


SELCUK UNIVERSITY JOURNAL OF ENGINEERING, SCIENCE AND TECHNOLOGY (SUJEST)
SELCUK UNIVERSITESI MUHENDISLIK, BiLiM VE TEKNOLOJi DERGISI

HAKEMLi DERGIDIR

OWNER/SAHIBI
Owner on Behalf of Engeenering Faculty of Selcuk University Prof. Dr. Ferruh YILDIZ

Selcuk Universitesi Mithendislik Fakiiltesi Adina Dekan Prof. Dr. Ferruh YILDIZ

Chief Editor/Sef Edit6r
Assoc. Prof. Dr. Murat YAKAR

Editors/Editorler
Assoc. Prof. Dr. Mustafa TABAKCI
Assist. Prof. Dr. Omer Kaan BAYKAN

Advisory Board/Danisma Kurulu

Prof. Dr. Cengiz ALYILMAZ, Ataturk University Prof. Dr. Dervis KARABOGA, Erciyes University
Prof. Dr. Ercan AKSQY, Bitlis Eren University Prof. Dr. Ibaraki SOICHI, Kyoto University

Prof. Dr. Lena HALOUNOVA, Czech Technical University Prof. Dr. Matchavariani LIA, Thilisi State University
Prof. Dr. Petros PATIAS, The Aristotle University Prof. Dr. Seref SAGIROGLU, Gazi University

Prof. Dr. Sitki KULUR, Istanbul Technical University Prof. Dr. Vijay P. SINGH, Texas A and M University

Language Editing/Yabanci Dil Editdru
Prof. Dr. Ali BERKTAY

Composition and Printing/Baski ve Dizgi
Dr. Lutfiye Karasaka
Res. Assist. Ismail KOC

Correspondance Address/ Yazisma Adresi
Selcuk Universitesi Muhendislik Fakiiltesi Dekanhig
42075-Kampis, Selguklu, Konya-TURKEY

Tel :03322410634
Fax :03322410635
E-mail : sujest@selcuk.edu.tr

Web : http://sujest.selcuk.edu.tr



Editorial Board (Yayin Kurulu)

Ahmet Afsin Kulaksiz, Selcuk University, TURKEY Ali Kocak, Yildiz Technical University, TURKEY

Alla Anohina-Naumeca, Riga Technical University, LATVIA Alpaslan Yarar, Selcuk University, TURKEY

Ashok K. Mishra, Clemson University, USA Ataur Rahman, University of Western Sydney, AUSTRALIA
Baris Binici, Middle East Technical University, TURKEY Cihan Varol Sam Houston State University, USA

Coskun Bayrak, University of Arkansas, USA Dan Stumbea, Alexandru loan Cuza University of lasi, ROMANIA
Demetrio Fuentes Ferrera, University of Castilla-La Mancha, SPAIN Eva Burgetova, Czech Technical University, CZECH REPUBLIC
Fahrettin Ozturk, The Petroleum Institute, UAE Georgieva Lilia, Heriot-Watt University, UNITED KINGDOM
Haci Murat Yilmaz, Aksaray University, TURKEY Halil Kursad Ersoy, Selcuk University, TURKEY

Heinz Ruther University of Cape Town, SOUTH AFRICA Hi-Ryong Byun, Pukyong National University, SOUTH KOREA
Homayoun Moghimi, Payame Noor University, IRAN Huseyin Deveci, Selcuk University, TURKEY

Ihsan Ozkan, Selcuk University, TURKEY Iraida Samofalova, Perm University, RUSSIA

John Trinder, The University of New South Wales, AUSTRALIA Juan Maria Menendez Aguado, University of de Oviedo, SPAIN
Kerim Kocak, Selcuk University, TURKEY Laramie Vance Potts, New Jersey Institute of Technology, USA
Loredana Judele, Technical University of lasi, ROMANIA Mila Koeva, University of Twente, NETHERLANDS

Mohamed Bouabaz, Université 20 aot 1955-Skikda, ALGERIA Mohamed Metwaly Abu Anbar, Tanta University, EGYPT
Mohd Arif Wani, California State University, USA Moonis Ali Khan, King Saud University, KSA

Mortaza Yari, University of Tabriz, IRAN Murat Karakus, University of Adelaide, AUSTRALIA

Omer Aydan, University of the Ryukyus, JAPAN Saadettin Erhan Kesen, Selcuk University, TURKEY

Sanchoy K. Das, New Jersey Institute of Technology, USA Selcuk Kursat Isleyen, Gazi University, TURKEY

Selim Dogan, Selcuk University, TURKEY Shukri Maxhuni, Prizen University, KOSOVA REPUBLIC

Spase Shumka, Agricultural University of Tirana, ALBANIA Syed Tufail Hussain Sherazi, University of Sindh, PAKISTAN
Tahira Geroeva, Baku State University, AZERBAIJAN Thomas Niedoba, AGH University of Science and Technology, POLAND

Vladimir Androkhanov, Novosibirsk Soil Research Institute, RUSSIA Zoran Sapuric, University American College Skopje, MACEDONIA


https://www.researchgate.net/institution/Universidad_de_Castilla-La_Mancha
https://www.researchgate.net/profile/Shukri_Maxhuni
https://www.researchgate.net/institution/Agricultural_University_of_Tirana
https://www.researchgate.net/institution/University_American_College_Skopje

SELCUK UNIVERSITESI MUHENDISLIK, BILIM VE TEKNOLOJi DERGISI
Selcuk University Journal of Engineering, Science and Technology
(SUJEST)

ISSN 2147 — 9364 (Elektronik)

Cilt 4 Aralik 2016 Say1 4

Volume 4 December 2016 Number 4

ICINDEKILER (CONTENTS)

Aragtirma Makalesi (Research Article)

ARK AKIMI VE ARK GERILIMININ BAGLANTI MUKAVEMETI UZERINE ETKIiLERININ
ARASTIRILMASI

Arc Current and Arc Voltage of Inert-Gas Welding Parameters, Research The Effect on Tensile Test
................................ . ... Ahmet AKIN, Ali Serhat ERSOYOGLU 237-255

METAL TABAKALI KOMPOZITLERIN DUSUK HIZLI ENINE DARBEYE KARSI
DAVRANISLARININ iNCELENMESi

Investigation of Low Velocity Transverse Impact Behavior of Metal Laminated Composites
................................................................................................... Memduh KARA, Mesut UYANER 256-270

ELEKTRO-EGIRME YONTEMIYLE NANOFIBER TABAKALI HAVA FiLTRESI URETIMIi VE
KARAKTERIZASYONU

Production and Characterization of Air Filters with Nanofiber Layers Via Electro-Spinning Method
..................................... Kevser DINCER, Giirol ONAL, Ahmet AKDEMIR, Mehmet SELBES 271-283

SOLUTION TO A PIPELINE SCHEDULING PROBLEM BY USING A MIXED INTEGER
LINEAR PROGRAMMING MODEL

Solution to a Pipeline Scheduling Problem by Using a Mixed Integer Linear Programming Model
.................................................................. Mehmet Emin BAYSAL, Esra UCAKTURK (English) 284-296

DRUG BIT CUTTING TRACE IMAGE COLOURS AND CUTTING FORCE FLUCTUATION
RELATION

Drug Bit Cutting Trace Image Colours and Cutting Force Fluctuation Relation
........................................................... Mehmet Kemal GOKAY, Arif Emre DURSUN (English) 297-308


http://sujest.selcuk.edu.tr/sumbtd/article/view/306
http://sujest.selcuk.edu.tr/sumbtd/article/view/306

ANALYSIS OF ROAD TRAFFIC ACCIDENTS IN ANTALYA PROVINCE (TURKEY) USING
GEOGRAPHICAL INFORMATION SYSTEMS
Analysis of Road Traffic Accidents in Antalya Province (Turkey) Using Geographical Information

Systems
.................................................... Ela ERTUNC, Tayfun CAY, Omer MUTLUOGLU (English) 309-320

INVESTIGATION OF SPATIAL ACCURACY OF HIGH-RESOLUTION (50cm) WORLDVIEW-2
SATALLITE IMAGES

Investigation of Spatial Accuracy of High-Resolution (50cm) Worldview-2 Satallite Images
................................... Omer MUTLUOGLU, Murat YAKAR, Hact Murat YILMAZ (English) 321-329

MECHANICAL CHARACTERIZATION OF RECYCLED TIRES IN CONCRETE
Mechanical Characterization of Recycled Tires in Concrete
........................................................................................ Mehmet Alpaslan KOROGLU (English) 330-336

PERCINLI CELIK KOPRU ELEMANLARININ YORULMA OMRU TESPIiTi CALISMALARI
Identification of Revited Steel Bridges” Fatigue Life
............................................... Barlas Ozden CAGLAYAN, Hudai KAYA 337-355

POLAR REPRESENTATION OF COMPLEX OCTONIONS
Polar Representation of Complex Octonions
............................................... Mehdi JAFARI (English) 356-364




@ 3 SUJEST, c4, s.4, 2016
[ SR SUJEST, v.4, n.4, 2016
_ SELCUK ISSN: 2147-9364 (Electronic)
UNIVERSITESI
MUHENDISLIK FAKULTESI
ARK AKIMI VE ARK GERILIMININ BAGLANTI MUKAVEMETI UZERINE ETKILERININ
ARASTIRILMASI

1Ahmet AKIN, 2Ali Serhat ERSOYOGLU

12 Selcuk Universitesi, Miihendislik Fakiiltesi, Makine Miihendisligi Boliimii
42079 Alaeddin Keykubad Kampiisii, KONYA

Tahmetakin1963@gmail.com, 2aersoy@selcuk.edu.tr
(Gelis/Received: 30.04.2015; Kabul/Accepted in Revised Form: 27.07.2015)

OZ: Bu calismada gazalti kaynak parametrelerinden ark akimi ve ark gerilimi disinda kalan
parametreler sabit tutularak, gesitli kaynak baglantilar elde edilmistir. Calismanin ana hedefi, sanayide
ozellikle imalat sektoriinde siklikla kullanilan elle gazalti kaynak yontemi igin, ark akimi ve ark
geriliminin baglantinin cekme mukavemeti iizerindeki etkisini gormektir. Bu baglantilarda ana malzeme
olarak, mobil vin¢ imalatinda sik¢a kullanilan S700MC kalite malzeme secilmistir. Elde edilen
baglantilarin, kaynak dikis profilleri ve kaynak niifuziyetleri incelendikten sonra, cekme mukavemetinin
tespit edilmesi amaciyla, baglantilardan ¢ekme numuneleri ¢ikartilip, ¢ekme deneyleri uygulanmustir.
Cekme deneyleri sonucunda en carpia sonug, Ozellikle yiiksek kaynak gerilimleri ile elde edilen
baglantilarda, yiiksek gerilim sonucu olugan uzun ark boyunda meydana gelmistir. Uzun ark boyu
nedeniyle kaynak dikisinin genisligi artmis ve niifuziyeti azalmistir. Ayrica genis dikis profili sonucu
hizli soguma meydana gelmis ve i¢ gerilmeler artmistir. Bu nedenlerin dogal sonucu olarak da uzun ark
boyu ile elde edilen ¢ekme mukavemet degerleri, kisa ve orta ark boyuna oranla yaklasik %15 daha
diisiik sonuglar vermistir.

Anahtar Kelimeler: Gazalti kaynak, Gazalti kaynak parametreleri, Kaynak akimi, Kaynak gerilimi, Cekme deneyi

Arc Current and Arc Voltage of Inert-Gas Welding Parameters, Research The Effect on Tensile Test

ABSTRACT: In this work, various welding connections was obtained while pegging parameters from
the inert-gas welding not included as welding current and welding voltage. Project main purpose is, to
see the effect of arc voltage and the arc current tensile loading on the connections that manual inert-gas
welding what especially using in manifacturing sector in industry. For the connections S700MC material
choosen as main material that quiet using for mobile crane manifacturing. After examined the results
obtained as welding seam geometry and dilution, to estabilish the tensile loading, tensile loading
samples taken off from the connections and tested. Remarkable results after tension test is seemed
especially long arc lenght consequent of high voltage on the connections obtained high welding tension.
Because of the long arc lenght dilution decreased and welding seam wideness increased . Additonally
rapid cooling consist and internal stress increased obtained of the wideness seam geometry. As a
natural consequence of these reasons, tensile loading that obtained with long arc lenght values %15 less
then the small and medium arc lengts.

Key Words: Welding, Welding parameters, Welding current, Welding voltage, Tensile test
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GIRIS INTRODUCTION)

Celiklerin mekanik 6zelliklerinden bahsettigimizde malzeme tiizerine gelebilecek ¢ekme, basma ve
kesme gerilmelerini karsilayabilme ozelligi, sertligi, siinekligi, kirllganli1, yorulmaya dayanimi gibi
Ozellikler anlasilir. Bir geligin sanayide imalat sektoriinde kullanilabilmesi i¢in mekanik 6zelliklerinin iyi
olmasi kadar, islenebilirliginin ve kaynak kabiliyetinin de yiiksek olmasi gerekir. Giinlimiiziin sanayi
senaryosunda yiiksek kalitede kaynakli baglantilar elde edebilmek icin iyi bir kaynaklama esastir. Bir
kaynak baglantisimin kalitesi temel olarak kaynak tiiriine, kaynak parametrelerine, kaynak metalinin ve
1s1 tesiri altindaki bolgenin mekanik 6zelliklerine ve kimyasal bilesenlerine baghdir (Nuraini ve dig.,
2014).

Tersane, Otomotiv Sanayi, Makine Imalat Sanayi, gibi imalat sektorlerinde saclarin birlestirilmesi
icin c¢esitli kaynak yontemleri kullanilmaktadir. Kaynak, islemin cinsine gore 2 tip olarak
siniflandirilabilir (Aslanlar, 2009).

¢ Basing Kaynagi,
e Eritme Kaynagi.

Eritme Kaynag1 gurubunda yer alan ortiilii elektrodla ark kaynagi, ilk kaynak yontemi olmasi ve
basit kaynak ekipmanlar ile tatbik edilebilmesi nedeniyle uzunca bir stire kullamlmistir. Ancak daha
sonra Ortiilii elektrod kullarularak el ile yapilan ark kaynaginin, giivenilir bir baglant1 icin kaynak¢inin
belirli bir diizeyde yetistirilmis olmast ve kaynak hizinin simirl olmasi gibi maliyetli ve olumsuz
ozelliklerinden dolay1 yari-otomatik bir yontem olan ve yine eritme kaynag1 gurubunda yer alan gazalti
kaynag1 tercih edilmeye baslanmistir (Tiilbentgi, 1990). Gazalt1 kaynagi, yiiksek giivenirlik, tiim
pozisyonlarda uygulanabilme, kolay kullanim, diisitk maliyet, yiiksek iiretilebilirlik gibi avantajlara
sahiptir (Shoeb ve dig., 2013). Bu kaynak yontemindeki mantik, ¢iplak elektrod telini mekanik bir
tertibat yardimiyla siirekli olarak ilerletip, akimi, ark bolgesine ¢ok yakin bir yerden vererek telin
karsilayabilecegi akim siddetini artirip erime giiciinii yiikseltmektir. Burada ortiilii elektrod ile yapilan
elektrik ark kaynagindaki ortiiniin gérevini koruyucu gaz tistlenmistir.

Gazalt1 kaynag: i¢in dezavantaj olabilecek durum ise a¢ik havada kaynak islemi tatbik edilirken
olusabilecek riizgar gibi hava akimlaridir. Bu hava akimlar1 koruyucu gazin etkisini azaltip, kaynagin
kalitesini diisiiriir ve kaynak islemini zorlastirir. Bu durumda koruyucu gaz debisini artirmak gegici bir
¢ozlim olabilir ancak artan gaz debisi ile hem kaynak kalitesi olumsuz etkilenebilir, hem de {iretim
maliyeti artmis olur (Hooda ve dig., 2012).

Kul A. (2009), ¢alismasinda endiistriyel kaynak robotlarinda kullanilan kaynak parametrelerinin
kaynak Kkalitesine ve niifuziyetine etkisini aragtirmistir. Bu inceleme ile kaynak akim degerinin
degisimini saglayan asil faktoriin tel siirme hiz1 oldugunu gérmiistiir. Kaynak hizinin degistirilmesinin
ise uygulanan kaynak akimina etkisinin olmadigim gézlemlemistir. Ayrica Kul A. bu ¢alismasinda, tel
besleme hizinin artmasiyla kaynak akiminin ve kaynak banyosu sicakliginin da arttigini tespit etmistir.
Bu da gereginden fazla erime durumlarina ve hatta ana metalin delinip (kalinliga bagh olarak) kok
tasmasi denilen kaynak akmasi olaymnin gerceklestigi sonucuna ulasmistir. Tel besleme hizinin
azalmasiyla da, azalan akim miktar1 sonucu kaynak banyosuna yeterli 1s1 gegisi olmamasmi ve bu
nedenle erime azligindan dolay: niifuziyet problemlerinin oldugunu bulmustur.

Bu calismada mobil ving sektoriinde ¢okca kullanilan S700MC kalite malzeme i¢cin MIG-MAG
gazalti kaynak yontemleri ile baglantilar elde edilmis ve bu baglantilar i¢in niifuziyetler ve dikis
profilleri incelenerek, ¢cekme deneyi ile mukavemet testlerine tabi tutulmuslardir. Koruyucu gaz olarak
da, MIG-MAG uygulamalarinda sik¢a kullanilan karigmm bir gaz olan %82Argon+%18CO2 karisimlari
kullanilmistir. Bu koruyucu gazin kullanilmasinin nedeni ise Argonun havadan 1.4 kat daha agir bir gaz
olmasi sebebiyle kaynak banyosunu 6rtme konusunda daha etkin bir basar1 elde edebilmektedir. Ayrica
Argon gazimn 1s1l iletkenliginin digerlerine oranla diisiik olmas1 nedeniyle dikis profili merkezinde
niifuziyet diger gazlara oranla daha yiiksektir. Argon gazina CO?2 ilave edilmesinin amac ise ark
kararliligini arttirmak ve yanal niifuziyeti artirmaktur.

Bu ¢alismada ele alinan MIG-MAG gazalt1 kaynagidir ve Sekil 1 de goriilmektedir.
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Akim Kablasu Koruyucu Gaz Ging

lektrod
Elektrod Kidavuzu ve Temas Tupii s .

Gaz Memes! [(Noaul)

Katidagmis Elektrod
Kaynak Metal

Iy Pargas

Metal Damlalan

KAYNAK YONU {>

Sekil 1. Gazalt1 kaynaginin prensibi
Figure 1. Principles of welding

MATERYAL ve YONTEM (MATERIAL AND METHOD)

Giivenilir kaynak baglantis1 elde edebilmek icin ayarlanmasi gereken kaynak parametrelerinin
baginda ark akimi ve ark gerilimi gelir.

Gazalt1 kaynak iglemlerinde ark gerilimi ve ark boyu genellikle birbiri yerine kullanilan terimlerdir.
Her ne kadar bunlarin arasinda bir iligki olsa da tamamen aym seyler demek yanls bir ifade olur. Ark
boyu bagimsiz bir degiskendir. Ark gerilimi ise hem ark boyuna, hem de bir¢ok degiskene baghdir.
Bunlar; elektrodun bilesimi ve ¢api, koruyucu gazin cinsi, kaynak teknigi ve kaynak kablosunun
uzunlugudur. Bu degiskenler sabit tutulursa, ark boyu dogrudan ark gerilimine bagh olur.

Elektrod ucu ile temas tiipli arasindaki mesafe olan serbest elektrod uzunlugu, kaynak isleminin
gerceklesmesini saglayan direnci olusturur. Gazalt1 kaynak makinelerinde, serbest elektrod uzunlugu,
tel stirme hizi ile ayarlanir. Serbest elektrod uzunlugunun artmasi elektrik direncinde artmaya neden
olur. Dolayisiyla, sabit gerilim karakteristigine sahip gazalti kaynak makinelerinde, kaynak akiminin
siddeti, tel siirme hizinin artirnhip, azaltilmasiyla ayarlamir. Bu sebeple kaynak isleminin diizgiin bir
sekilde yapilabilmesi icin gerilim ve akim parametreleri, birlikte degerlendirilmelidir.

Kaynakg ilk ayarlar1 yaptiktan sonra elektriksel Ozellikler kaynak boyunca makine tarafindan
otomatik olarak sabit tutulur. Bu nedenle yari otomatik kaynakta, kaynak islemi sirasinda sadece,
kaynak hizi, kaynak dogrultusu ve torcun pozisyonu kaynakgi tarafindan belirlenir. (Anik, 1972).

Kaynak dikisinin geometrisini ark akimi, ark gerilimi ve kaynak hiz1 gibi parametreler degistirebilir
(Esential Factors.,, 2011). Gazalti1 kaynak parametrelerinin, baglantimin mukavemetine etkilerinin
saptanmasi i¢in deneysel planin olusturulmasinda, gazalti kaynak parametrelerinden ark akimi ve ark
gerilimi {izerinde yapilacak degisiklikler, ark tiiriinii ve yigma miktarin1 etkileyeceginden,
deneylerimizde kullanmay1 hedefledigimiz gerilim ve akim degerleri gruplar halinde incelenecektir.
Yukarida bahsettigimiz gibi gerilim degerlerindeki degisiklik ayni zamanda ark boyunu etkilediginden,
gerilimler arasindaki farki daha belirleyici yapmak adina, gerilim degerleri kisa ark, orta ark ve uzun ark
olarak 3 farkli ark tiirii olusturacak sekilde secilecektir. Ark akimui igin ise tel siirme hizi 3 farkli grup
secilip, incelenecektir (Cizelge 1). Deneyler boyunca sabit tutulan gazalti kaynak parametreleri ve
degerleri Cizelge 2 ve Cizelge 3’de sunulmustur.
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Cizelge 1. Deneysel is plan1
Table 1. Experimental work plan

Parametre Ark Ark Ark Tel Ark
No Tiirii Boyu Gerilimi Hiza Akimi
(Volt) (m/dk) (Amper)
1 Kisa 35 21,6 8 216
2 Kisa 35 22,9 10 255
3 Kisa 35 25,0 12 269
4 Orta 50 26,0 8 210
5 Orta 50 28,5 10 240
6 Orta 50 29,9 12 266
7 Uzun 65 29,7 8 270
8 Uzun 65 32,1 10 277
9 Uzun 65 34,0 12 291

Cizelge 2. Deneyler boyunca sabit tutulan gazalt1 kaynak parametreleri ve degerleri
Table 2. Constant welding parameters and values throughout the experiments

Elektrot Elektrot Kontakt memesi Meme-is pargasi Torg
cinsi ¢ap1 uzaklig1 uzakligy agis1
(mm) (mm) (mm) (derece)
SG2 1,2 18 12 20°

Cizelge 3. Deneyler boyunca sabit tutulan gazalt1 kaynak parametreleri ve degerleri
Table 3. Constant welding parameters and values throughout the experiments

Koruyucu gaz tiirii Koruyucu gaz debisi Kaynak Hiz1 Kaynak Yonii
(1t/dk) (m/dk)
%82 AR-%18 CO2 12-14 40 Sag

Cekme deneyinde dogru bilgiler elde edebilmek icin kaynak islemi ile birlestirilecek malzemelerin
hepsine ayni parametrelerde 1'er adet kok paso atilmistir. Daha sonra ise deney parametrelerine uygun
olarak 1’er adet dolgu paso atilmistir (Sekil 2). Deney numunelerinin hepsi i¢in pasolar arasi sicaklik ise
standart 250 °C alinmistir.

1:Ko6k paso
2:Dolgu paso

Sekil 2. Kok ve Dolgu paso
Figure 2. Root and fill pass

Her deney icin, kaynakl: birlestirmeden sonra yaklasik 300x300x6 mm ebatlarinda is parcalar: elde
edilmistir (Sekil 3). Deneysel planda bahsedildigi gibi ark boyundaki artis, ark geriliminin artmasina, tel
siirme hizindaki artis ise, ark akiminin artmasina neden olmustur. Bu gerilim ve akim degisikliklerinin
baglantinin mukavemetine etkilerini arastirmak icin, her bir baglantidan 3 adet ¢ekme numuneleri
alinip, tek bir dogrultuda, sabit sicaklikta ve sabit kabul edilebilecek bir hizda ¢ekme deneylerine tabi
tutulmuslardir. Elde edilen 3 degerin ortalamasi, o parametre ile birlestirilen numunenin ¢ekme ve
kopma degerleri olarak dikkate alinmustir.
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Sekil 3. Kaynak iglemi sonrast is parcasi
Figure 3. Work piece after welding process

Sekil 4’de 6rnek bir ¢cekme deney numunesi ve Sekil 5de ¢ekme deneyinden goriintiiler asagida
gosterilmistir.
300 . o "i

|
|

Sekil 4. Cekme deney numunesi
Figure 4. Sample of tensile test

—

(b)
Sekil 5. Cekme deneyinden goriintiiler (a,b)
Figure 5. Views from the tensile test

SONUCLAR ve TARTISMALAR (RESULTS AND DISCUSSIONS)

1 numarali parametre ile elde edilmis numune igin cekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 109,8 kN,
ortalama kopma mukavemeti ise 105,0 kN’dur.

1 numarali parametre ile elde edilmis numune icin kaynak dikis genisligi 8,84mm, kaynak dikis
yiiksekligi ise 1,64mm olarak Olciilm{istiir.

1 numarali parametre ile elde edilmis numune igin, diisey niifuziyet ¢ok iyi, yanal niifuziyet ise
kararsiz olmakla birlikte iyi diizeydedir.

2 numarali parametre ile elde edilmis numune igin ¢ekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 110,2 kN,
ortalama kopma mukavemeti ise 107,5 kN’dur.

2 numarali parametre ile elde edilmis numune icin kaynak dikis genigligi 9,10mm, kaynak dikis
yiiksekligi ise 2,17mm olarak ol¢iilmiigtiir.

2 numarali parametre ile elde edilmis numune igin, diisey niifuziyet ¢ok iyi, yanal niifuziyet ise
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kararh ve iyi diizeydedir.

3 numarali parametre ile elde edilmis numune icin ¢cekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 115,3 kN,
ortalama kopma mukavemeti ise 100,0 kN’dur.

3 numarali parametre ile elde edilmis numune i¢in kaynak dikis genisligi 9,47mm, kaynak dikis
yiiksekligi ise 2,33mm olarak Ol¢tilm{istiir.

3 numarali parametre ile elde edilmis numune icin, diisey niifuziyet ¢ok iyi, yanal niifuziyet ise
kararl ve ¢ok iyi diizeydedir.

4 numarali parametre ile elde edilmis numune icin ¢ekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 112,7 kN,
ortalama kopma mukavemeti ise 102,7 kN’dur.

4 numarali parametre ile elde edilmis numune igin kaynak dikis genisligi 9,79mm, kaynak dikis
yliksekligi ise 1,35mm olarak 6l¢tilm{istiir.

4 numarali parametre ile elde edilmis numune igin, diisey niifuziyet iyi, yanal niifuziyet ise kararsiz
fakat iyi diizeydedir.

5 numarali parametre ile elde edilmis numune icin ¢cekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 107,7 kN,
ortalama kopma mukavemeti ise 98,7 kN'dur.

5 numarali parametre ile elde edilmis numune icin kaynak dikis genisligi 10,56mm, kaynak dikis
yiiksekligi ise 1,75mm olarak Ol¢iilm{istiir.

5 numarali parametre ile elde edilmis numune igin, diisey niifuziyet iyi, yanal niifuziyet ise kararsiz
fakat orta diizeydedir.

6 numarali parametre ile elde edilmis numune i¢in ¢ekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 106,3 kN,
ortalama kopma mukavemeti ise 88,0 kN’dur.

6 numarali parametre ile elde edilmis numune icin kaynak dikis genisligi 9,85mm, kaynak dikig
yiiksekligi ise 2,46mm olarak 6l¢tilmiistiir.

6 numarali parametre ile elde edilmis numune igin, diisey niifuziyet orta, yanal niifuziyet ise
kararsiz fakat orta diizeydedir.

7 numarali parametre ile elde edilmis numune icin ¢cekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 95,2 kN,
ortalama kopma mukavemeti ise 76,3 kN’dur.

7 numarali parametre ile elde edilmis numune i¢in kaynak dikis genisligi 10,42mm, kaynak dikis
yliksekligi ise 0,95mm olarak 6l¢iilm{istiir.

7 numarali parametre ile elde edilmis numune icin, diisey niifuziyet orta, yanal niifuziyet ise
kararsiz fakat orta diizeydedir.

8 numarali parametre ile elde edilmis numune icin ¢ekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 100,5 kN,
ortalama kopma mukavemeti ise 91,0 kN'dur.

8 numarali parametre ile elde edilmis numune i¢in kaynak dikis genisligi 10,49mm, kaynak dikis
yiiksekligi ise 1,35mm olarak Ol¢tilm{istiir.

8 numarali parametre ile elde edilmis numune icin, diisey niifuziyet orta, yanal niifuziyet ise
kararsiz fakat orta diizeydedir.

9 numaral parametre ile elde edilmis numune igin ¢ekme deneyinde kopma, kaynak baglantisinda
meydana gelmistir. Bu parametre ile elde edilen 3 numunenin, ortalama ¢ekme mukavemeti 97,8 kN,
ortalama kopma mukavemeti ise 80,2 kN’dur.

9 numarali parametre ile elde edilmis numune i¢in kaynak dikis genisligi 10,53mm, kaynak dikis
yliksekligi ise 1,93mm olarak ol¢iilm{istiir.

9 numarali parametre ile elde edilmis numune igin, diisey niifuziyet kotii, yanal niifuziyet ise
kararsiz fakat orta diizeydedir.
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1 numaralar1 parametre ile elde edilmis numunenin ¢cekme deney sonuglar grafigi Sekil 6’da, cekme
deneyi goriintiileri Sekil 7’de gosterilmistir.
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Sekil 6. 1 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar: grafigi
Figure 6. Tensile test graph results for sample that has number 1 parameter
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Sekil 7. 1 Numarali parametre i¢in ¢cekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 1 Numarali parametre ile
elde edilmis numunenin kaynak dikisi makro goriintiisii (b), 1 Numarali parametre ile elde edilmis numunenin kaynak
niifuziyeti makro goriintiisii (c)
Figure 7. Broken view of a sample that has number 1 parameter after tensile test (a), Macro view of welding seam for sample that has
number 1 parameter (b), Macro view of dilution for sample that has number 1 parameter (c)
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2 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglari grafigi Sekil 8'de, cekme
deneyi goriintiileri Sekil 9’da gosterilmistir.
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Sekil 8. 2 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 8. Tensile test graph results for sample that has number 2 parameter

(a) - |
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Sekil 9. 2 Numarali parametre icin ¢ekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 2 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 2 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)

Figure 9. Broken view of a sample that has number 2 parameter after tensile test (a), Macro view of welding seam for sample that has number
2 parameter (b), Macro view of dilution for sample that has number 2 parameter (c)




Ark Akimi1 Ve Ark Geriliminin Baglant: Mukavemeti Uzerine Etkilerinin Arastirilmast 245

3 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglar: grafigi Sekil 10’da,
¢cekme deneyi goriintiileri Sekil 11’de gosterilmistir.
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Sekil 10. 3 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 10. Tensile test graph results for sample that has number 3 parameter

©

Sekil 11. 3 Numaral1 parametre i¢in cekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 3 Numarali parametre ile elde

edilmis numunenin kaynak dikisi makro goriintiisii (b), 3 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)
Figure 11. Broken view of a sample that has number 3 parameter after tensile test (a), Macro view of welding seam for sample that has
number 3 parameter (b), Macro view of dilution for sample that has number 3 parameter (c)
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4 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglan grafigi Sekil 12'de,
¢cekme deneyi goriintiileri Sekil 13’de gosterilmistir.
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Sekil 12. 4 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 12. Tensile test graph results for sample that has number 4 parameter

@ (b)
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Sekil 13. 4 Numarali parametre i¢in cekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 4 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 4 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)

Figure 13. Broken view of a sample that has number 4 parameter after tensile test (a), Macro view of welding seam for sample that has
number 4 parameter (b), Macro view of dilution for sample that has number 4 parameter (c)
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5 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglan grafigi Sekil 14’de,
¢cekme deneyi goriintiileri Sekil 15’de gosterilmistir.
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Sekil 14. 5 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglari grafigi
Figure 14. Tensile test graph results for sample that has number 5 parameter

(©
Sekil 15. 5 Numarali parametre i¢in gekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 5 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 5 Numaral parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)
Figure 15. Broken view of a sample that has number 5 parameter after tensile test (a), Macro view of welding seam for sample that has
number 5 parameter (b), Macro view of dilution for sample that has number 5 parameter (c)
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6 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglar1 grafigi Sekil 16’da,
¢cekme deneyi goriintiileri Sekil 17’de gosterilmistir.
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Sekil 16. 6 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 16. Tensile test graph results for sample that has number 6 parameter

©
Sekil 17. 6 Numarali parametre i¢in cekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 6 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 6 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)
Figure 17. Broken view of a sample that has number 6 parameter after tensile test (a), Macro view of welding seam for sample that has
number 6parameter (b), Macro view of dilution for sample that has number 6 parameter (c)
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7 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglar1 grafigi Sekil 18'de,
cekme deneyi goriintiileri Sekil 19'da gosterilmistir.
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Sekil 18. 7 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 18. Tensile test graph results for sample that has number 7 parameter
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Sekil 19. 7 Numaral1 parametre icin cekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 7 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 7 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti
makro goriintiisii (c)

Figure 19. Broken view of a sample that has number 7 parameter after tensile test (a), Macro view of welding seam for sample that has
number 7 parameter (b), Macro view of dilution for sample that has number 7 parameter (c)
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8 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglart grafigi Sekil 20’de,
¢cekme deneyi goriintiileri Sekil 21’de gosterilmistir.
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Sekil 20. 8 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 20. Tensile test graph results for sample that has number 8 parameter

©
Sekil 21. 8 Numarali parametre i¢in gekme deneyi uygulanmis numunenin kopmus goriiniisii (a), 8 Numarali parametre ile elde
edilmis numunenin kaynak dikisi makro goriintiisii (b), 8 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti

makro goriintiisii (c)
Figure 21. Broken view of a sample that has number 8 parameter after tensile test (a), Macro view of welding seam for sample that has
number 8 parameter (b), Macro view of dilution for sample that has number 8 parameter (c)
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9 numaralar1 parametre ile elde edilmis numunenin ¢ekme deney sonuglar grafigi Sekil 22’de,
¢cekme deneyi goriintiileri Sekil 23’de gosterilmistir.
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Sekil 22. 9 Numarali parametre ile elde edilmis numunenin ¢ekme deneyi sonuglar1 grafigi
Figure 22. Tensile test graph results for sample that has number 9 parameter

©

Sekil 23. 9 Numarali parametre i¢in ¢ekme deneyi uygulannmis numunenin kopmus goriiniisii (a), 9 Numarali parametre ile elde

edilmis numunenin kaynak dikisi makro goriintiisii (b), 9 Numarali parametre ile elde edilmis numunenin kaynak niifuziyeti

Figure 23. Broken view of a sample that has number 9 parameter after tensile test (a), Macro view of welding seam for sample that has

makro goriintiisii (c)

number 9 parameter (b), Macro view of dilution for sample that has number 9 parameter (c)
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Yapilan ¢cekme deneyleri sonucunda elde edilen ¢ekme ve kopma degerleri, tablo halinde Cizelge 4
de belirtilmistir. Gerekli karsilagtirmalar1 daha rahat yapmak i¢in kaynak baglantisinin, dikis genislikleri
ve ylikseklikleri Cizelge 5 de, niifuziyetleri ise Cizelge 6 da tablo halinde verilmistir.

