

 

3. RESULS AND DISCUSSION 

3.1. Effect of pH 

To examine the effect of pH on MB adsorption onto nail particles, experiments were carried out at initial dye                                     

concentration of 10 mg/L, adsorbent dosage of 75 mg and equilibrium time of 120 min, and the results are shown in                                         

Fig. 1. The maximum uptake obtained at pH value of 11 which may be due to the electrostatic attraction between dye                                         

and adsorbent surface at high pH values. It is decided to continue at original pH value (pH =7) because of                                       

nonsignificant difference of adsorbed amount of MB between pH 7 and 11. 

 

 
Figure 1. Effect of initial pH on the removal of methylene blue 

3.2. Effect of Initial MB Concentration 

The effect of different initial MB concentrations on adsorption process was analysed with the range of concentrations                                 

from 1 to 20 mg/L, adsorbent dosage of 75 mg and equilibrium time of 120 min and shown in Fig. 2. 

 

 
Figure 2. Effect of initial dye concentration on the removal of MB 
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3.3. Effect of Contact Time 

Effect of contact time for the adsorption of MB on the nail particles at initial concentration of 10 mg/L with the                                         

adsorbent dose of 75 mg was investigated up to 8 hours. As seen from Fig. 3 the slight changes were observed for the                                             

uptake of MB from 2 to 8 hours. Therefore the equilibrium time of MB adsorption on nail particles found to be 2                                           

hours.  

 

 
Figure 3. Effect of contact time on the removal of MB 

 

 

3.4. Effect of Adsorbent Dosage 

The adsorbent dosage has an important role in the adsorption and in the percentage of removal. The adsorption of MB                                       

onto nail particles was practiced by varying adsorbent dosage (50–150 mg) while keeping the initial MB                               

concentration at 10 mg/L for 120 min (Fig.4.). The MB adsorption capacity of nail particles decreased with increasing                                   

adsorbent amount. Maximum adsorption percentage was obtained at 75 mg adsorbent dosage (Fig.5.). 
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Figure 4. Effect of adsorbent dosage on the removal of MB 

 

 
Figure 5. MB adsorption percentage versus adsorbent dosage 

3.5. Adsorption Isotherm 

The Langmuir and Freundlich equations are in common use for describing adsorption isotherms for water and                               

wastewater treatment applications. In this study, adsorption isotherms were analysed according to the linear form of                               

the Langmuir and Freundlich isotherms. The experimental data were well described by the Freundlich isotherm model                               

with high correlation coefficient (R2=0,96). The Freundlich adsorption isotherm represents the relationship between                         

the amount of dye adsorbed per unit mass of the adsorbent qe and the concentration of the dye in solution at                                         

equilibrium. The Freundlich adsorption isotherm and its linearized form are described with following equations [14]: 

 

qe = KF Ce1/n                                                                                                                                                                   (2) 
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log qe = log KF + (1/n) log Ce                                                                                                                                        (3) 
 

Where, qe is adsorbed MB by per unit mass of the adsorbent and Ce is the concentration of MB at equilibrium. 

 
Figure 6. Freundlich isotherm plots of MB adsorption on nail particles 

4. CONCLUTIONS 

In this study, the ability of coiffeur waste to adsorb MB has been investigated and has been shown that nail particles                                         

can be used as an affordable adsorbent for Methylene Blue adsorption. Nail particles has been used without any                                   

activation procedure being applied. Nevertheless, adsorption percentage has been obtained to be 46%. The obtained                             

results show that when the activation process applied to the nail particles higher yields can be obtained. Therefore,                                   

this situation will be considered in planning future studies. 
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Abstract 
In scope of this study, we investigated one-dimensional transient hyperbolic heat conduction problem of thick walled hol-
low cylinders made of isotropic and homogeneous materials.  As is well known, it is important to know temperature dis-
tribution more accurately to determine the effects on the system due to thermal loading. In order to correctly predict the 
transient temperature distribution for hollow cylinders we employ a numerical method called Durbin’s Inverse Laplace 
Transform technique. By using this method, the analytical solution of the differential equations in the Laplace domain are 
converted in an accurate manner to their corresponding numerical values in the time domain. The temperature distribu-
tion through the radial coordinate for different thermal relaxation time values are demonstrated in non-dimensional form.
      
Keywords: Durbin’s method, Inverse Laplace transform, Non-Fourier heat conduction, One-Dimensional heat 
problem, Transient hyperbolic heat conduction



1. INTRODUCTION 

Heat conduction analysis of some kind of structures is of great importance, as they are used as thermal shields.                                     
Temperature gradients cause thermal stresses that may result in crack growth and eventually fracture of the structure.                                 
Hence, to design a reliable material structure working under severe thermal loadings, it is crucial to know the                                   
temperature distribution within it. For instance a material composition called Functionally Graded Material (FGM) is                             
applied for cases in which high thermal properties are required. 

As is well known, Fourier heat conduction theory cannot accurately fully explain the conduction of heat caused by                                   
highly varying thermal loading such as thermal shock [1]. To better explain heat conduction in solids, non-Fourier                                 
heat conduction theories have been developed. One of the tough non-Fourier theories is hyperbolic heat conduction                               
theory which accounts for the finite speed of thermal energy propagation by introducing a new material property is                                   
called thermal relaxation time. Thermal relaxation time is the time that the temperature field needs to adjust itself to                                     
thermal disturbances. This theory is called hyperbolic heat conduction because it results in a hyperbolic differential                               
equation for temperature rather than the parabolic one obtained using Fourier’s law.  

Although there are a mass of studies on the Fourier heat conduction in FGMs and Fourier heat conduction in                                     
homogenous materials, the number of the studies on the hyperbolic heat conduction is limited. 

Jabbari et al. [2] developed a general analysis of one-dimensional steady-state thermal stresses in a hollow thick                                 
cylinder made of FGM. The temperature distribution is assumed to be a function of radius, and the direct method is                                       
used to solve the heat conduction equations derived from Navier equations. Ootao and Tanigawa [3] studied a                                 
theoretical treatment of transient thermoelastic problem involving a functionally graded hollow cylinder due to                           
uniform heat supply. The transient onedimensional temperature is analyzed by the method of Laplace transformation. 

Babaei and Chen [4] first worked out the transient hyperbolic heat conduction in a functionally graded hollow sphere,                                   
and then they investigated the hyperbolic heat conduction in a functionally graded hollow cylinder [5].  

Guo and Noda [6] studied the thermal stresses of a thin cylindrical shell subjected to a thermal shock and made of a                                           
functionally graded material (FGM) are studied. The problem studied for a FGM cylindrical shell is reduced to a                                   
plane problem. A perturbation method is used to solve the thermal diffusion equation for FGMs with general thermal                                   
properties. Then, the transient thermal stresses are obtained. The results show that the thermal shock is much easier to                                     
result in failure than the steady thermal loading.  

Another study in one-dimensional form is presented by Akbarzadeh and Chen [7]. They investigated both transient                               
and steady-state heat conduction of FGM cylinders in dual-phase lag using semi-analytical solutions for                           
parabolic-type, hyperbolic and also classical Fourier model. Their demonstrations indicate the relations among the                           
phase lag of heat flux, the thermal wave speed and the transient temperature.  

The purpose of the present study is to determine numerically in an accurate manner the temperature distribution of a                                     
thick-walled hollow cylinder due to varying thermal relaxation time values. Durbin’s Inverse Method is employed to                               
transform the problem in Laplace domain to the time domain. The method is also satisfied with a test function.  

2. THE GOVERNING EQUATIONS 

When the cylinder is infinitely long, end effects can be ignored. Pekel [8] studied the hyperbolic heat conduction                                   
problem of infinitely long and thick-walled cylinder made of FGM materials with the assumption that all material                                 
properties are a function of radial coordinate except Poisson’s ratio. From this study, for a special case, the hyperbolic                                     
heat conduction equation of hollow thick-walled cylinders made of homogeneous and isotropic materials is rewritten                             
as follows. 

 

(2.1
) 

where is the temperature, is the radial coordinate measured from the center of the hollow cylinder,                                     

is the thermal diffusivity, is the thermal conductivity, is the density, is the specific heat, is the time,                                           

and is the thermal relaxation time. In equation (2.1) it is assumed that there is no heat generation in the cylinder.                                          
Introducing the following dimensionless variables 



 

(2.2) 

where is the radius at the outer surface, the temperature at the outer wall and is the ambient                                       
temperature. 

Hence, the equation (2.1) takes the following dimensionless form: 

 
(2.3) 

Laplace transform of equation (2.3) is 

 
(2.4) 

where “~” refers to the quantity in Laplace domain, and   is the Laplace parameter.  
Equation (2.4.) the second degree non-homogeneous differential equation in Laplace domain, govern the temperature                           
behavior of the cylinder made of the isotropic and homogeneous material in the hyperbolic heat conduction. In this                                   
study this equation is solved in a closed form by using Mathematica’s build-in functions to investigate the                                 

temperature history along the radial coordinate,  , by using the following boundary conditions. 

 

(2.5) 

The solution of the temperature distribution in the Laplace domain is obtained in terms of Bessel’s functions [9] and                                     
hypergeometric function as follows.   

 
(2.6) 

where  

 

(2.7) 

In this study, the analytical solution given in equation (2.7) in the Laplace domain is transformed into the numerical                                     
solution in the real domain by using Durbin’s inverse method. 



3. THE DURBIN’S INVERSE METHOD 

The Laplace transform of a real function  with   for  is 

 
(3.1) 

Its inversion formula is defined by 

 
(3.2) 

where is the Laplace parameter and is an arbitrary real number greater than the real parts of all the                                         

singularities of  .  

  (3.3) 

Since it is difficult to get analytically the inverse Laplace transformation for a complicated function, some numerical                                 
methods is used to obtain an approximate solution. Therefore numbers of numerical inversion methods have been                               
developed and tested to demonstrate the simplicity and the accuracy for typical functions. Some of them are treated                                   
Fourier series approximations. Fourier series were first employed by Dubner and Abate [10] for the numerical                               
inversion of Laplace transforms. Durbin improved the method in 1974 [11] and derived the approximation formula                               

over the interval  . 

 

(3.4) 

where represents the discretization errors in the Durbin’s Fourier’s expansion formula. Hence, by taking                               

finite number of terms in the infinite series in equation (3.4.), the estimated value of comes to the following                                       
formula. 

 

(3.5) 

That is  

  (3.6) 

where represents the truncation errors in the approximation. It is proved that the discretization error is much                                   
smaller than the truncation errors. 



In equation (3.5.) the choice of the parameters and is somewhat arbitrary. It is generally recommended that                                   

and . The choice of those free constrains is very important for minimizing both                             

discretization and truncation errors in the computation of in the real-time domain. The dependence of the                                 
discretization and truncation errors on the free parameters is the biggest disadvantage of Durbin’s method. By a                                 
suitable choice of these parameters the discretization error becomes arbitrarily small, but at the same time the                                 
truncation error grows to infinity and vice versa. 

Durbin’s approximation formula for the interval with the Lanczos factor may also be used in the                                   
following form [12]. 

 

 

(3.7) 

where  gives the   Laplace parameter,   is the time increment, and   is the solution interval. 

 

 

(3.8) 

4. SOLUTIONS 

4.1. Test Function 

To verify the numerical results of the algorithm devised in this study based on the Durbin’s approach, the following                                     
function in the Laplace domain is considered. 

 
(4.1.) 

Its corresponding solution in the time domain is given analytically as follows 

 
(4.2.) 

Figure 1 shows the comparison of both the analytical and present numerical solutions. Here is from 0 to 10 with                                         

0.5 increments ( ). Table 1 presents the relative percentage errors between the analytical and numerical                             
results. 

 



 
Figure 1. Comparison of analytical and numerical results 

 
 

Table 1. Relative errors for some points 
 
Time  Analytical Result  Numerical Result  Percentage Error 
1.3  0.335254  0.33985  1.370793 
2.8  2.251547  2.24194  -0.42668 
5.2  -2.43359  -2.45294  0.795143 
6.7  -16.4301  -16.3439  -0.52485 
9.8  70.97771  70.7509  -0.31955 

 

4.2. Homogeneous and Isotropic Cylinder 

Now, it’s time to get the real-time the temperature distribution of the hollow cylinder made of homogeneous and                                   
isotropic material by considering equation (2.6). The dimensionless temperature distribution through the wall                         

thickness is presented in Figure 1. using three different dimensionless times as and . The                             

dimensionless time almost corresponds to the steady state case. These results are agreed well with the                                 
results in the study in reference [5]. 

 

Figure 1. Temperature distribution along the wall thickness  

 



 

The Figure 2 illustrates the temperature history in the middle of the thickness of the wall. Effect of thermal relaxation                                       
time on the nondimensional temperature for a homogeneous cylinder is also shown in the same figure.  

These curves have almost similar character of Jiang’s curves [1]. As seen from this figure, the temperature in the                                     
hollow cylinder gradually approaches the final thermal equilibrium value. For larger thermal relaxation time, the                             
temperature waves have similar appearance, whereas the amplitudes of temperature variation are clearly different. 

 
Figure 2. Temperature distribution in the middle of the cylinder  

5. CONCLUSION 

The present study handled the transient temperature behavior of the thick-walled hollow homogeneous cylinders                           
under the constant temperatures on the boundary surfaces by both analytical and numerical manner. At first,                               
one-dimensional heat conduction problem in a hollow cylinder is solved analytically in the Laplace domain response                               
with the Bessel’s functions and hypergeometric function. After that Durbin’s Inverse Method is employed to obtain                               
the real time response of the cylinder.  

The findings show that the temperature amplitudes increases with the higher thermal relaxation time values. It’s                               
understood that when hyperbolic heat conduction theory is employed, the temperature field demands a finite amount                               
of time to adjust to thermal disturbances. 
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Abstract 
In this study, 7he 7riÀuralin herbicide active ingredient, sold under the trade name ³7efralin ���´ was, supplied by 
an agricultural products shop and applied to the sunÀower agricultural field in .irNlareli &ity at 7hrace region, with 
concentration of ���ml�����m�. 7his herbicide contains ��� gr/�� of 7riÀuralin. (xperiments were conducted on soil 
samples obtained from farming areas around the city of .irNlareli and the maMority of farms selected from the area 
have been cultivating sunÀower and wheat for several years. $ll samples were collected randomly from the top �±�� 
cm of soil following the standard procedure about � months and stored in glass vessels at an ambient temperature.
$ccording to the field study results, 7riÀuralin could be decreased to ��� and this shows that 7riÀura�
lin can be stay in the soil for long time. 7riÀuralin¶s stability in spring and summer months is faster than au�
tumn months because of the low irrigation effect and sunÀowers phytoremediation capacity and other effects 
such climate conditions and soil properties. In 6eptember and 2ctober, removal rate is more slow than summer. 
      
Keywords: 7riÀuralin� sunÀower� herbicide� active ingredient
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1. INTRODUCTION 

Herbicides are used intensively in Turkish sunflower agriculture, with Trifluralin                   
(α,α,α-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine) being used on almost all sunflower fields in Turkey since the                       
1970s [1]. Trifularin keeps the crops free from weeds in the early stages by controlling annual grass weeds and certain                                       
small-seeded broad-leaved weeds. The average half-life of Trifluralin in the field is 45 days in most soils, and less                                     
than 10 percent of applied Trifluralin remains one year after application [2]. In a soil used for the disposal of various                                         
pesticides (Diuron, Trifluralin, Carbofuran), only Trifluralin could still be detected after many years [3,4]. 

2. MATERIAL and METHOD 

2.1. Chemicals and Reagents 

The Trifluralin herbicide active ingredient, sold under the trade name “Tefralin”, was supplied by an agricultural                               
products shop. This herbicide contains 480 gr L-1 of Trifluralin. Trifluralin standard was supplied by Sigma Aldrich                                 
as a yellow powder with 99.9 percent purity from Dr. Ehrenstorfer GmbH Co. Acetone and hexane were obtained                                   
from Merck. All used chemicals were of GC grade. Analytical standards for GC calibration in the range of 0.1-100                                     
mg/L were prepared from methanol of the working standard solution. 

2.2. Soil Sample Collection 

Experiments conducted on soil samples obtained from farming areas around the city of Kirklareli and the majority of                                   
farms selected from the area have been cultivating sunflower and wheat for several years. All samples were collected                                   
randomly from the top 0–20 cm of soil following the standard procedure and stored in glass vessels at an ambient                                       
temperature [5] The soil samples were analyzed at the Trakya Agricultural Research Institute, and their properties are                                 
listed in Table 1. 

 

Table 1. Characteristics of soil samples used in study 

PARAMETER 
VALU

E 

Depth, cm  0-20 

pH in water  6.5 

Organic carbon, %  2.1 

Clay, %  62 

Sand, %  32 

Silt, %  5 

Moisture Content, 

% 
21 

 

10-gram soil samples taken over 6 months from agricultural field were taken and mixed with anhydrous sodium                                 
sulphate to form a free-flowing powder. The samples was extracted with solvent once using ultrasonic extraction [6],                                 
and a portion of the extract was collected for cleanup and was analyzed. In order to determine the percent dry weight,                                         
a separate portion of the sample was weighed out at the same time as the portion used for analytical determination.                                       
Immediately after weighing the sample aliquot to be extracted, 10 g aliquot of the sample was measured out into a                                       
tared crucible. This aliquot was dried overnight at 105oC and allowed to cool in a desiccator before weighing,                                   
although this oven-dried aliquot was not used for the extraction. The percent dry weight was calculated as follows:                                   
approximately 10 g of the sample was weighed into a 200 ml beaker, and 1.0 ml of matrix spiking and surrogate                                         
spiking solutions were added to each sample. The sample was scanned ultrasonically twice for 30 min with 50 ml of                                       
the extraction solvent mixture (50% acetone and 50% Hexane for GC analyses). The extract decant was filtered                                 
through Whatman No.41 filter paper using a Buchner funnel. The aliquot of the sample was placed into a concentrator                                     
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tube in a warm bath and evaporated to 1 ml volume using a gentle stream of clean, dry nitrogen, after which it was                                             
analyzed.  

 

The internal wall of the concentrator tube was rinsed several times with solvent during concentration. The extract then                                   
was analyzed for the target analyses using the EPA 8081B method over six months [7]. 

 

2.3. Iınstruments 

Perkin Elmer Clarus 500 gas chromatograph used for carrying out the quantification of Trifluralin, and the oven                                 
temperature program used during the analysis was 70oC (2 min), 25oC/min to 145oC, 3oC/min to 190oC, and finally 5                                     
min hold at 190oC. Trifluralin was detected using an electron capture detector (ECD), The total oven program was 25                                     
minutes. The inlet temperature was kept at 250oC and the detector temperature at 320oC. and a capillary column of                                     
HP-5MS, 30 m x 0.25 mm x 0.25 µm, was used in the equipment.. The make-up gas was ultra pure nitrogen at 30                                             
ml/min flow and the carrier gas was ultra pure helium (He) at 1.2 ml/min flow. Five standards were prepared with                                       
concentrations of between 1 and 50 ng/µl for the calibration process. Stability was checked with the medium                                 
standard after each 10 sample injection. The average determination coefficient value of the calibration curve (R2) was                                 
0.999. 

 

In order to determine the recovery efficiency, all samples were spiked with surrogate and internal standards with                                 
tetrachloro-m-xylene (TMCX) used as the surrogate standard. The surrogate standard was spiked to the sample prior                               
to extraction.. Average recovery efficiency was 86 percent. Quintozene was used as the internal standard, and was                                 
spiked just before capping the chromatography vials. Any sample concentrations falling below the LOD value were                               
ignored. The limit of detection (LOD) values were calculated for each congener as average blank concentrations plus                                 
three times the standard deviations Blank samples were corrected for each set of analysis, and all results were blank                                     
corrected. 

3. RESULTS and DISCUSSION 

Removal rate of Trifluralin according to taken the results from GCECD over 6 months is given in figure 1. 

 

 

Figure 1. Removal rate of Trifluralin in natural period 
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4. CONCLUSION 

According to the field study results, Trifluralin amount in 6 months from application date (April 2012), to October                                   
2012, could be decreased to %43 and this shows that Trifluralin can be stay in the soil still 6 months period. In the                                             
summer season, removal rate is faster than autumn season. This rate is about %20. This means, Trifluralin can                                   
effected from sunlight, microorganism activity in soil and climate conditions. At the irrigation season of September                               
and October months,Trifluralins removal rate is a bit slower. According to the Scientists studied with Trifluralin,                               
amount of Trifluralin in soils is related to soil characteristics, adsorbtion-desorbtion properties of soil, crop types and                                 
pest types in the field, climateeffects such sunlight, bioremediation, irrigation, humidity or other effects as application                               
concantration and methods, slope of field etc. 
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Abstract 
Drilling and blasting techniques are commonly used in mining operation, dam, highway and tunnel construction. Some 
application need to controlled blasting techniques due to hazard of blasting. Also, controlled blasting techniques may 
positively contribute to economy in some project. In this study, presplitting blasting operations which is a controlled 
blasting technique and applied to $pa�+otamÕúIrrÕgation &hannel �$+I� proMect were evaluated. 7echnical parameters 
such as explosive types, blasting method and drilling design were investigated and presented. Also, case study of costac 
countfor 100 meter lenghtand 45 meter widht of their igation channel construction were calculated and presented. 
      
Keywords: Controlled blasting, Irrigation channel, Presplitting blasting
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1. INTRODUCTION 

Explosive are commonly used in mining operation, dam, highway and tunnel construction. Excavation with blasting                             
operation is the most economic and effective methods for production of raw materials and loosen of rock units. In the                                       
result of the mining activities, dam, highway and tunnel construction done by using blasting activity, some problems                                 
may be occur which negatively effect to construction project and rock loosen process. In this type projects, controlled                                   
blasting tecniques are used to avoid from excessive excavation and protection of main rock strenght except                               
excavation section.  
Controlled blasting is defined as general name of special blasting methods improved to avoid from the risk of mining,                                     
dam, channel and highway blasting [1]. Contour balasting teqhniques have classified as line drilling, cushion blasting,                               
smooth blasting and presplitting [2]. Researchers [3], [4], [5] indicated that controlled blasting effect to excavation                               
quality and economy. Also; blasting induced some problems such as rock slope, overbreak may be prevented with                                 
controlled blasting techniques. Excessive excavation lead to financial loss and time loss. In this states, expensive                               
concrete materials replaced to overbreak. Incremental cost is an undesirable status in excavation operations.                           
Geological factors directly effect to blasting achievement [6]. Thus, controlled blasting techniques must be used in                               
special design such as channel, tunnel etc. In this study, Apa-Hotamış region in Konya-Turkey was selected for                                 
investigation and evaluation. This Project is called as AHI. 
In this project, excavation operation have been continued with drilling and blasting method. Drilling and blasting                                 

have been carried out with presplitting that is a controlled blasting technique. Technical parameters of blasting such                                 
as explosive types, blasting method and drilling design were investigated and presented. Also, a case cost account                                 
were calculated for a specific circumstance. �

2. GEOLOGICAL SETTING OF AHI PROJECT 

Project area is located Konya city in Turkey. Konya is located at the center of Anatolian peninsula and due to its                                         
economic activities; it has been expanded in last 20 years to reach around a million populations. Apa-Hotamış                                 
transmission (AHI) channel construction is located east of the Çumra town and continue among the                             
Kuşça-Apasaraycık-Dineksaray-Yenisu-Yörükcamili-Kosoba-Ortaoba-SüleymanhacılıAdakale villages   (Fig.1). 
The total lenght of the AHI channel is about 135 km and cahannel widht is about 45 m. AHI channel will be used                                             
both irrigation and derivation. Numerious geological units are seen along the AHI project route. These units may be                                   
classified as Ardıçlı formation, Geyikdağı formation, Belkuyu formation, Bozkır formation, Kozludere formation.                       
Main rocks where excavation operation with blasting was carried out are generally limestone, dolomitic limestone,                             
sandstone and some volcanics such as andesite, dasite, gabbro [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. ApaHotamış transmission (AHI) channel construction route 
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3. PRESPLITTING BLASTING 

Presplitting blasting is the most successful and widely adopted controlled blasting method. Main aim of presplitting                               
method is creating an artificial line (Figure 2). Thus, over breaking of main rock is avoided. In this method,                                     
presplitting hole is exactly drilled at the end of production holes and hole diameters should generally be 30-120 mm                                     
and should not be used stemming [2]. The spacing between holes varies between 10 to 20 times the hole diameter. 

 

 

 

  

Figure 2. Hole paths left by presplitting 

 

Additionaly; Presplitting blasting method has some advantages with regard to reduction of blast induced                           
environmental effects. One of the most important of these advantages is blast induced vibration waves. Presplitting                               
plane forming after the blasting prevent to propagation of vibration waves [1], [8]. Equations can be used in order to                                       
prepare a presplittting blasting plan for calculation of charge and distance of presplitting hole [9].   

 
 D=8.25 * 10-5 * d2 (1) 
 
D : Explosive amount for per meter, (kg/m) 
d : Hole diameter, (mm) 
 
S=10 or 12 * d (2) 
 
S : Spacing between presplitting holes, (mm) 

4. DRILLING AND BLASTING PROCESS 

Drilling process have been carried out with drilling machine (Figure 3). Blastholes diameter drilled 89 mm diameter                                 
and blastholes depth arranged according to channel section in the project. Also, blastholes drilled 80 degree angle. 

 

 

 

   

 

Figure 3. Drilling machine 
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The main concern of this project is building an irrigation channel with correct section under controlled blasting                                 
action. Blastings were also used to obtain homogeneous fragmentation for easy excavation and loading. Therefore                             
their blasting design had been performed to obtain suitable excavation section and minimum environmental effect                             
such as vibration and airblast. The main explosive material used for production blasting in project is ANFO (Figure                                   
4a). For detonation purposes, gelatine dynamite (Figure 4b) and its capsule (Figure 4c). Explosives used for                               
presplitting blasting are only gelatin dynamite. Connection between presplitting holes were provided with detonating                           
cord. The waste materials obtained from drilling process were used in production holes as stemming. However, in                                 
presplitting holes, stemming were not used.  

 

 

(a)                                                   (b)                                                    (c) 

Figure 4. The main blasting materials 

 

Rock blasting parameters in the project has the following common characteristics; 

 

Distance between presplitting holes : 0.91 m 

Distance between production holes : 3 m 

Blasthole diameter : 89 mm 

Blasthole length, depth : 66.5 m 

Production holes : 150 

Presplitting holes : 356 

Delay time : NonDelay  

5. PRESPLITTING APPLICATION AND COST CALCULATION 

Presplitting is a controlled blasting technique with applications in mining and various construction projects. The main                               
objectives of pre-splitting applications are preventing excessive break in main rock and controlling excessive ground                             
vibrations induced production blasting. This technique is especially effective in excessive break control through                           
providing a separating surface between the main rock and production blasting. Thus, excessive excavation may be                               
avoided with this technique. An illustrate presplitting and production blasting pattern adopted in some parts of this                                 
project and its results was presented in Figure 5. 
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Figure 5. Presplitting and production blasting pattern 
 

As seen in Figure 5, both presplitting and production blastholes were seperately detonated from each other. In other                                   
words each blasting holes group were detonated with different electric detonator (Number:0-2-4-6-8-10-12). Thus                         
presplitting holes detonated first and then production holes detonated from inside to outside. In the result of the                                   
blasting, loosen rocks split off along a line and it became easly excavability (Figure 6).  

 

 

 

 

 

 

 

 

Figure 6. Artificial line formed after blasting and loosen rocks 
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Excavability is very important parameter for rock units. In mining and construction projects, excavation cost                             
determines to total costs most of times. Blasting technique is one of the most important and economic method applied                                     
for reduction of excavation cost. Excavation working which is outside of the plan lead to time loss and hidden cost.                                       
As seen Figure 6, artificial line formed after blasting determines to irrigation channel section (Figure 7). Also, it                                   
avoids to excessive excavation. 

 

Figure 7. Irrigation channel section 

 

A case cost study was given fort his study. Under condutions given in Figure 5, the cost account for 100 meter lenght                                           
(B-BI) and 45 meter widht (A-AI) of the irrigation channel construction were calculated. According to this                               
cicumstance, 

 

Total production holes : 462 

Gelatin dynamite amount per production holes : 0.5 kg 

Total gelatin dynamite amount for production holes : 627*0.5=231 kg 

ANFO amount per production holes :17.5 kg 

Total ANFO amount for production holes :17.5*462=8085 kg 

Total presplitting holes : 200 

Gelatin dynamite amount per presplitting holes : 5  

Total gelatin dynamite amount for presplitting holes : 5*0.5*200=500 kg 

Total explosive amount :8085 kg ANFO 

                                                                                                                731 kg Gelatin dynamite 

Detonating cord for a line of production holes connections  : 100m 

Total detonating cord for all production holes connections                 : 100x14= 1400 m 

Detonating cord per presplitting holes : 7 m 

Detonating cord for presplitting holes : 7*200=1400 m 

Detonating cord for surface connection : 200 m 

Total detonating cord : 1400+1400+200=3500 m 

Total electric detonator : 16 

Nondelay detonator : 462  

Electrical conduction cord : 500 m  
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When the total materials used in case study were multiplied by the unit price, total cost calculated asabuto 8520 ABD                                       
dollars. 

 

 

 

6. CONCLUSION 

 

Controlled blasting techniques are commonly used in mining, tunnel, dam and special construction projects.                           
Presplitting blasting is one of the very important controlled tecnique. This method has great success if blasting pattern                                   
is selected suitable. The formation is an important parameter for success of blasting. Also, this tecnique is cost                                   
effective method specially in hard rocks.  

Presplitting blasting applied at AHI Project is very important in terms of contractor company. The main objectives of                                   
presplitting applications in this project are preventing excessive excavation cost and appropriate channel construction                           
section.  

Some conclusions based on the present case calculation and evaluations can be summarized as below.  

• Excavation section forming after presplitting blasting provide convenience to concreting operations. 

• Time loss and financial loss can largely be avoided. 

• Excavation costs arised from excessive excavation were reduced as depanding on presplitting blasting.                         
Also, excavation rate was positively affected.  

• Blast induced environmental effect are very important problem specially near to residential area. Artificial                           
line forming after presplitting blasting largely prevent to these effects. 
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Abstract 
$clonifen has been used almost in all sunÀower fields in 7hrace region since ����s. 0icrobial degradation, photode-
gredation, irrigation effect, adsorbtion�desorbtion mechanism, soil character, humidity, soil temperature are an impor-
tant mechanism controlling the fate of pesticides in soils and is generally considered to be desirable both from an envi-
ronmental as well agricultural perspective. In this study, 7he $clonifen herbicide, sold under the trade name ³&heNic 
���´ was, supplied by an agricultural products shop and applied to the sunÀower agricultural field in .irNlareli &ity 
at 7hrace region, with concentration of ���ml�����m�. 7his herbicide contains ��� gr/�� of $clonifen. (xperiments 
were done on soil samples obtained from farming areas around the .irNlareli &ity. 7he maMority of the farms selected 
in the area have been cultivating sunÀower and wheat for several years. $ll samples were collected randomly from the 
top �±�� cm of soil following the standard procedure about �� months and stored in glass vessels at a low temperature 
$ccording to the field study results, $clonifen residual is about ��� and this shows that $clonifen can be 
stay in the soil for long time. 7he fast removal rate can be seen in the irrigation season of 6eptember to 2cto-
ber as � �� and the slowest rate is on 'ecember to 0arch as �� because of the low soil and air temperature. 
)rom 0arch to $pril, removal rate is about ��� with effect of increasing temperature in soil and low irrigation.
      
Keywords: $cloniIen� sunÀower� herbicide� active ingredient
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1. INTRODUCTION 

Aclonifen, usually used as the sodium salt, is a herbicide that is currently not approved for EU use. It is highly soluble                                           
in water and in many organic solvents. It is non-volatile. It may leach to groundwater under certain conditions. It is                                       
moderately persistence in soil systems and can be very persistent in aquatic systems. It has a moderate mammalian                                   
toxicity and a high potential for bioaccumulation. It is a recognised irritant. It is relatively non-toxic to birds and                                     
earthworms but more so to honeybees and most aquatic organisms [1]. 

Aclonifen shows several characteristics which differ from the other members of its chemical family, especially its                               
two complementary modes of action and a very high conjugation potential in sunflower. These features explain its                                 
high selectivity for sunflower and also explain that, after pre-emergence treatment, the a.i. was readily transformed                               
into polar derivatives which remain segregated inside the roots. Thus, the chemical derivatives issued from the use of                                   
this a.i. are absent from the sunflower leaves and, consequently, from the flowers and the seeds. The modes of action,                                       
uptake, transfer and conjugation of this a.i. in sunflower, as compared to the weeds associated to this culture; show                                     
that not only preemergence treatments are possible for this a.i. but also postemergence application [2]. 

Aclonifen can metabolise in both sediment and water systems at a moderate rate with DT50 values of 11.2 days and                                       
17.3 days. Aclonifen steadily partitioned to the sediment and degraded [3]. 

Selectively killed weed close to cultivated plants which do have to remain unaffected, is the necessary condition for                                   
using herbicides in agronomy [4]. This challenge is generally not a simple one and farmers do have to pay much                                       
attention to the effectiveness and selectivity of such a chemical operation which depends on several factors, especially                                 
climatic (temperature, rain, hygrometry) and agronomic factors (soil nature, development stage of the culture, weed                             
species and nature of the planted cultivars). That is why the careful observation of the symptoms of the herbicidal                                     
action on the culture and on the weeds is a precious source of information [5]. 

Aclonifen is a diphenylether herbicide that contains Nitrogen. Nitrodiphenyl ether herbicides are potent herbicides.                           
Some metabolites and parent compounds are considered as possible mutagens and endocrine disruptors. Both                           
properties pose serious hygienic and environmental risks (Keum et al. 2008). Environmental dissipation of                           
nitrodiphenyl ether herbicide occurred through physical removal or photochemical and biological degradation [6,7]. 

2. MATERIAL and METHOD 

2.1. Chemicals and Reagents 

Aclonifen herbicide, under the trade name “Chekic 600”, was supplied by an agricultural products shop. This                               
herbicide contains 600 gr L-1 of Aclonifen active ingredient. Aclonifen standard was supplied as a yellow powder                                 
with 99.9% purity from Dr. Ehrenstorfer GmbH Co. Acetone and hexane were obtained from Merck. Analytical                               
standards for LCMSMS calibration were in the range of 0.1100 mg/L. Methanol was chosen as diluting solvent. 

