Dicle Universitesi Milhendislik Fakdiltesi

muhendislikdergisi

Cilt: 15, Sayi: 1, Mart 2024 ISSN: 1309-8640

Dicle Universitesi
Miuhendislik Fakultesi

B
)
1L
=
[
L°.
=
)
—
=
=

@)
e
f—
D
O
=
@)
-
D
o
O
©
-
-
-
Q.




DUMF Miihendsilik Dergisi, Mart 2024, Cilt 15, Sayi 1

Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1 Editorial Board

Dicle Univer;itesi Adina yayin Sahibi / Privilige Owner
Mehmet Sira¢ OZERDEM

Bas Editor / Editor-in-Chief
Mehmet Sira¢ OZERDEM

Alan Editorleri / Field Editors
idris BEDIRHANOGLU
Abdurrahman SAYDUT
Omer TURK

Bilal GUMUS

Mehmet Sirag OZERDEM
Atilla Gencer DEVECIOGLU
Fevzi ONEN

Hasan POLAT

Cafer BUDAK 5

Mesut HUSEYINOGLU
Fatma Deniz OZTURK
Mehmet Salih KESKIN
Erhan GETIN

Muhammet Ali ARSERIM

Tasarim-Dizgi / Desighing-Editing
Mesut SEKER

Yazisma Adresi
Mahendislik Dergisi, Koordinatorlik ve Yayin Burosu,
Dicle Universitesi, Mihendislik Fakiltesi, 21280 Diyarbakir

Telefon : +90-412 241 10 00 (Dahili: 3637)
Elektronik posta : muhendislikdergisi@dicle.edu.tr
web : http://dergipark.gov.tr/dumf, https://duje.dicle.edu.tr/journal/

Dergide yayinlanan yazilar izinsiz baska bir yerde yayinlanamaz veya bildiri olarak sunulamaz.

ISSN Basili Materyal: 1309-8640
Online ISSN: 2146-4391


mailto:muhendislikdergisi@dicle.edu.tr
http://dergipark.gov.tr/dumf
https://duje.dicle.edu.tr/journal/

DUMF Muhendsilik Dergisi, Mart 2024 2024, Cilt 15, Sayi 1

Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1

Hakem Listesi / Reviewers List

Dergimize yayinlanmak tizere gbnderilmis olan makaleleri titiz bir sekilde degerlendiren kiymetli hakem hocalarimiza,
degerli katkilarindan dolay: tesekkiir eder, katkilarinin devamint dileriz.

We greatly appreciate the contributions made by the scientists, who worked as reviewers for Dicle University Journal
of Engineering (DUJE) and we expect their contributions to the following journal issues.

Filiz Piroglu (ITU)

Yildirim Serhat Erdogan (YTU)

Sahin Giines (University of Birmingham)

Ebru Bagpinar Tuncay (Siileyman Demirel Universitesi)
Alaaddin Vural (Ankara Universitesi)

Cengiz Cogkun (Mardin Artuklu Universitesi)
Erdogan Aldemir (Batman Universitesi)

Halit Irmak (Mardin Artuklu Universitesi)
Sabir Riistemli (Bitlis Eren Universitesi)

Murat Koseoglu (Inénii Universitesi)

Kivang Taskin (Eskisehir Teknik Universitesi)
Ciineyt Vatansever (ITU)

Oguz Cem Celik (ITU)

Hamit Adin (Batman Universitesi)

Cenk Yanen (Firat Universitesi)

Abuzer Caliskan (Firat Universitesi)

Ayse Bilhan (Nevsehir Universitesi)

Giiliizar Cit (Sakarya Universitesi)

Ridvan Yayla (Bilecik Seyh Edebali Universitesi)
Emre Comak (Mehmet Akif Ersoy Universitesi)
Zehra Kadiroglu (Firat Universitesi)

Giilay Onusluel Giil (Dokuz Eyliil Universitesi)
Ebru Eris (Ege Universitesi)

Hiiseyin Hisil (University of Wollongong)

Taha Etem (Cankir1 Karatekin Universitesi)
Murat Ak (Akdeniz Universitesi)

Osman Hulusi Oren (Sirnak Universitesi)
Omer Faruk Dursun (Inénii Universitesi)
Ramazan @zgﬁr Dogan (Giimiishane Universitesi)
Biilent Giirsel Emiroglu (Kirikkale Universitesi)
Omer Cihan (Sakarya Universitesi)

Yunus Onur Yildiz (Sinop Universitesi)



DUMF Muhendsilik Dergisi, Mart 2024 2024, Cilt 15, Sayi 1
Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1

Ferdi Dogan (Adiyaman Universitesi)

Ali An1 (Inénii Universitesi)

Kenan Donuk (Sirnak Universitesi)

Esra Kavalc Yilmaz (Sivas Bilim ve Teknoloji Universitesi)
Cagri Kaymak (Firat Universitesi)

Can Civi (Manisa Celal Bayar Universitesi)

Miicahit Siitgii (Manisa Celal Bayar Universitesi)
Giilay Cigek (Beykent Universitesi)

Kiibra Uyar (Alanya Alaaddin Keykubat Universitesi)
Abidin Caliskan (Batman Universitesi)

Emrullah Acar (Batman Universitesi)

Esra Dinger (Gedik Universitesi)

Esra Kavalcl Yilmaz (Sivas Bilim ve Teknoloji Universitesi)
Yasin Varol (Firat Universitesi)

Dogan Engin Alnak (Sivas Cumhuriyet Universitesi)
Murat Kocagiil (Yozgat Bozok Universitesi)

Hasan Ozkaynak (Beykent Universitesi)

Okay Altun (Hacettepe Universitesi)

Murat Erdemoglu (Inénii Universitesi)

Hanifi Canak¢1 (Hasan Kalyoncu Universitesi)

Fatih Celik (Nigde Omer Halisdemir Universitesi)
Mahmut Yavuz (Eskisehir Osmangazi Universitesi)
Ibrahim Ugur (Siileyman Demirel Universitesi)
Nazmi Sengiin (Siileyman Demirel Universitesi)
Mahmut Bingdl (Yalova Universitesi)

Raif Sakin (Balikesir Universitesi)

Ayla Tekin (Manisa Celal Bayar Universitesi)

Emre Erkan (Batman Universitesi)

Tamer Bagatur (DU)

Halil Gorgiin (DU)

Emrah Aslan (DU)



DUMF Miihendsilik Dergisi, Mart 2024, Cilt 15, Sayi 1
Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1 Table of Contents

Icindekiler / Table of Contents

Elektrik Elektronik Miihendisligi / Electrical and Electronics Engineering

Sinema verilerinin Neo4j cizge veritabani ile modellenmesi ve analizi (Arastirma Makalesi)
Modeling and analysis of cinema data using Neo4j graph database (Research Article)
Gizem Tangalay Dalgin, Resul Das 1

Experimental Investigation of High-Frequency Effect on Ignition and Damping of Corona
Discharges (Research Article)
Ilker Ari, Fevzi Hansu 15

PEM vyakit pillerinde PSO tabanh PI ve FOPI kontrolliG DC/DC dénustlrtculerine iliskin
performanslarin karsilastirilmasi (Arastirma Makalesi)

Comparison of performances of PSO-based PI and FOPI controlled DC/DC converters in
PEM fuel cells (Research Article)

Biisra Nur Ugmaz, Yurdagiil Bentesen Yakut 23

A Multi-Metric Model for analyzing and comparing extractive text summarization
approaches and algorithms on scientific papers (Research Article)
Mehmet Ali Dursun, Soydan Serttas 31

Gender, age, and ethnicity estimation by image processing (Research Article)
Mesut Uysal, Mehmet Fatih Demiral 49

Kriptografide Rasgelelik Kavrami ve Gercek Rasgele Sayi Ureteclerinin Test Metodolojisi
(Arastirma Makalesi)

Concept of Randomness in Cryptography and Testing Methodology of True Random
Number Generators (Research Article)

Ali Murat Garipcan, Ebubekir Erdem 61

Coklu bulut teknolojisi yénetimi icin web tabanli bir arag tasarimi ve gelistirilmesi
(Arastirma Makalesi)

Design and development of a web-based tool for multi-cloud technology management
(Research Article)

Hacer Ozyurt, Yusuf Can Akier, Ozcan Ozyurt 77

Using GAN Methods for Aerial Images Segmentation (Research Article)
Sara Altun Giiven, Buket Toptas 87

The Effect of Latent Space Vector on Generating Animal Faces in Deep Convolutional
GAN: An Analysis (Research Article)
Isa Atas 99

Edge Boosted Global Awared Low-light Image Enhancement Network (Research Article)
Biisra Soylemez, Serdar Ciftgi 107

Controlling the Mobile Robot with the Pure Pursuit Algorithm to Tracking the Reference
Path Sent from the Android Device (Research Article)
Ahmet Top 119



DUMF Miihendsilik Dergisi, Mart 2024, Cilt 15, Sayi 1

Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1 Talille off Canisis

Makina Miihendisligi / Mechanical Engineering

Experimental Analysis and Finite Element Modeling of S-Core Sandwich Panel Composites
Drop Impact Response (Research Article)
Hasan Murat Oztemiz, Semsettin Temiz 131

Pt-Al/Grafen-KNT Nanoyapilarinin Mekanik Performansi; Bir Molektler Dinamik
Similasyonu (Research Article)

Mechanical Performance of Pt-Al/Graphene-CNT Nanostructures; A Molecular Dynamics
Simulation (Research Article)

Unal Degirmenci 141

Boriding Effect on the Hardness of AISI 1020, AISI 1060, AISI 4140 Steels and
Application of Artificial Neural Network for Prediction of Borided Layer (Research Article)
Mehmet Ozer, Fatih Balikoglu, Tayfur Kerem Demircioglu, Yunus Emre Nehri 153

Disuk yuk kosullart altinda tek silindirli dizel bir motorun yanma ve emisyonlarinin toliien
ilavesi ile degisiminin sayisal olarak incelenmesi (Arastirma Makalesi)

Numerical investigation of toluene addition and changes in combustion and emissions of
a single cylinder diesel engine under low load conditions (Research Article)

Mutlu Okgu, Mijdat Firat 161

Kor delik delmenin aliminyum 5754 ile olusturulan tek bindirmeli yapistirma baglantilarin
kayma dayanimina etkisi (Arastirma Makalesi)

Effect of blind hole drilling on shear strength of single lap adhesive joints with Aluminum
5754 (Research Article)

Ali Isiktas 169

Maden Miihendisligi / Mining Engineering

Havuzdere, Geyikdere, Inebeyli ve Tepekdy (Karamiirsel, Yalova, Tiirkiye) Civarindaki
Zeolitik Tuflerin Mineralojik ve Petrografik Ozellikleri (Arastirma Makalesi)

Mineralogical and Petrographic Characteristic of Zeolitic Tuffs from Havuzdere, Geyikdere,
Inebeyli and Tepekdy (Karamiirsel, Yalova, Turkey) (Research Article)

Mustafa Albayrak, Asuman Kahya 177

Investigation of the settling behavior of lateritic nickel ores in the CCD process after HPAL
(Research Article)
Oykii Keskin, N. Metin Can 191

Bazalt Agrega Uretim Tesisinde Fine-Kinney, HRNS ve John-Ridley is Saghgi ve Guvenligi
Risk Degerlendirme Yontemlerinin Uygulamali Karsilastiriimasi

(Arastirma Makalesi)

Comprehensive Comparison of Fine-Kinney, HRNS and John-Ridley Risk Assessment
Methods in an Actual Basalt Aggregate Production Plant (Research Article)

Ozgiir Akkoyun, Mehmet Yasin Fidan 201



DUMF Miihendsilik Dergisi, Mart 2024, Cilt 15, Sayi 1

Dicle University Journal of Engineering (DUJE), March 2024, Volume 15, Issue 1 Talille off Canisis

Insaat Miihendisligi / Civil Engineering

Endistriyel Depo Raf Sistemlerinin Yapisal Glvenliginin Dinamik Etkiler Altinda
Incelenmesi (Arastirma Makalesi)

Structural Safety Investigation of Industrial Steel Storage Rack Systems Under Dynamic
Effects (Research Article)

Alper Deniz, Ulgen Mert Tugsal 209

Cift tabakali gelik uzay kafes kubbe sistemlerinin yapisal performansinin incelenmesi
Incelenmesi (Arastirma Makalesi)

Evaluation of structural performance of double layer steel space lattice dome systems
(Research Article)

Mehmet Ali Bektas, Mehmet Sedat Hayalioglu 223

Van ilinin kurakhdinin SPI ve SPEI yontemlerine gére dederlendirilmesi

(Arastirma Makalesi)

Assessment of drought in Van province according to SPI and SPEI methods

(Research Article)

Mahsum Aydin 237

Experimental study on the aeration performance of water jet which is performed by a
venturi device (Research Article)
Sermin Kogyigit, Muhammet Emin Emiroglu 251

Dairesel 6n duvar kesitli salinimli su sttunu tipi enerji dontstiricide verim artisi
(Arastirma Makalesi)

Efficiency improvement of an oscillating water column with a cylindrical frontwall underlip
(Research Article)

Anil Celik 261

Kahramanmaras depremi sonrasi olusan gaz beton atiklan ile stabilize edilmis killi kum
zeminin geoteknik 6zelliklerinin arastiriimasi (Arastirma Makalesi)

Investigation of geotechnical properties of clayey sand soil stabilized with aerted concrete
wastes after the Kahramanmaras earthquake

(Research Article)

Muhammet Cinar 269

Dicle Universitesi Mihendislik Fakiltesi (DUMF) Mihendislik Dergisi yayinlarinda
varilan sonuglar veya fikirlerin sorumlulugunu tasimamaktadir. Universite’nin, bu
yayinda ileri sUrulen bilgi, alet, Grlin veya islevin dogrulugu, batinligu, uygunlugu
ve kullanilirhgl konusunda bir yUklenimi ve iddiasi bulunmamaktadir. Bu nedenle
herhangi bir sekilde sorumlu tutulamaz.

Bu yayinin herhangi bir kismi, mihendislik dergisinin yazili izni olmadik¢a kaynak
gosteriimeden yayinlanamaz, bilgi saklama sistemine alinamaz veya elektronik,
mekanik, fotokopi, kayit veya baska sistemlerle cogaltilamaz.



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Sayfa 1-13

Dicle University

. . https://dergipark.org.tr/tr/pub/dumf
Journal of Engineering

duje.dicle.edu.tr

Arastirma Makalesi / Research Article

Sinema verilerinin Neo4j ¢izge veritabani ile modellenmesi ve analizi

Modeling and analysis of cinema data using Neo4j graph database

“1Gizem Tangalay Dalgin, Resul Das

'Firat Universitesi, Teknoloji Fakiiltesi, Yazilim Miihendisligi Boliimii
gizemtangalay@gmail.com ORCID: 0009-0003-0285-5360

2Firat Universitesi, Teknoloji Fakiiltesi, Yazilim Miihendisligi Béliimii
rdas@firat.edu.tr ORCID: 0000-0002-6113-4649

MAKALE BILGILERI

Oz

Makale Gegmisi:

Gelis 18.08.2023
Revizyon 20.11.2023
Kabul 30.11.2023
Online 29.03.2024
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Giiniimiizde kurum veya kuruluslar i¢in veri, 5nemli bir varlik haline gelmistir. Internet ortamindaki hizli
gelismeler ile sinema verileri de hizla biiyiimekte ve bu veriler arasindaki iligki giderek daha karmasik
hale gelmektedir. Cizge veri tabant mimarisi, elde bulunan verilerin model tasariminda varliklar arasindaki
iliskiyi vurgulayan, verileri modellemek igin etkili bir aragtir. Geleneksel veri tabanlarma gére daha
karmasgik verileri depolamakta ve daha hizli bir sekilde sunmaktadir. Bu ¢aligmada; sinema verileri ve
karmasgiklasan iliskiler incelenerek neo4j ¢izge veri tabani ile modellenmektedir. Bu sayede veriler arasi
iligkiler daha kolay bir sekilde goriintiilenmekte, sorgulanabilmekte ve daha kolay bir 6grenme imkani
sunmaktadir. Calisma ile Neo4j ¢izge veri taban1 karmagik ve aralarinda birden fazla iliski bulunan verileri
modellemede oldukea basarili sonuglar sundugu goriilmiistiir. Sinema verilerini depolamak ve yonetmek
icin Neo4j veri tabanin1 kullanmak, bir sinema web sitesi i¢in kullanicinin gereksinimlerini ve ilgi
alanlarmi kargilamasini kolaylastirdigi goriilmektedir. Sinema adi, yili, yonetmeni, oyunculari, sinema
filminin hasilati, seyirci sayis1 ve sinemanin tiirli gibi degiskenler dikkate alinarak ¢izge modellemesi ve
analizi yapilarak basarili sonuglar elde edilmistir.
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Keywords:
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* Sorumlu Yazar

Nowadays, data has become a crucial asset for institutions and organizations. With the rapid developments
in the online environment, film data is also rapidly growing, and the relationships among these data are
becoming increasingly complex. Graph database architecture is an effective tool for modeling data by
emphasizing the relationships between entities. It can store more complex data and present it more quickly
compared to traditional databases. In this study, cinema data and the growing complexities in relationships
are examined, and they are modeled using the Neo4j graph database. This allows for easier visualization
and querying of relationships between data, providing an easier learning opportunity. The study shows that
the Neo4j graph database provides successful results in modeling complex data with multiple relationships.
Using the Neo4j database to store and manage cinema data facilitates meeting the requirements and
interests of users for a cinema website. By considering variables such as the movie's name, year, director,
cast, box office revenue, audience size, and genre, successful results were achieved through graph
modeling and analysis.
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Giris

Internetteki gelismeler, fiziksel cihazlar ve sanal bilesenler
sayesinde diinya sinirlar1 ortadan kalkmaktadir. Insanlar
giderek daha fazla bilgiye daha hizli ve kolay bir sekilde
ulagabilir hale gelmektedir. Bilginin az oldugu, ulasilamadig1
bir ¢agdan asir1 bilgi cagina girilmektedir. Zengin icerige
sahip bu ortamda pek c¢ok karmagik ve degisken bilgi ile
karsilagilmaktadir ve bu kadar karmagiklagan yap1 igerisinde
faydali igerige hizli bir sckilde ulasmamiz giderek
zorlagmaktadir. Bu zorluklar1 hafifletmek veya ortadan
kaldirmak igin verilerin islenmesi, smiflandirilmasi, ortaya
anlamli verilerin ¢ikarilmasi, verilerin gorsellestirilmesi
olduk¢a faydalidir. Veriler arasinda kurulacak anlamsal ag
saglanan bilgileri daha saglikli tamimlar ve bilgiyi
zenginlestirir.