Cizelge 4. Parametre sirasina gore ¢ekme deneyi sonuglari
Table 4. The Tensile test results according to parameter order

Tel Ark Akimi Ark Cek. Kop. Ortalama Ortalama
Par. Hiz1 Ark Gerilimi Degeri Degeri Cekme Degeri Kopma
No Tiirii Degeri
(m/dk) (Amper) (Volt) (kN) (kN) (kN) (kN)
1 8 216 Kisa 21,6 109,8 105,0
2 10 255 Kisa 229 110,2 107,5 111,8 104,2
3 12 269 Kisa 25,0 1153 100,0
4 8 210 Orta 26,0 112,7 102,7
5 10 240 Orta 28,5 107,7 98,7 108,9 96,5
6 12 266 Orta 29,9 106,3 88,0
7 8 270 Uzun 29,7 95,2 76,3
8 10 277 Uzun 32,1 100,5 91,0 97,8 82,5
9 12 291 Uzun 34,0 97,8 80,2
Cizelge 5. Parametre sirasina gore kaynak dikis genislikleri ve yiikseklikleri
Table 5. The width and height of welding seam according to parameter order
Tel Ark Akim Ark Kaynak Kaynak Ark Tiiriine Ark Tiiriine
Par. Hiz: Ark Gerilimi Dikis Gen. Dikis Gore Ort. Kay. | Gore Ort. Kay.
e Yiiks. Dik. Gen. Dik. Yiik.
No Tiirii
(m/dk) (Amper) (Volt) (mm) (mm) (mm) (mm)
1 8 216 Kisa 21,6 8,84 1,64
2 10 255 Kisa 22,9 9,10 2,17 9,13 2,04
3 12 269 Kisa 25,0 9,47 2,33
4 8 210 Orta 26,0 9,79 1,35
5 10 240 Orta 28,5 10,56 1,75 10,06 1,85
6 12 266 Orta 29,9 9,85 2,46
7 8 270 Uzun 29,7 10,42 0,95
8 10 277 Uzun 32,1 10,49 1,35 10,48 1,41
9 12 291 Uzun 34,0 10,53 1,93
Cizelge 6. Parametre sirasina gore kaynak niifuziyetleri
Table 6. The dilution according to parameter order
Tel Ark Akimi Ark Gerilimi
Par. Ark .. P P
No Hiz1 Tiirii Diisey Niifuziyet | Yanal Niifuziyet
(m/dk) (Amper) (Volt)
1 8 216 Kisa 21,6 Cok Tyi Iyi Fakat Kararsiz
2 10 255 Kisa 22,9 Cok Tyi Iyi ve Kararlt
3 12 269 Kisa 25,0 Cok Tyi Cok Tyi ve Kararli
4 8 210 Orta 26,0 Iyi Iyi Fakat Kararsiz
5 10 240 Orta 28,5 iyi Orta ve Kararsiz
6 12 266 Orta 29,9 Orta Orta ve Kararsiz
7 8 270 Uzun 29,7 Orta Orta ve Kararsiz
8 10 277 Uzun 32,1 Orta Orta ve Kararsiz
9 12 291 Uzun 34,0 Kotua Orta ve Kararsiz

1, 2 ve 3 numarali parametreler i¢in Sekil 7, Sekil 9 ve Sekil 11 incelendiginde, diisiik ark gerilimi
i¢in, ark geriliminin artis1 ile dogru orantih olarak kaynak dikis genisliginin arttig1 gézlenmistir. Buna ek
olarak kaynak dikis genigliklerinin de, orta ve yiiksek ark gerilimi ile elde edilen kaynak dikis
genisliklerinden daha kiigiik oldugu tespit edilmistir. Yine Sekil 7, Sekil 9 ve Sekil 11 incelendiginde
diisiik ark gerilimi i¢in kaynak dikis yiiksekliklerinin, orta ve yiiksek ark gerilimi ile elde edilen kaynak
dikis yiiksekliklerinden genel olarak daha biiyiik oldugu gozlenmistir. Bu tespitler diisiik ark gerilimi
nedeniyle olusan kisa ark boyunun dogal bir sonucudur.
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4, 5 ve 6 numarali parametreler icin Sekil 13, Sekil 15 ve Sekil 17 incelendiginde, orta ark gerilimi ile
elde edilen kaynak dikis genisliklerinin, diisiik ark gerilimi ile elde edilen kaynak dikis genisliklerinden
daha biiyiik oldugu gozlenmistir. Bu durum distiik ark gerilimine gore, ark geriliminin artmasi sonucu
olusan orta ark boyunun dogal bir sonucudur. Yine $ekil 13 ve $ekil 15 incelendiginde orta ark gerilimi
ile elde edilen kaynak dikis yiiksekliklerinin, diisiik ark gerilimi ile elde edilen kaynak dikis
yiiksekliklerinden daha kiigiik oldugu gozlenmistir. Ancak 6 numarali parametre igin ise bu durumun
aksi s6z konusudur. Sekil 17 incelendiginde kaynak dikis yiiksekliginin, ayni ark akimindaki, diisiik ark
gerilimi ile elde edilen 3 numarali parametreden dahi yiiksek, fakat kaynak dikis genisliginin aym ark
boyuna sahip 4 ve 5 numaral parametrelerden daha diisiik oldugu gozlenmistir. Bu durumun nedeni de
ark geriliminin artmas1 sonucu olusan orta ark boyu sebebiyle, diisey ve yanal niifuziyetin, derinlik
arttikca 3, 4 ve 5 nolu parametrelere gore daha diisiik olmas ve yiiksek ark arkimi igin artirilmis olan tel
besleme hizinin, yigma miktarini artirmis olmasidir.

7, 8 ve 9 numaral parametreler i¢cin Sekil 19, Sekil 21 ve Sekil 23 incelendiginde ytiiksek ark gerilimi
i¢in, ark geriliminin artis1 ile dogru orantili olarak kaynak dikis genisliginin arttig1 gézlenmistir. Buna ek
olarak yiiksek ark gerilimi elde edilen kaynak dikis genisliklerinin de, diisiik ve orta ark gerilimi ile elde
edilen kaynak dikis genisliklerinden genel olarak daha biiyiik oldugu tespit edilmistir. Yine Sekil 19,
Sekil 21 ve Sekil 23 incelendiginde yiiksek ark gerilimi ile elde edilen kaynak dikis yiiksekliklerinin,
diisiik ve orta ark gerilimi ile elde edilen kaynak dikis yiiksekliklerinden daha kiiciik oldugu
gozlenmistir. Bu tespitler diisiik ve orta ark gerilimine gore, ark geriliminin fazlaca artmas: sonucu
olusan uzun ark boyunun dogal bir sonucudur.

Ayrica her ark boyu icin, ark akiminin artisi ile kaynak dikis yiiksekliginin arttig1 da gozlenmistir.
Bu durumun nedeni de, ark akimmnin artmasi igin tel besleme hizimin artirilmasi sonucu, yigma
miktarinin artmasidir.

1, 2 ve 3 numarali parametreler i¢in Sekil 7, Sekil 9 ve Sekil 11 incelendiginde diisiik ark gerilimi igin
diisey niifuziyetin ¢ok iyi, yanal niifuziyetinin iyi ve ark akiminin artis: ile dogru orantili olarak daha da
arttig1 tespit edilmisgtir.

Distk Ark Akonu (1-4-7) Onta Ark Alans (2-5-8) Yoksek Ark Akem (3-6-9)

3)

-

Orta Ark Geriling (4-3-6) Dasok Ark Gerlin (1-

Yaksek Ark Genlma (7-8-9)

Sekil 24. Ark akimu ve gerilimine gore kaynak niifuziyeti makro goriintiileri
Figure 24. Macro view of dilution according to arc current and voltage
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4, 5 ve 6 numaral1 parametreler i¢in Sekil 13, Sekil 15 ve Sekil 17 incelendiginde orta ark gerilimi i¢in
diisey niifuziyetin genel olarak iyi, yanal niifuziyetin ise genel olarak orta seviyede oldugu tespit
edilmistir. Ark akiminin arttirilmas: igin, tel besleme hizinin arttirilmasiyla, fazlaca eriyen kaynak teli,
orta ark gerilimi sonucu olusan orta ark boyu nedeniyle, kaynak dikisinin yiiksekligini arttirarak,
dikisin iist kisimlarinda arkin hizlica sogumasima neden olmustur. Bunun sonucunda diisey ve yanal
niifuziyette artan ark akimina karsilik diisiis tespit edilmistir.

7, 8 ve 9 numarali parametreler i¢in Sekil 19, Sekil 21 ve $ekil 23 incelendiginde ytiiksek ark gerilimi
icin diisey ve yanal niifuziyetin genel olarak orta ve kotii seviyede oldugu tespit edilmistir. Yiiksek ark
gerilimi sonucu olusan uzun ark boyu nedeniyle diisey niifuziyet, derinlik arttikca diger ark boylarina
oranla daha diisiiktiir. Yanal niifuziyet ise dikisin tist kisimlarinda oldukga iyidir. Ancak ark akiminin
arttirilmasi igin, tel besleme hizinin arttirilmasiyla, fazla eriyen kaynak teli, yiiksek ark gerilimi sonucu
olusan uzun ark boyu nedeniyle, kaynak dikis genisligini arttirarak, dikisin {ist kisimlarinda daha genis
ve biiyiik bir 1s1 transferi yiizeyi olusturmustur. Bunun sonucunda ark hizli bir sekilde soguyarak ana
malzemeyi yeteri kadar eritememis ve derinlik arttik¢a diisey ve yanal niifuziyette diger ark boylarina
oranla kotii seviyede sonuglar olusmustur.

Birlestirilen pargalar arasinda en yiiksek ¢cekme degeri 115,3 kN olan 3 numarali parametre ile diisiik
ark gerilimi sonucu olusan kisa arkla yapilan birlestirmeyle elde edilmistir. Bunun sebebi, hem kisa
arkta diigsey ve yanal niifuziyetin orta ve uzun arka gore daha iyi olmasi hem de olusan kaynak dikis
genigliginin orta ve uzun arka gore daha kiiglik olmasi sebebiyle daha yavas bir sogumanin meydana
gelmesidir. Bilindigi gibi kaynak dikis genisligi ayni zamanda 1s1 transferine olanak saglayan yiizeyi
olusturdugu icin, kaynak dikis genisligi arttikca soguma hizi da artar. Soguma hiziyla dogru orantih
olarak kaynak dikis bolgesinde i¢ gerilmelerin olustugu bilindiginden, kaynak dikiginin hizli sogumasz,
birlestirilen numune icin cekme degerine iizerine olumsuz bir etki yaratacaktir.

Cekme degerinin maksimum olabilmesi i¢in ark akimi ve ark geriliminin birbiri ile uyumlu olmasi
gerekir. Ornegin 3 numarali parametreyi incelersek, diisiik ark geriliminde ark akimimn artisi,
niifuziyeti ve dolayisiyla cekme mukavemetini artirmistir. Clinkii, artan akim etkisiyle ark bolgesine 1s1
girdisi arttigindan, ark malzemeyi eriterek daha iyi bir niifuziyet saglamistir. Artan akim etkisi ile
malzemeye daha fazla 1s1 girdisi olmasina ragmen, diisiik ark gerilimi sonucu olusan kisa ark boyundan
kaynaklanan 6zellikle diisey niifuziyet sonucu kaynak dikisindeki 1s1 transfer ytiizeyinin darligi, burada
bir avantaj olusturup, yavas bir soguma ve diisitk bir i¢ gerilim yaratarak, ¢ekme mukavemetini
arttirmustir. Iste bu sebeple diisiik ark gerilimi sonucu olusan kisa ark icin, ark akimimn artisiyla cekme
degerinin arttigini 1, 2 ve 3 numarali parametrelere bakarak rahathkla sdyleyebiliriz.

Orta ark gerilimi ile birlestirilen numunelerden elde edilen sonuglara bakildiginda, diisiik ark
gerilimi ile birlestirilen numuneler ile arasinda g¢ekme degeri bakimindan hissedilir bir fark
gozlenmemistir. Burada daha ¢ok dikkat ceken husus, ark akimimin artisi ile ¢ekme degerinin
diismesidir. Bunun nedeni, ark akiminin artmasi igin tel siirme hizinin arttirilmasiyla birlikte yigma
miktarinin artarak, kaynak dikis yiiksekligini ve genisligini arttirmasi nedeniyle, kaynak banyosunun 1s1
transferine olanak saglayan yiizeyinin artmasi ve daha hizli bir sogumanin meydana gelmesidir. Bu hizli
sogumamn sonucu olarak derinlik arttikca diisey ve yanal niifuziyetin azaldigini, i¢ gerilmelerin
olustugunu ve ¢ekme degerinin de distiigiinii 4, 5 ve 6 numarali parametrelere bakarak rahatlikla
sOyleyebiliriz. Buradan hareketle, diisiik ark geriliminde ark akiminin artmasi niifuziyeti ve ¢ekme
degerini artirirken, orta ark geriliminde ark akiminin artmasi, niifuziyeti ve c¢ekme degerini
diistirmiistiir. Ayrica niifuziyet bakimindan da oldukga kararsiz bir yap1 olusturmustur.

Yiiksek ark gerilimi ile birlestirilen numunelerden elde edilen cekme degeri sonuglarina
bakildiginda, diisiik ve orta ark gerilimi ile elde edilen numunelere gore ortalama %10-15 daha diistik
sonuglar gozlenmistir. Bunun nedeni, yiiksek ark gerilimi sonucu olusan uzun ark boyu nedeniyle,
kaynak dikisinde derinlik arttik¢a, niifuziyet bakimindan diger ark boylarina oranla yetersiz ve kotii
seviyede sonuglar olusmasidir. Yine uzun ark boyu nedeniyle kaynak dikis genisli§inin, diger ark
boylarina oranla daha biiyiik olmasi, burada baska bir dezavantaj daha olusturup, kaynak dikisinde 1s1
transferine olanak saglayan yiizeyi artirarak, hizli bir soguma ve yiiksek i¢ gerilmeler yaratmis ve
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dolayisiyla gekme mukavemetini diistirmiistiir. Uzun ark boyundan kaynaklanan genel olarak yetersiz
niifuziyet ile kaynak dikis genisliginin neden oldugu hizli soguma ve yiiksek i¢ gerilmeler 7, 8 ve 9
numarali parametreler ile elde edilen numuneleri, diger ark boylariyla elde edilen numunelere gore,
cekme degeri bakimindan oldukca zayif kilmistir. Uzun ark boyu sebebiyle olusan yetersiz niifuziyeti
gidermek icin ark akimini artirmak da burada bir ¢6ziim olusturmayip, yalnizca yigma miktarim ve
dolayisiyla kaynak dikis genisligini ve yiiksekligini artmistir.
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OZ: Bu calismada metal kompozit levhalarin diisiik hizli enine darbe davranislari incelenmistir. 1 mm
kalinliginda St37 DKP celik ve 1050-H14 alasimli aliiminyum plakalar kullarlarak dort farkl: yerlesim
diizeninde olusturulan ii¢ katmanli kompozit levhalar farkli enerji seviyelerinde diisitk hizli darbe
testlerine maruz birakilmiglardir. 150x150 mm ebatlarinda kesilen metal levhalar ti¢ aliiminyum, g gelik,
aliminyum-+gelik+aliiminyum ve ¢elik+aliiminyum+celik olacak sekilde dizilerek dort tarafi ankastre
olacak sekilde baglanmistir. Deneylerde kullanilan vurucu kiitlesi 6,35 kg olup 24 mm yan kiiresel
geometriye sahiptir. Hazirlanan her bir deney numunesinin ortasina 10J, 20J, 30J, 40] ve 50] enerji
seviyelerinde darbe testleri yapilmistir. Darbe testleri sonucu elde edilen kuvvet-zaman, hiz-zaman ve
kuvvet-yer degistirme degisimleri grafikler halinde incelenmistir. Her bir deney numunesinde meydana
gelen hasarlarin boyutlari ve hasar sekilleri degerlendirilmistir.

Anahtar Kelimeler: Metal tabakali kompozit, Enine darbe, Hasar davranisi, Dinamik cevap

Investigation of Low Velocity Transverse Impact Behavior of Metal Laminated Composites

ABSTRACT: In this study, transverse impact behavior of laminated metal composites was investigated.
Four different configuration namely (Al)s, (St)s, (Al+St+Al) and (St+Al+St), were made by using St37 DKP
and 1050-H14 Al alloy which all in 1 mm thick. Three layered composites were tested under various
impact energies. The panels were cut in 150x150 mm dimensions and they were restricted from their four
sides. Impactor that used in tests has mass of 6.35 kg and it has 24 mm semispherical tip. Each
configuration was impacted 10 J, 20 ], 30 J, 40 ] and 50 J. Retrieved data from the tests were investigated
in forms of force-time, velocity-time and force-displacement. Finally, failures were evaluated for each
test.

Key Words: Metal laminated composite, Transverse impact, Failure behavior, Dynamic response

GIRIS INTRODUCTION)
Malzemelerde disaridan gelebilecek herhangi bir darbeye karsi beklenmedik sonuglarin ortaya

¢itkmamasi igin, malzemenin en uygun cevabi verebilmesi istenir. Darbeden kaynaklanan hasar, tiretim,
bakim ve servis iglemleri sirasinda ortaya cikabilir. Uretim veya bakim sirasinda kullanilan takimlar
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yap1 lizerine diisebilir. Bu tiir darbeler diisiik hizli darbe olarak adlandirilmaktadir. Metal ve metal
alasimlarinda darbe sonucunda olusan hasar darbeye maruz kalan ylizeyde meydana gelir. Kompozit
malzemelerde ise darbe sonucunda olusan hasar, ¢carpmanin tiiriine gore darbeye maruz kalmayan
ylizeyde de Ornegin igyapida delaminasyonlar (tabakalar arasinda ayrilma) seklinde goriilebilir.
Metallerde darbe cevabi, plastik sekil degistirme sonucunda bir kopma veya kirilma seklinde olmasina
ragmen, kompozitler ¢ok degisik durumlarda hasara ugrayabilirler ve bu hasar durumlarinda parcanin
yapisal biitiinliigiinde ciddi bir degisiklik meydana gelmez (Kara, 2006).

Metaller, kompozitler ve sandvi¢ malzemeler iizerinde gergeklestirilen diisiik hizlardaki darbe
davranislariyla ilgili bircok deneysel ¢alismalar yapilmistir ve analitik yontemler gelistirilmistir. Bu
alandaki 6nemli ¢alismalarin bir kismi1 sunlardir:

Dinamik ytiikleme altindaki kompozit malzemeleri karakterize etmek i¢in ilk calismalar (Rotem ve
Lifshits, 1971), (Lifshits, 1976) ile (Sierakowski ve dig., 1971) tarafindan yapilmistir. (Sierakowski ve
Chaturvedi, 1997) ile (Abrate, 1998) cesitli darbe modeli ve muayene yontemlerinde ilerlemeler
kaydetmislerdir.

Tabakali kompozitlerin diisiik hizli darbe cevabi analitik olarak (Ramkuar ve Chen, 1982), (Sun ve
Jih, 1995) ile (Abatan ve dig., 1998) tarafindan arastirilmistir. (Gong ve Lam, 1999) tarafindan diisiik hizl
darbeye kars1 plaka cevabimin 6nceden tahmin edilmesi i¢in yaklasik bir ¢dziim sunulmustur. Bu ¢dziim,
temas kuvveti ve enine kayma sekil degistirmesinin etkisi gibi plakanin ve takviye elemanlarinin
beraberce hareketlerini igerir. Hibrit tabakali kompozit plakalarin diisiik hizli darbeye bagl cevabi
kayma deformasyon teorisi kullanilarak (Lee ve di§., 1997) tarafindan arastirilmistir. (Kim ve Kang, 2001)
darbe kuvvetini 6nceden belirlemek icin enine darbeye maruz kompozit plakalarin dinamik sekil
degistirmesinden yeni bir analitik metot gelistirmislerdir.

(Martinez ve dig., 2011) 2024-T3 aliiminyum alagmmini gesitli hizlarda ve sicakliklarda yaptiklar
¢cekme deneyleriyle mekanik olarak karakterize etmis ve bu malzemeden yapilan plakalar: farkh
baglangic sicakliklarinda diisen agirlik test cihaziyla 0,5 ve 4,5 m/s darbe hizi araliklarinda test
etmislerdir. Deneylerden elde ettikleri sonuglarn literatiirde ayni islemin ¢eliklere uygulanmasiyla elde
edilen sonuglariyla karsilastirmislardir. Delinen aliiminyum plakalarin deformasyon bolgesinde ¢anak
ve kirik olusumu oldugunu ve bu plakalarin enerji soniimleme miktarlariin gelige kiyasla daha diigiik
oldugu sonucuna varmislardir.

(Grytten ve dig., 2009) 3,5 ve 15,8 m/s hiz araliklarinda darbeye maruz kalan AA5083-H116
altiminyum plakalarin deformasyonlarini deneysel olarak, negatif deformasyon sertlesmesinin, plastik
anizotropinin ve 1s1l yumusamanin etkilerini ise niimerik modellerle incelemislerdir. Darbe kuvvetinin
yalmizca negatif deformasyon sertlesmesinden, hasar derecesinin ve sgeklinin ise sadece 1si1l
yumusamadan etkilendigini belirlemislerdir. Plastik anizotropinin etkisiz oldugu goriilmiisttir.

(Fan ve dig., 2011) yaptiklari calismada fiber-metal katmanli (FMK) plakalar: diisiik hizlarda darbeye
maruz birakarak olusan deformasyon ve hasar: incelemislerdir. Calismadaki FMK 2024-0 aliiminyum ve
capraz cam elyaf igermektedir. Katman miktarinin artmasiyla artan plaka kalinliginin ve artan
penetrator biiyiikliigiiniin yapinin darbe enerji soniimleme kapasitesini arttirdigini gérmiislerdir.

(Zucchelli ve dig., 2010) yaptiklar1 ¢alismada DCO4ED tipi diisiik karbon igerikli dikdortgen celik
plaka ve iizeri cams1 emaye ile kaplh diisiik karbon igerikli dikdortgen gelik plaka olmak {izere iki farklh
malzeme kullanmistir. Bu malzemeler piezoelektrik yiik dlcer igeren diisen agirlik test cihazinda diisme
mesafesi degistirilerek farkli enerji gruplarinda test edilmis ve aym1 zamanda bilgisayar ortaminda
modelleme ¢alismasi yapilmistir. Test sonuglan degerlendirildiginde cams: emaye kapl ¢elik plakalarin
kapli olmayan ¢elik plakalara gore 6 kat daha fazla kritik enerji seviyesine sahip oldugu belirlenmis ve
modelleme calismalariyla da dogrulanmustir.

(Crupi ve dig., 2010) yaptiklar1 aragtirmada, cam elyaf kompozit yiizlii PVC gobekli sandvig ve
aliminyum plaka ytizeyli aliiminyum kopiik gobekli sandvi¢ malzemelerin ¢arpisma mukavemetlerini
karsilagtirmistir. Cam elyaf kompozit yiizlii PVC gobekli sandvig yapilarin diisen agirlik testlerinde 7 kg
yiik kullanilmis ve 4-9 m/s hiz araliginda test numuneleri {izerine birakilmistir. Aliiminyum plaka
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ylizeyli aliminyum kopiik gobekli sandvi¢ yapilarin diisen agirlik testlerinde ise yiik sabit tutulurken
carpma hizi aralig1 4-8 m/s araliginda tutulmustur. Deney sonuglari incelendiginde cam elyaf kompozit
ylizlii PVC gobekli sandvi¢ yapilarin tamamen hasar almas: icin gereken enerji miktar: altiminyum
plaka yiizeyli aliiminyum kopiik gobekli sandvig yapilardan daha yiiksek oldugu bulunmustur.

Bu calismada diisiik hizlarda darbeye maruz kalan S5t37 DKP celik ve 1050-H14 altiminyum alasimi
plakalarda olusan hasar; diisen agirlik test cihazi ile farkli enerji seviyelerinde gergeklestirilen darbe
deneyleriyle belirlenmis, darbe karakteristigini belirlemede kullanilan grafikler elde edilmis ve hasar
analizi yapilmistir. Deneyler 4 farkli tabakali yap1 olusturularak gerceklestirilmistir.

MATERYAL ve METOT (MATERIAL and METHOD)
Deney Numunelerinin Hazirlanmasi (Preparation of Specimens)

Bu calismada diisiik hizlarda darbe deneyleri igin 1 mm kalimhginda St37 DKP celik ve 1050-H14
aliminyum alasimi plakalar kullanilarak dort farkli yerlesim diizeninde tabakali kompozit metal
levhalar olusturulmustur. Kullanilan levhalarin kimyasal bilesimleri asagida verilmistir.

Cizelge 1. Al 1050-H14'nin kimyasal bilesimi (%)
Table 1. Chemical composition of Al 1050-H14 (%)

Al Fe Si Zn Ti Mg Mn Cu

99,5 00-04 00-025 00-007 00-005 00-005 00-005 00-005

Cizelge 2. 5t37 Celik malzemenin kimyasal bilesimi (%)
Table2. Chemical composition of St37 Steel (%)

C (max) N S (max) P (max)
0,17 0,012 0,04 0,04

Celik ve aliiminyum levhalar kullanilarak olusturulan kompozit levhalara ait konfigiirasyon yapisi
Cizelge 3'te verilmistir.

Cizelge 3. Olusturulan kompozit levhalar ve katmanlar
Table 3. The structure of the composite layers

. D eneys-el Ust Tabaka Orta Tabaka Alt Tabaka
Isimlendirme
ACA Al 1050-H14 St37 Al 1050-H14
CAC St37 Al11050-H14 St37
3A Al 1050-H14 Al11050-H14 Al 1050-H14
3C St37 St37 St37

Agirlik Diisiirme Test Cihaz1 (Drop Weight Test Device)

Dinamik darbe testleri numunelerin diisiik hizli darbe davramslarimi elde etmek igin 6zel olarak
imal edilmis test cihazi ile yapilmigtir. Cihaz iizerindeki vurucu 6,35 kg kiitleye sahiptir. Agirhk
diislirme test cihazi Sekil 1'de goriilmektedir. Deneyde kullanilan vurucu 24 mm capinda, yar1 kiiresel
uglu bir geometriye sahiptir. Her bir deney numunesi dort tarafi ankastre olacak sekilde baglanarak 10 J,
207, 30]J,40] ve 50 ] darbe enerjisi seviyelerinde diisiik hizli darbe testlerine maruz birakildi.
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Sekil 1. Agirlik diistirme test cihazi
Figure 1. Drop weight test rig

Deney prosediirii (Experimental procedure)

Deneyde kullanilacak Al ve celik levhalar Im x 2m boyutlarinda, 1mm kalinliginda temin edilip
15cmx15cm  boyutlarinda levhalar kestirilmistir. Yapilacak deneyde c¢elik-Al-celik ve Al-gelik-Al
kompozit levhalar 2 farkli sekilde aralarda Al ve gelik olacak sekilde ve 3 tabakanin aym oldugu 2
kompozit levha olmak {iizere 4 farkli deney grubu olusturulmustur. Olusturulan kompozit levhalarin
kalinhg 3 mm’dir. Olusturulan deney numunesi dort tarafi ankastre olacak sekilde baglanarak 10 J, 20 J,
307J, 40], 50 ] darbe enerjisi seviyelerinde diisiik hizli darbe testlerine maruz birakilmistir.

BULGULAR VE SONUCLARIN iRDELENMESI (RESULTS AND DISCUSSIONS)
Kuvvet-Zaman grafikleri (Force-Time graphs)

Diisitk hizli darbeye maruz bir numunede carpma hizinin temas kuvvetine olan etkisini
belirleyebilmek i¢in deneylerden elde edilen veriler degisik konfigiirasyonlardaki numuneler igin
derlenmis ve bu degisimler Sekil 2’de gosterilmistir.

Elde edilen kuvvetozaman degisimlerinin ¢ingirak egrisi seklinde oldugu goriilmektedir. Biitiin
sekillerde kuvvet hizla artarak bir azami kuvvet degerine ulasmaktadir ve daha sonra sifira
diismektedir. Her bir grafikte darbenin baslangicinda bir salinim meydana geldigi goriilmektedir. Bu
durum kompoziti olusturan metal levhalarin birbiri {izerine serbest olarak konmasindan tabakalar
arasinda herhangi bir baglayici olmamasindan kaynaklanmaktadir. Grafiklerde darbe enerjisinin
artmastyla birlikte temas siiresinin azaldigi, numune {izerinde olusan en biiyiik temas kuvvetinin arttig1
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goriilmektedir. CAC kompozit levhada gergeklesen darbenin siiresi ACA kompozit levhada gerceklesen
darbeden daha kisa olmustur. Bunun sebebi CAC levhada darbenin gelik tabakanin yiizeyinde
gerceklesmesidir. Celik aliiminyuma gore daha rijit oldugu icin CAC kompozit ACA kompozite gore
daha rijit olmaktadir.
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Sekil 2. a) ACA ve b) CAC Kompozit levhalar i¢in kuvvet-zaman grafikleri
Figure 2. Force-Time graphs for a) ASA and b) SAS composite layers

Kuvvet-Yer Degistirme grafikleri (Force-Displacement graphs)

Darbeye maruz kalan kompozit metal levhalarin darbe davramigini belirlemede kullanilan
grafiklerden bir digeri kuvvet-yer degistirme (kuvvet-cokme) degisim grafikleridir. Farkli enerji
seviyelerinde diisiik hizl1 darbeye maruz kalmis kompozit metal levhalar igin elde edilen kuvvete bagh
yer degistirme degerleri Sekil 3’te verilmistir. Darbe sirasinda vurucunun numuneye temasiyla
numunede yer degistirme (¢Okme) baslamis ve kuvvet en biiyiik degerine ulasincaya kadar devam
etmistir. Darbe enerjisi arttik¢a kuvvet ve yer degistirme miktar1 artmaktadir. Kuvvet en biiyiik degerine
ulastiginda yer degistirme miktar1 da en biiyiik degerine ulasmaktadir.

Kuvvet-yer degistirme egrisinde artma kismindaki egim darbe yiikiine karsi numunenin gostermis
oldugu direncten dolay: egilme rijitligi olarak adlandirilir. Egilme rijitligindeki salinimlar ve degisimler
numunede olusan hasarlanmay1 gostermektedir. Darbe enerjisinin artmasiyla numunelerin egilme
rijitliginde biiyiik bir degisim gozlenmemistir. Bunun en biiyiik nedeni numunelerin metal malzeme
olmasi ve rijitliginin yiiksek olmasidir. Farkli metal levhalardan olusan kompozit malzeme distan
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uygulanan yiiklere kars1 daha az sekil degistirmekte ve buna bagh olarak egilme rijitliginde biiyiik bir
degisim goriilmemektedir. Egilme rijitliginde biiyiik bir degisimin olmamasi deney numunesinde biiyiik
hasarlarin saplanma ve delinme hasarlarimin olmadigina isaret etmektedir. Farkli enerji seviyelerinde
diisiik hizhi darbeye maruz kalan kompozit levhalarin egilme rijitliginde ciddi degismeler olmaktadir.
Soyle ki kuvvet-yer degistirme egrisinin artma kisminda kuvvet belirli bir degere ulasinca numune
olusan hasarlanmadan dolay1 egilme rijitliginde keskin bir diisme meydana gelmistir (Kara 2006).

Aymi enerji seviyesi igin CAC levhada meydana gelen ¢okme miktarinin ACA levhada meydana
gelen ¢okmeden daha az oldugu goriilmektedir. Bunun en biiyiik nedeni iki gelik tabaka kullanilan
numunenin daha rijit davranmasidir.
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Sekil 3. a) ACA ve b) CAC Kompozit levhalar i¢cin kuvvet-yer degistirme degisimleri
Figure 3. Force-Displacement graphs for a) ASA and b) SAS composite layers

Metal Kompozit Levhalarda Konfigiirasyonun En Biiyiikk Temas Kuvvetine Etkisi (The Effect of
Configuration on Maximum Contact Force in Metal Composite Panel)

Sekil 4'te Farkli konfigiirasyonlara sahip metal kompozit levhalarda a) 10J, b) 30] ve c) 50] Enerji
seviyeleri i¢in Kuvvet-Zaman Degisimi goriilmektedir.

10] enerji seviyesi i¢in elde edilen kuvvet zaman degisim grafigi incelendiginde ii¢ katmanli gelik
yapida en biiyiik temas kuvvetinin ve en diisiik temas siiresinin gergeklestigi goriilmektedir. Uglii gelik
yapisini iglii aliiminyum yapi takip etmektedir. CAC kompozit levhada ise darbe ACA levhaya gore
daha kisa siirede tamamlanmistir. 30] ve 50] enerji seviyesi icin elde edilen kuvvet zaman degisim
grafigi incelendiginde 10J'den farkli olarak en biiyiik temas kuvvetinin CAC kompozit numunede
oldugu, en diisiik temas siiresinin ise 10]’de oldugu gibi tiglii celik yapida gergeklestigi goriilmektedir.
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30J ve 50] enerji seviyesi igin elde edilen kuvvet zaman degisim grafiginde tiglii gelik ve ticlii aliiminyum
levhalarda digerlerine gore daha fazla salinim oldugu goriilmektedir. Bunun nedeninin darbe esnasinda
birlikte hareket eden tabakalarin ayni 6zellikli olmasindan ve baglayict bulunmamasindan dolay1
meydana gelen kaymalarin daha fazla olmasindan dolay1 oldugu diisiiniilmektedir.
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Sekil 4. Farkli konfigiirasyonlara sahip metal kompozit levhalarda a) 10], b) 30J ve c) 50] enerji
seviyeleri i¢in kuvvet-zaman degisimleri
Figure 4. Force-Time histories for metallic composite layers with different configurations at a) 10], b) and ¢ 30]) 50] energy levels



Metal Tabakali Kompozitlerin Diisiik Hizli Enine Darbeye Kars1 Davramslarinin Incelenmesi 263

Metal Kompozit Levhalarda Konfigiirasyonun Kuvvet-Yer degistirme Degisimine Etkisi (The Effect of
Configuration on The Force versus Displacement in Metal Composite Panel)

Sekil 5'te farkli konfigiirasyonlara sahip metal kompozit levhalarda a) 10J, b) 30] ve c) 50] Enerji
seviyeleri i¢in Kuvvet-yer degistirme degisimi goriilmektedir. 10] enerji seviyesi i¢in elde edilen kuvvet
yer degistirme degisim grafigi incelendiginde {i¢ katmanh c¢elik yapida en biiyiik egilme rijitliginin
gergeklestigi goriilmektedir. Ucglii celik yapisim {iglii aliiminyum yap1 takip etmektedir. En diisiik
egilme rijitligi ACA kompozit levhada goriilmiistiir.

30] enerji seviyesi igin elde edilen kuvvet yer degistirme degisim grafigi incelendiginde 10]'de
oldugu gibi {i¢ katmanl gelik yapida en biiyiik egilme rijitliginin gergeklestigi goriilmektedir ancak en
diisiik egilme rijitligi ticlii aliiminyum kompozit levhada goriilmiistiir. 50] enerji seviyesi i¢in elde edilen
kuvvet yer degistirme degisim grafigi incelendiginde ii¢ katmanl ¢elik yapida ve CAC kompozit yapida
meydana gelen egilme rijitliginin birbirine yakin oldugu goriilmektedir. En diisiik egilme rijitligi 30]
enerji seviyesinde oldugu gibi ti¢lii aliiminyum kompozit levhada goriilmiistiir.
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Sekil 5. Farkli konfigiirasyonlara sahip metal kompozit levhalarda a) 10J, b) 30] ve c) 50] Enerji
seviyeleri icin kuvvet-yer degistirme degisimleri
Figure 5. Force-Displacement histories for metallic composite layers with different configurations at a) 10], b) and c 30]) 50] energy levels

Hasar Analizi (Failure Analysis)

Sekil 6’da farkli enerji seviyeleri icin ACA kompozit levhada olusan hasarlar goriilmektedir. Sekilde
kompozit levhanin 6n ve arka yiizeylerinde meydana gelen hasar goriiniimlerine ilaveten her bir
tabakamin 6n ve arka yiizeylerinde goriilen hasarlar verilmistir. Sekilde goriildiigii gibi her tabakada
¢okmeler meydana gelmis ancak saplanma veya delinme goriilmemistir. Darbe enerjisi arttikca
tabakalardaki ¢okme miktar1 da artmaktadir. Bu numune icin en biiyiik ¢okme {ist aliiminyum levhada
gerceklesmistir.