2.2. Soil Sample Collection 

Experiments were done on soil samples obtained from farming areas around the Kirklareli City. The majority of the                                   
farms selected in the area have been cultivating sunflower and wheat for several years. Soil with no background of                                     
Aclonifen concentration was collected from an organic farm. All samples were collected randomly from the top 0–20                                 
cm of soil following the standard procedure and stored in glass vessels at an ambient temperature [8]. Properties of                                     
the soil samples were analysed at the Trakya Agricultural Research Institute. The properties of the soil are listed in                                     
Table 1. The climatic conditions of studied agricultural field over 12 Months taken from Kirklareli Meteorologyical                               
Service are listed in Table 2. 

 

 

 

 

Table 1. Characteristics of soil samples used in study 

PARAMETER 
VALU

E 

Depth, cm  0-20 
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pH in water  6.5 

Organic carbon, %  2.1 

Clay, %  62 

Sand, %  32 

Silt, %  5 

Moisture Content, 

% 
21 

 

Table 2. Climate contitions of studied agricultural field 

Date 

Average 
Relative 

Humidity 
(%) 

Average 
Local 

Pressure 
(hPa) 

Average 
Temperature(C0

) 

Soil 
Temperatur

e at 200C  

Average 
Solar 

Radiation 
kWh/m2 

[9] 

Average 
Irrigation 

(mm) 

2012 April  76  1005  13,7  13,3  4,61  70 
2012 May  78  1007  17,4  20,4  5,72  114,4 
2012 June  65  1009  23,2  23,8  6,44  9,4 
2012 July  60  1006  26,3  26,5  6,53  3,2 

2012 August  57  1009  25,7  21,9  5,79  4,4 
2012 

September 
63  1010  20,9  15,6  4,49  4 

2012 
October 

78  1010  17,0  9,9  2,88  118,4 

2012 
November 

91  1011  12,5  5,9  1,80  30,4 

2012 
December 

93  1011  4,5  14,8  1,30  138,8 

2013 January  92  1010  4,5  3,9  1,56  108,8 
2013 

February 
91  1010  6,8  4,6  2,29  82,4 

2013 March  86  1007  8,8  7,5  3,44  54,8 
2013 April  80  1009  12,1  13,1  4,61  22,8 
 

Over 12 months (from application date of May 2012 to April 2013), 10-gram samples were taken and mixed with                                     
anhydrous sodium sulphate to form a free-flowing powder. The samples was extracted with solvent once using                               
ultrasonic extraction [10], and a portion of the extract was collected for cleanup and was analyzed. In order to                                     
determine the percent dry weight, a separate portion of the sample was weighed out at the same time as the portion                                         
used for analytical determination. Immediately after weighing the sample aliquot to be extracted, 10 g aliquot of the                                   
sample was measured out into a tared crucible. This aliquot was dried overnight at 105oC and allowed to cool in a                                         
desiccator before weighing, although this oven-dried aliquot was not used for the extraction. The percent dry weight                                 
was calculated as follows: approximately 10 g of the sample was weighed into a 200 ml beaker, and 1.0 ml of matrix                                           
spiking and surrogate spiking solutions were added to each sample. The sample was scanned ultrasonically twice for                                 
30 min with 50 ml of the extraction solvent mixture (50% acetone and 50% Hexane for LC-MS-MS analyses). The                                     
extract decant was filtered through Whatman No.41 filter paper using a Buchner funnel. The aliquot of the sample                                   
was placed into a concentrator tube in a warm bath and evaporated to 1 ml volume using a gentle stream of clean, dry                                             
nitrogen, after which it was analyzed. The internal wall of the concentrator tube was rinsed several times with solvent                                     
during concentration. Then, the extract was analyzed for the target analytes using the EPA 1614 method [11] 

 

2.3. Iınstruments 

The quantification of Aclonifen was performed by LC-MS-MS (Dionex Ultimate 3000) equipped with a C18 Thermo                               
Accucore column 100mm x 2.1mm 2.6 mic. Owen temperature of the column was 4000C and Auto Sampler                                 
temperature was 500C. Retention time was 9.0 min. Mass (Thermo Access Max) HESI ion source was 3500 volt and                                     
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Ion Transfer Tube temperature was 2700C. Sheath and Aux gas were 50 Arb and 15 Arb, quantification limit was 15                                       
ppb. Collisure gas pressure was 1.5 mTorr. LOD and LOQ values were 4 ppt and 15 ppt. Ion transmissions were; for                                         
primary ion 265.1, second ions 182.1 and 247.9. The quantification (method detection) limit was 0,1-1 mg kg−1. The                                   
average value of determination coefficient (R2) of the calibration curve was 0.999. 
All samples were spiked with surrogate and internal standards in order to determine the recovery efficiency, with                                 
tetrachloro-m-xylene (TMCX) used as the surrogate standard. The surrogate standard was spiked to the sample prior                               
to extraction. Quintozene was used as the internal standard, and was spiked just before capping the chromatography                                 
vials. Average recovery efficiency was 86 percent. The limit of detection (LOD) values were calculated for each                                 
congener as average blank concentrations plus three times the standard deviations. Any sample concentrations falling                             
below the LOD value were ignored. Blank samples were corrected for each set of analysis, and all results were blank                                       
corrected. 

3. RESULTS and DISCUSSION 

Removal rate of Aclonifen according to taken the results from LCMSMS over 12 months is given in fig. 1. 

 

Figure 1. Removal rate of Aclonifen in natural period 

 

4. CONCLUSION 

 
According to the study results, Aclonifen amount in a year period, from application date (May 2012) to April 2013,                                     
decreased about % 89 and this shows that Aclonifen can be stay in the soil for a long time. Aclonifen residuals in soil                                             
decreases from % 78 to % 54 in spring and autumn periods and from %54 to %36 in Sempember-October months                                       
with effects of rainfall. Residual amount of Aclonifen from December to April is nearly %21 because of the low                                     
sunlight effect, low rainfall and soil temperature. 
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Abstract 
In this study, a solution is tried to be created as response to the load – frequency problems in power systems by using PID and 
Fuzzy Logic controllers. The load- frequency control of a three area power system was performed by using PID, Fuzzy Logic 
and )u]]y /ogic�3I' controllers. 7he load and frequency control was efficiently achieved by assigning different values to 
controller gains. $ lineari]ed model of a three area power system was applied respectively to 3I', )u]]y /ogic and )u]]y 
Logic- PID controllers. Experimental data was attained by using PID, Fuzzy Logic and Fuzzy Logic- PID logic controller.
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1. INTRODUCTION 
Electric energy is one of the most used energy resources because it is fast, easy and economical to convey and 
easy to use from the generation point to the consumer. Electric energy is transported to the consumer through 
large power systems today. The mission of electric power systems is to generate electric energy that has 
terminal voltage and system frequency economically and is to transport and distribute it. 
 
Power systems generally consist of production units, transmission lines and distribution networks. While, 
transmission network provides the installation and running of medium and high tension lines related to the 
transportation of electric energy from generation point to consumption area; distribution network provides the 
installation and running of low tension lines from transmission network to the last user. The task of the 
generation unit is to generate the electric energy which has terminal voltage and standardized constant and 
stable rate frequency economically and without harming the environment [1]. 
 
To keep the frequency constant and steady in nominal value is one of the main problems of electric power 
systems. The value of the frequency essentially depends on the balance of the active powers that are 
generated and consumed in the network. Increase or decrease in consumed power in comparison with the 
generated power causes alterations in rotational speed of generators that is to say it causes alterations in 
system frequency. 
 
Power systems are generally designed to meet their consumption by their own production units. When 
consumption increases, production units also enhance their production by using the reserves. Keeping the 
frequency under control depends on the stabilization of generated and consumed active powers in the system 
[2]. 
  
Automatic Generation Control (AGC) or Load Frequency Control (LFC) is a very important issue to 
command and control of the power system to provide quality, sufficient and safe electric energy. AGC is 
feedback control system that adjusts generator output power to stabilize defined frequency. Interconnected 
power control system is divided into three areas [10]. 
 
Load Frequency Control (LFC) has been used as a part of Automatic Generation Control electric power 
system program for years. One of the objectives of AGC is to stabilize system frequency at nominal value 
(50Hz). When power system is run stably, demands of load increases or kinetic energy decreases at generator 
power source unit and as a result speed and frequency alter. Therefore, load frequency control provides power 
system to work safely [11 – 14]. 

2. THE DESIGN AND APPLICATION OF PID, FUZZY AND FUZZY-PID 
CONTROLLERS FOR THREE AREA POWER GENERATOR SYSTEM 

2.1. PID Control 
PID Control algorithm forms control output by processing the system failure through three mathematical 
operations and then adding it. Its impact on the system is classified as defined below. 
 

x Proportional Response: It affects the controller output as a multiplication of failure by a definite 
“Gain” value. 

x Integral Response: It indicates its impact proportionally to the total amount failure in all areas from 
the time when the control process starts in controller output, to the time when the impact is 
calculated. The integral response represents the total amount of failure of system in the past. 

x Derivative Response: It affects controller output directly proportionate to the failure alteration. 
x   

There is not a standard specification for PID applications. According to Karl Astrom PID algorithm is like the 
equations (1) and (2) below: 
 

                                                                                                    (1) 

                                                                               (2) 

u(t): Control İmpact 



e(t): Error Function 
r(t): Reference input 
y(t): System output 
 
Proportional controllers (KP) have an impact on decreasing the rise time and they decrease it, however, they 
never remove it completely (steady state failure). Integral controller (KI) has an impact on removing the 
steady state failure, however, it may cause transient response to get worse. 
 
Derivative controllers (KD) has an impact on increasing the steadiness of the system, it reduces exceeding and 
adjusts the transient response. The responses of each controller KP, KI, KD in a closed loop are summarized in 
Table 1.  

Table 1. The effect of the controller in close loop system 

Closed Loop 
Response Rise Time 

Exceeding Setting 
Time 

Steady 
State 
Error 

Kp Decreases Increases Alters a 
little 

Decreases 

Ki Decreases Increases Increases Vanishes 

Kd Alters a little Decreases Decreases Alters a 
little 

     
 

Simulation block diagram of a three area power generation system by PID in Matlab/Simulink program is 
shown in Figure 1 below. Proportional, integral and derivative gains are seen in Figure 1 PID block diagram. 
 

 
Figure 1. Simulation block diagram of load –frequency control of a three area power generation system by using PID 

Controller 

2.2. Fuzzy Logic Control 
Fuzzy Logic Control is known as a process of thought or a methodology of problem solving in control 
systems engineering and it is used in control systems when there is no c oncrete input and mathematical 
models. Fuzzyfication is the process to obtain a cl ear amount in fuzzy logic experiment method 
[15].Regardless of the conditions or extents of the decision makers, they have to function in an environment 
of uncertainty. The accuracy of the decisions will be provided to the degree that the aforesaid uncertainty is 
transformed into a risk. However, if the decision makers use the classical scientific approach and the methods 
included in this approach during the decision making process, the results gained in the end will be directional 
decisions such as good – bad, ugly – beautiful, right – wrong, yes – no, black – white or 0-1. In fact, real life 
is not based on absolute distinctions. In other words, the existence of thousands shades of grey along with the 
absolute black and absolute white should not be forgotten in a decision environment. 
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Fuzzy logic controller consists of three main units as it is shown in Figure 2. The first one is fuzzyfication 
interface, the second is interference rule engine and the third one is defuzzyfication interface. Process 
operators for load frequency control are variable failures (e) and failure alterations (de).  
 
The main units of Fuzzy Logic are shown in Figure 2 below. 

 

 
Figure 2. Fuzzy Logic Controller Scheme 

In the scheme in Figure 2 fuzzyfication unit becomes the first part of fuzzy process system. The information 
which gets into the unit as accurate or feedback results undergo some changes in scale here and become 
fuzzy. In other words, a membership value is assigned to each information and turned into a linguistic 
structure and then sent to the rule process unit. The information that reaches the rule process unit are 
combined with the rule processing information such as if … and … then … else that are based on a database 
which is stored in rule process unit. Aforesaid logical propositions can be set by numeric values with respect 
to the structure of the problem. In the last step, gained results are sent to the defuzzyfication unit by using 
logical decision propositions with respect to the structure of the problem [16, 17]. 
 
Simulation block diagram of load – frequency control of a three area power generation system by using fuzzy 
logic controller is shown in Figure 3 below. 
 

 
Figure 3. Simulation block diagram of load – frequency control of a three area power generation system by using fuzzy 

logic controller 

2.3. FUZZY – PID Controller 
Fuzzy systems are knowledge and rule based systems. “If-then” rules form the basis of fuzzy logic. There are 
two ways of descriptions of fuzzy logic in the literature: 
 



x Real world is way too complicated to describe very clearly and certainly. Therefore, there is an 
obligation to create an approximation. 

x Important knowledge for real systems are gained from two sources. The first source is people’s 
experiences and the other is sensor measurement and mathematical models gained by physical laws. 
The aim is to design the system by using these two knowledge sources [3]. 

 
After this stage, the design of the system can be applied using human information, experience, mathematical 
model and sensor knowledge. Fuzzy control is defined by Zadeh and Mamdani as to combine specialist 
knowledge and experience during the control process where there is an uncertainty. Being not to require 
suitable mathematical model for controlling is the advantage of fuzzy control systems.  
 
In the course of time, fuzzy logic which is the basic foundation of fuzzy logic based control is accepted as 
being closer to human mentality and linguistic variables than classical logic [3]. 
 
Fuzzy logic has an easy compatible structure with most of the applications in the industry. Adding to this, it 
does not necessitate control parameters to be definite. Moreover, it enables applications to be performed 
faster.  
 
The rules of fuzzy logic are prepared by the specialists in the subject. To form the rules, step response, failure 
signal and its derivative of the system are used [4]. Traditional control techniques do not yield beneficent 
results in complicated and nonlinear systems such as power systems and this brings the use of fuzzy logic 
controller into the foreground [5]. Thanks to these controllers, complex cases such as varied load alteration 
and load – frequency control can be resolved quite easily. Fuzzy logic controller is more convenient for the 
solution of wide ranged control problems in systems whose reliability is important, because traditional 
controllers are slower and less efficient in nonlinear applications [6-8]. 
 
Although a lot of advanced control theories and techniques have been designed in recent years, PID 
controllers have been continuing to be frequently used in industrial applications [9]. To improve the 
performances of power systems (rise time, time-out, etc.), the use of fuzzy logic controllers to set the PID 
gains is approved within the experiences of specialists. Fuzzy – PID controller have been analyzed and 
developed in recent years and satisfactory performances at various control phases have been presented. Fuzzy 
membership functions which are used for load – frequency control of three area power generation system are 
shown in Figure 4. KP and KI rule table of fuzzy logic controller is shown in Table 2. 
 

 
(a) 

 
(b) 

 
(c)  

Figure 4. Membership functions of (a) failure, (b) failure derivative and (c) output for a three area power generation 
system. 
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The table consisted of 7 x 7, total 49 rules, of Fuzzy – PID controller which is designed for three area power 
generation system is shown in Table 2. 

Table 2. Fuzzy rule table for load- frequency control 
 

 e 

 
 
 
 

de 

 NB NM NS ZE PS PM PB 

NB NB NB NM NB NM NS ZE 
NM NB NB NB NM NS ZE PM 
NS NB NB NM NS ZE PS PM 
ZE NB NM NS ZE PS PM PB 
PS NM NS ZE PS PM PB PB 
PM NS ZE PS PM PB PB PB 
PB ZE PM PM PB PB PB PB 

 
Simulation block diagram of load – frequency control of a three area power generation system by using fuzzy 
– PID controller is shown in Figure 5. 
 
 
 

 
Figure 5. Simulation block diagram of load – frequency control of a three area power generation system by using Fuzzy – 

PID controller 

As a result of all the components generated from the formed fuzzy membership functions, rule tables and 
control surfaces, a Fuzzy- PID simulation is created as in Figure 5. 



3. RESULTS OF SIMULATION AND DISCUSSION 

In this study, PID, fuzzy logic and fuzzy – PID controllers are used for load – frequency control of three area 
power generation system. As it is deduced from the simulation results shown in Figures 6, 7, and 8 below, 
when compared to traditional control methods used in power systems, it is clearly understood that dynamic 
impact responses of PID, fuzzy logic and fuzzy logic – PID controllers are more efficient. 

 
 
 

Figure 6. Load frequency control at 0.01 p.u. loading status 
 

 
 
 

Figure 7. Load frequency control at 0.05 p.u. loading status 

 
 
 

Figure 8. load frequency control at 0.09 p.u. loading status 
 

In this study, all hydroelectric power plants are accepted as identical. All the parameters are applicable for all 
areas. PID controller gain factors are KP: 5, KI: 1.5, KD: 2.7 and R: 2.43, B: 9.059, M: 10.0, D: 0.60. 
 
As it is understood from the simulation results above, it is deduced that the application of Fuzzy – PID 
controllers in power systems is more effective. As it is seen in Figures 6, 7, 8, the results of Fuzzy – PID 
controller is apparently effective. 
 

4. CONCLUSION 
These controllers which have been preferred in industrial applications recently provide apparently easy, fast 
and efficient control process compared to traditional control systems. In addition to provide a better dynamic 
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performance, the use of Fuzzy logic – PID controller also reduces frequency oscillations in a considerable 
extent. In this study, all the drawbacks of PID and Fuzzy Logic controllers are removed by using Fuzzy logic 
– PID controllers which provides a better dynamic response. We can conclude that carrying out the load – 
frequency control of a power generation system by using fuzzy logic – PID controller with a better dynamic 
response is a more efficient and operative control method.  
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Abstract 
The iron aluminide Fe72Al28 was produced in a vacuum arc melting furnace. The alloys were nitrided by salt bath nitriding 
process at 580oC for durations of 3 and 6 hours. The nitride layers were characterized with light optical microscopy, scanning 
electron microscopy equipped with energy dispersive X-ray spectroscopy, X-ray diffraction, and micro hardness measurements. The 
results showed that the nitride layer thickness increased with an increase in nitriding duration, while the layer hardness did not 
vary. 7he nitride layers were composed chieÀy of iron nitride and aluminum nitride phases, and also include some carbide phase.
      
Keywords:  Intermetallics compound based on Fe3Al, Nitriding, Scanning electron microscopy, X-ray diffraction, 
hardness.
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1. INTRODUCTION 
Iron aluminides based on the Fe3Al compounds have a potential to use in applications where high temperature 
oxidation and sulfidation occur. Research efforts have been focused on proc ess, development and 
enhancement of room temperature ductility together with the characterization of physical properties such as 
mechanical properties, oxidation and corrosion [1-4].  

One of the most important material properties is friction and wear. Considerable amount of economic losses 
occur due to the wear in the mechanical parts. In order to reduce these losses, the properties of materials 
and/or the surface properties of materials should be improved.  T here are several surface modification 
methods to improve the surface friction properties and wear resistance. One of them is nitriding which can be 
performed to a variety of steels [5-13]. Iron and some other alloying elements like chromium, aluminum, and 
so on c an form a hard nitride layer which increase the surface hardness and friction properties and wear 
resistance. Iron aluminides can be though as a class of high alloy steels. Either iron or aluminum can form 
some nitride phases with merging nitrogen.  B oth iron and aluminum nitrides have high hardness, and 
therefore can modify the surface. This will be resulted in better friction properties and higher wear resistance.  

There are only a limited works has been published about surface modification of iron aluminides. Recently, 
the boronizing was performed to the iron aluminides based on Fe3Al [14] and FeAl [15].  But , there is no 
work has been published on the carburizing and nitriding which are the most common surface hardening 
methods. In t his study, the salt bath nitriding process was performed to iron aluminide Fe72Al28, and the 
nitride layer was characterized. 

2. EXPERIMENTAL 
The iron aluminide Fe72Al28 alloy was fabricated in a vacuum arc melting furnace under pure Ar atmosphere. 
To prevent oxidation furnace was evacuated to 5.10-2 millibar then filled with pure Ar. The alloy was melted 
in a copper crucible cooled with water and casted in a steel mould. The castings were machined to cylindrical 
form in diameter of 8mm and 10mm in length. The flat surfaces of the samples were grinded and polished 
with 1Pm diamond paste. The samples were nitrided in a salt bath at 580oC for 3 and 6 hours. 

The cross sections of samples were grinded up to 1000 mesh paper and polished with 1Pm diamond paste. 
The nitride layer formed on t he surface was identified using LOM and SEM equipped with EDXS. The 
nitride layer thicknesses were measured. The nitride layers were characterized using line-scan analysis. The 
hardness deviations were determined with measuring the micro hardness from surface up to the matrix. The 
phase distributions of t he samples were determined by XRD analysis directly on the flat surface of t he 
specimens using copper X-ray radiation. 

3. RESULT AND DISCUSSION 
The light optical micrographs of the nitrided samples are shown in fig. 1. The cross-sectional micrographs 
showed that the nitride layer formed on t he surface had a smooth morphology, but not a tooth-like 
morphology as in the boronizing of i ron aluminides [14,15]. The layer thickness was increased with 
increasing nitriding duration. The layers had thicknesses of 13 and 17Pm for 3  and 6h ni triding treatment 
respectively.  

 
Figure 1. The cross-section optical micrographs of nitride layer, a) 3h and b) 6h treated samples. 

 
The SEM micrographs, composition, and line-scan analysis of the nitride layers are given in Fig. 2. SEM-
EDXS studies showed that the nitride layers contain aluminum, iron, nitrogen, and carbon atoms for a ll 
treated samples. While amounts of aluminum atom in the nitride layer are close to the matrix, amounts of iron 
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atom are lower than the matrix. In addition, according to line–scan analysis (fig. 2) the distribution of 
nitrogen in the layer is stable. While the amounts of A l and Fe in the nitride layer were increasing with 
increase in nitriding duration, C and N were decreased.  It  was seen that the compositional gradients of 
aluminum, iron and nitrogen atoms are almost same for all treated samples.  
 

 
 

Figure 2. The SEM micrographs and line-scan analysis of the nitride layers, a) 3h and b)6h treated samples. 

 

Neither in optical microscopy nor SEM investigations was it not observed if there is a diffusion zone between 
the nitride layer and the matrix Fe3Al. These findings were confirmed by micro hardness measurements (Fig 
3) of nitride layers.  
 
The micro hardness gradients from surface to matrix are given in Fig. 3. The hardness of the nitride layers for 
all treated samples were almost same and had a value of about 1200 H V0.05. The hardness of F e3Al was 
approximately 300 HV0.05. It is obvious from the figure that the hardness’s do not vary throughout the nitride 
layer and decrease sharply at the end of the nitride layer for all treated samples. The hardness of nitride layer 
did not vary with increasing nitriding duration.  
 

 
Figure 3. The micro hardness deviations of nitrided samples. 

 

Fig. 4 shows the XRD patterns taken directly from flat surface of the nitrided samples. It can be seen from the 
XRD results that the layers mainly composed of AlN and Fe3N, and also contain some Fe3AlC0.5 and FeN0.33 
or Fe2N phases.  
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Figure 4. X-ray diffraction patterns of the samples nitrided for 3h, 6h, and 9h. 

 

 

4. CONCLUSION 
The iron aluminide Fe72Al28 was nitrided by salt bath nitriding process at 580oC for 3,  6, and 9 hours. The 
nitride layer thickness increased with increasing nitriding duration. The layers were mainly composed of 
Fe3N and AlN nitrides, and also included some Fe3AlC0.5 carbide. The nitride layers had hardness of about 
1200 HV0.05 and did not vary throughout the layer while the matrix Fe3Al had only 300HV0.05.  The nitriding 
duration did not affect the layer hardness clearly. 
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Abstract 

The pads used in auto brakes are made of the composition of a large number of materials. What is expected from a pad is that is 
provides the minimum friction and corrosion values, does not give damage to environment, and does contribute to country economy. 
In the study carried out for this purpose, from the materials composing brake pad component was produced brake pad involving 
granite dust instead of barite. The granite dust, which is the smallest size granite waste, is the waste which occurs during the 
cutting of blocNs and plates in marble worNshops and whose si]e is below ��� ȝm. 7he ��� of the processes granite are thrown 
away as dust and particles. In the cutting process, it is carried to sediment tanks accompanied by water and the granite dust sub-
siding in the pools is then taken into dumpsites. The majority of this amount is left as waste and cause environmental problems. 

Following a  series of milling-screening process for this purpose, auto brake pad added by granite dust with new formulation was 
manufactured using some additive agents. In order to determine the usability of the produced pads, braking performance was ex-
amined in brake test device. In the light of the results, considerable results were obtained both in the utilization of waste materials 
and in decreasing the cost of production.
      
Keywords:  Barite, Brake Pad, Granite Dust and Friction.



 
1. Introduction 
 
Most substance used as a waste consists of recyclable materials. In recent years, Existence of 
alternative use areas has started to gain important in Turkey. To use industrial waste in different areas 
helps to solve some environmental problems caused by this waste in some extent.   
 
Reprocessing and reproduction of marble industry waste is exposed to % 60 feedstock [1]. Once 
granite and marble blocks are machined %30-dust waste is been comprised. Production results in 
Marble Factory comprise two type waste including part and dust. During production, dust wastes 
comprise mud together with water. Water and dust parts are been separated from each other by 
sending this mud to plants. Later, dust particles are been transported by pressing to waste storage 
areas [2]. 
 
Although marble and granite dust waste used in many sectors, the added the low proportion amount 
have caused large masses in waste areas. It is been understood that vast majority of dust and particle 
waste is not been recycled. Research and development activities plays important role in recycling of 
marble waste [3]. 
 
 
 
Main aim of this study is to evaluate the usage of marble and granite dust produced from marble 
machining. Fort his purpose, marble waste is been grinded to produce marble dust and it is used as 
additive in brake pads. Various additives are made new formula of additive. 
 
2. Experimental 

2.1.  Production stages of Brake pads 
 
Mass rate is been used to identify material rates while different experimental samples that contain 
different contents. Contents of brake pads including friction materials, binding and other additive 
materials is been weighted 0,001gr precision. After that, the mixture is been mixed to obtain 
homogeneity. Finally, the samples are been pressed in suitable dimensions to get ready for 
production. The stages of the production of brake pads are shown in Figure 1. 
 
 

 
 

Figure 1. Production stages of brake pads 
 



After production, friction coefficient and time plots of experimental samples are been produced. 
 

 
 

Figure 2. Friction coefficient and time plots of experimental samples that has marble and granite additive under 
1,05 Mpa  

 
 
 

 
 

Figure 3. Temperature and time plots of experimental samples that has marble and granite additive under 1,05 
Mpa  

 
 

&itation: Kılıç, H., Investıgatıon of usability of marble waste In automotive brake pads manufacturing, 
M.Sc.Thesis, Afyon Kocatepe University, Graduate School of Natural and Applied Sciences (2010). 

 
While there is a rise in friction coefficient of sample coded MG-2, after 1200 second there is a decline 
in friction coefficient together with the increase in temperature (Figure 2 and Figure 3). The sample 



coded MG-2 has optimum and stable friction coefficient together with temperature rise. at the 
beginning of the experiment,  there is a wavy decline in the friction coefficient of the sample coded 
MG-18. There might be incompatibility in the components of the sample coded MG-18 since it 
contains %18-granite dust and %39 marble dust. 
 
One important desired feature of brake pads is to have minimum friction coefficient change together 
with temperature rise while breaking. As it can be seen in Figure 3, the sample coded MG-6 has 
lowest friction coefficient. The sample coded MG-18 has highest friction coefficient and has similarities 
with the sample coded MG-14. After 1800 second, all samples have stable friction tendency [4]. 
 
2.2.  The Contribution of Granite Dust Usage to Economy 
 
Granite is the light collared magmatic rocks that include quartz, feldspar, mica and minerals in its 
composition. Granite is in the group of tough rocks, and its toughness is accepted as 6,5 mohs. 
Granite is a material that is durable against corrosion, press, strike, and resistant to atmosphere 
effects and dissolution. Granite dust is the tiniest granite waste. They are the granite particles that 
come into existence in the marble processing factories during the cutting of blocks and plates and 
PRVW RI ZhLFh LV XQGHr 2�0 ȝP� $OWhRXJh WhH SarWLFOH VL]H GLVWrLEXWLRQV RI WhH GXVW ZaVWHV GR QRW ILW 
properly to the ideal calcite particle size to be used in the manufacture of pad filling material, it seems 
possible to obtain proper size material following the screening-grinding process [5, 6, 7]. 
 
 
One of the most important problems for marble cutters is the emergence of tiny marble dust wastes 
occurring out of the mouth of the saws that do the cutting process of the machines during the cutting 
of granite [8]. The knife thickness of the saws is about 5mm; blocks are normally cut as 20 mm plates.  
Thus, 5mm of it turns into dust in every 25 mm thickness according to the cut surface area of the 
marble or granite block. Therefore, approximately 20% of the processed granite weight comes out as 
waste [9]. 
 
In the manufacture of each pad, barite is used at the rates of 10-40% as a filling material. Considering 
that 20% barite is used on average in the production of each pad, 1500 to/year is used for pad 
production. The price of barite changes between 60-90 ton/$ depending on the thinness of the barite. 
Again, if 75 ton/$ is taken as the average figure, and 2,7 TL/$ currency value is taken, the cost of 
barite is 202,5 ton/TL. As 1400 ton/year barite is used in the brake pad production with a roughly 
made accounting, 1400 (ton barite) x 202,5 (ton/TL) =283500 TL is used in total for brake pad 
production. As an alternative to barite, if granite dust is used, it is assumed that it will be made 
considerable contribution to the country’s economy.  
 
3. CONCLUSION 

In this study, a research is conducted about investigation of applicability of granite dust in the brake 
pads as additive instead of using barite and new brake pad produced by granite dust as additive. In 
the experiment results for the samples that are made granite dust additive, average friction coefficient 
is in the acceptable range based on Turkish Standard TS 555.   
 
The production of granite is 300,000 tone/year and waste range of granite  %325. If these factors are 
taken into consideration, it is noted that there is a great amount of raw material for reuse. In this field, 
there are many research and development opportunities for granite waste and recycling of them. A 
detailed comparison between the cost of barite and the cost of drying, cleaning and grinding of granite 
dust needs to be conducted. It can be possible to use granite as an additive material instead of barite 
If the economic analysis of granite more advantageous then barite.  
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Abstract
In the present paper, the influences of cutting parameters on surface roughness in wire electric discharge machining of (WEDM) process of 
particle- reinforced aluminium AA6061 alloy composite were investigated. The composites were produced using 15% weight fraction of 15 
wt.% B4C using powder metallurgy. Experimental trials were performed based on Taguchi L18 (21 x 32) with a mixed orthogonal array 
and WEDM cutting parameters were optimized for the best surface quality. The investigation results were evaluated by response surface 
plots and main effect graphs. The machined surface of the metal matrix composite was investigated using scanning electron microscopy 
(SEM) micrographs. The effect of WEDM machining variables were determined by using analysis of variance (ANOVA). The analysis 
result showed that the most significant cutting parameter was peak current (IP) for surface roughness. The SEM and optical micrographs 
were indicated that the reinforced B4C particles were homogeneously distributed in the matrix structure. Mathematical models have 
also been generated for the surface roughness using regression analysis. Confirmation tests were carried out to determine the prediction 
performance of the mathematical models and the surface roughness was predicted with an acceptable mean squared error.

Key words:Wire electric discharge machining, Surface roughness, Taguchi method, Response surface methodology
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1. INTRODUCTION 
Metal matrix composites (MMCs) have been widely investigating in recent years and are now utilized in 
many engineering fields including aerospace, military, automotive industries, electronic packaging and 
sporting goods because of their low density in combination with their excellent wear resistance, high specific 
strength, hardness, and fracture toughness [1–6]. However, machinability of MMCs is considered difficult in 
connection with hard reinforcement elements in matrix structure [1–7]. Boron carbide (B4C) is extremely 
hard reinforcement materials with the superior properties such as good wear resistance, high hardness, low 
specific weight, corrosion resistance, high melting point, adequate resistance to chemical agents and good 
mechanical properties. These outstanding performances of B4C is made it a preferable reinforced material 
and widely used in numerous industrial applications requiring high resistance such as in the nuclear industry, 
for tank armour, and ballistic protections. Hence, several researchers have studied the production and 
machinability properties of MMCs reinforced with B4C in recent years [8,9]. However, there are two main 
problem hindering the superior properties of B4C, one is required the very high temperature for its sintering 
and the other is the low fracture toughness [10]. Wire electrical discharge machining (WEDM) is a high 
precision machining method widely used for hard materials, metallic alloys and graphite that would be very 
difficult to cut with traditional machine tools using the best economic cutting tools. In wire-cutting technique, 
a thin single-strand metal wire is machined the workpiece with submerged in a tank of deionized water by the 
use of heat from electrical sparks. WEDM uses a nonstop cutting wire electrode to machine the desired shape 
alongside the cutting path using 0.05–0.30 mm in diameter thin copper, brass or tungsten wire and can 
machine very small corner radius with high precision [11]. Motorcu et al. studied the influences of cutting 
parameters on the surface roughness and material removal rate (MRR) in cutting of Al/B4C/Gr hybrid 
composites using WEDM depend on the wire speed, pulse-on time and pulse-off time. They observed that the 
most significant parameter on surface roughness and MRR was the wire speed with a 85.94% contribution 
rate [12]. Yan et al. investigated the effects of machining process on surface roughness (Ra), cutting width, 
material removal rate and wire breakage behavior in the WEDM of Al6061 with different reinforcement 
ratios Al2O3p composites. The test result showed that the Al2O3 reinforcement volume fraction has effective 
parameters on the Ra, kerf and MMR. They also reported that a high wire speed, very low wire tension and 
high flushing rate must be chosen to prevent wire breakage [13]. Shandilya et al. studied the effect of the 
input parameters on average cutting speed during WEDM of Al6061/SiC metal matrix composite. Servo 
voltage was the more significant input parameter on average cutting speed than pulse-off time and wire feed 
rate[14]. The surface roughness and material removal rate were increased with increase in pulse-on time and 
decreased with increase in pulse-off time. MRR was influenced interactions between pulse-on time (Ton) and 
pulse-off time (Toff), pulse-on time (Ton) and peak current (IP), pulse-off time (Toff) and peak current (IP). 
Pulse-on time (Ton) and peak current (IP) were affected the machined surface roughness [15]. Satish kumar 
et al. investigated the effects of different machining parameters on MRR and Ra in the WEDM of 
Al6063/SiC MMC at different reinforcement ratios. The researchers reported that surface quality and MRR 
were decreased with the increasing percentage volume fractions of SiC particles [16]. Surface roughness and 
gap width were mainly affected the pulse-on time in the WEDM of Al 6061 reinforced with Al2O3 particle 
MMC [17]. Pulse-on time and current were the most effective parameters for machining speed and surface 
quality in the WEDM of Al-SiC metal matrix composite [18]. 