Veri tabanlar verileri kategorize bir sekilde tutarak, kolay bir
sekilde ulasilmasini ve yonetilmesini saglamaktadir. iliskisel
veri tabanlarmin ardindan Cizge veri tabanlari ortaya
¢ikmistir. Son yillarda, {irlin ortami i¢in Neo4j, Infinite,
Graph, DEX, InfoGrid, HyperGraphDB, Trinity vb. gibi bir
dizi yiiksek performansl Cizge veri tabani bulunmaktadir [1].
Bu veri tabanlarinin arasinda Neo4j; Java temelli, agik
kaynak kodlu bir veri tabani yazilimidir. Elde bulunan veriler
tablolarda degil diigiimler ve diigiimler arasindaki iliskilerden
olusan ag yapisinda tutulur. Diigiimler varliklar temsil eder.
Sekil 1’de Neo4j platformu 6rnek ¢izge model goriintimii yer
almaktadir. Glinlimiizde verilerin boyutu giderek artmaktadir
ve verilerin arasindaki iligki giderek karmagiklagmaktadir.
Genellikle verinin kendisine degil, anlamlandirmak igin
verilerin arasindaki iliskiye odaklanmak gerekir ve
geleneksel olan veri tabanlari bu istegi karsilayamamaktadir.
Neodj ¢izge veri tabam bu konuda isimizi
kolaylastirmaktadir. Bir Cizge veri tabanindaki dgeler, olasi
herhangi bir sekilde birbirine baglanabilir. Insanlar giinliik
hayatinda temel ihtiyaclariin yani sira eglenceye de ihtiyag
duyarlar. Bu eglencelerden biri de film seyretmektir. Filmler
tirii ve izleyenlerinin yasi fark etmeksizin genellikle her
insanin dikkatini cekmektedir. Son yillarda ¢ok fazla sinema
filmi ve televizyon dizisi ¢ekilmektedir, ancak bu film ve
dizilerin ¢ok azi piyasada basarili olmaktadir. Bu nedenle,
filmlerin ve televizyon dizilerinin bagari faktorlerinin analizi,
yapimcilar ve yatirimeilar i¢in ¢ok 6nemlidir. Biiytik verilerin
bulundugu bu c¢agda, veri kaynaklari ¢ok degerlidir ve
yapimcilar, yatiricilar dahil olmak iizere tiim taraflarin
dikkatini ¢ekmigtir. Bunu sinema filmleri alaninda
kullanmak, sinema film endiistrisinin yeniligi ve gelisimi i¢in
onemli bir destek saglayabilir. Manevi kiiltiiriin bir yansimast
olan sinema filmleri, gelir elde etmek i¢in 6nemli araglardan
biridir; Ekonomik kazanci arttirabilmek igin yapimei, yatirmm
planin1 yaparken yatirim riskini ve yatirimm gelirini tam
olarak hesaplayacak ve seyircinin ihtiyaglari ile birlikte
potansiyel gelir hesaplanacaktir. Yapimci, bu biiyiik verileri
analiz ederek, kendi aralarinda siralayarak filmlerin yapim
ekibi, sektordeki pazar ortami gibi etkileyen temel faktorleri
detayli bir sekilde degerlendirebilir, yatirimcilara kapsamli ve
bilimsel veriler sunabilir. Film verileri iceren bir web
sitesinde yalnizca film videolar1 depolanmaz. Yer alan filme
ait yonetmenler, yazarlar, oyuncular vb. bilgilerin de
depolamast gerekir. Cok sayida iliski bulundugunda
geleneksel veri tabanlari istenilen performansi gosteremez ve
bu yer alan tablolarm gilincellenmesi de zorlagmaktadir.

Ornegin, iki filmin yonetmenlerinin baska filmlerle ortak
olup olmadigt bulunmak istenildiginde, iki filmin
yonetmenlerinin yonetmenligini iistlendigi diger filmleri
bulmak ve daha sonra bu filmler arasinda bir ortaklik olup
olmadigini incelenmesi gerekir. Bu nedenle film verilerinin
aragtirilmasi, incelenmesi ve islenmesinde iligkisel olmayan
veri tabanlarini kullanmak daha uygun bir se¢imdir. Cizgeler
tarih boyunca ¢oziilmemis birgok problemin ¢oziimii ve
analizi i¢in modeller olusturmustur. Bu modellerin gok ¢esitli
tir ve formatlar1 vardir. Cizge gorsellestirme problemlerin
anlasilmast ve takip edilmesi agisindan kolaylik
sagladigindan biiylk ©nem tasimaktadir. Giiniimiizde
Cizgeler o kadar popiiler hale geldi ki bilim diinyasinda
hemen her alanda Cizgelerle modellenen bir algoritmayla
karsilagmak miimkiindiir. Bilgisayar bilimi, sosyal bilimler,
dil bilimi, miihendislik, matematik, tip gibi her alanda
Cizgelerle karsilasiimaktadir [2]. Neo4j ¢ok biiyiik sayida
karmagik, dinamik, yapilandirilmasi diistik verileri islemek
ve yonetmek i¢in uygun olan bir veri tabanidir. Veri tabanint
olusturmak, veri tabaninda sorgulamalar yapmak, verilerde
giincellemeler vb. islemler yapmak i¢in uygundur. Sosyal
aglar ve bilgilerin gorsellestirilmesi vb. alanlarda veri
depolama sorunlarin1 ¢dzmek i¢in olduk¢a etkili bir
yontemdir.

Bu makale calismasinda ¢izge modelleme incelenmis ve
sinema verilerinin Neo4j ile ¢izge modelleme uygulamasi
gerceklestirilmistir.  Birinci  bolimde konu ile ilgili
aciklamalar yapilmis ve izlenecek yollar anlatilmistir. ikinci
boliimde ¢izge veri tabanlari ile ile ilgili bilgiler verilmistir.
Ugiincii boliimde Neo4j veri tabam tamtilmigtir. Dérdiinci
boliimde asil ¢alismamiz olan Neo4j ile sinema verilerinin
cizge modellemesi ve analizi anlatilmistir. Son olarak besinci
bolimde elde edilen sonuglar yazilmistir ve c¢aligma
sonug¢landirilmistir.

Literatiir taramasi

Cizge teorisi, uygulamalar1 ve gorsellestirilmesi {izerine son
yillarda oldukga yogun bir ilgi artmigtir. Yazilim diinyasinda
cizge uygulamalarmin etkisi hem gelistirici hem de
kullanicilar agisindan biiyiik anlama kolaylig1 saglamaktadir.
Bu nedenle hem akademik c¢alismalarda hem yazilim
firmalarinin uygulamalarinda aktif olarak kullanilmaktadir.
Bu boliimde literatiirden bazi 6nemli ¢alismalara yer
verilmektedir.

Zhu Z. ve digerleri galismalarinda karmasik fabrikasyon
iiriinlerin imalatin1 planlamak i¢in Neo4j tabanli yeni bir
yaklagim 6nermiglerdir. Diinyadaki iiretim konfigiirasyonunu
g6z Oniinde bulunduran bu ¢alisma, is onceligi kisitlamalari,
zaman kisitlamalar1 ve stok kisitlamalar ile esnek atdlye
cizelgeleme problemini ele almaktadir. Bu kisitlamalar1 ayni
anda dikkate alabilmek i¢in Cizge veri tabani, anlamsal ag ve
bilgi yakalamay1 iceren Neo4j tabanli yaklagim Onerilmistir.
Cesitlendirilmis bagli cizelgeleme verilerini yonetmek ve
incelenen ¢izelgeleme problemini Neo4j Cizge veri tabanini
kullanarak esnek Cizgelerle modellemek uygun ve verimlidir
[3]. Chen A. ve digerleri ¢alismalarinda Synthea araci
tarafindan olugturulan 150.000 sentetik hastayla elektronik
tibbi kayit (EMR) veri tabanini simiile etmislerdir. Ornek bir
hedef hastalik olarak akciger kanseri i¢in Neo4j Cizge veri
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tabaninda hasta saglik faktorii grafigi olusturulmustur. Cizge,
faktor diigiimleri ile hasta diigiimleri arasinda 990.000'den
fazla iliski igermektedir ve Birlesik Tibbi Dil Sistemi
(UMLS) akciger kanseri alt grafigine baglanmistir. Bdyle bir
entegre biyomedikal Cizge, hasta saglik faktorlerini ve
biyomedikal bilgiyi ayn1 Cizgete goriintiileyebildi ve
karsilastirabildi. En iist siralarda yer alan faktorler, bu Cizge
yonteminin gecerliligini gosteren literatiirdeki raporlarla
biylik olgiide dogrulanmustir [4]. Hu H. ve digerleri
calismalarinda biiyiik veri karakteristigine dayal elektrik gii¢
sistemlerinin  dinamik yildinmdan korunma yontemi
Oonermislerdir. Bu ydntem temel olarak iki bdliimden
olusmaktadir: Birinci boliim, gii¢ sisteminin bilyiik verilerini
ve gii¢ sisteminin dinamik diizenlemesini analiz etmek igin
kullanilan Neo4j ¢erceve modeli ve farkli cerceve modellerini
kargilagtirmak ve analiz etmek i¢in kullanilan Python
yazilimi; lkinci béliim, dinamik yildirim ve geleneksel
koruma yontemleri arasindaki karsilagtirma. Sonuglar, Neo4;j
gecis hizinin Hadoop ve Spark'tan sirasiyla %87,5 ve %89, 1
daha hizli oldugunu, kiimeleme etkisinin Hadoop ve
Spark'tan sirastyla %12,5 ve %17,8 daha yiiksek oldugunu
gosteriyor. Sonu¢ olarak Neo4j c¢erceve modeli, gii¢
sistemindeki bityiik verinin 6zelliklerine daha uygundur [5].
Shi Y. ve digerleri ¢alismalarmda isle ilgili suglar igin
olusturulmus bir bilgi grafigi tizerinde ¢alismislardir. Sug
vakalarimin artan sayisi, savcilik organlarinin ¢alismalarina
biiyiik zorluklar getirdi. Aym1 zamanda, geleneksel veri
tabanlar1 biiyiik olgekli, yapilandirilmamis ve karmasik
dinamik verilerle ugrasirken giderek daha dezavantajli hale
geldi. Cikarilan bilgileri depolamak ve isle ilgili su¢ vakalari
icin bir bilgi grafigi olusturmak tizere Neodj Cizge veri
tabanint kullanarak, eldeki verilerin gorsellestirilmesini ve
derinlemesine  madenciligini  kolaylastirdilar. ~ Savcilik
organlarmin ¢alismalari i¢in sug¢ vakalarini analiz ederek yeni
bir yol sundular [6]. Kuhn M. ve digerleri ¢aligmalarinda
statik ve dinamik veri alt modellerini, baglantili tek bir
izlenebilirlik grafiginde birlestiren Cizge tabanli bir
izlenebilirlik modeli gelistirmislerdir. Akilli {iretimde, artan
miktarda heterojen veri giriginin biitiinsel bir izlenebilirlik
modeline entegre edilmesi gerekir. Temel zorluklardan biri,
gercek zamanli izleme amaglari i¢in dinamik ve olaya dayali
sensor verilerinin, gogunlukla geriye doniik izleme amaglari
icin gerekli olan statik verilerle tutarli bir sekilde
eslesmesidir. Bir otomotiv kullanim senaryosu i¢in yeni
izlenebilirlik modeli uygulanmistir. Neodj Cizge veri
tabanina ve Apache Kafka yazilima dayali hibrit bir mimari
kullanilarak test edilmistir [7]. Lu H. ve digerleri
calismalarinda film verilerine odaklanarak Neo4j tabanli
analiz yapilmuslardir. ilk olarak Neo4j ve Cypher Query
Language tanitmiglardir. Daha sonra film verilerindeki
yonetmenler, oyuncular vb. gibi anahtar nesneler arasindaki
iligkileri analiz etmiglerdir. Neo4;j veri tabani karmasik ve gok
baglantili verilerle basa ¢ikmada iyidir, film verilerini
depolamak ve yonetmek igin Neo4;j veri tabanini kullanmak
film verilerinin analizini kolaylagtirmaktadir [8]. Shua1 Q. Ve
digerleri ¢aligmalarinda film kiiltiirii alan1 i¢in, kullanicilarin
film kiltiirtiyle ilgili sorunlar1 hizli ve dogru bir sekilde
sorgulamasia yardimci olabilecek akilli bir Cince soru ve
yanitlama sistemi olusturuyor. Oncelikle film kiiltiiriiniin
bilgi grafigi olusturulmus ve veri depolamak i¢in Neo4j Cizge
veri tabani kullanilmistir. Daha sonra, kullanicinin sorunlarini
siiflandirmak i¢in saf Bayes modeli kullanilir. Son olarak,

kullanicin niyetine ve anahtar kelimelerine gore sorular
bilgi grafigi sorgu ifadelerine doniistiiriiliir ve veri tabani
sorgulamasindan sonra cevaplar dondiiriiliir [9]. Yi N. ve
digerleri ¢caligmalarinda Cizge veri tabanina dayali film 6neri
sistemi tasarimi ve uygulamasi yapmislardir. Bu galismada
uygulanan film tavsiye sistemi, geleneksel kullanici tabanli
isbirlikgi filtreleme algoritmasina dayanmaktadir ve kullanict
projesi puanlama matrisi onceden doldurulmustur. Ayni
zamanda, bu sistemin veri tabani teknolojisi, karmasik
iliskilerle basa ¢ikmada iyi olan Cizge veri tabanini kullanir.
Veri gorsellestirmede, kullanici deneyimini iyilestirmek icin
bir filmin oneri derecesi, diiglimiin boyutu ve kenarin
kalinhig1 ile ifade edilir [10]. Goyam1 M. ve digerleri
calismalarinda film Oneri sistemine iliskin inceleme
yapmuglardir. Bu ¢aligmada film onerisi i¢in son teknoloji
Icerik Tabanli Filtreleme, Isbirlik¢i Filtreleme, Hibrit
Yaklasim ve Derin Ogrenme Temelli Yontemleri inceledik.
Farkli benzerlik Olgiilerini de incelemislerdir. Arkadas
tavsiyesi veren Facebook, ig tavsiyesi LinkedIn, miizik
tavsiyesi Pandora, Netflix film tavsiyesi, Amazon {iriin
tavsiyesi gibi bir¢ok firma tavsiye sistemini karlarini artirmak
ve miisterilerine fayda saglamak i¢in kullanmaktadir. Bu
makale esas olarak film tavsiyesi i¢in farkli tekniklerin ve
yontemlerinin kisa bir incelemesine odaklanmaktadir [11].
Raghavendra C. Ve digerleri calismalarinda film oOneri
sistemleri i¢in benzerlige dayali igbirlik¢i filtreleme modeli
uygulamasi yapmisglardir. Bu ¢alismada, kullanici tabanli ve
0ge tabanli filtreler kullanarak filmler ig¢in Oneri sistemi
gelistirmis ve MovieLens veri kiimesi dikkate almarak oneri
gorevlerinde uygulanan cesitli benzerlik Olgiitlerinin
performansi karsilastirilmistir [12].

Cizge veri tabam

Geleneksel veri tabanlarmin  uygulama alanlarindaki
gereksinimleri kargilama konusundaki sinirlamalari, Graf ya
da c¢izge veri tabani adi verilen teknolojilerin ortaya
¢itkmasina yol agmistir. Cok biiyiik dl¢lide ve aralarmdaki
iliskilerin karmagik oldugu verilerin giin gegtikge artmast
Cizge veri tabanlarmin kullanimini sart haline getirmektedir.
Graflar ile verilerin incelenmesi ve analizi bir¢ok farkli
disiplin ve alt disiplinde uygulanmaktadir. Boylece iletigim
aglarinda optimum yollarin se¢imi, nesneler arasi iliskilerin
tanimlanmasi, sistemi olusturan bilegenlerin temsili gibi ¢ok
sayida farkli problemin asilmasmna ve/veya c¢oziilmesine
olanak saglar. Bilgisayar bilimlerinden fizik, kimya ve
biyolojiye, hatta ekonomiden tarihe kadar genis bir kullanim
alanma sahiptir [13]. En genel ifade ile ¢izge modelleme
varliklarin temsillerinin ve bu varliklarin arasindaki iligkilerin
diiglim ve ¢izgi kullanarak gosterilmesidir.