Sekil 7'de farkl enerji seviyeleri icin CAC, Sekil 8'de farkli enerji seviyeleri icin AAA ve Sekil 9'da
farkli enerji seviyeleri i¢in CCC kompozit levhada olusan hasarlar goriilmektedir. Tim
konfigiirasyonlarin i¢inde aym enerji seviyeleri i¢in en biiyiik ¢okme miktarmin {iclii aliiminyum yapida
en kiigiik ¢okme miktarinin iiglii ¢elik yapida gerceklestigi tespit edilmistir. En biiyiik ¢6kmelerin
oldugu ticlii aliiminyum yapida herhangi bir saplanma veya delinme gozlenmemistir.
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Sekil 6. Farkli enerji seviyeleri i¢cin ACA kompozit levhada olusan hasarlar
Figure 6. Damage zones of ASA composite layers for different energy levels
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CAC GENEL GORUNUM UST PLAKA ORTA PLAKA ARKA PLAKA
LEVHA ON ARKA ON ARKA ON ARKA ON ARKA

Sekil 7. Farkli enerji seviyeleri icin CAC kompozit levhada olusan hasarlar
Figure 7. Damage zones of SAS composite layers for different energy levels
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3A GENEL GORUNUM UST PLAKA ORTA PLAKA ARKA PLAKA
LEVHA ON ARKA ON ARKA ON ARKA ON ARKA
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Sekil 8. Farkli enerji seviyeleri icin AAA kompozit levhada olusan hasarlar

Figure 8. Damage zones of AAA composite layers for different energy levels



268 M. KARA, M. UYANER

3C GENEL GORUNUM UST PLAKA ORTA PLAKA ARKA PLAKA
LEVHA ON ARKA ON ARKA ON ARKA ON ARKA
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Sekil 9. Farkli enerji seviyeleri i¢cin CCC kompozit levhada olusan hasarlar
Figure 9. Damage zones of SSS composite layers for different energy levels
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SONUCLAR (CONCLUSIONS)

Bu ¢alismada diisiik hizlarda darbeye maruz kalan 5t37 DKP ¢elik ve 1050-H14 aliiminyum alasimi1
kompozit plakalarda olusan hasar; diisen agirlik test cihazi ile farkl enerji seviyelerinde gerceklestirilen
darbe deneyleriyle belirlenmis, darbe karakteristigini belirlemede kullanilan grafikler elde edilmis ve
hasar analizi yapilmistir. Deneyler 4 farkli tabakali yap1 olusturularak gerceklestirilmistir.

* Kuvvet-zaman degisim egrilerinde darbe enerjisinin artmasiyla birlikte temas siiresi azalmakta,
numune iizerinde olusan en biiyiik temas kuvveti artmaktadir. CAC kompozit levhada gerceklesen
darbenin stiresi ACA kompozit levhada gerceklesen darbeden daha kisa olmustur.

* Ayni enerji seviyesi igin rijitligin daha yiiksek olmasindan dolay1 CAC levhada meydana gelen
¢okme miktarinin ACA levhada meydana gelen ¢cokmeden daha az oldugu tespit edilmistir.

* 10J enerji seviyesi icin elde edilen kuvvet zaman degisim egrilerinde {i¢ katmanl ¢elik yapida en
biiyiik temas kuvveti ve en diisiik temas siiresi gerceklesmistir. 30] ve 50] enerji seviyesi icin elde edilen
kuvvet zaman degisim egrilerinde ise 10]’den farkli olarak en biiyiik temas kuvvetinin CAC kompozit
numunede en diisiik temas siiresi ise 10]’de oldugu gibi {iclii ¢elik yapida gerceklesmistir.

* 10J enerji seviyesi i¢in elde edilen kuvvet yer degistirme degisim egrilerinde {i¢ katmanl celik
yapida en biiyiik egilme rijitliginin gerceklestigi goriilmektedir. Uglii gelik yapisinu iiglii aliiminyum
yap1 takip etmektedir. En diisiik egilme rijitligi ACA kompozit levhada goriilm{istiir. 30] enerji seviyesi
i¢in li¢ katmanl ¢elik yapida en biiyiik egilme rijitliginin gerceklestigi goriilmektedir ancak en diisiik
egilme rijitligi tiglii aliiminyum kompozit levhada goriilmiistiir. 50] enerji seviyesi igin ii¢ katmanli gelik
yapida ve CAC kompozit yapida meydana gelen egilme rijitliginin birbirine yakin oldugu
goriilmektedir. En diisiik egilme rijitligi 30] enerji seviyesinde oldugu gibi iiglii aliiminyum kompozit
levhada goriilmiistiir.

e Numunelerde meydana gelen hasarlar incelendiginde her tabakada ¢dokmeler meydana gelmis
ancak saplanma veya delinme olusmamustir. Darbe enerjisi arttik¢a tabakalardaki ¢okme miktar1 da
artmaktadir. Bu ¢alisma icin en biiyiik ¢c6kme tiglii aliiminyum levhada gerceklesmistir.
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OZ: Bu calismada, makro boyuttaki gozeneklere sahip farkli malzemelerin, yiizeylerininfiltreleme
performansini arttirmak amaciyla, elektro-egirme yontemiyle nanofiber tabaka ile kaplanmasi
amaglanmistir. Calisma sonunda sadece mikrofiberfiltrelerin yiizeyine kaplanan nanofiber tabakalarin
filtre olarak kullanilabilecegi goriilmiistiir. Mikro partikiillerin filtrasyonunda kullanilan 25-85g/m?
gramaj arasindaki mikrofiber filtrelerin yiizeyi, polimer soliisyonu besleme debisi 21-30ml/h, uygulanan
gerilim 28-32kV ve elektrotlar aras1 mesafe 19-23cm araliginda elektro-egirme deney parametreleri ile
kaplanmistir. Nanofiber tabaka agirligl 2-4g/m? nanofiber ¢apr 77-200nm arasinda degisen bes farkl
hava filtresi numuneleri elde edilmistir. Elektro-egirme deney parametrelerindeki degisim ile nanofiber
tabaka agirlig1, nanofiber cap1 ve yiizey morfolojisindeki degisimler gozlenmis ve iiretilen numunelere
etkisi incelenmistir. Sonucta, makro gozenekli malzemelerin nanofiber tabakali filtre olarak
kullanilamayacag goriilmiistiir.

Anahtar Kelimeler: Nanofiber hava filtresi, Tabakal1 hava filtresi, Elektro egirme, Mikrofiber filtreler

Production and Characterization of Air Filters with Nanofiber Layers Via
Electro-Spinning Method

ABSTRACT: In thiss tudy, thesurface of different materials having pores in the macro size are covered
by a nanofiber layer with the electro-spinning method in order to improve the filtering performance.
Only microfiber filters could be effectivelyused as a filterlayercoated on thesurface of thenanofiber. The
used filtration of micro particles between 25-85g/m? weighted micro fiber filters surfaces were covered
by electrospinning method with nanofiber layer by the experimental parameters 21-30ml/h polymer
solution feed flow rate and 28-32 kV applied voltage and electrod espacing 19-23cm. The five differentair
filter samples ranging between 2-4 g/m? and nanofiber diameter between 77-200nm were obtained. Nano
fiber layer weight, nanaofiber diameter, and the surface morfology changes with the changing
parameters in the electro-spinning experiments and its effect on the manufactured samples were
observed. In summary it seen that macro-porous materials can not be used as a nanofiber layer filter.

Key Words: Nanofiber air filter, Layer air filter, Electro-spinning, Microfiber filters
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GIRIS INTRODUCTION)

Sanayi devrimi, insanoglunun isini kolaylastirip konforunu arttirdigr gibi, dogal kaynaklarin da
kirlenmesini beraberinde getirmistir. Bu kirlenme, havada asili olan mikro ve makro boyuttaki
partikiillerden kaynaklanmaktadir. Kat1 ve siv1 fazda olabilen bu partikiiller insan viicuduna solunum
yoluyla girerek gesitli solunum yolu rahatsizliklarina sebep olmaktadir. Boyutlariyaklasik 100 nm olan
virlis gibi ¢ok kiiglik canlilarin etkisinden korunmak icin havanin etkin bir sekilde filtrelenmesi
gerekmektedir. Sadece insan saglig icin degil, yasantimizin her alaninda 0rnegin elektronik cihazlar,
otomobil kaportalarinin boyanmasi, mercek kaplamasi, yiiksek derecede duyarli sensorlerin
gelistirilmesi gibi cesitli alanlarda iiriinii toz taneciklerinden korumakve {iiriin kalitesini yiikseltmek igin
etkin hava filtreleri kullanilmaktadir. Giiniimiizde etkin bir filtrasyon i¢cin HEPA (High Efficiency
Particulate Air-Yiiksek Etkinlikli Hava Filtresi) kullanilmaktadir.

Hassas filtreler yirminci yilizyilin ortalarindan yiizyilin sonuna kadar cam mikrofiberlerden elde
edilmekteydi. Yirmi birinci yiizyilin basinda nanoteknolojinin hizla gelismeye baslamasiyla
mikrofiberlerin yerini daha kiiciik fiberler almistir. Nanofiberlerin boyutlarinin kiigiik olmasi, daha etkin
bir filtreme yapmasini beraberinde getirmektedir. Nanofiber iiretiminde hizli, tekrarlanabilir ve kiitlesel
iretime uygun oldugundan genellikle elektro-egirme yontemi kullanilmaktadir. Elektro-egirme
yontemi, nispeten daha az enerjiyle, daha az maddeyle ve ¢ok farkli polimerle nanofiber iiretimine izin
vermektedir. Cok cesitli polimerlerden tiretilmesi fiberlere dolayisiyla filtreye istenilen ozelliklerin
verilmesine imkan saglar. Ornegin iletken nanofiber elde edilen polimerlerin kullanilmasiyla filtreye
diisiik bir akim verilerek havadaki pozitif partikiiller kolayca yakalanabilmektedir.

Kataphinan (2004), elektro-egirme tarihinin 17. yiizyilla dayandigini, elektro-egirmenin William
Gilbert'in manyetizma tizerinde c¢alisirken tesadiifi bir sekilde elektro-magnetizmanin sivilar {izerinde
bir ¢ekim kuvveti dogurdugunu kesfetmesiyle ortaya ciktigini ifade etmistir. Kozanoglu (2006), 1934
yilinda Formhals'in elektrik alan kullanarak suni fiber {iretim sistemi tasarlayarak elektro-egirmeyle
ilgili ilk patenti aldigini, Taylor'un 1960’l1 yillarda elektriklenmis sivilarla ilgili temel teorik prensipleri
acgikladigini ifade etmistir. Taylor tarafindan gelistirilen bu teoride, bir elektrik alan i¢indeki damladan
ince fiberlerin olusmasi, elektriksel kuvvetler tarafindan yiiklenen sivi yiizeyindeki maksimum
kararsizliktan dolay1 meydana geldigini belirtmistir.

Ramaknishna ve dig., (2005) ve Jayaraman ve dig. (2004), nanofiber {iretim yontemlerini
arastirmiglardir. Zahmetli ve yavas bir metod olan elyaf ¢ekme yonteminde, mikroskop altinda bir ince
cubuk, damla haldeki polimer ¢dzeltisinin i¢ine daldirilarak yavasca ¢ekerek uzun ve tek bir nanofiber
elde etmiglerdir (Ramaknishna ve dig., 2005). Feng ve dig., (2002), farkl: bir fiber iiretim sekli olan kalip
sentezi metodunda, polimer ¢ozeltisini nanogdzenekli bir membrandan gegirerek tiretmislerdir. Bunun
igin polimer ¢Ozeltisi bir siv1 ile (6rnegin su) sikistirilarak nanomembran iginden gegcirilmis ve katilasma
cozeltisi ad1 verilen bir soliisyon icinde nanofiber iiretilmistir (Ustiindag, 2009). Ramaknishna ve dig.,
(2005), elektro-egirme sisteminin basitge, polimer soliisyonunu tutan bir pipet, iki elektrot (kilcal boru ve
toplayici) ve DC (Direct Current-Dogru Akim) yiiksek voltaj gilic kaynagindan (kV diizeyinde)
olustugunu ifade etmislerdir. Pipetin ucunda bulunan kilcal boru ucundaki polimer damlasinin yiiksek
voltaj yardimiyla cekilerek fiber olustugunu belirtmislerdir. Elektrikle yiiklenen polimer jetinin
biikiilmesinden dolayi, jetin bir¢ok parcaya ayrildigini ve boylece ¢ok kiigiik fiberler olusturdugunu,
olusan fiber aglarinin toplayici ad1 verilen topraklanmis elektrotta y1gilacagini belirtmislerdir. Huang ve
dig., (2003), elektro-egirme yontemiyle 3 nm-1pum arasinda siirekli nanofiberin farkli polimerlerle elde
edilebildigini ifade etmislerdir.

Kozanoglu (2006) ve Andray (2008) elektro-egirme prosesinin modellenmesi ile ilgili calismalarda
bulunmuslardir. Andray (2008), elektro-egirmenin ilk asamasi olan polimer damlaciginin maruz kaldig:
kuvvetleri agiklamistir. Buna gore iletken polimer ¢ozeltisinin veya eriyigin kilcal bir boruya diisiik
hizda geldigini, boru ucunda olusan damlacigaytiizey gerilimi ve yer ¢ekimi kuvvetinin tesir ettigini
ifade etmistir. Kozanoglu (2006), elektro-egirme prosesinin ikinci asamasinda olusan Taylor konisini
tanimlayarak damlacik halindeki polimer ¢ozeltisine elektriksel bir gerilim uygulandiginda, kritik bir
degerde damlacigin yari kiiresel formdan ucunun sivrilerek genis bir koni haline gectigini belirtmistir.
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Huang ve dig., (2003) elektrik alan i¢indeki viskoz sivinin 49.3° konik formda iken yiizey gerilimi ve
elektrostatik kuvvetlerin dengede oldugunu ifade etmistir. Andray (2008), Taylor acismin polimer
besleme hizi ve ¢ozelti ozelligine bagh olarak degisebilecegini belirtmistir. Kozanoglu (2006), ti¢tincii
asama olan polimer jeti olusumundakritik bir gerilimininhemen iistiindeki bir degerde koni ucundan
polimer jetinin fiskirmasiyla elektro-egirmenin baslayacagini ifade etmistir. Andray (2008), kararl
bolgede polimer jeti hizinin arttigini ve dogrusal bir yol izledigini belirtmistir. Bu sirada jet igindeki
¢Oziicliniin buharlagmasiyla polimer jeti inceldigini ve jet hizinin bu nedenle arttigimi belirtmistir.
Kozanoglu (2006) jet hiz1 kritik bir degere ulastiginda jetin kararsiz bolgeye girdigini belirtmis ve bu
sirada jet ylizeyindeki merkezkag¢ kuvvetinin jeti ittigini soylemistir. Jetin, toplayict adi verilen pozitif
kutbunayaklasmasiyla merkezka¢ kuvvetin ve toplayicidaki ¢ekim kuvvetinin jette kopmalar meydana
getirdigini ifade etmistir. Kozanoglu (2006) ve Andray (2008) jetin bu kararli bolgeden sonra kararsiz
bolgeye girmesiyle olusan kuvvetlerden bahsetmislerdir. Bu kuvvetlerin yercekimi kuvveti, elektrostatik
¢ekim kuvveti, coloumb itme kuvveti, jetin uzamasina ve ilerlemesine kars: yonde etki eden viskoelastik
kuvvetler, jetin ¢ekilmesine aksi yonde etki eden yiizey gerilim kuvveti ve hava ile siirtiinme kuvveti
oldugunu belirtmislerdir. Andray (2008), son asama olan katilasma prosesinde, toplayiciya ulasan
polimer jetindeki ¢oziicliniin buharlasmasiyla katilasma meydana gelecegini ve sonugta nanofiber
olusacagin belirtmistir.

Ko (2004) ve Dasdemir (2006) nanofiberlerin 6zelliklerini incelemislerdir. Ko (2004), fiber ¢apinin
ylizey alanina gore degisimini irdeleyerek 5 nm capindaki nanofiberlerin 1000 m?/g yiizey alanina sahip
oldugunu, 1000 nm ¢apindaki fiberlerin 10 m?/g ylizey alanina sahip oldugunu belirtmistir. Dasdemir
(2006), nanofiberlerin mukavemetinin ¢ok yiiksek oldugunu ifade etmistir. Bunun nedenini,
nanofiberlerin yiiksek kristallige (bosluksuz, yabanci atomsuz olmasi) sahip olmasi ile agiklamistir.

Graham ve dig., (2002) ve Ustiindag (2009) nanofiber kullanim alanlari iizerinde aragtirmalar
yapmuslardir. Graham ve dig., (2002), hava filtreleri olarak kullanilan nanofiberlerle ilgili arastirmalarda
bulunmustur. Buna gore ayni basing degerinde 1 um’dan kiigiik fiberlerin partikiilleri daha verimli
yakaladigini, fiber ¢apinin kiiglilmesiyle yakalanan partikiil boyutunun kiiciilecegini, partikiil yakalama
veriminin artacagini tespit etmislerdir.

Ramakrishna ve dig., (2005), Ustiindag ve Karaca (2009), Deitzel ve dig., (2001) ile Kozanoglu (2006)
elektro-egirme deney parametreleri ile caligmalarda bulunmuslardir. Ramakrishna ve dig., (2005), ¢ozelti
parametrelerinden molekiil agirhgimin ve viskozitenin yiiksek oldugu ¢ozeltilerin jet siirekliliginin iyi
derecede oldugunu, fakat yiiksek viskozitenin de, polimer pompalamasini zorlastiracagindan belli bir
sinir1  oldugunu ifade etmistir. Kozanoglu (2006) konsantrasyon artisiyla boncuk olusumunun
azalacagini ifade etmistir. Ramakrishna ve dig., (2005), yiiksek viskoziteli ¢Ozeltiyle nanofiberlerin
kiiciitk bir alanda toplanacagi, bdylece biiyiik capli nanofiberlerin olusacagini belirtmistir. Ayrica
diizgiin nanofiber iiretimi igin etanol veya yiizey aktif madde ilave edilmesi gerektigini ifade etmistir.
Elektro-egirme icin mutlaka ¢6zeltinin iletken olmasi gerektigini, iletkenligin ya ¢ozeltiye iyon ilavesiyle
veya elektrik alanin arttirilmasiyla miimkiin olabilecegini, iyi bir iletkenlik ile diizgiin ve kiigiik
nanofiberler iiretilebilecegini sdylemistir. Ustiindag ve Karaca (2009), cok fazla iletkenlik ile liile
ucundaki damlacigi muhafaza etmenin zor oldugunu belirtmistir. Ramakrishna (2005) ¢oziiciiniin
dielektrik 6zelliginin yiiksek olmasinin boncuk olusumu ve kiiciik fiber iiretiminde faydali olacagini,
¢ozeltinin dielektrik 6zelligini arttirmak i¢cin DMF (dimetilformamit) gibi ¢oziiciiler ilave edilebilecegini
ifade etmistir. Diger yandan diisiik konsantrasyonla fiber ¢apinin azaldigini ifade etmistir. Andray
(2008) jetin katilasma siirecinde ¢ozeltinin ucuculugunun fiber elde etmede Snemli bir rol oynadigini
yiiksek ugucu ¢ozeltiler ile ¢ok kiigiik ¢apli fiberlerin {iiretilebilecegini belirtmistir. Deitzel ve dig., (2001)
calismalarinda ¢ok yiiksek voltajda polimer jetinin kararsizliginin artarak boncuklu bir yap1 olustugunu
gozlemislerdir. Ramakrishna ve dig., (2005), polimer besleme debisinin artisi ile fiber ¢apinin bir degere
kadar arttigini ifade etmislerdir. Deitzel ve dig., (2001), ile Ramakrishna ve dig., (2005), besleme hizinin
yiiksek olmasi ile ¢dziiciiniin yeterince buharlasamayacagindan boncuk olustugunu belirtmislerdir.
Demir ve dig., (2002), poliiiretan ile yaptiklari deneylerde yiiksek ¢ozelti sicakliginda elde edilen
fiberlerin daha iiniform dagildigini gozlemislerdir. Ramakrishna ve dig., (2005) liille capmin dar
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olmasinin kii¢iik nanofiber iiretiminde faydali olacagini sdylemistir. Ramakrishna ve dig., (2005) ve
Kozanoglu (2006) liile ile toplayic1 arasindaki mesafenin azalmasiyla biiyiik, artmasiyla kiiclik caph
nanofiber olustugunu ifade etmistir.

Hutten (2007) hava filtrasyonunda kullanilan kegelerin iiretim metotlarini incelemistir.Bu metotlarin
ergitme iifleme, spunbond, 1slak yatirma ve elektro-egirme yontemi oldugunu ifade etmistir. Bu
metotlardan en biiyiik fiberin spunbond y&ntemi ile en kiigiik fiberin ise elektro-egirme yontemiyle elde
edilecegini belirtmistir. Ayrica elektro-egirme haricindeki tiim iiretim yontemlerinde 1 pm fiber capinin
altina inilmesinin pek miimkiin olmadigini ifade etmistir. Siipiiren ve dig., (2007), spunbond
yontemininergitme iifleme (meltblown) yontemi ile teknik olarak ¢ok benzedigini aralarindaki farkin,
fiberleri inceltmek igin kullanilan havanin hacmi ve sicakligi oldugunu ifade etmistir. Ergitme-iifleme
metodunda fiberlerin gerdirilmesi icin yiiksek miktarda hava kullanildigini, spunbond yonteminde ise
polimer soguyup katilastiginda germe islemi yapildigim1i bu sebeple f{iretilen fiberlerin daha
kalintabakal1 oldugunu (spunbond 15-40um, ergitme tifleme 2-10pum) bildirmistir.

Bu calismada nanofiber tabaka elde etmek igin elektro-egirme yontemi kullanilmistir. Elektro-
egirme, uzun ve siirekli nanofiber {iretilebilmesi ve prosesin tekrarlanabilirligi nedeniyle tercih
edilmistir. Elektro-egirme yontemiyle nanofiber tabaka olusturulmas: igingdzenekli yapidakiseliiloz,
ylizey tilii (cam yiinii), metal slizgeg, karbon mikrofiber kece gibi farkli malzemeler kullanilarak
deneyler yapilmis ve sonugtakolay nanofiber kaplanabilmesi ve rijit olmas1 nedeniyle spunbond mikro
fiber filtrelerin iizerine kaplanan nanofiber tabakanin hava filtresi olarak kullanilabilecegi tespit
edilmistir. Elektro-egirme deneyi farkli debi, mesafe ve elektrik gerilimde termoplastik poliiiretan-
dimetilformamit polimer ¢ozeltisi kullanilarak yapilmis ve deney parametrelerinin nanofiber ¢apini ve
ag morfolojisini nasil etkiledigi incelenmistir.

DENEYSEL CALISMALAR (EXPERIMENTAL STUDIES)
Nanofiber Tabaka Uretiminde Kullanilan Malzemeler (Nanofiber Layer Used Production Materials)

Nanofiber tabaka esnek ve ince oldugundan bir altlik {izerine kaplanmasi gerekir. Altlik, nanofiber
tabakanin rijit bir sekilde durmasin saglayarak ona mekanik destek saglar. Mikrofiber filtreler, ucuz,
kolay tedarik edilebilmesi ve mikro boyuttaki partikiilleri tutmasi nedeniyle altlik olarak kullanilmistir.
Altliklarin 6zellikleri Cizelge 1’de gosterilmistir. Burada agirlik, filtrenin birim alan basina agirligini; Qor
ise ortalama fiber gapim ifade etmektedir.Filtre smnifi ise filtrenin partikiil yakalama etkinliginin bir
gostergesi olup G1-G4 biiyiik partikiillerin yakalanmasinda kullanilmaktadir. G4 simfi bir filtre G2 ‘ye
gore daha etkin partikiil yakalar.

Cizelge 1. Altlik malzemeleri ve 6zellikleri
Table 1. Substrates materials and properties

Numune no Filtre ismi Agulik Filtre sinifi Qort(um)
(g/m?)
1,2,3,4 PET spunbond 85 G4 20
5 PP Monofilament 25 G2 60

Cizelge 1’"de PET Spunbond mikro fiber filtre, ergimis haldeki PET polimerin, bir ekstriider
vasitasiyla ince delikleri olan bir kaliptan ¢ikarak donme hareketi yapan bir tambur veya bant iizerine
diisiiriilmesi ile elde edilir. Fiber ¢aplarinin kiigiilmesinde, kaliba gonderilen sicak ve hizli havanin etkisi
biiyiiktiir. PP Monofilamentmikrofiber filtre, PP polimerinin ergitilerek spunbond filtre gibi bir
ekstriiderden ¢ikarak fiber haline getirilmesi ve ardindan fiberlerin dokunmasi ile elde edilir.

Elektro-egirme isleminde polimer olarak polyester bazli TPU kullanilmistir. Inovenso firmasindan
tedarik edilen Elastollan 1085 A53 ticari isimli termoplastik poliiiretanin teknik ozellikleri Cizelge 2’de
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gosterilmistir. TPU polimeri kolayca tedarik edilmesi, basitce ¢ozeltisinin hazirlanmasi, elektro-
egrilebilmesi ve zehirli olmamasi nedeniyle tercih edilmistir (Dasdemir, 2006). Elastollan® -40 ile 120 °C
arasinda boyut kararliigina sahiptir. Yaglara, yakitlara, UV 1sinlarina ve hidrolize dayanikli, yiiksek
asinma direncine, yiiksek uzama miktarina, mukavemete ve yirtilma direncine sahiptir (Anonim, 2012a).
TPU'yu ¢6zmek igin dimetilformamit DMF kullanilmistir. Bu c¢alismada, MERCK firmasimnin
trettigi %99.8’den daha saf olan DMF kullanilmis olup teknik oOzellikleri Cizelge 2’de sunulmustur
(Anonim, 2012b).

Cizelge 2. TPU grandiilleri ve DMF soliisyonu 6zellikleri
Table 2. TPU granules and DMF solution properties

Agiklama TPU graniil 6zellikleri DMF solventinin
Goriiniis (20°C, 101.3kPa) Saydam olmayan grantil Renksiz sivi
Erime noktasi sicaklig (°C) | 170 -61
Kaynama noktasi sicakligt Kaynamaz, yanar 153
Yogunluk (kg/m?) 1150 940
Zehirlilik durumu Zehirli degil Zehirli

Elektro-egirme Yontemiyle Nanofiber Tabaka Uretimi (Nanofiber Layer Production by Electro-Spinning
Method)

Elektro-egirme deney cihazi,Inovenso marka NE 300 modeldir (Sekil 1). Deney cihazi baslica iig
boliimden olusmaktadir. Bunlar: Polimer soliisyonu besleme sistemi, yiiksek voltaj gii¢ kaynagi ve
silindirik toplayicidir. Polimer besleme tinitesi, polimer ¢6zeltisini ayarlanan debide liilelere gondermek;
yliksek voltaj kaynagy, liile ile silindirik toplayiciya yiiksek gerilim uygulayarak polimer ¢ozeltisinin
egrilmesini saglamak; silindirik toplayici ise iizerine sarilan althigin ylizeyinde homojen yapida
nanofiber tabakasi kaplamak amaciyla kullanilmistir.

Sekil 1. Elektro-egirme cihazi
Figure 1. Electro-spinning device

Elektro-egirme cihazinda, yukari dogru spinleme yapacak sekilde, i¢ cap1 0.8mm olan on iki liile
yerlestirilmistir. Nanofiberlerin toplanacagi kolektor paslanmaz gelik malzemeli, silindirik tambur olup
¢apt 120mm, boyu 200mm’dir. Cihazin, elektro-egirme mesafesi 50-300mm, uygulayabilecegi voltaj
5-40kV ve polimer besleme debisi 0-1000 mL/h aralinda degismektedir (Cizelge3).
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Cizelge3. Elektro-egirme deney cihazi teknik 6zellikleri
Table 3. Electro-spinning test equipment properties

Ozellik Agklama
Elektro-egirme tipi Asagidan yukariya
Elektro egirme mesafe | 50-300mm
Toplayia tipi Tambur

Toplayic1 boyutu Cap: 120mm, Boy:
Toplayic1 malzemesi Paslanmaz ¢elik
Liile sayis1, malzemesi | 12 adet, piring
Liile i¢ ¢ap1 0.8 mm

Voltaj aralig: 5-40 kV, 1 mA
Besleme pompasi 0-1000 mL/h

Nanofiber tabakanin kaplandig; altliklar, 380x200 mm ebatlarda mikrofiltrelerden kesilmistir. Altlik
olarak dort tane 85 g/m? PET spunbond mikrofiber filtre ile bir adet 25 g/m? PP mono filament
mikrofiber filtre hazirlanmistir. Altliklar tek tek tartilarak agirliklar: not edilmistir (Cizelge 4). Elektro-
egirme deneyi icin, agirlikca %15 polimer konsantrasyona sahip, 50g agirliginda TPU polimer ¢ozeltisi
hazirlanmistir. Bunun igin, 42.5g DMF ¢oziiciisii 1siticili manyetik karistiricida 110°C’ye kadar 1sitilmstir.
7.5g TPU graniilii, 1siilan DMF'nin igine yavasca dokiilerek TPU graniillerinin tamamen erimesi
beklenmistir. TPU graniilleri eridikten sonra 50mg (agirlik¢a % 0,1) sodyum kloriir, solusyonun
elektriksel iletkenligini ve solusyon jetinin ylizey yiik yogunlugunu artirmak icinilave edilerek 1siticili
manyetik karistiricida bir saat boyunca karistirilmistir. Daha sonra ¢ozelti, oda sicakliginda tistii kapal
bir sekilde sogumaya birakilmistir. TPU ¢6zeltisi hazirlandiktan sonra bir giin bekletilmistir.

Elektro-egirme isleminin deney parametreleri Cizelge 4'de sunulmustur. Buna gore, althk agirligi
380x200 mm ebatlardaki mikrofiltrelerin agirligini, konsantrasyon ytizdesi TPU’'nun agirlik¢a oranini, 3
polimer besleme debisini, 1 toplayici ile kilcal boru arasindaki mesafeyi, C uygulanan voltaji, t. deney
siiresini ifade etmektedir.

Cizelge 4. Elektro-egirme metodunun deney parametreleri
Table 4. The experimental parameters of electro-spinning method

Numune Althik Lo
no malzemesi Altlik agirligi (g) P (mL/h) 1(m) C(kV) te(dak.)
1 PET Spunbond 6.47 3.0 0.21 28 4.8
2 PET Spunbond 6.52 2.8 0.23 32 6.6
3 PET Spunbond 6.51 24 0.19 28 7.2
4 PET Spunbond 6.45 2.1 0.21 28 7.8
5 PPMonofilament 1.85 2.5 0.21 28 7.2

Uclincii numunenin nanofiber kaplanmasi igin, 380x200 mm ebatlarinda ve 6.51g olan PET
spunbond filtre altlik, silindirik tamburun {iizerine sarilarak izole bant ile yapistirilmistir. Daha 6nce
hazirlanan ¢6zeltinin bir kismi, 50mL'lik bir behere bosaltilarak 25mL’lik siringaya cekilmistir. Siringa
iginde havasi alinan ¢ozelti elektro-egirme deney cihazindaki dozaj pompasina konmustur. Bu siringaya
polietilen hortum takilmistir. Hortumun diger ucu liilelere bagli boruya takilarak silindirik toplayici ile
lille arasindaki mesafe 19cm olacak sekilde ayarlanmistir. Dozaj pompasi, 28.8mL/h debiye ayarlanarak
calistirilmis, boylece ¢ozelti liilelere gonderilmistir. Deneye baslamadan once liilelerin agzindaki ¢ozelti
silinerek temizlenmistir. Deney cihaz kapagi kapatilarak silindirik tambur calistirilmistir. Polimer
¢Ozeltisinin liile ucunda toplanmasi beklenmistir. Polimer ¢ozeltisi toplanmaya basladig1 anda elektro-
egirme cihazinin gili¢ kaynag calistirilmistir. 10kV ile baslayan gerilme yetersiz geldiginden Taylor
konisi gozlenmemistir. Manuel olarak ytikseltilen gerilim, 27kV’a ulagtiginda Taylor konisi olugsmaya



Elektro-Egirme Yontemiyle Nanofiber Tabakali Hava Filtresi Uretimi Ve Karakterizasyonu 277

baslamis 29kV’da ise egirme baslamistir. Bu sirada kronometre ¢alistirilmis ve yaklasik 6 dakika sonra
deney cihazi durdurulmustur. Alti dakikalik siire, dozaj pompasmin saatteki debisi ve polimer
¢Ozeltisinin yogunlugundan yola gikilarak hesaplanmistir. Alt1 dakika sonunda, filtre numunesi hassas
terazide tartilmis ve 6.68g agirliga sahip oldugu tespit edilmistir. Nanofiber tabaka agirligi 0.17g
oldugundan numune, silindirik toplayiciya baglanmis ve elektro-egirme islemi tekrarlanmistir. Yaklasik
2 dakika sonunda filtre numunesi tartilmis ve 6.74g agirliga sahip oldugu (altligin nanofiber tabaka
agirhign 0.23g) tespit edilmistir. Diger dort altlik de benzer prosesler uygulanarak nanofiber filtre
tabakalar iretilmistir.

SONUCLAR VE TARTISMA (RESULTS AND DISCUSSION)

PAN, PVA, PA6 polimer ¢ozeltilerinde kesintili jet olusmasi nedeniyle yapilan calismalar yarida
kesilmistir. Diiz plakali ve tek liileli elektro-egirme deney cihazi ile homojen nanofiber
iiretilemediginden kullanilmamistir. Yiizey tiiliiniin ve karbon mikrofiber kegeninyeterince rijit
olmamasi nedeniyle; metal 1zgara ise biiyiik gdzenekli oldugundan altlik olarak kullanilmamustir.

Elektro-egirme ile nanofibertabaka kaplanan filtrelerin SEM analizi yapilmistir. Bunun igin,
nanofiberler 5nm kalinhiginda altin nanopartikiil kaplanmis ve SEM goriintiileri alinmigtir. SEM
gortintiileri kullanilarak filtre morfolojisi ile fiber ¢aplar1 tespit edilmistir (Sekil 2). Sekil 2’de
nanofibertabaka ve {izerindeki nanopartikiiller goriilmektedir.

Nanopartikul\/ P

.3&‘
-

EHT = 20 00 kv Signal A = SE1 Mag = 2000 K X
wWD=11.6mm | Prone= 20 pA

:
»

=
.

@E
&
f

Sekil 2. 3 g/m? agirlikta nanofiber tabakali filtredeki (3. numune)

nanofiberlerin boyutlar:
Figure 2. 3 g/m? weight nanofiber layer filter (3. samples) nanofiber dimension

SEM analizi sonucu elde edilen goriintiiler kullanilarak bes nanofiltre ve H13 simifi HEPA filtre
numunesinde 50 farkli fiber 6l¢tilmiistiir. Daha sonra fiber Gl¢tilerinin aritmetik ortalamasi alinarak fiber
caplar1 hesaplanmistir (Cizelge 5). Cizelgede @minnanofiltrede en kiiciik fiber ¢capini, Omaxen bityiik fiber
capini, Dorrortalama fiber ¢apini ifade etmektedir. Buna gore, elektro-egirme ile {iretilen nanofiberlerin
40-470nm arasinda oldugu belirlenmistir. Standart sapma ise 25-92 nm arasindadir (Cizelge 5).
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Cizelge 5. PET Spunbond altlik iizerine kaplanan nanofiberlerin boyutlar:
Table 5. Nanofibers dimensions Which is coated on to the PET spunbond substrates

Numune Filtre ismi NanofiberTabaka Omin Oort Omax  Standart
No Agirligi (g/m?) (nm) (nm) (nm) Sapma
1 Nanofiber tabaka 2 67 200 470 92
2 Nanofiber tabaka 25 83 193 321 56
3 Nanofiber tabaka 3 40 98 178 36
4 Nanofiber tabaka 3.2 42 77 169 25
5 Nanofiber tabaka * 4 73 137 279 38

* PP Monofilament altlik tizerine kaplanmustir.