2. EXPERIMENTAL MATERIALS AND METHOD 
The experimental workpieces were produced from high-purity aluminum 6061 mixed with 15% commercial-
grade B4C powders using powder metallurgy method. The median size of Aluminum 6061 powder used in 
metal matrix composite (MMC) was 100µm and B4C powders had average size of 10µm. Aluminum alloy 
and B4C powders were mixed to achieve homogeneity for 45 min in a three-dimensional Turbula mixer. The 
mixed powders were compacted by cold pressing under 300 MPa. The specimens were sintered in a vacuum 
furnace at 550 oC temperature for 60 minutes and they were extruded using a pre-heated extrusion mold of 
temperature 500 oC for 1 hour. The thickness of produced composite sheets was 12.7 mm. Workpiece 
materials were analyzed using scanning electron microscopy (SEM) and energy dispersive spectroscopy 
(EDS). The optical micrographs of the surface texture of the machined composite and B4C reinforcement 
elements can be seen in Figure 1. As shown in Figure 1, B4C particles are homogeneously distributed into the 
matrix structure. The chemical compositions of Al6061 alloy are presented in Table 1. 
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Figure 1. Microstructure of Al6061/B4C 

 
Table 1. Chemical composition of Al 6061 alloy Elements 

Element Fe Si Cr Mn Mg Zn Cu Ti Al 
AA6061 0,5 0,6-1,0 0,1 0,2-0,8 0,8-1,2 0,25 0,6-1,1 0,1 Balance 

 

 
Figure 2. Experimental set-up for WEDM machining 

 
The experiments were performed on the Mitsubishi MV1200 series CNC WEDM. Rectangular parts of size 
31.7 × 6.35 × 12.7 were cut from the workpiece material as shown in Figure 2. A brass wire electrode of 
diameter 0.30 mm was used as the cutting tool for conducting the experiments and deionized water was used 
as the dielectric fluid. The machined surface of the workpiece were measured using Mitutoyosurftest SJ210 
device. Surface quality was measured at four different machined surface and calculated the average surface 
roughness value. Machining parameters and their levels used in the WEDM of MMCs are listed in Table 2. 
 

Table 2. Machining parameters with their levels 
Factor Process parameters Level 1 Level 2 Level 3 

A Wire tension (Wt) 10 g 13 g  
B Spark gap voltage (SV) 30 V 60 V 80 V 
C Peak current (IP) 8 A 10 A 13 A 
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3. EXPERIMENTAL RESULTS AND DISCUSSION 

The purpose of this study is to investigate the effect of wire-EDM machining parameters on the surface 
roughness during cutting of B4C reinforced metal matrix composite. The effects of spark gap voltage, peak 
current and wire tension on surface roughness using a brass electrode were investigated. The experiments 
were carried out based on the Taguchi L18 (21 x 32) with a mixed orthogonal array and ANOVA has been 
employed using statistical software Minitab 16 to determine the significant contribution of machining 
parameters. The experimental time and cost can be decreased by using orthogonal arrays by reducing the 
number of tests and minimizes the effects of parameters that cannot be controlled. Furthermore, it ensures a 
simple, powerful, and systematic approach to specifying the optimal machining factors during the 
experiments. A number of external factors not considered in the experimental design can affect the 
experimental results. These external factors and their effect on the results in terms of quality characteristics is 
named “the noise.” The signal-to-noise ratio (S/N ratio) computes the accuracy of the quality characteristic. 
The S/N ratio is calculated in two process. First, mean squared deviation (MSD) between the experimental 
results and optimal values are calculated by equation (1). Second, computed MSD results are converted by 
using equation (2) [19]. Then, the cutting parameters are analyzed based on the S/N. There are three different 
signal-to-noise ratios and individual desirability functions: larger is better, nominal is best, and smaller is 
better. S/N ratio indications can be selected depending on the aim of the experiments. The objective of this 
investigation is to minimize the surface roughness value. Therefore the-smaller-the-better has been chosen to 
calculate the S/N ratios by using following formulas (eq.1–eq.2). 

MSD = (y1
2 + y2

2 + y3
2 + ⋯… … + yn

2)/n      (1) 
 
S/N = −10 × Log10(MSD)       (2) 
 
Where y is the measured value of surface roughness and n is the number of experiments in the experiments. A 
higher value of S/N means the signal is much higher than the random effects of noise factors. Higher values 
of S/N ratios are described as control factor settings that minimized the effects of the noise factor, therefore a 
high signal to noise ratio is always preferred.  

 
 

Figure 3. 3D response surface plots relationship between the WEDM parameters 
 

The 3D response surface plots that obtained response surface method by RSM model in Minitab 16 software 
were utilized to specify the relationship between the WEDM parameters and surface roughness as shown in 
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Figure 3. Response surface method is a statistical method and used to determine the relation between various 
independent parameters and dependent parameters. Figure 3 indicates the influence of spark gap voltage, peak 
current and wire tension on the mean quality of machined surface roughness during wire-EDM of MMC. The 
machined surface quality was decreased with an increase in the peak current and the best surface roughness 
was observed at lowest peak current and wire tension. This was attributed to low cutting speed at lowest peak 
current. This is because of increase peak current that lead to a higher cutting speed and resulted the 
decreasing surface quality. Normally, increasing wire tension produces an improved surface quality of 
machined part due to reducing wire vibration and deflection [20]. On the contrary, surface quality was 
decreased with increase in wire tension in this study. This may be attributed increasing forces acting on the 
wire electrode and wire breakage with increase in wire tension. It was also observed that the brass wire 
electrode broken at higher wire tension. This can be ascribed that the harder B4C particles caused to fast wear 
of brass wire at higher peak current and wire tension depend on increasing cutting temperature.  
One of the most significant aim of this experimental study is to determine an acceptable surface roughness 
using optimal machining parameters. The signal-to-noise ratios and response surface optimization methods 
were performed in order to specify the best cutting parameters in the WEDM of MMCs. The WEDM 
parameters, calculated average test results, desirability values, and the S/N ratios for surface roughness are 
listed in Table 3. The optimal wire-EDM parameters and their levels were determined based on the S/N ratios 
(Table 4). The higher S/N ratios and composite desirability values indicate the optimum machining 
parameters and better quality of surface roughness. The best WEDM factors based on the response table for 
S/N in the machining of Al6061/B4C, the optimal surface roughness values were defined as factor A (Level 
1, S/N = 10.579), factor B (Level 2, S/N = 3.485), and factor C (Level 3, S/N = 3.077). In the WEDM of 
Al6061/B4C, the best machining parameters are determined as a peak current of 8 A, spark gap voltage of 
68.89 V and wire tension of 10; the optimized surface roughness value is Ra=2.8849 μm and the desirability 
value is 0.97336 as shown in Figure 4. 
 

Table 3. Experimental parameters and measured surface roughness values 
Trials 

Number 
Wire tension 

(Wt) 
Spark gap voltage 

(SV) 
Peak current 

(IP) 
Surface roughness 

(Ra) 
S/N ratio 

1 10 30 8 3.06 -9.714 
2 10 30 10 3.3 -10.370 
3 10 30 13 4.01 -12.063 
4 10 60 8 2.89 -9.218 
5 10 60 10 3.43 -10.706 
6 10 60 13 3.78 -11.550 
7 10 80 8 2.85 -9.097 
8 10 80 10 3.4 -10.630 
9 10 80 13 3.92 -11.866 

10 13 30 8 3.3 -10.370 
11 13 30 10 3.68 -11.317 
12 13 30 13 4.02 -12.085 
13 13 60 8 3.21 -10.130 
14 13 60 10 3.44 -10.731 
15 13 60 13 4.16 -12.382 
16 13 80 8 3.15 -9.966 
17 13 80 10 3.78 -11.550 
18 13 80 13 3.96 -11.954 

 
 

Table 4. Response table for Signal to Noise Ratios (Smaller is better) 
Level Wire tension 

(Wt) 
Spark gap 

voltage (SV) 
Peak current (IP) 

1 -10.579 -10.987 -9.749 
2 -11.165 -10.786 -10.884 
3  -10.844 -11.983 

Delta 0.586 0.200 2.234 
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Figure 4. Optimal Wire-EDM parameters in WEDM of Al6061/B4C 

 
The analysis of variance (ANOVA) and main effect plots were performed to investigate the influences 
parameters on surface roughness and contribution rate of Wire-EDM parameters on the quality of machined 
surface. The statistical significance levels were analyzed by the machining parameter’s P and F values at the 
95% confidence level. If the P values are smaller than 0.05, the experimental models are considered at a 
significant level of 95%. The WEDM parameters, P values, and their contribution level for surface roughness 
are presented in Table 5. From the result of ANOVA, the peak current is the most effective machining 
parameters with an 84.9% contribution of total variation on surface roughness in the WEDM of Al6061/B4C. 
The next effective WEDM parameter is wire tension with a percentage contribution of 8.33% for 
Al6061/B4C. It was observed that the spark gap voltage was not showed a meaningful effect on surface 
roughness in the WEDM of MMCs.  
 

Table 5. Analysis of Variance 
Source DF Seq SS Adj SS Adj MS F P Significance 

level % 
Regression 3 2.64982 2.64982 0.88327 68.562 0.000000  

WT 1 0.23576 0.23576 0.23576 18.300 0.000766 8.33% 
V 1 0.01011 0.01011 0.01011 0.785 0.390594 0.35% 
IP 1 2.40395 2.40395 2.40395 186.602 0.000000 84.9% 

Error 14 0.18036 0.18036 0.01288   6.37% 
Total 17 2.83018      

 
As shown in mean effect plots in Figure 5, the effect of spark gap voltage on surface roughness was almost 
constant. It can be seen from the mean effect plots that surface quality was decreased with increasing peak 
current from 8 A to 13 A and wire tension from 10 g to 13 g. At the base of the RSM and Taguchi methods, a 
regression analysis equation for surface roughness was also developed. The following regression equations 
were obtained for Al6061/B4C metal matrix composite using the least-square method in the regression 
analysis. R2values of the equations obtained from the regression for surface roughness were computed as 
93.63%. 
 
Ra = 0.869055 + 0.0762963 × WT + 0.00115351 × V + 0.177851 × IP  (3) 
 
R − Sq = 93.63%     
 

Cur
High

Low0,97336
D

Optimal

d = 0,97336

Minimum
Ra

y = 2,8849

0,97336
Desirability
Composite

8,0

13,0

30,0

80,0

10,0

13,0
V IPWT

[10,0] [68,8889] [8,0]



Title of Paper and Authors Names 

1310

-10.0

-10.5

-11.0

-11.5

-12.0

806030 13108

WT

M
ea

n 
of

 S
N 

ra
ti

os

V IP
Signal-to-noise: Smaller is better

 
Figure 5. Effect of machining parameters on surface roughness 

 
In order to verify the experimental process six confirmation experiments were carried out within the limits of 
predetermined WEDM conditions. The measured surface roughness were controlled for the precision of the 
predicted values calculated from models. Experimental values and predicted values with the percentage of 
prediction error rates are presented in Table 6. As seen in Table 6, the estimated values based on the 
regression model with the least residual errors are very close to the experimental results and prediction errors 
are in the acceptable range.  
 

Table 6. Confirmation experiments and results 
Wire tension 

(Wt) 
Spark gap voltage 

(SV) 
Peak current 

(IP) 
Surface 

Roughness (Ra) 
Predicted Surface 

Roughness 
Prediction 

Error 
10 8 42 3.22 3.006 6.63% 
13 8 42 3.24 3.235 0.15% 
13 10 42 3.51 3.591 2.31% 
10 10 42 3.72 3.362 9.62% 
10 13 42 4.17 3.896 6.58% 
13 13 42 4.24 4.125 2.72% 

 

4. CONCLUSIONS 
In this experimental study, aluminium 6061/B4C metal matrix composite was successfully produced by a 
powder metallurgy method and investigated for the effect of wire-EDM parameters on surface roughness 
using brass wire electrode. The WEDM experiments were performed based on the Taguchi L18 orthogonal 
array. The investigation results were examined using 3D surface plots, S/N ratio results, ANOVA, and main 
effect graphs. The signal-to-noise ratios, central composite desirability of response surface method, and 
regression model were used to specify the ideal WEDM parameters for surface roughness. The following 
conclusions can be drawn from the experimental study: 
 

x The machined surface quality was worsening with an increase in the peak current and the best 
surface roughness was observed at lowest peak current and wire tension. Surface quality was 
decreased with increase in wire tension. 

x Brass wire electrode was broken at higher wire tension. It can be suggested a very low wire 
tension to avoid wire breakage during WEDM of MMCs with reinforced B4C. 

x The optimal WEDM parameters are determined as a peak current of 8 A, spark gap voltage of 
68.89 V and wire tension of 10; the optimized surface roughness value is Ra=2.8849 μm and the 
desirability value is 0.97336 
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x From the result of ANOVA, the peak current is the most significant wire-EDM parameters with 
an 84.9% contribution of total variation on surface roughness in the WEDM of Al6061/B4C. 

x The spark gap voltage was not showed a meaningful effect on surface roughness in the WEDM of 
MMCs.  

x The estimated values based on the regression model with the least residual errors are very close to 
the experimental results and prediction errors are in the acceptable range.  

 

ACKNOWLEDGEMENTS 
 
The authors wish to thank Hacettepe University Scientific Research Projects Coordination Unit for the 
financial support of this experimental research, supported by the Scientific Research Projects Grant funding 
number #1743 and POYRAZ CNC Company for WEDM machine tool 

REFERENCES 
[1] Mindivan, H., Baydogan, M., Kayali, E. S., Cimenoglu, H. T. Wear behaviour of 7039 aluminum alloy. Materials 

Characterization, 54, 263–269. (2005). 
[2] Sadat, A. B. Surface Integrity When Machining Metal Matrix Composites. Machining of Metal Matrix Composites. 

Chapter 4, 51-61. (2012). 
[3] Wang, J., Lin, W., Jiang, Z., Duan, L., Yang, G. (2014). The preparation and properties of SiCw/B4C composites 

infiltrated with molten silicon. Ceramics International, 40, 6793–6798.  
[4] Manna, A., Bhattacharayya, B. A study on machinability of Al/SiC-MMC. Journal of Materials Processing 

Technology, 140, 711–716. (2003). 
[5] Soy, U., Ficici, F., Demir, A. Evaluation of the Taguchi method for wear behavior of Al/SiC/B4C composites. Journal 

of Composite Materials, 46, 851–859. (2011). 
[6] El-Gallab, M. Sklad M., Machining of Al/SiC particulate metal-matrix composites Part I : Tool performance. Journal 

of Materials Processing Technology. 83, 151–158.(1998). 
[7] Karabulut, Ş., Optimization of surface roughness and cutting force during AA7039/Al2O3 metal matrix composites 

milling using neural networks and Taguchi method. Measurement, 66, 139-149(2015). 
[8] Thuault, A., Marinel, S., Savary, E., Heuguet, R., Goeuriot, D., Agrawal, D. Processing of reaction-bonded B4C–SiC 

composites in a single-mode microwave cavity. Ceramics International, 39, 1215–1219, (2013). 
[9] Sahoo, A.K., Pradhan, S., Modeling and optimization of Al/SiCp MMC machining using Taguchi approach. 

Measurement, 46, 306–307, (2013). 
[10] Wang, J., Lin, W., Jiang, Z., Duan, L.,Yang, G. (2013). The preparation and properties of SiC w / B 4 C composites in 

fi ltrated with molten silicon, 40, 6793–6798. 
[11] Amitesh, G., Jatinder, K. An Investigation into the Machining Characteristics of Nimonic 80a Using CNC Wire-

EDM. International Journal of Advanced Engineering Technology, 3, 170-174. (2012). 
[12] Motorcu, A. R., Ekici, E., Kuş, A. Investigation of the WEDM of Al/B4C/Gr reinforced hybrid composites using the 

Taguchi method and response surface methodology. Science and Engineering of Composite Materials. 
doi:10.1515/secm, (2015). 

[13]  Yan, B. H., Tsai, H. C., Huang, F. Y., Lee, L. C. Examination of wire electrical discharge machining of 
Al2O3p/6061Al composites. International Journal of Machine Tools and Manufacture, 45(3), 251-259.(2005). 

[14] Shandilya, P., Jain, P. K., Jain, N. K. RSM and ANN Modeling Approaches For Predicting Average Cutting Speed 
During WEDM of SiCp/6061 Al MMC. Procedia Engineering, 64, 767–774,(2013). 

[15] Goswami, A., Kumar, J. Optimization in wire-cut EDM of Nimonic-80A using Taguchi’s approach and utility concept. 
Engineering Science and Technology, an International Journal, 17(4), 236–246,(2014). 

[16] Satishkumar D., Kanthababu M., Vajjiravelu V., Anburaj R., Sunda- rrajan N.T., Arul H. Int. J. Adv. Manuf. Tech, 56, 
975 – 986,(2011). 

[17] Chiang, K., Chang, F. Optimization of the WEDM process of particle-reinforced material with multiple performance 
characteristics using grey relation analysis, J. Mater. Process. Technol. 180 96-110.(2006). 

[18] Fard, R.K., Afza, R. A., Teimouri, R. Experimental investigation, intelligent modeling and multi-characteristics 
optimization of dry WEDM process of Al- SiC metal matrix composite, J. Mater. Process, 15; 483–494, (2013). 

[19] Roy, R. K. A Primer on the Taguchi Method. Society of Manufacturing Engineers. 
[20] Nourbakhsh, F., Rajurkar, K. P., Malshe, a. P.,Cao, J. (2013). Wire Electro-Discharge Machining of Titanium Alloy. 

Procedia CIRP, 5, 13–18(1990). 



The  Friction  Welding  of 
FeAl  Intermetallic  

Alloy and  AISI 316  
Stainless  Steel 

İbrahim CELIKYUREK
Eskişehir Osmangazi University, Department of Metallurgical and Materials 

Engineering, 26480, Eskişehir, Turkey

Osman TORUN
Afyon Kocatepe Üniversity  Bolvadin  Vocational School, 

Bolvadin / Afyonkarahisar 

Bedri BAKSAN
Eskişehir Osmangazi University, Department of Metallurgical and Materials 

Engineering, 26480, Eskişehir, Turkey. baksan@ogu.edu.tr

Akın OZCAN
Eskişehir Osmangazi University, Department of Metallurgical and Materials 

Engineering, 26480, Eskişehir, Turkey

Abstract
In this study the friction welding of FeAl intermetallic alloy with AISI 316 stainless steel was successfully realized. The FeAl intermetallic 
alloy was melted in vacuum arc melting furnace, stock bar AISI 316 stainless steel was used as opposite welding material. The welding 
was done at constant 1000 rpm friction speed, 50, 100 and 150 MPa friction pressures and 6, 9 and 12 seconds friction durations.  The 
welding qualities were measured by shear strength tests. The best joining strength of 281 MPs was obtained in 150 MPa friction pressure 
and 12 seconds duration. The hardness variations from FeAl to 316 stainless steel were measured by microhardness test. The welding 
interface was examined by scanning electron microscopy (SEM), and line scan analysis revealed that at the welding interface the alloying 
elements’ quantities were decreasing, which means that at both sides of the matrices alloying elements seemed to be diffused in each other.

Key words:Intermetallic compounds based on FeAl, friction welding, scanning electron microscopy, hardness 
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1. INTRODUCTION 

The ordered intermetallic compounds are a unique class of metallic materials, under a certain critical 
temperature [1,2]. Intermetallic compounds are the materials to fill the gap between metallic and ceramic 
materials both for service temperature and for mechanical properties. Due to high interatomic bonding 
strength and still having metallic bonds the intermetallic compounds are less susceptible to crack formation 
[3,4]. 

In these materials group nickel, iron and titanium aluminides are more attractive for high temperature 
applications. In last three decades the studies are involved in understanding the properties of these materials. 
The main disadvantages if the Al based and other ordered intermetallic compounds are the low ductility and 
brittle cracking at ambient temperature. Weldability is a specific issue related to fabrication technologies that 
is a major concern for Fe3Al alloy [5]. Earlier studies on welding of Fe3Al have mainly focused on fusion 
welding using gas tungsten arc (GTAW) and electron beam welding (EBW). These studies showed that 
cracking susceptibility depended upon alloy composition. Fe3Al modified with chromium, niobium and 
carbon exhibited good weldability. B and Zr additions promoted hot cracking in these alloys [6]. Recently, 
Chiang et al. investigated the effects of the different alloying additions and microstructures on the mechanical 
properties and weldability, with a special focus on the influence of moisture-induced environmental 
embrittlement [7]. Ma et al. reported that the performance and weldability of the Fe3Al were greatly 
influenced by the B2 / DO3 transformation [8]. In a recent study, Kratochvil et al. investigated weldability of 
Fe3Al type alloy with hardened structure [9].  

Friction welding is a solid state or non-fusion bonding technic to weld different materials as well as 
polymeric materials [8-13]. In friction welding process parameters friction speed, time and pressure, and the 
forging time and pressure. There has been few works on friction welding of Fe3Al-type alloys. Sketchley et 
al. investigated the friction welding of a Fe3Al based oxide dispersion strengthened (ODS) alloy [13]. In the 
present study, cast Fe60Al40 alloys were welded by friction welding and microstructure and mechanical 
properties of the welded samples were examined. 

2. EXPERIMENTAL 
The alloy Fe60Al40 was prepared by arc melting under argon atmosphere from iron and aluminum of 99.99 
wt. % and 99.7 wt. % purity, respectively. The samples were homogenized at 1100 oC for 96 hours and 
cooled in furnace. The cylindrical cast alloy samples which have 8 mm diameter were machined to 50 mm 
length. The friction welding experiments were carried out by continuously driven friction welding machine 
[14] at constant friction pressure of 150 MPa, and 6, 9, and 9 seconds of duration times. The friction welding 
process is given schematically in Fig.1. After welding, the welded samples were cut normal to the welding 
interface. The surfaces of the welded samples were ground with 1200 grinding paper and polished 1 mm 
diamond paste then the samples were etched with a mixture of H2O (30 ml), HNO3 (30 ml), HCl (20 ml) and 
HF (20 ml). The microstructure was observed with an optical microscope and scanning electron microscopy 
(SEM). The chemical compositions of the weld zone and the base alloy were determined by using energy 
dispersive spectroscopy (EDS). Microhardness values were measured on both sides of the welded samples by 
means of Vickers indenter with a load of 100 g. The shear test were performed determine strength of the 
welded zone using an electromechanical universal test machine (Shimadzu AG-IS-250) at room temperature. 
Fracture surfaces of the welds were observed by scanning electron microscopy. 

 

 
Figure 1. Schematic view of friction welding process 

 



Friction welding of FeAl intermetallic alloy and AISI 316 Stainless Steel, øbrahim deliNy�reN, Osman Torun, 
%edri %aNsan, $NÕn g]can 

 

 

3.  RESULTS AND DISCUSSION 

 

3.1. Microstructure 

Macrograph of the welded sample for 12 s is shown in Fig. 2. The flash was observed in all welded samples 
because of plastic deformation during welding. Flash formation increased with increase in burn off. Optical 
micrographs of the welded samples for 6, 9 and 12 s are given in Fig. 3. As seen from the micrographs, all 
welds exhibited a sound welding without any pore and crack along the weld interface. There are two main 
regions apparent in all welded samples: The fully plastic deformed dynamically recrystallized zone and 
deformed zone. Plastic deformation increased with increasing the friction welding time. The micrographs 
demonstrate that there is not an important change in the width of the deformed zone with increase in the 
friction welding time. Scanning electron microscopy (SEM) Energy Dispersive Spectra (EDS) area analysis 
revealed the composition of alloy elements in the welds (Fig. 4). Analysis results indicate that composition of 
welded zone and the base alloy is similar. 

 
Figure 2. Macrograph of cross section of sample welded at 1000 rpm friction speed, 150 MPa friction pressure, and 12 
seconds of friction time light colored area is 316 SS, dark colored area is Fe60Al40.  
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Figure 3. Optical micrographs of the welded samples. a) 6 s b) 9 s and c) 12 s. 

 

Figure 4. SEM and line scan analysis of sample welded at 1000 rpm friction speed, 150 MPa friction pressure and 12 s 
duration time  

 

 

3.2. Mechanical properties 

Microhardness values of all welds from the weld center to the both sides are given in Fig. 5. 
According to the results of test, microhardness profiles for all welding times are found to be 
similar. Hardness of the recrystallized zone is higher than that of the base alloy due to formation of 
very fine grains. 

To determine the strength of the weld interface accurately the shear test was used. The shear 
strengths of welded samples were determined by using a specially designed testing apparatus [15]. 
The shear and bending strengths of the welds and the base alloy are shown in Fig.6. Test results 
demonstrate that the shear strength values of the welds are greater than the base metal. This 
situation shows that the structure with very fine grains formed due to dynamic recrystallization 
during the friction welding has more strength than the matrix. 
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Figure 5. Microhardness profiles of the welded samples from the weld center to both sides. 

 

 

 

 

 

 
Figure 6. Shear strengths samples of1000 rpm friction speed versus friction time 

 

The shear strength values for all friction-welding times are very close to each other. Although the 
width of the recrystallized zone increased with increase in the friction welding time, the shear 
strength of the welds did not show an important change. The shear strengths of the welds are 
independent of change in the friction welding time.  

 

4.  CONCLUSIONS  

In this study, the friction welding of the cast Fe60Al40 alloy were carried out successively by 
friction welding. Microstructure studies revealed two different zones at the weld interface; 
recrystallized fully deformed zone and deformed zone. The micrographs clearly indicate a sound 
welding at the weld region which is free from pore and crack. The shear strengths of the welds are 
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very close to each other. The shear strengths of the welds are slightly increasing due to the process 
time. The structure with very fine grains formed during the friction welding exhibited more 
strength than the matrix. 
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Characteristics  of 
Automotive  Brake  Pads

Abstract
To learn about the coefficient of friction of the brake disk and the tribological properties of the materials to learn the various test 
devices have been developed. Friction and wear resistance test method used to measure the number of models to be the cause of 
much friction and wear mechanisms and tribological system is because of the over. For this reason, large part of the studies of 
friction and wear at present are done by using determined by the international standard test specifications and parameters. In the 
design used in friction materials, the most important factor of friction event is coefficient of friction and wear. Basic properties 
requested of a brake pad are suitable to the standards of corrosion resistance, friction coefficient and economical. These features 
in determining the precise hardware with automatic control unit and the importance of testing equipment is quite significant. 
Earlier studies that are conducted to learn about and considering the coefficient of friction of the brake discs to find the tribological 
properties of the materials, various testing devices have been developed. In our country and in developed countries it is possible to 
show examples of this work. In this study , a number of research studies have been conducted to examine automobile brake pads 
used in determining the characteristics of the test equipment used for the purpose for what and contribution to Turkey industry.
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1. Introduction  
 

Nowadays, several industrial companies are interested in R&D activities to improve the 
efficiency performance of the friction material [1,3]. When the roughness decreased hard 
and shiny surfaces can be obtain which means the sliding surface is caused slide more 
easily over one another. Therefore, new pads are being passed through some tests such 
as crushing, shear, abrasion, and heat and water resistance at the stage of their 
construction. The negative reasons described above are intended to reduce to a 
minimum the pads of the potential adverse effects occur while driving [3]. The brake pads 
wear out as a result of friction of the brake disc and the pad and there have been 
substantial research efforts to prevent this matter. The performance of the brake pads 
has been increased as a result of tribology experiments. A number of test equipments 
have been designed and built to investigate different wear types. One of the most 
important mechanisms in the automobiles is the brake system since the life safety of the 
people is relying on these systems. A car should stop in the shortest distance when the 
driver press down the brake and thus this is related with the coefficient of friction. A 
number of test equipments have been developed to explore the coefficient of friction and 
tribological features of the materials of the brake pads. 

2. Materials and Method 
 

There are principles in product design. Good designers develop techniques that help 
them to implement these principles. There is a process for design: it starts from a place 
and there are steps to follow. This process of getting design right is applicable in most 
design contexts. Although some steps may be skipped, the basic process is sound. 

Ertas and Jones [4] define “design process” as “...begins with an identified need and 
concludes with satisfactory qualification and acceptance testing of the prototype”. 

Voland [5] uses the term “the engineering design process” and composes this process 
into five stages; 1) need assessment, 2) problem formulation, 3) abstraction and 
synthesis, 4) analysis, and 5) implementation. 

In the development of the test devise Volland’s design method has been followed. The 
outcome has been found a successful product design. 

3. Testing Device Used for Testing Brake Pads Used in Automobiles  
 

+LOPL .XşoX aQG 0XVWaIa TLPXr GHVLJQHG aQG EXLOW WhH µTHVWLQJ GHYLFH XVHG IRr WHVWLQJ 
friction coefficient of  brake pads used in automobiles’. 

 

Figure 1 The testing device used for testing brake pads used in automobiles 
 
 



The test device is shown in; 

Figure 1 is designed as it gives reliable results according to the experimental standards. It 
has been paid particular attention on the detail of design and manufacture of the test 
device in order to run experiments in a convenient way. Coefficient of friction of the brake 
pads can be examined under different factors including different speed, temperature, 
pressure etc. The device can produce graphs for Coefficient of friction- Temperature, 
Coefficient of friction- Time, Temperature- Time. In order to spin the brake disc in the 
experiment set-up an electric motor with the power 7,5 KW and 1400 RPM/min is been 
used. The speed of disk is 6 m/s is obtained by 1400 RPM/min.  

 

The first step considered in the manufacture of the test device is to design of the 
mechanic part of the brake system in a vehicle. The parts that are used in the device 
including a disc, an electric motor in order to spin the disc, a caliper and pad for sheet 
metal in order to place brake pad on the caliper.  The mechanic system of the test device 
is placed on the table. The second step considered in order to braking in the mechanic 
part, the pressure generating the pedal load is controlled by the hydraulic unit. The 
hydraulic unit is placed under the table. A number of experiments were performed to 
validate the results of the test device and its reproducibility. The results obtained from the 
test devise is given in [1]. 

 
 

 

Figure 2 A Graph of Friction material’s Temperature - Friction Coefficient - Time  
 

 

Figure 3 A graph of Friction Material’s Friction Coefficient –Time 
 

øErahLP 0XWOX aQG 5HFHS .Ro designed and built a ‘Test device used for testing friction 
coefficient of brake pads used in automobiles’. The values in the device can be perceived 
as desired interval and saved them on computer. The device can produce graphs for 
Coefficient of friction- Temperature, Coefficient of friction- Time and Temperature- Time. 
Speed change and pressure can be adjusted by manually. Figure 4 shows the test device 
in a schematic way [2]. 



 

 
Figure 4 Experimental set-up 

 
The methodology developed at the surface engineering Labratory in NJIT by R. 
Dubrovsky and A. Titov is consist of variety of research techniques in terms of quality and 
quantity of analysis experiments results. These methods are included in assessment of 
friction coefficient an wear rate [6]. 

:Har WHVW GHYLFH LV EXLOW E\ <�.araR÷OX aQG 2� (OGR÷aQ is another example work which 
investigate the tribologic features of brake pads. The purpose of this project is the same 
as the first example work. Figure 5 shows the general view of the wear test device.  In 
this device, a brake discs is used in the current cars. Hydraulic pressure is applied from 
the both surfaces of the disc. Experimental works is managed from a computer [8]. 

 

 

Figure 5 General view of the wear test device 
 

0� 'HPLraO aQG 0� <aşar GHVLJQHG aQG EXLOW a WrLERWHVW test device with pin-disc system 
which examines wear and friction of the Aluminum bronze. An AC electric motor with the 
power 1,5KW and 1500 RPM/min is been used. A speed adjuster device has been used 
to adjust the slip rate. Figure 6 shows the top view of the  tribotest device [9]. 

 



 

Figure 6 Tribotest device 
 

Figure 7 shows the test device is made by Michael Ericsson and his friends that the 
purpose of the devise is to test the friction coefficient of friction materials. The device is 
made in 2002 at the University of Cambridge. The main difference of this  device from 
others  is a torque meter is been used. In this way, the obtained data under which torque 
is been able to examined and relevant graphics can be produced.  

 

 

Figure 7 A test device is made by Michael Ericsson and his friends [10] 
 

Figure 8 shows different type of friction coefficient test device. The quality control test 
procedure is been made according to SAE J661 standards. The equipment on the friction 
materials of friction coefficient provides accurate data. The devise is controlled by a 
computer and the results are given in graphics.  

 



 

Figure 8 The test device is made by Chase Machine [1] 

 

Figure 9 shows the test device works based on Reciprocator (shuttling) that moves 
linearly. An inverter is controlling the electric motor in the device and the computer is 
controlling slip rate. Normal load and Friction force is being measure by a loadceller the 
computer programme evaluates these forces and produces graphics as Coefficient of 
friction-Time or Way. The distance-measuring sensor that amounted the device measures 
10-micron accuracy. This sensor is able to measure and save the changes of the height 
even the experiments is running.  

The systems such as roller bearing or slippers that touches each other and moves 
according to each other, frictions occurs so that this makes parts moves away each other. 
Therefore, in real systems, both faces are abraded out and pieces stay between the 
parts. The distance measured system used in the designed and built tribotest device is 
able to do suitable measurement  

x Coefficient of friction- Time  
x Coefficient of friction- Way  
x Wear amount – Time 
x Wear amount – Way 
x Wear rate- Time 
x Wear rate- Way 
x Wear resistance –Time 
x Wear resistance –Way 

Graphics can be drawn automatically and saved as data. 

 

Figure 9 The test device works based on Reciprocator (shuttling) [7] 

 



4. Results 

The more improved sensitivity and impact capability in the cars’ parts mean safe drive in 
the automotive sector. Especially brake systems play very important role in human safety. 
Friction coefficient and wear resistance that have appropriate standards are very 
important characteristics of the brake pads. It is very important to know these 
characteristics and to choose suitable brake pads according to them. Therefore there is 
need to have accurate test devices in order to make brake pads that have desired 
properties. 