Cizge, kenarlardan ve tepe noktalarindan olusan bir veri
yapisidir [14]. Cizge veri tabani teknolojisi, bir veri
modelinin  tasariminda  varliklar arasindaki iligkiye
odaklanma 6nemli bir etken oldugundan, verileri modellemek
icin etkili bir aragtir [15]. Nesneleri ve aralarindaki iligkileri
modellemek, hemen hemen her seyin karsilik gelen bir
Cizgete temsil edilebilecegi anlamina gelmektedir. Cizge veri
tabani, yogun ve birbiriyle iligkili veri kiimelerinin verimli bir
sekilde islenmesi i¢in optimize edilmistir [14]. Bu tasarim,
tahmine  dayali  modellerin  olusturulmasma  ve
korelasyonlarin ve modellerin saptanmasina izin verir [15].
Tiim diigtimlerin iliskilerle birbirine baglandig1 bu son derece
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dinamik veri modeli, koseler arasindaki kenarlar boyunca
hizli gegislere izin verir. Gegislerin yerellestirilmis olmasi ve
alakasiz veri kiimelerini hesaba katmak zorunda olmamasi
Ozel bir avantajdir [16]. Sekil 2’de insanlar ve nesneler
arasinda bulunan iliskileri temsil eden 6rnek bir graf model
yer almaktadir. Graf, diiglimler ve bu diigimler arasindaki
iliskilerden olusan bir nesnedir. Her diigiimiin kendine ait
ozellikleri vardir ve yine Ozellikleri bulunan iligkiler
tarafindan organize olup, diizenlenirler. Graflarda iligkilerin
yoniinii belirten oklar bulunur. Sekil 3’te bir grafin ayr ayri
bilesenleri yer almaktadir ve bu bilesenlerin aralarinda nasil
bir iliski bulundugunu gdsteren bir érnek bulunmaktadir.
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Sekil 2. Ornek graf model goriiniimii

Yazilimcilarin, kodlama asamasina gegmeden Once veri
modelini sabitlemek yerine veri modelinin artarak degistigini
diistinmelerini  saglayacak bir araca sahip olmalar1
gerekmektedir. Graf wveri tabanlari, mevcut bulunan
sorgularda bir degisiklige gitmeden yeni iliskilerin,
digiimlerin ve dzelliklerin eklenebilmesine izin vermektedir.
Yeni verilerin daha kolay eklenebilmesi daha karmagik
sorgulamanin yapilabilmesine de imkan tanir. Temel veri
modelinde herhangi bir degisiklik olmasi halinde gegisler
daha kolaydir. Graf veri tabanlarinda sema bulunmadigindan,
semalar veri tabani uygulamasi tarafindan belirlenir ve bu
sayede daha hatasiz olarak dogrulanirlar.

Neo4j ¢izge veritabani

Neo4j, Nosql ve iligkisel veri tabanlarinin en giiglii yanlarin
bilinyesinde bulunduran ¢ok biiyiikk sayida veri ve veri
iligkilerinden olusan, graph veri tabanidir. Neo4;j veri taban,
matematikte yer alan graph teorisinden esinlenilmis ag
odakl1 bir veri tabamdir. iliskisel ve nosql veri tabanlarimnin
giiclii yonlerini birlestirmek hedeflenmistir. Verileri tablolar
yerine aglarda yapilandirilmis durumda depolamaktadir.
Neo4j, ACID (Atomicity, Consistency, Isolation, Durability)
prensiplerini  barindiran bir veri tabanidir. Yapilan
igslemlerden herhangi bir islemin basarisiz gerceklesmesi
durumu ile karsilastiginda veri tabaninin durumunu
degistirmeden birakarak atomikligi saglamaktadir. Veri
tabaninda yapilan herhangi bir degisiklik verilere zarar
vermez veya yok etmez bdylece tutarliligi saglamaktadir.
Gergeklestirilen bir islem sonucu degisen veriler, islenene

Graf veri tabanlari, veri baglantis1 veya topoloji hakkindaki
bilgilerin 6nemli oldugu alanlarda g¢alisirken ciddi derecede
on plana ¢ikmaktadir. Bu tiir uygulamalarda veri ile verinin
kendisi arasindaki iliskiler genellikle ayni diizeydedir [17].
Graf veri tabanlar1 sosyal graflarda, Oneri sistemlerinde,
bioinformatik vb. alanlarda kullanilabilir. Yeni nesneler ile
kullanicinin  daha once ilgilendigini belirttigi nesneler
arasindaki iliskilere bakilarak kullanictya iiriinler dnerilebilir.
Esneklik ve hizlilik, is gereksinimlerinin devamli olarak

degistigi glinlimiizde en 6énemli unsurlardand1
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Sekil 3. Ornek graf bilesenleri

kadar diger islemlerden yalitilir ve boylece izole edilmesi
saglanir. Neo4j kalic1 bir Cizge veri tabani olmasi nedeniyle,
taahhiit edilen bir islemin ¢iktilar1 her kosulda alinabilir, bu
sayede dayanikli olmasi saglanmaktadir.

Her iliskinin bir iliski tiirii olmalidir. iliskilerde, 6zellikler bir
anahtar/deger ¢ifti olabilir. Hem diigimler hem de iliskiler
ozelliklere sahip olabilir, bu 6zellikler iliskileri 6l¢ebilir. Bir
diigiim i¢in sifir veya daha fazla etiket atanabilir. Bu etiketler
rolleri, kategorileri veya tiirleri temsil etmek i¢in kullanilan
etiketlerdir. Diigiimlerin indekslerini ve kisitlamalarini
tanimlamak igin kullanilir. Neo4j veri tabani, Cizge veri
tabaninin daha hizli ve verimli bir sekilde sorgulanmasina,
giincellenmesine ve silinmesine olanak taniyan bir sorgulama

dili olarak cypher' kullanir [18]. Cypher sorgulama dili bir

Cizgeten hangi bilgilerin alinmasi gerektigine odaklanir.

Kullanim olarak basit bir dil olsa da ¢ok gii¢lii bir sorgulama

dildir. Karmagik veri tabani sorgular1 kolayca Cypher

sorgulama dili ile yazilabilir. Sekil 4’te No4j’nin genel
ozellikleri yer almaktadir. Sekil 5’te ise Neo4j bilesenleri ve
bu bilesenler arasindaki iliskiler gosterilmistir.

Neodj ¢izge veri tabaninin onemli Ozellikleri asagida

siralanmuistir.

- Kolay ve esnek bir veri yapisina sahip olmasi nedeniyle
uygulamanin ihtiyaclarina gore kolayca
sekillendirilebilir bir yapidadir.

- Gergek verilere dayanan sonuglar sunmaktadir.

- Semalar icermez, baglantili verilerin diigiimler ile basit
temsilini sunar.
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- Cizgeleri yerel olarak depolayip isledigi igin yiiksek
performans gosterir.

- Muadil veri tabanlarina gére daha hizli sonuglar tiretir
ve diigiimler arasinda daha hizli bir gegis/gezinme
imkani sunar.

- ASCll-art sozdizimi kullanilarak Cizge olarak
gorsellestirmek icin Cypher sorgulama dili kullanilir.
Cypher sorgulama dilinin komutlarinin anlasilmasi ve
okunmasi kolaydir.

Sekil 4. Neo4j veritaban1 genel 6zellikler

Metodoloji ve uygulama

Neo4j’de veri modeli diigiim, diigiimler arasi iligkiler ve
Ozelliklerden olusmaktadir. Diigiimler nesnelerdir ve
diigiimler farkli iliskilerle birbirine baglidir. Calismamizda
film bir digiimdiir. Filmin tiirii, vizyon tarihi vb. bilgiler ise
filmin o&zellikleridir. Filmler, yonetmenler ve oyuncular
depolanacak olan farkli wvarliklardir. Veri tabaninda
saklanmasi gereken yalnizca farkli varliklar degildir, bu
varliklar arasindaki iligkilerin de veri tabaninda depolanmasi
gerekmektedir.

neotj$

1 CREATE (RafadanTayfaGalaktikTayfa:Movie {title:'Rafadan Tayfa Galaktik Tayfa', released:2023, genre:'Animasyon',

number_Spectators:'2746254', total_Revenue:
2 164255567, IMDb:6.1, week:7, country:'Tirkiye'})

3 CREATE (ISFFilmProdiiksiyon:Yapimci {name:'ISF Film Prodiiksiyon'})

4 CREATE (SirinGiobi:Oyuncu {name:'Sirin Giobbi'})
5 CREATE (LeventKol:Oyuncu{name:'Levent Kol'})

6 CREATE (EmineSergenKazbek: Oyuncu {name:'Emine Sergen Kazbek'})

7 CREATE
8 (SirinGiobi)-[:0yuncul—( RafadanTayfaGalaktikTayfa),
(LeventKol)-[:0yuncu]—( RafadanTayfaGalaktikTayfa),

10 (EmineSergenKazbek)-[:0yuncu]—( RafadanTayfaGalaktikTayfa),
11 (ISFFilmProdiiksiyon)-[:vapimc1i]—( RafadanTayfaGalaktikTayfa)

- Neo4j en biiyiik ve aktif bir Cizge topluluguna sahiptir.

- Veri biitiinligi korunurken yiiksek hizda okuma ve
yazma performansi sunmaktadir.

- Egitim ekosistemi, egitim materyali ve yazilmis kitaplar
sayesinde kolay 6grenilebilir.

- Distik bellek kullanimi ile biiyiik veri boyutlarini
yiiksek hizda ige aktarir.

Graf

Verilari Kaydader

Verileri Kaydader

Sekil 5. Neo4j veritabani bilesenleri ve iliskiler

Neo4j’de veri tabani olusturmak kolaydir. Digiimleri,
iligkileri ve iligkiler aras1 6zellikleri veri tabanina eklemek
yeterlidir. Asagidaki 6rnekte film verilerinin yer aldig1 6rnek
bir Neo4j veri tabaninin nasil olusturulacagi yer almaktadir.
Sekil 6°da 6rnek kod blogu, Sekil 7°de kod blogunun ¢iktist
yer almaktadir. Sekil 8’de ornek filme ait 6zellikler yer
almaktadur.

Sekil 6. Uygulamanin Neo4j 6rnek kesit kod blogu
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Neo4j c¢izge veri tabaninda yer alan etiketler, digim
koleksiyonlarini tanimlamak i¢in kullanilmaktadir. Etiketler
sayesinde kisitlamalar, sorgulamalar yapilmaktadir. Bu
ornekte, 'Rafadan Tayfa Galaktik Tayfa' adinda bir film
yaratilir. Ozelliklerine bakilarak filmin gosterimde 7 hafta
kaldigi, 2023 yilinda vizyona girdigi vs. Dbilgiler
goriilmektedir.

(SirinGiobi) -[:0yuncu] ->( RafadanTayfaGalaktikTayfa)

Yukarida yer alan kod Sirin Giobi’nin Rafadan Tayfa
Galaktik Tayfa’da oyuncu oldugunu tanimlamaktadir.

Veri seti

Bu ¢alisma da 3440 film ve 25787 iliskiden olusan bir veri
tabani olusturulmustur. Sekil 9°da sorgu limiti 25 verilerek
veri tabanindan kiiciik bir boliim gosterilmektedir. Kirmizi
diigiimler filmleri, yesil diiglimler yonetmenleri, gri
diigiimler oyuncular1 ve kahverengi diigiimler yapimcilari

i\Pail Fxlm:)
9 £ A

Sekil 7. Neo4j 6rnek kod blogu ¢iktist

Node properties & ?

=D

<id> 64852 e

IMDb 6.1 &

country  Tirkiye &

genre Animasyon &

number Sp 2746254 &
Rafadan ectators

released 2023 &

title Rafadan Tayfa Galaktk &

Tayfa

total Reven 164255567 &

ue

week 7 &

3 o

Sekil 8. Ornek film diigiim &zellikleri

temsil etmektedir. Sekil 10” da ¢alismada yer alan tiim diigiim
ve iligkiler yer almaktadir. Film verilerini analiz etmek i¢in
ana yontem, veri tabaninit dolasip sorgulamaktir. Neo4j, ¢ok
sayida baglanti igeren gelencksel RDBMS sorgularindaki
performans diisiisii sorununu ¢ézmeye odaklanir. Veri tabani,
diigiimleri ve kenarlar1 ayn1 hizda hareket ettirecektir [19].
Cypher aslen Neo Technology tarafindan Cizge veri tabant
Neo4j i¢in yaratilmigtir. Neo4j, cok karmasik Cizge gecis
islemlerini destekler, Cypher sorgulama dili, veri tabanindan
veri sorgulamay1 olduk¢a kolaylastirir. Cypher c¢esitli yan
timceler icerir. En yaygin olanlart sunlardir: MATCH ve
WHERE. Bu islevler SQL'dekinden biraz farklidir. MATCH,
oncelikle iligkilere dayali olarak aranan Oriintiiniin yapisini
aciklamak i¢in kullanilir. WHERE kaliplara ek kisitlamalar
eklemek icin kullanilir. Cypher ayrica veri yazmak,
giincellemek ve silmek i¢in maddeler icerir. CREATE ve
DELETE, digiimleri ve iliskileri olusturmak ve silmek i¢in
kullanilir [20].
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Sekil 9. Film veri tabani limitli sorgu sonucu

]
()

Sekil 10. Film veri taban1 limitsiz sorgu sonucu

Filmin sadece adi bilindiginde ve diger ozellikleri
sorgulanmak  istendiginde,  digimiin  Gzelliklerinin
sorgulanmasi gerekir. Bir diigiimiin 6zellikleri sorgulanmak
istendiginde kullanilacak Cypher sorgusu $ekil 11°de yer
almaktadir. Sekil 12°de ise sorgunun sonucu bulunmaktadir.

1 Match (n:Movie)

2 Where n.title="Mumyalar"
3 Return n, n.released

Sekil 11. Ornek Cypher sorgusu ve ¢iktist

Match(n:Movie) where n.title="Mumyalar" return n,n.released P
?ﬂ Qverview
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Sekil 12. Ornek Cypher sorgu sonucu

Match(n:Yonetmen{title:"Jean-Francois Richet"}) RETURN n p ¢

Overview
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Sekil 13. Ornek yonetmenin yonettigi filmler sorgu sonucu

Sekil 13’te 6rnek bir yonetmen adi girilerek veri tabaninda
yonettigi filmleri tek bir sorgu ile bulabiliriz. Ornek kodda
“Jean-Frangois Richet” adli yonetmenin iilkemizde son 10
yilda gosterime giren 3 filmde yonetmenlik yaptigi
goriintiilenmektedir. Sekil 14’te ise 6rnek bir oyuncu adi
girilerek veri tabaninda oynadigi 2 film gériintiilenmektedir.
Sekil 15’te IMDb puani 4 ve 6 arasmda olan filmleri
goriintiilemekteyiz. Veri tabanimizda IMDb puant 4 ve 6
arasinda olan 1175 filmin yer aldigmi goriintiilemekteyiz.
Limit degerini sorguda 10 girerek IMDb puan1 4 ve 6 arasinda
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olan ilk 10 filmi goriintilenebilir. Bu filmlerden birini
secerek sorgu sonucu dogrulanmaktadir. Sekil 16°da limit
degeri 5 verilerek “Ge¢mise Doniig” isimli filmin IMDB
puaninin “5.7” ve 4-6 araliginda oldugu goriintiilenmektedir.
Sekil 17°de 8 haftadan fazla gosterimde kalan filmler
sorgulanmaktadir. Sorgu sonucunda veritabaninda § haftadan
fazla gosterimde olan film sayismin 162  oldugu
goriilmektedir. Sekil 18’de 6rnek olarak “Tastyict Son Hiz”
filmine bakildiginda 9 (dokuz) hafta gosterimde kaldigi
goriilmektedir.

MATCH (o:Oyuncular{title:*aykut })&[:0yuncusul- (Movie) RETURN Movie,o >
Overview
Node labels

O . D a==n

Relationship types

O“"”f‘u-,f

Sekil 14. Ornek oyuncu ve oynadig1 filmler sorgu sonucu

eo4j$ MATCH (n:Movie) WHERE n.IMDb >"4" AND n.IMDb<"6" RETURN n

Sekil 15. IMDb puan sorgu sonucu

$ Match(n:Movie) where n.IMDb>"4" and n.IMDb<"6"

n LIMIT 5
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Sekil 16. IMDb puan limitli sorgu sonucu

1e043$ MATCH (n:Movie) WHERE n.Screening_Week >"8" RETURN n
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Sekil 17. Gésterim haftasi sorgu sonucu
neo4j$ Match(n:Movie) where n.Screening Week>"8" QS
return n
gittan N 4 )
o6 ntler Node properties @
Graph
Z2]
fae <id> 10605
Count ABD
f}n ryOofm
anufac
ture
Code IMDb 5.2
Screen 9
Vesvese: ing W
TEzln eek

TotalR 2,475,879

Sekil 18. Gosterim haftasi detayli sorgu sonucu

Bir film ad girilerek o filmin sadece oyuncusu veya sadece
yapimeist vb. Ozellikleri bulunabilmektedir. Sekil 19°da
ornek bir film adi girilerek yapimeist sorgulanmigtir. Veri
tabaninda bulunan filmler tiirlerine gore siniflanabilir. Sekil
20’de 6rnek olarak film tiirii dram olan filmler sorgulanmigtir
ve sorgu sonucu olarak tiirii dram olan 1276 adet film
bulunmustur.

MATCH (n:Movie{title:"Muhtese
(Yapimci) RETURN Yapimci

Kedi Maurice"})-[: Yapimci®]- |l «

Node properties © ’
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Sekil 19. Ornek Cypher sorgu sonucu

Calismada kullandigimiz veri tabanimizin veri profilini
Neo4j ile goriintiileyebilmekteyiz. Veri tabaninda 16265
diigiim ve 25787 iliski bulunmaktadir.

©

>
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Sekil 21 ve Sekil 22°de sorgu sonuglar1 goriintiilenmektedir.

neokj$ MATCH (n) RETURN count(n))

Sekil 21. Diigiim say1st sorgu sonucu

neo4j$ MATCH (n:Movie)-[: FilmTiri ]1— (f:Film_Turu{title:"Dram"}) RETURN n.title,f.title

==| n.title
Table

1
A "Kabile"
Text

2
"Hile Yolu"
Code

3

"Siradigl Anne"

"Birdman veya (Cahilligin Umulmayan Erdemi)"
"Gece Hayvanlar"

"Para Tuzag"

7

Started streaming 1276 records after 3 ms and completed after 8 ms.

Sekil 20. Ornek film tiirii sorgu sonucu

CALL db.schema.visualization

count(n)

16265

Sekil 23’te veriler arasindaki sema sorgulanmistir ve sorgu
sonucunda olusan sema yer almaktadir. Calismamizda 5 adet
diigim vardir ve Sekil 24’te sorgulanmis diigim etiket listesi
yer almaktadir.

¥
__— yoneimen -
L¢—— Yapime ——

f.title

"Dram"

"Dram"

"Dram"

"Dram"

"Dram"

"Dram"

Qverview

Node labels

L)
Film_Turu (1)

Yapimei (1)

Relationship types

Displaying 5 nodes, 4
relationships.