Elektro-egirme ile nanofiber {iretiminde literatiirle ortiisen sonuglara ulagilmistir. Nitekim Zhang ve
dig., (2009)nun PAG6 ile ayni polimer besleme debisi ve elektriksel gerilimle yaptiklar1 ¢alismada 10
pl/dak.’da 82nm ortalama nanofiber ¢ap:r ve 50ul/dak.’da 97 nm ortalama nanofiber boyutu elde
etmislerdir. Diisiik polimer besleme debisi ile daha ince ve homojen nanofiberlerin elde edildigini, artan
debiyle polimer jetinin kararsiz hale gelmesinden dolay1 biiyiik nanofiberlerin elde edildigini ifade
etmislerdir. Ayrica yliksek elektriksel gerilim ve yiliksek polimer besleme debisinin ayni anda
uygulanmastyla polimer jetinin kararsiz hale geldigini bunun da boncuk olusumunu arttirdigini ve
nanofiber cap dagilimini genislettigini tespit etmislerdir. Yapilan bu ¢alismada da polimer besleme
debisinin artmastyla biiyiik capli nanofiberler elde edilmis olup ikinci numunede artan polimer besleme
debisi ve elektriksel gerilimin polimer jetini kararsiz hale getirerek iri nanofiberlerin olustugu tespit
edilmistir. Birinci ve ikinci numunede kararsiz polimer jetinin nanofiber ¢ap dagilimini genislettigi
standart sapma degerinin artmasindan anlasilmistir (Cizelge 5).

Elektro-egirme deney parametreleri Cizelge 6’da sunulmustur. Burada 3 polimer besleme debisini,
lille-toplayic1 arasindaki mesafeyi, C uygulanan elektrik gerilimini ve Jortortalamananofiber ¢apini ifade
etmektedir. Buna gore en ince nanofiberlerin en diisiitk polimer besleme debisiyle iiretilen dordiincii
numunede, en kalin nanofiberlerin ise en biiyiik polimer besleme debisine sahip birinci numunede
oldugu SEM analiziyle tespit edilmistir. Polimer besleme debisiyle nanofiber ¢apimin orantili oldugu
goriilmiistiir. Bunun sebebi,nanofiber tiretimindeki polimer konsantrasyonun sabit, elektriksel gerilim
ile elektro-egirme mesafesinin ayni veya orantili olmasidir.

Cizelge 6. PET Spunbond altliga kaplanan nanofiber tabaka {iretimindeki elektro-egirme deney

parametreleri ve elde edilen ortalama nanofiber ¢ap1
Table 6. PET Spunbond substrate coated with the electro-spinning production of nanofiber layer experimental parameters
and the obtained average nanofiber diameter

Numune Filtre ismi Nanofiber tabaka B 1 C Oort
No Agirlig (g/m?) (mL/h)  (cm) (kV) (nm)
1 Nanofiber tabaka 2 3 21 28 200
2 Nanofiber tabaka 25 2.8 23 32 193
3 Nanofiber tabaka 3 2.4 19 28 98
4 Nanofiber tabaka 3.2 2.1 21 28 77
5 Nanofiber tabaka * 4 2.5 21 28 137

* PP Monofilament altlik {izerine kaplanmustir.
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Dordiincii numune ile {iglincii numune ayni konsantrasyon ve elektriksel gerilmede farkli polimer
besleme debisi ve elektro-egirme mesafesinde iiretilmistir. Uclincii numune {iretiminde, dordiincii
numuneye gore elektro-egirme mesafesi 2cm azalmis, polimer besleme debisi 0.3mL/h artmugtir.
Mesafenin azalmasi elektriksel ¢ekim giliciinii arttirmis fakat artan debi jeti kararsiz hale getirdiginden
tiglincli numunede dordiincii numuneye gore daha biiyiitk boyutta nanofiberler olusmustur. Ayrica
mesafenin azalmasi ve polimer besleme debisinin artmasiyla jet kisa siirede toplayiciya ulagmustir. Bu
nedenle yeterince kurumamuis fiberler toplayicida yapismistir. Ikinci numune, dérdiincii numuneye
gore, yliksek elektriksel gerilme, polimer besleme debisi ve elektro-egirme mesafesinde iiretilmistir.
Ikinci numunede yiiksek elektriksel gerilmeden ve artan polimer debisinden dolay1 jet kararsiz hale
gelmis ve dordiincii numuneden daha biiyiik nanofiberler {iretilmistir. Bu ¢alismamizda, artan polimer
debisi ile elektriksel gerilimin jet kararsizhigimin arttigr Sekil 3 ve Sekil 4.a’daki SEM goriintiileri
incelenerek goriilebilir. Buna gore Sekil 3’de bulunan dordiincii nanofiber tabakadaki boncuklu yapinin
az olmasi ve standart sapmasimin diisiik olmasi polimer jetinin kararli oldugunu, S$ekil 4a’daki ikinci
nanofiber tabakada biiyiik miktardaki boncuklu yapilar jetin kararsiz oldugunu gostermektedir. Diger
yandan tiglincii numune {iiretimindeki polimer besleme debisi ve elektriksel gerilimin ikinci nanofiber
tabaka iiretimindekinden daha diisiik olmasindan kararli bir yap: olusmustur (Sekil 4a,b). Nitekim
Ramakrishna ve dig., (2005)in yaptiklar1 degerlendirmede, elektriksel gerilimin yiiksek olmasi
¢ozeltinin hizlanmasina boylece daha ince ve boncuksuz fiber {iiretilmesine olanak sagladigini, fakat
polimer besleme debisinin artmasi ile bunun tam tersi etki olusturdugunu ifade etmislerdir.

EHT =20.00 kV Signal A= SE1 Mag= 1.00 KX
WD =115mm | Probe = 20 pA

Sekil 3. Dordiincii nanofiber filtrenin (3,2 g/m?) morfolojisi ve yakaladigi CaCOs nanopartikiiller
Figure 3. Morphology of fourth nanofiber filter ((3,2 g/m? and captured CaCOs nanoparticles

Dordiincii numune ile birinci ve besinci numune ayni konsantrasyonda, mesafede ve elektriksel
gerilimde iiretilmesine ragmen, dordiincii numunenin polimer besleme debisinin her iki numuneden
diisiik olmasi1 daha kiigiik boyutta nanofiberleri beraberinde getirmistir.

(Ramaknishna, 2005) yaptiklar1 calismada mesafenin artmasinin polimer jetinin havada ucgus
stiresini arttirdigindan daha kiigiik ¢aph fiber olusacagini ifade etmislerdir. Fakat yiiksek miktarda
gerilim ile jetin kararsiz hale gelecegini ve bu nedenle boncuk olusumunda bir artis goriilebilecegini
belirtmislerdir. Benzer sekilde ¢alismamizda ikinci numunede biiyiik ve ¢ok sayida boncuklu yapi
olusmustur (Sekil 4a). Tkinci numune iiretimindeki deney parametrelerinden polimer besleme debisi,
lille-toplayici arasindaki mesafe ve uygulanan gerilim {i¢lincii numuneye gore artmaistir.



280 K. DINCER, G.ONAL, A. AKDEMIR, M.SELBES

. T > ;
EHT = 20.00 kV Signal A = SE1 Mag= 1.00 KX
WD =11.5mm | Probe = 20 pA =

(a)

?-,.".

EHT =20.00 kV Signal A= SE1 Mag= 1.00KX
WD =115mm | Probe = 20 pA

(b)

Sekil 4. Nanofiber tabakali filtrelerin morfolojisi ve yakalanan CaCOs nanopartikiiller,
(a) ikinci numune (2,5 g/m?), (b) ti¢lincli numune (3 g/m?)
Figure 4. Morphology of nanofiber layer filter and capture CaCOs nanoparticles
(a) second specimen (2,5 g/m?) (b) thirdth specimen (3 g/m?)

Ugiincii nanofiber tabaka iiretimindeki mesafenin kisa ve polimer besleme debisinin kiigiik olmast
nedeniyle ikinci numuneye gore daha ince nanofiberler elde edilmistir. Diger yandan ikinci numune
tretiminde elektriksel gerilimin yiiksek olmasi, ii¢lincli numuneye gore daha biiyiik boncuklari
beraberinde getirmistir (Sekil 4 a,b).

Birinci numune {iiretimindeki elektro-egirme deney parametrelerinden polimer besleme debisive
lille-toplayici arasindaki mesafe iiglincii numuneye gore artmistir. Birinci numunenin polimer besleme
debisinin fazla olmasi nedeniyle {i¢iincii numuneye gore daha biiyiik nanofiberler elde edilmistir.

Besinci numune {iiretimindeki deney parametrelerinden polimer besleme debisi birinci numuneye
gore azalmig, diger parametreler degismemistir. Polimer besleme debisinin azalmasi, birinci numuneye
gore daha kiiciik fiberlerin ve boncuklu yapinin olusmasina imkan vermistir (Sekil 5 a,b). Birinci
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numunenin polimer besleme debisinin besinci numuneye gore artmasiyla daha fazla miktarda ¢ozelti
toplayiciya giderek orada katilasmis ve nispetendaha biiyiik boncuklu yapilar olusmustur.

! o 3 o : PR 4 2 ;‘»‘_ " . 1 . )
EHT = 20,00 kV Signal A = SE1 Mag= 1.00KX S @
WD =11.5mm | Probe = 20 pA = \

(a)

EHT =20.00 kV Signal A = SE1 Mag = 1.00 K X
WD =12.0 mm | Probe = 20 pA

Sekil 5. Nanofiber tabakali filtrelerin morfolojisi ve yakalanan CaCOs nanopartikiiller,
(a) birinci numune (2 g/m?), (b) besinci numune (4 g/m?)
Figure 5. The morphology of the nonofiber layer filter and captured CaCOs nanoparticles,
(a) first specimen (2 g/m?) (b) fiftht specimen (4 g/m?)

Nanofiberlerden olusan nanofiltre iiretimi i¢in en uygun yontem elektro-egirmedir. TPU nanofiber,
spunbond ve monofilamentaltliklarin {izerine kolaylikla kaplanabilmistir. TPU nanofiber ile spunbond
altiklar uyumlu bir davrams sergilemis, nanofiber tabaka mikrofiltre yiizeyinden ayrilmadan
filtrelemeyi stirdiirm{igtiir.

Bu calismada, artan polimer debisi ve elektriksel gerilme ile jet kararsizliginin arttig1 goriilmiistiir.
Bu nedenle bilhassa yiiksek gerilme ile calisilmamalidir. Aksi takdirde yogun ve biiyiik boncuklu
nanofiber elde edilir. Diger bir elektro-e§irme deney parametresi olan polimer besleme debisinin
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artmastyla nanofiber c¢ap:i biiylimiistiir. Fakat polimer besleme debisinin kritik bir degerden sonra
artmast polimer jetini kararsiz hale getirmis ve boncuklanma miktar1 ve boncuk boyutlar1 artmistir.
Elektro-egirmede aymi polimer konsantrasyonunda f{iretilen nanofiber tabakalar1 olusturan
nanofiberlerin boyutlar1 birbirine yakin ise tabakalarin kalinli$1 aynidir. Birbirine yakin boyuttaki
nanofiberlerin tabaka agirlig1 arttikca tabaka kalinlig: artar, azaldikga, tabaka kalinligi azalir. Nanofiber
capi farkli olan tabakalarda boyle bir genelleme yapilamaz. Nanofiber tabaka kalinlig1 nanofiber ¢apina
ve tabaka agirligina baghdir.
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ABSTRACT: Pipelines are efficient ways of conveying huge amounts of refined petroleum products to
distant points. Different products are pumped successively, in the pipelines without a need of a
separator between them. Pipelines should be chosen very carefully based on the pumping sequences,
volumes to be conveyed, covering the constraints involved by cutting operational costs and focusing on
market demands. The real life problem considered in this study consists of a unidirectional pipe
distribution system used for pumping petroleum products between the sources and distribution centers.
Problem was stated as a Mixed Integer Linear Programming (MILP) model and solved by using GAMS
software thorough actual data. As a result of the study, an optimal pumping schedule for pipeline
operations at a certain period of time is achieved.

Key Words: Pipeline scheduling, GAMS, Mixed integer linear programming, Optimization

Karma Tamsayili Dogrusal Programlama Modeli Ile Bir Boru Hatt1 Cizelgeleme Probleminin
Coziimii

OZ: Boru hatlar1 biiyiik miktarlardaki rafine edilmis petrol iiriinlerinin uzak mesafelere tasinmasinda
ekonomik bir yoldur. Boru hatlarinda farkh {iriinler aralarinda herhangi bir ayirict olmadan arka arkaya
pompalanmaktadir. Pompaj hareketinin siras1i ve uzunlugu, boru hatti operasyonel maliyetlerini
azaltarak kisitlar1 karsilamak ve pazar taleplerine cevap vermek icin dikkatli bir sekilde secilmek
zorundadir. Bu ¢alismada ele alinan gercek hayat problemi, kaynak ve dagitim merkezleri arasinda
yakat tiirevlerinin pompalanmasinda kullarulan ve tek yonlii boru hattindan olusan bir dagitim sistemini
icermektedir. Problem mevcut veriler dogrultusunda Karma Tamsayili Dogrusal Programlama modeli
olarak ifade edilmis ve GAMS yazilimi ile ¢Oziilmiistiir. Calisma neticesinde belirli bir zaman
dilimindeki boru hatt1 operasyonlarini iceren optimal bir pompaj cizelgesi elde edilmistir.

Anahtar Kelimeler: Boru hatti cizelgeleme, GAMS, Karma tamsayili dogrusal programlama, Optimizasyon
INTRODUCTION
It is known that with the rapid globalization the world experiences, it has become a necessity that

the countries rich with natural resources are connected with the resource demanding centers through
various transporting means and especially through pipelines. This is so because, in comparison with
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other transporting means like land and sea transportation, the transportation through pipelines imposes
relatively higher investment costs, however, it is faster, safer and more economic to operate and it pays
back in short time.

Just as it is in many other countries, in our country importance has also been given to pipeline
transportation of natural resources. Due to its geographical location, Turkey acts as a bridge connecting
the Middle East, (where 67% of the world’s petroleum reserves are found) and Middle Asian countries
(where 40% of the world’s natural gas reserves exist) with Europe. It is for this reason that crude oil and
natural gases’ international transporting pipelines passing through Turkey are expected to increase
(Yilmaz, 2005).

Structural-wise, pipelines are classified into three categories. These are non-branched plain
pipelines, tree type branched pipelines and network type pipelines that allow the products to be
delivered through various delivering points (MirHassani, 2011).

In this study, pumping scheduling of an existing pipeline is explained. Such scheduling has been
generally, conducted based on experience, taking no account of the numerical evaluation of the
pumping sequence or volumes of the existing pipelines. Costs involved are not considered either. For
this reason, after collecting data on pipeline pumping, the MILP model as recommended by Cafaro and
Cerda in 2004 was taken as the basis for an optimum scheduling for this study (Cafaro and Cerda, 2004).

The other sections of the study are arranged as explained hereunder: Literature review of latest
studies conducted on pipeline scheduling is presented in the second section. The third section describes
the problem definition. The fourth section presents mathematical model used for the solution of the
problem and related data explained. In the fifth and last section of this study the results obtained are
explained.

LITERATURE REVIEW

Pipelines have been widely used over the past 40 years. Regardless of the higher investment costs
involved in setting up a pipeline transportation system, its operational costs are relatively lower than the
other means of transportation. As the price of the transported product depends on the transporting
expenses, it is important that the transporting process becomes worthwhile. That's why over the past 30
years’ focus has been on pipelines scheduling problems (Herran et al., 2012).

Pipeline scheduling for every pumping station is a sequential specification of parties to be injected
into the pipeline. The party is defined as a product in a certain quality and quantity. The parties are
pumped at certain flow rates. Then division is made throughout the pipeline to reach different delivery
points.

The main feature of pipeline transportation is the advancement of the parties through the pipes.
Every party pushes another party pumped previously and the process advances in this way. Among the
activities done periodically, is the preparation of an applicable likely schedule within a given time
interval in order to cover the demands. The target is to obtain sequences of different parties injected into
the line by fulfilling the constraints in order to cover the demands. Demands are the essential data in
pipeline scheduling. Due to the fact that a certain portion of mixing occurs during pumping of
successive parties, some party sequencing is not needed. When the costs incurred in refining these
parties in subsequent stages are taken into account, those sequences are completely prohibited. Other
aspects that require consideration when performing scheduling are as follows:

¢ The products should be delivered at a correct amount and time in order to fulfill the customer’s
demands.

* That the storage capacity of the system is limited.

* The pump stations can operate at the maximum and minimum flow rates of the pipeline set up.
* The pipelines operate together with other means bulky of transport. That is why their stock
levels and product demands should be considered.

*Service periods should be taken into consideration (Alvaro and Arreche, 2006).
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The most important function of the multi-product pipeline systems is to deliver the products to the
required points by minimizing transportation costs and other expenses. Product party can either be
injected into the line or discharged into a tank. The system either should fulfill operational constraints
such as product transfer, amount, minimum and maximum flow rates etc. Besides this, care should be
taken as prohibited product sequence may occur in the pipeline. The system should check the stock
levels in the tanks and meet customer’s product needs. The aim is to minimize operational, pumping
and transferring costs involved with the storage tanks and refinery. Before the end of the planning
period, the amount of product injections at the starting point, their sequence and timing should be
chosen correctly in order to meet the product demands at the terminals with minimum total expenses.
Pumping, reprocessing of the mix and stock expenses should be taken into consideration (MirHassani,
2011).

Pipeline scheduling aims at minimizing operational costs of the pipeline systems; improve the
knowledge given to the transporter about the product transfer, benefitting from the available advantages
in the time varying energy expenses for power consumption of the pumps (Cafaro and Cerda, 2004).

The works regarding this topic that have been published in recent years can be summarized into
two groups; the type of the pipeline systems (single line system and pipeline networks) and the
techniques used in the system (classic, heuristic or hybrid methods).

Sasikumar et al. established a pumping scheduling for products distribution by applying a single
source multi-delivery-point pipeline system. They recommended a data base heuristic search technique
for a solution. In this intuitional approach, they considered things like availability of the product,
meeting demands, stock constraints and other logical pipeline operational constraints (Sasikumar et al.,
1997).

Rejowski and Pinto, conducted a study where a petroleum refinery, multi-product pipeline and a
system formed of tanks associated with local consumer markets were considered. With the tanks, they
developed a wide calibrated (MILP) model for the system’s synchronized optimization. The model was
formed on the basis of convex-hull formulation (Rejowski and Pinto, 2002).

The tanks had to cover the local consumer’s market needs. The researchers used a discrete time
approach in their study. They recommended two different mathematical models for the same problem.
The first model consists of parties with equal volumetric capacities; whereas in the second model, this
assumption was neglected. Cafaro and Cerdd, recommended a steady state approach for transportation
of refined products from one refinery to several distribution terminals with a single pipeline. They also
recommended a steady state MILP formulation for optimal scheduling of multi products pipeline
systems. Neither did this formulation use a discrete time approach nor was the pipeline divided into
several parties for the same product. They demonstrated their approach on two real time applications
presented by Rejowski and Pinto (Rejowski and Pinto, 2003; Cafaro and Cerda, 2004).

In their study, Neiro and Pinto modeled crude oil supplying chains containing multi pipelines.
Nodes of these chains were suppliers that maintain the whole flow of the product, distribution centers
and refineries. They used the process to obtain a wide scaled Mixed Integer Non-Linear Programming
(MINLP) model that would represent a complex topology. They recommended a discretization
technique that would lessen calculation load for a solution. They also targeted to improve the
effectiveness of the MILP model presented by Rejowski and Pinto They added constraints to the original
MILP model that would minimize product disturbances in the pipeline. They then evaluated the model
in terms of its performance and quality of the solution (Rejowski and Pinto, 2003; Rejowski and Pinto,
2004; Neiro and Pinto, 2004).

Magatao et al., investigated a problem that contains short term scheduling activities of a certain
pipeline connecting a port to a refinery. Throughout the limited scheduling time, they formed pipeline
operations presenting low cost operational procedures with the encountered operational requisites
simultaneously. They established the main model based on the combined CLP-MILP approaches
(Magatao et al., 2005).
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Rejowski and Pinto, developed a hydraulic formulation for pipeline scheduling. In their MINLP
based study, they completed synchronous multi-product pipeline scheduling and hydraulic operations.
With this new MINLP approach, they obtained better objective function values and more exact results
than with the previous MILP approach presented by Rejowski and Pinto (Rejowski and Pinto, 2003;
Rejowski and Pinto, 2005).

In another study by Relvas et al., a decision support tool constructed on the basis of MILP model
was developed. They connected the pipeline operations with the distribution center control at the end of
the pipeline. The model is based on steady state principles in terms of time and quantity. They used
Standard branch-boundary techniques to obtain the solution. Their study was essentially based on the
work of Cafaro and Cerdd. They also recommended steady state MILP model (Cafaro and Cerda, 2004;
Relvas et al., 2006).

Maruyama et al., accomplished a simulation model for decision making scheduling activities of a
networks pipeline system. They used the proposed simulation model together with short term
scheduling optimization packages. They did this on the EXTEND software by making use of the
discrete event simulation model. Each event conveys information about flow rate, quantity, course and
type of every transferred product that characterize different parties (Maruyama et al., 2007).

Relvas et al., focused on time and quantity MILP model in order to complete multi product pipeline
operations. This model not only defined the first scheduling but also considered the dynamic nature of
the operations on the rescheduling (Relvas et al., 2007).

Cafaro and Cerd4, presented a steady time MILP structure for dynamic scheduling of pipelines on a
planning period. The redirected deliveries and time dependent product demands on the distribution
terminals were supposed to upgrade the pipeline operations continuously. Initially, work was
conducted on multi-functional scheduling of a unidirectional pipeline system with a single entry point
and a number of exit points amounting to the distribution terminals along the line (Cafaro and Cerd3,
2008).

Mirhassani and Ghorbanalizadeh, developed an integer programming formulation for pipeline
scheduling problems. The aim was to explain functions with the number of mixtures. They investigated
arrangement of minimum number of mixes with pumping schedules (Mirhassani and Ghorbanalizadeh,
2008).

In a study by Moura et al., the problem of scheduling all pumping operations in order to cover
market demands and store planned products was defined. Every pumping commencement and delivery
tanks, pipeline course, starting and finishing time, specific products and their quantities were defined by
specific details. The basic target beside proper usage of stock and production in order to cover all local
demands was to find a solution in terms of physical and operational constraints of the networks (Moura
et al., 2008).

Rejowski and Pinto, recommended a steady time based MINLP formulation for scheduling of multi-
product pipeline systems that were supposed to cover a diverse range of consumer markets (Rejowski
and Pinto, 2003). This MINLP formulation was based on MILP formulation proposed by Rejowski and
Pinto (Rejowski and Pinto, 2004). The hydraulic factors and pumping efficiency were taken into
consideration. The proposed study was compared with the study involving discrete time by Rejowski
and Pinto, and better results were obtained. Effects of number of time intervals that represent the
transfer operations were considered several establishments were tested for pushing stations (Rejowski
and Pinto, 2008).

Relvas et al., conducted a study focusing on developing a MILP model that defines fuel distribution
through a pipeline connecting a refinery to a tank ranch. In order to achieve fuel supply, they created an
interaction between the inner constraints on the tank ranch and the pipeline scheduling (Relvas et al.,
2008).

In another study by Relvas et al., the researchers worked on a system composed of a single pipeline
connecting a refinery to a distribution center. They found that it was necessary to define a suitable
product sequence so that they could develop the model performance. They also used an integrated
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intuitional algorithm in order to set some multi-purpose tank operational modes. Here, they presented a
scheduling decision whereby solution based mathematical modeling and simulation were used together
(Relvas et al., 2009).

Cafaro and Cerda developed a MILP formulation for a unidirectional pipeline network that allows
synchronized party injection at several terminals and multi-source operational planning. They
significantly decreased the total time necessary for distribution of the products in the stocks in order to
cover the demands by making proper use of the pipeline carrying capacities (Cafaro and Cerda, 2009).

By using a mathematical model that provides progresses under economic target functions, Relvas et
al., defined a multi-product pipeline scheduling and stock management at the terminals (Relvas et al.,
2009).

Cafaro et al., presented a discrete event simulation system developed on ARENA software for a
detailed schedule of a multi-product pipeline system which connects a single entry station to several
receiving terminals. They easily managed the pipeline operations with the proposed simulation
technique by combining it with optimization tools (Cafaro et al., 2010).

Cafaro and Cerdd, studied pipeline networks formed of one of the bidirectional stations having
multi-entry and multiple terminals. In these pipelines, various pumping operations can be carried out
simultaneously on different sources. They defined the MILP steady state formulation. The aim in this
problem was to accomplish the tank needs with minimum total expenses possible. Scheduling of the
pumping and delivery operations was executed at the same time. The results had shown that
synchronous party injections offer optimum usage of the pipeline transferring capacity and substantially
decrease the time necessary for covering the storage needs (Cafaro and Cerd4, 2010).

The study by Herran et al.,, recommended a new mathematical approach to be used in solving
problems of more complex multi-pipeline systems’ short term operational planning where the system
consists of connecting multi-product pipelines together. The researchers developed a MILP model. In
order to achieve an optimal plan, they minimize the criteria used such as pumping and start/stop
expenses, mixing losses and stock carrying costs. They also monitored the stock level throughout the
planning period so that they could keep the stock level on every node at allowable interval (Herran et
al., 2010).

An optimum structure that would help with decision making on multi-product pipeline scheduling
in operational activities was recommended in the study conducted by Neves et al. Discretization
technique was used in this study. The technique was developed in two different MILP models as lower
and main pipeline scheduling problems. In the MILP sequencing model (the main model), the
researchers defined the volume and pumping sequence of each party. By using these results in the
detailed MILP model (lower model), they could obtain the whole schedule (Neves et al., 2010).

Relvas et al., presented a MILP model formed of flexible storage tanks and that could be connected
with the other process models in the system. The main system in the publication was in a chemistry
institution or stock tank farmstead that could be located at a supplier chain point. To achieve this
system, scheduling of the storage activities on the tank farmstead was to be defined (Relvas et al., 2010).

In a published study by Cafaro et al., the researchers employed optimization and step function
simulation methods in order to achieve detailed scheduling of a single source pipeline system (Cafaro et
al., 2011).

Then, to solve this transferring problem, Herrdn et al. recommended a global finding meta-
intuitional algorithm (Herrén et al., 2012).

Mirhassani and Ghorbanalizadeh, defined a short term scheduling for distribution of petroleum
derivatives from a single refinery to several storage tanks through tree-shaped pipeline. They presented
a steady state MILP formulation for the tree-shaped pipelines (Mirhassani and Ghorbanalizadeh, 2011).
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PROBLEM DEFINITION

The problem consists of a distribution system where a one directional pipeline is used for pumping
fuel derivatives between a refinery and distribution centers. The aim is obtain a pipeline scheduling that
forms pipeline operations at certain suitable time intervals. For solution to the problem, the followings
were involved:

Number of tanks; setting up pipeline for refined petroleum products to be contained within gaps
between every tank and refinery, capacity and every tank is capable of containing the products
delivered, product demands on every distribution terminal at the end of scheduling period, party
sequencing along the pipeline and their initial quantities, initial product stocks, allowable
maximum/minimum product levels, maximum values of party pumping ratio, product supply ratio
from the pipeline to the tanks and products supply ratio from the tanks to the local markets; scheduling
period prohibited P2.(P3), P3.(P2), P3.(P4), P4.(P3) products to be supplied into the line one after the
other.They are given in Tables 1,2 and 3 respectively.

Table 1. Stock costs on the tanks

Product type Stock expense (TL/ m3h)
J1 )2 J3 J4 )5 J6  J7 J8
P1 02 02 02 02 02 02 02 02
P2 031 031 031 031 031 031 031 031
P3 04 04 04 04 04 04 04 04
P4 035 0.35 0.35 035 035 0.35 0.35 0.35

Table 2. Initial product quantities in the tanks and max./min stock levels

TANKS (x 10°m3)
Product Type | level Ju J2 J3 J4 J5 J6 J7 ]8
Minimum 90 90 90 90 90 90 90 90
P1 Maximum 400 400 400 400 400 400 400 400
Initial 190 230 200 240 190 200 220 230
Minimum 90 90 90 90 90 90 90 90
P2 Maximum 400 400 400 400 400 400 400 400
Initial 180 210 180 180 180 190 180 195
Minimum 10 10 10 10 10 O 0 0
P3 Maximum 70 70 70 70 70 O 0 0
Initial 50 65 60 60 60 O 0 0
Minimum 90 90 90 90 90 O 0 0
P4 Maximum 400 400 400 400 400 O 0 0
Initial 120 140 190 190 170 0 0 0
Shelf gap.(x102m?3) 100 200 300 400 475 550 650 700
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Table 3. Product demands in the tanks and pumping costs

TANKS(x 102m?3)
Product Type | Level Ji. J2 J3 J4 J5 J6 J7 J8
P1 Demand 110 110 120 110 150 150 140 100
Pumping Costs (TL/m?h) 6 7 9 11 13 135 14 145
P2 Demand 60 80 100 70 100 100 80 90
Pumping Costs (TL/m*h) 6.2 82 102 114 126 13 14 142
P3 Demand 720 30 40 O 20 0 0 0
Pumping Costs (TL/m?h) 8.6 9.4 11.6 128 138 14 15 152
P4 Demand 50 40 50 70 60 O 0 0
Pumping Costs (TL/m?h) 7.4 84 104 112 12 13 134 14

The problem targets to determine optimal sequence, initial quantities and types of products of
new party injections assigned to every pipeline. The aim is to meet the product demands, keep the
stocks levels in the refinery and storage tanks at allowable intervals all the time and minimize the
pumping and stocking costs. Meanwhile; beside the changes in the stock levels in the refinery and
storage tanks, when the old and new parties move along the pipelines their changes in sizes and
coordinates are monitored throughout the time interval. At the beginning S1, S2, S3, 54, S5 and S6
parties were in the pipeline. These parties, respectively, contained P1, P2, P1, P2, P1 and P2 products and
were at these respective quantities 7000, 8500, 10000, 17500, 17000 and 10000 m3. The length of the
planning term was 75 hours. Pumping ratio of the products to the pipeline was at the range of 400-500
m3/h while their pumping ratio from the pipeline to the storage tanks was 500 m3 / h.

MATHEMATICAL MODEL
Objective Function:
Pumping costs and operational holding costs contitutes objective function.

_ . 1 _ %
=3 5 (w3 3 0 )+ sezarg 2| o 108

pEP jEJ i€l i'ermew PEP | jEJp i'emew

Constraints:

Party sequencing constraint:Injection of a new party into pipeline can never start before the pumping of
the previous party ends

Ci - Li > Ci—l Vi € [eW p,p’ eEP (1)

Li =< Ci =< hmax vie[new (2)
Where; Ci is the finishing time of the new party, Li is pumping time and hmax is the horizon of the
scheduling period. Chronologically, (i-1)€ L, is pumped before the i€ Inew. For this reason, (i - 1) €1 is

farther with respect to the starting point.

Relationship between the quantity of a new party and its length:The amount of a new party (i €I) pumped
into the pipeline should be in a suitable interval.

mein Li < Qi < meax Li Vi € [PeW (3)
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The length of the pumping time of the new party (i € Inew), must be higher than a certain maximum
pumping time and lower than the minimum pumping time (Zpe pYip=1)

(Z Yi,p) lmm < Li < (Z Yi.p)lmaxVi € [new (4)
peP pEP

Z Yi,p < z yi—l,p Vi € [new (5)
DPEP pEP

Mixing materials between successive parties: (i — 1) €I is pumped into the pipeline before the i€ 1",
Therefore; the mixing quantity of the two close parties must be lower than the mixing quantity, IF,

between the p and p’ products. (i-1) and i respectively contain p” and p products.
WIF; , » = IF, (i +yip—1) Vi€l i>1, pp €P (6)

Prohibited Sequence:Due to products pollution, some product sequencing is not allowed into the pipeline.
For two p and p’ prohibited products, the following constraint is added to the problem. This mixing
quantity will not be transferred to the storage tanks. It will be kept in the line up to the storage tank it
reaches; and from there, it will be drawn back and subjected to the process again (Rejowski and Pinto,
2002). Otherwise; it may lead to high product losses.

Vi-p TVip' <1 Vi € [PV (7)
The highest and lowest pipeline coordinates of I' (i€I) party at time (Cj). Fl-i’, i. is the volumetric
coordinate of ith (i€I) party at finishing time (Cj/) of the ith party’s (i’ €Inew) pumping (i’ = i).At(C;)
time, Fl-i’equals the total of the quantity of the farthermost coordinate (i + 1) € I, of the (i+1) th party

and the ith party.Because (i +1) and i parties move one after the other, the mixing quantity between the
parties is within the (i +1)th party.

Fi, +W! =F'viel, viemvwix>j (8)
Quantity transferred to the tanks when pumping of the ith party (i € I"™®" ) continues:
Q=W+ Zje]Dii,j vi e ["ew )

W}, 1Is the quantity of ith party(i € Y°™) at the end of pumping time. Q, is the initial amount of the ith
party, while (Qi-Wi), refers to the amount of ith party transferred to the storage tanks.The quantity of
i €I party transferred to storage tanks when pumping of the next i’ € ["®V party is in process. The
difference between ith party (i €I) at time Ci and that at time Ci-1 is equal to the amount of ith party
('€ I"®W) injected into the storage tanks.

wi = w1 - Z DI;Vie LV eIV i’ > (49

Conditions necessary for the transfer from the parties on the pipeline to the storage tanks: The transfer of
product, p carried by the ith party (i€ I), to jth storage tank that needs the product is only possible if the
ith party has reached the jth tank. To achieve this;The sub-coordinate of the ith party at the end of
pumping time of (i’-1) th party must be less than storage tank coordinate.The difference between the ith
party’s farmost coordinate at the end of pumping time of (i’) th party and the quantity of mixture should
be lower than the storage tank coordinate.
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-

F} —Z 2 WIF

L

ipp = XL VIELVI €17V i > 1,V €] 1)

PEP p'epp’ =P
v
When the ith party reaches jth storage tank, x; ;i = 1; otherwise, it is 0 and no product transfer takes
place from it party to jt storage tank.If the maximum amount to be transferred from ith party to jth
storage tank is indicated with Dmax, then;

Df; < Dynaxx!;¥i € LV € 17W i > (12)
The amount transferred from ith party to jth storage tank during injection of ith party (i’ € I"®"), cannot
exceed the difference of quantity between ith party and the quantity of mixture at the end of (i’-1)t
pumping time.During pumping ofi’ € ["¢W
tanks within the time interval of(Cy —Lj,Cyr), cannot exceed the amount of itparty
ready for salespumped from i € I party to the storage tanks when i’ € I"®V isbeing pumped into the
pipeline at time Cy_;.

, the amount limit transferred from i € I party to the storage

i il —
Z Di; < Wi(l V- Z Z WIF,; .y Vi € LVi' € 1"V i' > i (13)
jEJ pPEP p'ePp’ P

Total amount in the pipeline during pumping ofi’ € I"™®":The total quantity of ith party transferred into the
storage tanks during pumping of (i € ["*") must be equal the amount of ith party injected into the
pipeline.

Z Z Di; = Quvi' e 1" (14)
ielisi’ jE€J

When a new party i’ € ["®Vis injected, all the parties along the pipeline move; as a result, the lowest and

highest party coordinates increase with time.
F'>F'-viel,  Vvi'el™vi >i (15)

Product assignment: Every party transferred within the pipeline should contain a single refinery product.