Nowadays, it can be seen that there is a number of tests are performed on the brake 
pads. Tribological event between the parts have been examined with the test devices and 
desired information (Friction Coefficient, wear amount and friction force) is obtained. 

One of the purposes of this work is to promote original designs of test devices to identify 
Friction Coefficient, wear amount and friction force of car pads. 
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A large part of the engine friction in internal combustion engine is between the piston-ring cylinder-wall contacts. The cylinder liner 
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diesel engine worked 200 hours. The microstructural analyses of worn surfaces were examined by SEM. Surface deformations were 
compared between the two regions. As a result of, the abrasive wear was observed deeply formed axial scratches. It was observed 
surface deformations of the CR are less than surface deformations of the BDC for the formation of hydrodynamic lubrication 
regimes on the CR.
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1. Introduction 

The mechanical frictions in piston assembly areextremely important for performance, fuel economy 
and engine life in internal combustion engine.The distribution of frictional losses between piston rings 
and cylinder liner vary on cylinder liner contact areas with position of each piston ring. And, different 
lubrication regimes consist on cylinder liner in case of engine operation. 

The oil film between piston rings and cylinder liners in internal combustion engines is the first factor for 
the tribological performance of the system (Tamminen et al., 2006). Also, another factor on engine 
performance is cylinder liner wear. Cylinder liner wear in automotive engines have gained importance 
because of the mandatory emission standards. Because, the cylinder wear can cause to the engine 
blow-by. A lot of researchers have been studied because of the importance of lubrication regime and 
wear in internal combustion engine (Radil 1997; Wang et al. 1998; Ma et al. 2004; Ma et al. 2006; 
Cakir and Akcay 2014). 

Shuster and Mahler (1999), studied to effects of metallurgical and metrological examinations of 
cylinder liner and piston ring surfaces before and after 150, 1000 and 4000 hours of heavy duty diesel 
engine testing. They investigated to different composition coatings and methods of application. In 
conclusion, they reported that adhesive wear particles of iron on the working surfaces of molybdenum 
based and chrome plated piston rings may indicate the early stages of a scuffing wear 
mechanism.Truhan et al. (2005) developed a method for evaluate the friction and wear behavior of 
piston ring and cylinder liner materials. The result of their work, they reported that the soot and 
particulate contents have a major effect on wear of the flat cast iron and less of an effect on the ring 
for the studied materials. 

In this study, surface morphologies on the Central Region (CR) and Bottom Dead Center (BDC) region 
of cylinder liner was investigated after the diesel engine worked 200 hours. The microstructural 
analyses of worn surfaces were examined by SEM. Surface deformations were compared between the 
two regions. As a result of, the abrasive wear was observed deeply formed axial scratches. It was 
observed surface deformations of the CR are less than surface deformations of the BDC for the 
formation of hydrodynamic lubrication regimes on the CR.  

2. Experimental Setup 

The experimental work was conducted on a production four stroke, single cylinder, air-cooled diesel 
engine. The engine specifications are given in Table 1. The engine was operated for 200 hours. 
Metallurgical examinations were performed by SEM on the cylinder liner surfaces before and after 200 
hours worked engine testing. 

Table 1. Engine Specifications 

Type Diesel, air cooled, four stroke 
Cylinder number 1 

Bore X Stroke 102,5 mm x 100 mm 
Displacement 825 cc 

Compression ratio 17:1 
Engine speed max. 3000 rpm 
Engine power max. 17 hp 

 

3. Experimental Results 

The cylinder liner surfaces were visualized by SEM (100X) before engine test. Figure 1 shows the 
honing marks on the cylinder liner surfaces. 



 

Figure 1. Honing marks on cylinder liner (100X) 

On inspection of Figure 1, it can be seen that the surface have the axial scratches which named as 
honing marks. The surface SEM analyses of cylinder liner middle and bottom region are illustrated 
after the diesel engine worked 200 hours in Figure 2 and 3.  

 

Figure 2. The SEM analysis of cylinder liner middle region (5.000X) 

 

 

Figure 3. The SEM analysis of cylinder liner bottom region (5.000X) 



The vertical lines in the Figure 2 and Figure 3 are wear scratches which destroyed with plastic 
deformation on the surface. While honing lines more clearly seenon the middle region in Figure 2, they 
almost lost in the bottom region in Figure 3. This case illustrates that the decrease of surface 
roughness due to wear on the bottom region of cylinder liner. Whereas, the piston apply to the cylinder 
surface the largest vertical force in reciprocating engines. Figure 4 typically shows to the force 
changes on the cylinder liner surface between the two dead centers. 

 

  
 

Figure 4. Exchange force applied to the cylinder liner surface. 

The force distributions on thrust surface of piston are as shown in Figure 4. While force exerted on the 
surface has a maximum in the middle region, the force exerted on the bottom dead center region is the 
lowest. The piston speed shows similar to the force distributions.  

The cylinder liner-piston contact lubrication regime varies from boundary and mixed at the top and 
bottom of the stroke to fully hydrodynamic during the middle region (Spencer, 2010). Friction force will 
be lower in the occurrence of hydrodynamic lubrication. Because it is no metal to metal contact. 

 

4. Conclusions 

In this study, surface morphologies on the Central Region (CR) and Bottom Dead Center (BDC) region 
of cylinder liner was investigated after the diesel engine worked 200 hours. As a result, may conclude 
the following: 

Engine testing results indicated that the bottom region is more worn than the middle region.The mixed 
lubrication regime is dominated by bottom region due to metal-metal contact. So bottom region wear is 
more than middle region wear. The low wear in the middle region is a result of hydrodynamic 
lubrication.  

The cylinder liner wear in internal combustion engine can be reduced with the increase of 
hydrodynamic lubrication regime region. So, reducing the metal to metal contact between piston ring 
and cylinder liner, wear can be reduced. 
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Abstract
The desire to use materials with high strength/weight or stiffness/weight ratio is increased the importance of composite materials 
nowadays. Due to this, much attention has been devoted to the numerical analysis of composite plates. The performance of well-
known numerical methods, Finite Element Method (FEM) and Boundary Element Method (BEM), are based on the quality mesh 
structures. Meshfree methods are free from the meshes and the drawbacks of mesh-based interpolation techniques. Because of 
its high convergence rate, Element-Free Galerkin Method (EFGM) is one of the most widely used meshfree method in solid body 
mechanics and it is a promising candidate for the analysis of composite materials. In this study; deflection analysis of laminated 
composite plates are studied using EFGM. Several laminated composite plate problems are solved using EFGM and the displacement 
results of EFGM solutions are compared with the results of exact and FEM solutions at the critical points. 
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1. INTRODUCTION 
Nowadays, composite materials have played an important role in the engineering applications that require 
high strength/weight or stiffness/weight ratios. Because of that, analysis of composite materials have gained 
great significance. Several plate theories are present for the bending analysis of composite plates in the 
literature such as are Classical Plate Theory (CLPT) [1], First Order Shear Deformation Theory (FSDT) [1], 
Higher Order Shear Deformation Theory (HSDT) [1] etc. The FSDT, also known as Mindlin-Reissner plate 
theory, is widely used since it includes transverse shear effects and its simplicity. 

Due to the complex structure of composite materials, several numerical methods, such as FEM, BEM and 
meshfree methods, have been used for the analyses of composite laminates in the literature. Sheikh et al. [2] 
used FEM on the solution of composite plates having different shapes. Moments and stresses using BEM 
were examined by Albuquerque and his friends [3]. Haddad et al. [4] applied to Finite Difference Method 
(FDM) for free vibration analysis of composite plates. 

The performances of FEM and BEM depend on mesh quality of the problem model. Meshfree methods have 
been developed to overcome this limitation. Element-Free Galerkin Method (EFGM), which was originally 
developed by Belytschko [5], is one of the most widely used meshfree method in solid mechanics due to its 
simplicity and high convergence rate. Also, many scientists propose that EFGM has good solution accuracy 
in solid mechanics [6]. The EFGM is seen as a promising candidate for the analysis of composite materials. It 
was used by Belinha and Dinis for the analysis of anisotropic plates and laminates [7]. Also, EFGM has been 
preferred for the various analysis of composite plates such as buckling problems [8], vibration problems [9], 
bending problems [7], crack analysis [10], fracture analysis [11], etc.  

In this study, EFGM and FEM programs, based on FSDT, have been written on MATLAB programming 
environment for the deflection analysis of laminated composite plates. Several numerical examples are solved 
using particular number of nodes in the problem domain. The displacement results of EFGM are presented 
and compared with the results of FEM and exact solution in terms of accuracy. 

2. FIRST SHEAR DEFORMATION THEORY (FSDT) FOR THE LAMINATED 
COMPOSITE PLATES 

A typical Mindlin-Reissner plate with mid-plane lying in the x-y plane of Cartesian coordinate system is 
depicted in Fig 1. The displacement field of a point at a distance z to the mid-plane can be written as 

ܝ = ቊ
u
v
w
ቋ = ቐ

−zɅx(x, y)
−zɅy(x, y)

w(x, y)
ቑ(1) 

where (u, v, w) are the displacements of the plate in the x, y, z directions. Ʌx andɅy are the rotations of cross-
section of the plate about y and x axes, respectively. The linear strains in the Mindlin-Reissner plate are the 
strains resulting from bending are obtained in terms of the rotations, Ʌx , Ʌy and of the mid-surface 
displacement, w, as 

ઽ =

ەۖ
۔

ɂxxۓۖ
ɂyy
ɀxy
ɀyz
ɀxz ۙۖ

ۘ
ۖۗ

=

ە
ۖۖ
ۖ
۔

ۖۖ
ۖ
ۓ −z μɅx (x,y)

μx

−z μɅy (x,y)
μy

−z μɅx (x,y)
μy

− z μɅy (x,y)
μx

−Ʌy (x, y) + μw(x,y)
μy

−Ʌx(x, y) + μw (x,y)
μx ۙ

ۖۖ
ۖ
ۘ

ۖۖ
ۖ
ۗ

(2) 

Using the generalized Hooke’s law for orthotropic linear elastic materials, the stresses for the ith layer is given 
as, 

ોi = ҧ܋ iઽ         (3) 

where 

ોi = {ɐxx ɐyy ɒxy ɒyz ɒxz }T     (4) 

ҧ𝑖𝑖܋ =  (5)        ܂𝑖𝑖܋ܶ܂
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where܋i  is the material matrix of the ith  layer. It includes six independent material properties that are 
E1,E2,Ԃ12 ,G12 ,G13  and G23 ,. The material matrix of the orthotropic materials can be written as  

i܋ =

ۏ
ێ
ێ
ێ
ێ
ێ
ۍ

E1

1−ɋ12ɋ21

E1ɋ21

1−ɋ12ɋ21
0 0 0

E1ɋ12

1−ɋ12ɋ21

E2

1−ɋ12ɋ21
0 0 0

0 0 G12 0 0
0 0 0 G23 0
0 0 0 0 G31ے

ۑ
ۑ
ۑ
ۑ
ۑ
ې

 (6) 

and܂ is the transformation matrix, which has lay-up of the laminae, can be given as 

܂ =

ۏ
ێ
ێ
ێ
ۍ cos2Ʌ sin2Ʌ −sin2Ʌ 0 0

sin2Ʌ cos2Ʌ sin2Ʌ 0 0
sinɅ cosɅ −sinɅ cosɅ cos2Ʌ − sin2Ʌ 0 0

0 0 0 cosɅ −sinɅ
0 0 0 sinɅ cosɅ ے

ۑ
ۑ
ۑ
ې
               (7) 

where the Ʌ is the lay-up or orientation of fiber on the ith  lamina.  

 
Figure 1. A typical laminate plate 

Considering the {ɂxx ɂyyɀxy } = z {ɂതxx ɂതyyɀതxy } the stresses on the top face of layer (i) are 

ɐxx
zi +1 = zi+1 ൣcത11

iɂതxx + cത12
iɂതyy + cത13

iɀതxy ൧
ɐyy

zi +1 = zi+1 ൣcത12
iɂതxx + cത22

iɂതyy + cത23
iɀതxy ൧

ɒxy
zi +1 = zi+1 ൣcത13

iɂതxx + cത23
iɂതyy + cത33

iɀതxy ൧
ɒxz

zi +1 = ൣcത44
iɀxz + cത45

i  ɀyz ൧
ɒyz

zi +1 = ൣcത45
iɀxz + cത55

i  ɀyz ൧

                    (8) 

The bending moments (Mij ) and the shear forces (Vij )are 

Mxx = σ  z ɐxx
i dzzi +1

zi

n
i

Myy = σ  z ɐyy
i dzzi +1

zi

n
i

Mxy = σ  z ɒxy
i dzzi +1

zi

n
i

                      (9) 

and 

Vxx = ksh σ  ɒxz
i dzzi +1

zi

n
i

Vyy = ksh σ  ɒyz
i dzzi +1

zi

n
i

                                                                                                                                (10) 

whereksh  is the shear correction factor. Substituting the stress values in Eqs. (8) into moment in Eqs. (9) and 
shear forces in Eqs. (10): 
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Mxx = σ ቂzi+1
3

3
− zi

3

3
ቃ ൣcത11

iɂതxx + cത12
iɂതyy + cത13

iɀതxy ൧n
i

Myy = σ ቂzi+1
3

3
− zi

3

3
ቃ ൣcത12

iɂതxx + cത22
iɂതyy + cത23

iɀതxy ൧n
i

Mxy = σ ቂzi+1
3

3
− zi

3

3
ቃ ൣcത13

iɂതxx + cത12
iɂതyy + cത13

iɀതxy ൧n
i

Vxx = ksh σ [zi+1 − zi]ൣcത44
iɀxz + cത45

i  ɀyz ൧n
i

Vyy = ksh σ [zi+1 − zi][cത45
iɀxz + cത55

i  ɀyz ]n
i

                (11) 

The Eqs. (11) can be arranged as in the following form: 

ۻ = 
Mxx
Myy
Mxy

 = �۲iۺȰቆzi+1
3

3
− zi

3

3 ቇ = �۲i ቆzi+1
3

3
− zi

3

3 ቇ
n

i

൩ Ȱۺ
n

i

 

܄ = Vxx
Vyy

൨ = ksh σ shۯ]
i ܟ) −Ȱ)(zi+1 − zi)] =n

i ksh ൣσ shۯ
i (zi+1 − zi)n

i ൧(ܟ −Ȱ)
  (12) 

where, 

ۺ = 
− μ

μx
0 − μ

μy

0 − μ
μy

− μ
μx

                    (13) 

Ȱ = {Ʌx Ʌy }T                      (14) 

= ቄ μμx
μ
μyቅ

T
                     (15) 

and۲iand ۯsh
i are the material properties related with bending and shear effects. They can be written in the 

matrix forms, as follows: 

۲i = 
cത11

i cത12
i cത13

i

cത12
i cത22

i cത23
i

cത13
i cത23

i cത33
i
        (16) 

shۯ
i = ቈcത44

i cത45
i

cത45
i cത55

i         (17) 

In the absence of mass forces, the equilibrium equations obtained using the virtual work principle are given 
as, 

−ۻTۺ ܄ = 0

܄T + ܊ = 0
         (18) 

where܊ is the vector of applied external forces. EFGM is used for the solution of this system equations. 

3. ELEMENT-FREE GALERKIN METHOD 

3.1. Moving-Least Square (MLS) Approximation  

The MLS approximation for the function of a field variable u(ܠ) in a local domain ȳ is defined at a point ܠ  
as 

uh (x) = σ pi(x)ai(x)m
i=1 = pT(x)a(x)                  (19) 

wherem is the number of basis terms, pT(x) = {p1(x), p2(x), p3(x),⋯ , pm (x)} is the vector of monomial 
basis functions, ܉T(x) = {a1(x), a2(x), a3(x),⋯ , am (x)}is the vector of coefficients, and xT = [x, y] is the 
position vector for 2D problems. The monomials are selected from the Pascal triangle with providing 
minimum completeness to build the basis function pT(x). For example, the linear and quadratic basis 
functions in 2D problems can be given by 

pT(x) = [1, x, y],                             m = 3                  (20) 

pT(x) = [1, x, y, x2, xy, y2],         m = 6            (21) 
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The difference between the function u(x)and its local approximation uh (x)must be minimized by weighted 
discrete L2 norm to obtain the vector of coefficients a(x). 

J = σ w(x− xi)[pT(xi)a(x) − ui]2n
i=1          (22) 

wheren is the number of nodes in the support domain of point x, uiis the nodal value of u at ܠ = xi , w(x−
xi is the weight function associated with the influence domain of node i. From weight function properties, it 
must be greater than zero for all nodes in the support domain of point ܠ. 

The minimization of weighted residual with respect to a(x)at any arbitrary point ܠ gives 
μJ
μa

= 0                      (23) 

which can be written as a set of linear equations. 

A(x)a(x) = B(x)Us        (24) 

whereUs = {u1, u2, u3,⋯ , un}T  is the vector of nodal values of field function for the nodes of support 
domain. The matrices ۯ and ۰ have the following forms 

A(x) = σ wi(x)p(xi)pT(xi)n
i=1 ,                 wi(x) = w(x− xi)    (25) 

B(x) = [w1(x)p(x1) w2(x)p(x2) ⋯ wn(x)p(xn)]     (26) 

The matrix ۯ is called as weighted moment matrix of MLS and if it is non-singular a(x)can be written as 

a(x) = A−1(x)B(x)Us        (27) 

The local approximation uh (x) can be rewritten by substituting Eq. (19) 

uh (x) = σ Ԅi(x)ui
n
i=1 = ȰT(x)US       (28) 

whereȰTis the vector of MLS shape functions and it can be expressed as 

T(x) = {Ԅ1(x) Ԅ2(x) ⋯ Ԅn(x)} = pT(x)A−1(x)B(x)    (29) 

The partial derivatives of shape function can be achieved by the following equation. 

Ȱ,i = i,(1۰−ۯTܘ) = p,i
TA−1B + pTA,i

−1B + pTA−1B,i     (30) 

where 

A,i
−1 = −A−1A,iA−1        (31) 

The spatial derivative are designated with index i following a comma. The weight functions are one of the 
most important points for derivation of MLS shape functions. The continuity and locality features of the MLS 
approximation are mainly based on weight functions. The weight function must be positive inside the support 
domain by taking its maximum value at the centre of support domain and must be zero outside the support 
domain using a monotonically decrease. There are various weight functions in literature [6]. The cubic spline 
weight function is used in this work and is given by 

wi(ܠ − xi) = w(riഥ) = ቐ
2 3Τ − 4riഥ2 + 4riഥ3 riഥ  0.5

4 3Τ − 4riഥ + 4riഥ2 − 4 3Τ riഥ3 0.5 < riഥ  1
0 riഥ > 1

�               (32) 

For rectangular influence domain in 2-D problems, weight functions can be obtained by 

w(riഥ) = w(rx)w൫ry൯ = wxwy                    (33) 

rx = |x−xi |
rwx

andry = |y−yi |
rwy

                   (34) 

whererwx and rwy are the size of support domain in the x and y direction. 

3.2. Galerkin Weak Form and Enforcement Boundary Conditions  
The Galerkin weak form for Mindlin-Reissner plates can written as 

 Ɂ(ۺdu)TDLdudȳȳ −  Ɂ(ۺu u)Tbdȳȳ −  Ɂ(ۺu u)TtȞdSȞt
+ Ɂ  1

2
(ub − uȞ)TȽ(ub − uȞ)dȞȞu

= 0(35) 

The discrete system equation can be written as 

(K + KȽ)U = (F + FȽ)        (36) 
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where۹is the global stiffness matrix and is obtained by assembling the point stiffness matrices 

Kij =  Bi
TDBjdȳȳ         (37) 

in which 

Bi =

ۏ
ێ
ێ
ێ
ۍ 0 0 0 μԄi

μx
μԄi

μy
μԄi

μx
0 μԄi

μy
Ԅi 0

0 μԄi

μy
μԄi

μx
0 Ԅi ے

ۑ
ۑ
ۑ
ې

T

       (38) 

and theKȽ is the matrix of penalty factors defined by 

(KȽ)ij =  ɔi
TȽɔjdȞȞu

        (39) 

whereɔi  is a diagonal matrix. If the relevant DOF is free, the diagonal elements of ɔi  are equal to 0, 
otherwise equal to 1. 

The force vector ۴ in Eq. (35) is the global force vector assembled using the nodal force vector of 

Fi =  Tbdȳȳ(uȰiۺ) +  TtȞdSȳ(uȰiۺ)                   (40) 

whereȰiis a diagonal matrix of shape functions. 

The FȽvector shows the forces obtained by the implementation of essential boundary conditions and can be 
obtained as follows 

Fi
Ƚ =  ɔi

TȽuȞdȞȞu
                    (41) 

4. NUMERICAL RESULTS AND DISCUSSIONS 
In this section, a few numerical examples have been performed to demonstrate the applicability and the 
accuracy of the EFGM. Plates with boundary conditions, thickness ratios, number of layers, fiber orientations 
and materials are studied. The results are provided in terms of normalized displacements for the convenience 
of comparison and validated by comparing them with analytical results taken from the literature and FEM 
results. The behaviour of all composite materials used is considered as linear elastic. The value of shear 
correction factor is constant and taken as 5 Τ 6 for all examples. The properties of materials used in the 
examples are given in Table 1. The linear polynomial basis, cubic spline weight function, 2.5 for the 
dimensionless support domain size and 7 × 7 Gauss quadrature integration points are used in all EFGM 
solutions. 

Table 1. Properties of laminated composite plates 

 M1 M2 M3 

,ܲ𝑎𝑎 250ࡱ × 109 40 × 106 300 × 109 

,ܲ𝑎𝑎 10ࡱ × 109 1.0 × 106 12 × 109 

,ܲ𝑎𝑎 5ࡳ × 109 0.6 × 106 6 × 109 

,ܲ𝑎𝑎 5ࡳ × 109 0.6 × 106 6 × 109 

,ܲ𝑎𝑎 2ࡳ × 109 0.5 × 106 2.4 × 109 

  0.25 0.25 0.25࢜

4.1. Simply supported laminated composite plates under uniformly distributed load 
The deformation of a simply supported square laminated plate subjected to a uniformly distributed transverse 
load q = 100 kN/m^2 is analysed using different lamination schemes with thickness/span ratios of h Τ L =
0.1, h Τ L = 0.05 and h Τ L = 0.01. The laminates used are orthotropic laminate with one layer of [0°] 
orientation, symmetric cross-plies with three, four, five and seven layers of [0°/90°/0°], [0°/90°/90°/0°],
[0°/90°/0°90°/0°] and [0°/90°/90°/0°/90°/90°/0°] orientations, respectively. The material M1, presented 
in Table 1, is used in this example. 

 

 

 ݄ ܮ ܮ
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Figure 2. Simply supported laminated composite square plate 

Due to the symmetry, only a quarter of plate is modelled using 441 nodes in the EFGM and FEM solutions. 
The dimensionless center deflection of plate is presented in Table 2. It can be seen that the accuracy of 
EFGM solution is near to the exact solution and is better than the FEM. 

Table 2. Central deflections 100(4ܮݍ)/2݄3ܧݓ under uniform transverse load 

h/L Lay-up FEM EFGM Exact [12] 
0.01 0 0.662553 0.659729 0.6528 

 0/90/0 0.680383 0.677547 0.6697 

 0/90/90/0 0.694267 0.691600 0.68333 

 0/90/0/90/0 0.698297 0.695732 0.6874 

 0/90/90/0/90/90/0 0.701414 0.698928 0.6896 
0.05 0 0.737233 0.734517 0.7262 

 0/90/0 0.769471 0.766675 0.7572 

 0/90/90/0 0.781553 0.778914 0.7694 

 0/90/0/90/0 0.769781 0.767292 0.7581 

 0/90/90/0/90/90/0 0.767333 0.764929 0.7575 
0.1 0 0.966699 0.963153 0.9519 

 0/90/0 1.038240 1.034393 1.0219 

 0/90/90/0 1.040156 1.036504 1.025 

 0/90/0/90/0 0.986117 0.982779 0.9727 
  0/90/90/0/90/90/0 0.969344 0.966131 0.9643 

4.2. Simply supported angle-ply square plate under uniformly distributed load 
The deformation of an angle-ply simply supported square plate subjected to a uniformly distributed transverse 
load q = 1 is examined using four layers [Ʌ°/−Ʌ°/Ʌ°/−Ʌ°]. The solutions are presented with a constant 
thickness-to-span ratio, h Τ L, of 0.1. The material M2 is used in this example. 

Because of the asymmetry, the whole plate is modelled using 441 nodes in the EFGM and FEM solutions. 
Table 3 presents the dimensionless center deflection of plate. It is visible that the accuracy of EFGM solution 
is more accurate than the FEM. Also, it can be achieved to exact results by particular number of nodes used in 
the solution. 

Table 3. Central deflections 100(4ܮݍ)/2݄3ܧݓunder uniform transverse load 

Arrangement of layers 
[ી°/−ી°/ી°/−ી°] FEM EFGM Exact [12] 

-5/+5/-5/+5 6.922555 6.892311 6.741 

-15/+15/-15/+15 6.205659 6.180749 6.086 

-30/+30/-30/+30 4.841598 4.820746 4.825 

-45/+45/-45/+45 4.430046 4.410081 4.426 

4.3. Clamped laminated composite plates under uniformly distributed load 
Clamped laminated square plate with four different aspect ratios of h Τ L = 0.1, h Τ L = 0.05, h Τ L = 0.02 
and h Τ L = 0.01 are analyzed to determine deformations under the uniformly distributed transverse load 
q = 1. The unidirectional laminate of material M3 is used with four layer of [0°/90°/90°/0°] orientation. 
Due to the symmetry, only a quarter of plate is modelled using 441 nodes in the EFGM and FEM solutions. 
The dimensionless center deflection of plate is presented in Table 4. A close agreement between the results of 
EFGM and exact solution is shown for all thickness ratios examined. Again the results of EFGM is better 
than the FEM ones. 

Table 4. Central deflections 100(4ܮݍ)/2݄3ܧݓunder uniform transverse load 

h/L FEM EFGM Exact [13] 

0.1 0.465766 0.46542 0.4651 

0.05 0.234185 0.234522 0.2342 

0.02 0.158636 0.159152 0.159 

0.01 0.147079 0.147363 0.1475 



ICENS International Conference on Engineering and Natural Science, 15-19 May 2015, Skopje, Macedonia 

 

5. CONCLUSIONS 
In this study, the EFGM based on First Order Shear Deformation Theory is successfully implemented in the 
bending analyses of laminated composite plates. The results for the analyzed plates are in good agreement 
with the results of exact solutions. It is also shown that the accuracy of EFGM solutions are better than the 
FEM ones for the analyzed plates. 
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Abstract
Walled cylinder which is commercially used as a high pressure cylinder of a waterjet intensifier pump. Bilinear kinematic hardening 
model is used in the derivation of analytical model based on plane strain, Von-Mises yield criteria and incompressible volume 
assumptions. Elasto-plastic radius is dependent on autofrettage pressure and optimum value of autofrettage pressure is found 
as a value that will give minimum value of maximum Von-Mises stress on the wall of the cylinder under operating pressure. 
Hence, considering elasto-plastic radius as the design variable, its optimum value is determined for the specified operating pressure. 
Reverse yielding owing to Bauschinger effect is used as the only non-linear constraint, matlab© optimtool finds optimum value of 
the elasto-plastic radius and the corresponding autofrettage pressure is then calculated. By using ANSYS 14©, stress analysis of the 
autofrettaged cylinder has been performed and the results obtained from both methods are found to be almost the same. 
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1. INTRODUCTION 
High pressure cylinders of a waterjet intensifier pump are subjected to an alternating internal pressure at a 
certain frequency. Failure of these cylinders is due to higher values of alternating stress components at the 
inner surface. In order to improve fatigue behaviour of these cylinders a compressive residual stress at the 
inner surface must be created. Autofrettage process is one of the efficient methods using for this purpose. In 
the autofrettage process, a certain amount of internal pressure is applied to the cylinder so that the inner part 
of its wall becomes partially plastic. The pressure is then released and the outer elastic part of the wall tries to 
compress the inner plastic part. Thus, residual compressive stress at the inner surface is achieved.  

Analytical model for autofrettage process first proposed by Hill [1] is elastic-perfectly plastic model. Many 
researchers have been used this model in their studies. Topçu and Filiz [2] compared the performance 
characteristics of shrink fit and autofrettage process by going through analytical and numerical analysis. 
Majzoobi et al. [3] studied on the determination of the best autofrettage pressure by going through analytical 
and numerical analysis. Hojjati and Hassani [4] stated the optimum autofrettage pressure and radius by 
theoretically and by ¿nite-element modeling based on von misses yielding criteria.  Rayhan et al. [5] pointed 
out that working pressure and the ratio of outer to inner radius effects the optimum autofrettage pressure.  

Elastic-perfectly plastic assumption cannot be used for most of the materials due to Bauschinger effect and 
strain hardening. Huang [6] proposed an autofrettage model considering the material strain hardening 
relationship and Bauschinger effect, based on actual tensile-compressive curve of material. He found that the 
smaller Bauschinger effect coefficient causes the reverse yielding to take place more easily and affects the 
residual stress distribution. White et al. [7] developed an improved isotropic-kinematic hardening model and 
they defined the Bauschinger effect as one of the most important physical properties to be modelled. Eun 
Yeup Lee et al. [8] investigated elastic- perfectly plastic and strain hardening models for autofrettaged 
compound cylinder. They found that the compressive residual stress of the strain hardening model is smaller 
than that of the elastic- perfectly plastic model because of the Bauschinger effect. Ragab et al. [9] used a 
generalized material behaviour model includes reverse yielding, non-linear hardening and Bauschinger effect.  

In this study, going through the studies mentioned above, an analytical model is generated in order to evaluate 
the value of the optimum value of elasto-plastic radius so that maximum Von-Mises stress developed on the 
wall of the cylinder will be minimized under operating pressure. Autofrettage pressure, elasto-plastic radius 
and operating pressure are all interrelated to each other. Loading the cylinder with autofrettage pressure and 
then unloading the cylinder will create compressive residual stress at the inner surface of the cylinder which 
will help in reducing the stresses developed under operating pressure. The problem here is to determine the 
optimum value of autofrettage pressure which gives minimum Von-Mises stress under operating pressure.  
Due to kinematic hardening behaviour, autofrettage pressure is limited to a value at which reverse yielding 
begins. This is considered as a nonlinear constraint in optimization process. By using Matlab optimtool, 
optimum value of elasto-plastic radius is determined. Optimum autofrettage pressure and corresponding Von-
Misses stresses through the wall of the cylinder are then calculated. In order to verify the results, finite 
element model of the cylinder is created in ANSYS environment and the results obtained from both analytical 
and FEM analyses are compared. 

2. THEORETICAL ANALYSIS 

2.1. Basic equations 
When a hollow cylinder with closed ends is pressurized as shown in Figure 1, radial stress (ır), tangential 
stress (hoop stress, ıt) and longitudinal stress (ız) are developed. These stresses are the principal stresses. 
From the force equilibrium on the infinitesimally small element, equation (1) is obtained. 

ɐr + r dɐr

dr
− ɐt = 0        (1)  

and corresponding strains İr and İș are given in terms of the radial displacement, u, as: 

ɂr =
du
dr 

ɂɅ = u
r
          (2) 
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Figure 1Cross section of a thick walled cylinder under internal pressure 

and the elastic constitutive relations are; 

Eɂr = ɐr − ɓ(ɐɅ + ɐz) 

EɂɅ = ɐɅ − ɓ(ɐr + ɐz) 

Eɂz = ɐz − ɓ(ɐr + ɐɅ)        (3) 

During autofrettage process, the cylinder is located between two holders that restrict the elongation in 
longitudinal direction which results plain strain case. Another consideration is about material stress-strain 
relationship. It is assumed that equivalent stress-strain relationship is the same as stress-strain relationship of 
simple tension-compression test. In addition to these, incompressible volume assumption �İr+İș+İz=0) and 
Von Misses yielding criteria are used. Von-Mises criterion suggests that, equivalent stress (Von Misses 
stress) ıi, and equivalent strain İi are: 

ɐi = ට1
2

[(ɐɅ − ɐr)2 + (ɐr − ɐz)2 + (ɐz − ɐɅ)2]     (4) 

ɂi = ξ2
3
ඥ[(ɂɅ − ɂr)2 + (ɂr − ɂz)2 + (ɂz − ɂɅ)2]      (5) 

For plain strain assumption, İz=0, equation (3) gives; 

ɐz = 1
2

(ɐɅ + ɐr)         (6) 

Substituting equation (6) into equation (4) gives; 

ɐɅ = 2
ξ3
ɐi + ɐr          (7) 

ɐz = 1
ξ3
ɐi + ɐr          (8) 

The radial stress ır can be obtained from equations (1), (7) and (8) 

ɐr =  2
ξ3

ɐ i

r
dr         (9) 

And equivalent strain is obtained from equations (2) and (5) and by using plane strain and incompressible 
volume assumptions; 

ɂi = 2
ξ3

c
r2          (10) 

where c is an integration constant. 

2.2. Stress-Strain Relationship 
In general, materials exhibit different characteristics in elastic and plastic region. In this work, material stress-
strain relationship is assumed to be bilinear kinematic hardening model which is shown in Figure 2. The 
model is considered to consists of elastic region (O-A) and plastic region (A-B) and can be described by two 
equations. 
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Figure 2 Material stress strain curve based on bilinear kinematic hardening model 

Elastic region (O-A) 

ɐ = E. ɂ          (11) 

Plastic region (A-B) 

ɐ = Sy + T. ൫ɂp − ɂy൯        (12) 

where Sy, İy, İp and T are yield stress, yield strain, plastic strain and tangent modulus respectively. Arranging 
equation (12) yields, 

ɐ = A + T. ɂp          (13) 

where A is a constant and depends on Sy, İy and T. 

A = Sy − T. ɂy          (14) 

2.3. Stress Analysis 
Stresses developed in the loading and unloading stages of autofrettage process are analyzed by using proper 
boundary conditions. Stresses in the operating stage are considered to be superposition of residual stresses 
and the elastic stresses due to the operating pressure. 