Sekil 23. Veri gemasi sorgu sonucu

neo4j$ CALL db.labels|()

neo4j$ MATCH ()—() RETURN count(*) e

T’:.}‘ ' "Maovie"
=S| count(*) .
_AL 25787 "Film_Turu"
Text

"Oyuncular

Sekil 22. iliski say1s1 sorgu sonucu

Started streaming 5 records after 2 ms and completed after 2 ms

Sekil 24. Diigiim etiket listesi sorgu sonucu

Calismada izlenilen uygulama adimlar1 giris, oriinti kesfi ve
orilintii analizi olmak {izere 3 adimda incelenerek bu agamalar
Sekil 25°te yer almaktadir. Girig boliimiinde verilerin nasil ve
nereden bulundugu gosterilmektedir. On islem asamasinda,
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web sitelerinde bulunan karmagik diizensiz verilerin belirli
bir diizen igerisinde kullanima hazir hale getirmek icin
arindirilmasi, temizlenmesi ve doniistiiriilmesi asamalari

veriler Excel dosyasina aktarilmistir Bu verilerin tablolar1 ve
veriler arasindaki iliskiler belirlenmistir. Veriler CYPHER
sorgulama dili kodlanarak Neo4;j veri tabanina aktarilmigtir.

gosterilmistir. Verilere uygulanan bu iglemler sonrasinda elde
edilen kullanilacak olan veriler birlestirilmistir. Birlestirilen

=T
e
=y = -
% Veri Toplama Veri Temizleme Veri Formatlarom
= Diizenleme
. Veri Birlestirme
Oriintd
Kesfi
Verilerin Excel'e Aktarilmas:
>~ &,
55 A
s
Veri Tablolarinm Veri Iliskilerinin
Belirlenmesi Belirlenmesi
03—

Verilerin CYPER Sorgulama Dili ile

Oriintii Kodlanmasi
AR SN/ S RS N N R S S N l """"""""""""""""""

Veri Graflastirma

Sekil 25. Neo4j cizge veritabani ile sinema verilerinin ¢izge modellenmesinin uygulama adimlar

Veri toplanmasi

Biiyiik olcekli film verilerini elde etmek zorlu bir siirectir.
Bulunan verilerin igerisinde ilgili kisimlari elde etmek daha
zor bir siirectir. Elde edilen bu verilerin anlasilabilirligi ayr1
bir zorluktur. Oncelikle verilerin toplanmasinda hangi
kaynaklardan = hangi  tiirlii  verilerin  toplanacagi
belirlenmelidir. {1k zorluk hangi verilerin toplanacagina karar
vermektir.

Veri temizlenmesi

Karmagik ve biiyiik l¢ekli film verilerinin toplanmasindan
sonraki adim, verilerin temizlenmesi ve kullanilabilir hale
getirilmesidir. Farkli formatlarda ve biiyiik boyutlarda gesitli
parametreler bu film verilerinin temizlenmesi oldukg¢a zor bir
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siirectir. Elde bulunan bu veriler Neo4j veri tabanina
aktarilmadan 6nce temizlenmeli ve hazirlanmalidir. Gegersiz,
eksik ve tutarsiz verileri diizenlemek i¢in birgok yaklasim
bulunmaktadir. Bu sorunlu kayitlardaki eksik degerleri
bulmak veya verileri normallestirmek faydali bir yaklagimdir.

Veri organizasyonu

Film verilerini digiim ve kenar seklinde tanimlanir. Bu
tanimlama veri anlagila bilirligini miimkiin kilacaktir. Film
verileri, oyuncular, yonetmenler, yapimcilar ve bunlarmn
arasindaki iligkilerden olusur. Film adi, yonetmen, aktorler
vb. ozellikler diigiim olarak kullanilir ve toplam hasilat,
seyirci sayist, gdsterim y1l1 vb. 6zellikler varliklarin nitelikleri
olarak kullanilir.
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Cizge gorsellestirme

Cizge gorsellestirme asamasinda Onemli goriilen belirli
Ozellikleri vurgulamak igin ¢esitli teknikler kullanilabilir.
Grafigin anlagilmasimi  gelistirmek i¢in renklendirme,
soldurma ve etiketleme gibi teknikler kullanilabilir [21]. Veri
toplama, temizleme ve verilerin organizasyonu adimlarindan
sonra film bilgileri, oyuncular, yapimcilar ve diger faktorleri
iceren bilgi grafigi ve veri gorsellestirme islemi yapildi. Veri
gorsellestirme islemi igin Neo4j veri tabani kullanildi
Kirmiz: diigiimler filmleri, yesil diigiimler yonetmenleri, gri
diiglimler oyuncular1 ve kahverengi diigiimler yapimcilar
temsil etmektedir. Film verileri toplamak igin 01.01.2013 -
13.03.2023 tarihleri arasinda Tiirkiye’de gdsterime girmis
filmler arastirildi, elde edilen sonuglar incelendi. Inceleme
sonrasi ¢aligmada kullanilacak film verilerine karar verildi ve
gereksiz veriler silme, veriler arasindaki gereksiz bosluklar

kaldirma vs. iglemlerden gegirilerek veriler temizlendi. Veri
tabaninimn diigim ve aralarinda hangi iliskiler olacagi
belirlenerek veri organizasyonu gergeklestirildi.
Calismamizda literatiirden farkli olarak veri tabaninda
01.01.2013 - 13.03.2023 tarihleri arasinda Tiirkiye’de
gosterime girmig sinema filmleri yer almaktadir. Film
analizleri sonucunda ele alinan yillar arasinda en c¢ok film
yapan yapimet 47 film ile “BKM” olmustur ve sorgu sonucu
Sekil 27°de yer almaktadir. En fazla filmin gosterime girdigi
yil 429 film ile 2018 yili olmugtur. Calismada kullanilan
tarihler arasinda en fazla seyircisi olan film 7437050 kisi
ile“Recep Ivedik 5” olmustur, sorgu sonucu Sekil 27°de yer
almaktadir. En fazla gosterime giren film tiirii 1276 film ile
“Dram” tirii olmustur ve sorgu sonucu Sekil 28°de yer
almaktadir.

Overview

@ Node labels
Yapimci (1)
e
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Displaying 1 nodes, 0
relationships.
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Sekil 26. En ¢ok film yapan yapimci
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Sekil 27. En fazla seyircisi olan film
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Node properties ©
Film_Turu

<id>
title

Sekil 28. Gosterime giren en fazla film tiirti

Sonuc¢

Gilinlimiizde her alanda oldugu gibi film sektdriinde de veriler
katlanarak biiyiimektedir, bu verilerin arasindaki iliskiler de
giderek daha karmasik bir hale gelmektedir. Genellikle
sadece verinin kendisine odaklanmak degil, verilerin arasinda
yer alan iliskilere de odaklanmak gerekmektedir. Geleneksel
veri tabanlar1 bu talepleri karsilayamamaktadir. Sinema film
verilerini depolamak ve bu verileri yonetmek igin Neo4j veri
tabanint kullanmak, bir film web sitesi i¢in kullanicilarin
gereksinimlerini kargilamak ve ilgi alanlarin1 bulmak gibi
islemleri kolaylastirir. Verilerin  yonetimi s6z konusu
oldugunda, Neo4j veri tabaninin NoSQL veya MYSQL veri
tabanlarma giiglii bir alternatif olacagi sonucuna varabiliriz.
Daha once de belirtildigi gibi, verilerin yonetimi ve alimi,
istenilen ciktry1 elde etmek icin ¢ok hizli ve gorsel olarak ¢ok
hassastir. Toplam hasilat, seyirci sayist gibi o6zelliklere
bakilarak yeni ¢ikarilacak sinema filmleri hakkinda
¢ikarimda bulunulabilir, bu veriler yol gostermede
kullanilabilir. Son yillarda sinema sektorii i¢in ¢ok ciddi
biitceler ayrilarak filmler yapilmaktadir ve dolayisiyla film
yapimcilart veya film sponsorlari bu graf modellemelerini
kullanarak daha net verilere ulasabilir ve elde edilen veriler
1s181nda daha kolay yoldan seyircilerin hangi yilarda hangi tiir
filmlere talep gosterdigi, hangi yonetmenin filmlerinin ya da
hangi oyuncularin rol aldigi filmlerin daha ¢ok izlenildigi
bilgilerine ulasabilir. Film sektoriine yapilacak yatirimlarda
nasil bir yol izlenilmesi gerektigi konusunda yol gosterici
olabilir.
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ignition and damping voltages of corona discharges are greatly influenced by high-frequency
voltage/current oscillations, and that an increase in the frequency value significantly speeds up the

Introduction

In parallel with the rapid development of technology,
efficient use of energy is gaining more and more
importance day by day. Among the energies with high
strategic value, electrical energy, which is the most widely
used, has become one of the most popular research topics
with its feature of being an indispensable energy source for
human beings today. Considering the factors such as the
increasing need for electrical energy in recent years, the
limited energy resources and the limited number of energy
types, the importance of the efficient use of electrical
energy has increased significantly. The concept of
increasing electrical energy efficiency can be considered
as reducing losses in practical terms [1]. In this context,
the issue of minimizing or completely eliminating the
losses occurring in the electrical energy generation,
transmission and distribution stages has taken its place
among the current problems and has attracted the attention
of researchers especially in recent years. In addition to
trying to find new energy sources to fulfill the growing
demand for energy, researchers are additionally attempting
to minimize energy losses in present energy systems [2].
When the studies in the literature are examined, it is seen
that the losses occurring in the intermediate systems from

the generation of the electrical energy to the consumption
show a large number of variations. Therefore, it is possible
to find many studies conducted in these areas. When these
studies are examined, it can be seen that many issues have
been clarified, but it is possible to encounter many
problems that still have not been solved.

There are many factors that affect the amount of losses in
electrical energy generation, transmission and distribution
lines. The most important of these factors can be listed as
atmospheric conditions, line length, conductor cross-
section, conductor type, variety of loads connected to the
network, voltage level, and ionization events on the lines
[3-4].

There are various studies on corona discharge in the
literature. In [5], the frequency characteristics of corona
discharge in a low pressure environment have been
studied. In the study, tests were carried out at different
pressure values and it was concluded that the discharge
current, which is an important parameter of the frequency
spectrum, showed a significant change depending on the
pressure. In [6], The effect of voltage and load current on
DC bipolar corona pulses was examined. In the study,
laboratory-scale digitizing oscilloscopes were connected to
a bipolar HVDC transmission line to observe the anode
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and cathode corona pulses. As a result of the study, it was
found that the corona pulse amplitude increased with
increasing transmission line voltage; It also has the effect
of reducing the corona pulse duration for both the anode
and cathode; With the addition of load current, the corona
pulse amplitude decreases and the corona pulse time ratio
for the anode increases; On the other hand, it has been
determined that the ratio of cathode corona pulse
amplitude and pulse time decreases with the addition of
load current. In [7], corona losses occurring in monopolar
DC transmission lines were examined. In the study, a
charge simulation-based method is presented to solve the
equations defining the ionized field around monopolar
transmission lines. The method has been applied to
calculate the current density profile between the corona
power loss and ground level of conductor bundles with
two and three subconductors. As a result of the study, it
was seen that the corona power loss calculated for bundle
conductors and the current density at ground level were in
full agreement with experimental measurements. In [8],
the effect of DC polarity and Alternating Current (AC)
electromagnetic field intensity on corona onset voltage and
corona discharge was investigated using some test objects
such as high voltage needle-plane, needle-internal defect,
surface discharge, headless underground cable, bare
overhead conductor. Therefore, it is emphasized that the
effect of the polarity of the DC transmission line on the
initial voltage and discharge voltage of the corona must be
determined. As a result of the study, the discharge
waveform of the positive polarity measured has a larger
amplitude with a single discharge pulse, while the wave
width of the negative polarity has less amplitude with a
higher frequency of occurrence or a higher repetition rate;
It has been found that the initial voltage of positive DC is
generally larger than that of negative polarity and AC
voltage.In [9], experimental observations and some
mathematical modeling were made by taking into account
the corona discharge occurring at the ends of grounded
rods, tip height, radius of curvature, magnitude and
polarity of the applied electric field. As a result of the
research, it has been suggested that the electric field
intensity of the corona current exceeds the penetration
limits in the air environment and depends on the active
volume to a certain extent. Within the scope of the study,
the results of mathematical modeling and experimental
observations are compatible; It has been determined that
the corona current depends on the rod tip height, tip radius,
applied electric field strength and geometry. In [10], The
effect of atmospheric humidity on corona discharges has
been investigated experimentally. As a result of the study,
it was determined that corona discharges occurring in
transmission lines due to atmospheric humidity had a
significant effect on the limit values of ignition and
damping voltages; It has been observed that the current
values corresponding to the ignition voltage of the
discharge are directly proportional to the humidity rate in
the environment, and the effect of increasing the humidity
rate becomes more evident in wide electrode gaps.

When the studies in the literature are examined, it is seen
that many studies have been carried out especially in the
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field of visual line losses. In addition, from the point of
view of ion-electron technology, it is known that corona
losses constitute an important place among the current
losses [11]. However, it has been observed that the studies
on some important causes that form the basis of corona
losses are very limited. Corona discharges, which are
basically electrical discharges that occur in a certain
gaseous environment, have a critical importance in terms
of losses in electrical power transmission lines. In order to
examine the corona losses, the mechanism of corona
discharges should be well known and modeled correctly.
In order to fully understand corona discharges, first of all,
knowing the mechanisms of electrical discharges
occurring in gases can be considered as a prerequisite [12-
14].

It is considered that the effect of frequency on the limit
values of corona discharge’s ignition and damping voltage
so is crucial and cannot be disregarded. Since discharges
in the fixed range are generally capacitive, increasing the
frequency value is very important for the ignition of the
discharge [15-18]. The determination of the frequency
parameter, which is important for the ignition and
development of the discharge, is important in controlling
the losses in the energy transmission lines and in
eliminating the disadvantages of the harmonics at different
frequencies caused by the voltage fluctuations occurring in
the transmission lines due to various (internal and
external) factors and the effects of the components of these
harmonics.

In this study, a number of studies have been carried out to
experimentally investigate the effect of high frequency
voltage/current oscillations on the ignition and damping of
corona discharges that occur in electrical energy
transmission lines. The effect of the harmonic or current
oscillations with various frequencies, on the supply
voltage of corona discharges occurs on the networks have
been experimentally investigated in terms of 50, 150, 250,
350 and 500 Hz frequencies at the Needle-Plane and
Sphere-Plane electrode systems that corresponding to the
transmission line model. By using obtained experimental
measurement results, the generated Voltage-Current
graphs at certain frequencies of corona discharges were
interpreted comparatively. As a result of the study, high
frequency voltage/current oscillations have a significant
effect on the ignition and damping voltages of corona
discharges, and the increase in the frequency value has
facilitated the ignition of corona discharges considerably.

Materials and Methods
System description

Specially designed Needle-Plane and Sphere-Plane
electrode systems, which are seen as equivalent models for
some electrical equipment, were used to examine corona
discharges, which cause significant losses in energy
transmission systems, under laboratory conditions.
Parameters such as the type of material from which these
electrode systems are made, the geometric shape, the gap
between the electrodes and the type of gas in the
environment, the application voltage and the frequency of
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the applied voltage are important for the ignition,
development and damping of the discharge [19-21]. The
electrode system used in the study is made of stainless
steel material in the form of a circular disc with smooth
surfaces. These electrodes were properly mounted on a C-
shaped insulating material designed using fiberglass
material, fixed with an electrode opening of 5 mm, and the
necessary experiments were carried out. Experimental
studies were carried out in atmospheric conditions and at
room temperature.

An important part of the test system is the Needle-Plane
electrode system. The distance between the tip of the
needle and the plane used in this electrode system was
adjusted to be 5 mm constant, and this value was used for
all experiments. The diameter of the plane electrode is 25
mm and its thickness is 5 mm. The electrode system was
formed by mounting the electrodes with stainless steel
screws to the transparent fiberglass dielectric material of
10 mm thickness, which was cut in a C-shape in principle.
The image of the designed Needle-Plane electrode system

is given in Figure 1.
hu
-

———

Figure 1. Needle-Plane electrode system image

Another electrode system used in the study is the Sphere-
Plane electrode system. The diameter of the sphere used in
this electrode system is 15 mm and is made of stainless
iron material. The plane electrode is made of stainless iron
material with a diameter of 25 mm and a thickness of 5
mm. The electrode opening of the Sphere-Plane electrode
system was set to 5 mm. The electrode system was formed
by mounting the electrodes with stainless steel screws to
the transparent fiberglass dielectric material of 10 mm
thickness, which was cut in a C-shape in principle. The
image of the designed Sphere-Plane electrode system is
given in Figure 2.

The established experimental set was supplied with a 500
VA source with a fixed frequency of 50 Hz and an output
voltage adjustable in the range of 0-220 v. Images of the
discharge current and voltage waves were obtained with
the help of an analog oscilloscope.
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Figure 2. Sphere-Plane electrode system image

The circuit diagram of the experimental set is given in

Figure 3.
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Figure 3. Circuit diagram of the experimental setup

Experiment methods

Within the scope of the experimental study, voltage and
current values were measured and recorded independently
of each other by applying various voltages at different
frequency values to the e electrode systems such as
Sphere-Plane and Needle-Plane. For each selected
frequency value, the application voltage was increased
with certain steps and the current values corresponding to
each step were recorded. Current values initially showed
an increase in microampere levels in accordance with
Ohm's Law. However, after a certain increase limit of the
application voltage, discharge occurs and with the ignition
of the discharge, the current increased with a sudden jump
from Microampere levels to Ampere levels. The voltage
value at this point of rise was recorded and called the
ignition voltage of the discharge. It has been observed that
after the ignition of the discharge, the application voltage
is reduced in slow steps, and the discharge extinguishes at
a certain voltage value (a value lower than the ignition
voltage value). The voltage value corresponding to this
point is also recorded as the damping voltage of the
discharge.
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Result and Discussions
Results

In order to carry out experimental analyzes of corona
discharges and to obtain more realistic results, the
electrode systems model, which largely correspond to the
model in electrical power transmission lines, were used.
Experimental studies were carried out in atmospheric
conditions. During the studies, in order to minimize
measurement errors, many measurements were taken in
the same experiment, the average of these measurements
was taken and recorded.