Zyi,p <1 Vie][new (16)

pEP

Achieving market demands:The amount of product p transferred from storage tanks to customers at time
interval of (Ci, Ci-1) should be delivered at specific pumping ratio. Throughout the scheduling period
the total quantity of product p supplied to the customers from storage tanks (j) must satisfy the
demands.

qmp; < (C; —Ciy )V VPEP, VjE€],  Viel™w W)

qm},; = qd,;Vp EP, Vj €] (18)

ielﬂeW

The amount of product p injected into the pipeline when i € I"™®Y is pumped:If i € I"®V) p product is not sent
to ith party, (yi,p=0),then no product is drawn from the refinery. Otherwise, the amount of product
injected into the pipeline from the refinery tank becomes equal to the initial amount of ith party.
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A, <My, VIi€EI™™ , VpeP (19)
Z Ap<Q  Viemew (20)
pEP

Stock levels control of the storage tanks:If Yi,p=1, then the (i € I) th party carries product p. If Yi,p=0, then
the amount transferred from ith party to jth storage tank within (C;; — L;js, Cjr) time interval equal zero.

DVIi < DmayyipVi € 1%, pEP,jE],, i €1V (21)
p W

> bVl <pfPvierew je i e e (22)

pPEP

Determining suitable stock intervals: The stock level of product p in j storage tank at time C;, is found by
adding the amount transferred to storage tanks from ith party to the stock level exisiting in time C;/_4
and simultaneously subtracting the amount supplied to the local markets from product p.

ID}; < ID):* + Z DV}, — qml,; PEP,jE],, I €IV (23)
ielisi’

The stock level of product p in j tank at time C;s, should always remain between specific maximum and

minimum stock levels of | Dzijt j
IDmin,,; < ID}; < IDmax, peEP,jE],, i €IV (24)
RESULTS AND DISCUSSION

According to the results presented on Figure 1, in order to meet customer demands, three new
parties of S7-58 and S9 having capacities of 4500, 1000 and 24000 m3 and containing products P4-Pland
P3 respectively, should be injected into the pipeline. At the intervals of 15,28-24,28 hours, S7, 24,63-26,63
hours S8 and between 27-75 hours S9 parties were pumped into the pipeline. First of all, when 4500 m3
of product P4 was pumped at the intervals of 15,28-24,28 hours, 500 m3 of product P1 from S3 party was
transferred to J5 storage tank, 3000 m3 of product P2 from S4 party was transferred to storage tank J3,
and 1000 m3 of product P1 from S5 party was transferred to storage tank J3. Then, between 24,63-26,63
hours 1000 m3 of P1 was being pumped and the same amount of 1000m3 of P1 was transferred from S3
party to J5 storage tank. Between 27-75 hours, P3 was being injected into the pipeline and 1000 m3 of P1
product from S1 party was sent to J7 tank, 1500 m3 of P1 from S3 party was transferred to J5 tank, 4000
m3 of P1 from S3 party was transferred to J6 tank, 8500 m3 of P2 product from S4 party was sent to J4
tank, 1000 m3 of P2 from 54 party was sent to J5 tank, 2000 m3 of P1 product from S5 party was sent to J5
tank, 2000m3 of P4 product from S7 party was transferred to J1 storage tank, 1000m3 of P1 product from
S8 party was sent to J1 tank and 3000m3 of P3 product from S9 party was transferred to J1 storage tank.

The optimum result was found to be 398.940,66.
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Figure 1. Schematic indication showing results obtained from a mathematical model run on
GAMS software

CONCLUSION

Regardless of the fact that recently a focus has been placed on scheduling problems due to the
increasing trend of transferring petroleum products from production centers to consumer areas by using
pipelines as the most economic means of transfer, no record of such a study has been conducted in
Turkey.

In this study, a mathematical model has been proposed for the purpose of scheduling a fuel
distribution system that supplies fuel to strategic points and monitored on the basis of the pipeline
requirements and product demands. The system consists of 8 storage tanks located at different areas and
a unidirectional pipeline connected to its refinery. 4 different products are found in the pipeline and
storage tanks. The aim of the study is present a flexible MILP model that cover pipeline operations run
based on expert experience. The model can be used for different situations by changing operating
conditions and adding specific constraints depending on the needs at hand. Variations in the coordinates
and quantities of the parties within the pipeline that occur as time changes are monitored. Besides
achieving product demands, with the model, high pumping, mixing and stock costs have been avoided.

INDEX
I : Party series (I°!4 € [P€W)
[eld . oud party series existing in the pipeline at the start of time horizon
["®W . New party series to be injected into the pipeline during time horizon
J : Distribution terminals series along the pipeline
P : Refined petroleum products series

PARAMETERS
cidp; : Unit stock expenses of product p in j® storage tank
CPpj :Pumping costs of product p from refinery to j storage tank
hhax  : Horizon length
IDy ;  :Initial costs of product p in j storage tank

. . . P !
IFp’pl : Quantity of mixture between parties containing p and p’ products
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lnin/lmax : Maximum/minimum pumping time for a new party
qdp,j : Total demand of product p covered in j tank

Vin : Maximum flow rate to the local markets

Vi : Pumping ratio

Vbmax : Maximum pumping ratio

Vbmin : Minimum pumping ratio

WP  :Initial amount of old parties i € 1°/
0j : Volumetric coordinate between start terminal and j storage tanks
VARIABLES

Ajp  :Product amount injected into pipeline during pumping of i"" party
Ci/L; :Ratio of i" party’s pumping completing time to pumping length Vi € ["¢%

]
Dl-l, j  :ithamount transferred from pipeline to j storage tank wheni' th party is injected
DVif;;, j © Amount of product p transferred from ith party to jth storage tank when the ' th party is
injected

N
F{ : The farmost coordinate of ith party from refinery at time C;/
]
I D;)’ j :Stock level of product p in j storage tank at the time pumping of i't party ends
Q; : Amount of new i party

.y
Wl-l : Amount of i party at time C;

qmip’j : Amount of p product from the storage tanks sent to customers within (C; — Cj_; ) time
interval

WIF,; ,, ,: Quantity of mixture between i and (i-I ) parties that contain p and p’ products

Yip : When the ith party contains p product, it takes the value of 1

xl"] : When ith party is transferred to j storage tank during injection of i'th party
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ABSTRACT: Rock cutting is developing area in mining and tunnelling sectors. In order to open an
excavation inside or surface of the rock masses, they should be dig up to obtain required engineered
volume. Beside the conventional blasting methods result in total breakage of the selected parts of rock
masses, rock cutting machineries are used in some engineering projects which they have cutting bits to
trim the rock masses into small chips. Drag bits, as a type, is one of the bit kinds which researchers have
analysed for its design parameters for different rock masses. When rock bit cutting performances are
under consideration, laboratory cutting tests are performed and rocks are cut with different bit profiles
to evaluate its design parameters. In these researches cutting traces have mostly been photographed for
test file data. It was realised here in this research and analyzed some of these images for their colour
properties. Different coloured sectors were determined along the selected cutting trace images which
were compared also with the cutting force records of the related cutting tests. The colour distribution
and colour difference areas of the trace images were then analysed with the cutting actions and rock
mass features. The resultant enhanced coloured images and cutting forces fluctuation data obtained
during cutting tests of drag bits showed that colour analysed can also be the indicators of cutting
performance if they are carefully appraised.

Key Words: Rock cutting tests, Cutting traces, Drag bits cutting traces, Colour analyses, Colour analyses of rock
cutting trace images.

Kama Keskinin Olugturdugu izlerdeki Renkler ve Kesme Sirasinda Olgiilen Kesme Kuvvetiyle
iliskisi

OZ: Maden ve tiinel kazi asamalarinda, kaya kesme calismalar: iizerinde arastirma yapilan konular
arasindadir. Kayaglarin iginde veya {izerinde herhangi bir miihendislik uygulamas: i¢in bir bosluk
olusturulacaksa, orada kaya kiitlesinin pargalara ayrilarak bosaltilmas: gerekecektir. Kayaglar1 istenen
boyutlara gore tamamen parcalayarak kazilmasi islemlerini iceren klasik patlatma-yiikleme-tasima
sistemine kargilik kazici makinelerin keski uglartyla kayay: centikleyerek siirekli kazmasi ve otomatik
olarak yiiklemesine bagli mekanizasyon sistemleri de gelistirilmistir. Bu uygulamalarda kullanilan keski
uglariin hangi kaya kiitlelerinde daha verimli oldugunun arastirilmasi uglarin tasarim parametrelerinin
belirlenmesinde ©nemlidir. Bu c¢alismalarda, keski izlerinin fotograflart veri olarak arsivlenen
sonuglardandir. Bu arastirma kapsaminda, kama keski uglarinin kullanildigi kesme deneylerinde ortaya
cikan keski izleri iizerinde renk analizleri yapilmistir. Keski izlerinde belirlenen renk 6beklenmeleriyle,
bu kesme deneyleri sirasinda Olgiilen kesme kuvveti degisimleri karsilastirilarak degerlendirilmistir.
Olgiilen ve grafigi cizilen kesme kuvveti degisimleriyle, keski izlerinde belirlenen renk farkliliklarinin
belirli 6lciide uyum icinde oldugu ve keski izlerinde belirlenecek renk 6beklenme ve kodlamalarinin
kesme performans: hakkinda fikir verebilecegi degerlendirmesi yapilmistir.
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Anahtar Kelimeler: Kaya kesme deneyleri, Keski izleri, Kama keski izi, Renk analizi, Keski izlerinde renk analizi.
INTRODUCTION

Rock cutting machines have been used for many purposes in underground and surface excavation
purposes. Types of excavators are varied according to the jobs they have been produced for. Some of
them are manufactured for mine gallery (or tunnel) excavations for soft rock materials, some other types
might be produced for hard rock excavation environments. There are excavation machines also for coal
and soft clay seams for faster mining operations. These machines have been equipped with cutting bits
which can be drag, point-attack, disk, roller or button in types. Cutting bits’ performances have been
explored in last 30 years to produce more effective bits for different rock types. Since rock masses are
different in each mining and tunnelling project sites, cutting machines and their projected bits are
advised to be analysed in detail before giving any decision about rock cutting operations (Gokay and
Dursun, 2013). When cutting tests are concerned, the cutting force and specific energy for selected rock
samples should be determined for each rock excavation projects. These parameters are main design
parameters which researchers are concentrated on. In these researches, the traces which were created
during the rock cutting tests were usually examined for their appearances if they have any clue about
the cutting performances. The plain photographs of cutting traces were obtained and filed for test data
archives. This has been common application nowadays which engineering firms follow. The study
performed here, concentrates on these cutting trace images, photographs. They were analysed by
common photographic pixel analysers like Photoshop software program to produce any unseen
evidences, clues, on them by naked eyes. It was determined that photographs of the selected drag bit
cutting tests have their own colour clues, sectors, for the researchers. Fresh rock-chip fracturing and rock
breakage due to existing micro cracks in rock masses have different image properties and they were
determined from the trace images after colour enhancement works were performed in this work. Digital
colour coding of the drag bit cutting traces and applied cutting force differentiations have then been
compared to understand the significance of the detected dissimilar coloured sectors, along these traces.

Performance of the mechanical cutting is highly depending on the cutting bits. There are two main
types of cutting bits; drag and disk types. Disk type bits are generally used for full face tunnel
excavation machines. Chisel or drag types of bits on the other hand are used at roadheaders, coal
ploughs, coal face cutting machines, continuous miners and tunnel excavation equipments. Since drag
bits are economic to be produced and in some circumstances, they are good in performance for certain
rock cutting conditions, they are preferred to be used more widely. They are made up from tungsten
carbide and cobalt allays to get very strong in mechanical behaviour together with high temperature
resistance. These two properties are very important in rock cutting. Due to friction between bits and rock
surfaces along the cutting traces, working temperatures of bits are risen up to very high levels. Beside,
cutting bits are under influence of high stresses during cutting. Because mechanical power supplied by
cutting machine is concentrated on a few rock bits to break the rock masses into numerous chips.

According to Roxborough (1973) tungsten carbide and cobalt powder size distribution should be
very similar to get high quality cutting bits. Drag bits should also have high impact resistance and high
hardness. During raw materials' composition arrangements in drag bit production, if cobalt amount
(percentage in the mixture) is decided to be increased the resultant bit hardness is lower, but bit's
strength is higher.

4 Fc

Fn

Figure 1. Drag bit's design parameters
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In order to obtain hardest cutting bits, cobalt percentage in raw material before their production
should be arranged to 10-15%. Cutting performance of the drag bits are also influenced by their shapes
and dimensions. Design factors influencing rock cutting performance of the drag bits are shown in Fig.1
and they are: rake angle, (a), clearance angle ({3), cutting depth (d), normal force (Fn) and shear, cutting,
force (Fc). When the shape of drag bit is changed with differentiating « and f angles separately, required
cutting force (Fc) is also varied for different normal force (Fn) conditions. First methodological
explanation in mechanics of cutting was given by Merchant (1945). Merchant defined required cutting
force (Fc) in metallic material cutting operation as a dependable function of shear strength, bit's rake
angle, bit's cleaning angle and depth of cut. After almost 40 years later, Evans (1984) produced new
approach for coal cutting procedures. Evans preferred to use tensile strength instead of shear strength of
coal to calculate required cutting force, (Fc). There are a few more approaches to calculate related cutting
force, (Fc), in these criteria, researchers facilitated the rock cutting test parameters and rock material
properties together (Dursun, 2012).

Figure 2. Cutting traces obtained on rock slaps during rock cutting tests. Each trace represents separate
tests which might be performed to search different cutting parameters

Rock cutting tests have usually been performed in laboratories by especial test apparatus. Beside the
main test data, cutting traces on the tested rock surfaces are also the results of these tests and examples
of them can be seen in Fig.2. Image colour analyses performed according to colour differences detected
along the photographs of cutting traces were main study here. When the photographs of the traces were
compared together with the cutting force, (Fc), graphics, it is important to point out some categorized
features. Colour distributions along each trace were different in characters so colour map obtained of
each trace was considered like a fingerprint of that trace. In most of the cases, naked eyes can not
recognise all the coloured zones along the cutting traces. Photographic image analyses on the other hand
showed that colour differentiation areas which were determined on the selected traces strictly coincided
with cutting performance. Rock and coal cutting are mostly performed by drag bits and "fractured hard
rock material breakage" or "softer rock material cutting" achievements are detected during the cutting
tests which produce selectable colour differences on their cutting traces.

ROCK CUTTING TEST EQUIPMENT FOR MARBLE SLAPS

Rock cutting tests in this study were performed by drag bits in Mining Engineering laboratory of
Selcuk University (Konya-Turkey) to calculate specific cutting energy for the selected rock samples
(Fig.3). Rock cutting research was executed by Dursun (2012) and rock samples were tested one by one
for their specific energy calculations. The research was organized according to international standards
given by McFeat-Smith and Fowell (1977). This standard describes the small scale cutting test sets. Rock
samples were blocked in the laboratory before the cutting tests to suit test equipment (Fig.3 and 4). Rock
samples' dimensions were 30x30x10 cm. Tests were repeated for each cutting trace over the selected rock
sample surfaces with the same drag bit (rake and clearance angle were unchanged) for the same cutting
depth. After attaching drag bit to the test equipment, cutting depth was arranged through test
equipment mechanisms. Rock cutting test equipment were then used to apply normal (Fn) and cutting
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forces (Fc) to attached drag bit where these forces had been measured (Fig.4) separately and saved
automatically (Fig.3) through force measurement unit.

Data acquisition
unit

Force
measurement
unit

Figure 3. Rock slaps and cutting test equipment used during rock cutting tests (Mining Engineering
Department, Selcuk University, Konya, turkey), (Dursun, 2012)

Force
<€——— measurement
unit

Figure 4. Drag bit attached to test equipment and cutting traces obtained during the tests (Dursun, 2012)

Cutting machine shown in Fig.3 was a commonly used metal cutting machine in mechanics warehouses
and it was modified for rock cutting test purposes in Selcuk University. This machine was selected
because of its high electric motor power (4 kW) and its heavy & strong body structure. It has cutting
arm which has a stroke up to 450 mm which is enough to test 300 mm long rock samples. Vibration at
cutting machine and its cutting arm were carefully observed during this research for its influences on the
performed tests. Since the machine was selected heavy enough for the selected rock samples and
selected rock cutting depths were chosen accordingly, machine body vibration was fixed in a minimum
level which was not influencing the cutting tests. When the rock samples were put on sample holder
plate, this plate was moved with test sample by means of a gear mechanism to get left-right and up-
down movements. These movements helped the researchers to arrange predetermined, planned,
positions for the tests. Before each cutting test, drag bit horizontal position was arranged for next cutting
trace and bit's vertical position was arranged for selected cutting depth. Test equipment used here (Fig.3)
had a data acquisition unit which had its own electronic control parts together with computer. These
parts were selected especially to suit very short cutting test periods (1-3 sec.). This unit collected test
data, 1000 times per second, including; normal force (Fn), cutting force (Fc), voltage (V) and electric
current (A) values. Drag bit used in the tests were attached to cutting machine together with a special
attachment (Fig.4). This holder was directly connected to force measuring apparatus. During the tests
here, 12.7 mm wide tungsten carbide drag bits were used.
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ROCK COLOURS, TRACE COLOUR SECTORS AND CUTTING FORCE FLUCTUATION

Differences in rock colours have been used to recognise the rock minerals through colour charts.
Moreover, digital colour recognition apparatus have been used to identify solid materials' surface
colours in more equipped way. Especial optical and electronic lens, cameras, especial lighting and
computers are used in this machine image capturing technology and well documented in colour
photography science and technology literature. Defects in human eyes (colour blinding, eye related
problems, etc.) and repeatability of digital image analyses cause to research on rock surface colour
recognition as well. Gokay and Uzdemir (1999) supplied a digital image evaluation work for marble
surface colour identification and then the research has been expanded by the studies of; Gundogdu and
Gokay (1999), Gokay and Gundogdu (2000; 2001; 2007). Surface colours of rocks have long been
considered as one of the factors influencing the project in monumental buildings' restoration works.
Pascua et.al (1999) determined the colour of construction material to use in restoration works to care for
their original appearance. Concha-Lozano, et.al. (2013) for example performed visual tests to determine
colour range of the replacement stones in monument repair works. By this way they selected stones
which are aesthetically compatible. Fonseca (2012) on the other hand worked for properties of bricks and
ceramic roof cover plates including their colours as well. Similar studies have been performed for colour
changing of building stones due to micro-organisms and air pollutions in cities. Akkoyun et.al. (2013)
studied on a computer program to obtain natural rocks' surface colour properties. They performed field
studies on Orosei limestone (Sardegna, Italy). They produced statistical colour data for the selected
limestone sample surfaces. In similar way Souse and Goncalves (2013) used colour analyses as well to
distinguish the rock surface polishing states. In micro scale analyses, Baykan et al. (2010) used digitized
images of thin rock sections to identify rock minerals. They concluded that results of colour analyses
(Fig.5) performed by using a "Lab colour space” (L.a.b) system (Hunter, 1948) were similar to the outputs
of "RGB colour model" (Poynton, 2003), but they were better than HSV results ( "Hue, Saturation, Value"
representation in cylindrical coordinate system, Joblove and Greenberg, 1978).

In mining, beside the colour of minerals, aesthetic appearances of some rock surfaces are also
important for their marketing. Construction of any buildings or any repairmen projects of historical
monuments might require natural dimensioning stones or plated rock slaps (limestone, marble,
travertine, granite, etc.) in pre-described colours and textures. In natural stone business, brand marks of
stones have been selected, named, according to their colours, colour-homogeneity and textures. In some
cases, due to natural stone mining conditions, natural stone products have not been supplied as
previously agreed on. The results have generally been cancellation of rock slaps orders by the project
owners in these cases. Gundogdu and Gokay (2003) and Gokay and Dogan, (2006) produced
methodologies to define digital rock colour homogeneity and volumetric rock colour description
respectively to offer digital description of rock slap colours and rock colour homogeneity. Agreement on
digital stone surface colours together with pre-described digital variations in colours and homogeneity
were assumed helpful for natural stone miners and end users in their business.

b) o
Figure 5. Thin section obtained from a rock sample was photographed and digitized to get following
images: a) Cross-polarized images, b) Plane-polarized images, c) Images in RGB,

d) Images in HSV, e) Images in (L.a.b). (Baykan et.al. 2010)
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Rock surface colours, in-situ or fresh cut, demonstrate different colour features. Rock surface colours
seem also different for polished or wet conditions. Rock surfaces; weathered or freshly cracked, dry or
wet, polished or unpolished, are all appeared different in their photographs. These differences can also
be intensified by using different lighting conditions (usage of different bulb types to get; daylight, Red,
Green or Blue colour lighting). Gokay and Dogan, (2006) offered a barcode scheme to define rock
surface appearances (Fig.6) includes mentioned colour features as well. Rocks, especially marble,
travertine, granite, limestone slaps' surface have different colours. However, aesthetic point of view,
colour distribution, homogeneity, on selected rock surface is also influencing factor on their marketing
(Gokay, 2003). Therefore colour homogeneity of natural rock surface was researched to define their
homogeneity. Gokay and Gundogdu, (2007) proposed colour homogeneity test (Fig.7) for rock slap
surface colour distributions. Colour differences in selected surface area were analysed in this work pixel
by pixel to determine unexpected change of digital colour value. Neighbouring pixels on rock surface
image which had their own colour values were main starting points to analyse total colour homogeneity.

Bn R BnG BnB BkR BkG BkB EmR BmG EmB EyR HyG Hy-

Renk degeri

Goriintli durumu

Figure 6. Natural rock surface identification, coloured-barcode for Rosa-Beta granite (Gokay and Dogan,
2006). (Image obtained under following situation and lighting; 1.dry-front, 2. dry-back, 3. wet-front, 4.
wet-back, 5. wet-break surface, 6. dry-break surface, n: normal day lighting, k: red lighting, m: blue
lighting, y: green lighting)

Kh3

Kh6
—o— Khl —e—kh2 —5— kh3 —A— kh4 —%— kh5 —e— kh6 = —
Kh4
77— a
W T 7 | '
Kh2 - / /
T

lf S

0 10 20 30 40
Tp (%)

Figure 7. Colour homogeneity (Hf) description together with its tolerance percentage value (Tp) for the
selected marble images, (Gokay and Gundogdu, 2007)
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By using similar colour analyses, colour distribution along the rock cutting traces was explored in
this research digitally to differentiate their colour zones. Drag bits’ rock cutting tests usually produce
traces similar to images shown in Fig. 8 & 11. Rock cutting test equipment shown in Fig.3 was used here
to excavate these traces with its 12.7 mm wide drag bit (Fig.4). During the cutting test, different drag
width and depth were also used to understand their influence in rock cutting mechanism. Each cutting
test was started at left side of the blocked rock samples and the gaps between neighbouring traces were
arranged to 8 mm. Each rock cutting test was performed in very short period of time (about 1-3 second)
and trace obtained in each test about 250 mm long. When the digital images of each trace were analysed
one by one, separate coloured zones were recognised. Results of colour analyses performed for white
marble cutting traces (trace 3 and 5) were illustrated in Fig. 9 and 10. Original photograph of each trace
under inspection was given at the top of these figures. After obtaining original images of traces, they
were processed by Photoshop programme to enhance their RGB colour bands separately to extra-graded
their appearance. Enhanced image of traces have revealed more clearly the coloured zones. Since rock
cutting test equipment measured and saved the cutting force, (Fc), fluctuation during test period, it can
be graphed as seen in Fig. 9,10,12 and 13. These graphs present cutting force, (Fc), differentiation in total
testing time (1-3 second). Maximum and minimum cutting force fluctuations can also be noticed on
these graphs after illustrating the average value line on each graph. Maximum force values here stand
for cutting difficulties during test period. In other words, drag bit applied more cutting force, (Fc), at
these points to overcome and crack the rock barrier in front. Cutting force, (Fc), graph shapes are look
like a kind of zigzag, crisscross, that means cutting force had always been in changing state, there was
no stable time period for this variable. When trace of each drag bit cuts was controlled in detail, there
were some spots along the traces where they looked like more shadowy, shiny, etc. After deciding
digital colour analyses for cutting test traces, their digital images were taken carefully. Digital colour
analyses showed also some differentiation in colours along the traces. Examples of these colour
segregations can be seen in Fig.9, 10, 12 and 13. It was also recognized that there were related spots
between coloured zones along cutting traces and cutting force (Fc) values. There were coloured zones
detected for example along trace-3 for white marble (Fig.9) and they were circled for better illustration
purposes. The position of circled coloured zones and low cutting force, (Fc), levels are coinciding here.
Similar analyses were performed for red-tuff rock sample (Fig.11) and the resultant colour
enhancements for selected cutting traces are given in Fig.12 and 13.

Enhanced coloured images of cutting traces have narrow (wideness : 2-3 mm) vertical coloured
sectors interrupted with other coloured zones in some parts of traces. The trace lengths demonstrated in
figures represent also the period of testing times. Trace width on the other hand represent the width of
cut that is corresponding the width of drag bit (12.7 mm). Therefore vertical 2-3 mm coloured zones
which were observed at some parts of traces represent "full contact cutting” of drag bit on that position
of rock surface. Interruption in these “vertical thick line” type coloured zones are matched with the
zigzag shape of cutting force, (Fc), graphics. Since drag bit's cutting action in hard rock has repetition of
push, crack and relax periods, colour analyses of these traces have similar repetitive vertical colour

bands which can be clearer after colour enhancement works.
VST, PN

Figure 8. Drag bit traces on white marble surface; 12.7 mm wide drag bit started the cutting from left
side of the specimen, (Cutting trace lengths were about 250 mm in average)
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Figure 9. Cutting force fluctuation and colour zones, sectors which had been obtained during total time
of trace-3 cutting test of white marble, (First image at the top is original photograph of the trace-3. Other
images are showing coloured sectors in Red, Green, Blue colour enhancement. The blue line in the
graphic is showing average cutting force value, 115.64 kgf, obtained from 376 test readings)
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Figure 10. Cutting force fluctuation and colour zones, sectors which had been obtained during total time

of trace-5 cutting test of white marble, (The blue line in the graphic is showing average cutting force
value, 121.71 kgf, obtained from 401 test readings)

Close observation of cutting traces and rock sample textures directed the focus of this research on
micro weaknesses of rock samples. Because, it was understood that rock sample's original weakness
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zones had required less power to chip away with respect to hard and crystalline parts of the same
samples. These weakness zones may have their own colour differentiation with respect to original rock
mass colours. Rock cutting action, in some cases, cleared away hard parts covering these zones.
Moreover, due to cutting force applied to rock mass, micro fissures may connect to form larger chips to
move away also. Cutting traces have certain clues of drag bit scraping actions and powdered surface
traces. These traces may have also chipping away clues due to fissures, weakness zones or cleavages.
They left different traces at the back due to cutting action. Micro scale rock weakness zones can be
originated due to one of the following facts; micro fissures, cleavages, depositional micro scale layers,
micro scale cracks due to primary rock stresses etc. If these micro discontinuities have groundwater in
them, their appearances have been changed more quickly due to rock alterations.

tr-5 —
tr-4 —
tr-3 —
tr-2 —
tr-1 —

Figure 11. Drag bit traces on red tuff surface; 12.7 mm wide drag bit started the cutting from
left side of the specimen
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Figure 12. Cutting force fluctuation and colour zones, sectors which had been obtained during total time
of trace-2 cutting test of red tuff sample, (The blue line in the graphic is showing average cutting force
value, 27.95 kgf, obtained from 232 test readings)
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Figure 13. Cutting force fluctuation and colour zones, sectors which had been obtained during total time
of trace-3 cutting test of red tuff sample, (The blue line in the graphic is showing average cutting force
value, 26.63 kgf, obtained from 235 test readings)

Colour differentiation along digitized cutting trace images were evaluated to understand drag bit
cutting mechanism by considering push-crack-relax periods together with weakness zones and micro
fissures. Detected coloured sectors along the related cutting traces (Fig.9-10 and 12-13) and coinciding
zones of cutting force, (Fc), levels are presented here by circular-elliptical marks drawn over the graphs.
When the given images in these Figures were checked in detail, the effects of colour enhancements in
Red, Green and Blue colour bands can be seen obviously. The features related with drag bit cutting
action are become noticeable in those enhanced images. Original photographs, as seen at the top of these
figures, are not comprehensible to realize all the aspects of cutting action. However improved images,
two boosted images were given for each RGB colour bands, present the drag bit cutting action with more
featured way. It was recognized that, coloured sectors which were detected along the cutting traces of
the selected tests were representing different mechanical features happened during cutting action. So
these sectors and cutting force, (Fc), fluctuations were evaluated to interpret drag bit cutting
performance more logically. When the decision was given for which coloured zones were cut with low
energy levels which are directly related with lower cutting forces, (Fc), requirement, cutting force
fluctuation graph for each rock cutting test was then studied for average, lower and higher cutting force,
(Fc), levels. The results obtained from this study were then used to compare the coloured sectors
determined along the cutting traces. These comparisons leaded to understand the "easy cutting" or
"difficult cutting" levels along the cutting traces. These levels are directly related with energy
consumption in drag bit cutting tests performed. If the "difficult cutting" levels are high for a specific
cutting tests, energy consumption and drag bit demolishing are expected high also. So if a cutting trace
images has coloured zones representing "difficulties" in cutting, that may also used to indicate higher
drag bit wear and higher energy consumption for the tested rock sample. Drag bits are used for different
excavation machineries. When these machines (excavators, roadheaders, coal cutters etc.) are used to dig
an orebody or country rocks, they leave many cutting traces on the rock face at the related workplaces.
Taking full image of these traces and analyses with their colour differentiation may result in to
understand "easy" or "difficult" in cutting position, levels, in that particular cutting operation.
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CONCLUSION

Colour analyses have been used in rock colour evaluation and rock identification in earth science
applications. Similarly, drag bit cutting traces on rock specimens of rock cutting tests were
photographed digitally here and these images were enhanced in red-green-blue colour bands.
Differentiated colour sectors along the traces were compared with cutting force, (Fc), fluctuation graphs
obtained for related cutting tests. Resemblances were identified for "rock cutting force, (Fc), values" and
"colour sectors along rock cutting traces". Coloured sectors in a single cutting trace can then be used to
understand if the drag bit cutting consumes more/less energy compared to other cutting traces. This
method may also be applied mining or other workplaces where excavators equipped with drag bits are
used to trim rock masses. Colours obtained from their bit traces on working faces may also be analysed
to understand their energy consumption.
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ABSTRACT: In Turkey, about 4000 people each year die in traffic accidents and about 200,000 people
each year are injured. For this reason, this problem of road traffic in Turkey is found a solution to an
urgent. In this study, in ensuring of security of road traffic has been intended to introduce of the
importance of Geographic Information Systems (GIS).

Antalya Province where is one of Turkey's major metropolises have the problem of heavy traffic. In
this study has been made general statistical analysis in a GIS environment of road traffic accidents
occurred in 2009 and 2010 years in Antalya Province Center. Also, traffic accidents has been analyzed by
correlating environmental factors with parameters situated in a traffic accident data set.

In the beginning of this study, by using ArcMap-10 software, the satellite map of Antalya Province
has been digitized. A database has been created with Arcmap-10 software using fatal-injury traffic
accident data occurred in Antalya City Center between 2009 and 2010 years. Fatal-injury traffic accidents
on "Intersection” and "boulevard-highroad-street” have separated of each other and by using accident
data (accident day, time interval of accident, occurrence type of accident, accident character, the number of dead,
the number of injured) belonging to accidents occurring in each one, on a satellite map in the ArcMap-10
software of accidents were conducted the statistical evaluations in both visual and graphics. In GIS, the
regions where have intensive of intersection accidents have been determined. As a result, at the
intersections in Antalya Province Center, it was identified 41 accident hot spots for the year 2009, and
was identified 57 accident hot spots for the year 2010. A total of 23 intersections were defined as accident
hot spot in both years. Also, on boulevards-highroads-streets on the satellite map in Arc-Map-10
software has been determined 29 accident-prone regions as the years.

Key Words: Traffic accident analyzing, Geographic information system, Accident hot spots, Antalya, Accident-
prone regions

Antalya (Tiirkiye) ilI'in deki Karayolu Trafik Kazalarinin Cografi Bilgi Sistemleri (CBS) Yardimiyla
incelenmesi

0z: Tirkiye’de her yil yaklasik 4000 kisi trafik kazalarinda olmekte, yaklasik 200000 kisi de
yaralanmaktadir. Bu nedenle Tiirkiye’de trafik sorununa acil olarak bir ¢dziim bulunmas: gerekir. Bu
calismada, karayolu trafik giivenliginin saglanmasinda Cografi Bilgi Sistemleri'nin (CBS) 6neminin
ortaya konmasi amaglanmaistir.

Tiirkiye'nin 6nemli metropollerinden biri olan Antalya kenti yogun trafik sorununa sahiptir. Bu
calismada, Antalya Il Merkezi'nde 2009 ve 2010 yillarinda meydana gelen karayolu trafik kazalarinin
CBS ortaminda genel istatistiksel degerlendirmeleri yapilmis ve trafik kaza veri setinde yer alan
parametreler cevresel faktorler ile de iliskilendirilerek trafik kazalari analiz edilmistir.
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Bu calismada baslangicta Antalya Il'ine ait uydu haritast ArcMap-10 programi kullarlarak
sayisallagtirilmistir. Antalya 11 Merkezi'nde 2009 ve 2010 yillarinda meydana gelen &liimlii-yaralanmalt
trafik kaza verileri kullarularak ArcMap-10 programinda bir veri tabam olusturulmustur. “Kavsak” ve
“bulvar-cadde-sokaklardaki oltimlii-yaralanmali trafik kazalari birbirinden ayrilmis ve her birinde
meydana gelen kazalara ait kaza verileri (kaza giinii, kaza saat arali§i, kaza olus tiirii, kaza karakteri, olii
sayst, yarali sayist gibi) kullanilarak, kazalarin ArcMap-10 programindaki uydu haritas: {izerinde hem
gorsel hem de grafikler halinde istatistiksel degerlendirmeleri yapilmistir. CBS ortaminda kavsaklarda
meydana gelen kazalarin yogun oldugu bélgeler tespit edilmistir. Antalya Il Merkezi'ndeki kavsaklarda
2009 yilinda 41, 2010 yilinda 57 kavsak kaza kara noktas: belirlenmistir. Toplam 23 kavsak ise her iki
yilda da kara nokta olarak tanimlanmistir. Ayrica, Arc-Map-10 programindaki uydu haritasi tizerinde
bulvar-cadde-sokaklarda yillar itibariyle 29 kazaya meyilli bolge tespit edilmisgtir.

Anahtar Kelimeler: Karayolu trafik kaza analizi, Cografi bilgi sistemi, Antalya, Kaza kara noktalar, Kazaya
meyilli bolgeler.

INTRODUCTION

According to Road Traffic Law in Turkey (date: 13 October 1983, number: 2918); “traffic is status and
movements of pedestrians, animals, and vehicles on the highway”. International Labour Organization (ILO)
has defined traffic accident as "previously unplanned unexpected events causing a specific damage or injury”.
Road traffic accidents rank first among accidents which cause injury all over the world.

In Turkey, nearly 4000 people die and nearly 200000 people are injured every year in road traffic
accidents. For this reason, traffic problem should be examined scientifically. Aim of this study is to
reveal the importance of the use of Geographic Information Systems (GIS) in assuring the safety of road
traffic, and to determine the properties of traffic accidents, in terms of measures to be taken investigates
the benefits.

Erdogan et al (2008) studied the analysis of accidents in the province of Afyonkarahisar using GIS,
between 1996-2006. Giindogdu (2010) determined traffic accident hot spot and the highest potential
accident hot spots using GIS-based lineer analysis methods. Nizam et al. (2011) made the analysis of the
traffic accidents occurring at the state roads remaining within Erzurum province by using Arc-GIS.
Kabakus et al. (2012) have made the analysis of traffic accidents occurring in the districts of Erzurum
province by taking advantage of GIS technology. Reshma and Shrarif (2012) have identified important
accident hot spots in Karnataka (South Bangalore-India) by using Arcmap-10 software. Geymen and
Dedeoglu (2016) investigated the traffic accidents in Kahramanmaras city center according to the
topography of the land and occurrence time of the accident occurrence time, and demonstrated the
reasons which cause the formation of these factors by the spatial analysis in the GIS.