2.3.1. Loading Stage 
(a) Elastic region (O-A) 

Substituting equations (10) and (11) into equation (9) gives 

ɐre = − 2
3

E
r2 ce1 + ce2        (15) 

Substituting equations (10), (11) and (15) into equation (7) gives 

ɐɅe = 2
3

E
r2 cɅ1 + cɅ2        (16) 

Substituting equations (10), (11) and (15) into equation (8) gives 

ɐze = ce2         (17) 

(b) Plastic region (A-B) 

Substituting equations (10) and (13) into equation (9) gives 

ɐrp = 2
ξ3

A ln r − 2
3

T
r2 cp1 + cp2       (18) 

Substituting equations (10) and (13) into equation (7) gives 

ɐɅp = 2
ξ3

A(1 + ln r) + 2
3

T
r2 cp1 + cp2       (19) 

Substituting equations (10) and (13) into equation (8) gives 

ɐzp = 1
ξ3

A(1 + 2 ln r) + cp2        (20) 
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Boundary conditions 

The following boundary conditions exist when the cylinder is subjected to internal pressure Pa as shown in 
Figure 3. 

 
Figure 3 Radii of elastic-plastic zones 

1. Both of the equivalent stresses in the elastic zone and plastic zone (r=b) are equal the yield stress of the 
material. 

(a) at r=b, ıie=Sy, ce1 is found as; 

ce1 = ξ3
2

Sy

E
b2         (21) 

(b) at r=b, ıip=Sy, cp1 is found as; 

cp1 = ξ3
2
൫Sy−A൯

T
b2         (22) 

2. The radial stress ır at the outer surface (r=c) and the inner surface (r=a) are equal to zero and –Pa 
(autofrettage pressure) respectively. 

(a) at r=c, ıre=0, ce2 is found as; 

ce2 = 1
ξ3

Sy
b2

c2          (23) 

(b) at r=a,  ırp=-Pa, cp2 is found as; 

cp2 = − 2
ξ3

A ln a + 1
ξ3
൫Sy − A൯ b2

a2 − Pa       (24) 

Loading stress distribution 

(a) Elastic region (O-A) 

Substituting equations (21) and (23) into equations (15) to (17) gives; 

ɐre = 1
ξ3

Syb2 ቀ 1
c2 −

1
r2ቁ        (25) 

ɐɅe = 1
ξ3

Sy b2 ቀ 1
c2 + 1

r2ቁ        (26) 

ɐze = 1
ξ3

Sy
b2

c2          (27) 

(b) Plastic region (A-B) 

Substituting equations (22) and (24) into equations (18) to (20) gives; 

ɐrp = 2
ξ3

A ln r
a

+ ൫Sy − A൯ ቀ 1
a2 −

1
r2ቁ − Pa       (28) 

ɐɅp = 2
ξ3

A ቀ1 + ln r
a
ቁ + b2

ξ3
൫Sy − A൯ ቀ 1

a2 + 1
r2ቁ − Pa      (29) 

ɐzp = 1
ξ3

A + 2
ξ3

A ln r
a

+ 1
ξ3
൫Sy − A൯ b2

a2 − Pa       (30) 
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2.3.2. Unloading Stage 
When the autofrettage pressure is totally removed, the unloading will be elastic if there is no reverse yielding. 
In this case, unloading stresses follow the Lame equations. As a result, residual stresses developed elastic and 
plastic parts of the cylinder are calculated as; 

(a) Residual stresses developed in elastic part of the cylinder (bdrdc) 

ɐre = 1
ξ3

Syb2 ቀ 1
c2 −

1
r2ቁ − Pa

a2

c2−a2 ቀ1 − c2

r2ቁ      (31) 

ɐɅe = 1
ξ3

Sy b2 ቀ 1
c2 + 1

r2ቁ − Pa
a2

c2−a2 ቀ1 + c2

r2ቁ      (32) 

ɐze = 1
ξ3

Sy
b2

c2 − Pa
a2

c2−a2        (33) 

(b) Residual stresses developed in plastic part of the cylinder (adrdb) 

ɐrp = 2
ξ3

A ln r
a

+ b2

ξ3
൫Sy − A൯ ቀ 1

a2 −
1
r2ቁ − Pa − Pa

a2

c2−a2 ቀ1 − c2

r2ቁ    (34) 

ɐɅp = 2
ξ3

A ቀ1 + ln r
a
ቁ + b2

ξ3
൫Sy − A൯ ቀ 1

a2 + 1
r2ቁ − Pa − Pa

a2

c2−a2 ቀ1 + c2

r2ቁ   (35) 

ɐzp = 1
ξ3

A + 2
ξ3

A ln r
a

+ 1
ξ3
൫Sy − A൯ b2

a2 − Pa − Pa
a2

c2−a2     (36) 

2.3.3. Operating Stage 
When the operating pressure is acting, the stresses developed in the cylinder will be reduced due to 
compressive residual stresses developed at the inner surface of the cylinder.  

(a) Stresses developed in elastic part of the cylinder under operating pressure (bdrdc) 

ɐre = 1
ξ3

Syb2 ቀ 1
c2 −

1
r2ቁ − Pa

a2

c2−a2 ቀ1 − c2

r2ቁ + Pw
a2

c2−a2 ቀ1 − c2

r2ቁ    (37) 

ɐɅe = 1
ξ3

Sy b2 ቀ 1
c2 + 1

r2ቁ − Pa
a2

c2−a2 ቀ1 + c2

r2ቁ + Pw
a2

c2−a2 ቀ1 + c2

r2ቁ    (38) 

ɐze = 1
ξ3

Sy
b2

c2 − Pa
a2

c2−a2 + Pw
a2

c2−a2       (39) 

 

(b) Stresses developed in plastic part of the cylinder under operating pressure (adrdb) 

ɐrp = 2
ξ3

A ln r
a

+ b2

ξ3
൫Sy − A൯ ቀ 1

a2 −
1
r2ቁ − Pa − Pa

a2

c2−a2 ቀ1 − c2

r2ቁ + Pw
a2

c2−a2 ቀ1 − c2

r2ቁ  (40) 

ɐɅp = 2
ξ3

A ቀ1 + ln r
a
ቁ + b2

ξ3
൫Sy − A൯ ቀ 1

a2 + 1
r2ቁ − Pa − Pa

a2

c2−a2 ቀ1 + c2

r2ቁ + Pw
a2

c2−a2 ቀ1 + c2

r2ቁ (41) 

ɐzp = 1
ξ3

A + 2
ξ3

A ln r
a

+ 1
ξ3
൫Sy − A൯ b2

a2 − Pa − Pa
a2

c2−a2 + Pw
a2

c2−a2    (42) 

2.4. Autofrettage Presuure 
The autofrettage pressure can be obtained by equating radial stress components at elastic plastic interface 
(r=b). That is: 

ıre=ırp     (at r=b) 

Pa = 1
ξ3
ቂ2A ln b

a
+ ൫Sy − A൯b2 ቀ 1

a2 −
1

b2ቁ − Syb2 ቀ 1
c2 −

1
b2ቁቃ     (43) 

3. DETERMINATION OF OPTIMUM AUTOFRETTAGE PRESSURE 

3.1. High Pressure Cylinder of a Waterjet Intensifier Pump 
Intensifier pump is the heart of a waterjet cutting machine and mainly consists of piston assembly, check 
valve assemblies, low pressure cylinder and high pressure cylinders as shown in Figure 4.  
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Figure 4 Sectional view of an intensifier pump [10] 

High pressure cylinders are essential part of the intensifier pump where ultra-high pressure (410 MPa) 
develops. In the design of these cylinders, alloy steels are widely used due to some mechanical properties 
such as high strength to weight ratio, toughness, resistance to fatigue and corrosion. In this intensifier unit 
AISI 4340 alloy steel is used as the cylinder material. The cylinder has 14 mm inner, 38 mm outer radius and 
160 mm length. Chemical composition, mechanical properties and tensile stress-strain relationship are given 
in Table 1,2 and Figure 5 respectively. 

Table 1 Chemical composition of AISI 4340 alloy steel [11] 

%Fe %Ni %Cr %C %Mo %Others 

96.6 1.8 0.8 0.4 0.25 0.1 

Table 2 Mechanical properties of AISI 4340 [11] 

Treatment 

Yield 
Strength in 

Tension 
(MPa) 

Yield 
Strength in 

Compression 
(MPa) 

Ultimate 
Tensile 
Strength 
(MPa) 

Modulus of 
Elasticity 

(GPa) 

Tangent 
Modulus 

(MPa) 

Brinell 
Hardness 

Poisson's 
Ratio 

Q&T 
(5100C) oil 1200 1130 1270 200 1489 400 0.3 

 

 
Figure 5 Tensile stress-strain curve of AISI 4340 [11] 

Without autofrettage process the stresses developed through the wall of the cylinder is easily calculted by 
using Lame equations. Figure 6 represents all stress components of the cylinder under 410 MPa operating 
pressure. It is seen in the figure that maximum von misses stress (821,7 MPa) occurs at the inner surface of 
the cylinder. It is actually this stress magnitude which will result fatigue failure for cyclic loading. This level 
is reduced by the compressive residual stress due to autofrettage process which will result an increase in 
fatigue life. 
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Figure 6 Stress distribution for non-autofrettaged high pressure cylinder under operating pressure of 410 MPa 

3.2. Optimization 
The amount of autofrettage pressure is to be applied in the wall of the cylinder is an important issue in the 
autofrettage process. With an increase in the autofrettage pressure, maximum von misses stress at critical 
section (elasto-plastic radius) in operating stage decreases to a minimum value, but after a specific value of 
autofrettage pressure it begins to increase as shown in Figure 7. 

 
Figure 7 Von misses stress developed at elasto-plastic radius due to operating pressure for different autofrettage pressures 

As seen in equation (43), for a specific cylinder, Autofrettage pressure becomes the function of elasto-plastic 
radius and the problem is a one variable optimization problem with a non linear constraint.  By using 
constrained nonlinear minimization solver with interior point algorithm in Matlab Optimtool the optimum 
amount of elasto-plastic radius is determined.  
After autofrettage process, von misses stress distribution under operating pressure decreases through the wall 
of the cylinder and the maximum von misses stress occurs at the elasto-plastic radius. Thus, objective 
function is the minimization of von misses stress at this point and written as; 

Minimize,  f=ıie =ıip,   at r=b 

When the autofrettage pressure is removed (unloading stage) residual von misses stress must not exceed yield 
stress in compression of the material which depends on the amount of strain hardening. Otherwise, reverse 
yielding starts due to Bauschinger effect. This is a nonlinear inequality constraint and expressed as; 

ɐԢunloading d�Ԣyc     where   �Ԣyc = 2Sy − ɐԢ loading  , at  r = a 

ɐԢunloading d2Sy − ɐԢ loading  

ɐԢ loading + ɐԢunloading − 2Syd0 

Another consideration is the lower and upper limits of elasto-plastic radius (b), which must be between inner 
radius (a) and outer radius (c); 

a < ܾ < ܿ 

Results 

From all this considerations, optimum elasto-plastic radius is found as; 
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 boptimum= 18.862 mm                              

and by substituting it in equation (45), optimum autofrettage pressure is calculated as; 

 Paoptimum= 936.260 MPa 

Stress distributions through the wall of the cylinder; loading, unloading and operating stages are given in 
Figures 8, 9, 10 respectively. Maximum von misses stress after autofrettage process is decreased to 618.93 
MPa from 821.7 MPa comparing to non-autofrettaged cylinder. 

 
Figure 8 Stress distributions through the wall of the cylinder-loading stage 

 
Figure 9 Stress distributions through the wall of the cylinder-unloading stage 
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Figure 10 Stress distributions through the wall of the cylinder-operating stage 

4. FEM ANALYSIS 
In this section validation of analytic model has been shown by comparing to the 2D finite element model 
created in ANSYS 14. Quarter of the cylinder is modelled by using PLANE183 element. Plane strain 
assumption and symmetric boundary conditions are chosen.  Uniform and regular meshes are used with 0.15 
element sizes. Loading, unloading and operating stages are solved step by step. Default parameters of 
ANSYS 14 are used for the rest. 

Figures 11 to 13 represents von misses stress distribution through the wall of the cylinder for loading, 
unloading and operating stages respectively and all stress components for each stage is given in Figures 14 to 
16. Comparison of analytical results with respect to FE results is also tabulated in Table 4. 

 
Figure 11 Stress distribution-loading stage 
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Figure 12 Stress distribution-unloading stage 

 
Figure 13 Stress distribution-operating stage 

 
Figure 14 All stress components-loading stage 
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Figure 15 All stress components-unloading stage 

 

 
Figure 16 All stress components-operating stage 

Table 4 Comparison of analytical results with respect to FE results 
Von Mises Stress Analytical Results (MPa) ANSYS results (MPa) 
Inner surface 152.54 177.46 

Elasto-plastic radius 618.93 615.00 

Outer surface 152.49 156.45 

5. CONCLUSION 
In this study analytical approach for the determination of optimum autofrettage pressure of a thick walled 
cylinder is presented. Bilinear kinematic hardening model is used in the analysis. Optimum value of 
autofrettage pressure is found as a value that will give minimum value of maximum Von-Mises stress on the 
wall of the cylinder under operating pressure. Considering elasto-plastic radius as the design variable, 
optimum value of the elasto-plastic radius is found by using matlab© optimtool. By using ANSYS 14©, 
stress analysis of the autofrettaged cylinder has been performed. The use of analytical approach and finite 
element method is illustrated with a specific high pressure cylinder. Optimum value of autofrettage pressure 
and maximum von misses stress in operating stage are found as 936.26 MPa and 618.93 MPa respectively. As 
illustrated in Table 4, results for both analytical and finite element method are almost the same. In non-
autofrettage cylinder, Von-Mises stress was 821.7 MPa which shows the advantage obtained from 
autofrettage process.  The effect of reduction in Von-mises stress will be seen as an improvement in fatigue 
behaviour of the cylinder. 
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The  Effects  of  Feather 
Color on  Hatchability

Traits,Growth  Performance,  
and Survival  Rate  in  

Japanese  Quails (Coturnix  
coturnix japonica)

Abstract
This study was conducted to determine the effects of feather color on hatchability traits, growth performance, and survival rate in 
Japanese quails. Quails having piebald, yellow, white and brown feather color were used in this study. For this purpose, a total of 1975 
quails (Piebald: 561, Yellow: 428, White: 484 and Brown: 502) hatched from a total of 2796 eggs obtained from a total of 2796 quails 
(Piebald: 826, Yellow: 580, White: 708 and Brown: 682) whose ages were between 10 and 12 weeks were studied. The effect of feather color 
on hatchability, hatching and late embryonic death rate was found to be statistically significant. It has been determined that hatchability 
for yellow, brown, white and piebald were 73.79%, 73.60%, 68.36% and %67.91% respectively and hatching weight for the same feather 
colors were 80.00%, 78.07%, 72.67% and 73.91%. The effect of different feather color on values of survival rates in different growth 
periods were statistically significant (P<0.001). From the first to sixth week, survival rate was the highest in piebald and white quails 
and the lowest in brown and yellow quails. In this study, the effect of different feather color on growth performance was also statistically 
important (P<0.001). Live weights of piebald colored quails were higher than the quails having other colors from the hatching to the sixth 
week. In conclusion, there is a need to evaluate yellow and brown quails in respect to the hatching traits and the advantages of piebald and 
yellow quails in respect to growth performance and to conduct further studies to determine genetic parameters for growth and hatching 
traits of quails having different feather color.
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1. Introduction 
The Japanese quail is the smallest avian species in poultry farming, which is used for their yields, and is 

recommended as a practical and applicable option for meeting animal protein (meat and eggs) deficit in 

developing countries (Ernts 1978, Koçak 1985, Panda ve Singh 1990). Factors affecting hatching efficiency and 

accordingly business profitability in quail production are fertilization rate, hatching performance, hatchability, 

and embryonic mortality. The leading factors that affect growing in quails include race, feeding, age, sex, feed 

consumption and feed efficiency, coop conditions, and diseases (Koçak 1985).  

Numerous studies have been conducted in order to determine the characteristics of live weight of 

Japanese quail. Average live weights from hatching to various age periods have been calculated in different 

levels by many researchers. The number of studies conducted on the growing, survival, slaughtering, and carcass 

characteristics of chicks hatching from the eggs of Japanese quails with different feather colours is very limited. 

The purpose of this study was to determine the effect of the feather colour on the hatching and growing 

characteristics and survival of Japanese quails. 

 

2. Materials and Methods 

This study was conducted at the Quails Unity Application and Research Farm of the Faculty of 

Veterinary Medicine, Kafkas University in Kars, Turkey. In this study, Japanese quail with different colored 

feathers (piebald, yellow, white and brown) were used. Quails were divided into groups of 2 males and 8 females 

and 4 males and 16 females from every colour group. Breeding quails were fed with a feed containing 20% crude 

protein and 2900 kcal/kg energy (NRC, 1994). Eggs obtained from breeding quails were placed in incubator. 

Wing numbers were attached to hatching chicks, they were weighed by using a 0.01 grams precision scale to 

record their hatching weights and their growing was followed for 6 weeks through weighing every week. 

Hatching chicks were fed as ad libitum with a feed containing 24% crude protein and 2900 kcal/kg 

energy for a period of 6 weeks (NRC, 1994). Table 1 illustrates the ration compound used to feed the mother and 

juvenile population in the study and its nutritional values. Quail chicks used in the study were grown in 

apartment-shaped cages having dimensions of 110 x 45 x 100 cm, with 5 floors and containing sections with the 

dimensions of 20 x 45 x 100 cm on each floor. In the first week after hatching, they were kept in the temperature 

of 35-37 0C, this temperature was reduced a few degrees gradually every week and reached to 20-21 0C in the 

5th week. Lighting was given for 24 hours. 

Fertility (%) = (number of fertilized eggs / total numbers eggs placed into incubator) x 100. 

Hatchability of incubated eggs (%) = (number of released chicks / total number of egg placed into 

incubator) x 100. 

Hatchability of fertile eggs (%) = (number of released chicks / number of fertilized eggs placed into 

incubator) x 100. 

Statistical Analyses  

Least Squares Method was used in SPSS statistical computer program in examining the growth of the 

quails. According to this model; 

For the growth characteristics of quails within the weeks 0-6, 

The following equation was formed: Yijk = µ+ ai + bj + eijk. 



Where; Yijklm is the examined yield characteristics value of any quail, µ is the expected mean value, ai 

is the feather colour (i: 4-; white, yellow, brown, and piebald), bj is sex (male, female), and eijk is the error term. 

Chi-Square Test was used to conduct the statistical evaluation of hatching characteristics and survival. 

 
Table 1. Ingredient and nutrient content of the basal diets, (%) 
Ingredient Layer Diet Grower Diet 
Corn 53.00 57.20 
Soybean 36.00 33.00 
Vegetable oil 3.25 - 
Fish flour - 7.60 
Lime stone 6.00 1.00 
Dicalciumphosphate 1.00 0.50 
Dl-Methionine 0.10 0.10 

Salt 0.30 0.25 
Vit.-Min. Premix1 0.35 0.35 
Analysed nutrient composition, DM basis   
Crude protein % 20.08 24.04 
Metabolic energy, kcal/kg 2908 2900 

1Provided per kg concentrate: Vitamin A, 21000 IU; Vitamin D3, 4200 IU; Vitamin E, 52.5 mg; Vitamin K3, 4.38 mg; VitaminB1, 5.25mg; 
Vita-min B2, 12.25 mg; Vitamin B6, 7 mg; Vitamin B12, 0.03 mg; Folic acid, 1.75 mg; D-Biotin 0.08 mg; Vitamin C, 87.5 mg; Niacin,70 mg; 
Cal-D-Pantothenat, 14 mg; Choline chloride 218.75 mg; Fe, 140 mg; Zn, 105 mg; Cu, 14 mg; Co, 0.35 mg; I, 1.75 mg; Se, 0.26 mg; Mn, 140 
mg. 
2Provided by calculation (NRC, 1994) 

 

3. Results 
Table 2 illustrates hatching results of eggs of quails with different feather colours. According to Table 

2; while fertilization, early embryonic mortality, and dead-in-shell rates of quails with different feather colours 

were statistically insignificant (p>0.05); hatching performance, late embryonic mortality rates and hatchability 

were found statistically significant (p<0.05, p<0.01). While hatching performance rate was higher in quails with 

the feather colours of yellow, brown, white, and piebald respectively, hatchability was higher in quails with 

feather colours of yellow, brown, piebald, and white. While late period embryonic mortality rate was highest in 

the white feathered quails, it was lowest in yellow feathered quails. 

 
Table 2. Hatching results of eggs of quails with different feather colours   

Feather 
colour 

Total 
eggs 

(number) 

Fertility 
rate 
(%) 

Hatching 
performance 

(%) 

Hatchability 
of fertile eggs 

(%) 

Early 
embryonic 

mortality (%) 

Late 
embryonic 

mortality (%) 

Dead-in-
shell  
(%) 

  NS * ** NS * NS 

Piebald  826 91.88 67.91b 73.91b 13.04 5.01b 8.04 
Yellow  580 92.24 73.79a 80.00a 10.28 4.11b 5.61 
White  708 94.07 68.36b 72.67b 10.96 7.66a 8.71 

Brown   682 94.28 73.60a 78.07a 11.35 4.36b 6.22 
Total 2796 93.10 70.63 75.87 11.53 5.34 7.26 

NS: Non significant (P> 0.05), *: P < 0.05, **: P < 0.01, a, b: The differences among the values bearing different superscript on the same 
row line are significant (P < 0.05).  

 
Table 3. Survival rate of quails with different feather colours   

Feather 
colour 

Hatching 
(adet) 

1. week 
(%) 

2. week 
(%) 

3. week 
(%) 

4. week 
(%) 

5. week 
(%) 6. week (%) 

 *** *** *** *** *** *** 
Piebald  561 87.70a 82.71a 80.21a 79.86a 79.68a 78.97a 
Yellow  428 78.27b 71.50b 69.15b 68.46b 66.12b 65.65b 
White  484 83.68a 79.34a 77.89a 77.07a 76.86a 74.03a 

Brown   502 78.88b 70.12b 68.33b 68.13b 66.93b 66.73b 



Total 1975 82.43 76.26 74.26 73.72 72.81 71.76 
***: P < 0.01, a, b: The differences among the values bearing different superscript on the same row line are significant (P < 0.05). 

 
Table 3 illustrates survival values of quails with different feather colours in various growing phases. 

When Table 3 was examined, it was observed that survival values were statistically significant (p<0.001). Within 

the period from the first week until the 6th week, survival was highest in piebald and white feathered quails; 

whereas, it was lowest in brown and yellow feathered quails. 

Table 4 shows live weight levels of quails with different feather colours in various ages (hatching-42nd 

day). Hatching weights and live weights in the following weeks among quails with different feather colours were 

found to be statistically significant (p<0.001).  

 

 

 



Table 4. Live weight levels of quails with different feather colours in various ages (hatching-42nd day) 

 

Hatching  
weights (g) 

7th day  
live weights (g) 

14th day 
live weights (g) 

21st day 
live weights (g) 

28th day  
live weights (g) 

35th day  
live weights (g) 

42nd day 
live weights (g) 

 
n  r S  n r S  n r S  n r S  n    r S  n r S  n r S  

Colour   ***  ***  ***  ***  ***  ***  *** 
Piebald  561 8.44r0.03a 492 20.57r0.25a 464 44.02r0.55a 450 78.92r0.87a 448 116.36r1.12a 447 157.05r1.19a 443 189.23r1.27a 
Yellow  428 7.66r0.04d 335 15.54r0.30d 306 33.80r0.67c 296 61.34r1.07bc 293 91.83r1.38bc 283 126.01r1.50b 281 152.11r1.59b 
White  484 8.10r0.04b 405 17.43r0.27b 384 35.90r0.60b 377 62.63r0.95b 373 93.19r1.23b 372 124.81r1.31bc 368 151.20r1.39bc 
Brown   502 7.94r0.03c 396 16.45r0.27c 352 33.12r0.63c 343 59.32r0.99c 342 88.87r1.28c 336 121.64r1.38c 335 147.31r1.45c 
Sex        ***  ***  ***  *** 
Male  

  
    753 62.93r0.67 749 93.37r0.87 740 126.55r0.94 732 150.84r0.99 

Female 
  

    713 68.18r0.70 707 101.76r0.90 698 138.20r0.97 695 169.09r1.03 
Colour * Sex        NS  NS  NS  NS 

Piebald 
Male       208 76.29r1.27 208 112.31r1.63 208 151.99r1.75 206 179.21r1.85 
Female       242 81.56r1.18 240 120.42r1.52 239 162.12r1.63 237 200.25r1.73 

Yellow 
Male       154 58.96r1.48 152 88.13r1.91 148 120.73r2.07 146 144.52r2.20 
Female       142 63.72r1.54 141 95.52r1.98 135 131.29r2.17 135 159.09r2.07 

White 
Male       208 60.48r1.27 207 89.48r1.64 207 118.73r1.75 204 143.31r1.86 
Female       169 64.78r1.41 166 96.90r1.83 165 130.89r1.96 164 159.09r2.07 

Brown 
Male       183 55.93r1.36 182 83.55r1.75 177 114.77r1.89 176 137.30r2.00 
Female       160 62.65r1.45 160 94.19r1.86 159 128.50r2.00 159 157.32r2.11 

Total  1975 8.03r0.02 1628 17.50r0.14 1506 36.70r0.31 1466 65.55r0.49 1456 97.56r0.63 1438 132.38r0.68 1427 159.96r0.71 
NS: Non significant (P> 0.05), ***: P < 0.01, a, b,c d: The differences among the values bearing different superscript on the same row line are significant (P < 0.05).  
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While hatching weight was highest in the quails with piebald feathered colour, it was lowest in the 

quails with yellow feather. Hatching weights and 7th day live weights were in the quails with piebald, white, 

brown and yellow feather colours respectively from the highest to the lowest. Live weight gains were found in 

piebald, white, yellow and brown feathered quails on the 21st day, 28th day, 35th day and 42nd day.   

As sex can be decisively determined in the 3rd week in quails, sex-related values were given after the 

3rd week. The correlation among quails according to sex was statistically significant (p<0.001) and female quails 

had higher live weights than male quails on all days. 

The effect of interaction of the colour x sex systems on the 21st, 28th, 35th, and 42nd day growth 

characteristics was found to be statistically insignificant (p>0.05). 

 

4. Discussion 
Fertilization rate, early period embryonic mortality rates, and dead-in-shell mortality rates among the 

hatching characteristics of quails with piebald, yellow, white, and brown feather colours in the study were 

determined to be statistically insignificant (p>0.05).  

Average fertilization rate of the quails was found to be 93.10% in the study. This rate was higher than 

the general rate of 92.40� reported by da÷layan and <Õlmaz �2006� in Tuails with white, brown and piebald 

feather colours. Fertilization rate was higher than the rate of 70.81-86.31% reported by Dere et al., (2009) in the 

study, where they analyzed the effect of mother’s age, egg weight, storage period, and temperature on 

fertilization and hatching performance, the general rate of 88.1�� reported by KÕrmÕzÕbayrak and AltÕnel �2001� 

based on eggs obtained from Tuails in different age groups, the general rate of 89.0�� reported by Şeker et al., 

(2004) based on mother’s age and egg weight groups and the rate of 60.70-�0.90� reported by Şeker et al., 

(2006) in another study; whereas, this rate was similar to the rate of 93.10% reported by Shafey and Al-mohsen 

(2002) in the study where they determined the embryonic growing, hatching time, and hatching performance of 

meat-type breeding quails hatched under continuous green light, and the rate of 93.33% reported by Silici et al., 

(2011) regarding groups fed with a feed containing 1.5% of grinded grape seed; and was lower than the rates of 

94.00% and 96.67% reported by Silici et al., (2011) based on the control group and the group fed with a feed 

containing 1.0% of grinded grape seed. 

Hatching performance was statistically significant in the study (p<0.05). Hatching performance was 

higher in yellow (73.79%), brown (73.60%), white (68.36%), and piebald (67.91%) coloured quails respectively 

and the mean value was 70.63%. This obtained value was lower than the general rate of 78.86% reported by 

da÷layan and <Õlmaz �2006�; was similar to rate of 6�.�1� reported by KÕrmÕzÕbayrak and AltÕnel �2001�, and 

the rate of 67.88-72.52% reported by Ertürk and Çelik (2004) based on trial groups 1, 2, 3, 4 and the control 

group; and was higher than the rate of 57.44% reported by Saylam SK (1999) and the rates of 29.00-49.00% 

reported by Alkan et al., (2008). 

In this study, hatchability was statistically significant (p<0.01). It was higher than the rates of 68.93%, 

69.�8�, 60.�8�, and ��.�6� reported by 6arÕca and 6oley �199��, and the rates of 69.29�, �0.94�, ��.30%, 

�2.26�, and 6�.89� reported by K�o�kyÕlmaz et al., �2001�; was lower than the rates of 86.1�-87.12% reported 

by 6ilici et al., �2011� and the rate of 92.21� reported by da÷layan and ønal �2006�; and was similar to the rate 

of �8.96� reported by 6arÕ et al. (2010).  



Early period embryonic mortality rate was 11.53% and the late period embryonic mortality rate was 

5.34% in the study. Early period embryonic mortality rate was lower than the rate of 14.65% reported by 

da÷layan and <Õlmaz �2006�, and the rate of 27.30% reported by Laçin et al., (2008); was higher than the rates 

of 4.02-6.�0� reported by øpek et al., �200��, 8.84� reported by Şeker et al., �2004�, and 8.64� reported by 6arÕ 

et al., (2010). Late period embryonic mortality rate was lower than the rate of 6.09� reported by 6arÕ et al., 

(2010), and 26.50% reported by Laçin et al., (2008); was similar to the rates of 5.11% and 5.45% reported by 

øpek et al., �200�� based on the mother age groups of 10-14 and 15-18.  

Dead-in-shell rate was higher than the rate of 6.2�� reported by KÕrmÕzbayrak and AltÕnel �2001� 

according to group with egg weights of 9-10 g, and the rate of 6.�1� reported by 6arÕ et al., �2010�; was similar 

to the rate reported by KÕrmÕzbayrak and AltÕnel �2001� according to group with egg weights of 12-13 g; and was 

lower than the rates of 10.10-26.87% in other egg weight groups and age groups.  

The survival rate in the study was 82.43% in the 1st week; however, it reduced in the following weeks 

and was 71.76% in the 6th week. It was lower than the survival rates of 98.76-100.00� reported by 6arÕca and 

Soley (1995) between 2nd-6th weeks, 80.38-89.1�� reported by ønal et al., �1996�, 9�.10-100.00% reported by 

1azlÕg�l et al., �200�� according to different egg weight groups, and 96.8-74.88% reported by Garip and Dere 

(2006); on the other hand, it was similar to the rates of 74.04-�9.1�� reported by ønal et al., �1996� in the �th 

generation. 

Hatching weights of white and piebald feathered quails were respectively 8.10 and 8.44 grams and this 

value was similar to 8.11-8.�� grams reported by Ca÷layan and <Õlmaz �2006�. +atching weight in brown 

feathered Tuails was �.94 grams and this value was lower than 8.86 grams reported by <Õlmaz and Ca÷layan 

�2008� and Ca÷layan and <Õlmaz �2006�. 

The general average hatching weight of quails with different feather colours was 8.03 g. This value was 

similar to 8.2� g reported by KÕrmÕzÕbayrak and AltÕnel �2001� and 8.20 g reported by 6ezer �200��, and was 

higher than the weights of 6.00 g reported by Almedia et al., (2002), 7.28-7.26 g reported by Alkan et al., (2008), 

�.61 g reported by 6aatcÕ et al., �200�� and �.�9-7.40 g reported by Narinç and Aksoy (2012). 

No colour comparisons were made since there have been no studies conducted on the live weight levels 

of quails with different feather colours in different ages.  

The 7th day live weight which was determined as 15.50 g in the study was lower than the weights of 

28.2� g reported by Kalpak and 6|÷�t �2009�, 24.8� g reported by Alkan et al., (2012) and 22.94-23.93 g 

reported by Narinç and Aksoy (2012); was similar to the weight of 17.12 g reported by Şahin et al.,(2011); and 

was higher than the weight of 10.36-1�.�� g reported by Aytao and KarabayÕr �2012�. 

The 14th day live weight was 36.70 g in this study. This value was lower than the weights varying 

between 41.86-�4.00 grams reported by 6aatcÕ et al., �200��, 6hookhmand et al., �200��, 6eker et al., �2009�, 

6arÕ et al., �2010�, and 1arino and Aksoy �2012�; was higher than the weights varying between 17.31-32.42 

grams reported by gzbey and Erkmen �2000� and Şahin et al., �2011).  

The 21st day live weight which was 65.55 g in this study was lower than the weights varying between 

75.02-11�.2� grams reported by 6aatcÕ et al., �200��, Metin 6ezer �200��, 6eker et al., �2009� and 6arÕ et al., 

(2010); was similar to the weights of 66.74 and 58.82 grams reported by Arslan et al., (2001) in natural and 

wetted lathyrus sativus groups, 63.90 grams reported by Bonos et al., (2010) according to the control group, and 



66.41 grams reported by Alkan et al., (2012); and was higher than the weights of 37.13 grams reported by Sahin 

et al., (2011), and 52.96 grams reported by Sahin et al., (2012). 

The 28th day live weight was 97.56 g in this study. This value was lower than the weights varying 

between 108.13-1�8.81 grams reported by Denek et al., �200��, 6ezer �200��, 6arÕ et al., �2010�, Şahin et al., 

(2011) and Alkan et al., (2012); and was similar to the weight of 99.67 grams reported by Sahin et al., (2012).  

The 35th day live weight was 132.38 g in this study. This result was lower than the weights varying 

between 141.05-186.�� grams reported by 6aatcÕ et al., �200��, Denek et al., �200��, 6ezer �200��, 6arÕ et al., 

(2010) and Sahin et al., (2012); and was similar to the weights of 1�2.84 g reported by 6arÕca �1998� in the 

continuous and blinking lightning groups exposed to red light, 127.00-135.80 g reported by Vali et al., (2005), 

1�2.60 g reported by <aloÕn et al., �200�� in the group consuming low energy level ration, and 134.65 g reported 

by Kalpak and 6|÷�t �2009�.  