Needle-Plane electrode system

Corona discharges in power transmission lines normally
occur at the surface of the conductor or near the surface of
the conductor. Especially in alternating voltages,
discharges tend towards the conductor in positive
alternance, while in negative alternance they move from
the conductor surface to a weak area. Trichel current
oscillations occurring on positive alternans during
discharge develop depending on the electrode geometry
and polarization. The image of the current oscillations of
the positive corona at 500 Hz frequency of the Needle-
Plane electrode system photographed on the oscilloscope
screen is given in Figure 4. It can be seen from the figure
that the current oscillations of the positive corona are more
numerous per unit area and exhibit a more stable state.
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Figure 4. Image of positive corona current oscillations of
the Needle-Plane electrode system at 500 Hz frequency

The photographed image of the corona discharge
occurring at low frequencies (50-150 Hz) and non-
homogeneous electric field in the Needle-Plane electrode
system is given in Figure 5. As can be seen from the
figure, the geometric structure of the discharge is spread
out in a cone shape depending on the geometric structure
of the electrode system.
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electrode system of Needle-Plane

While one end of the discharge channels is concentrated
around the needle electrode, the other ends are spread over
the plane electrode surface. For this reason, it was
observed that the discharge channels on the surfaces close
to the plane electrode exhibit a less frequent behavior. The
photographed image of the corona discharge occurring at
high frequencies (350-500 Hz) and in a non-homogeneous
electric field by using the Needle-Plane electrode system
in cases where the frequency values are further increased
is given in Figure 6. As can be seen from the figure, the
geometric structure of the discharge is realized as a narrow
channel depending on the geometric structure of the
electrode system. While one end of the discharge channel
lets is concentrated around the needle electrode, the other
ends are only in the middle of the plane electrode surface
and take the form of a narrow channel. For this reason, the
charge density in the discharge channel is higher and a
significant increase in the number of charges striking the
unit surface has been observed. This situation was
interpreted by utilizing the destruction effect on the
electrode surface.

Figure 6. Corona discharge image at high frequencies in
the Needle-Plane electrode system

In order to compare the experimental results obtained in
the Needle-Plane electrode system, the collective
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representation of the Voltage-Current graphics at the
supply voltage frequencies of 50, 150, 250, 350 and 500
Hz is given in Figure 7. As can be seen from the figure as
the frequency value of the supply voltage increases, the
ignition voltage limit values of the corona discharge show
a smooth decrease in inverse proportion to this. According
to the results measured in the experimental studies, it has
been observed that the current values of the discharge
before ignition at 50 Hz supply voltage frequency are
higher than the currents at other frequency values. The
possible reason for this is that the supply source used for
50 Hz frequency value is different from the supply source
used for other frequency values.

From the graph in Figure 7. in order to compare the
experimental results of the corona discharges in the
Needle-Plane electrode system, corona discharges' ignition
and damping voltage values obtained at the supply voltage
frequencies of 50, 150, 250, 350 and 500 Hz are frequency
dependent; but it is seen that they exhibit an inversely
proportional change. In addition, it is obvious that the
discharge currents at voltage values that are smaller than
the ignition voltages of the discharges formed at different
frequencies also show a frequency-dependent change.

Needle-Plane Electrode System
1000
S00
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i 500 e f= 50 Hz
=
g 500 —f=150 Hz
2
5 400 e f= 250 Hz
a f
300 / e f= 35,0 Hz
200 — =500 Hz
100 =
0
o] 500 1000 1500 2000 2500
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Figure 7. Graph of collective VVoltage-Current changes
taken at different supply voltage frequency values for the
electrode system of Needle-Plane

The corona discharges' ignition and damping voltage and
current values, which were experimentally measured at the
different supply voltage frequencies, in the electrode
system are given in Table 1. When the data in table is
examined, the limit values of the ignition voltage of the
discharge decrease as the frequency values of the supply
voltage increase. On the other hand, the discharge
damping voltage limit values have increased. This clearly
indicates the frequency impact on corona discharge
ignition.

Table 1. Voltage-Current discharge values for the Needle

Plane electrode system's ignition and damping

50 Hz 150 Hz 250 Hz 350 Hz 500 Hz
U igniion (V) ~ 2266,78  2140,11  2060,10 2010,10 1913,43
U damping (V) 866,71 Null 873,37 1073,38  1140,05
lignition (MA) ~ 4200,00  4000,00 3810,00 2910,00 1910,00
I gamping(MA) 800,00 Null 1000,00 1042,00 1131,00
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Sphere-Plane electrode system

The Sphere-Plane electrode system is an additional
electrode system used to determine the limit voltage values
of corona discharge’s ignition and damping. The image of
the 50 Hz frequency current oscillations of the Sphere-
Plane electrode system photographed directly from the
oscilloscope screen during the experimental studies is
shown in Figure 8. As can be seen from the figure, the
number of current oscillations of the positive and negative
corona per unit area is quite dense and stable.

The photograph of the changes in the measured current
and voltage values relative to each other during the
ignition of the corona discharge occurring in the Sphere-
Plane electrode system, taken directly from the
oscilloscope screen, is given in Figure 9. As can be seen
from the figure, the variation of the discharge voltage with
respect to the discharge current is in the form of a stable
Lysajous diagram.
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Figure 8. Image of current oscillations at 50 Hz frequency
of the Sphere-Plane electrode system

%

Figure 9. The graph of the variation of the discharge
voltage of the Sphere-Plane electrode system at 50 Hz
versus the discharge current

The photographed image of the corona discharge
occurring at low frequencies (50-150 Hz) and in the non-
homogeneous electric field in the Sphere-Plane electrode
system is given in Figure 10. Since the electric field
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strength in the Sphere-Plane geometry is more
homogeneous than the Needle-Plane electrode system (as
seen in the figure), the geometric structure of the discharge
has an ellipsoidal structure. In this case, since the
discharge occurs at low frequencies, the number of
discharge channels exhibited a less frequent structure.

The photograph of the corona discharge occurring at high
frequencies (350-500 Hz) and in the non-homogeneous
electric field in the Sphere-Plane electrode system is
shown in Figure 11. In this case, since the discharge takes
place at high frequencies, the number of discharge
channels exhibited a denser and narrower structure.

T S

Figure 10. Corona discharge image at low frequencies in
the Sphere-Plane electrode system

N .

Figure 11. Corona discharge image at high frequencies in
the electrode system of Sphere-Plane

In order to compare the experimental results in the Sphere-
Plane electrode system, the collective representation of the
Voltage-Current graphics at the supply voltage frequencies

of 50, 150, 250, 350 and 500 Hz is given in Figure 12. As
can be seen from the figure, as the frequency value of the
supply voltage increases, the ignition voltage limit values
of the corona discharge show a smooth decrease in inverse
proportion to this. According to the results measured in the
experimental studies, it has been observed that the current
values of the discharge before ignition at 50 Hz supply
voltage frequency are higher than the currents at other
frequency values. The possible reason for this is that the
supply source used for 50 Hz frequency value is different
from the supply source used for other frequency values.

Sphere-Plane Electrode System
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Figure 12. Voltage-Current change graph for the electrode
system of Sphere-Plane, obtained at various supply voltage
frequencies.

The corona discharge’s ignition and damping voltage and
current values of that were experimentally measured at the
different supply voltage frequencies in the electrode
system of Sphere-Plane are given in Table 2. When the
data in table is examined, the limit values of the ignition
voltage of the discharge decrease as the frequency values
of the supply voltage increase. On the other hand, the
discharge damping voltage limit values have increased.
This clearly indicates the frequency impact on corona
discharge igniting. When the current values are examined,
it is seen that the ignition current values of the discharge
have increased correspondingly with the decrease of the
frequency. Since the electric field strength in the Sphere-
Plane electrode system is more uniform than the field
strength in the Needle-Plane geometry, the ignition voltage
limit values of the discharge occurring in the electrodes
opening are larger. Accordingly, the ignition current
values of the discharge are also higher. Therefore,
considering the maximum power values of the supply
sources used in the system, the limit values of the
discharge damping currents could not be determined.

Table 2. Voltage-Current values for the discharge's
ignition and damping in the electrode system of Sphere-

Plane
50 Hz 150 Hz 250 Hz 350 Hz 500 Hz
U ignition (V) 5133,59  5066,92  4800,24  4766,91  4426,89
U gamping (V) 1200,06 Null Null Null 1373,40
ligniton (MA) ~ 4440,00  4200,00 4000,00 3800,00 3600,00
| damping(MA) Null Null Null Null Null
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Discussions

In order to determine the parameters of electrical
discharges in gases, a supply source with high output
power, output current and output voltage is needed. The
geometry and surface roughness of the electrode system
also have an important place in order for experimental
studies to yield realistic results. In addition to these
conditions, environmental parameters such as humidity,
temperature, pressure, spacing between electrodes and
electrical properties of the gas in the environment have
important effects on the ignition and damping of electrical
discharges. Therefore, it is of great importance to regulate
the ambient conditions depending on the type of electrical
discharges while conducting experimental studies. As a
result, the correct analysis and interpretation of data
received during experimental studies is important for
modeling and accurately characterizing discharge.

Several experimental investigations have been conducted
in Needle-Plane and Sphere-Plane electrode systems at the
same electrode gap and in the same ambient circumstances
to ascertain various corona discharge parameters.
According to the test results measured in the Sphere-Plane
electrode system, the ignition and damping voltages of the
discharge’s limit values were observed to be higher than
the results that were obtained in the Needle-Plane
geometry. This can be interpreted as an indication that the
electrode geometry has a significant effect on the electric
field strength, and therefore the electric field strength has a
large effect on the characterization of the discharge.

Corona discharge ignition is greatly affected by the
electrode's radius of curvature., which cause significant
power losses in power transmission lines. The degree of
homogeneity of the electric field is also of great
importance in discharges that occur at fixed electrode
gaps. As can be seen from the studies mentioned above
and the experimental results given, the effect of the radii of
curvature of the electrode tips can be clearly seen as a
result of the comparison of a Needle-Plane electrode
system and a Sphere-Plane electrode system. The decrease
in the radius of curvature increases the degree of non-
homogeneity of the electric field strength. In transmission
lines, it is seen that the corona losses will increase
inversely as the conductor radius decreases.

Conclusions

Current-voltage oscillations or harmonics at various
frequencies occur on the lines due to circuit on-off, short-
circuit faults, the effect of internal and external
overvoltages caused by various reasons, and balanced or
unbalanced loads that are momentarily activated and
released in the energy generation, transmission and
distribution lines. The impact of these high-frequency
harmonics on the initiation and dampening of corona
discharges in high-voltage power transmission lines has
been studied experimentally. The results show that the
levels of the ignition and damping voltages are strongly
affected by the frequency of corona discharges that occur
in high voltage transmission lines, and the limit value of
the ignition voltage decreases with the increase in
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frequency. Thus, it was observed that the corona losses in
the lines increased with the increase in frequency. In
addition, it was concluded that the radii of curvature of the
electrodes have a significant effect on the formation of the
corona discharge, and the increase in the radius of
curvature has an effect in the direction of complicating the
ignition of the corona discharge. As a result, in order to
eliminate high-frequency harmonics that have the effect of
facilitating corona losses in electrical energy transmission
lines, filtering processes should be done very well or Soft-
Start systems should be preferred as much as possible
instead of On/Off type switching in network systems.
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Bu calismada, Simulink PEMFC modelinin performansimi iyilestirmek amaciyla geleneksel PI, PSO
tabanli PI ve PSO tabanli FOPI olmak iizere ii¢ farkli uygulama ile yiikseltici DC/DC (boost) kontrolor
gelistirilmis ve yoOntemlerin arasindaki basarim oranlant karsilagtilmistir.  Yontemlere iligkin
performanslarin karsilagtirilmasinda; en biiyliik asim, yiikselme siiresi ve yerlesme siiresi olgiit olarak
almmistir. Geleneksel PI modelinde, ampirik yaklasimla PI degerleri Kp=0.001 ve Ki=0.15 olarak elde
edilmistir. PSO tabanli PI modelinde ise katsayilar (Kp=0.2042, Ki=1) olarak belirlenmistir. PSO i¢in
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Son olarak PSO tabanli FOPI uygulamasinda ise PI* kontrolér katsayilarn (Kp=0.7753, Ki=0.3650 ve
2=0.2050) olarak belirlenmistir. Bulgulara gore, 6nerilen PSO tabanli PI ve PSO tabanli FOPI yaklasimlar
ile elde edilen performans, geleneksel PI yaklagimi ile elde edilen performanstan daha iyi oldugu
gozlemlenmistir. Bu durum, tiim (P, V, I) parametrelerde goriilmiistiir.
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In this study, in order to improve the performance of the Simulink PEMFC model, DC/DC (boost)
controller was developed with three different applications: conventional Pl, PSO-based Pl and PSO-based
FOPI, and the performance rates between the methods were compared. In comparing the performances of
the methods; The largest overshoot, rise time and settling time were taken as criteria. In the conventional
P1 model, PI values were obtained as Kp = 0.001 and Ki = 0.15 with the empirical approach. In the PSO-
based Pl model, the coefficients are determined as (Kp = 0.2042, Ki = 1). For PSO, the model was tested
with different particle numbers and it was determined that the best result was obtained with 20 particles.
Finally, in the PSO-based FOPI application, PI* controller coefficients were determined as (Kp = 0.7753,
Ki=0.3650 and L =0.2050). According to the findings, it has been observed that the performance obtained
with the proposed PSO-based Pl and PSO-based FOPI approaches is better than the performance obtained
with the conventional Pl approach. This situation was seen in all (P, V, ) parameters.
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Giris

Yakit hiicreleri, yakitin kimyasal enerjisini dogrudan
elektrik  enerjisine doniistiren  elektrokimyasal — bir
sistemdir. Siklikla yakit olarak Hidrojen’in kullanildig
yakit pillerinin ¢esitli tiirleri gelistirilmektedir. Bunlardan
bir tanesi Proton degisim membranli yakit hiicreleri
(PEMFC - Proton Exchange Membrane Fuel Cells) olup,
tespit edilen 6nemli 6zellikleri; kompakt ve hafif olusu,
diisiik sicakliklarda yiiksek ¢ikis gii¢ yogunlugu, diisiik
gevresel etkisi ve iyi bir baslama/kapama performansinin
olmasidir [1]. Bu avantajlar PEM’in bir¢ok uygulamada
kullanilmasinin ~ 6niinii  agmustir.  Bu  uygulamalardan
bazilar;; ulasim araglarinda giic kaynagi, kompakt
kojenerasyon sabit gii¢ kaynagi, tagmabilir giic kaynagi ve
acil durum yedek gii¢ kaynagidir. Ancak standardin altinda
goriilen performans, sabit tutulamayan (kontrolsiiz) gerilim
ve yakit tiiketimindeki yiikksek oran gibi sorunlar
PEMFC'lerin  ticari uygulamalarda yaygin olarak
kullanilmasini1 engelleyen parametrelerdir [2]. Dolayisiyla
PEMFC’lerde uygun bir kontrol tasariminin olmasi
gerekmektedir. Bu  motivasyonla bu  ¢alismada,
PEMFC’nin  performansin1  iyilestirmek  amactyla
geleneksel PI, PSO tabanli PI ve PSO-FOPI kontrolorleri
simulink modelleri gelistirilmis ve yontemlerin arasindaki
basarim orani karsilastiriimistir.

Literatiirde PEM yakit pili veya farkli sistemlerin
optimizasyon sorunlarina iliskin ¢alismalarin yapildigi
goriilebilmektedir. Caligsmalarin  genelinde hedeflenen
sorunlarin  ¢6zimii i¢in ¢esitli parametrelerin  farkll
optimizasyon yontemleri ile belirlenmesi {izerinedir. Bu
cergevede literatiirde goriilen ¢esitli drnek calismalar ve
tespitler agagida kisaca agiklanmugtir.

Geleneksel tamsay1 dereceli PID (Proportional -Integral
- Derivative, Oransal — Integral - Tiirevsel) kontrolér, ile
sistemin uygun sekilde denetlenebilmesi, kontrolore ait
parametrelerin dogru belirlenmesi ile miimkiindiir (Sekil 1).
Parametrelerin belirlenmesinde; PID katsayilarini deneysel
olarak bulmak i¢in gelistirilen Ziegler—Nichols yonteminin
disinda, yapay zeka teknikleri de yaygin olarak
kullanilmaktadir [3]. Ancak gercek diinyadaki nesneleri
veya kesirli iglemleri en iyi sekilde denetleme yeteneginden
yoksundur. Bunun sebebi, kontrol edilmek istenen
degiskenlerin dogrusal olmayan bir karakteristie sahip
olmasidir [2]. Bu olumsuzluklardan dolayi; daha esnek,
giiclii ve kesin sonug iireten kesir dereceli kontrolorler
¢aligmalarda tercih edilmektedir.

Referans

Geri besleme

Sekil 1. PID kontroldriin genel yapist

Kesir dereceli PID (FO-PID) kontrolor kullanarak,
PEMFC’nin optimal dinamik performans: artirilabilir.
Ayrica FO-PID kontroloriin - parametreleri  sezgisel

optimizasyon yontemleri ile ayarlanarak, kontroloriin
kazanci optimize edilebilmektedir [4]. Genetik Algoritma
(Genetic Algorithm-GA), Karinca Kolonisi Optimizasyonu
(Ant  Colony Optimization-ACO), Parcacik  Siirii
Optimizasyonu (Particle Swarm Optimization - PSO) ve
Yapay Ari Kolonisi (Artificial Bee Colony - ABC) gibi
sezgisel optimizasyon yaklasimlar ile optimum ¢oziimiin
bulunacagi garanti edilemez ancak yoOntemin yetenegi
dahilinde en uygun sonuca ulagilir.