Antalya Province which is one of the important cities of Turkey has heavy traffic problem, as in
other major metropolitan cities. In this study, fatal-injury highway traffic accidents occurring in 2009 and
2010 in Antalya Province Center were performed statistical evaluations with the help of GIS, and
determined factors affecting the traffic accidents. Also, identified accident hot spots at intersections and
identified accident-prone regions at boulevard-street-street were demonstrated.

THE USE OF GIS FOR ANALYSIS OF ROAD TRAFFIC ACCIDENTS

GIS have been defined as transactions provided input, storage, questioning, mapping and analysis
of spatial and nonspatial data in order to support the activities of enterprises by Grimshaw (1994). Many
countries in the world analyze traffic accidents occurring on highways using GIS. They determine the
causes of road traffic accidents by depending on road, vehicle, road conditions or weather conditions
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and take safety measures where there is a traffic accident by examining the results of these analyzes
(Ertung, 2013).

In order to identify the causes of traffic accidents, accident data need to be examined in detail. For
this reason, all the data for accidents are indicated in traffic accident reports. For example, date of
accident and time of accident, type of accident occurrence, the status of the road where the accident
occurred, etc. GIS provides a detailed examination of this information and as soon as possible. GIS can
be used effectively in order to identify road accident hot spots. Also, GIS can provide a link between two
or more data previously unrelated. The most beneficial aspect of GIS is the ability to establish a
relationship between the attribute information (day of accident, month of accident, hour and accident,
etc.) and spatial objects (street names, route numbers, etc.) (Reshma and Sharif, 2012). GIS can collect
non-graphical features as geo-reference data and connect them with the geographical map features. For
this reason, GIS gives useful results in studies of accident analysis.

MATERIAL AND METHOD

Antalya is geographically situated between 36° 07' - 37° 29' north latitudes and 29° 20" - 32° 35' east
longitudes. Surface area of the city is 20815 km? and the population of the city is approximately 2
million. Study area includes the Antalya Province Center (Figure 1). Antalya Province Center consists of
Aksu, Désemealt:, Kepez, Konyaalti and Muratpasa counties.
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Figure 1. Showing on the map of the study area

The data of fatal and injury traffic accidents were collected from Traffic Accident Detection
Proceedings via Antalya Police Department and Ankara Police Headquarters Traffic Education and
Research Department. These information are recorded by using the WGS-1984 UTM coordinate system.
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These data were tabulated into Microsoft Excel software. As a result, the data base belonging to total
4763 fatal-injury traffic accident occurred in 2009 - 2010 years was prepared. The Excel table contains
traffic accident data (year-month-day of the accident, the accident time, accident location, type of occurrence, the
number of dead, the number of injured, weather, road surface condition, the geometric characteristics of the road,
status of the intersection, the traffic light status, x-y coordinates of accident, vehicle type, driver age-sex-education,
the character of the accident (fatal / injury) and the number of vehicles involved in the accident, etc.). Later, the
information referred to as the text in data set optimized numerically significant and numerical values of
all data entered into Excel.

Initially, the satellite image belong to Antalya Province were transferred to ArcMap-10 software.
Coordinates at the uniformly dispersed 20 point in Antalya City Center were measured with GPS and by
considering these coordinates, the satellite map into the ArcMap-10 software was made with coordinate
according to “WGS 1984 (Word Geodetic System-84)” system. Later, road axis lines was quantified on
the satellite map with digitizer. The data of accidents in the data set of road traffic accidents in Excel
software were transferred to the ArcMap-10 software in case of different layers “according to intersection,
boulevard-highroad-street and years”.

So, within a short time as a few minutes, it was reached to accident hot spots and accident-prone
regions by being analyzed associated with fatal and injury accidents occurring at intersections and
boulevards-highroads-streets in both 2009 year and 2010 year in Antalya Province Center. By taking
advantage of the graphical and non-graphical query functions of GIS, analyses have been done, and they
have been displayed on the screen.

APPLICATION

On "Intersections" and "Boulevards (Blv) — Highroads (Hrd) — Streets (St)" into 2009 and 2010 years
in Antalya Province Center occurred 4763 road traffic accidents in total. The number of accidents
occurred at intersections are 2505. The number of boulevards-highroads—streets occurred at
intersections are 2258 (Figure 2a). The ratio the total accident of intersections accident is 51.4% in 2009
year. In 2010 the ratio was increased to 53.7% (Figure 2b). Therefore, “intersection accidents” and
“boulevard-highroad—street accidents” have been discussed in different chapters below.
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Figure 2. The number of accidents (a) and percentages of accidents (b) belonging to fatal and injury
accidents occurring in Antalya Province Center

Investigation of Intersection Accidents
Accident locations occurring at intersections in both 2009 year and 2010 year in Antalya Province

Center and attribute information of these accidents have been shown in Figure 3. The number of fatal
and injury accidents were given in Figure 4.
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Figure 3. Displaying into ArcMap-10 software of accident locations and accident data occurring at
intersections in both 2009 year and 2010 year in Antalya Province Center
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Figure 4. a) The number of fatal, injury and total accidents, and b) the number of dead and injured in
fatal - injury accidents occurring at intersections in both 2009 and 2010 in Antalya Province Center

In intersection accidents, intersections with the most accidents are “four-way” intersections (Figure
5). 60.08 % of total intersection accidents have occurred at these intersections.

When we look at the general information in intersection accidents, it is seen that the more accidents
occur in respectively May, October, August, June, July in both 2009 year and 2010 year. At the same
time, they are the months in which tourist season is the most intense and thus the population of the
province increases. In intersection accidents, most accidents have occurred between 17:00 pm and 17:59
pm. Between these hours occurred 89 accidents in 2009 year, 101 accidents in 2010 year. These hours are
the times in which traffic is the most intensive. As of all years, 67.58 % of intersection accidents have
occurred a result of "side impact”. 795 accidents in 2009 year and 898 accident in 2010 year, have
occurred a result of sideswipe. It is shown that there isn’t traffic light in 72.65 % of accidents occurring at
intersections. There is traffic light solely in 27.11 % of intersections.
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Figure 5. Distribution map based on the type of intersection of accidents occurring at intersections as of
all years in Antalya Province Center and histogram showing the relationship of intersection type - the
number of accidents as of the years

Accident hot spots were determined at the intersections in Antalya Province Center and were
carried out analysis in these hot spots (Figure 6). In the study area, the intersections at which occurs at
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Figure 6. The distribution map of all accident hot spots determined at intersections in both 2009 and
2010 in Antalya City Center, and the distribution map according to the number of accidents occurring as
of all years at these accident hot spots. Srd: Side Road, Occurrence Type 3: Sideswipe
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least three intersection accident of the same type for each year were determined and they were identified
as accident hot spots. At the intersections in Antalya Province Center, it was identified 41 accident hot
spots for the year 2009, and was identified 57 accident hot spots for the year 2010. A total of 23
intersections were defined as accident hot spot in both years. Determined accident hot spots were shown
in Figure 6.

Also, distribution map according to the number of accidents as of all years of accident hot spots
determined at intersections in both 2009 and 2010 in Antalya City Center is shown in Figure 6. In Figure
6 is seen the histogram showing the number of accidents according to years at “Serik Highroad - Serik
Highroad Side Road — Yunus Emre Street — Antalya Airport Residences Road intersection” being
accident hot spot.

Distribution map according to the number of injured at accidents occurring at intersections as of all
years in Antalya Province Center is shown in Figure 7. Also, in Figure 7 is seen distribution map
according to the number of injured at accidents occurring in all years at “Atatiirk Boulevard —
Dumlupinar Boulevard - Sakip Sabanci Boulevard intersection” determined as the accident hot point
and is seen histogram showing the number of injured according to years.
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Figure 7. Distribution map according to the number of injured at accidents occurring at intersections as
of all years in Antalya Province Center, and histogram showing the number of injured according to
years at “Atatiirk Boulevard — Dumlupinar Boulevard — Sakip Sabanci Boulevard intersection”

Investigation of Boulevard-Highroad-Street Accidents

Accident locations occurring at Boulevards (Blv) — Highroads (Hrd) — Streets (St) in both 2009 year
and 2010 year in Antalya Province Center and attribute information of some accidents have been shown
in Figure 8.

The distribution map of fatal-injury accidents occurring in both 2009 year and 2010 year and the
histogram of the number of fatal-injury accidents according to years at Boulevards (Blv) — Highroads
(Hrd) — Streets (St) have been shown in Figure 9. Also, the distribution map of fatal-injury accidents
occurring as all years and the histogram of the number of fatal-injury accidents according to years in
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Antalya Boulevard where is one of the places observed most accidents have been seen in Figure 9. In
Figure 9, it is seen that 97.83 % of accidents on boulevards-highroads-streets are injury as all years and
2.17 % of accidents on boulevards-highroads—streets are fatal as all years.
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Figure 8. Displaying into ArcMap-10 software of accident locations and accident data occurring at
boulevards (Blv) — highroads (Hrd) — streets (St) in both 2009 year and 2010 year in Antalya Province
Center
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In these accidents occurring on boulevards-highroads—streets in 2009 year and 2010 year in Antalya
Province Center died 69 people and were injured 3227 people (Figure 10).
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Figure 10. The number of dead and injured in fatal - injury accidents occurring on boulevards—
highroads—streets in 2009 year and 2010 year in Antalya Province Center

When we analyze in terms of “type of occurrence” accidents on boulevards-highroads—streets, as of
all years, 22.14 % of boulevard-highroad—street accidents have occurred a result of "side impact" (Figure
11). As of all years, 22.10 % of boulevard-highroad—street accidents have occurred a result of "pedestrian
impact".
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Figure 11. The distribution map and the histogram as of the years according to “type of occurrence” of
fatal-injury accidents occurring at boulevards (Blv) — highroads (Hrd) — streets (St) as of all years in
Antalya Province Center. Also, the histogram of the number of fatal-injury accidents occurring as of all
years in Hiirriyet Highroad
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When we look at the general information on boulevard-highroad-street accidents, as of all years,
most accidents on boulevards-highroads—streets have occurred in may (10.36 %). The least accidents
seen in February (5.67 %). The accidents appear extensively between may and October. In both 2009 year
and 2010 year, November, December, January and February are the months when accidents are
minimum. As of all years, most accidents have occurred on Friday with a rate of 15.15 %, whereas,
minimum accidents have occurred on Tuesday with a rate of 12.62 %. In boulevard-highroad-street
accidents, most accidents have occurred between 18:00 pm and 18:59 pm. Between these hours occurred
80 accidents in 2009 year, 79 accidents in 2010 year.

In Antalya Province Center, 52 accidents in 2010 year, 24 accidents in 2009 year have occurred in the
tunnel. Hence, tunnel accidents holds an important place in all accidents. Rate of traffic accidents caused
by male drivers is 87 %, whereas, rate of traffic accidents caused by women drivers is 7 %. In both 2009
year and 2010 year, accident rate of drivers between 26 age and 30 age are highest. As intersection
accidents, it is seen that accident rate of secondary school graduates drivers in boulevard—highroad-
street accidents are maximum (72.64 %). This rate is only 1.19 % for higher education graduates.

In Antalya Province Center as of 2009 and 2010 years, the regions where boulevard-highroad-street
accidents are the most intense were determined. As of all years, there are 78 boulevards-highroads—
streets, so that the number of accidents in these are more than 4. Taking into consideration total number
of vehicles and traffic density in Antalya Province Center, as of all years on boulevards-highroads-
streets has been determined 29 accident-prone regions, so that the number of accidents in these are more
than 20 (Figure 12).

It is seen in Figure 12 that in Antalya Province Center, the most accident as of all years have
occurred in Gazi Boulevard. In Gazi Boulevard occurred 40 fatal-injury accidents in 2009 year and
occurred 54 fatal-injury accidents in 2010 year. Also, respectively Hiirriyet Highroad, Antalya Mersin
Way, Antalya Boulevard, Serik Highroad are regions where the most accident occurs.
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Figure 12. In Antalya Province Center, accident-prone boulevards (Blv) — highroads (Hrd) — streets (Hrd)
as of all years, and the number of accidents as of years

Distribution map according to the number of injured at accidents occurring at boulevards-
highroads-streets as of all years in Antalya Province Center is shown in Figure 13. Also, in Figure 13 is
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seen distribution map according to the number of injured at accidents occurring in all years in “Gazi
Boulevard” and is seen histogram showing the number of injured according to years. It is seen in Figure
13 that the number of injured at accidents occurring in Gazi Boulevard are 64 injured in 2009 year and
are 82 injured in 2010 year.
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Figure 13. Distribution map according to the number of injured at accidents occurring at boulevards
(Blv) - highroads (Hrd) - streets (St) as of all years in Antalya Province Center. Also, distribution map
according to the number of injured at accidents occurring as of all years at “Gazi Boulevard” and
histogram showing the number of injured according to years

RESULTS

GIS is a computer based tool for mapping and analyzing and integrates database operations such as
query and statistical analysis. That this data are displayed enables querying for different purposes to
users and facilitates to perception as visual of results. GIS collect non-graphical properties as geo-
referenced data and associate with features of the geographical map them. GIS use at studies of accident
analysis is a quick and very effective method for the investigation of the causes of accidents and for the
development of measures.

In Antalya Province Center, total 4763 traffic accidents in both 2009 year and 2010 year were
occurred. In 2009 year, 36 fatal accidents and 2238 injury accidents were occurred, on the other hand, in
2010 year, 35 fatal accidents - 2454 injury accidents occurred. 51.4 % of fatal - injury accidents in 2009
year and 53.7 % of fatal - injury accidents in 2010 year were occurred at the intersections. 48.6 % of fatal -
injury accidents in 2009 year and 46.3 % of fatal - injury accidents in 2010 year were occurred at the
boulevards-highroads-streets. Since intersection accidents are high rates in Antalya Province Center, to
make traffic arrangements at intersections will be very useful in terms of traffic safety of Antalya
Province Center.

As of all the years, 0.88 % of intersection accidents is fatal, and, 99.12 % of intersection accidents is
injury. While 10 fatal accidents occurred at intersections in 2009 year, the ratio increased to 12 in 2010
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year. Compared to injury accidents, the number of injury accidents was 1158 in 2009 year, the number of
injury accidents were 1325 in 2010 year. On account of, both fatal accidents and injury accidents have
increased in 2010 year at intersections. Total 26 people died at fatal - injury accidents occurring at
intersections in both 2009 year and 2010 year, on the other hand, total 3856 people were injured at fatal -
injury accidents occurring at intersections in both 2009 year and 2010 year. Most accidents have occurred
in four-way intersections. It is seen that the traffic light is not at 72.65 % of intersection accidents. For this
reason, traffic lights and traffic signs increased at intersections should be increased. traffic controls
should be increased from May months to October months and from 17:00 hours to 17:59 hours when
most traffic accidents is seen in both intersection accidents and boulevard-highroad-street accidents. At
the intersections in Antalya Province Center, it has been identified 41 accident hot spots for the year 2009
and has been identified 57 accident hot spots for the year 2010. A total of 23 intersections have been
defined as accident hot spot in both years.

As of all the years, 2.17 % of boulevard-highroad-street accidents is fatal, and, 97.83 % of boulevard-
highroad-street accidents is injury. While 26 fatal accidents occurred at boulevards-highroads-streets in
2009 year, the ratio decreased to 23 in 2010 year. Compared to injury accidents, the number of injury
accidents was 1080 in 2009 year, the number of injury accidents were 1129 in 2010 year. On account of,
both fatal accidents and injury accidents have increased about 5% in 2010 year at boulevards-highroads-
streets. Total 69 people died at these accidents occurring in both 2009 year and 2010 year, on the other
hand, total 3227 people were injured at these accidents occurring in both 2009 year and 2010 year. 57.70
% of boulevard-highroad-street accidents have occurred as a result of “side impact”, "pedestrian impact"
and “behind impact”. According to all years, while the most accident occurred Friday, the least accident
occurred Tuesday. In both intersection accidents and boulevard-highroad-street accidents, it have been
seen that accident rates increased when the education level of the drivers decreased. In Antalya Province
Center as of all years, 29 boulevards-highroads-streets has been determined as accident-prone regions. In
both 2009 year and 2010 year, Gazi Boulevard are regions where the most accident occurred.
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ABSTRACT: Nowadays, Very High Resolution Satellite (VHRS) images have been used for many
applications intensively. Using of the digital satellite images in relevant approaches may give more
accurate ideas about the researched fields. Besides, different methods could be used for geospatial
informations from relevant digital data in many disciplines. The most importance reason of using the
maps, which are derived from VHRS images, is accuracy of data. To obtain maps from VHRS images or
use VHRS images as map, the VHRS images require rectification. For an accurate rectification process,
Ground Control Points (GCPs) must be marked in the field. In this study, spatial accuracy of the stereo
WorldView-2 satellite image (0.5 m resolution) was investigated at a test area. For this, 31 GCP points
were established. These points were used as controls and check point. Block adjustment was made using
a different number of control and check points. The impact of the number of control points upon the
adjustment results was also investigated. As a result of adjustment using a 5-point control and 26 check
points; root mean square error in the 53 cm x direction, 17 cm y direction, 63 cm in z-direction for control
points have been obtained. For check points, 55 cm x direction, 26 cm y direction and z direction 65 cm
root mean square error were found. Also coordinates obtained from the stereo model and the field
determined by the geodetic methods coordinates of points were compared. The average position error of
a point is 48 cm according to comparison results.

Key Words: WorldView-2, Ground control point, Check Point, Rectification, Resolution, VHRS
WORLDVIEW-2 (50 cm) Uydu Goériintiisiiniin Konumsal Dogrulugunun Arastirilmasi

OZ: Giiniimiizde ¢ok yiiksek ¢oziiniirliiklii uydu goriintiileri pek ¢ok uygulamada yogun bir sekilde
kullanilmaktadir. Amaca uygun yaklasimlarla sayisal uydu goriintiileri kullanimi, arastirilan alan
hakkinda ¢ok dogru fikirler verebilir. Bunlara ilave olarak, bircok disiplin konumsal bilgi i¢in ilgili
sayisal verleri kullanmada farkli yontemler kullanabilir. Yiiksek ¢oziiniirliiklii uydu gériintiilerinden
iiretilen haritalarin kullanilmasinin en énemli sebebi verinin dogrulugudur. Yiiksek ¢oziiniirliiklii uydu
goriintiilerinden haritalar1 elde etmek ya da yiiksek ¢oziiniirliikklii uydu goriintiilerini harita gibi
kullanmak igin ytiiksek ¢oziiniirliiklii uydu goriintiileri diizeltme gerektirir. Dogru diizeltme islemi igin
arazide yer kontrol noktalar: isaretlenmelidir. Bu calismada; bir test alaninda stereo Goktiirk-2 uydu
goriintiisiiniin ( 0.5 m ¢oziniirliiklii ) konumsal dogrulugu arastirilmistir. Bunun icin 31 yer konrol
noktas1 isaretlenmistir. Bu noktalar kontrol ve denetleme noktasi olarak kullanilmistir. Farkli sayida
kontrol ve denetleme noktasi kullanilarak blok dengeleme yapilmistir. Kontrol nokta sayisinin
dengeleme sonuglarina etkisi de arastirilmistir. 5 kontrol noktasi ve 26 denetleme noktas: kullamilarak
yapilan dengeleme sonucunda; kontrol noktalari i¢in x yoniinde 53 cm, y yoniinde 17 cm, z yoniinde 63
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cm karesel ortalama hatalar elde edilmistir. Denetleme noktalar: igin x yoniinde 55 cm, y yoniinde 26
cm ve z yoniinde 65 cm karesel ortalama hatalar bulunmustur. Ayrica, stereo modelden okunan
koordinatlarla ve jeodezik yontemle elde edilen nokta koordinatlar1 karsilastirilmistir. Karsilastirma
sonuglarina gore bir noktanin ortalama konum hatasi 48 cm’dir.

Anahtar Kelimeler: WorldView-2, Yer control noktasi, Denetleme noktasi, Rektifikasyon, Coziiniirliik, Cok
Yiiksek Coziiniirliiklii Uydu Goriintiisii

INTRODUCTION

High resolution satellite images, as less than 1 m. resolution are used in many fields such as
updating existing maps, land use mapping, urban planning, disaster monitoring, and so on. To use high
resolution satellite images in such fields, they have to be rectified. Rectification process is done by points
whose coordinates are known in both land and image. These determined points may be the marked
points in the field or visible points in images may be measured in the field. Sometimes, these points may
represent; road cross, painting objects, etc. Points which are set up in the field are either acquired from
existing maps or from image matching the research site or geodetic surveys.

In this study, the spatial accuracy of the stereo WorldView-2 satellite image established on a test area
was investigated. High-resolution satellite images (IKONOS, QuickBird, GeoEye-1, WorldView-1-2, etc.)
spatial correction, adjustment blocks in the rectification process of the used model and GCP have been
investigated in many publications.

Acquisition of ground control points (GCPs) is particularly importance for spatial correction of high
resolution satellite images. The commercial high resolution satellite image can be accurately rectified
using the combination of bias-corrected rational polynomial coefficients (RPCs) and ground control
points (GCPs). With a few precisely measured GCPs accurate three dimensional measurements can be
made from the base level Ikonos data product. However, the accuracy of the results is dependent on the
precision of the GCPs (Dare et.al, 2002).

In the article of Grodecki and Dial (2003), detailed information about the block adjustment of high-
resolution satellite imagery use of the RPC model can be found.

The control points could be acquired by three different methods for spatial correction in two and
three dimensional of high resolution satellite images. These are GCPs from existing maps, GCPs set up
in land, GCPs from image matching.

Kadota and Takagi (2002) had used above mentioned methods in acquisition of GCPs for spatial
correction of high resolution satellite image. They had achieved best result with surveyed GCPs.

Dial and Grodecki (2003) had tested Ikonos stereo accuracy without ground control point. They had
achieved absolute accuracy at 6.2 m. horizontal, 10.1 m. vertical, and found out the most relative
accuracy results for points more than 3 meters.

Hanley and Fraser (2001) had used ground surveyed GPS points and ground control measured from
the orthomosaic for two dimensional spatial correction of high resolution satellite images. They had
achieved similar results from both surveyed GPS points and orthomosaic points.

Dare et. al. (2002) had used ground measured from GPS points and orthomosaic GCPs for three
dimensional correction of high resolution satellite images. They had also achieved similar results from
both surveyed GPS points and orthomosaic points. The spatial corrections by using GCPs surveying in
land may give most accurate results.

WorldView-2 satellite image geo-referencing accuracy of the impact point of the analysis and
distribution were studied (Wang and Gruen, 2012). Ke (2006) has made the experimental study of the
process of orthorectification accuracy in the analysis of images VHRS. GCP properties (shapes,
distribution, the accuracy, number of GCPs) were examined. Yilmaz et al. (2004) have researched
available GCPs dimensions for IKONOS satellite imagery.
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Mutluoglu et al. (2012) carried out a study about the appropriate sizes of GCPs on woldview-2
satellite images.

The effect of distribution of control points at the terrain has seen to be more effective than the effect
of number of control points upon the adjustment results (Mutluoglu et al. 2014).
Yakar et al. (2006) have investigated to determine registration outside areas of via satellite images.

WORLDVIEW-2 SATELLITE

The WorldView-2 (WV-2) satellite, launched by DigitalGlobe on Oct 8 2009 represents the first
commercial imaging satellite to collect very high spatial resolution data in 8 spectral bands (Padwick et
al. 2010). The images provided by the satellite can be used for applications such as mapping, land
planning, disaster relief, exploration, defense and intelligence, visualization and simulation of
environments and classification. Worldview- 2 can operate at an altitude of 770km with an inclination of
97.2° for a maximum orbital period of 100 minutes. WorldView-2’s large-area collection capabilities and
rapid retargeting are two important features of the satellite. WorldView-2’s advanced geopositional
technology provides significant improvements in accuracy. The accuracy specification has been
tightened to 6.5m CE90 directly right off the satellite, meaning no processing, no elevation model and no
ground control, and measured accuracy is expected to be approximately 4m CE90.

WorldView-2 panchromatic resolution is 46cm and multispectral resolution is 1.8m. Distribution
and use of imagery better than 0.50m GSD pan and 2.0m GSD multispectral is subject to prior approval
by the U.S. Government. As the first high-resolution commercial satellite to provide eight spectral bands,
WorldView-2 offers imagery with a high degree of detail, unlocking a finer level of analytical
discernment that enables improved decision-making. In addition to industry-standard blue, green, red
and near-infrared, WorldView-2 includes four previously unavailable bands, collected at 1.8m
resolution: coastal blue, yellow, red edge and near-infrared 2. These bands offer a range of benefits to
analysts, who will be able to identify a broader range of classification, (e.g. more varieties of vegetation
or water-penetrated objects), to extract more features (e.g. cotton-based camouflage from natural ground
cover), to view a truer representation of colors that match natural human vision, and to track coastal
changes and infractions (Cheng and Chaapel, 2010, URL1).

MATERIAL AND METHOD

Test Area

A (15kmx14km) test area has created at surround of Konya Selcuk University Alaeddin Keykubad
campus area. Application area of South and South East parts consist of the plains, Northern, North
Eastern and North Western part consists of mountainous terrain. In the test area, outside the residential
areas of land consist of agricultural areas and bare land. There is not height vegetation (height trees,
forest). In the test area, the elevations are changing between 1000 m. and 1700 m. Frame area remain
among the following geographic latitude and longitude are given in Table 1.

Table 1. Geographic coordinates of test area

latitude longitude
Upper left corner 38004'44" 32025°08"

lower right corner 37056'46" 32034'40"
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WorldView-2 Data

In this study, dated July 9, 2013, stereo woldview-2 (WV-2) satellite pansharpened images are
used. With images (Rational Polynomial Coefficients) RPCs files are also obtained.
RPC metadata files contain orbital parameters of the satellites (orientation, height, etc.). RPC metadata
files have provided model data of cameras and used in most software packages for 3D
photogrammetric production of detail, digital elevation models and orthorectified imagery. Satellite
image of the test area in Figure 1 is seen. The technical characteristics of WV-2 image taken are given in
Table 2.

Figure. 1. a) first image, b) second image

Table 2. The technical characteristics of WV-2 image taken

WV-2 WV-2
First scene | Second scene
imageDescriptor | StereoOR2A  StereoOR2A

Parameters

productType Stereo Stereo
bitsPerPixel 16 16
outputFormat GeoTIFF GeoTIFF
scanDirection Forward Forward
firstLineTime 09.07.2013 09.07.2013

08:59:11.22850 09:00:16.428479
meanSunAz | 138.2 (degree) 138.8 (degree)

meanSunEl 70.4 70.5
meanSatAz 46.8 157.7
meanSatEl 68.4 68.8
Me.anInTrack 15.3 15.7
ViewAngle
Mea1.1CrossTrack 11.9 102
ViewAngle
Mea}nOffNadlr 19.3 18.6
ViewAngle
cloudCover 0 0

productGSD 0.50m 0.50m
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Office and Field Studies

First of all; location of GCPs have been selected on the 1/25000 scaled map. Nonresidental places
have been selected for GCP. The aim of this is prevent of GCP from the destroying and, secondly to use
for other different studies. Steel Frame has been made for the GCPs. Selected GCPs have been set up
using of steel frame poured concrete on the field. GCPs have been painted white and black according to
measurements below (Figure 2). GCPs and satellite images which are marked in the field of view are
given in Figure 3.

100cm

Figure 2. Dimensions of GCP

a b
Figure 3. a) The GCP on the field, b) The GCP on the image

In addition, GCPs are marked with calcareous at difficult to reach areas and certain details are selected
at settled areas. GCPs coordinates were measured by the method of CORS-TR.

Dual frequency Ashtech Promark 500 GNSS receiver was used at measurements. Sub 10 cm position
accuracy with dual-frequency receiver can be obtained. Measurements are made in the two sessions
and average values are calculated. Obtained coordinates are at ITRF system. The details of CORS-TR can
be found in the articles of Yildirim et al. (2007) and Kahveci (2009).

Erdas LPS software was used for the evaluation of satellite image. 31 GCPs were used at block
adjustment. For the suitable purpose of the study, first of all, suitable numbers and suitable distributed
GCPs are used, then the number of suitable distributed points was reduced and reduced GCPs were
transformed into check points.

The average error according to the results of block adjustment were given in Table 3. Initially, 31 GCP
points were used at adjustment as a control points. Then, adjustment was made using different number
of control points. The other reduced points were accepted as a check points. The average errors in the
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control points changed from 32 cm to 61 cm, in x direction errors from 6 cm to 23 cm in y direction
errors, from 25 cm to 73 cm in z direction errors. The average errors in the check points changed from 39
cm to 57 cm in x direction errors, from 26 ¢cm to 32 cm in y direction errors, from 27 cm to 71 cm in z
direction errors.

Table 3. Calculated average errors according to x,y,z directions using different numbers
control and check points

Number of point Control Point RMSE(cm) Check Point RMSE(cm)

Control Check mx my mz mx my mz
31 0 34 23 25 0 0 0

26 5 34 21 27 48 32 27

21 10 32 21 30 43 28 29

16 15 35 16 30 39 30 37

11 20 33 19 35 48 27 47

6 25 49 6 55 50 32 62

5 26 53 17 63 55 26 65

4 27 61 8 73 57 30 71

When the 31 control points on the image were used at block adjustment, mxy = 41 cm was obtained and
when 5 control points were used at block adjustment, mxy = 56 cm was obtained. According to the
results here, the use of too many control points did not affect internal accuracy. Establishing too much
points to working field meaned an increase in cost and time loss. Namely the establishment of 5 control
points at an appropriate distribution and making the exterior orientation process according to these five
points appeared to be sufficient (Mutluoglu et al. 2014). In another study carried out, with 10 GCPs
spatial correction of WorldView-2 satellite image has been conducted and root mean square errors has
been calculated as 45 cm in x direction, 66 cm in y direction (Hobi and Ginzler, 2012).

In addition to; 48 feature point coordinates have been manually measured from stereo model (Figure 4).
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Figure 4. Manuel measurement of feature point coordinates.

The coordinates of the same point determined by geodetic methods and comparisons have been made.
In comparison, the coordinates determined with geodetic method were used as a reference. The
following formulas used in the comparison, and the results are given in Table 4.

V, =Yg - Yy o
Vi = Xg — Xy
@)
©
@

In this equations;

Yy » X : reference coordinates which are measured geodetic methods
Y5, X : Manually measured coordinates from stereo model

y : X rmse

y .Y rmse

: Average positioning error

" 3 3 3

: Number of points
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Table 4: Comparing the results obtained from stereo model coordinates and
geodetic method coordinates

Comparative results (cm)
position Vy Vy Vx Vx Point
My Mx Mp
min max min max number
feature -56 84 57 109 32 36 48 48
CONCLUSION

In this study dated in 9 July, 2013 0.5 resolution, stereo WoldView-2 pansharpened images have
been used. One of the widely used areas of VHRS is producing and updating of maps. For this , well-
distributed GCPs have been established and coordinates have been measured with CORS-TR. To use as
a map of VHRS images, spatial correction should be done certainly. Rectification process can be done
without GCPs but using GCPs increases the accuracy of rectification. Numbers, distribution, shape and
spatial accuracy of GCPs have an effect on the rectification accuracy.

Time, cost and accuracy are important factors at map production. If GCPs are marked more than
needed, it means it increases time and cost. This study has shown that rectification can be achieved at
high accuracy with RPCs model and using suitable distribution of GCPs (4 or 5 GCPs).

Before taking satellite images, it is always useful to establish GCP at field in appropriate distribution
and appropriate sizes. If GCP establishment is not done previously, it is difficult to determine GCP
especially non-residential areas on image. At the end of this study, average position accuracy has been
calculated as 48 cm. This calculated average positioning accuracy is near drawing accuracy in 1/2500
scaled-map accuracy. WorldView-2 satellite image whose spatial correction was made can be used in
updating many maps, following the changes in the GIS, in the study of land-use planning and so forth.
For a definitive decision about the geometrical accuracy of the WorldView-2 satellite image, studies
should be made on the terrains having different features (residential, mountains, plains, etc.).
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ABSTRACT: Waste tires have been an increasing problem every year due to the increase of vehicle
sales. The disposal of waste tires has presented very serious problems to the human community in the
world. Currently, some research has been studied on not only waste tire chips (WTC) but also recycled
steel tire fibres (RSF) in concrete. Present study is focusing on the usage of WTC and RSF in concrete
mixture. The different weight of WTC and RSF is mixed in concrete in order to investigate the effect on
mechanical properties. By adding WTC and RSF obtained a satisfactory improvement on cracking
control, compressive strength, flexural strength and also tensile strength, Moreover, compressive,
flexural and tensile strength was positively affected by the addition of WTC and RSF for some
mixtures. More percentage of weight fractions added gives high result in tensile strength. However, the
workability of the concrete reinforced with both WTC and RSF was negatively affected.

Key words: Waste steel fiber, Waste tire chips, Concrete, Compressive strength, Flexural strength

Beton Icindeki Geri Déniistiiriilmiis Arag Lastiklerinin Mekanik Ozellikleri

0Z: Arac satislarinin artmasiyla birlikte atik lastikler artan bir problem olmaya basladilar. Atik
lastiklerin ortadan kaldirilmasi insular igin ciddi problemler ortaya ¢ikarmaktadir. Giintimiizde sadece
atik lastik parcalarinin (WTC) betonda kullamim degil, atik lastik tellerinin (RSF) de betonda kullanimi
arastirilmaktadir. Bu ¢alisma WTC ve RFS atiklarinin beton iginde kullanimini arastirmaktadir. Farkli
oranlardaki atiklarin betonun mekanik 6zelliklerine etkisi incelenmektedir. Betona lastik atiklarinin
katilmasiyla catlak kontroliinde, basing dayaniminda egilme ve ¢ekme dayamimlarinda iyilesmelerin
oldugu goriilmiistiir. Ayrica, egilme ¢ekme dayamimlarin WTC ve RFS atiklarinin katkisiyla pozitif
olarak etkilendigi goriilmiistiir. Atiklarin yiizde olarak fazla eklenmesiyle cekme dayaniminin artmigtur.
Ancak, hem WTC hem de RFS atiklarinin ilavesiyle islenebirlik negatif olarak etkilenmistir.

Anahtar Kelimeler: Atik celik fiber, Atik lastik, Beton, Basing dayanimi, Egilme dayanimi
INTRODUCTION

In Turkey, studies in the field of waste management have indicated a significant development
especially in the last decades, with expanding social and political sensitivity. Since disposal of waste
tires has been a major problem for urban areas all around the world, a hard intensive work is being done
in order to recycle waste tires. In general, decomposing waste tires by burning process is presumed as
the economical and simple way (Siddique and Naik, 2004). However, the pollution owing to very large
quantity of smoke including CO2 makes burning waste tires so unacceptable which is also banned by
law in many countries (Gesoglu et al., 2006). So, innovative processes that are economic and
environmental friendly have been developed in order to recycle waste tires.
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Recycling waste tires into civil engineering applications has been obtaining gradually more concerns
particularly into asphalt paving mixtures and concrete over the years. Therewithal, other existing
practices for recycling waste tires in civil engineering applications are also benefiting tires as lightweight
fillers and using whole tires as crash barriers, bumpers and artificial reefs (Shu and Huang, 2014).

Using recycled tires in Portland cement concrete (PCC) has been limited compared to the
applications in asphalt paving mixtures because of the negative effect on compressive strength (Huang,
et al., 2004). Waste tire rubber chips are used in concrete in place of coarse or fine aggregate with the size
ranges from rubber chips (25 mm to 50 mm) to crumb rubber powders (4.75 mm to 0.075 mm).

Topcu (1995) studied the size and amount of tire rubbers on the mechanical properties of concrete.
He obtained that the plastic capacity was improved in spite of the compressive strength was decreased.
Eldin and Senouci (1993) researched the strength and toughness of concrete with a percent of coarse
aggregates displaced with recycled tire chips. The compressive strength and split tensile strength were
decreased as the toughness and ability to absorb fracture energy were developed. Lee et al., (1998)
studied the flexure and impact strength of crumb rubber-filled concrete. They obtained that crumb
rubber-filled concrete had more flexure and impact strength when compared with conventional Portland
cement concrete and latex-modified concrete.