The 42nd day live weight was 159.96 g in this study. This rate was lower than the weights of 192.30 g 

reported by 6ezer �200��, 1�4.�6 g reported by Kalpak and 6|÷�t (2009), 190.98 g reported by Alkan et al., 

�2012�, 1��.86 g reported by <ÕldÕrÕm and gzt�rk �2012�, and 2�4.00 g reported by Alkan et al. �201��; was 

similar to the weights of 162.48 g reported by Vali et al., �200�� and 162.20 g reported by <aloÕn et al. (2007); 

and was higher than the weight of 150.68 g reported by Arslan et al., (2001). 

The fact that the average live weight levels of quails with different feather colours in different ages in 

this study were lower than other conducted studies was associated with the lower values of yellow, white, and 

brown feathered quails. Live weight levels of quails with piebald feather colour in the study on various days 

were similar to other studies. 

Consequently, it is required to conduct further studies evaluating the advantages of the yellow and 

brown feathered quails in terms of hatching characteristics and piebald and yellow coloured quails in terms of 

growing performance and determining the genetic parameters related to growing and hatching characteristics of 

quails with different feather colours. In terms of growing performance, piebald feathered quails had the highest 

value, which was followed by yellow feathered group. Therefore, further studies on determining the genetic 

parameters related to growing and hatching characteristics of quails with different feather colours are required. 

 

References 
1. Alkan 6, Karaba÷ K, Galic A ve ark. Effects of genotype and egg weight on hatchability traits and 

hatching weight in japanese quail. S Afr J Anim Sci., 38 (3): 231-237. 2008. 

2. Alkan 6, KarslÕ, T., Galio, A., Karaba÷, K., BalcÕo÷lu, M.6.: Japon bÕldÕrcÕnlarÕnda �coturnix coturnix 

Maponica� canlÕ a÷ÕrlÕ÷a ait genetik parametrelerin şansa ba÷lÕ regresyon modeli kullanÕlarak tahmin edilmesi. 

Kafkas Univ. Vet. Fak. Derg., 18 (6): 935-939, 2012. 

3. Alkan, 6., KarslÕ, T., Karaba÷, K., Galio, A.: )arklÕ hatlardaki Japon bÕldÕrcÕnlarÕnda �coturnix 

coturnix Maponica� farklÕ kesim yaşÕ ve cinsiyetin karkas |zelliklerine etkisi. 6�leyman Demirel hniv. =ir. )ak.si 

Derg., 8 (1):12-18, 2013. 

4. AlmeÕda, M.I.M.; OlÕveÕra, E.G.; Ramos, P.R.; VeÕga, 1.; DÕas, K.: Growth performance of meat 

male quails (coturnix coturnix japonica) of two lines under two nutritional environments. Archives of Veterinary 

Sci., 7 (2): 103-108, 2002. 



5. Arslan, C., Şeker, E., ønal, ).: BÕldÕrcÕnlarÕn rasyonlarÕna katÕlan adi m�rd�m�÷�n �/athyrus sativus 

/.� ÕslatÕlmasÕnÕn b�y�me performansÕ �zerine etkisi. Kafkas 8niv Vet )ak Derg., � �1�: 2�-32, 2001. 

6. Aytao, 6., KarabayÕr, A.: The effect of floor differences in cages on the incubation results and live 

weight of Japanese Quails. . J. Anim. Vet. Adv., 11 (8): 1204-1207, 2012. 

7. Bonos, E.M., Christaki, E.V., Florou-Paneri, P.C.: Performance and carcass characteristics of 

Japanese quail as affected by sex or mannan oligosaccharides and calcium propionate. South African Journal of 

Animal Sci., 40 (3):173-184, 2010. 

8. da÷layan, T., ønal, Ş.: BÕldÕrcÕnlarda kuluokalÕk yumurta a÷ÕrlÕ÷ÕnÕn kuluoka sonuolarÕ ile b�y�me ve 

yasama gücüne etkisi. Vet. Bil. Derg., 22 (1-2): 11–19, 2006. 

9. da÷layan, T., <Õlmaz, A.: )arklÕ t�y rengine sahip bÕldÕrcÕnlarda kuluoka |zellikleri ile b�y�me ve 

yaşam g�c�. Veterinarium, 1�, 18-25, 2006. 

10. Denek, 1., Kaplan, O., AvcÕ, M., Can, A.: Effects of microbial Phytase on growth performance, 

carcass yield, biochemical parameters, oxidative stress and faecal Phosphorus content of Japanese quails. J. 

Anim. Vet. Adv., 6 (8): 1031-1035, 2007. 

11. Dere, 6., ønal, Şeref, ø., da÷layan, T., Garip, M., Tilki, M.: the effects of parent age, egg weight, 

stronge length and temperature on fertility and hatchability of japanese quail eggs. (Coturnix Coturnix Japonica). 

J Anim Vet Adv., 8 (7): 1289-1291, 2009. 

12. Ernts, R.A.: Raising and propagating Japanese quail. Agr. Sci. Univ. of California. Leaflet 2738. 

1978. 

13. Ert�rk, M.M., delik, 6.: DamÕzlÕk Mapon bÕldÕrcÕnÕ �coturnix coturnix Maponica� rasyonlarÕnda tavuk 

kesimhane artÕklarÕ ununun soya k�spesi yerine kullanÕm olanaklarÕ: 2- kuluçka ve yumurta kalite özelliklerine 

etkileri. Akdeniz Üniv. Zir. Fak. Derg., 2004, 17 (1): 67-74, 2004 

14. Garip, M., Dere, 6.: BÕldÕrcÕn yumurtalarÕnda depolama s�resi ve sÕcaklÕ÷ÕnÕn civcivlerin b�y�me ve 

yaşama g�c�ne etkisi. Vet. Bil. Derg., 22 �1-2): 69-74, 2006. 

15. ønal, Ş., Dere, 6., KÕrÕkcÕ, K., Tepeli, C.: Japon bÕldÕrcÕnlarÕnda �coturnix coturnix iaponica� canlÕ 

a÷ÕrlÕ÷a g|re yapÕlan seleksiyonun yumurta verimi, yumurta a÷ÕrlÕ÷Õ, fertilite, kuluoka randÕmanÕ ve yaşama 

gücüne etkileri. Vet. Derg. 12 (2) 5-14, 1996. 

16. øpek, A., Şahan, h., <Õlmaz, B.: Japon bÕldÕrcÕnlarÕnda �Coturnix coturnix Maponica� oÕkÕş a÷ÕrlÕ÷ÕnÕn 

gelişme ve yumurta verim |zelliklerine etkisi. 8luda÷. hniv. =ir. )ak. Derg., ��1�: 2�-32, 2003. 

17. Kalpak, O., 6o÷ut, B.: Effect of feed restriction on growth performance of japanese quail (Coturnix 

coturnix japonica). J Anim Vet Adv., 8 (6): 1079-1082, 2009. 

18. KÕrmÕzÕbayrak, T., AltÕnel, A.: Japon bÕldÕrcÕnlarÕnÕn �Coturnix coturnix Maponica� |nemli verim 

|zellikleriyle ilgili bazÕ parametreler. østanbul hniv. Vet. Fak. Derg., 27 (1): 309-328, 2001. 

19. Kooak, d. BÕldÕrcÕn hretimi. Ege =ootekni Derne÷i <ayÕnlarÕ. 1o: 1. 198�. 

20. K�o�kyÕlmaz, K., Başer, E., ErensayÕn, C., Orhan, +., Arat, E.: Japon bÕldÕrcÕnlarÕnda damÕzlÕk 

yumurta a÷ÕrlÕ÷ÕnÕn kuluoka sonuolarÕ, besi performansÕ ve yumurta verim |zellikleri �zerine etkisi. +ayvancÕlÕk 

AraştÕrma Derg., 11 �1�: 6-12, 2001. 

21. /aoin, E., doban, O., 6abuncuo÷lu, 1.: Effects of egg storage material and storage period on 

hatchability in japanese quail. Asian-Aust. J. Anim. Sci., 21 (8):1183-1188, 2008. 



22. Narinç, D., Aksoy, T.: Effects of mass selection based on phenotype and early feed restriction on the 

performance and carcass characteristics in Japanese Quails. Kafkas Univ. Vet. Fak. Derg., 18 (3): 425-430, 2012. 

23. 1azlÕg�l, A., T�rkyÕlmaz, MK., BardakcÕo÷lu, +.E.: Japon BÕldÕrcmlannda �Cotumix cotumix 

Maponica� kuluokalÕk yumurta a÷ÕrlÕ÷ÕnÕn oÕkÕş a÷ÕrlÕ÷Õ b�y�me performansÕ ve yaşama g�c�ne etkisi. ø.h. 

Vet.Fak. Derg., 31 (2): 33-40, 2005. 

24. NRC: Nutrition requirements of poultry. Ninth Revised Edition, National Academy Press, 

Washington, DC. 1994. 

25. gzbey, O., Ekmen, ).: Japon bÕldÕrcÕnlarÕnda mevsim ve yerleşim sÕkÕlÕklarÕnÕn b�y�me, yaşama 

gücü ve karkas üzerine etkileri. Y.Y.Ü. Vet. Fak. Derg., 11 (1): 28-33, 2000. 

26. Panda, B., Singh, R.P.: Development in processing quail. J. World Poultry Sci.. 46, 219-234, 1990. 

27. 6aatcÕ, M., Ap Dewi, I., Aksoy, A.R.: Application of REM/ procedure to estimate the genetic 

parameters of weekly live weights in one-to-one sire and dam pedigree recorded Japanese quail. J. Anim. Breed. 

Genet., 120, 23-28, 2003. 

28. 6arÕ, M., 6aatcÕ, M., Tilki, M.: Japon bÕldÕrcÕnlarÕnda �coturnix coturnix Maponica� canlÕ a÷ÕrlÕ÷a ait 

özelliklerin genetik parametrelerinin REM/ metoduile hesaplanmasÕ. Kafkas 8niv Vet )ak Derg., 16 ���: �29-

733, 2010. 

29. 6arÕ, M., Tilki, M., 6aatcÕ, M., ÕşÕk, 6. gnk, K.: Japon bÕldÕrcÕnlarÕnda �coturnix coturnix Maponica� 

ebeveyn yaşÕ, yumurta a÷ÕrlÕ÷Õ ve şekil indeksinin kuluoka |zellikleri ve yaşama g�c� �zerine etkisi. ).h. 6a÷. 

Bil. Vet. Derg., 24 (2): 93 – 97, 2010. 

30. 6arÕca, M. ve 6oley, ).: BÕldÕrcÕnlarda �Coturnix coturnix Maponica� KuluokalÕk yumurta a÷ÕrlÕ÷ÕnÕn 

kuluoka sonuolarÕ ile b�y�me ve yumurta verim |zelliklerine etkileri, <8TAV 8luslararasÕ Tavukouluk )uarÕ ve 

KonferansÕ, 24-2� MayÕs, østanbul, 4��-484, 1995.  

31. 6arÕca, M.: IşÕk rengi ve aydÕnlatma şeklinin bÕldÕrcÕnlarÕn b�y�me ve karkas |zellikleri. Turk. J. 

Vet. Anim. Sci., 23, 367-372,1998. 

32. Sezer, M.: Genetic parameters estimated for sexual maturity and weekly live weights of japanese 

quail (coturnix coturnix japonica). Asian-Aust. J. Anim. Sci., 20 (1): 19-24, 2007. 

33. Shafey, T. M. ve Al-Mohsen, H.: Embryonic growth, hatching time and hatchability performance of 

meat breeder eggs incubated under continuous green light. Asian-Aust. J. Anim. Sci., 15, 1702-1707, 2002. 

34. 6ilici, 6., G�ol� Kocao÷lu, B., Kara, K.: Effect of supplementation of crushed grape seed on 

breeding quail (coturnix coturnix japonica) diet on production, hatching performance, and egg Tuality. 6a÷lÕk 

Bilimleri Dergisi (Journal of Health Sciences) 20 (1): 68-76. 2011. 

35. Şahin, T., Aksu EmalÕ, D., Kaya, ø., 6arÕ, M., Kaya, g.:The effect of single and combined use of 

probiotic and humatein quail (coturnix coturnix japonica) diet on fatttening performance and carcass parameters. 

Kafkas Univ. Vet. Fak. Derg., 17 (1): 1-5, 2011. 

36. Şeker, ø., Kul, 6., Bayraktar, M.: Effects of parental age and hatching egg weight of Mapanese Tuails 

on hatchability and chick weight. International Journal of Poultry Sci., 3 (4): 259-265, 2004. 

37. Şeker, ø., Bayraktar, M., Kul, 6.: Effect of preincubation long-term storage and warming on 

hatchability of japanese quail eggs (Coturnix coturnix japonica) Archiv für Geflügelkunde. 70 (1): 35-40, 2006. 

38. Vali, N., Edriss, M.A., Rahmani, H.R.: Genetic parameters of body and some carcass traits in two 

quail strains. International Journal of Poultry Sci., 4, 296-300, 2005. 



39. <aloÕn, 6., Bu÷daycÕ, K.K., gzsoy, B., Erol, +.: )arklÕ enerMi d�zeylerindeki rasyonlara /-karnitin 

ilavesinin bÕldÕrcÕnlarda performans ve bazÕ kan parametreleri �zerine etkisi. Ankara hniv Vet )ak Derg., �4, 

127-132, 2007 

40. <ÕldÕrÕm, A ve gzt�rk, E.: Japon bÕldÕrcÕnÕ rasyonlarÕnda soya k�spesi yerine pamuk tohumu 

k�spesi ikamesinin b�y�me performansÕ ve karkas |zellikleri �zerine etkisi. GOh. =ir. )ak. Derg., 29 �2�: ��-62, 

2012. 

41. <Õlmaz, A., da÷layan, T.: )arklÕ T�y Rengine 6ahip Japon BÕldÕrcÕnlarÕnda �Coturnix coturnix 

japonica) Yumurta A÷ÕrlÕ÷Õ, Şekil øndeksi ve dÕkÕm A÷ÕrlÕ÷Õ ile Bu gzellikler ArasÕ ølişkiler. ).h. 6a÷. Bil. Vet. 

Derg., 22 (1): 5-8, 2008. 



DETERMINATION  OF  OXYGEN  GAIN
IN  HYDRAULIC  STRUCTURES

Abstract
Dissolved oxygen concentration in rivers is one of the most vital parameters for water quality and aquatic life. Hydraulic structures 
built in river systems increase oxygen saturation by supplying natural aeration. Smooth and stepped spillways are of those systems 
that provides natural aeration.In this article, the contribution of oxygen saturation from smooth and stepped spillways with various 
flowrates is studied. In the experiments, a smooth spillway and a five stepped spillway structure are used respectively. The studies 
showed that stepped spillways provide a better aeration efficiency than smooth spillways for all flowrate cases considered. In 
addition, it’s observed that aeration efficiency of stepped spillways varies according to flowrate and stream flow regime. The stepped 
spillways demonstrated “nap flow regime” in low flowrates and “skimming flow regime” in high flowrates.

Key words: Aeration efficiency, smooth spillways, stepped spillways, nap flow regime, skimming flow regime
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1 Introduction 
 
Although hydraulic structures are used these days for a variety of purposes, including drinking 
water supplies, electricity generation, and irrigation, the fact that these structures help increase 
the aeration efficiency of water and therefore provide natural water treatment is normally ruled 
out. On the other hand, cascades, especially on stepped spillways, and the subsequent 
hydraulic jump, decrease the amount of required dissolved oxygen, and thus contribute to the 
permanence of natural life. The stepped structures that are widely used, especially in drinking 
water treatment facilities, can also be used for aeration purposes in the vicinity of rivers or on 
the coastline. Natural aeration is defined as the process of oxygen passing into the water, 
without the use of special equipment. There are three mechanisms that enable natural aeration; 
these include jet streams, hydraulic jumps, and cascades. To ensure natural aeration, hydraulic 
jumps and jet streams are used together with hydraulic structures, such as stepped channels 
(cascades) or spillways, depending on the location and purpose of aeration. 
 
The process of oxygen transfer from air to water is composed of the following steps: air 
ingresses into the water, air is transported from the aeration area, and oxygen is dissolved 
inside air bubbles in the water (Küçükali, 2006). 
 
The experimental studies show that there is a linear correlation between the energy lost in 
natural aeration applications and the amount of oxygen ingress into the water. This implies that 
the aeration efficiency increases with increasing amounts of lost energy of water. 
The particles floating on the water surface and suspended particles have an impact on the 
hydrodynamic properties and aeration effeciency of the stream by decreasing the surface 
tension and impeding air-water surface area. The salt and chlorine content of the water 
increases the solubility rate. The change in the concentration of oxygen dissolved in the water 
with temperature is shown in Figure 1. 
 

 
 

Figure 1. The change in the concentration of oxygen dissolved in the water with temperature (Colt, 1984) 
 
 
2 Studies about the Aeration 
 
Scholars have begun to study on air water streams quite recently. The first successful study in 
this field was carried out by R. Ehrenberger in Austria. Later on, another study was conducted 
by L.G. Straub in the North America (Chanson, 2002). 
 
Natural aeration studies concentrate mostly on hydraulic structures, where the inclination is 
especially high (Jo>0,002m/m), such as water gates, hatchways, and stepped channels. The 
physical and chemical characteristics of water change with temperature, and this affect the air, 
water, and gas dynamics. The aeration equations are given for standard temperature values. 
The equation developed by Gulliver et al. (1993) is used to calculate the aeration efficiency in 
standard temperature values. 



 
Gameson (1957), Chanson (1995), Ervine (1998) and Gulliver et al. (1998) are a few of 
successful scholars, whose work focuses on aeration performance of hydraulic structures. 
 
Gameson is the first researcher, who worked on the oxygen transfer in hydraulic structures such 
as water gates, hatchways, and spillways in 1957. Gameson, who took upstream and 
downstream measurements of dissolved oxygen concentrations, showed that the aeration 
performance of stepped spillways and water gates was better than the other hydraulic 
structures. 
 
In Rajaratnam study in 1961, he observed the point distribution of air content in the water, for a 
variety of Fr1 values inside the hydraulic jump. In this study, the greatest air ingress was shown 
to take place at the beginning of the jump (Küçükali, 2006). 
 
Leutheusser et al. (1973), and Babb and Aus (1981) discovered that the largest air 
concentration and the most air bubbles were in the beginning of the hydraulic jump. In addition, 
Leutheusser et al. (1973) showed that stream conditions played an important role in the 
determination of aeration efficiency in the hydraulic jump (Küçükali, 2006). Hoyt and Sellin, in 
their experimental study in 1989, calculated the amount of air ingress. Chanson (1995) 
summarized the previous studies on hydraulic jumps. Avery and Novak (1978) worked on the 
oxygen transfer in the hydraulic jump and water gates, and showed that the oxygen transfer rate 
was a function of the Reynolds and Froude numbers of the stream. Avery and Novak (1978) 
and Wilhelms et al. (1981) showed that the aeration efficiency in the hydraulic jump increases 
with increasing Re numbers. 
 
Stepped spillways are among the most widely used hydraulic structures recently in open 
channels and dams, due to their advantages in relation to energy loss and aeration. On the 
other hand, these structures have been used for centuries. The oldest stepped spillway is found 
in Greece (Akarnanian). 
 
In recent years, spilled channels are used not only for civil engineering applications, but also 
within the realm of environmental engineering, in treatment systems, and for aesthetic 
purposes.  
 
6WHSSHG VSLOOZa\V arH EaVLFaOO\ FRQVWrXFWHG E\ VWHSSLQJ WhH VSLOOZa\ ($÷ıraOLR÷OX, 200�)� ,Q 
stepped spillways, the total cascade is divided into a number of smaller cascades. In the design 
of a stepped spillway, a number of factors, including economic, hydraulic, geologic, hydrologic, 
social, and environmental factors, should be taken into consideration. 
 
In the design of a stepped spillway, firstly, the flow regime is determined. There are three 
possible flow regimes in stepped spillways. These are nappe flow regime, transition flow 
regime, and skimming flow regime. The flow regimes in a stepped spillway can be seen in 
Figure 2. 
 

   
 

Figure 2. The flow regimes in stepped spillways (Murillo, 2006) 
a) Nappe flow regime b) Transition flow regime c) Skimming flow regime 

 
 
3 Testing System 
 
The tests that were carried out in order to identify the effect of hydraulic structures in open 
FhaQQHOV RQ R[\JHQ WraQVIHr WRRk SOaFH LQ WhH <ıOGı] THFhQLFal University, Faculty of Civil 



Engineering, Hydraulic, Coastal, and Harbor Engineering Laboratories. In these tests, different 
hydraulic structures were placed inside the open channel, and the effect of these on aeration 
efficiency was examined through oxygen measurements before and after the structures. 
 
The tests were carried out inside the linear open channel with a rectangular section, which was 
12 m long, 40 cm wide and 65 cm high. The channel floor is horizontal and the sides of the 
channel are made of glass (Figure 3). 
 

       
 

Figure 3. Channel used for tests 
 

The flow inside the channel was provided by means of two tanks placed on the bottom and top 
segments of the channel. The water stored in the bottom tank was pumped to the top tank, and 
transferred to the channel from here. In this way, the water was circulated throughout the 
system. The amount of the flow through the channel can be adjusted using the valve at the 
egress of the top tank. The rate of the flow inside the channel was determined by means of the 
triangular weir placed at the entrance to the channel and the rating curve. The flow depths in the 
channel, on the other hand, were measured by a limnimeter. A water gate was placed at the 
end of the channel so that the flow depths can be adjusted. 
 
In the experimental part of this study, two different hydraulic structures, both made of sheet 
steel, were used. The first of these was a 30 cm high and 60 cm long spillway. The spillway 
crest was 20 cm. The second hydraulic structure that was used for testing purposes, on the 
other hand, was a 30 cm high and 60 cm long five-step spillway. In this spillway, the step widths 
were 12 cm, while step heights were 6 cm. In order to ensure that all three flow regimes can be 
observed during the tests, different flow rates were used. 
 
A hydraulic structure constructed in an open channel helps the water gain oxygen through the 
formation of turbulence and air bubbles in the channel. These two hydraulic structures were 
placed at a distance of 3 m from the beginning of the channel and oxygen measurements were 
taken before and after placing the structure. In order to prevent oxygen intake during water flow 
from the tank to the channel and to calm the flow, a brick was placed at the entrance to the 
channel. 
 
The dissolved oxygen and temperature measurements before and after the structure in the flow 
were made by means of two YSI EcoSense DO200 manual oxygenmeters. Before the tests 
EHJaQ, WhH R[\JHQPHWHrV ZHrH FaOLEraWHG aW WhH <ıOGı] THFhQLFaO 8QLYHrVLW\¶V (QYLrRQPental 
Engineering Department. 
 
The measurement range of the oxygenmeter for dissolved oxygen was 0-20 mg/L with ±2% 
sensitivity. These values were (-6) – (46) oC and ±0.3 oC, respectively, for temperature 
measurements. 
 
To be able to determine the aeration efficiency of the hydraulic structures used in the tests, the 
dissolved oxygen concentration in the inflow should be below the saturation level. In order to 
reduce the dissolved oxygen concentration, sodium sulfite (Na2SO3), and cobalt chlorite (CoCl2) 
as a catalyzer were added to the bottom tank. As oxygen is consumed during this reaction, the 
dissolved oxygen amount inside the water is reduced. On the other hand, dissolved oxygen 
values were not able to be reduced to zero, due to oxygen gain in the tank entrance and exit, as 
well as inside the channel. 
 



In order to calculate the oxygen efficiency of hydraulic structures used in these tests, the 
dissolved oxygen values in the water, before and after the structures were placed in the 
channel, were measured every 30 seconds. The dissolved oxygen amounts were measured for 
each structure for different flow rate values, and E20 values were calculated.  
 
 
4 Investigation of Aeration Efficiency in Spillways  
 
The aeration efficiency was investigated in two different structures for different flow rate values. 
In the stepped structures, nappe, transition, and skimming flow regimes were generated, and 
the effect of these flow regimes on oxygen gain was examined. 
 
The hydraulic structures used for testing purposes and the changes that occurred on flow 
regimes are shown in Figure 4.  
 

      
 

Figure 4. Five-step system (nappe, transition, and skimming flow) 
 
In the case of the nappe flow regime, the flow behaves like a different cascade system in each 
step. The nappe flow is observed in small flow rate values. With increasing flow rate values, the 
nappe flow regime changes first into the transition flow regime, and then into the skimming flow 
regime. 
 
The flow in the transition flow regime looks like a skimming flow in the first step of the hydraulic 
structure, while it looks more like a nappe flow in the following steps. Vortices are observed on 
the steps. 
 
In the skimming flow regime, on the other hand, a straight flow is observed on the steps, almost 
as if there were no steps at all. With increasing flow rates, the flow regime changes from 
transition flow to skimming flow, and the flow becomes steadier. 
 
The oxygen measurements were taken for each structure for each flow rate value, before and 
after the placement of the structure inside the channel. For each data series, a aeration 
efficiency value was calculated. Because different temperatures are generated during the tests, 
E20 values were calculated using the Equation (1) for 20oC, so as to allow a comparative 
analysis (Gulliver, 1990). 
 

Tf
TEE /1

20 )1(1 −=−                                                                                                                (1) 
 
where, fT is the temperature correction factor and is calculated using Equation (2) 
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Table 1 shows the flow conditions and results obtained from different testing systems. 

 
Table 1. Flow regimes in spillway and five-step spillway systems 

Spillway System Five-Step Spillway System 
Nappe 
(cm) Q (l/s) E20 Flow Regime Nappe 

(cm) 
Q 

(l/s) E20 Flow Regime 

2.8 130 0.167134 Nappe 3.6 130 0.26299 Nappe 



4.4 135 0.15256 Nappe 4.6 135 0.280632 Nappe 
5.2 140 0.131422 Nappe -Transition 5.5 140 0.221217 Nappe - Transition 
6.7 145 0.102654 Nappe - Transition 6.7 145 0.186518 Nappe - Transition 
7.7 150 0.087468 Transition -Skimming 7.5 150 0.169734 Transition -Skimming 
8.8 155 0.075546 Transition -Skimming 8.5 155 0.12267 Transition -Skimming 
9.8 160 0.048753 Skimming 9.5 160 0.08291 Skimming 

10.5 165 0.035056 Skimming 10.2 165 0.060565 Skimming 
 

The flow rate and E20 values obtained for each structure are graphically shown below. As can 
be seen from Figure 5, the highest aeration efficiency value was obtained for lowest flow rate 
level, where the contact duration was the maximum. With increasing flow rate values, the 
aeration efficiency was observed to decrease. 
 

   
 Figure 5. Change in E20 with flow rate values in spillway and five-step spillway systems 

 
In the nappe flow regime, a certain amount of increase was observed in the aeration efficiency 
with increasing flow rates. As the flow changed into the transition flow regime, the aeration 
efficiency began to decrease. During the skimming regime, on the other hand, the aeration 
efficiency decreased with increasing flow rate values. 
 
In addition, the tests showed that the saturation level is generally achieved to a large extent in 
the first 20 minutes. The oxygen gain is quite rapid in the beginning, while the gain becomes 
gradually slower as the saturation level is approached, because the need for oxygen decreases. 
This shows that the oxygen transfer rate between water and air is a function of dissolved 
oxygen content in the water (Figure 6-7). 
 

 
  



 
 

 
 

Figure 6. Time-dependent change in dissolved oxygen concentration in the spillway (for different flow rate 
values) 

 
 

 
 



 
 

 
 

Figure 7. Time-dependent change in dissolved oxygen concentration in the stepped spillway (for different 
flow rate values) 

 
 
In the spillway systems, the change in dissolved oxygen values before and after the hydraulic 
structure was rather small and oxygen gain was low (Figure 6). In the stepped spillway system, 
on the other hand, the difference in dissolved oxygen values before and after the hydraulic 
structure was placed in the channel was quite high in comparison to spillways systems (Figure 
7). In addition, the amount of this difference varied based on flow conditions (nappe flow, 
transition flow, and skimming flow), changing depending on increasing flow rate values. The 
highest gain value was observed in the nappe flow regime. The gain level was smaller in the 
transition flow, and the lowest gain values were obtained in the skimming flow regime. 
 
 
 
5 Results 
 
In this study, the aeration efficiency of different hydraulic structures was experimentally 
investigated, and the following results were obtained: 

1. During the study, the nappe flow regime was observed to have the lowest flow rates. As 
the flow rate increased, the flow regime first changed into the transition flow, and then 
into the skimming flow regime. 

2. The aeration efficiencies of stepped spillways and spillways were examined, and it was 
shown that the aeration efficiencies of stepped spillways are higher than that of 
spillways. 

3. The aeration efficiency values were different in all three flow regimes. The results 
showed that the highest amount of aeration takes place in the nappe flow regime. This 
is because in the nappe flow regime, aeration takes place at every step via plunge jet 
and hydraulic jump, and therefore turbulence and contact duration is higher. 



4. Within the same system, aeration efficiency decreases with increasing flow rates and 
with changing flow regimes (transition flow, skimming flow). 
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Abstract
Hot and dry summers require extensive recreational irrigation in urban areas and university campuses that have large green areas. 
Populated metropolitan areas have already vast amount of water demand for drinking and domestic use. Water requirement for 
recreational irrigation generally have secondary priority, none the less public attention enforces the city managers and university 
campus administrators to keep the green environment as green even during hot and dry summers. Therefore during the rainy 
season, rainwater should be collected and stored to use for recreational irrigation in dry seasons of the year. This task requires to 
construct large storage facilities with piping and pumping equipment. In this study feasibilityof rainwater harvesting project for 
a university campus is investigated and cost of the collection and storage facilities are compared with the alternate cost of water 
use from public supply network. It is found out that use of rainwater solely for recreational irrigation is not economically feasible 
because the cost of rainwater collection system will be paid back in 55-75 years.
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1. Introduction 

Recreational irrigation in urban areas, public parks and university campuses with large green areas 
require extensive amount of recreational irrigation water in summer seasons. Populated 
metropolitan areas have already vast amount of water demand for drinking and domestic use. Water 
demand for recreational irrigation generally has secondary priority compared to domestic use, none 
the less public attention enforces the city managers and university campus administrators to keep 
the green environment as green even during hot and dry summers. Water usage from city water 
distribution network is costly in large metropolitan cities like İstanbul with the population of about 
15 Million people.  Since water supply is limited, high water pricing policy is applied in these type of 
cities. Therefore, recreational irrigation should be carried out using alternative sources such as 
rainfall harvesting. During the rainy season, rainwater should be collected and stored to use for 
irrigation in dry seasons of the year.  

In this study, possibility of rainwater harvesting for using recreational irrigation at the 
�aǀutƉaƔa�amƉus of zŦldŦǌ decŚnical hniǀersitǇof İstanbul is investigated.  The public pressure 
enforces the university campuses should be as green as possible to provide a pleasant and relaxing 
educational environment to the students as well as for faculty members. The recreational irrigation 
of the campus area was responsible for the major cost of total utility bill of the campus.To cut this 
major cost to a reasonable amount, rainwater usage in irrigation should be considered.  Annual 
distribution of irrigation water requirement of recreational plants, i.e., grass, shows that most of the 
irrigation totake place from April toSeptember whereas most of the precipitation falls between 
September and April in İstanbul.  Therefore, the rainwater should be collected and stored during the 
wet season to be able to use it during the irrigation season.  This inversely correlated rainfall and 
irrigation distributions requires to build storage facilities in the campus for rainwater harvesting 
project.   

>and use and land coǀer cŚaracteristics of tŚe uniǀersitǇ camƉus area ǁas analǇǌed to classifǇ tŚe 
pervious and impervious surfaces to be able to calculate what percentage of the rainfall can be 
collected.  For this analysis GIS maps and Google Earth satellite images were used (Figure 1).  Roof 
areas, parking lots, pervious or semi-pervious walking paths and roads were classified and their total 
area was determined. Rainfall-runoff coefficients for roofs and parking lots were assumed to be 
0.90as 10% of the rainfall to be used for initial abstraction and evaporation losses.The rest of the 
campus area was considered that 35% of the precipitation goes to runoff while 65% of the rainfall 
satisfies the initial abstraction, infiltration, and evapotranspiration losses. 

2. Study Area  

�aǀutƉaƔa �amƉus of zŦldŦǌ decŚnical hniǀersitǇ Śad been serǀed as a militarǇ base durinŐ tŚe 
Ottoman Empire �ra and ZeƉublic of durŬeǇ from ϭϴϯϭ to ϭϵϵϵ͘ dŚen it ǁas turned oǀer to zŦldŦǌ 
decŚnical hniǀersitǇ to serǀe as its second camƉus area͘ /t is located European side of İstanbul at the 
district of Esenler (Figure 1).  From climate perspective, the campus area is considered to have the 
properties of the Marmara region which is located in a transition ǌone betǁeentŚe Dediterranean 
climate (humid and subtropical) on the Aegean Sea region and theoceanic climate on the Black Sea 
region. Humid continental climate prevails in the interiorparts of the region more abundantly. 
Summers are cŚaracteriǌed ǁarm and Śumid͕ ǁŚereasǁinters are cold and ǁet ǁitŚ occasional snoǁ 



storms. January is the coldest month of theyear with 4.9oC mean monthly temperature. In July, 
monthly mean temperatures in theregion can reach as high as 23.7 oC. The region receives an 
average of 595-mm rainfallannually with high spatial variability. The annual rainfall reaches exceeds 
800 mm in İstanbul and theeastern part of the region while the central and western parts reach 
ǀalues of less tŚanϲϬϬ mm͘ AltŚouŐŚ tŚe reŐion is cŚaracteriǌed ǁitŚ ǁet ǁinters͕ summer rainfalls 
are notnegligible, comprising nearly 12 % of the annual rainfall (<ƂmƺƔcƺ and �eliŬ͕ ϮϬ13). 
 

2.1 Analysis of Meteorological Data 

The precipitation data for the campus area was collected from a meteorological station that was 
established in 2011 for a research project, therefore it has partial rainfall data and yet it has some 
missing data either. Therefore 2011 and 2012 rainfall records of this station were compared with 
historical records of other meteorological stations in close proximity region to estimate the missing 
rainfall data. The rainfall records of AKOM Meteorological Station that was 15 km away, north east of 
the campus and Florya Meteorological Station was also 13 km south west of the campus were 
analǇǌed͘ /t ǁas found out tŚat montŚlǇ records of A<KD station is ŐenerallǇ ϱ-10 mm higher while 
the records of Florya Station is also  slightly higher than the records campus rainfall measurements, 
therefore it was decided to use records of average conditions of İstanbul meteorological data for this 
study.  Long time average rainfall records of İstanbul are obtained from SarŦǇer DeteoroloŐical 
Station that was accepted as representative meteorological station for İstanbul by Turkish State 
Meteorological Service (DMI).  Long time average rainfall between 1954 and 2014 for İstanbul is 
obtained for this station as 808.3 mm/year with 129 rainy days and 236 days without rain (Table 1 
and Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1͘ 'eneral 'ooŐle �artŚ sieǁ of �aǀutƉaƔa �amƉus of zŦldŦǌ decŚnical hniǀersitǇ as of ϮϬϭϱ͘ 



Potential Evapotranspiration (PET) data representing İstanbul climate is obtained from �lmalŦ �am 
Reservoir (Figure 3).  This PET data is used to calculate crop water demand of grass.  