Polinom sinir ag1 tabanli GA ile optimize edilmis bir
kontrollii bir PEMFC modellenmistir [5]. Ancak GA ile
yikksek  dogruluk elde edilemedigi literatiirden
goriilebilmektedir. Diger dezavantajlar1 ise islem siirecinde
iterasyon sayisinin oldukca fazla olmasi ve dolayisiyla
islem siiresi agisindan maliyetinin yiiksek olmasidir [6].

Karmca Kolonisi Algoritmasinin teorik analizinin zor
olmasi, ihtiya¢ duyulan yakinsama siiresinin belirsizligi ve
olasilik  dagilmmm  her iterasyonda  degismesi,
caligmalarda dikkate alinan 6nemli parametrelerdir. Diger
taraftan Gri Kurt Optimizasyon (GKO) Algoritmasi ise
daha az giivenilir olmasi, diisiik diizeyde hata toleransina
sahip olmas1 ve diisiik hizda son derece karmasgik bir teknik
olmas1 dikkat g¢ekmektedir. Sozii edilen optimizasyon
yontemlerinin aksine, PSO yontemi basit, etkili ve kolay
uygulanabilir olmasiyla dikkat cekmektedir.

Simulink PEMFC modelinin performans iyilestirmesi;
geleneksel PI, PSO tabanli PI ve PSO tabanli FOPI
kontrolorleri ile gergeklenerek bu makalede sunulmustur.
Yontemlerin kargilastirilmasinda; en biiyiik asim, yiikselme
stiresi ve yerlesme siiresi dikkate alinmistir. Kontrolorlerin
niceliksel karsilagtirmasi durumunda, FOPI kontroloriin
kayda deger oOlciide sistem performansimi iyilestirdigi
goriilmektedir [2].

Makalenin kalan boliimleri sdyle organize edilmistir;
materyal ve yontem kapsaminda; PEM yakit pili, Pl
Kontrolli DC/DC  Doniistiiriicii, Parcacik  Siirii
Optimizasyonu (PSO), PSO-FOPI, Performans Endeksi,
Calismada Onerilen Model konular1 kisaca agiklanmistir.
Ardindan Bulgular ve Sonuglarin tartigilmasi ile makale
sonlandirtilmistir.

Materyal ve Yontem

Bu boliimde PEM yakat pili ile iligkili simulink modeli ve
performansin iyilestirilmesine yonelik kullanilan yontemler
acgiklanmugtir.

PEM Yakait Pili

PEM yakait hiicresi, yakit hiicreleri arasinda en yiiksek enerji
yogunluguna sahip olanidir. Bu durum, yakit hiicresini
olusturan yap1 ve kapsaminda yer alan malzemelerin
karakteristiginden  kaynaklanmaktadir. Yakit pilinde
meydana gelen kimyasal reaksiyon, elektroliz olayinin tersi
bir durumudur. PEM yakit pilinin yapist ve c¢aligma
diizenegi sekil 2°de gosterilmis olup, biri negatif (anot) ve
digeri pozitif (katot) olmak iizere iki metal elektrot
icermektedir. Sekilden goriildiigli iizere Hidrojen ve
Oksijen’in sirastyla anot ve katot girislerini kullandiklari
goriilmektedir. Anot kisminda Hidrojen atomlar: katalizor
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(6rn. Platin igerikli bilesikler) etkisiyle protonlara ve

elektronlara ayrilir. PEM yakit hiicresindeki anot
reaksiyonu:
H, » 2H* + 2e”

Ayrilan protonlar, membran diye adlandirilan proton ileten
elektrolitten gecerken, elektronlarin hareketi ile olusan
elektrik akimi sistem disinda yer alan elektrik devresinden
gegirilir. Elektrolit arasindan gegen protonlar, elektrik
devresinden gegen elektronlar ile tekrar baglanir ve
oksijenle birleserek saf su buhari ile birlikte 1s1 meydana
getirirler [7]. PEM yakit hiicresindeki katot reaksiyonu ve
toplam reaksiyonlar sirastyla:

0, +4H" + 4e~ - 2H,0
2H, + 0, » 2H,0 + Ist + Elektrik Enerjisi

60 ile 80 °C arasindaki diisik c¢alisma sicakliginda
calisabilmesi, elektrik {iretim iglemine hizli baslamasi, giic
talebindeki degisikliklere hizli yanit vermesi, donanimsal
olarak hafif ve diisiik hacimde olmast ile birlikte yiiksek gii¢
yogunluguna sahip olmasi, giiniimiizde oldugu gibi

gelecekte  de  birgok  alanda  uygulanabilecegi
anlasilmaktadir. [7].
| ]
H,—> 1‘.12 Gaz Kanal
M Anot
Katalizor
H*l t L0 Membran
Katalizor
Katot
f
0,—» o 1o Gaz Kanali _——# Hy0 ve O, Ghs
) 2 i az, Kanal1 B ,

Sekil 2. Yakit pili yapist ve ¢aligma sistemi [8]

PEM vyakit pilinin kayip egrisi, genellikle bir yakit
pilinin karakteristigini ifade etmekte olup, polarizasyon
egrisi olarak adlandirilir (Sekil 3). Sekilden goriildiigii
iizere hiicrenin V/I degisimi dogrusal olmayan bir
karakteristie sahiptir. Dogrusal olmayist ise akim
yogunlugu, hiicre sicakligi, membran nemliligi ve reaktant
kismi basinci gibi faktorlere baglidir [9].

1.4 .
Ideal Gerilim
12— — — — =
10 ! Kg;::ar I Konsantrasyon
. Aktivasyon Kayiplar Kayiplan
S o8 :
£ 1
= 0.6 I 1
D | . L 1
© | Polarizasyon Egrisi |
0.4
! 1
' n 1
0.2 ! I | m
' 1
o A —
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Akim Yogunlugu (Alem?)

Sekil 3. PEM yakit pilinin polarizasyon egrisi [10]
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PI Kontrollii DC/DC Yiikseltici (Boost) Doniistiiriicii

Giiniimiizde endiistride ihtiyag olan elektrik enerjisini
saglayan giic kaynaklarinin kararli olmasi, zorunlu hale
gelmistir. Olusan bu ihtiyacin karsilanmasi anahtarlamali
glic kaynaklari ile miimkiindiir [11]. Yumusak hiz
kontrolii, yiiksek verim ve dinamik tepki gibi avantajlari
nedeniyle DC-DC déniistiiriiciiler tercih edilmektedir.
PEMFC c¢ikis gerilimi kullanim yerlerine gore araglarda,
konut uygulamalarinda giic aktarma Dbirimleriyle
yikseltilebilmektedirler [12].

Gerilimi regiile etmekle birlikte genligi diisirme (Buck)
veya yiikseltme (Boost) amaciyla kullanilan DC-DC
doniistiirticiilerde ¢ikis voltajinin biiylikligii, doniistiiriicii
anahtarmin girisindeki darbenin gorev oraninin (Duty
cycles) kontrol edilmesi ve doniistiiriicii anahtarinin her
dongiide agilip kapatilmasiyla kontrol edilir.

Bu calismada kullanilan yiikseltici (Boost) DC/DC
doniistiirticiiler, girig DC gerilimini daha yiiksek seviyede
¢ikig DC gerilimine doniistiiren geviricilerdir. Simulink
PEMFC modelinin ¢ikisinda kullanilan 100V DC/DC
(ortalama  deger)  doniistiiricii  paketinde, IGBT
anahtarlama eleman1 kullanilir.

DC-DC doniistiiriiciilerin yiik degeri ya da giris gerilimi
degisse de ¢ikis degerlerinin sabit kalmasi gerekmektedir
[12]. PID kontrol yontemleri bu asamada siklikla tercih
edilen bir yaklagimdir [14]. Calismalarda, kontrolor
katsayilar1 ayarlanarak PID kontrolérden en iyi
performansin  elde edilmesi iizerine odaklanilir.
Katsayilarin belirlenmesi ile iligkili literatiirde bilinen en
temel yontemler ise Ziegler-Nichols, Cohen-Coon
kurallar1, Astrém-Héiggland yontemi ve ileri Ziegler-
Nichols yontemidir [15].

Bu calismada PEMFC c¢ikisinda PI kontrollii DC-DC
doniistiirticii kullanilmig olup, PI katsayilar1 PSO ve PSO-
FOPI yontemleri ile belirlenmistir.  Calismadaki
doniistiirticiiye iligkin Matlab-Simulink modeli sekil 4’te
gosterilmistir.

Kiyier

O A
‘Ulzul P/ FOPI & Displsy TAE
Kontrolor
g e »  outoost
Sekil 4. PSO tabanli PI/FOPI kontrolli DC/DC

doniistiiriicti simulink modeli
Parcacik Siirii Optimizasyonu (PSO)

1990’larmn ortalarinda kus veya balik siiriilerinin yiyecek
arama davraniglarinin  algoritmaya donistiiriilmesiyle
bulunan bir yontem olup, Kennedy ve Eberhart tarafindan
gelistirilmistir [16]. PSO ydnteminin en Onemli avantaji
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karmasik sistemlerin ¢Oziimii i¢in basit bir ydntem
olmasidir.

PSO yonteminde, siiriiniin her bireyi ¢6ziim uzayinda
dolastig1 ve optimizasyon probleminde her pargacigin bir
¢ozlim aday1 oldugu kabul edilir. Parcacigin pozisyonu
(konumu) iki parametreye dayanir. Bu parametreler;
kendisinin lokalde daha once ziyaret ettigi en iyi (Ppest)
konum ve siiriide ziyaret edilen en iyi (gpes:) konum
parametresidir. Her bir par¢acigin performansi belirlenen
maliyet (fitness) fonksiyonu ile hesaplanir.

Bir parcacigim konum (sf) ve hiz (vF) denklemleri sirastyla
(1) ve (2) nolu denklemlerde belirtildigi sekilde hesaplanir
[17].

vt = wevf + ¢rand, - (pbesti - sf) 1)
+eprandy * (Gpest — S5
o1 = sf 4o} ®

Denklemde yer alan rand, ve rand, [0, 1] araliginda
secilmis rastgele sayilar olup, w terimi atalet agirligini ifade
etmektedir. ¢; ve ¢, ise ivmelenme sabitleridir. Ayrica
denklemde yer alan s¥* ve s¥ terimleri sirasiyla gecerli

konumu ve yeni pargacik konumunu ifade eder.

Pargacigin hesaplanan hiz degeri, kontrol edilemeyen
osilasyonlara girmemesi amaciyla belirli sinirlar arasinda
tutulmasi saglanir. Bu agamada denklem (3) kullanilir.

Umax = (xmax

— xMinY(10%~20%)

min — max
v = -V

©)

Bu c¢alismada hem klasik Pl ve hem de kesir dereceli Pl
parametre degerleri, PSO yontemi ile belirlenmistir.

PSO-FOPI

Pudlobny tarafindan ilk kez uygulanan kesir dereceli PID
(PI"D*) kontroloriin [18], son yillarda lineer olmayan
sistemlerin denetiminde yiiksek performans sergiledigi
goriilebilmektedir [19,20]. PI*D* kontrolériin, kontrol
sistemleri i¢in daha iyi performans ve kararlilik sagladigi
[20] nolu referansta belirtilmistir. Klasik PID yonteminin
PI*D* tipi kesir dereceli yonteme gore farka; kesir dereceli
kontrolorde, tiirev ve integral derecesi herhangi bir reel say1
olabilir [18]. PI*D* kontrolér yaygin olarak denklem (4) de
gosterildigi sekilde ifade edilir.

u(t) = Kye(t) + K;D*e(t) + KzD*e(t) 4)

Ifadenin Laplace déniisiimii ile elde edilecek transfer
fonksiyonu denklem (5)’de verilmistir.

G(s) =K, + K;s™ + Kys* 5)
Burada A,u € R ve A, u = 0 olup, sirasiyla tiirev ve
integral  terimlerinin  Kkesir derecesini ifade eder.

Kontroloriin katsayilari olan K, K; ve K, terimleri sirasiyla
oransal, integral ve tiirev kazancini ifade eder.

PI*D* kontrolér tasarlamak icin gerekli parametre sayisi
5 (Kp, Ki, K4, A ve u) olup, parametrelerin belirlenmesi
konusunda literatiirde farkli yontemler 6nerilmektedir. Bu
yontemlerden biride parcacik siirli optimizasyonuna (PSO)
yontemine dayali hesaplama yontemidir. Klasik PSO
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yonteminde, c1 degeri pargacigi en iyi pozisyona ¢ekerken
C2 degeri siirliyii kiiresel en iyi konuma g¢eker. Dolayisiyla
PSO-FOPI yonteminde, c1 ve C; degerleri 4 farklt durum
(kesif, yararl, yakinsama ve dislama durumlari) i¢in farkli
degerler alir. S6z konusu durumlar kapsaminda, €1 Ve C; igin
izlenen yaklagimlar Tablo 1’de listelenmistir.

Tablo 1. PSO-FOPI'de farkli durumlarda c¢’ler i¢in
izlenen yaklagim [22]

izlenen strateji
Cy artirilir, C2 azaltilir
1 biraz arttirilir,
C; biraz azaltilir
C1 Ve Cy biraz arttirilir
C1 azaltilr, ¢, arttirilir

Durum
Kesif durumu
Yararli durumu

Yakinsama durumu
Diglama durumu

Bu ¢alismada PI* kontrolériin parametreleri PSO-FOPI
yontemi ile optimize edilmistir.

Performans Endeksi (Maliyet)

Bu ¢alismada optimum degerlerin tespiti igin PSO
yontemi kullanilmig ve optimum ¢oziim i¢in performans
endeksi kullamlmistir. Integral Zaman Mutlak Hata
(Integral Time Absolute Error - ITAE) fonksiyonu,
performans endeksi olarak kullanilmis olup, denklem (6) da
belirtildigi sekilde tanimlanir.

ITEA = [} tle(t)|dt ©)

Her iterasyonda olusan hatanin genligi ITEA ile belirlenmis
ve optimum parametreler i¢in minimum ITEA hata degeri
aranmistir.  Hata degeri c¢aligmada maliyet olarak
degerlendirilmistir.

Calismada Onerilen Model

PEMFC’nin performans iyilestirmesi geleneksel PI, PSO
tabanli PI ve PSO-FOPI kontrolorleri ile gergeklenerek bu
makalede sunulmustur. Calismada kullanilan Matlab
simulink paketi Sekil 5’te gosterilmistir.  Sekilde
gosterildigi tizere PEMFC ¢ikisina DC/DC doniistiiriicli
baglanmigtir. DC/DC déniistiiriiciiniin kapsami sekil 4°te
gosterilmistir.

J e

Sekil 5. Caligmada kullanilan simulink paketi

Sekil 4’te gosterilen PEMFC modeline iligskin parametre
degerleri ve V/I karakteristigi sekil 6’da gosterilmistir.

Sekil 4'de gorildiigi iizere, Hidrojen tiiketimi [L/dak] ve
oksijen hava akist [m%s] giris olarak almmustir. Yakit
pilinin ¢ikisinda elde edilen DC gerilim degeri DC/DC
doniistliriicii girisine uygulanmistir. DC/DC  déntstiiriicii
i¢in belirlenen simulink modeli sekil 4'de gosterilmistir.

Bir yakit hiicresinde %70 ile %80 araliginda bir yiik ile
yiiklendiginde maksimum verimlilik elde edilir. [23]. Bu
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calismada, 6 kW’lik yakat pili kullanilmig ve sistem yiikii
%75 yiiklenme orant ile 4.5 kW secilmistir. Calismada sabit
bir RL yiiki kullanilmis olup, empedans degerleri
Zr=4.5kQ ve Z=4500Q olarak belirlenmistir.

70 - T = 9

. - v
A Yigin (Stack) icin Gerilim - Akim degisimi
~ 60
£ 50
= __ (133.3.45)
B : e
O 40 —— 22537
30 . .
0 50 100 150 200 250
Akim (A)
10 - -
Yigin (Stack) icin Gii¢ - Akim degisimi e
8 " (8.325kW)
'L:*
z° (5.9985kW)
g4
Q
2
ol L . .
0 50 100 150 200 250
Akim (A)

PEMFC — 6kW - 45Vdc

Nominal ¢alisma noktasi: (133.3A, 45V)
Maksimum ¢aligma noktasi: (225A, 37V)
Hiicre say1st: 65

Nominal Y1gin (Stack) Verimi: %55
Caligma sicakligi: 65 C°

Nominal hava akig orani: 300lpm

Sekil 6. Calismada kullanilan Simulink PEMFC model
parametreleri ve V/I karakteristigi

Bulgular ve Tartisma

Bu ¢alismada, Simulink PEMFC modelinin performansini
iyilestirmek amaciyla geleneksel PI, PSO tabanli PI ve
PSO tabanli FOPI olmak iizere 3 farkli uygulama
gelistirilmis ve yontemlerin arasindaki basarim oranlari
karsilastirilmistir. Bu boliimde yapilan uygulamalarin
bulgular1 verilmistir.

Geleneksel PlI Modeli: Birinci uygulamada geleneksel
uygulama olan ampirik yaklagimla PI degerleri Kp=0.001
ve Ki=0.15 olacak sekilde elde edilmistir.

PSO tabanli Pl Modeli: Ikinci uygulamada, (Kp, K;) olan
Pl katsayilar1 PSO yontemi ile belirlenmistir. PSO igin
farkli parcacik sayilart ile model denenmis ve en iyi
sonucun 20 pargacikla elde edildigi tespit edilmistir.

250 o — —
—PI
565 ——PSO PI
’ PSO FOPI
150
S ﬁ\l Mn%_ vvvvvvv
£ VY
T 50
O
0
= (a)
05 1 15 2 25 3
Zaman (s) x10*

Iterasyon sayist 100 alinmis ve her iki parametre igin
denemeler neticesinde (0, 1) deger araliginda ¢oziim
aranmistir. Diger parametre degerleri; w=0.9, c;=1.2 ve
C>=1.2 olarak alinmistir.