Steel fibers are the component separated from rubber by mechanical processes can be used in
concrete in order to improve the performance of concrete including ductility, post-cracking behaviour
and impact resistance. Using steel fibers separated from rubber would be a good alternative to enhance
more economical, environmental friendly and mechanically improved.

Neocleous et al., (2004), Tlemat et al., (2004), (Tlemat et al., 2006a) and (Tlemat et al., 2006b) carried
out that steel fibres recovered from waste tires (RSF) can be successfully used to prepare fiber-reinforced
concrete (FRC) They studied the pull-out behaviour and the flexural strength of concrete reinforced with
recycled steel fibers, industrial steel fibers and pyrolysed RSF recycled steel fibers. Also new tensile
stress—strain model to predict the flexural resistance of concrete reinforced with conventional and
recycled steel fibers was proposed.

The aim of this study is to investigate the mechanical performance of concrete with waste tire chips
and steel tire fibers. By using waste tire chips and waste steel fibers in structural concrete, a number of
specimens were prepared. In this way, compressive, tensile and flexural tests on 28-days age of waste
steel fiber reinforced concrete were conducted. This paper represents the results of this experimental
study.

MATERIALS AND METHOD

The recycled steel fiber adopted in the present experimental study was supplied by a Turkish
private company from Konya, and the crumbing process of waste tires was the one adopted by this
company. Both waste tire chips and waste steel fibers were prepared by crumbing and sieved.

Material

Following materials utilized in the present research:

Cement matrix

Ordinary Portland cement according to TS EN 197-1, CEM I 32.5 R cement was used for every
concrete mixture. Raw materials used in this research include cement, fine aggregate (natural river
sand), coarse aggregate and tire fibers. Natural river sand with a maximum size of 5 mm, specific gravity

of 1.52, SSD water absorption of 1.37%, and SSD density of 2512 kg/m? was used in this study. Course
aggregate with a max a maximum aggregate size of 15 mm was used. Specific weight of course
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aggregate is found as 2690 kg/m? and SSD water absorption of 0.6 %. Both natural river sand and course
aggregates were batched in a dry condition.

For preparation of all the samples, a water—cement ratio (w/c) of 0.55 (by weight) was used. Table 1
represents the details of the mixture proportions. Since the specific weight of WTC and RSF are different,
varied ratio is used for these fibers.

Table 1. Concrete mix design

Fine Course Weight
Aggregate | Aggregate Cement | Water Percgent RSE | WIC
SaII{nsl;le Ssvn;lzjle (gr) (gr) (gr) (gr) (%) (gr) (gr)
0 0 18090 22110 9900 5400 0 0 0
1% 1% 18090 22110 9900 5400 1 555 555
2% 2.5% 18090 22110 9900 5400 2 1110 1387.5
3% 5% 18090 22110 9900 5400 3 1665 2775

All standard steel moulds for cubes, cylinders and prisms specimens has been prepared for oiling
the inner surface of the formwork before casting in order to remove the mould after the concrete
hardened.

Concrete mixing process was performed to ensure that waste tire chips and steel fibers were
distributed uniformly in the concrete mix. In the first stage, all ingredients (cement, fine aggregate, water
and course aggregate) were mixed well then after waste tire chips and steel fibers are added gradually.

Slump Test

In order to obtain workability of fresh concrete mixture slump test is applied to all mixtures (Figure
1). Slump height for the control specimen which is plain concrete is 100 mm. Slump height was
decreased since the addition of fiber into concrete mixture. From 1% until 3%, the slump height was
decreasing. Slump height is calculated to be 60 mm for 1% of fiber weight, 35 mm for 2% of fiber weight
and 10 mm for 3% of fiber weight. And slump height for WTC specimens is calculated to be 70 mm for
1% of fiber weight, 25 mm for 2,5% of fiber weight and 5 mm for 5% of fiber weight. It is indicates that
the slump of the mixture was decreased when waste tire chips and steel tire fiber content increased.

Figure 1. Slump test

The compressive strength test for the cubes was applied at the ages of 28 days. A total of 36 that 18
of WTC and RSF concrete cubes with the dimensions of 150x150x150 mm were prepared. 3 specimens
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were prepared for each percentage weight fraction of steel fibers (0.0%, 1 %, 2%, 3 %) and waste tire
chips (0.0%, 1 %, 2,5%, 5 %) . ASTM C 109 is used to determine compressive strength for the concrete
that is used in this study (Figure 2.).

Figure 2. Compressive strength test

A total of 3 prismatic specimens with the overall dimensions of 150x150x400 mm were tested for
each percentage weight fraction of steel tire fibers (0.0%, 1%, 2%, 3%) and waste tire chips (0.0%, 1 %,
2,5%, 5 %) . The 3 point flexure test was carried out at the age of 28 days with the standard of ASTM
D790.

Figure 3. Split tensile test

The results of split tensile strength test were based on cylinders with various weight fraction of tire
fiber for 28th days. In the course of split tensile strength test, specimens were tested by applying an
increasing load throughout the vertical diameter until split failure occurs. Failure of the specimens
comes of along its vertical diameter, owing to tension developed in the transverse direction (Figure 3).
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Figure 4. 3 point loading flexural test
The 100 x 100 x 500 mm specimens were cast instead in order to evaluate the flexural tensile strength
of concrete. For all the prism samples, the tests for the determination of the fracture energy were
obtained with 3 point bending test (Figure 4).
RESULTS

The concrete properties with different weight fraction of RSF are summarized in Table 2.

Table 2. Concrete properties with different weight fraction of fibers

Weight of | Slump wli?gl;“ Compressive g:::;lgrtalt Tensile

Fiber % (mm) (ke/m?) Strength (MPa) (MPa) Strength (MPa)

0 100 2210 28.05 2,99 2,36

1 RSF 60 2266 28.74 3,41 2,67

2 RSF 35 2288 30.93 3,78 3,26

3 RSF 10 2315 30.14 3,04 3,14

1WTC 70 2180 26.58 3,43 2,27

25 WTC 25 2153 21.45 3,25 2,09

5 WTIC 5 2111 17.09 2,57 1,85

From Table 2. above, the highest average compressive strength is at 2% which is 30.93 MPa of steel
fiber weight whereas the lowest strength is at 0% which is 28.05 MPa. Although stress for 3% fiber
weight sample is lower than 2% fiber weight sample, the strain is more. Compressive strength for waste
tire chips decreasing with weight fraction of tire chips. Flexural strength for weight fraction of tire chips
increases for the fraction of 1% and 2.5%. Figure 5 and Figure 6 shows that increasing fiber content also
increase ductility of the concrete.
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Figure 6. Stress-strain diagram for WTC concrete

Result of tensile strength of the control cylinder is found to be 2.36 MPa and decrease until 3.26 MPa
at 2% and increase again at 3% which is 3.14 MPa for steel fibers. It is seen from Table 2., the highest
flexural strength is at 2.0% of fibre content which is 3.78 MPa and the lowest strength is at 0% of fibre
volume which is 2.99 MPa. Tensile strength for concrete with waste tire chips decreases with weight
fraction of tire chips.

The energy dissipation can be calculated by integrating the areas under the load—deflection curves.
In this study it is observed that when the fiber contents are increased the area under are increased for
both WTC and RSF specimens.

CONCLUSIONS

This research has proved that the performance of steel tire fiber reinforced concrete is much better
compare to conventional plain concrete similarly with the current studies from literature. This
experimental study have proved that usage of RSF more than 2% with weight fraction could maintain
voids due to insufficient compaction of concrete. However, both concrete compressive and flexural
strength may reduce. Therefore it is essential to design the concrete mix by evaluating steel fiber length
and ratio. = Waste tire chips fiber reinforced concrete has higher flexural strength and ductility. The
conclusions from this research based on the experimental results are:

o The test result shows that as the fiber weight of fraction increase the workability for both
fibers tend to decrease significantly. Moreover, it can be realized that, the slump test decreases
when the weight of fiber increases.

e  Waste steel fiber in concrete may be used in order to increase the mechanical properties
of concrete. High percentage of weight fraction gives high flexural strength of the concrete.
However, when the fraction is more than %2 weight segregation of fiber can decrease strength of
concrete.
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e The concrete with RSF absorb more energy before and after fail. The recycled tire steel
fibers in concrete grips the concrete particles when load is applied on it until failure.

e The crack opening width can be controlled by using RSF in concrete.

e  Split tensile test and 3 point flexural test indicate that concrete reinforced with RSF has
much greater toughness compared to plain concrete. The cylinder does not split during tensile
test since the presence of RSF in concrete. Moreover, concrete prism also does not break into two
because of the RSF reinforced in concrete.
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OZ: Catlak veya catlak benzeri siireksizlikler bir¢ok miihendislik yapisinda hasara neden olan 6nemli
bir olgudur. Bu catlaklarin olusmamasi icin izlenecek yollardan en 6nemlisi boyutlandirma sirasinda
yorulma ile ilgili etkileri g6z oniine almak, imalat sirasinda da catlak olusumuna neden olabilecek detay
ve iscilik hatalarindan ka¢inmaktir. Ayrica servis hayati boyunca periyodik olarak yapinin muayene
edilmesi de gerekmektedir. Buna ragmen, catlak veya catlak benzeri siireksizliklerin olusumu
kaginilmazdir. Bunlarin varhigini gevrek kirilma ve yorulma agisindan degerlendirmek, miihendislerin
sorumlulugundadir.1856 -1866 yillari arasinda Izmir Aydin, 1865 yilinda Izmir Turgutlu-Afyon, 1873
Haydarpasa-izmit, 1888 Istanbul-Edirne, Kirklareli-Alpullu hatlarin yapilmasiyla Tiirkiye perginli
gelik demiryolu kopriileri ile tanigsmustir. Yapim yillar1 dikkate alindiginda bu kopriilerin 100 yasinin
iizerinde oldugu, siirekli dinamik yiiklere maruz kaldig1 ve bunlarin neticesinde bu tip kopriilerde
yorulma probleminin ne seviyede oldugunun belirlenmesi ve gerekmesi durumunda 6énlemler alinmas:
kaginilmazdir. Bunun igin gerekli niimerik yontemlerin varlig1 yaninda gergek boyutlu koprii eleman ve
birlesimlerini test edebilecek bir yorulma laboratuvarinin ve bu konuda tecriibe kazanmais bir arastirma
grubunun varlig1 da ¢ok onemlidir. Bu calismada, tilkemizdeki per¢inli ¢elik demiryolu kopriileri igin
baslatilan yorulma deneyleri ve 6miir tayin yontemi anlatilacak ve bu ¢alismanin {izerine yapilmasi
gerekli calismalar hakkindaki fikirler paylasilacaktur.

Anahtar Kelimeler: Percinli celik demiryolu kopriisii, Yorulma omrii, Tam 6lgekli test
Identification of Revited Steel Bridges’ Fatigue Life

ABSTRACT: Crack or crack-like discontinuities is an important phenomenon that causes damage in
many engineering structures. The most important thing to overcome such formations are to take fatigue
into consideration during the design procedure and the manufacturing process that could help avoiding
the formation of cracks due to the detail and workmanship. It is also required to be examined
periodically throughout the service life of the structure. However, the formation of cracks or crack-like
discontinuities are inevitable. Taking into consideration of Their presence in terms of brittle fracture and
fatigue is under the responsibility of engineers. By completing the rail line between the years 1856 -1866
Izmir- Aydin, 1865 Izmir Turgutlu-Afyon, 1873 Haydarpasa-Izmit, 1888 Istanbul-Edirne-Kirklareli-
Alpulluy, Turkey come across with the riveted steel railway bridges. Considering construction years
these are the bridges who are over 100 years old and are subjected to constant dynamic loads. As a
result, it is a necessity to determine the level of fatigue damage in this type of bridges, not by doing
analytical studies but also by testing full-scale riveted bridge members and their connections. It is
obvious, he presence of a fatigue laboratory to test and research group has gained experience in this
regard is very important. In this study, started riveted steel railway bridges’ member tests in the country
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and fatigue life prediction will be described in measure experiments done at Haslab full scale fatigue
test laboratuvary.

Key Words : Revited steel railway bridges, Fatigu life, Full-scale fatigue test
GIRIS (INTRODUCTION)

Demiryolu hatlarimizin 100 yildan daha uzun bir siiredir hizmet verdigi, bu siire zarfinda yolcu ve
yiik tasimaciliginin gerek trafik gerekse tonaj olarak arttigi, séz konusu kopriilerin proje safhasinda
hesap edilen yiik tasima kapasitelerinin {izerine etki eden yiiklere oranimin giderek azaldig: agiktir.
Demiryolu hatlarindaki perginli celik kopriilerin projelendirilme safhasinda diisiiniilen yorulma
omriinii ne kadar tamamladigiysa su anda cevabi aranan sorudur. Ayrica Avrupa Birligi ile biitiinlesme
(entegrasyon) cercevesinde arttirilacak dingil basinca igin ¢alismalar TCDD-ITU isbirligi ile baslamis
ancak yorulma konusu hentiz incelenmemistir.

Ulkemiz celik demiryolu kopriileri bu genel yapi igerisinde degerlendirilecek olursa, gerek mevcut
yorulma hasar birikimini tespit etmek, gerekse geriye kalan yorulma Omiirlerini tayin etmek, serviste
kalip kalmayacaklarina, kalacaklarsa ne sekilde takviye veya kisitlama gerektireceklerine karar vermek
gerekmektedir. Bilindigi tizere, tekrarli yiikler altinda, mikro ¢atlaklarin makro hale gelmesiyle elemanin
tasima giliciinii erken yitirmesi seklinde tanimlayabilecegimiz yorulma, oldukca diisiik gerilmelerde
dahi kendini gosterebilmektedir.

Tim diinyada, gercek boyutlardaki percinli elemanlar iizerinde yorulma deneyleri yapilmaktadir.
Reemsnyder (1975), yliksek gerilme araliklarinda, perginli kafes birlesimleri {izerinde ¢alismistir. Out,
Fisher ve Yen (1984) , 6 adet perginli yapma boylama kirisini, 48 ile 69 N/mm?2 gerilme araliginda ve
yliksek tekrar sayilarinda gahistirmislardir. Baker ve Kulak (1985) tarafindan gerceklestirilen testler de ise
gerilme aralig1 165 ile 188 N/mm?2 'de tutulmustur. Brithwiler, Smith ve Hirt (1990) tarafindan, mevcut
kopriiden alinan ii¢ adet boylama kirisi 60 ile 120 N/mm?2 'lik gerilmelerde ve yiiksek tekrar sayilarinda
teste tabi tutulmustur.

Gerek Amerikan Eyalet Karayollar1 ve Tasimacilik Birligi (AASHTO,1989) gerekse Amerikan
Demiryolu Miihendisleri Birligi (AREA, 1991, AREMA, 1997) standartlarimn ilgili maddeleri, bu tip
deneylerden elde edilen verileri kullanarak tespit edilmistir.

Boyle bir profil icerisinde, percinli demiryolu koprii elemanlarinin yorulma hasar birikimini ve
geriye kalan yorulma oOmiirleri tayininin makul derecede yapilabilmesi amaciyla AASHTO' nun
tanimladigr C ve D kategorileri icin daha fazla bilgi iiretmek, iilkemiz celik demiryolu kopriilerinde
yorulmaya sebep olacak kritik gerilme degerini tayin etmek, bu gerilmeleri meydana getiren demiryolu
lokomotif ve vagonlarini tespit etmek, dolayisiyla kritik gerilmeye sebep olmayan katar olusumunu
yorulma hasari hesabinda devre dis1 birakmak, elemanlarin mevcut yorulma birikimlerini belirleyip geri
kalan yorulma Omiirlerini saptamak, demiryolu kopriilerinden baslayarak {ilkemizin tiim yapilar: i¢in
kullanilabilecek yorulmaya ait bir veri tabanina data iiretmek amag edinilmistir.

Bu amag dogrultusunda, yorulma deneyleri Tiirkiye’ nin ilk Ger¢ek Boyutlu Tasiyict Elemanlar i¢in
Yorulma Laboratuvart HASLAB (Hasar Tespit Laboratuvari)’da gerceklestirilmistir. Bu laboratuvar
NATO Science for Stability programinca destekli TU-Bridges “Rehabilitation of old railway bridges”
Aragtirma Projesi kapsaminda, ITU Rektorliigii ile TCDD Isletmesi Genel Miidiirliigii arasinda
imzalanmis olan isbirligi protokolii cercevesinde Haydarpasa” da kurulmustur.

Yaklasim (Approach)
Yiiksek tekrarli (2x106 tekrar), biliyitk numune yorulma deneyleri oldukga iyi bir laboratuvar

altyapisi, para ve zaman gerektiren testler olmasi nedeniyle sik yapilan testler degildir. Giintimiiz
teknolojisiyle bile bir test 1 haftadan ¢ok daha uzun siirebilmektedir. Ancak, yorulma mukavemeti alt
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sinirinin tanimlanmasindaki yetersiz sayidaki test verileri nedeniyle mevcut belirsizlikleri yok etmek ve
miimkiin oldugunca gercek davramnis: ifade edebilmek icin uzun siireli ve gercek boyutlu numunelerin
testi, gereklilikten ¢ok giiniimiiz miihendisligi i¢in bir zorunluluk haline gelmistir.

Bu amagla, TCDD ile yapilan anlasma cercevesinde 1912 ile 1976 yillar1 arasinda hizmet vermis
ancak yol hattinin degistirilmesi nedeniyle su anda hizmet disi kalmis Diliskelesi Demiryolu
Kopriisi'nden alinacak numuneler {izerinde yorulma testleri yapilmasina karar verilmistir. Bu
dogrultuda dorder adet enleme ve boylama kiriglerinin test edilmesi planlanmistir, bu parcalar yerinde
sOkiiliip test edilmek tizere Haslab yorulma laboratuvarina teslim edilmistir.

Bununla birlikte, Ankara-istanbul Demiryolu hattinda bulunan ve TU-BRIDGES Arastirma Projesi
kapsaminda 1992, 1993, 1994 yillarinda test edilen Karagcam, Bekdemir ve Cambazkaya Demiryolu
Kopriilerinin toplam yorulma hasar birikimleri ve artik yorulma oOmiirleri, giincellenmis bilgisayar
modelleri (updated computer models) iizerinde, giiniimiiz ve ge¢mis katar yiik ve trafikleri gegirilerek
bulunmasi kararlastirilmistir (Uzgider, 1996).

S6z konusu {ii¢ kopriiniin ilk bilgisayar modelleri orjinal paftalar1 ve hesap ciltleri esas alinarak iig
boyutlu olarak {iretilmis, testlerden alman kayitlar dogrultusunda giincellenmis, gercek davrariglar:
ifade edebilen nihai modelleri elde edilmistir. Hgﬂi tim algoritmalar bu rafine modeller iizerinde
uygulanmistir.

Koprii tizerindeki elemanlarda olabilecek herhangi bir hasarin, trenin raydan kolaylikla ¢ikmasina,
hatta, s6z konusu kopriiniin tamamaiyla kullanilamaz hale gelmesine sebep olacagindan, bu elemanlarin
sagliginin kopriiniin emniyeti agisindan &nemi agiktir. Ozellikle hasar almasi durumunda kdpriiniin
fonksiyonel isleyisini kaybettirecek elemanlar (boylama, enleme, dikme, alt baslik, {ist baslik elemanlar1
gibi), kopriideki diger elemanlara gore beher katar bagina, nispeten daha fazla gerilme-tekrar sayilarma
maruz kalmalari, dolayisiyla yorulma omdiirlerinin daha kisa olmas: bagka bir 6nemli hususu iginde
barindirmaktadir.

Elemanlarin ve bunlarin perginli birlesimlerinin yorulma mukavemetlerini ifade etmekte kullanilan
ve yukarida bahsedilen standartlarda da verilen tipik gerilme araligi-tekrar sayis1 egrisi (S-N Curve)
asagida verilmistir (Sekil 1). Logaritmik olmak {iizere, diisey eksen gerilme aralifini, yatay eksen ise
gerilme tekrar sayisini gostermektedir. Gerilme araligi, uygulanan maksimum ve minimum gerilmelerin
cebirsel farki olarak tanimlanabilir.

S0z konusu boylama kirislerde yapilan testler, diisiik gerilme araliklarindan baslatilmis (Uzgider ve
dig, 2005), catlagin olusmamasi durumunda (Run Out) ise uygulanan yiik, dolayisiyla gerilme aralig:
artirilmigtir. "Run Out" karari, 8 ile 20 milyon yiik tekrar sayisina karsin, kiriste ¢iplak gozle goriilebilir
bir ¢atlagin olugsmamasi halinde alinmis ve bu durumda bir 6nceki sayag sifirlanmaistir.

Gerilme |

OR'

g A AR
AN
f\]J

NN 1 .‘.“ ""‘ O max
f\/
AR TR=Cmax~ Tmin
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Zaman

Sabit buiytikluk
Yorulma limiti
(Constant amplitute fatigue limit)

Sonlu Omir = %—+ Sonsuz Omir

Sekil. 1. Karakteristik S-N egrisi.

Figure 1. Characteristic S-N curve
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Laboratuvar deneylerinin yani sira, kdpriiniin hizmet verdigi yillardaki katar tipi, yiik ve trafik
verileri kullanilarak yiikleme modelleri {iretilmis ve yiiriitiilen statik analizler sonucunda boylama
kirisler icin gerilme tesir ¢izgileri elde edilmistir. Bu tesir ¢izgilerinden hareketle, elemanin yorulma
hasar birikimi, ].M. Barsom ve S.T. Rolfe (1987), Miner (1945) tarafindan sunulan "Miner Lineer Hasar
Birikimi" kurali yardimiyla tespit edilmistir. Elde edilen sonuglar deneysel sonuglarla birlikte
degerlendirilmistir. Bu safhalar i¢in kullanilan ¢alisma algoritmasi Sekil 2' de sunulmustur.

Demiryolu Hato Igin ['.n-.m Demniryobs Kogrtilert Iin Yorulma ]

[Tmﬁk Y akamtin l!uhn’cnm:m]

X X

Mevewt Gegay ve Gedeeck
Trafik Yok Trafik Y 6kanin

T adomind

Meveut Trafik Yaka

X X
Rafine

Bilgisayasr Modell

Yok altindaki Fleman
Genlme Dyyagramalarmn
Bilgisayar Yarchmyln
Uretibmesa

Kbl Elessamdards

Yuk altumdaki

Gegerli SN Efmam Tammlamak Amacivia

Rilgisaynr amalin e Tayim

CGierilme Diagramlamnm
[l aboratuvarda Gergek Boyutlu Elemaniar { rvnmb:]

Yorulma Testlenmin Gergeklegtirilmes

|

v |
L]
Foplam Dinkmuis Yorulma Hasen
Toplam Yorubma Hasar Binkimi vz
Aok Yorulms Owrt) Tayim

(a) (b)
Sekil. 2. a) Dil iskelesi i¢in b) Cambazkaya, Bekdemir ve Karacam Kopriileri i¢in

yorulma analizi akis diyagrami.
Figure 2. Fatigue analysis flow chart for a) Diliskelesi, b) Cambazkaya Bekdemir and Karacam Bridges

GERCEK BOYUTLU KOPRU ELEMANLARINDA YORULMA TESTI (FULL SCALE FATIGUE TESTS ON
BRIDGE MEMBERS)

Test Ekipmani (Test Equipments)

Yorulma deneyleri, Haydarpasa' da kurulmus olan biiyiik numune Yorulma Laboratuvart HASLAB'
da gergeklestirilmistir.

Bu laboratuvardir 400 m2 si kapali olmak {izere toplam 1000 m2 lik alan {izerine kurulmustur.
icerisinde 125 kN ve 50 kN olmak iizere iki adet yerden kontrollii vin¢ bulunmaktadir. 120 cm
yiiksekligindeki 18m x 8m lik kuvvetli dosemeye mesnetlendirilmis yiikleme gercevesine bagh bulunan
2 adet 500 kN' luk, ve ayrica kiiciik numune deneylerinde kullanmak {izere 1 adet 50 kN' luk yiiksek
frekansh yiikleme yapabilen hidrolik veren bulunmaktadir. Tiim bu sistem bilgisayar destekli bir
kontrol paneli tizerinden kumanda edilmektedir (bkz Sekil 3).



Percinli Celik Koprii Elemanlarinin Yorulma Omrii Tespiti Calismalari 341

2 adet MTS 244.41
Hidrolik VVeren
500 kN MTS 498
_‘ Kontrol Konsolu
1 adet MTS Veren MTS 292.13

50 kN [ ] Manifold L ]
= L
OO 10 I I

5 8

80386 Tabanly
—] Bilgisayar

|—| MTS 504.22
Hidrolik Pompa

2 adet Sodutma Fany

= =

Sekil. 3. Yorulma laboratuvar: sistem semasi
Figure 3. Fatigue laboratory system diagram

Yiikleme Cercevesi (Loading Frame)

Yorulmaya 6mrii sonsuz olarak boyutlandirilmis ¢ergevenin yapiminda 900 kN St37 ve St52 celigi
kullanilanmistir. Cergeve 18.0x8.0x1.2 m.'lik kuvvetli betonarme doseme {iizerine monte edilmistir
(Sekil 4). Cercevenin yiiksekligi, genisligi ve agiklig1 ayarlanabilmektedir.

Sekil. 4. Yiikleme cercevesi
Figure 4. Loading frame

Test Numuneleri (Test Specimens)

Test edilen numuneler, Diliskelesi Demiryolu Kopriisii' niinden sokiilerek laboratuvara getirilen
boylama kirisleridir. Kafes kiris seklinde insa edilen koprii, tek hath olup, iki agiklikli basit kiris
tarzindadir. Herbir acikhigi 31.00 m. olan kopriiniin ikinci agikligi, hattin degistirilmesinden sonra
kaldirilmis, ancak ilk agikliktaki koprii yerini muhafaza etmektedir. (Sekil 5).

Kopriide kullanilan boylama kirisler NPI475 hadde profili olup Rombach firmas: tarafindan imal
edilmiglerdir. Celigi, Wrought Iron' dir. Elemanlarda yer yer 6nemli miktarda korozyon tespit edilmistir.

Elemanlar test diizenegine yerlestirilmeden 6nce kumlanmis, tamamen temizlenmis ve olusacak
muhtemel catlagin kolayca fark edilip izlenebilmesi i¢in beyaz kiregle boyanmustir.
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Sekil. 5. Diliskelesi (perginli demiryolu) kdpriisii
Figure 5. Diliskelesi (riveted railway) Bridge

Test Diizenegi (Test Setup)

Yiikleme 4 noktadan tanimlanmistir (Four-Point Bending) (Sekil 6), bu amacla mesnet takimlari ve
yiikleme Kkirisi ile yanal burkulmaya karsi numuneyi tutacak elemanlar imal edilmistir ( Sekil 7).

Bu yontemle, kirisin yiik etkiyen noktalar arasindaki orta kisminda sabit moment ve kesme kuvveti
etkisi olmaksizin, muhtemel bir yorulma ¢atlagimin olusacag bir bolgede, sabit bir gerilme dagilimi elde
edilmektedir.

Kontrol paneli {izerinden tanimlanan test yiikleme profiline etki ettirilecek yiiklerin yam sira yiik
degisim limiti, deplasman limiti ve gerilme limitleri de tanimlanmistir. Boylece catlak olustugu anda
yiik, deplasman yada gerilmedeki degisim ile birlikte test otomatik olarak kontrol paneli tarafindan
durdurulmasi saglanmigtir.

Testlerin, su ana kadar {izerinde fazla ¢alisilmamis olan diisiik gerilme araliklarindan ve yiiksek yiik
tekrar sayilarindan baslatilmas:1 planlanmis, malzemenin davranisina gore gerilme araliginin
yiikseltilmesine karar verilmistir.

Sekil. 6. Test diizenegi
Figure 6. Test setup
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Sekil. 7. Boylama kirisi ve yiikle sekli
Figure 7. Longitudinal beam and loading setup

DILISKELESI KOPRUSUNUN MODELLENMESI VE BOYLAMA KiRiSLER iCIN YORULMA
(MODDELING OF DIiLISKELESi BRIDGE AND FATIGUE CHECK FOR LONGITUTUNAL MEMBERS

Yaklasim (Approach)

Boliim 2 ve Sekil 2a’ da tanimlanan akis diyagraminda verilen adimlar takip edilerek yorulma ile
ilgili calisma gerceklestirilmistir.

Demiryolu Hatti i¢in Trafik Yiikiiniin Belirlenmesi (Determining The Railroad Traffic Load)

Diliskelesi Demiryolu Kopriisii' niin hizmet verdigi yillara ait lokomotif, vagon tipleri ve katar
bilgileri, TCDD arsivlerinden elde edilebilen belgeler dogrultusunda tespit edilmistir. Bu arastirma
sirasinda, 1912 ile 1976 yillar1 arasindaki 64 yil, yiikleme tiplerinin farkliliginin yani sira donemin
ekonomik ve politik etkenleri de g6z Oniine alinarak 6 farkli zaman dilimine ayrilmis, her donemin
karakteri ve TCDD arsivinden gelen belgeler dogrultusunda katarlar olusturulmustur.

Eleman Gerilme Tesir Cingilarinin Bilgisayar Yardimiyla Uretilmesi (Optaning The Member Stress
Influence Lines By Using Computer)

Diliskelesi kopriisii iizerinden sokiilerek getirilen enleme ve boylama kirislerine oncelik verilerek,
kopriintin biitiin elemanlar1 Boliim 3.1 gercevesinde belirlenen katarlar altinda gerilme tesir ¢izgilerini
elde etmek amaciyla kopriiniin 3 boyutlu bilgisayar modeli ve yiikleme profilleri hazirlanmistir.
Belirlenen farkli yiikleme katarlarinin Cosmos\M (1991) sonlu elemanlar programi kullanilarak koprii
modeli iizerine yiiriitiilmesi sonucu boylama kiriglerin ve diger elemanlarinin gerilme tesir ¢izgileri elde
edilmistir.
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Bu tesir ¢izgileri daha sonra Fisher, Yen ve Wang (1987; 1989) tarafindan sunulan "Rainflow
Counting" islemine tabi tutularak elemanin bu yiikler altindaki gerilme tekrar sayilar: elde edilmistir.

Gercek Boyutlu Elemanlar Uzerinde Yorulma Testi (Full-Scale Fatigue Tests)

Degisik laboratuvarlarda su ana kadar gergeklestirilmis olan biiyilkk numune yorulma deneyleri,
yiiksek gerilme araliklarinda ve diisiik tekrar sayilarinda yapilmistir. Bu nedenle, "wrought-iron" ve
yumusak ¢elik (mild steel) den yapilmis olan percinli koprii tasiyici elemanlarimn sabit genlikli yorulma
limiti ¢ok belirgin degildir. Yapilacak testlerin ¢ikig noktas: budur.

AASHTO kategori. D ve C yorulma limitlerindeki bu belirsizligi ortadan kaldirabilmek ve bu bolge
icinde daha saglikli kararlar verebilmek i¢in s6z konusu yorulma deneyleri planlanmistir.

Toplam Hasar Birikiminin Tayini (Determination Of Cummulative Damage)

Laboratuvar testlerinin tamamlanmasindan sonra elde edilen datalarla, bilgisayar modelinin statik
¢ozltimiinden elde edilen eleman gerilme tesir ¢izgileri birlikte degerlendirilerek, Miner tarafindan 1945
de gelistirilen, ].M.Barsom ile S.T.Rolfe (1987) tarafindan sunulan ve "Lineer Hasar Birikimi Teorisi"
veya kisaca Miner kurali olarak bilinen teori yardimiyla toplam hasar birikimi hazirlanan bir yazilim ile
hesaplanmugtir.

Gecmis Trafigin ve Katarlarin Belirlenmesi (Determination of the Past Train Traffic and Wagon Sequences)

Kopriiniin hizmet verdigi 64 yil, alt1 farkl: doneme ayrilmistir:
1912-1922 1923-1937 1938-1949 1950-1964 1965-1969 1970-1976
Bu dénemlere ait TCDD arsivlerinden (Genel Miidiirliigii Istatistik Yilligi, Tren Sefer ve Katar
Bilgileri) elde edilebilen belgelerden de faydanilarak tipik lokomotif, vagon ve katarlar belirlenmistir.

Cizelge 1. Diliskelesi Kopriisii 1912-1976 yillar aras: katar gegis sayilari.
Table 1. Diliskelesi bridge, 1912-1976 train passage counts

DONEM KATAR TiPi | GUNLUK GECIS | YILLIK GECiS$
Yik 4 1460
1912-1922 Yolcu 4 1460
Karigik (Mix) 4 1460
Yik 8 2920
1923-1937 Yolcu 6 2190
Karigik (Mix) 6 2190
Yik 10 3650
1938-1949 Yolcu 6 2190
Karigik (Mix) 6 2190
Yik 10 3650
1950-1964 Yolcu 6 2190
Karigik (Mix) 6 2190
Yik 12 4380
1965-1969 Yolcu 8 2920
Karisik (Mix) 6 2190
Yik 16 5840
1970-1976 Yolcu 14 5110
Karisik (Mix) 6 2190

Kopriiniin Bilgisayar Modeli (Computer Model Of The Bridge)

Projesi "Vorschriften fiir das Entwerfen der Briicken mit Eisernem Uberbau auf den Prinzipischen
Staatseisenbahnen vom 1 May 1903" sartnamesine gore yapilan Diliskelesi Demiryolu Kopriisii' niin
bilgisayar modeli, orjinal projeleri ve kopriiden alinan fotograflar esas alinarak hazirlanmistir.

Tim yapisal diizensizlikleri ve rijitlik degisikliklerini igeren bu bilgisayar modelinde, alt1 serbestlik
dereceli ¢cubuk elemanlar kullanilmistir. D{igiim noktalarinda kullamilan birlesim levhalar1 ve enleme-
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dikme birlesimlerindeki guseler, rijit cubuklarla modellenmistir (Sekil 8). Mesnet bolgelerinde yaylar

tanimlanarak yapinin davranisi ile modelin davranisinin ayni olmasi saglanmustir.
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Sekil. 8. Diliskelesi kdprii modeli
Figure 8. Computer model of Diliskelesi Bridge

Belirlenen Katar Tiplerinin Model Uzerinde Yiiriitiilmesi (Applying the Moving Load of the Selected Train
Sequences to the Bridge Model)

Belirlenen katar tipleri 50 cm adim araliklar ile bilgisayar ortaminda koprii modeli {izerinde
yliriitiilmiis ve her eleman i¢in katarin degisik pozisyonlarina bagh ¢ubuk ug kuvvetleri ve gerilmeler
elde edilmistir (Sekil 9).

Eleman 72 Boylama Eleman 72 Bovlama
60 60
o [Nmm] & [N/mn7?]
50 g 500
40 1 40]
30 g 30f
20 g 20f
10 g 10f
0 0
0 50 100 150 200 25( 0 50 100 150 200
Yiikleme adimi Yikleme Adimi

Sekil. 9. Degisik katar tipleri icin tipik gerilme — yiik adimi grafigi

Figure 9. Moving load step-stress graph for a load train (rainflow count)
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Katarlarin kopriiden gegirilmesiyle elde edilen gerilme tesir ¢izgilerinin, ASTM (1986) standardinda
verilen ve Downing ve Socie (1982) tarafindan gelistirilen "Rainflow Counting" algoritmas: kullanilarak
gerilme tekrar sayilari (cycle count) Matlab (1992) altinda yazilan bir program ile sayilmistir. S6z konusu
algoritma akis diyagrami Sekil 10.a” da verilmistir:

Tasarimda, %1 veya daha az gerceklesme olasiligina sahip darbe katsayilari kullamlmaktadir.
Boylece, bir demiryolu kdpriisiiniin normal sartlarda tasarim omrii olan 80 yilda, bu seviyedeki darbe
katsayisi, olduk¢a muhtemel olarak yalniz birkag kez gerceklesebilir. BE ve AREMA standartlarina gore
hesaplanmis olan darbe katsayilar degerlerinin, arazide koprii tizerinde yapilmis olan statik ve dinamik
Ol¢imlerden elde edilenlerle (bkz Cizelge 2) mukayese edilip biiyiik deger hesaplarda goz Oniine
alinmistir. Gerilme araliklar: ve tekrar sayilar1 6rnek olarak Sekil 10.b, Cizelge 3 ve 4" de verilmistir.