Table 1. Long time average rainfall between 1954 and 2014 for İstanbul 

 

 

Figure 2. Longtime Average (1954-2014) Precipitation in İstanbul. 

 

Months Rainy Days
Non-Rainy 

Days
Rainfall 

(mm/month)

Daily Average 
Rainfall 

(mm/day)

Jan 17.5 13.5 105.3 6.02
Feb 15.2 12.8 77.3 5.09
Mar 13.8 17.2 71.8 5.20
Apr 10.4 19.6 44.9 4.32
May 8.1 22.9 34.1 4.21
Jun 6 24 34 5.67

Jul 4.2 26.8 31.6 7.52
Aug 4.9 26.1 39.8 8.12
Sep 7.3 22.7 57.9 7.93
Oct 11.2 19.8 87.7 7.83
Nov 13.3 16.7 101.3 7.62
Dec 17.3 13.7 122.6 7.09
Total 129 236 808.3
Rainy Season (October-March) Total Precip. (mm)= 566 (70%)
Irrig. season (April-September) Total Precip.(mm)= 242.3 (30%)

Rainy Season (October-March) # of Rainy Days= 88.3 (68%)
Irrig. season (April-September) # of rainy days= 40.9 (32%)

Average Monthly Rainfall of 1954-2014 in Istanbul



2.2 Analysis of land use/ land cover of the campus 

�aǀutƉaƔa �amƉus of zŦldŦǌ decŚnical hniǀersitǇ has a total area of 1,263,280 m2. The soil type in the 
campus area composes mostly clay, scattered limestone, and greywacke. Therefore soil type can be 
classified as less pervious or impervious. The campus area consists of educational and administrative 
building, sports fields, student and faculty housings, roads, parking lots, irrigated land and some non-
irrigated wood and barren land.  The total area of campus is classified as pervious and impervious to 
determine their rainfall runoff coefficients.  According to the land use classification shown in Table 2, 
majority of the campus area (62.5%) covered with grass, wood, and natural vegetationwithout any 
building on it. The rainfall runoff coefficient for this area was assumed as 0.35. Buildings and 
surrounding parking lots and walkways comprises about 10.1% of the campus area that has a rainfall 
runoff coefficient of 0,90. Roads made of asphalt and concrete occupies 17.2% of the campus area 
with rainfall runoff coefficient of 0.85.  There are some barren distant areas of campus that 
constitutes %10.1 percent of the campus field.  

Table2. >and hse Classification of the Campus Area and Their Rainfall-Runoff Coefficients.

 

 

3. Rainfall Harvesting  

Rainwater harvesting is a technology used for collecting and storing rainwater from rooftops and 
land surface using different techniques. Commonly used systems are constructed of three principal 
components; namely, the catchment area, the collection device, and the conveyance system.The 
system needs annual maintenance by simply cleaning of the storage tanks before the start of the 
major rainfall season. The augmentation of municipal water supplies with harvested rainwater is 
essential for the reliability of the system. The capital cost of rainwater harvesting systems is highly 
dependent on the type of catchment, conveyance and storage tank materials used. 

The feasibility of rainwater harvesting in a given location is highly dependent upon the amount and 
distribution of rainfall. As rainfall is usually unevenly distributed throughout the year, rainwater 
harvesting can serve as only supplementary sources of water. The viability of rainwater harvesting 
systems is also a function of cost and quantity of water available from other sources. The decision 
maker has to make an economic analysis to balance the total cost of the harvesting system against 
the cost of available water supplied from other sources. 

Provided that rainwater harvesting has been determined to be feasible, there are different methods 
available to determine the required siǌe of tŚe storaŐe tanŬs͘ dŚese metŚods are mostly applicable 

Area Percent Area Runoff 
Coefficient

Annual 
Precipitation

Harvestable 
Rainfall 

m2 % mm/year m3/year
789,561 62.5 0.35 808.3 223371
128,210 10.1 0.90 808.3 93269
217,426 17.2 0.85 808.3 149384
128,083 10.1 0.35 808.3 36235

1,263,280 100.0 0.49 808.3 502259

Main Categories of Campus Area

Total Campus Area

Natural and Grass or Lawn Covered Fields
Rooftops and Parking Lots of school Buildings
Concrete or Asphalt Roads 
Distinct Disused Field



for rooftop catchment systems only, and detail guidelines for design of these storage tanks can be 
found in Gould (1992) and Pacey and Cullis (1989). 

Rainwater harvesting appears to be one of the most promising alternatives for supplying freshwater 
while the sharp increase of water demand due to population growth and water scarcity due to 
climate cŚanŐe and urbaniǌation͘ In this study rational method is used in rainfall harvesting 
methodology.  Rational method is most widely used method in urban hydrology (Chin, 2000) and 
stormwater collection design of small watersheds.  Rational method relates the peak runoff rate, Qp, 
to the rainfall intensity, i, by the relation  

Qp=C.i.A       (1) 

where C is the runoff coefficient and A is the area of the catchment. 

In rational method, the main purpose is to find the peak flow rates for designing the pipe capacity to 
carry the amount of rainwater collected during the specified duration of rainfall event. Therefore, the 
rainfall intensity in Equation 1 needs to be chosen as the maximum rainfall intensity for a given 
duration, for a given return period.  However, in this study, rainwater harvesting is solely aimed to 
determine the total amount of rainfall to be collected at the end of each consecutive day. So that the 
rational method for this study is modified to calculate only collectable daily rainfall poured on to 
rooftops and parking lots.  As a result, daily rainfall, area of rooftops and parking lots, and the runoff 
coefficient are considered in Equation 1 to calculate the amount of rainwater to be able to collected 
and stored. 

DaƉ of tŚe camƉus area is analǇǌed usinŐ '/S to determine tŚe areas of rooftoƉs͕ ƉarŬinŐ lots͕ and 
irrigated fields.  Surface area of rooftops and parking lots are substituted in Equation 1 to find 
harvestable rainfall. Total area to be used in rainfall harvesting is 128,210 m2 and from this 93,269 m3 
of rainwater can be collected. The amount of harvestable rainfall volumes from rooftops are 
calculated in Table 3. 

As a summary, İstanbul, on average, receives 808 mm rainfall, thatpours 1,021,109 m3 rainwater on 
the campus area of which 502,258 m3 can be harvested theoretically but only 18.5 % of the total 
rainwater (93,269 m3) can be collected feasibly from readily available rooftops and parking lots. The 
remaining water runoff.  Precipitations between October and March provide 70% of total rainwater 
while the rest of the rainwater comes during irrigation season.  This non-uniform distribution of the 
precipitation requires to store excess water during wet season to use for irrigation when needed.   



Table3. Amount of Rainfall to be collected on rooftops and parking lots in the campus area. 

 

 

4. Determination of Storage Volume 

Provided that the harvestable water has been calculated, the irrigation demand for the campus area 
needs to be determined. Plant cover type and corresponding areas are determined from GIS analysis.  
Plant types and their daily water requirement is obtained from the Campus Irrigation Facility as seen 
in Table 4. 

Table 4. Currently applied irrigation water schedule in the campus 

 

Water requirement of grass and other plants should actually be equivalent to the potential 
evapotranspiration (PET). Therefore long term average PET values for İstanbul is obtained from 
�lmalŦ �am �d Station ǁŚicŚ is at the Asian Side of tŚe İstanbul (&iŐure 3).  

Area
Harvestable 

Rainfall

Annual 
Harvestable 

Rainfall
m2 m3/day m3/year
18,801 37 13,677
9,329 19 6,787

10,686 21 7,774
8,496 17 6,181

10,735 21 7,809
16,691 33 12,142
5,449 11 3,964

19,395 39 14,109
7,038 14 5,120
4,596 9 3,344
7,769 15 5,652
1,797 4 1,308
7,427 15 5,403

Total 128,210 256 93,269

Faculty Housing
Historical Buildings
New Planned School Building

Faculty of Material and Chemical Eng.
Faculty of Civil Engineering
Faculty of Foreign Lang. 
Teknopark
Library and Conference Center
Dormitories

Rooftops Distribution

Administrative Buildings
Student Facilities and Gymnasium
Faculty of Electrical Engineering
Faculty of Science and Literature

Plant Type
Percent 
Area (%)

Grass 60
Lawn 33
Bush 2
Tree 1
Rose 2
Flowers 2

100
Gross Irrigation Requirement (Efficiency of 0.9) 5.67

5.11Net Irrigation Water Requirement

5,4-7,1
7.17,1

4.63,6-5,4
2.61,9-3,6
6.45,4-7,1

Irrigation water requirement for various plants on the campus

50
38-50

38-50
13-25

Water 
Requirement 

(mm/day)
Water Requirement 

(mm/week)

25-38
25-38

6.4

Average Daily 
Requirement 

(mm/day)

4.63,6-5,4



 
Figure 3. Long term Average Potential Evapotranspiration Measurements (1968-ϮϬϭϰ) at �lmalŦ �am 

in İstanbul 

PET values of April to October are assumed to be the irrigation requirements of the recreational 
cover plants of the campus.  PET values of non-rainy days only should be provided as irrigation water 
to the plants. In rainy days there is assumed to be no irrigation if rain water is enough for the plant in 
that day. hsinŐ tŚis loŐic tŚe montŚlǇ irriŐation reƋuirements are calculated (dable 5 and Figure 4). As 
seen from Table 5, currently applied irrigation schedule comply well with the irrigation requirement 
calculated from PET and rainfall measurements.  

Table 5. Irrigation Demand Calculated from PET and Rainfall Measurements 

 

Months
PET 

(mm/mo
nth)

Rainy Days
Non-
Rainy 
Days

Daily 
Average 
Rainfall 

(mm/day)

Daily PET 
(mm/day)

Irrigation 
Requirement 
(mm/month)

Jan 11 17.5 13.5 6.02 0.84
Feb 21 15.2 12.8 5.09 1.60
Mar 49 13.8 17.2 5.20 2.84
Apr 76 10.4 19.6 4.32 3.87 75.87
May 132 8.1 22.9 4.21 5.75 144.15
Jun 173 6 24 5.67 7.23 173.40
Jul 202 4.2 26.8 7.52 7.52 201.54
Aug 186 4.9 26.1 8.12 7.13 186.17
Sep 119 7.3 22.7 7.93 5.23 118.75
Oct 62 11.2 19.8 7.83 3.15 62.41
Nov 29 13.3 16.7 7.62 1.76
Dec 14 17.3 13.7 7.09 1.00
Total 1074 129 236 962.30

Irrigation Water Requirement



 
Figure 4. Monthly Irrigation Demand  

After determining the amount of water required for irrigation and the amount of harvestable rainfall 
volume, the required storage volume for the rain harvesting project is calculated using mass balance 
method.In that method, the larger of deficit or excess volume of water is chosen as storage 
volume(Table 6).  It was found out that the harvestable rainfall water in campus area is enough to 
meet all the irrigation requirement with construction of 55,000 m3 of storage tanks.  The tanks need 
to be started to get filled in October. In March, all the storage tanks get full and 4562 m3 of water is 
spiiled away as surcharge water.  It is structurally convenient to build 11 storage tanks with volumes 
of 5000 m3 each.  The distribution of this 11 storage tanks with close proximate locations of irrigation 
fields is given in Table 7. 

Table 6. Calculation of Water Storage Volume 

 

Calculation Storage Volume Requirement (m^3)

Months
Harvestable Rainfall 

(m3/month)

Irrigation 
Requirement 
(m3/month)

Difference= 
(Supply-
Demand)

Excess of 
Deficit Water 

(m3)

Volume of 
Water in 

Storage (m3)
Surcharge 
of Water

Jan 12150 12150 42358
Feb 8920 8920 51277
Mar 8285 8285 29355 59562 4562
Apr 5181 6288 -1806 -1806
May 3935 11948 -9341 -11146
Jun 3923 14372 -12046 -23192
Jul 3646 16704 -14914 -38106
Aug 4592 15430 -12552 -50658
Sep 6681 9842 -4255 -54913 -54913
Oct 10120 5173 4372 4372
Nov 11689 11689 16061
Dec 14147 14147 30207 30207
Total 93269 79757 Excess Water = 59562
* Gross Irrigation=Net Irrigation/Efficiency   (EfficWater Deficit= -54913
The storages should be started to get filled in October

55000 m3
Total Storage Capacity=



Table7.Number of storage tanks required for Irrigation with rain harvesting project 

 

5. Discussion of the Results 

�aǀutƉaƔa �amƉus area of zŦldŦǌ decŚnical hniǀersitǇ Śas readilǇ aǀailable 128210 m2rooftops and 
parking lots suitable to implement rainharvesting project for recreational irrigation.Annual rainfall 
808 mm over this surface area results in collecting 93,269 m3 of rainwater.  Over the campus area, 
currently, 82,882 m2recreational area is irrigated. Total irrigation demand under average climate 
conditions of İstanbul sŚould be eƋuiǀalent to W�d values of the irrigation months from April to 
October. W�d measurements of �lmalŦ �am site in İstanbul in those month is 962 mm. Some portion 
of this PET is satisfied with available precipitation occurred during the irrigation season while the rest 
of PET is supplied by irrigation͘ hsinŐ tŚis loŐic, irrigation water requirement is calculated as 79,757 
m3 of water annually.  Due to the fact that 70 % of the rainfall occurs during winter season and only 
30 % occurs during the irrigation season, 55,000 m3 of rainwater has to be stored starting from 
October until March to use it from April to September.   

Irrigated areas over the campus are scattered therefore 11 storage tanks with volume of 5000 m3 of 
eachhave to be constructed at proper locations around the campus.  Dimensions of each storage 
tank will be 27,5 by 36.5 by 5 m.  The construction and installation cost of unit price of the storage 
tanks is estimated as $188.7/m3  (500 TL/m3) which makes the total cost of 11 storage tanks is about 
ϭϬ͘ϯ Dillion hSD (Table 8͘)͘ hnit cost of tŚe ǁater from citǇ netǁorŬ for Ɖublic orŐaniǌations liŬe 
universities is $2.43/m3 (6.44 TL/m3).  Total annual cost of recreational irrigation for 79,757 m3 of 
water is about Ϭ͕ϭϵϰ Dillion hSD.  According to financial analysis, the initial investment of 10,3 
million hS� can be comƉensated in ϱϯ Ǉears ǁitŚ annual instalment of Ϭ͕ϭϵϰ million hS�͕ eƋuiǀalent 
of water bill for recreational irrigation,  and ǁitŚ ǌero interest rate͘ /f tŚe interest rate is Ϭ͘ϱй and ϭй 
then this depreciation duration will be about 62 and 75 years, respectively.  

Table 8. Financial analysis of the costs of rain harvesting project and recreational irrigation from 
public water supply network. 

 

Irrigated Area (m²) Percent Area Storage 
Volume

Number 
Storages of 

5000 m3

36469 44 20000 4
10435 13 5000 1
6000 7 5000 1

15250 18 10000 2
5713 7 5000 1
7920 10 10000 2
600 1
495 1

82882 100 55000 11

Name

Surrounding Area of Librariry
Football Field
Flowers
Main Entrance and Surrounding Area
Total

Administrative Building and Interior Garden
Exterior Garden of Administrative Building 
Surrounding Area of Faculty of Civil Engine  
Surrounding Area of Faculty of Electrical En  

Cost Analysis 
Unit Cost 

($/m3) Volume (m3) Cost ($) 

Cost of Storage 
Facilities 188.68 55000 $10,377,358 
Cost of Water per Year 2.43 79757 $193,825 

Interest Rate 
Number of Years to Compensate Rain Harvesting Project 

Cost for Different Interest Rates 
0 53.5 

0.5 62.5 

1.0 75.5 

 



6. Conclusion 

/n tŚis studǇ͕ tŚe ƉossibilitǇ of rain ŚarǀestinŐ to use for recreational irriŐation of �aǀutƉaƔa �amƉus 
of zŦldŦǌ decŚnical hniǀersitǇ is inǀestiŐated͘ Although the amount of annual rainfall water is more 
than the recreational irrigation requirement, 70% of the rainwater has to be stored to use it during 
irrigation season which requires construction of storage tanks. When the initial investment cost of 
rainwater collection system is compared with the alternate cost of public supply water compared 
under various interest rates of 0, 0.5, and 1%, the project cost will be paid off in 53, 63, and 75 years, 
respectively. 

Although rainwater harvesting is considered as one of the most promising alternatives for supplying 
freshwater while the sharp increase of water demand and water scarcity due to population growth, 
Őlobal ǁarminŐ͕ and urbaniǌation͕ tŚe rainǁater collection sǇstem for recreational irriŐation of tŚe 
university campus does not seem to be economically feasible with these price of alternative source 
of public water supply. The viability of rainwater harvesting systems is also a function of cost and 
quantity of water available from other sources. The decision maker has to make an economic analysis 
to balance the total cost of the harvesting system against the cost of available water supplied from 
other sources.If the water price of public supply increases due to water scarcity and high demand 
then it may be feasible.  From the current financial perspective this project is not applicable but it is 
highly recommended to implement such a project for environmental perspective as well as for future 
economical perspective. This type of projects should be implemented with the augmentation of 
municipal water supplies for the reliability of the system. 
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Abstract
The semi-synthetic oils are used in internal combustion engines owing to their good performances and low costs. However, these 
oils do not show satisfying trıbological performance in engines. It is also known that their performances could be improved by 
adding various synthetic additives. Semi-synthetic oils look attractive with their high usage rate due to high cost of synthetic oils 
and recommendations of engine manufacturers. Improving the tribology performance of semi-synthetic oils with oil additives is 
an affordable and easy way. In this research, the effects of different additives on the tribological performance of the semi-synthetic 
engine oils were investigated. 
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1. INTRODUCTION 
Global OEMs (Original Equipment Manufacturer), fuel and lubricant additive manufacturers are attempting 
to meet the challenges of changing consumer needs and new legislation for a cleaner environment and energy 
conservation [1]. More effective or enhanced lubrication is needed to meet the increasingly more stringent 
operational conditions of new engine systems. The fuel economy, durability, and environmental legislation of 
all engines are closely related to the effectiveness of the lubricants being used. Poor or inefficient lubrication 
may result in high friction and wear losses, which can in turn adversely affect the fuel economy and durability 
of these engines [2-5]. The engine oils performance and oil additives one of the most harmful environments 
in the internal combustion (IC) engine [6]. Due to the negative effect of the friction and wear over the engine 
efficiency, durability and noise, the interest of engine industry and oil manufacturers in engine friction 
research has been continuously growing. Thus there is an urgent need for new engine systems with higher 
fuel economy and lower emissions than before, and this can be achieved by the development and broad uses 
of low friction materials, coatings, and lubricants [7-9]. In a modern IC engine, the engine friction could 
consume up to 10-20% of the fuel used [10-13] by the engine. 

As with engine oil, the key operating tribological parameter in an engine is the lubricant film thickness 
separating the interacting engine part surfaces. The relationship between film thickness and friction 
coefficient is a curved line from which it is possible to define the different lubrication regimes.  Different 
engine parts rely on different regime of lubrication during a single cycle. Some of these like journal and thrust 
bearings are designed to operate in the hydrodynamic lubrication regime, whereas others like piston rings that 
slide inside liners are developed to perform in mixed or boundary lubrication regime. Metal-to-metal contact 
is expected to take place only at low speed and high loads for the first ones, while surface contact occurs for 
the second ones: in the last condition, the surfaces should be protected to avoid failure of the engine [14]. 

Optimal engine oil can be obtained considering the influence of several factors [6]. The most important ones 
are the energy lost (due to friction), oil consumption and wear. Thin lubricating films cause a high friction 
force which decreases efficiency and cause surface interaction leading to wear.  On the other hand, thick films 
may lead to greater oil consumption, which is a direct contributor to hydrocarbon emissions.  

Improving new oil additive will have positive effects not only on friction reduction but also on the function of 
the whole engine performance. Reducing friction loss also means that the nature’s reserves are saved and that 
the running costs of the vehicle are reduced [15]. 

A major contributor to overall engine friction is the relative motion between the cylinder liner and piston ring. 
More recent studies suggest that due to improved design, in-cylinder friction has been reduced to 
approximately 40-55% of total engine friction. Despite this reduction in engine friction, further reductions are 
desired to improve engine performance and fuel efficiency [16-18]. 

This study investigates how the two aspects of oil formulation, semi-synthetic oil and oil with additives 
(friction modifier) effect the tribogical performance in a piston ring-cylinder liner. Experiments are carried 
out at different loads, temperatures and speeds. The objective is to obtain results closer to the engine 
conditions. 

2. ENGINE TRIBOLOGY 
Lubrication between the piston assembly and cylinder is a key area of potential improvement by reduction of 
the frictional loss and the source of pollutant formation. It is understood that the piston assembly accounts for 
the greatest portion of mechanical loss in engines [19]. 

The power cylinder is a major contributor to the overall mechanical friction of the engine. Mechanical power 
spend approximately 10–15% of the total fuel energy. Approximately half of this mechanical loss is because 
of friction at the cylinder liner–piston ring interface [20-22]. 

The piston ring/cylinder liner contact is a major contributor to engine frictional losses. It is estimated that 
nearly 40% of losses in an engine occur at this contact interface [23]. 

Therefore, a proper understanding and prediction of this frictional loss is essential in an effort to improve 
efficiency of reciprocating internal combustion engines. It is well known that piston rings operate in the full 
range of lubrication regimes (i.e., boundary, mixed, hydrodynamic) [24].  

To meet competitive durability goals in the automobile industry, it is necessary to have improved 
understanding of the effect of wear in the cylinder liner piston assembly. Cylinder liners require some of the 
most critical surface properties in terms of functionality. Piston ring and cylinder liner wear is a very 
important factor in determining effective engine life [20]. 
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3. LUBRICATION REGIMES AND OIL ADDITIVES 
 Tribology of internal combustion engine must involve an understanding of the concept of regime of 
lubrication. Stribeck diagram is a good explanation for the regime of lubrication. Stribeck diagram, in the 
form of a plot of two non-dimensional groupings: the coefficient of friction (µ) on the ordinate and a variation 
of the 6ommerfeld grouping �Ș1/P� as abscissa; where Ș is the dynamic viscosity, 1 is rotational speed and P 
is specific load. With the development of the understanding of regimes of lubrication, this plot has 
increasingly incorporated the film thickness ratio, or parameter, �Ȝ� on the abscissa as shown in )igure 1, the 
modified Stribeck diagram. This diagram is briefly explained in Table 1 [25]. 

 

 
Figure 1. The modified Stribeck diagram [25] 

Friction modifiers are additives designed to reduce friction in boundary lubrication regime. Molybdenum 
dithiocarbamate (MoDTC) is a commonly used organometallic modifier that works by bonding flakes of 
molybdenum disulfate (MoS2) onto surface asperities, thereby it reduces friction in boundary lubrication 
regime. Stearic acid (C18H36O2) is an example of an organic modifier. Organic modifiers are believed to 
work by weakly bonding themselves to metal surfaces, thereby forming a lubricating surface film. 

 
Table 1. Description of lubrication regimes [25] 

Regime of Lubrication Features 

Hydrodynamic Full fluid film lubrication in which the surfaces are completely separated. The 
dynamic viscosity of the lubricant is its most important property 

Elastohydrodynamic Nominally also full fluid film lubrication with surface separation, but a more 
concentrated mechanism where elastic deformation of the surfaces and the 
effect of pressure on viscosity are important 

Mixed 
There is surface asperity interaction to some degree and the characteristics of 
both Elastohydrodynamic and Boundary Lubrication are influential 

Boundary 
The surfaces are in normal contact with behavior characterized by the 
chemical  (and physical) actions of thin films of molecular proportions 

 

Black et al. [26] illustrate the benefits molybdenum friction modifier on cam-follower wear, Grene and 
Risdon [27] report that molybdenum friction modifier improves gasoline engine fuel economy by 3–5%. 
Noorman et al. [28] evaluated a friction modifier of unspecified composition on gasoline engine friction at 
different speeds and loads and measured an FMEP reduction of 6–11%. Benvenutti et al. [29] ran a gasoline 
engine through different test cycles using 20W-50 oil without molybdenum friction modifier and 10W-30 oil 
with molybdenum friction modifier. 

Since friction modifiers reduce boundary friction and the ratio of boundary friction to hydrodynamic friction 
varies with engine condition and engine design, the advantages of modifier depend on engine operating 
condition and engine design. High temperature, high load, low speed conditions tend to increase boundary 
friction. High-tension piston rings and substandard lubrication systems are design features that also increase 
boundary friction [30]. 
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4. MATERIAL AND METHODS 

4.1. Semi-synthetic Oil and Oil Additives 
The American Petroleum Institute (API) uses composition and properties to categorize base oils into five 
groups. This study uses the same convention. Semi-synthetic engine oils with friction modifier and without 
friction modifier were tested under the same sliding conditions. Oil properties are shown in Table 1. Friction 
modifier has nano-scale boron particles. Boron particles have been measured to be in sizes of 200 nm. 

 

Table 2. Semi-synthetic oil properties [31] 

SAE Viscosity Grade 10W-40 

Density, 15°C kg/m  ASTM 4052 0.873 

Flash Point , COC, °C ASTM D 92 226 

Viscosity Index ASTM D 2270 154 

Pour Point, °C ASTM D 97 -33 

Kinematic Viscosity   

40°C mm2/s    ASTM D 445 91,18 

100°C mm2/s 13.76 

 

Two different performance categories of with friction modifier and without semi-synthetic gasoline engine 
oils, were selected as test lubricants. Tribo-systems consisting of the tribomates and lubricants were operated 
in a reciprocating tribotester. The frictional forces were recorded and examined for frictional behaviours. 
Weight loss of the all samples, were determined as a function of sliding distance and test loads. Weighting 
was performed with an analytic balance with a sensitive of 0.1 mg [31]. 

4.2. Piston Ring and Cylinder Liner Specimens 
Wear tests were performed with the top and bottom samples. The top specimens are ring samples cut directly 
from the production-chrome coated piston rings. The bottom specimens with a shape of flat cylindrical made 
of a production cast iron cylinder bore samples material composed of pearlite, ferrite, and graphite structures. 
Piston rings manufactured by chrome coating procedures, were used with the same cast iron cylinder bore to 
form the tribo-contact system. Piston ring and cylinder liner specifications are shown in Table 2. Also 
chemical composition of piston ring and cylinder liner are presented in Table 3. 

 

Table 3. Piston ring and cylinder liner specifications 

Sample Material Surface treatment Hardness (HV0.1) Roughness(Ra,µm) 

Ring Cast iron Chrome coated 920 0.121 

Liner Cast iron Honing 20.3 1.052 

 

Table 4. Chemical compositions of piston ring and cylinder liner 

Sample C Cu S Mn Si P Fe 

Ring 3.62 0.117 0.043 0.416 2.4 <1 Balance 

Liner 3.45 0.1 0.05 0.4 2.1 0.4 Balance 
 

4.3. Reciprocating Test Rig 
The wear tests were conducted under lubricated sliding conditions in accordance with ASTM G133-05 
standard. The schematic diagram of reciprocating wear testing rig, contact geometry and test sample are 
shown in Figure1. Load on the pin was applied using dead weights by way of lever arm loading system. 
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Figure 2. Reciprocating test rig, contact geometry and test sample [31]. 

 

The reciprocating test was designed to measure friction force, wear and surface temperature. Test conditions 
are presented Table 4. 

 

 

 

Table 5. Tribotest conditions 

Test specifications Values 

Load, N 60-80 

Temperature, oC 70 

Stroke, mm 100 

Oil supply, ml/h 0.5 

Distance, m 1000 

Semi-synthetic oil, SAE   10W40 

Friction Modifier (FM) Ratio 20% 

 

5. MATERIAL AND METHODS 
Variations of friction coefficient �μ� of cylinder liner and piston ring with the different test conditions are 
shown in Figure. 2 and 3. Friction coefficient has been changed on different loads and speeds.  The 
coefficient of friction at a low load is small. Load increases friction coefficient. The reason for this is that it 
shows the boundary friction behavior of friction with the increase of the load. Semi-synthetic oil film 
deteriorates with increasing load. This increases the friction coefficient.  The most significant factor affecting 
the oil film showed deterioration of the friction coefficient is high load. With the increasing speed tends to 
decrease the friction coefficient. This is because of rising rates, oil hydrodynamic effect is to show healing 
properties . Figure 1 is given by the speed of change of the friction coefficient. The coefficient of friction 
decreases with increasing speed. Friction modifier, the effect of reducing the coefficient of friction is 
observed markedly.    

Semi-synthetic oil friction coefficient values ranged from 0.21 to 0.3 at 60N load in Figure 2. FM additives of 
20% with stirring semi-synthetic oil experiments were repeated in the same conditions. An additive to 
improve the friction as FM coefficient of friction decreased rate of 10-29% at 60N load. Thus, friction 
coefficient ranged between 0.15 and 0.27. 
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Figure 3. Friction coefficient of piston ring with cylinder liner in 60 N 

 

Semi-synthetic oil friction coefficient values ranged from 0.38 to 0.27 at 80N load in Figure 3. FM additives 
of 20% with stirring semi-synthetic oil experiments were repeated in the same conditions. An additive to 
improve the friction as FM coefficient of friction decreased by 16-23% at 80N load. Thus, friction coefficient 
ranged between 0.21 and 0.32. 

 

Figure 4. Friction coefficient of piston ring with cylinder liner in 80 N.  

 

Variations of wear of cylinder liner and piston ring with the different test conditions are shown in Figure 4 
and 5. Wear has been changed on different loads and speeds.  Value of wear is lower at 60N than 80N loads. 
Load increases value of wear indicates increase tendency.  The reason for this is that it shows the boundary 
friction behavior of friction with the increase of the load. Terms of boundary friction wear is also directly 
affected. Terms of increasing metal to metal contact in the boundary friction and wear mechanisms are 
triggered. The resulting adverse conditions increase wear. Figure 3 is given by the speed of change of the 
piston ring wear. The value of wear decreases with increasing speed. This situation is similar to the 
coefficient of friction. It is also seen in the modifier effects of friction wear values. 

Semi-synthetic oil value of piston ring wear ranged from 0.0025g to 0.0017g at 60N load in Figure 4. An 
additive to improve the wear as FM value of wear decreased rate of 26-41% at 60N load. Thus, value of 
piston ring wear ranged between 0.0018 and 0.001. 
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Figure 5. Wear of piston ring at 60N 

 

Semi-synthetic oil value of piston ring wear ranged from 0.0029g to 0.0021g at 80N load in Figure 5. An 
additive to improve the wear as FM value of wear decreased rate of 23-24% at 80N load. Thus, value of 
piston ring wear ranged between 0.0022 and 0.0016. 

 

 

 

 

 

 

 

 

Figure 6. Wear of piston ring at 80N 

 

Semi-synthetic oil value of cylinder liner wear ranged from 0.07g to 0.057g at 60N load in Figure 6. An 
additive to improve the wear as FM value of wear decreased by 12-15% at 60N load. Thus, value of piston 
ring wear ranged between 0.061 and 0.049. 

 

Figure 7. Wear of cylinder liner at 60N 

 

Semi-synthetic oil value of cylinder liner wear ranged from 0.09g to 0.08g at 80N load in Figure 7. An 
additive to improve the wear as FM value of wear decreased by 7-11% at 60N load. Thus, value of piston ring 
wear ranged between 0.081 and 0.071. 
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Figure 8. Wear of cylinder liner at 80N 

 

 

6. CONCLUSION 
The experiments carried out on a reciprocating wear test rig allow to subtraction the following observations: 

x Test conditions are selected in a manner similar to the lubrication conditions in internal combustion 
engines. Experiments are conducted in the boundary and hydrodynamic conditions. 

x The friction coefficient is reduced due to the increase of the speed. This is because of the 
contribution of speed to the hydrodynamic friction. 

x The value of wear is reduced due to the increase of the speed. This is due to the contribution of 
speed to the hydrodynamic friction and due to the reduction in the adhesive effect.  

x Friction Modifier affected both friction coefficient and value of wear. Changing the mixing ratio 
(%20) could be a possible subject for future studies.   

x The tribological performance of semi-synthetic oil is increased with the oil additives. Thus, an 
economical alternative solution has been developed to fully synthetic oils. 
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INVESTIGATION  OF  MECHANICAL 
PROPERTIES  OF  CHASSIS  PROFILE 

DESIGNED  FOR  LIGHT  VEHICLES

Abstract
Development of high strength new materials which are light and therefore enable fuel saving without giving up safety and comfort 
is among the important targets of automobile manufacturers. Preference of aluminum, which stands up among light weight metals 
with its cost, good workability, corrosion resistance and recycling characteristics and properties such as both vehicle weight reduction 
and absorption of energy that occurs during crash, etc., increases each year in light metal selection required for fuel saving in the 
developing automotive industry. When a material is subject to cold forming, the hardness and strength of that material improve 
due to distortion occurring in its cage structure. Sheet metals which go through plastic shaping become more in this way compared 
to ready extrusion profiles. In the present study, open profiles, which are designed as light weight AA5754 chassis profile of 2mm 
thickness and shaped by bending machine and casting in eccentric press and named as P1 and P1r, were compared with their 
solid flat forms in terms of resistance characteristics such as tensile strength, hardness and charpy impact resistance. As a result of 
the performed tests, P1 and P1r profiles were compared with flat sheet and the best values were obtained from P1r profile. It was 
determined that there was 12.54% increase in tensile strength, 36.42% charpy impact resistance and 3.1% in hardness in P1r profile 
in comparison to flat sheet.

Key Words: Chassis profile, AA5754, Cold forming.
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1. Introduction 

 

Chassis is the main structure carrying various systems of the vehicle and bodywork. For the chassis to 

be resistant, light, rigid and few parts and its mechanical parts to be mounted and dismounted easily, it 

is required that it has also low cost despite of this [1]. 