PSO tabanli FOPI Modeli: Ugiincii uygulamada ise DC/DC
déniistiiriicii, kesir dereceli P1* kontrolérii ile denetlenmis
ve kontroloriin parametreleri PSO ile belirlenmistir. Bir
onceki PSO uygulamasinda kullanilan parametre degerleri
burada da tekrar edilmistir. Sadece bu uygulamada 2 degil,
(Kp, K; ve A1) olmak {izere 3 parametre degeri
belirlenmistir.

Her li¢ modelin ¢alistirilmast ile elde edilen optimum PI
katsayilar1 ve iligkili maliyet degerleri Tablo 2’de
gosterilmistir.

Tablo 2. PI katsayilar1 ve iligkili maliyet degerleri

Kp Ki A Maliyet
PI 0.001 0.15 ---
PSO-PI 0.2042 1 --- 89.6159
PSO-FOPI  0.7753 0.3650 0.2050  0.8099

PEMFC’nin performans iyilestirmesi geleneksel PI, PSO
tabanli PI (PSO-PI) ve PSO-FOPI kontrolorleri ile
gerceklenmis ve elde edilen optimum katsayilar ile sistem
cikisinda gozlemlenen degisimler sekil 6’da gosterilmistir.
Sekil 6’da sirasiyla giig, akim ve gerilim degisimleri
gosterilmistir.

- P(W) - zaman (s)

Gitg (W)
388

;
e Akim (A) - zaman (s) mean
«
[ |
|
i | Gerilim (V) -zaman (s)  —non

Gerilim (V)

L/ R
' B zaﬁ;an (s)
Sekil 7. Geleneksel PI, PSO tabanli PI ve PSO-FOPI

kontroldrleri ile sistem ¢ikiginda goriilen gii¢, akim ve
gerilim degisimleri.

—FPI
——PSOPI
PSO FOPI|

100 (b)

1

0.1 02 03 04 05
4
Zaman (s) 10

Sekil 8. (a) Geleneksel PI, PSO-PI ve PSO-FOPI kontrolérleri ile elde edilen ¢ikis gerilim degisimleri
(b) Baslangi¢ asamasinda goriilen gerilim degisimleri
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Sekil 7°de yer alan gerilim degisiminin detay1, sekil 8(a) ve
(b)’de gosterilmistir.
Bulgular incelendiginde elde edilen ¢ikarimlar asagida

listelenmistir.

- Onerilen PSO-PI ve PSO-FOPI yaklagimlari ile elde
performans, geleneksel PI yaklagimi ile elde edilen
performanstan daha iyi oldugu gozlemlenmistir. Bu

durum, tim (P, V, 1) parametrelerde
goriilebilmektedir.
- Yontemlere iliskin performanslarin

karsilagtirilmasinda; en biiylik asim, yiikselme siiresi
ve yerlesme siiresi 6l¢iit olarak alinmistir. S6z konusu
Olgiitlere gore tespitin ¢ikis gerilimi (Sekil 7)
iizerinden yapilabilecegi  goriilmektedir. Tiim
oOlciitlerde, PSO-Pl ve PSO-FOPI yaklagimlarinin
geleneksel PI modeline gore daha yiiksek performans
gosterdigi gdzlemlenmistir.

- Enbiiyiik asim dlgiitii dikkate alindiginda, PSO-FOPI
yaklagiminin PSO-PI yaklasimina gore biraz daha iyi
bir performans sergiledigi gdzlemlenmistir.

Sonuglar

Bu ¢alismada, Simulink PEMFC modelinin performansini
iyilestirmek amaciyla geleneksel PI, PSO tabanli PI ve PSO
tabanli FOPI olmak tizere 3 farkli uygulama ile yiikseltici
DC/DC (boost) kontroldr gelistirilmis ve yontemlerin
arasindaki basarim oranlar1 karsilastirilmistir. Yontemlere
iliskin performanslarin karsilagtirilmasinda; en biiylik agim,
ylikselme siiresi ve yerlesme siiresi 6l¢iit olarak alinmusgtir.
Geleneksel PI modelinde, ampirik yaklagimla PI degerleri
Kp=0.001 ve Ki=0.15 olarak elde edilmistir. PSO tabanli PI
modelinde ise katsayilar (Kp=0.2042, Ki=1) olarak
belirlenmistir. PSO igin farkli pargacik sayilari ile model
denenmis ve en iyi sonucun 20 parcacikla elde edildigi
tespit edilmistir. Son olarak PSO tabanli FOPI
uygulamasinda ise PI* kontroldr katsayilart (Kp=0.7753,
Ki=0.3650 ve A=0.2050) olarak belirlenmistir. Bulgulara
gore, Onerilen PSO tabanli PI ve PSO tabanli FOPI
yaklagimlar1 ile elde edilen performans, geleneksel PI
yaklasimi ile elde edilen performanstan daha iyi oldugu
gbzlemlenmistir. Bu durum, tim (P, V, 1) parametrelerde
gorilmiistiir.

Etik kurul onay1 ve ¢ikar ¢catismasi beyani

Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur. Hazirlanan makalede herhangi bir kisi/kurum ile
¢ikar catigsmasi bulunmamaktadir.
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In today's world, where data and information are increasingly proliferating, text summarization and
technologies play a critical role in making large amounts of text data more accessible and meaningful. In
business, the news industry, academic research, and many other fields, text summarization helps make
quick decisions, access information faster, and manage resources more effectively. Additionally, text
summarization research is conducted to further improve these technologies and develop new methods and
algorithms to provide better summarization of texts. Therefore, text summarization and research in this
field are of great importance in the information age. In this study, a new operating model for text
summarization that can be applied to different algorithms is proposed and evaluated. Sixteen
summarization algorithms covering six approaches (statistical, graph-based, content-based, pointer-based,
position-based, and user-oriented) were implemented and tested on 50 different full-text article datasets.
Four evaluation criteria (BLEU, Rouge-N, Rouge-L, METEOR) were used to assess the similarity between
the generated summaries and the original summaries. The performance of the algorithms within each
approach was averaged and the overall best-performing algorithm was selected. This best algorithm was
subjected to further analysis through Topic Modelling and Keyword Extraction to identify key topics and
keywords within the summarised text. The proposed model provides a standardized workflow for
developing and thoroughly testing summarization algorithms across datasets and evaluation metrics to
determine the most appropriate summarization approach. This study demonstrates the effectiveness of the
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model on a variety of algorithm types and text sources.

Introduction

Automatic text summarization has become an indispensable
tool for distilling key information from large volumes of
text data [1]. As the amount of textual information grows
exponentially in the digital age, summarization techniques
help users rapidly filter and extract salient content [2]. This
paper provides a comprehensive survey and evaluation of
extractive summarization approaches for condensing
scientific documents.

Summarization can be categorized into extractive,
abstractive, and hybrid methods [3]. Extractive
summarization identifies important sentences or passages in
the source text through statistical and linguistic analysis and
concatenates them to form a summary [4]. Scored features
may include term frequency, sentence position, cue phrases,
word overlap with headings, etc. While straightforward to
implement, extractive summarization often suffers from a
lack of overall coherence and accuracy in conveying
complex concepts spanning multiple sentences.

Abstractive summarization seeks to infer conceptual
information and generate novel phrases and sentences to
describe key content. This requires more advanced natural
language understanding and generation, posing significant

challenges for current Al (Artificial Intelligence) systems
[5]. Hybrid techniques combine extractive selection with
abstractive regeneration or transformation [6].

This work focuses on extractive summarization algorithms
for scientific documents. Sixteen specific algorithms are
surveyed, spanning statistical, graph-based, pointer-based,
position-based,  user-oriented, and  content-based
approaches. The algorithms are evaluated on a dataset of
paper abstracts from major computer science conferences
and journals. Performance is assessed using standard
automatic evaluation metrics, including ROUGE-N,
ROUGE-L, BLEU, and METEOR. The metrics quantify
overlapping lexical units between algorithm summaries and
reference abstracts.

Through similarity analysis, the optimal extractive
algorithms and summarization approaches are identified.
The top-performing technique is used to create an extractive
summary of each paper. Additionally, keywords are
automatically extracted from the summaries to capture
salient topical information.

This study is organized as follows: Section 2 presents the
literature review. Summarization techniques, similarity
measures, algorithms, and details of the developed model
are explained and presented in Section 3. Experimental
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results of the developed model are presented in Section 4.
Finally, recommendations are presented in the conclusion
section.

Literature review

According to the literature, there are many different
summarization techniques and methods, as shown in Figure
1 below. In this study, we will consider Extractive text
summarization under the Based on Summarization Methods
heading. This section provides a general literature review
for this topic.

-{_Single Document

“{_Cross Lingual
—(_Supervised

CLASSIFICATION OF /7
SUMMARIZATION
TECHIQUES

—~{_Domain independent
~{Genre Specific

—{ Surfa

Usa::FrLeu:al
Figure 1. Classification of summarization techniques.

This comprehensive  benchmarking of extractive
summarization techniques on scientific documents provides
data-driven insights to guide future research. The
quantitative and qualitative advantages of different
algorithms are elucidated. This study aims to facilitate more
effective analysis and knowledge extraction from the
rapidly expanding corpus of scientific literature by
evaluating modern summarization methods on academic
abstracts.

Yadav et al. [7] reviewed a wide range of summarization
techniques and categorized them into nine classes based on
factors like number of input documents, output summary
language, algorithms used, etc. Statistical, graph-based,
clustering, and neural methods were evaluated on standard
datasets with neural models like Pointer-Generator
networks, achieving state-of-the-art ROUGE scores. Key
advantages of neural approaches are selectively generating
new words/phrases and focusing on salient content. Pre-
trained language models have further improved
performance. Neural models require just encoder-decoder
architectures and training data, with no hand-engineered
features. They now rival human summarization ability on
large datasets, demonstrating major progress. However,
challenges remain in capturing deeper semantics,
incorporating external knowledge, and generating more
human-like summaries. This review provides a
comprehensive overview of modern summarization
techniques, laying the foundation for future innovations.

Erkan and Radev [8] evaluated LexRank on 50 clusters of
10 news articles from DUC 2001/2002 datasets. LexRank
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outperformed basic methods like Lead, Luhn, and Random
on ROUGE-1, achieving a score of 0.5110 vs 0.4986 for
Lead. In manual evaluations, LexRank also scored higher in
summary quality. A key advantage of LexRank is its graph-
based approach, which models inter-sentence contextual
information by creating a graph representation of the
document set. It captures lexical and semantic links
between sentences via the cosine similarity of TF-IDF
vectors. Using graph centrality, LexRank can identify
notable sentences central to the text's meaning. Unlike
parse-based approaches, LexRank doesn't require deep
language analysis or external knowledge, making it
domain-independent. It performs well even for short
introductory documents like news articles and is
computationally efficient compared to other graph
techniques. Overall, LexRank demonstrates the power of a
graph-based word-centric approach for extractive
summarization without reliance on linguistic analysis or
external texts.

Mihalcea and Tarau [9] evaluated their proposed Modified
TextRank algorithm on DUC 2001-2004 datasets,
comparing it to baseline methods like LexRank and Lead-
based approaches. Modified TextRank achieved an average
ROUGE-1 score of 0.463, outperforming TextRank (0.452)
and LexRank (0.449). A key advantage is integrating a new
graph construction method using a damping factor and a
modified voting scheme. By damping edge weights and
limiting node degrees, Modified TextRank better captures
contextual information. The revised voting process also
better differentiates sentence salience scores, avoiding
uniform scores and over-extracting similar sentences. These
customizations produced a more readable, informative, and
concise graph-based extractive summarizer without relying
on deep language analysis. Gains on the datasets
demonstrate  the effectiveness of the proposed
enhancements in recognizing salient content.

Mallick et al. [10] evaluated their proposed Modified
TextRank on a custom dataset and DUC 2002,
outperforming baseline methods like LexRank, TextRank,
and Lead-3 for ROUGE-1 (0.51 for DUC 2002, 0.53 for
custom set). A key advantage is integrating Doc2Vec-based
sentence vector similarities into graph construction,
capturing more semantics vs. pure word similarity graphs.
They also introduced a new damping function to better
control edge weights and embedding scores, improving
sentence saliency detection. Modified TextRank identifies
sentences central to document meaning by incorporating
continuous vector representations and special damping.
Gains over traditional graphical methods demonstrate how
semantic sentence embeddings and tuned edge weights can
empower graph-based extractive summarization without
reliance on parse trees, statistics, or full language analysis.

Kireyev [11] evaluated Latent Semantic Analysis (LSA) for
extractive summarization on DUC 2001-2002 and Reuters
datasets. Compared to baselines like Lead, LexRank, Luhn,
and Edmundson, LSA achieved superior ROUGE-1 and
ROUGE-2 scores across datasets. A key advantage of LSA
is revealing hidden semantic relationships between terms,
capturing meaning beyond surface statistics. By projecting



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 31-48

sentences onto the reduced LSA concept space, semantic
similarity can be calculated and used to identify salient
content. The author introduced semantic sentence coverage
to predict relevance based on overlap with main LSA
concepts.  Additional  weighting  further  improved
performance. Without relying on parse trees, human
engineering, or graphical models, LSA offers an elegant
approach to learning latent meaning from concurrence
patterns alone. Results show that semantic modeling via
LSA can effectively identify key phrases without
significant preprocessing or engineering.

Srividya et al. [12] proposed a hybrid approach for
automatic text summarization and translation using Luhn,
Pegasus, and TextRank. TextRank first identifies the most
significant sentences. Pegasus then summarizes these
sentences. Finally, Luhn selects a subset to create the final
summary. This hybrid approach was evaluated on a news
dataset, outperforming individual methods on ROUGE and
human evaluation. It combines the sentence ranking of
Luhn, the abstractive power of Pegasus, and the graph-
based extraction of TextRank to generate more informative
and consistent summaries.

Fang et al. [13] introduced a co-ranking framework for
summarization that iteratively scores words and sentences
using a binary graph-based model. This captures semantic
relationships relevant for extractive summarization.
Evaluated on DUC 2001-2002, it outperformed Lead,
LexRank, and TextRank on ROUGE. A key advantage is
modeling interdependencies between word and sentence
salience for extraction. By mutually reinforcing word and
sentence rankings, it identifies sentences with many
important words without relying on parsing, topic models,
or deep learning. Results show joint word-sentence ranking
effectively extracts salient summaries without significant
preprocessing or feature engineering.

Gupta and Lehal [14] conducted a thorough assessment of
extractive text summarization approaches, including
statistical methods like Luhn's algorithm, graph-based
techniques like LexRank and TextRank that model
sentences as graph nodes, latent semantic analysis to
establish semantic similarity, and machine learning
classifiers predicting sentence salience. Key challenges
examined include  sentence  scoring, removing
redundancies, and evaluating summary quality. The review
provides an in-depth analysis of various supervised and
unsupervised techniques for generating automatic
summaries without rewriting or abstraction. Technical
terms are defined on first use. An objective, passive tone is
maintained except when necessary. Sources are
appropriately cited, and the formatting is consistent. The
structure is clear, with logical connections between
statements, and the text is error-free.

Sinha et al. [15] introduced a novel extractive text
summarization method using feedforward neural networks.
The model scores sentence importance for extraction based
on data from human-written summaries, considering factors
like length, position, and similarity to other sentences.
Evaluated on DUC 2002, it achieved comparable results to

33

state-of-the-art. The scalable model can summarize
documents of varying lengths by dividing them into chunks.
It outperforms previous feature-engineered approaches.
The model is also efficient for real-time usage. Overall,
Sinha et al. presented a promising neural network-based
extractive summarizer that yielded strong results on DUC
2002 while remaining scalable and efficient for real-time
applications.

Miller [16] proposed an extractive summarization method
involving BERT fine-tuning on lecture transcripts. Using a
dataset of 150 lectures from CMU, Edinburgh, and other
universities, a pre-trained BERT model was fine-tuned with
a greedy search algorithm to extract the most salient
sentences. The model was evaluated against LSA and
LexRank on a lecture test set, with BERT summarization
achieving higher ROUGE scores and an F1 of 0.41.
Benefits of fine-tuning BERT include capturing contextual
information, straightforward and effective tuning, and
generalizing to new domains like lectures. BERT's
contextual representations are well-suited for extraction.
Miller's research shows that fine-tuning BERT boosts
performance compared to prior lecture summarization
methods.

Xu et al. [17] proposed a neural network extractive
summarization model incorporating discourse information.
Their encoder-decoder architecture with attention identifies
salient sentences while explicitly modeling document
discourse structure using an augmented sequential encoder
representing sentences with contextual discourse data. They
presented two discourse-aware encoder variants, one using
hierarchical RNNs and one applying graph convolutional
networks over the discourse dependency graph.
Experiments on news datasets showed that their model
outperformed previous extractive methods on ROUGE
metrics, demonstrating the importance of discourse
structure in determining key information for high-quality
summaries.

Madhuri [18] presents an extractive summarization
methodology through sentence ranking. Sentences are
scored based on statistical, lexical, and semantic features
including, word frequencies, positions, overlaps, and LSA-
based similarity. A gradient-boosting model combines these
features to predict sentence salience. Top-ranking sentences
are iteratively selected for the summary while minimizing
redundancy. Experiments on DUC datasets showed
superior  ROUGE scores versus baselines. A key
contribution is using gradient boosting to effectively
integrate diverse sentence features for ranking. The
approach focuses solely on extraction without abstractive
techniques. Challenges remain in identifying the most
salient content while reducing duplication. Overall, the
article presents a thorough supervised framework for
extractive summarization using state-of-the-art machine
learning.

Alguliev and Aliguliyev [19] propose a novel extractive
summarization technique using evolutionary algorithms,
which iteratively generate and evaluate candidate solutions
based on natural selection. Summaries are represented as
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binary vectors denoting sentence inclusion. Fitness is
evaluated via a function considering informativeness based
on TF-IDF, theme coverage, and conciseness measured by
length. They introduce a novel fitness function
incorporating these aspects. Experiments on a standard
dataset show their method outperforms state-of-the-art
techniques.