Stradaki Hayir
Tepe veya Vadiyi oku
Data Var var m1?

Evet

Data adedini kontrol et

Atilmamis en yakin {i¢ noktadan meydana
gelen tepe ve vadiden X ve Y degerini

<
XY X ve 'Y nin mutlak degerini karsilastir ]

X=>Y
v

Y’ yi bir dongii olarak say,
Yenin Tepe ve Vadisini at

Sekil 10. a) Tekrar sayis1 hesaplama akis diyagrami
Figure 10. a) Rainflow counting flow chart

Cizelge 2. 1992-1994 yillar1 aras1 test edilmis makas kopriilerden bulunan darbe (¢)
degerlerinin istatistigi.
Table 2. Statistical study for impact factor (@) for the truss bridges tested between 1992-1994

Eleman tipi Ortalama | Maksimum | Standart sapma
Ust baslik 1.0844 1.2167 0.0769
Alt baghk 1.1031 1.2167 0.0639
Diyagonaller 1.0666 1.2362 0.0262
Dikme 1.0911 1.3306 0.0331
Enleme 1.0847 1.2766 0.0307
Boylama 1.051 1.2621 0.0254
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Sekil 10. b) Tekrar sayisi-gerilme aralig1 histogrami (enleme kirisi igin)
Figure 10. b) Rainflow counting (transverse beam)

Cizelge 3. a) Enleme kirisleri icin gerilme aralig1 tekrar sayist.
Table 3. a) Rainflow count for transverse beam

GERILME GERILME ARALIGI
ARALIGI (Darbe Katsayis1 0=1.32) TEKRAR SAYISI
(N/mm?) (N/mm?)

40 53 35770
41 54 13330
46 61 48180
50 66 48180
51 67 26280
54 71 43800
55 73 95630
56 74 87600
68 90 109500

Cizelge 3. b) Boylama kirisleri icin gerilme aralig1 tekrar sayisi.
Table 3. a) Rainflow count for longitudinal beam

GERILME GERILME ARALIGI
ARALIGI (Darbe Katsayis1 0=1.32) TEKRAR SAYISI
(N/mm?) (N/mm?)
37.9 50 418290
38.6 51 172280
39.4 52 497130
40.9 54 197100
41.7 55 118990
42.4 56 57670
43.9 58 191260
455 60 40880
47 62 62780
48 63 25120
49 64 48180
51 67 52560
52 68 25550
55 72 43800
57 75 62780
59 77 120450
73 96 109500
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Test Edilen Kiriglerin Hali Hazir Yorulmalarinin Tayini ve Artik Yorulma Omiirlerinin Saptanmasi

(Determing The Cummulative Fatigue Damges And Remaining Fatigue Life of the Tested Beams)

Glintimiizde "Miner Kurali" olarak bilinen lineer hasar kurali, ilk olarak 1924' de Palmgren

tarafindan sunulmus, 1945 de Miner tarafindan gelistirilmistir (Denklem, 1 ve 2).

n, S gerilme aralig1 seviyesindeki tekrar sayis1 ve N de, bu gerilme seviyesindeki yiik tekrar sayis1

cinsinden yorulma 6mrii olmak tizere,
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% = Tekrar orant 1)

olarak hesaplanir. Kullanilan 6miir olarak hasar miktar1 D ise, yukaridaki oranin toplami olarak

non, n.
SD. =+ 4+—4 4.+ >1 2

I N N N.

1 2 i

seklinde ifade edilir ve 1'den biiyiik veya esit durumu, hasar olarak nitelendirilir.

LABORATUVAR TEST SONUCLARI VE DEGERLENDIRME (LABOUTORY TEST RESULTS AND
EVALUATION)

Malzeme Ozellikleri (Material Properties)

Diliskelesi Kopriisii' nden alinan test numuneleri tizerinde ¢ekme ve sertlik deneyleri yapilmis,
sonuglar Cizelge 4' de verilmistir. Yumusak celikle, "wrougt-iron" nin ¢ekme mukavemetleri
birbirlerinden ¢ok farkli goziikmemekle birlikte akma gerilmesi ve elastisite modiillerinde fark vardar.
Diger baz1 arastirmalarda da benzer sonuglar elde edilmistir.

Cizelge 4. Malzeme test sonuglari.
Table 4. Material test results

Wroght iron Yumusak gelik
Ort. sd ns Ort. sd ns
Akma Mukavemeti (N/mm?) 270 18 5 226 12 8
Cekme Mukavemeti (N/mm?) 390 15 5 388 22 8
Elastisite Modiilii (N/mm?) 150000-182000 210000
Brinnel Sertlik 111.8 120

Ort. : Ortalama, sd : Standart Sapma, ns : Numune Sayis
Yorulma Testi (Fatigue Tests)

Daha 6nceki boliimlerde verilen esaslar altinda yapilan yorulma test sonuglar Cizelge 5 ve Sekil 117
de verilmistir. Sekil 12’ de test diizenegi ve deney sonu olusan yorulma catlag: goriilmektedir

Cizelge 5. Yorulma deneyi sonuglari.
Table 5. Fatigue test results

Kiris No Ger(‘,'\l';‘rf]:q?)"‘g‘ Tiik t(f(liggg)say's' Catlak yeri Notlar
49 12142 Run out Yiik arttirtldi
1 75 850 Run out Yiik arttirildi
84 850 Run out Yk arttirildi
95 1608 Pergin yani Ani kirillma
2 89 832 Per¢in yani Catlak
3 89 5100 Run out Yiik arttirildi
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Sekil. 11. Test sonuglarinin diger laboratuvarlarin sonuglariyla karsilastirilmast
Figure 11. Comparison of test results with other laboratories’ test results

Sekil. 12. Test diizenegi ve yorulma gatlag:
Figure 12. Test setup and fatigue crack

TEST SONUCLARININ INCELENMESi VE YORULMA OMRU TAYINi (EVALUATION OF THE TEST
RESULTS AND FATIGUE LIFE PREDICTION)

Cizelge 3a ve 3b’ de toplu olarak sunulan gerilme araligi-tekrar sayis1 sonuglarinin
degerlendirilmesinde "Miner Lineer Hasar Birikimi" metodundan ve AASHTO S-N diyagramindan
hareketle (Denklem, 3);
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N=MAop3 ®)
M : AASHTO D ve C kategorileri katsayisi
Aor : gerilme aralg1

olamak tizere;
D kategorisi egrisi igin N=7.64572 x 1011 x Aor-3
C kategorisi egrisi igin N=1.52914 x 1012 x Aor-3 dir.

Yorulma limiti D kategorisi icin 49.2 N/mm?2, C kategorisi i¢in ise 70.3 N/mm?2 oldugundan, bu
gerilmeler altindaki degerler ihmal dilerek, Diliskelesi kopriisiiniin enleme ve boylama kiriglerine ait
yorulma hasar birikimi hesaplanmistir (Cizelge 6-7).

Cizelge 6. Diliskelesi Kopriisii enleme kirislerinde toplam yorulma hasari (darbe katsayisi ¢=1.32).
Table 6. Cummulative fatigue damage for Diliskelesi bridge transverse beams (impact factor ¢=1.32).

AASHTO Kat. D (ECCS71) AASHTO Kat. C (ECCS90)

Gerilme Toplam N Toplam Hasar N Toplam Hasar
N/mm2 Tekrar

A B C D=B/C E F=B/E

53 35770 5194176 0.0069 - -

54 13330 4823308 0.0028 - -

61 48180 3415255 0.0141 - -

66 48180 2659418 0.0181 - -

67 26280 2506029 0.0105 - -

71 43800 2111132 0.0207 4222252 0.0104

73 95630 1998060 0.0479 3996110 0.0239

74 87600 1892921 0.0462 3785832 0.0231

90 109500 1057231 0.1036 2114456 0.0518

’ % 27.1 % 10.9

Cizelge 7. Diliskelesi Kopriisii boylama kirislerinde toplam yorulma hasar1 (¢=1.31).
Table 7. Cummulative fatigue damage for Diliskelesi bridge longitudinal beams (impact factor ¢=1.31).

AASHTO Kat. D (ECCS71) AASHTO Kat. C (ECCS90)
Gerilme Toplam N Toplam Hasar N Toplam Hasar
N/mm2 Tekrar

A B C D=B/C E F=B/E
50 418290 6198031 0.0675 - -
51 172280 5733379 0.0300 - -
52 497130 5314036 0.0936 - -
54 197100 4934611 0.0399 - -
55 118990 4590464 0.0259 - -
56 57670 4277590 0.0113 - -
58 191260 3992514 0.0480 - -
60 40880 3494065 0.0117 - -
62 62780 3275751 0.0192 - -
63 25120 3075253 0.0082 - -
64 48180 2890788 0.0167 - -
67 52560 2563858 0.0205 - -
68 25550 2418769 0.0106 - -
72 43800 2044167 0.0214 4088324 0.0107
75 62780 1836453 0.0342 3672897 0.0171
77 120450 1655955 0.0727 3311901 0.0364
96 109500 874251 0.1253 1748497 0.0626

% 65.9 % 12.7

SECILMIS DIiGER KOPRULER iCiIN YORULMA KONTROLU (FATIGUE CHECKS FOR THE SELECTED
BRIDGES)

Diliskelesi Demiryolu Kopriisiinden ¢ikarilan boylama Kkirislerinin testinden su ana kadar elde
edilen verilerin hepsi AASHTO C kategorisi yorulma limitinin {izerindedir. Ancak heniiz yeterli test
yapilmadig icin hangi kategoriye girdigini belirtmek zordur. Bunun igin segilen kopriilerin yorulma
bakimindan degerlendirilmesi asamasinda her iki kategoriye yani AASHTO D (ECCS 71) ve AASHTO C
(ECCS 90) kategorilerine gore kontroller yapilmuistir.
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Kopriilerin Bilgisayar Modelleri (Computer Models of the Bridges)

[k bilgisayar modelleri, orijinal pafta ve hesap ciltlerine gore {i¢c boyutlu olarak iiretilen kdpriilerin
nihayi modelleri, arazi testlerinden toplanan verilerin 15181 altinda, gercek davrarislarina uygun olarak
glincellenmistir (Uzgider, 1996). Modeller, tiim yapisal diizensizlik ve siireksizlikleri dikkate alinarak

yapilmistir.

Sekil. 13. Karacam kopriisii (6l¢iiler mm)
Figure 13. Karacam Bridge
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Sekil. 14. Bekdemir kopriisii (Olgiiler m)
Figure 14. Bekdemir bridge

Sekil. 15. dambazkaya kopriisii (6lgiiler m)
Figure 15. Cambazkaya Bridge
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YORULMA OMRU TAYINI (FATIGUE LIFE EVALUATION)

Herbir koprii modeli tizerinde daha 6nceden secilmis yiik katarlar1 50cm adimlarla yiiriitiilerek her
bir eleman icin ug kuvvet ve gerilme degerleri katarin farkl pozisyonlar: igin elde edilmistir.

AASHTO D (ECCS 71) ve AASHTO C (ECCS 90) kategorilerine gore toplam yorulma hasari
kontrolleri yapilmis ve en olumsuz sonuglarin ¢iktig1 elemanlar segilerek izleyen tablolarda verilmistir.

Cizelge 8. Karacam Kopriisii boylama kiriglerinde toplam yorulma hasari (¢=1.31).
Table 8. Cummulative fatigue damage for Karacam bridge longitudinal beams (impact factor p=1.31).

AASHTO Kat. D (ECCS71) AASHTO Kat. C (ECCS90)
Gerilme Toplam N Toplam Hasar N Toplam Hasar
N/mm2 Tekrar

A B C D=B/C E F=B/E
72 15330 2063869 0.0074 4127728 0.0037
74 25550 1850544 0.0138 3701078 0.0069
92 21900 989273 0.0221 1978541 0.0111
94 51100 908005 0.0563 1816006 0.0281
96 45990 870695 0.0528 1741385 0.0264
97 50370 835401 0.0603 1670797 0.0301
100 70080 770335 0.0910 1540666 0.0455
126 10950 379047 0.0289 758091 0.0144
130 140160 345291 0.4059 690580 0.2030
132 21900 334933 0.0654 669864 0.0327
134 10950 315427 0.0347 630853 0.0174
138 32850 288911 0.1137 577820 0.0569
141 18250 272864 0.0669 545726 0.0334
142 32850 265285 0.1238 530568 0.0619
156 54750 202911 0.2698 405821 0.1349

% 141.3 % 70.6

Cizelge 9. Bekdemir Kopriisii enleme kirislerinde toplam yorulma hasari (¢=1.31).
Table 9. Cummulative fatigue damage for Bekdemir bridge transverse beams (impact factor ¢=1.31).

AASHTO Kat. D (ECCS71) AASHTO Kat. C (ECCS90)
Gerilme Toplam N Toplam Hasar N Toplam Hasar
N/mm2 Tekrar

A B C D=B/C E F=B/E
51 95630 5683175 0.0168 -
52 117530 5295824 0.0222 -
55 54750 4620632 0.0118 -
59 25550 3807283 0.0067 -
66 15330 2673977 0.0057 -
67 25550 2530759 0.0101 -
88 73000 1128084 0.0647 2256162 0.0324
92 163520 998056 0.1638 1996108 0.0819
94 35770 922288 0.0388 1844572 0.0194
95 178120 887269 0.2008 1774532 0.1004
100 25550 763655 0.0335 1527306 0.0167
101 21900 736384 0.0297 1472765 0.0149
110 120450 577579 0.2085 1155155 0.1043
118 23360 461343 0.0506 922683 0.0253
120 17520 447364 0.0392 894725 0.0196
121 17520 433944 0.0404 867885 0.0202

% 94.3 % 43.5
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Cizelge 10. Cambazkaya Kopriisii Dikme elemanlarinda toplam yorulma hasari (¢=1.31).
Table 10. Cummulative fatigue damage for Cambazkaya bridge vertical truss members (impact factor ¢=1.31).

AASHTO Kat. D (ECCS71) AASHTO Kat. C (ECCS90)

Gerilme Toplam N Toplam Hasar N Toplam Hasar

N/mm2 Tekrar

A B C D=B/C E F=B/E
74 73000 1850544 0.0394 3701078 0.0197
81 105120 1431772 0.0734 2863537 0.0367
82 25550 1363604 0.0187 2727202 0.0094
93 25550 947478 0.0270 1894952 0.0135
94 52560 908005 0.0579 1816006 0.0289
100 21900 770335 0.0284 1540666 0.0142
101 140160 740325 0.1893 1480647 0.0947
102 79570 711855 0.1118 1423705 0.0559
105 54750 659147 0.0831 1318290 0.0415
106 65700 634737 0.1035 1269470 0.0518
114 21900 510938 0.0429 1021873 0.0214
116 14600 493521 0.0296 987040 0.0148
9%80.5 %43.3

56z konusu kopriilerin artik yorulma omdirlerinin hesabinda bugiinkii katar yiik ve trafigi ile darbe
katsayilar1 esas alinmis ve kopriilerin en kritik elemanlarina gore ayr1 ayr1 yapilmaistir.

Tleride katar, yiik ve gecis sayist ile yol sartlarinin degismesinden dolay1 ortaya cikacak farkli darbe
katsayilari, stiphesiz bu tahminleri degistirecektir.

Cizelge 8, Cizelge 9 ve Cizelge 10 irdelendiginde kategorilere gore harcanmis yorulma omrii gok
biiyiik degiskenlik gostermektedir. Hatta bir kategoriye gore yorulma Omriinii tamamlamis diger
kategoriye gore hala hizmet verdigi zaman kadar artik 6mrii oldugu goriilmektedir.

Cizelge 7-10" da bulunan degerler darbe etkisi dikkate almarak hesaplanmigtir. Ornek olarak Cizelge
8 deki degerler darbe katsayisi =1 olarak tekrar hesaplanacak olursa kategori D icin deger %60.1,
kategori C icin ise % 29.1 olarak bulunur. Bu sonug darbe etkisinin ne kadar biiyiik 6nem tasidiginm
gostermesi bakimindan ¢ok giizel bir 6rnektir.

Dolayisiyla adi gegen standartlardaki yorulma limit degerlerinin daha belirgin hale getirilmesi
kaginilmaz bir zorunluluktur.

SONUC VE ONERILER (CONCLUSION AND FURTHER STUDIES)

NATO Science for Stability programinca destekli TU-Bridges “Rehabilitation of old railway bridges”
Aragtirma Projesi kapsaminda, ITU Rektorliigii ile TCDD Isletmesi Genel Miidiirliigii arasinda
imzalanmis olan isbirligi protokolii ¢ergevesinde baslamis bu proje kapsaminda dort adet yiiksek lisans
tezi tamamlanmistir. Bu tezlerden bir tanesinde aymni hat {izerinde yer alan dort koprii, yorulma hasar
birikimleri ve artik yorulma Omiirleri agisindan incelenmistir. Yorulma laboratuvari HASLABIn
tamtilmas: ile ilgili olarak bir ¢alisma 2005 yilinda yaymlanmigtir. Aym hat {izerinde hizmet vermis
olmalar1 nedeniyle aym katar yiik ve trafigine maruz kaldiklar1 agiktir. Ancak hepsi ayni donemde
hizmete girmedikleri i¢in yorulma Omiirlerinin birbirlerinden bir miktar farkli ¢itkmasi beklenen bir
olgudur.

Ankara Istanbul hatt1 iizerinde bir giizergahin degistirilmesi ile bu képriilerden birinin hat disinda
kalmas1 bu ¢alisma igin ¢ok biiyiik bir sans olarak karsimiza ¢ikmaktadir. Bu kopriiden, Diliskelesi
kopriisii, lizerinden sokiilen boylama kirisleri iizerinde yorulma deneyleri yapilmistir. Bununla birlikte,
halen Ankara-Istanbul demiryolu hattinda hizmet vermekte olan diger ii¢ kdpriiniin de giincellenmis
bilgisayar modelleri iizerinden bugiinkii ve gec¢mis katarlar yiiriitiilerek, elemanlarin gerilme tesir
cizgileri gikarilmig, "Rainflow Counting" yontemi ile olugsan gerilme araliklarimin saymmi yapilmigtr.
Elde edilen sayim degerleri esas alinarak soz konusu tii¢ koprii i¢in toplam yorulma hasar birikimleri
hesaplanmistir. Benzer bir ¢calisma Marmaray Projesi kapsaminda Yedikule kopriisii i¢in oldukga detayli
olarak yapilmustir.

Ulasilan sonuglar ve ileriki ¢calismalar igin oneriler asagida maddeler halinde sunulmustur:
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¢ Test edilen elemanin metalurjik yapisi, bulundugu yerdeki gevre sartlari, iscilik, korozyon
testlerden elde edilen sonuglarin dagimk olmasma yol agmaktadir. Giivenilir bir istatistiki
degerlendirme icin test sayis1 artirilmalidir. Hangi kategoriye girdigi daha kesin olarak belirlenmelidir.

* Su ana kadar elde edilmis sonuglar AASHTO kategori D (ECCS71) nin kullarulmasiyla daha az
artik yorulma omriiniin elde edildigini gostermektedir.

e Literatiir incelendiginde, hafif derecede korozyona maruz kalan, yumusak celikten (mild steel)
perginli olarak {iretilmis koprii tasiyici elemanlariin artik yorulma Omriinii belirlerken, AASHTO
kategori D (ECCS 71) degerlerinin kullanilmas1 makul bir yaklagim sagladig1 ifade edilmektedir.

* Sabit genlikli (constant amplitude) yorulma limitinin {izerinde, hafif derecede korozyona maruz
kalmis wrougt-iron perginli koprii tasiyict elemanlar: ile, yumusak celik (mild steel) perginli koprii
tasiyict elemanlarinin yorulma mukavemeti aymdir.

¢ Biiylik numune (full scale) test verisi incelenirse, wrought-iron per¢inli koprii tastyici elemanlar:
igin Hirt tarafindan elde edilen sabit biiyiikliik yorulma limiti 70 N/mm2 civarmdadir. Ote yandan ayn
limit i¢in Out (1984) 45 N/mm2 bulmustur. Bu farkin nedeni Hirt tarafindan, imalatta kullanilan
yontemlerin farklilig: ve iscilik ile izah edilmektedir. Kuzey Amerika’da delikler zzimbalama ydntemiyle
acilmakta bu da delik ¢evresinde artik gerilme olusturmaktadir. Oysa Avrupa’da delikler matkap ile
acilmaktadir.

Sabit genlikli (constant amplitude) yorulma limitinin aymn elde edilmemesinin bir diger nedeni de
malzemenin mikro yapisal farkidir.

e Su ana kadar elde edilen test sonuglarinin tamami AASHTO Kat. C (ECCS 90) nin tizerindedir.
Ancak kesin degerlendirilmeye heniiz ulagilamadigindan Ankara-Istanbul demiryolu hattindaki {ig
kopriiniin degerlendirilmesinde hem Kategori D, hem de Kategori C hesaba katilmistir. Gortildiigii gibi
bu da artik yorulma 6mrii sonuglarini oldukga etkilemektedir

® Apyrica, verilen sonuglardan da goriilecegi tizere, darbe katsayisi, toplam yorulma hasar
birikimini dogrudan ve oldukc¢a 6nemli miktarda etkilemektedir. Bu da artik yorulma omriine tesir
etmektedir . Dolayisi ile darbe katsayisinin saglikli sekilde elde edilmesi bir zorunluluktur.

e Biinyesinde yorulma catlagi olan elemanlarin onarimi, gerekiyorsa gii¢lendirilmesi, arazi
sartlarina uygun hizhi ve giivenilir tekniklerin gelistirilmesine yonelik biiyitk numune deneyleri
gergeklestirilmelidir.
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ABSTRACT: The complex octonions are a non-associative extension of complex quaternions, are used in
areas such as quantum physics, classical electrodynamics, the representations of robotic systems,
kinematics etc. (Kansu et al., 2012, James et al., 1978). In this paper, we study the complex octonions and
their basic properties. We generalize in a natural way De-Moivre’s and Euler’s formulae for division
complex octonions algebra.

Key Words: De-Moiver’s formula, Euler’s formula, Complex octonion

Kompleks Oktoniolarin Kutupsal Gosterimi

OZ: Kompleks oktonyonlar, kompleks kuaterniyonlarin birlesimli olmayan ve kuantum fizigi, klasik
elektrodinamik, robotik sistemlerin gosterimleri, kinematik (Kansu et al., 2012, James et al., 1978) gibi
alanlarda kullanilan bir uzantisidir. Bu makalede, kompleks oktonyonlar ve temel 6zelliklerini ¢ahistik.
De-Moivre ve Euler formiillerini Kompleks oktonyonlar cebiri igin tabii bir sekilde genellestirdik.

Anahtar Kelimeler: De Moivre’s formiilii, Euler’s fromiilii, Kompleks oktonyonlar.

INTRODUCTION

The octonions are the largest of the four normed division algebras. While somewhat neglected due
to their non-associativity, they stand at the crossroads of many interesting fields of mathematics (Baez,
2002). A study of the classical electromagnetism’s energy described by the complex octonions in sixteen
dimensions is given by Kansu et al. (Kansu et al., 2012). The complex exponential &'’ =cos@+isiné
generalizes to quaternions by replacing i by any unit quaternion p since any unit pure quaternion is a

root of -1. Hence, any quaternion may be represented in the polar form ( :\q\ e“’ where@ is a real

angle. As with complex numbers and quaternions, any octonion can be written in polar form as

X =Tr(Cos+Wsing) where r=,/N and W*=-1. In this paper, we introduce the complex octonions

algebra, Oc, and study some fundamental algebraic properties of them. The polar representation of
complex octonions are given, and then by means of the De-Moivre's theorem, any powers of these

octonions are obtained. Finally, we give some examples for more clarification.

DOI: 10.15317/Scitech.2016.64
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MATERIAL AND METHOD

A complex octonion X has an expression of the form

X=Ag+Ae+Ae A rAC A FAG+AE =AY Al

357

@

where A — A are complex numbers and g, (0<i<7) are octonionic units satisfying the equalities that

are given in the table below;

Table 1. Octonionic units

e1 e2 es3 €4 (4] €6 e7
e1 | -1 es - es - - €6
e2 é4 e7
e2 | -1] e | e | ez | ~ -
es3 €4 (%3]
es | e | -en| -1 e | ~ es -
€6 €4
es - - -1 ] e | e | es
es €6 e7
es | es | ez | e | -e1 | -1 | -es | e2
e | e7 | es | -es | -e2 | es | -1 | -en
ez | -e6 | es | es | -es | —e2 | er | -1

As a consequence of this definition, a complex octonion X can be written as

X =X+1ix',

2)

where x and x', real and pure octonion components, respectively. The set of all complex octonions is

denoted by Oc.

For defined octonion in equation (1), the scalar and vectorial parts can be given, respectively, as

\7x :Aiel"'Azez+A363+A484+Ases+p&aee+A7e7-

Sx Z'Abem

A complex octonion X can also be written as

X=(Ae+tAe+Ae+Ae)+(A+Ae+Ae+Ag)e =Q+Q'e,

where e? = —1and

Q.Q" eHo={Q=A +Ae + Ae, +Ag; [ =e’ =6’ =—1,A <C},

the complex quaternion division algebra (Jafari, 2016).

®)

(4)

©)

(6)
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7 7
For two complex octonions X = Z Ae andy = Z B e, the summation and substraction processes are
i=0 i=0

given as
XiY:i(AiBi)ei. @)

Addition and subtraction of complex octonions is done by adding and subtracting corresponding terms

and hence their coefficients, like quaternions.
The product of two complex octonions X =S, +V,,Y =S, +V, is expressed as
XY =8, S, (Vi Vi )+ Sy Vi, +8, Vi +Vi xV, ®)

Multiplication is distributive over addition, so the product of two octonions can be calculated by
summing the product of all the terms, again like quaternions. This product can be described by a matrix-

vector product as

A A A A A -A —A -A]B,

AVA A A A A A -A|B

AA A A A A A A|B
v A A A A A A A A B ©)

ALA A A A A A -A|B

AL-A A A A A A A|B

A -A A A A A A A|B

A A A A A A A A B]
where X,Y € O, . Complex octonions multiplication is not associative, since

e(e,e)=ee=—¢, (10)

(ee,)e, =6, =¢,.
It is clear that subalgebra with bases e, €, €, €, (2<i, j<7)is isomorphic to complex quaternions

algebera H..

SOME PROPERTIES OF COMPLEX OCTONIONS

7
1) The Hamilton conjugate of X = Z Ae =S, +V,is

i=0
p— 7 —
X=~Ae-> Ae=S,-V,. (11)
i1
The complex conjugate of X is

X2 Ao A 6 = (8 —iay)e, + (@ —ia)e, +..+ (@ —ia e, (12)

i=1

The Hermitian conjugate of X is

X' = (X)* = Aa € _iA €= (ao _i%)eo _(ai_iai)el_"'_(a7 _ia;)er (13)


http://en.wikipedia.org/wiki/Distributive_property
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Itis clear the scalar and vector parts of X is denoted by § = X+ X and V, = ﬂ
2
2) The normof X is
o 7
N, =XX =XX =|X|[ =Y. A eC (14)
i=0

If Ny =1 then X is called a unit complex octonion. We will use Of to denote the set of unit complex

octonions. If N, =0, then X is called a null complex octonion.

Lemma 1. Let X,Y € O;. The conjugate and norm of complex octonions satisfy the following properties:
) X=X, (X) =X, (X) =X

2) XY =Y X, (XY) =Y'X", (XY)' =YX' (15)
3) X4Y=X+Y, (X+Y) =X"+Y", (X +Y) =X"+Y'

4) Ny =Ny, Ny, =Ny N,

3) The inverse of X with N, #0, is

X1=—""X. (16)

1
N X
Example 1. Consider the complex octonions

N

X, :2+2e1+(1—i)e2+2ie3+(1+i)e4+ie5+;e6—e7,
X, :j§+\/1§e1+(1—i)e2+2ie3+(1+i)e4+\/§ie5+e6+2e7, (17)

X,=1+(2-1)e +ie, +e, +(1+i)e, +ie, +e,—¢;,

The norms of X,, X,, X, are

N, =1 N, =0, N, =5-2i (18)
The conjugates of X, X,, X; are
Xl:\/§—2e1—(1—i)e2—2ie3—(1+i)e4—ie5—;e6+e7,
e +(1+i)e,—2ie, +(1-i)e, —2ie, +e, +2¢,, (19)

R

X{=1-(2+i)e +ie, +e,—(1-i)e, +ie, +e,—¢,,

The inverse of X,, X, are

Xt =£—261—(1—i)e2 die,—(L+i)e, —ie, ——e, +e,
2 (20)

X, = W[1 (2—-i)e,—ie,—e;—(1+i)e,—ie; —e, +e,],

and X, not invertible.

Theorem 1. The set Ogof unit complex octonions is a subgroup of the group Og where

02 =0, -[0-0].
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Proof: Let X,Y € Og.We have N,, =1, ie. XY €Og and thus the first subgroup requirement is
satisfied. Also, by the property

Ny =Ng=N . =1, 1)
the second subgroup requirement X * € OF..
RESULT AND DISCUSSION
Trigonometric Form and De Moivre’s Theorem
7
Every non-null complex octonion X = » A g can be written in the trigonometric (polar) form
i=0
X =R(cos g+W sin g), (22)
with
7 y2
2
i A 2¥) i i
R = |Nx| = ZAZ , COS¢h = and sing=~""_~ . The unit complex vector W =W+iW is
=0 [Ny VINK|
given by
- 1
W = (W, Wy, W, ) = ————— (A, A, A). (23)
A"
i-1

Example 2. The polar form of the complex octonions X, = i +(i,1+i, 2i,1-i,2, 0, \/g) is
2

NG
T = . T
X, =cos—+W, sin— 24
L 4 tWasin (24)

and X, =i+ (1+2i,—i+1, 2—i,-1, 2i, i+1,/5) is

X, =cos¢+W,sin g, ¢=cos‘1i=%—iln(—1+\/§), (25)
where
W, = V2 (i,1+i, 2i,1-1,2, 0, \E) and W, :\/15(1+2i,—i+1, 2-i,-1, 2i, i +1,V5). (26)

It is clear that N\A71 = NW2 =1 and WW, =W,W, = 1.

Since W 2 = —1 we have a natural generalization of Euler's formula for generalized quaternions
) . 23 pa
e —1iwo- w9
2! 31 41
2 e 3 5
A AR 17 T A AN (27)
21 41 3 5!
=cos@+W siné,

for any dual number 6.
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Lemma 2. For every unit vector W ,we have

(cosé’1 +W sin 6’1)(cos6’2 +W sin 92) =cos(6,+6,)+Wsin(6, +6,). (28)

Theorem 2. (De-Moivre's formula) Let X = /N, (cos¢ +W sin ¢) be a complex octonions. Then for any
integer n;

X" = ({/N,)".(cosng+W sinn g) (29)

Proof: The proof will be by induction on nonnegative integers n and let N, =1.
For N=2 and on using the validity of theorem as lemma 1, one can show
(cos ¢ +W sin ¢)? = cos 2¢+W sin 2¢ (30)
Suppose that (c0s¢+W sing)" =cosng+W sinng, we aim to show
(cos ¢+W sin )™ = cos(n+1)¢+W sin(n+1)g. (31)
Thus

(cos g +W sin ¢)™* = (cos ¢ +W sin ¢)" (cos ¢ +W sin ¢)
= (cosn@ +W sin ng)(cos ¢ +W sin ¢) (32)
=cos(n¢g + ¢) +W sin(ng + @)
= cos(n +1)¢ +W sin(n+1)g.

The formula holds for all integers n;

Xt =cosgp—Wsing, (33)
X" = cos(—n¢)a+W sin(—ng) (34)
= cos ng —W sin nég.
[
Example 3. Let X =—/3+(1+i, i, 2i,1-i,1, 1, 2) be a complex octonion. Every power of this octonion is
found with the aid of Theorem 1. For example, 20-th and 83-th powers are
X% =2%(cos 20°F 1\ sin 205—7[)
6 6
35)
=22°(—%+vv ‘f) 29[+ B, i, 20 11,1, 1, 2)],
and
Sz o . o
x® =2%(cos83—+W sin83—
( 6 6 ) (36)

=—22(J3+W).
We investigate some properties of the complex octonions by separating them in two cases:

i)  Complex octonions with complex angles (¢=p+ip*); i.e.
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X =[Ny (cosg+W sing), (37)
ii)  Complex octonions with real angles (¢=¢, p*=0); i.e.
X = /[N, | (cosp+W sin ). (38)

Theorem 3. De Moivre’s formula implies that there are uncountably many unit complex

octonion X =cos¢+W sing satisfying X" =1for n 3.
Proof: For every unit vector W, the unit complex octonion

X =c052—”+Wsin2—”, (39)
n n

is of order n. For n=1or n=2, the complex octonion X is independent of W. |

N

Example 4. x =i+(i,1+i, 2i,1-i,2, 0, \/g) is of order 8 and X ==+ (1+i, i, 2i,1-i,-1, 1, 2) is of
J2 2 2 2
order 12.

Theorem 4. Let X = cosq)+Vv sinpbe a unit complex octonion. The equation A" =X has n roots, and

they are

(p+2k7z

A _cos((/)+ ) +W sin( ), k=0,1,2,..,n-1. (40)

Proof: We assume that A=cos$+Wsin$is a root of the equation A" =X,since the vector parts

of X and A are the same. From Theorem 2, we have

A" =cosng+W sinng, (41)
thus, we find
cosng =cos g, sinng=sin g,
So, the N roots of X are
A =cos(¢)Jr2 ”)+Wsm(¢+2k”), k=012,..,n-1. (42)
n
n

B3

Example 5. Let X :7+(1+ 2i,—\/§, 2i, i-L%,i—l,Z) = COS%-%—VV sin%be a unit complex octonion.

The cube roots of the octonion X are

), k=0,1,2. (43)

k

xH_ Cos(ﬂ/B-;Zkﬂ)+Wsin(7r/6-;2k7r
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For k=0, the first root is X()%=COS£+VV sin” -098+017W, and the second one for k=1 is

Xl% = cosll%ﬂJrVV sin 11%[ =-0.64+0.76 W and third one is

Xz% =005215'—8”+VV sin215—8”=—0.34—0.93vv. (44)

1 1 1
Also, it is easy to see that X2 + X2 + X =0.

The relation between the powers of complex octonions can be found in the following Theorem.

Theorem 5. Let X be a unit complex octonion with the polar form X =cos q0+V\7 sing.

If m= 2z eZ {1}, then X "= X" if and only if n=m (mod p). (45)
@
Proof: Let n=m (mod p). Then we haven=a.p+ M, where a € Z

X" =cosng+W sinng

= cos(ap +m)@+W sin(ap +m)e (46)
= cos(az—ﬂ +m)p+W sin(az—ﬁ+ m)e
4 4
= cos(mg +a2z) +W sin(me + a27)
= cosmg +W sinmg
=X"
Now suppose
X" =cosnp+Wsinng and X™ =cosme+W sinme. (47)
If X"=X"™ then we get COSNg = COS Mg and Sin N® = sin Mg, which means
Nnp=me+2za, ac”Z (48)
2r
Thus n=m+—a or n=m(mod p). (49)
4
[
E 2 : S 1 . ,
xample 6. Let X :7+(1+ 2|,_\/§, 2i, |_1,T,|_1,2) be a unit complex octonion. From Theorem 5,
2
2z
m=-—-- =8, so we have

x4
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X =X=X"=.
X2=X0=x®=
X3= Xllleg = . (50)

XP=X?=X"=.=-1

XE=X"®=X*=.=1

CONCLUSION

In this paper, we defined and gave some of algebraic properties of complex octonions and
investigated the De Moivre’s formulas for these octonions. The relation between the powers of complex

octonions is given in Theorem 5. We also showed that the equation X "=1 has uncountably many
solutions for any unit complex octonions (Theorem 3).

FUTHER WORK

We will give a complete investigation to real matrix representations of complex octonions, and give
any powers of these matrices.
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