Aluminum is one of the mostly found elements in nature and mostly used metals in engineering 

structures after steel. Aluminum and its alloys are used in the manufacturing of many pieces in vehicle 

construction as casting, sheet and profile state. 

 

Two types of alloys are suggested for aluminum extrusion trunk profiles; 6xxx (Al-Mg-Si) series have 

the highest shaping ability and 7xxx (Al-Zn-Mg) series have the highest resistance among aluminum 

alloys and used in the construction of aircraft parts and in places requiring high resistance. Many 

aluminum alloys other than these can be used in extrusion however these two alloys generate the best 

results in terms of reproducibility and performance characteristics [2]. 

 

Researchers studied soft steel and magnesium alloys (AA 6XXX) in terms of resistance and tested 

tensile, bending and energy absorbance characteristics of both material groups. As a result, it was 

determined that energy absorbance capacity of magnesium alloys was 10 fold higher than that of soft 

steel. They indicated that because of this performance, magnesium alloys can be used in many places 

as well as in bumper rod profiles of automobiles or door inner surfaces [3]. 

 

In another study, steel as a chassis profile material and AA 6063 material were compared and 

aluminum alloy of 73.1 HBW hardness was used. According to the obtained results from materials that 

were obtained from materials that were subjected to three point bending and various resource 

experiments; AA 6063 is a material that is adaptable to extrusion, resource and heat treatment and 

has sufficient mechanical characteristics. Furthermore, it was observed that energy absorption of 

AA6063 was 2 folds higher in comparison to that of steel [4]. 

 

Cold forming is plastic deformation event occurring at temperatures (room temperature) under re-

crystallization temperature. Distortion occurs in the cage structure of a crystalline structure material 

that goes through plastic deformation. The greatest distortion takes place in the borders of slide planes 

and particles and as the deformation rate increases distortion rate also increases. In this case, 

deformation hardening takes place in the material. In case distortion occurs in the cage structure of a 

material, hardness and strength of that material increase [5, 2].  

 

In a study scrutinizing the contributions of cold forming to a material, it was indicated that material 

hardness increased 40-100% in corner regions of the sections in comparison to the plane parts. The 

reason for the reach of this increase to a maximum value in the middle points of corner folds is 

maximum cold forming process in these points. Increase of material hardness is directly proportional 



to resistance but is inversely proportional to ductility. In other words, as the hardness increases 

resistance increases but ductility decreases and the material becomes more brittle. Because of the 

cold forming process, there was increase in the corner regions of the sections and approximately 50% 

increase was obtained in yield strength and 15% increase in tensile strength in comparison to the 

plane parts. As a result, plastic shaped sheet materials become more resistant in comparison to the 

extrusion profiles [6]. 

In the present study, P1 and P1r open profiles which are designed as light chassis profile were shaped 

from AA5754 sheet material of 2mm thickness by the aid of bending machine and eccentric press. The 

designed profiles’ mechanical resistance was compared with their flat sheet forms (tensile, charpy 

impact resistance and hardness). 

 

In the first stage of the study, tensile, charpy impact and hardness samples were obtained by laser 

cutting of AA5754 unshaped sheets according to the standards. In the second stage of the study, ear 

parts of the open profiles were bent by bending machine and their final shape was formed in eccentric 

press molds. In the third stage, standard samples were cut over bent profiles by the wire erosion 

method and tested. The obtained results were compared with one another.  

 

2. Experimental Studies  
 

2.1. Material and Method 
  
Chemical content of AA5754/H111 alloy material that was used in the study is shown in Table 1. 

 

The most preferred alloy is 6063 for standard profile manufacturing in the market among 6000 series 

alloys that are apt to shaping by extrusion. In the present study, the reason that we used 5754 

aluminum alloy material is that it has high cold forming ability and has characteristics closest to A6063. 

Moreover, the welding ability of the material is rather high. 
 

Table 1. Chemical content of material that was used in the experiments [7] 

Numerical and 
Chemical Symbols 

Si Fe Cu Mn Mg Cr Zn Ti Others 
(Total) 

AA5754 
EN AW-Al Mg3 

(%) 
0,40 0,40 0,10 0,50 2,6-3,6 0,30 0,20 0,15 0,15 

 

In order to see the mechanical properties of AA5754 sheet, tensile, hardness and charpy samples of 

four units each were obtained by laser cutting method. 



                             

a)                                         b)                                      c) 

Figure 1. a) Tensile samples, b) Tensile equipment and c) Pulled samples 

 
 

Figure 2. Distension - % unit elongation graphic of AA5754 sheet 

 

Pulled samples obtained by laser cutting method according to the standards were put through a 

pulling test at 10mm/min velocity at room temperature in Shimadzu equipment of 50kN capacity 

(Figure 1). Distension - % elongation graphics obtained as a result of pulling experiment are shown in 

Figure 2. HBW hardness measurement of AA5754 sheet and with V= 5m/s velocity, and charpy 

resistance measurement was made by Instron brand test equipment (Figure 3). 

 

 

 

 

 

 

 

 
 

 

Figure 3. a) Hardness measurement equipment and measurement trace, b) Charpy equipment and tested charpy 

samples 

 



Sheet metals were cut at 2 x 112 x 300mm dimensions by laser cutting method and 5mm ear parts of 

the profiles (P1 and P1r) were bent first by bending machine. Then, final shapes of flat (P1) and radus 

(P1r) profiles were formed in molds (Figure 5). 

 
The reason for shaping the flat sheets in bending machine and eccentric press is to benefit from 

superiorities of cold forming. These are greater dimension sensitivity, narrower tolerances and better 

surface quality and superior mechanical properties (because of strain hardening, hardness and 

resistance increase), no need for heating and hardening of parts, and desired directed characteristics 

of the product [8,9].   

                                                                                                                 
 

                                                                                              

                                                                                                            

          
Figure 5. Technical pictures, molds and samples of plane and radus profiles (P1 and P1r)  

 
Standard charpy and pulling samples were cut (Figure 6) by wire EDM process at the upper and side 

of shaped profiles and mechanical tests were performed. 

 

Bending prs 

Eccentric prs 
P1 

 

P1r 



        

                                                                          
Figure 6. Samples of profiles obtained by wire EDM process and hardness (HBW) measurements 

Hardness measurements were made at various places of both side and upper regions of the shaped 

profiles. Radus part of P1r profile was divided into two parts and after bakalite pouring, hardness 

values of the upper part were measured (Figure 6). Results of pulling test of P1 and P1r profiles, and 

obtained tension-% strain (unit elongation) graphics are shown in Figure 7. 

 

 
Figure 7. Tensile stress- % strain (unit elongation) graph of P1 and P1r profiles  

 
Test results of shaped and unshaped samples were compared with one another in Table 2. 

 
Table 2.  The average mechanical characteristics of unshaped sheet, plane and radius profiles (P1 and P1r) and 

rectangular profile 

 
 
 

Sheet 
P1 P1r Rectangular Box 

Prf. 

(40x20x2) 
P1 -upper P1 -side P1r  -upper P1r  -side 

Avg. Tensile 
Stress 

(N/mm2) 

 
223±1,9 

 
239,5 

 
223,5 

 
280,1 

 
224,1 

 
223 

Avg. 
Charphy 
(joule) 

7 9,6 9,4 9,9 9,3 7 



Avg. 
Hardness 

(HBW) 
67 67,15 ±0,75 68 70,15±2,15 68 64 

Note: P1 upper, P1r upper= Sample taken from the upper part of profile, P1 side, P1r side= Sample taken from 
the side of profile  
 

3. Results and discussion  
 
Pulled, charpy and hardness test samples were obtained from flat sheets and profiles (P1 and P1r) 

that are bent and shaped according to standards by laser cutting and wire EDM process. Test results 

of the samples were compared with each other. 

 

When test results of P1 and P1r profiles were compared with the flat sheet, it was observed that there 

was 3.24% increase in average tensile resistance of P1 profile, 35.71% increase in charpy, and 1% 

increase in hardness, and 12.54% increase in P1r profile’s pulling strength, 36.42% increase in impact 

resistance and 3.1% increase in hardness.  

 

Increase in mechanical values of P1 and P1r profiles occurred due to cold forming event. As a result of 

cold forming, tensile strength, yield strength and hardness increased, and breakage elongation value 

decreased approximately 8%. It is known that these changes originate from distortion in the cage and 

particle structures of the material [10]. 

 

It is seen clearly in Table 4 that “P1 side and P1r side” tensile, charpy and hardness values of the 

samples taken from the sides of P1 and P1r profiles are almost close to those of the flat sheet. The 

reason for this is that side regions of the profiles were subject to cold forming excessively. Despite all, 

there was an increase reaching 36% in mechanical values of “P1 upper and P1r upper” samples taken 

from the upper part of the same profiles. Especially high values of the parts close to the corners 

illustrate that these regions were subject to cold forming in a high rate. 

  

The results obtained from the conducted study are parallel to the studies of Tama and Kaplan [6]. It is 

thought that P1r could be a more appropriate design example among the studied samples in terms of 

mechanical values of chassis profiles designed for small vehicles, high impact resistance, good energy 

absorbance, and being light and easily cold forming with low cost. 
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EFFECTS  OF  TEREBiNT 
(PiSTACiA  TEREBiNTHUS  L)  

OiL ADDiTiON  TO  QUAiL i ON  
GROWTH  PERFORMANCE, 

CARCASS  TRAiTS, SOME  BLOOD 
PARAMETERS  AND  COMPOSiTiON 

OF  BREAST  MEAT  FATTY  ACiD

Abstract
Development of high strength new materials which are light and therefore enable fuel saving without giving up safety and comfort 
is among the important targets of automobile manufacturers. Preference of aluminum, which stands up among light weight metals 
with its cost, good workability, corrosion resistance and recycling characteristics and properties such as both vehicle weight reduction 
and absorption of energy that occurs during crash, etc., increases each year in light metal selection required for fuel saving in the 
developing automotive industry. When a material is subject to cold forming, the hardness and strength of that material improve 
due to distortion occurring in its cage structure. Sheet metals which go through plastic shaping become more in this way compared 
to ready extrusion profiles. In the present study, open profiles, which are designed as light weight AA5754 chassis profile of 2mm 
thickness and shaped by bending machine and casting in eccentric press and named as P1 and P1r, were compared with their 
solid flat forms in terms of resistance characteristics such as tensile strength, hardness and charpy impact resistance. As a result of 
the performed tests, P1 and P1r profiles were compared with flat sheet and the best values were obtained from P1r profile. It was 
determined that there was 12.54% increase in tensile strength, 36.42% charpy impact resistance and 3.1% in hardness in P1r profile 
in comparison to flat sheet.

Key Words: Chassis profile, AA5754, Cold forming.
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1. Introduction 

Varioussubtherapeutic antibiotics have been used as feed additives since 1940’s to enhance 

growth performance and to prevent disease in livestock,particularly poultry. Usage of antibiotics 

as feed additives was banned in European Union in2006 (EU, 2003) due to the antibiotic 

residue risk in animal products and the potential evolving of antibiotic resistant bacteria. This 

action has led to acceleration in the number ofresearch onalternative natural feed additives, 

such as probiotics, prebiotics, organic acids, herbs, spices and various plant extracts, in animal 

production (Alcicek et al., 2004). Certain aromatic plants themselves and essential oils (EO) 

derived from them have increasingly been used for such purpose. The EO, extracted mainly 

from herbs and spices is a complex mixture of various compounds, which consist of aromatic 

and volatile substances (Jang et al., 2007). Essential oils may exhibit a range of potentially 

beneficial properties, including antimicrobial effects in gut (Jang et al., 2007), antioxidant (Vichi 

et al., 2001), antiparasitic (Hafez and Hauck, 2006), and a digestive stimulant (Hernandez et al., 

2004; Jang et al., 2007).  

The genus Pistacia comprises 16 or 20 recognised species (Couladis et al., 2002; Ozcan 2004, 

Topcu et al., 2007; Kavak et al., 2010). Pistacia terebinthus L. (terebinth or the turpentine tree), 

is a small tree, widely distributed in the Mediterranean region and west Asia, (Couladis et al., 

2002; Ozcan 2004, Topcu et al., 2007; Kavak et al., 2010), especially southeast of Turkey 

(Ozcan, 2004). The main nutrients in the fruit of terebinth are ether extracts (35.26-47.52 %) 

(Matthaus and Ozcan, 2006� .ı]ıO aQG TXrk, 2010).It thus containsat lowrates crude protein (6.4 

�) aQG FrXGH aVh (1�� �) (.ı]ıO aQG TXrk, 2010)� ThH IrXLWV LQFOXGH 0�1 � HVVHQWLaO RLOV (.ı]ıO 

and Turk, 2010), and 0.06-0.16 % (Ozcan et al., 2009) or 0.73 % (Couladis et al., 2002) volatile 

fatty acids. It also contains macro- (Ca, P, K, Na, Mg, S) and micro-elements (Fe, Al, Zn, Cu, 

Mn, Se, Co, Cr) (Ozcan 2004� .ı]ıO aQG TXrk, 2010) aV ZHOO aV WRFRShHrROV, WRFRWrLHQROV, VWHrROV 

and other phenolic constituents (Matthaus and Ozcan, 2006; Topcu et al., 2007).  

Different part of the terebinth tree has got a lot of pharmacologically active substance. For 

example, there have been Į-pinene, terpinolene and limonene in theshell of terebinth 

fruit(.XVPHQRJOX HW aO�, 1���), Į-SLQHQH, ȕ-pinene, sabinene and terpinene in the resin 

EraQFhHV RI WHrHELQWh (3aSaJHRrJLRX HW aO�, 1���) aQG Į-SLQHQH, OLPRQHQH, Į-felandrene, 

terpinolene, p-cymen-8-ol and caryophyllene oxide in the mature fruit of terebinth (Couladis et 



 
 

al., 2002; Ozcan et al., 2009). Furthermore, there have been flavonoid compounds, such as 

luteolin, luteolin-7-glucoside and apigenine-7-glucoside in the leaf extract of terebinth (Kavak et 

al., 2010). 

Kavak et al., (2010) have indicated that terebinth leaf extract shows higher antioxidant capacity. 

Some of the active compounds, such as luteolin and luteolin-7-glucoside, in the terebinth 

(.aYak HW aO�, 2010) aQG Į-pinene in the salvia, (Tzakou et al., 2001)- Į-pinenealso exist in 

terebinth - have antimicrobial effect. Topcu et al., (2007) have found that fruits of terebinth 

contain ShHQROLF aQG IOaYRQRLGV, VXFh aV TXHrFHWLQ aQG Į-tocopherol, both are used as standard 

antioxidant compounds.Essential oils obtained from the leaves of terebinth have antifungal 

activities (Duru et al., 2003).De Whalley et al., (1990) and Yee, (1996) have reported that 

terebinth fruit has hypocholesterolemic and arteriosclerosispreventive effect because of its 

unsaturated fatty acid and tannin content.BakırHO HW aO�, (2003) have established that dried 

terebinth fruits have a hypolipidemic effect on the hyperlipidaemic rabbits without toxic effect. 

There have been a lot of researches on the usage of certainaromatic plants/herbs/spices such 

as black cumin seed, thyme, cinnamon, forelockofmercury, peppermint, rosemary, garlic and 

essential oils (EO) derived from these plants or commercial EO as feed additives in the poultry 

feeding. On the other hand,there has been, as to date, no research on the usage of terebinth 

fruit oil (TFO) in poultry feeding. Therefore, the study aimed to assess supplementation of TFO 

to diet on growth performance, carcass traits, some blood parameters and fatty acid 

composition of breast meat in quail. 

 

2. Materials and Methods 

2.1 Birds, experimental design, housing environment and diets 

Two hundred and forty unsexed day old Japanese quail chicks (Coturnixcoturnix japonica) were 

allocated randomly to three dietary treatment groups. Each treatment had 4 replicate pens with 

20 birds per pen. The experimental diets consist of an unsupplemented basal diet, based on 

corn and soybean meal (Table 1). Basal diets were supplemented with 0 (Control), 130 mg/kg 

(Trial I), or 260 mg/kg TFO (Trial II). The TFO was first mixed into the vegetable oil component 

of the ration, and then the oil mixture was added to the basal diets. All essential nutrients 

contained in the basal diet met the requirements suggested by the NRC (1994) for quails. The 



 
 

experimental diets were in mash form. The experimental diets were given ad libitumd 1-21 

starter diet; d 22-42 grower diet.  

 

Table 1. Ingredient and nutrient content of the basal diets, (g/kg)1. 

Item Starter (d 1-21) Grower (d 22-42) 

Ingredient   

     Corn 400.0 370.0 

     Wheat  61.5 202.5 

     Vegetable oil  50.0  43.0 

     Soybean meal  380.0 250.0 

     Sunflower meal   80.0 100.0 

Dicalcium phosphate   83.0  15.0 

     Limestone 13.5  12.8 

Vit. / min. premix2   3.5   3.5 

     Salt   3.0   3.0 

     DL-Methionine   0.2   0.2 

Calculated analysis, DM basis3 

Metabolizable energy, MJ/kg 12.55 12.55 

    Calcium 0.80 0.90 

    Total phosphor 0.65 0.70 

    Lysine 1.42 1.11 

Methionine+Cysteine 0.77 0.67 

    Linoleic acid 1.55 1.49 

Analysed nutrient composition, DM basis 

     Dry matter 889.9 890.3 

     Crude protein 239.2 204.9 

     Ether extract  70.9  64.8 

     Crude fibre  43.5  41.0 
1The basal diets were the same in the all groups. Treatment diets were supplemented with 130 or 260 mg/kg of 

terebinth fruit oil.2Supplied per kg diet: Vit A, 8400 IU; vit D3, 44800 IU; vit E, 56 mg; vit K3, 2.24 mg; vit B1, 1.68 mg; vit 

B2, 4.48 mg; niacin, 33.6 mg; cal.D-pantothenate, 10 mg; vit B6, 2.8 mg; vit B12, 9 µg; D-biotin, 0.112 mg; folic acid, 1.12 

mg; vit C, 56 mg; manganese, 59 mg; iron, 47 mg; zinc, 47 mg; copper, 47 mg; cobalt, 0.112 mg; iodine, 0.56 mg; 

selenium, 0.100 mg; molybdenum, 0.582 mg.3: Calculated based on NRC (1994) data of feedstuffs nutrient tables. 

 

Body weights of the birds and feed intake of each replicate pen was recorded at the beginning 

of the study and at the end of each period. Feed conversions per pen were calculated at the 21- 

and 42 d of study. At 42 d of the study, 20 birds (5 birds from each replicate) of similar body 

weight were selected from each group, weighed and slaughtered for determination of the 

carcass traits and the internal organ weights. In the slaughtering process blood samples were 

also taken. Blood samples were centrifuged at 3000 g for 10 minutes. Serum samples were 



 
 

stored -20 °C for analyses. From the middleof 1 to 3 both sideof thebreastmeat, meat samples 

were taken for fatty acid analyses and were stored at -20 C until analysis. 

2.2. Analytical procedures 

Dry matter, crude protein (N x 6.25, micro-Kjeldahl), crude fat, crude fibre and crude ash in the 

diets were determined in accordance with AOAC (2000) methods. Blood biochemistry analyses 

included the measurement of total cholesterol, high density lipoprotein (HDL), aspartate amino 

transferase (AST), alkaline phosphatase (ALP), total protein, albumin and globulin. 

Concentrations of blood parameters were analysed by an auto analyser (Beckman Coulter 

AU5800), using the commercial kits. Concentrations of individual fatty acids were determined 

using gas chromatography (HP Agilent 7890) according to methods described by Paquot 

(1979). 

2.3. Statistical analyses 

The statistical processing of data was performed using the SPSS program, based on a one-way 

$129$, ZLWh 3≤0�0� FRQVLGHrHG WR EH VLJQLILFaQW� $IWHr $129$, VLJQLILFaQWO\ GLIIHrHQW PHaQV IRr 

each variable were separated using Duncan’s multiple-range tests. 

 

3. Results 

Crude nutrient contents of the fruit of terebinthused for making TFO were analysed as follows; 

94.36 % dry matter, 38.91 % crude fat, 10.07 % crude protein and 3.26 % crude ash, in dry 

matter basis. Fatty acid composition of the TFO is shown in Table 2. The dominating fatty acid 

in the TFO was oleic acid (46.82 %). The other fatty acids are linoleic-(23.07 %), palmitic- 

(22.00 %), stearic- (4.61 %), palmitoleic- (2.14 %),andlinolenic acid(1.36 %). 

 

Growth performance parametersof the birds are shown in Table 3,carcass traits and relative 

organ ratio are shown in Table 4, serum composition is givenin Table 5 andfatty acid profiles of 

breastmeat of the birds are giveninTable 6. 

 

Table 2.Fatty acid composition of terebinth fruit oil used in this study. 

Fatty acid C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 

Amount, g/kg 220.0 21.4 46.1 468.2 230.7 13.6 



 
 

C16:0= Palmitic acid, C16:1= Palmitoleic acid, C18:0 = Stearic acid, C18:1 = Oleic acid, C18:2 = Linoleic acid, C18:3 = 

Linolenic acid  

 

Table 3. Effects of dietary terebinth fruit oil supplementation on the performance of quails. 

 

NS: Non significant (P > 0.05). abMean values in the same row with a common letter are significantly different (*: P 

<0.05, *** P < 0.001). 

 

Table 4. Effects of dietary terebinth fruit oil supplementation on the carcass yield traits of quails. 

Item Control Trial I Trial II SEM Sig. 

Body weight, g 194.2b 194.8b 204.1a 1.66 * 

Carcass weight, g 134.5ab 131.3b 137.7a 1.08 * 

Carcass ratio, % 69.33 67.51 67.56 0.46 NS 

The relative organ ratio to the carcass weight, % 

Breast 32.11 32.37 32.61 0.42 NS 

Leg 23.12 22.74 22.43 0.15 NS 

Wing 10.62 10.18 10.91 0.15 NS 

Item Control Trial I Trial II SEM Sig. 

Body weight, g      

     1 d 8.6 8.6 8.5 0.05 NS 

     21 d 92.8b 90.1b 98.6a 0.78 *** 

     42 d 194.1b 194.7b 204.5a 1.64 * 

Daily weight gain, g/d      

    1 to 21 d 3.98 3.89 4.13 0.06 NS 

    22 to 42 d 4.88 5.10 5.09 0.06 NS 

    1 to 42 d 4.43b 4.49b 4.61a 0.04 *** 

Daily feed intake, g/d      

    1 to 21 d 7.69 7.43 8.03 0.14 NS 

    22 to 42 d 19.25 18.27 18.99 0.24 NS 

    1 to 42 d 13.47a 12.70b 13.55a 0.17 * 

Feed conversion, g/g      

    1 to 21 d 1.93 1.91 1.95 0.02 NS 

    22 to 42 d 3.95 3.59 3.74 0.07 NS 

    1 to 42 d 2.94a 2.74b 2.82ab 0.04 * 



 
 

Heart  1.54  1.57  1.58 0.02 NS 

Liver  3.35  3.93  4.13 0.15 NS 

Gizzard  3.59  3.69  3.44 0.07 NS 

abMean values in the same row with a common letter are significantly different (*: P <0.05). 

NS: Non significant (P > 0.05). 

 

Table 5. Effects of dietary terebinth fruit oil supplementation on the serum parameters of quails. 

Item Control Trial I Trial II SEM Sig. 

Total cholesterol, mg/dL 230.3 201.4 212.0 8.16 NS 

HDL, mg/dL 135.7 115.0 83.0 10.04 NS 

AST, IU/L 280.1 310.6 299.3 14.47 NS 

ALP, IU/L 786.8 936.0 813.3 30.07 NS 

Total protein, g/dL   2.81   2.77   3.22 0.10 NS 

Albumin, g/dL   0.98   1.00   1.10 0.04 NS 

Globulin, g/dL   1.83   1.77   2.13 0.07 NS 

NS: Non significant (P > 0.05). 

 

Table 6.Effects of dietary terebinth fruit oil supplementation on the fatty acid composition of breast meat of 

quails, g/kg. 

Item Control Trial I Trial II SEM Sig. 

C14:0   4.9   5.3   4.4 0.03 NS 

C16:0 260.9 241.6 254.2 0.37 NS 

C17:0   2.1   1.6   1.7 0.06 NS 

C18:0 180.6 164.1 173.0 0.54 NS 

Ȉ S)A 448.0 412.6 432.8 0.83 NS 

C16:1  24.8  30.2  28.9 0.23 NS 

C18:1 158.1 181.1 146.4 0.89 NS 

Ȉ 0U)A 177.8 211.3 175.3 1.09 NS 

C18:2 277.6 274.7 284.1 0.32 NS 

C18:3  22.0  21.8  18.2 0.35 NS 

C20:4  64.9  69.3  80.0 0.35 NS 

Ȉ 3U)A 364.5 365.8 382.3 0.81 NS 



 
 

Ȉ PUFA/Ȉ SFA 0.82 0.90 0.88 0.02 NS 

C14:0= Myristic acid, C16:0= Palmitic acid, C16:1= Palmitoleic acid, C17:0= Heptadecanoic acid, C18:0 = Stearic acid, 

C18:1 = Oleic acid, C18:2 = Linoleic acid, C18:3 = Linolenic acid, C20:4= Arachidonicacid, SFA= Saturatedfattyacids, 

MUFA= Monounsaturatedfattyacids, PUFA= Polyunsaturatedfattyacids. NS: Non significant (P > 0.05). 

 

4. Discussion 

In this study, supplementation of 260 mg/kg TFO to diet induced an increase on the live weight 

of the birds both at the starter and grower periods when compared to the birds in the Control 

and 130 mg/kg TFO supplemented groups (Table 3). Weight gain of the birds in the 260 mg/kg 

TFO supplemented group was higher than those of the other groups in overall the study. The 

results on the live weight and weight gain of the birds indicated that supplementation of high 

level TFO (260 mg/kg) to diet improved live weight and weight gain. This was not achieved in 

the low level TFO supplemented group (130 mg/kg). The improvement on the live weight of bird 

in the 260 mg/kg TFO supplemented group may be related to the antibacterialagents, such 

asluteolinand luteolin-7-JOXFRVLGH (.aYak HW aO�, 2010), Į-pinene (Tzakou et al., 2001), 

aQWLR[LGaQW FRPSRXQGV, VXFh aV TXHrFHWLQ aQG Į-tocopherol(Topcu et al., 2007), and 

highlinoleic acid content of the TFO used in this study (Ayfer, 1973; Ozcan 2004� .ı]ıO aQG TXrk, 

2010). In addition, Jang et al., (2004) reported that a commercial blend of EO showed a marked 

increase in digestive enzyme activities of the pancreas and intestinal mucosa from broiler 

chickens, leading in a significant growth performance. Further, Hernandez et al., (2004) 

indicated that two different plant extracts improved the digestibility of the feeds for broilers. 

Similar result was also reported by Lee et al., (2003), whichindicates that EO in diets 

encourages secretions of endogenous digestive enzymes, which then enhance nutrient 

digestion and gut passage rates in chickens. Live weights of the birds were similar in the Control 

and 130 mg/kg TFOsupplemented groups.This situation may be related to the basal diets used 

in the present study,which hadadequate andbalancednutrientcontent, high digestibility, and 

optimumenvironmental conditionsduring theresearch. It has been proposed that dietary EO 

supplementation as growth stimulators could not give positive effect when chickens are raised 

at optimal condition such as highly digestible diets and clean condition (Botsoglou et al., 2002). 

As known, well-nourished, healthy chicks do not respond to antibiotic supplements if they are 



 
 

housed under clean and disinfected conditions. In addition, antimicrobial agents may have more 

impact when the diet used is less digestible (Lee et al., 2003).  

In this study, supplementation of 130 mg/kg TFO induced lower feed intake than those of the 

other groups in overall the study (P<0.05). In contrast to this study, Kamel (2001) suggested 

that herbs, spices and various plant extracts have appetiser and digestion-stimulating properties 

and antimicrobial effects. In addition, supplementation of 130 mg/kg TFO improved feed 

conversion when compared to Control group. .XFXk\ıOPa]HW aO�,(2012) have conducted two 

experimentsto determine the effects of supplementation EO, which containscertainactive 

substancesfound alsoin theTFO (such as terpinene, Į-pinene, limonene, caryophyllene), on the 

growth performance in broilers. In experiment I (within October – November period); they have 

not found differences on the live weight, feed intake, and feed conversion among the groups. 

However, in experiment II (including April to May); they have documented higher live weight and 

improved feed conversion in the EO supplemented group than those of the Control group. 

Likewise, Khosravini(2013)has designed a study in broilers on the usage of 

Saturejakhuzistanicaoils, which contains some essential oils located in the TFO.He found 

that0.5, 1.0, 1.5, 2.0 and 2.5 g/L oil supplementation via by drinking water negatively affected 

weight gain, feed intake and feed conversion of the birds when compared to Control. Alcicek et 

al., (2003) have also supplemented 24, 48, and72 mg/kg commercialblend ofEO to broiler diets, 

respectively. They have found that supplementation of 24 mg/kg EO do not affect growth 

performance of birds, but 48 and 72 mg/kg EO supplementation has improved live weight and 

feed intake. In anotherstudy,Alcicek et al., (2004) have determined that, supplementation of 36 

or 48 mg/kg blend of EO, obtained from different plants, do not affect live weight, decreased 

feed intake and unchanged weight gain and feed conversion of broilers. 

In the present study, supplementation of 260 mg/kg TFO to diet significantly increased (P<0.05) 

the slaughter body weight of birds when compared to other groups (Table 4). The carcass 

weight was also higher in 260 mg/kg TFO supplemented group than that of the 130 mg/kg TFO 

supplemented group. Higher slaughter body weight and carcass weight in the 260 mg/kg TFO 

supplemented diet group than those of the other groups originated from the higher final live 

weight of the birds at the end of the study in this group. Both 130 and 260 mg/kg TFO 

supplementation induced no difference on the carcass ratio and, carcass parts and visceral 



 
 

organ ratio to carcass weight when compared to the Control group. Similar results were found 

E\ .XFXk\ıOPa] HW aO�, (2012) LQ ErRLOHrV� .haWWak HW aO�, (2014) rHSRrWHG WhaW 300, 400 aQG �00 

g/ton EO supplementation to diet increased carcass weight but not 100 and 200 mg/kg in 

broilers. They also determined that 300 and 400 mg/kg EO supplementation induced higher 

breast ratio when compared to other groups. Alcicek et al., (2004) found that 36 mg/kg EO 

supplementation did not affect carcass ratio, but 48 mg/kg supplementation increased it. 

Similarly, it was found that 24 mg/kg EO supplementation to diet did not affect carcass ratio but 

48 and 72 mg/kg increased (Alcicek et al., 2003).Results on the carcass traits in this study and 

other studies indicated that oiltype and their doses could be alter carcass traits of birds. 

In this study, it was determined that 130 or 260 mg/kg TFO supplementation to diet did not 

affect serum compositions of the broilers used (Table 5). The present results indicated that 

active compounds in the TFO did not affect serum lipid- and protein metabolism parameters and 

liver enzymes activities. The results showed that 130 or 260 mg/kg TFO supplementation to diet 

had no effect on the total cholesterol concentration in quail. Similar to present study, Lee et al., 

(2003) found no differences on total cholesterol and HDL cholesterol concentrations in broilers 

fed with supplemented EO diets. Khattak et al., 2014 reported that no significant effect on the 

total cholesterol concentration depending on the supplementation of EO could be associated 

either ineffective in inhibiting hepatic 3-hydroxy-3-methylglutaryl coenzyme A reductase or due 

to their fast degradation rate in the liver of broilers. However, De Whalley et al., 1990 and Yee 

(1996) reported that terebinth fruits contain tannin and it has a hypocholesterolemic effect. In 

other hand, the absence or presence of hypo-cholesterolaemic effects of components in an 

animal depend on breed, gender, age and also on the composition of the diet. 

In the present study, 130 or 260 mg/kg TFO supplementation to diet did not affect fatty acid 

composition of the breast meat in quails (Table 6). But,the total SFA amounts in the breast meat 

of birds fed with 130 or 260 mg/kg TFO supplemented birds, respectively,were 7.90 and 3.39 % 

lower than those of the birds in the Control group. The decrease in the total SFA amount in the 

both TFO supplemented group were originated from the decrease in the palmitic-, 

heptadecanoic- and stearic acidsamount in these groups when compared to Control group.The 

numerical decrease in the total SFA of the breast meat of quail fed with 130 or 260 mg/kg TFO, 

may be related to the numerical decrease in the serum total cholesterol concentrations of these 



 
 

birds (Table 5). In contrast the total SFA, 130 or 260 mg/kg TFO supplementation to diets 

induced a 0.36 and 4.88 % increase in the total PUFA amount respectively, when compared to 

Control group. The numerical increase in the total PUFA in the both TFO supplemented group 

were primarily related to increase in the arachidonic acid. The numerical decrease in total SFA 

but numerical increase in the total PUFA in both TFO supplemented groupshave indicated that 

consumption of carcass from these birds may be poses a lower risk of coronary heart disease. 

The PUFA accepted is also a more vulnerable indicator to lipid peroxidation. Although there 

were no statistical differences (P<0.062), it is worth to state that the PUFA:SFA ratio was 

numerically higher in the both TFO supplemented group than that of the Control group. The 

increase in the PUFA:SFA ratio might be explained by the antioxidant capacity of terebinth oil 

(Topcu et al., 2007; Kavak et al., 2010).  

 

5. CONCLUSIONS 

In conclusion, supplementation of 260 mg/kg TFO to diet increased body weight and weight 

gain, when compared to the Control and 130 mg/kg TFO supplemented groups in quail. Yet, 

supplementation of 130 mg/kg TFO decreased feed intake of the birds when compared to the 

Control and 260 mg/kg TFO supplemented groups. Supplementation of 130 mg/kg TFO 

improved feed conversion, as compared to the Control group. Supplementation of TFO at both 

doses had no effect on the carcass ratio, carcass parts and visceral organ ratio to the carcass 

weight, serum parameters and fatty acid composition in the breast meat of birds. These 

affirmative resultshave indicated that TFO may be used as analternative supplement at these 

doses in quail diets. Additionally, first findings on usage of TFO as feed additives in quails were 

demonstrated with this study. However, further and more complete evaluations are required to 

establish the effect of TFO supplementation in diets on the performance of poultry. 
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