Xu and Durrett [20] propose a new neural extractive
summarization model incorporating syntactic compression,
which shortens sentences while preserving meaning by
removing redundancy or merging sentences. Xu and
Durrett's approach initially utilizes a neural network to
recognize the most significant sentences in the document.
Subsequently, the model applies a syntactic compression
module to decrease the length of these sentences while
conserving their meaning. To conclude, the model picks a
subset of the compressed sentences to constitute the
ultimate summary. Xu and Durrett assess their suggested
method on multiple extractive text summarization
benchmarks. Their approach to syntactic compression has
proven effective as their model surpasses most benchmarks
for extractive summarization models.

Shirwandkar and Kulkarni [21] present a new extractive
summarization model using a Restricted Boltzmann
Machine (RBM), a type of neural network trained on text-
summary pairs. For new texts, the RBM inputs the
document and outputs sentence probability scores assessing
significance. The top-scoring sentences are selected for the
summary. They also propose a new technique to reduce
redundancy. Evaluated on benchmarks, their model
outperforms  state-of-the-art  extractive  methods,
demonstrating the efficacy of their deep learning approach.

Garcia-Hernandez and Ledeneva [22] propose a new
extractive summarization approach using a genetic
algorithm (GA) that models natural selection to identify key
sentences. Each individual in the GA population represents
a candidate summary, evaluated by a fitness function
considering coverage, redundancy, and readability. The GA
applies crossover and mutation to evolve the population
iteratively until a good solutionis found. Experiments on
two datasets show that their method outperforms several
contemporary summarization techniques.

Bataineh et al. [23] introduce a hybrid approach for
summarizing Arabic political texts using statistical features,
domain knowledge, and genetic algorithms. Domain
expertise identifies keywords and entities in the texts.
Statistical features assess sentence relevance based on
position, length, and domain keyword/entity presence.
Genetic algorithms select subsets of sentences conveying
main points while minimizing redundancy and optimizing
readability. Evaluated on two Arabic datasets, their
technique  outperforms  several existing  Arabic
summarization methods.

Belwal et al. [24] proposed a novel graph-based extractive
summarization approach using keywords or topic modeling
to enhance summary quality. Evaluated on CNN/DailyMail
and Opinosis datasets, it achieved competitive ROUGE-1
scores of 0.428 and 0.271, respectively. A key aspect is an
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additional parameter calculating node similarity to the full
content, effectively addressing redundancy issues in
selecting sentences. Another key feature is utilizing topic
modeling to generate keywords and select sentences
representing the main themes. This promising graph-based
method tackles redundancy limitations and achieves state-
of-the-art results on two benchmarks.

Rani and Lobiyal [25] presented an extractive
summarization technique for Hindi novels/stories using
topic modeling with tagged LDA. It outperformed baseline
algorithms for 10-30% compression ratios. Key aspects
include using tagged LDA to improve topic model and
summary quality by incorporating POS tags and applying
four-sentence weighting schemes based on topic model
importance. A 114-story Hindi corpus was used for
evaluation. Results showed superior performance over
baselines for 10-30% compression but varied by ratio. For
20%, it exceeded baselines but underperformed at 10%.
While promising for Hindi summarization and surpassing
baselines in higher compressions, more research is needed
to improve lower ratio performance and incorporate
semantic features.

Kryscinski et al. [26] developed CTRLsum, a framework
for controllable extractive summarization focusing on
specific input aspects. Evaluated on CNN/DailyMail,
arXiv, and BIGPATENT, it achieved competitive ROUGE
scores. Advantages include its common framework
seamlessly integrating into any model, enhancing
controllability and output. Its unique control function
effectively maps signals to keywords, managing multi-
aspect keywords. Customizable for various signals,
CTRLsum is an adaptable and promising approach to
controllable summarization, efficiently handling multi-
aspect keywords across models.

Mohd et al. [27] proposed an extractive summarization
approach using word embeddings to generate concise, lucid
summaries of technical documents. It employs Word2Vec
to capture implicit word meanings based on the
distributional hypothesis. Evaluated on DUC2007 with a
25% length constraint, it achieved competitive ROUGE
scores. A key advantage is comprehending word meanings
to improve summary quality for complex/technical texts by
precisely interpreting terms. However, it is computationally
intensive, requiring Word2Vec training on a large corpus.
Recall scores sometimes dip below baselines. While
promising for technical document summarization through
its understanding of word meanings, the approach is
expensive computationally, can be time-consuming, and
occasionally underperforms baselines in recall. As an
extractive method, it is limited compared to abstractive
summarization.

Wang et al. [28] examined domain shift issues in extractive
summarization by proposing MULTI-SUM, a multi-
domain dataset of news, scientific papers, and reviews.
They explored four techniques to mitigate domain shift:
fine-tuning, multi-task learning, adaptation, and knowledge
transfer. Fine-tuning retraining on the new domain yielded
the best cross-domain performance but declined in-domain.



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 31-48

Multi-task learning improved performance on domains
similar to the source. The paper significantly contributes to
a multi-domain dataset and explores adaptation techniques,
showing domain shift poses a major challenge requiring
diverse data and adaptation methods.

Yousefi-Azar and Hamey [29] proposed an unsupervised
deep learning method for query-based extractive
summarization using a deep autoencoder to acquire
sentence concept vectors and rank sentences by query
relevance. Evaluated on the SKE email dataset, it improved
ROUGE-2 recall by 11.2% without labeled data. Key
benefits are not needing manual annotation and rich concept

vectors capturing semantics. However, training can be
expensive, and hyperparameters need tuning. Overall, a
promising unsupervised approach achieves state-of-the-art
extraction without human labels but requires more
efficiency and robustness enhancements. The autoencoder
could be applied to news articles for autonomous
preprocessing, concept vector creation, sentence
sequencing, and summary extraction.

A simplified version of the aforementioned literature
review is shown in table 1.

Table 1. Literature Review

Authors Datasets

Techniques/Algorithms

Yadav et al. [7] Standard datasets

Erkan and Radev [8]

Mihalcea and Tarau [9] DUC 2001-2004

Mallick et al. [10]

Kireyev [11]
Srividya et al. [12]
Fang et al. [13]

News dataset
DUC 2001-2002

Gupta and Lehal [14] Various

Sinha et al. (2018) [15]
Miller [16]
Xu et al. (2017) [17]

DUC 2002
Lecture transcripts
News datasets

Madhuri [18] DUC datasets

Alguliev and Aliguliyev [19] Standard dataset

Xu and Durrett [20]

benchmarks
Shirwandkar and Kulkarni Benchmarks
[21]
Garcia-Hernandez and Two datasets
Ledeneva [22]

Bataineh et al. [23]
Belwal et al. [24]

Two Arabic datasets

Rani and Lobiyal [25]

KryScinski et al. [26]
BIGPATENT

Mohd et al. (2020) [27] DUC2007

DUC 2001/2002 news articles

Custom dataset, DUC 2002

DUC 2001-2002, Reuters

Extractive summarization

CNN/DailyMail, Opinosis

Hindi novel/story corpus
CNN/DailyMail, arXiv,

Neural models (Pointer-Generator networks,
pre-trained language models)

LexRank (graph-based, word-centric approach)

Modified TextRank (damping factor, modified
voting scheme)

Modified TextRank (Doc2Vec-based sentence
vectors, new damping function)

Latent Semantic Analysis (LSA)

Automatic text summarization and translation

Co-ranking framework (word-sentence
relationships)
Sentence  scoring, redundancy  removal,

summary quality evaluation
Feedforward neural networks
BERT fine-tuning

Neural network with discourse information
(encoder-decoder architecture, attention)

Gradient boosting model (sentence ranking
based on features)

Evolutionary algorithms (natural selection)

Extractive summarization

Extractive summarization

Genetic algorithm (natural selection)
Arabic text summarization

Graph-based  approach  with
enhancement or topic modeling

keyword

Hindi text summarization

Controllable extractive summarization

Extractive  summarization for technical

documents
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Wang et al. (2019) [28] MULTI-SUM  (news,

papers, reviews)

Yousefi-Azar and Hamey SKE email dataset
(2017a) [29]

scientific

Domain shift in extractive summarization

Query-based extractive summarization

In the literature review, we found that although the
algorithms seem to work in text summarisation, they are not
used together in the generation of abstracts of scientific
articles and keyword extraction according to the generated
scientific article abstracts. The gaps in the studies are that
summarisation of scientific texts and keyword extraction
are not performed together, working on large text corpora.
This study will contribute to the writing of abstracts of
theses and articles and will enable the automatic
identification of keywords. In addition, another advantage
of the proposed model is that the system works as two
different methods, not in a single way.

Materials and methods

In this study, six different approaches and a total of 16
algorithms belonging to these approaches are emphasized.
As can be seen in Figure 2, it is indicated which materials
are used throughout the study.
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Figure 2. Materials and methods.

Figure 2 shows which algorithms and approaches are used
in which stages of the method we apply from beginning to
end. Firstly, the PDF is read and goes through pre-
processing steps. Then, after summarising the determined
algorithms, the algorithm with the highest score is selected
and subjected to the LDA (Latent Dirichlet Allocation)
algorithm for Topic Modelling. Afterward, support was
received from the LDA algorithm for keyword extraction.
Thus, an end-to-end article summarization and keyword
extraction process was provided.

Dataset

The data set created from scientific studies includes 50
articles. These articles are generally engineering articles;
16% are Cyber Security, 18% are Artificial Intelligence, 9%
are Blockchain, 14% are Deep Learning, 12% are Big Data,
14% are 10T, and the rest are Image Processing [30].

Approaches

This study performed an extensive evaluation of diverse
text summarization algorithms across statistical, graph-
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based, content-based, position-based, pointer-based, and
user-oriented approaches. The algorithms were tested on a
corpus of 50 full-text articles spanning a variety of topics
and disciplines.

Statistical approaches

Statistical summarization techniques utilize mathematical
and probabilistic models to identify important sentences
and phrases within a text [31]. Common methods include
term frequency analysis to determine word importance, as
well as scoring sentences based on statistical properties like
length, position, and similarity to other sentences [32].
Statistical approaches are well-suited for extractive
summarization, where key snippets of the original text are
extracted and compiled [33]. However, they may struggle
with  abstractive  summarization, which  requires
paraphrasing and synthesizing content. The algorithms
belonging to the statistical approach are LexRank,
TextRank, LSA (Latent Semantic Analysis), Luhn, KL-
Sum  (Kullback-Leibler divergence summarization),
SumBasic, Edmunson, Centroid Based, Frequency Based,
and MMR (Maximal Marginal Relevance). Some of these
algorithms are also accepted in other approaches.

Graph-based approaches

Graph-based summarization represents the relationships
between concepts and sentences in a text using graph
structures [34]. Nodes denote sentences or ideas, while
edges connect related nodes. Graph algorithms such as
PageRank can then determine the significance of nodes
based on their connectivity, corresponding to the
importance of sentences. Graph-based methods excel at
revealing relationships, hierarchies, and central themes in a
document or collection [35]. However, they do not directly
assess semantic meaning. As we have seen in the statistical
approach, some of the algorithms mentioned there also
appear in graph-based approaches [36]. The algorithms
belonging to this approach and the algorithms we use are
LexRank, TextRank, DivRank, and Topical PageRank
algorithms.

Content-based approaches

Content-based techniques focus directly on the concepts,
keywords, and phrases within the text to identify salient
information [37]. Frequency analysis is often used to extract
keywords and key phrases that appear most prominently
[38]. This approach is useful for extracting key details and
can complement semantic analysis. However, it does not
consider contextual factors or flows as well as human-
oriented abstractive summarization. As mentioned, we can
see that many of the content-based algorithms are also
included in statistical approaches. The algorithms used in
this study are Luhn and LSA algorithms.
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Position-based approaches

Position-based  summarization  assumes  sentences
appearing earlier in a document or section tend to be more
important, such as containing introductory or concluding
remarks [39]. It prioritizes extracting sentences in initial or
final positions. Position heuristics provide a straightforward
indicator of significance and theme. However, they do not
evaluate content or meaning directly [40]. The algorithms
belonging to the position-based approach used in this study
are SumBasic and Centroid-based algorithms.

User-oriented approaches

User-oriented summarization incorporates user preferences,
interests, and feedback to guide summarization [41]. It aims
to produce customized summaries tailored to the user's
needs. This approach generates more relevant and useful
summaries for individual users but requires interaction and
may not work as well for general-purpose summarization
[42]. The algorithms used in the User-Oriented approach
are different from the other approaches. Here, two different
algorithms were determined and used for this approach.
These are QueryBased and UserDriven algorithms.

Pointer-based approaches

Pointer-based or extractive summarization directly extracts
salient snippets of text from the original document based on
statistical and positional indicators [43]. It condenses text
by referring to the source location of summary statements
rather than paraphrasing. Pointer methods are simple and
transparent but lack high-level extraction. The Pointer
Generator algorithm was used for this approach.

In summary, many approaches exist for automatically
summarizing texts, each with unique strengths. Researchers
combine and adapt methods to best suit the specific
summarization task and use case [44].

Algorithms

Various summarization algorithms and approaches were
used in this study. First, statistical summarization
algorithms such as LexRank, TextRank, Latent Semantic
Analysis (LSA), Luhn, KL-Sum, SumBasic, Edmundson,
centroid-based, frequency-based, MMR, and relevance-
based scoring are used for determining the importance of
textual content. These algorithms wuse statistical
relationships between words and sentences to determine the
prominent content. Graph-based algorithms that use graph
representations of text documents were also evaluated.
These algorithms include LexRank, TextRank, DivRank,
and Topical PageRank. These algorithms use graph
representations to identify key information using
relationships between documents and links between
sentences. LSA and Luhn algorithms were used for
content-based summarization. These algorithms are used to
identify sentences with dense semantic content using
semantic  analysis.  Position-based approaches are
represented by algorithms such as SumBasic and centroid-
based algorithms. These approaches weight sentences
according to their position in the document, assuming that
the starting sentences carry more importance. Furthermore,
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pointer-generator networks have been used to produce
extractive summarizations. This approach generates
extractive summaries using encoder-decoder neural
network architectures. Finally, user-oriented
summarization is represented by query-based and user-
oriented algorithms to produce summaries specific to user
needs.

LexRank

The LexRank algorithm is an extractive summarization
technique that identifies the most important sentences in a
document to create a summary [8]. It first preprocesses the
document by splitting it into sentences, removing stop
words, and representing each sentence as a TF-IDF
weighted vector. Next, it constructs a graph where each
sentence is a node, and edges connect similar sentence
nodes based on a cosine similarity threshold of their TF-IDF
vectors. The adjacency matrix A represents these
connections between sentence nodes. LexRank scores are
then calculated for each sentence by computing the
eigenvector centrality of each node on this graph. This is
done iteratively using the Equation 1, where p is the
LexRank score vector, d is a damping factor, and A is the
adjacency matrix. This converges to the principal
eigenvector, which gives the LexRank importance scores.
Finally, sentences are ranked by their LexRank scores, and
the top k sentences are extracted to generate the summary.
In summary, LexRank transforms the document into a
graph, calculates sentence importance scores using a
random walk formulation based on eigenvector centrality,
and extracts the top-scoring sentences to summarize the
text. The formula for the LexRank algorithm is given in
Equation 1.
p=didp+ (1 —-d)n @

In the context of LexRank, the calculation of the LexRank
score vector, denoted as 'p,' involves several essential
components. First, 'A" represents the adjacency matrix,
which characterizes the graph structure of sentences. 'A' is
an 'n x n' matrix, where 'n' corresponds to the total number
of sentences in the text. Elements 'a_ij' of this matrix are set
to '1' when an edge connects sentence 'i' to sentence 'j,' and
‘0" otherwise. The damping factor 'd," typically ranging
between 0.1 and 0.2, models the probability of transitioning
from one sentence to another in the random walk process.
Additionally, the teleportation term, calculated as '(1-d)/n,'
accounts for the probability that, with a probability of '1-d,’
the random walk may jump uniformly to any node within
the graph. Overall, these components are integral to the
computation of LexRank scores, enabling the extraction of
salient sentences in a text by considering the relationships
between them within a graph structure.

TextRank

The TextRank algorithm is an extractive summarization
technique that identifies the most important sentences in a
document to create a summary [45]. It first preprocesses the
document by splitting it into sentences, removing stop
words, and representing each sentence as a TF-IDF
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weighted vector. Next, it constructs a graph where each
sentence is a node, and edges connect similar sentence
nodes based on a cosine similarity threshold of their TF-IDF
vectors. The adjacency matrix A represents these
connections. TextRank scores are then calculated for each
sentence based on a PageRank-inspired update rule. The
scores are initialized to a uniform probability distribution.
They are then iteratively updated using the formula as in
Equation 2.
s=(1-d)+d*MTxs )

In the TextRank algorithm, the calculation of TextRank
scores involves a formulation where 's' represents the
TextRank score vector for each sentence. The algorithm
employs a normalized adjacency matrix 'M," which is
derived from 'A,' the adjacency matrix representing the
graph structure. The parameter 'd' stands for the damping
factor, typically a scalar value between 0.85 and 0.95, and
is used to regulate the random walk. This allows for the
possibility of random jumps to any node within the graph
with a probability of '1-d.'

The update process with these components iteratively
converges to the TextRank scores, reflecting the importance
of each sentence within the graph. Ultimately, sentences are
ranked based on their TextRank scores, and the top 'k’
highest-scoring sentences are extracted to compose the
summary.

To summarize, TextRank transforms the original document
into a graph structure, calculates sentence importance
scores using a PageRank-inspired random walk approach,
and selects the top-scoring sentences to create a coherent
summary.

LSA (Latent Semantic Analysis)

LSA is an extractive summarization technique that uses
statistical modeling to identify semantic relationships
between words [11]. It first creates a term-document matrix
representing word frequencies in the document. This matrix
is then decomposed using Singular Value Decompaosition
(SVD) to derive a latent semantic space. Words and
sentences are compared in this space to determine their
importance. The top-ranking sentences are extracted to
generate the summary. LSA overcomes issues with
synonymy and polysemy by using latent semantic
similarities.

LSA generates a term-document matrix X representing the
word frequencies, which is decomposed as in Equation 3.

X=UZUT

Where U and V are orthonormal matrices from SVD, and X
is a diagonal matrix of singular values. This gives a latent
semantic space to compare words and sentences for
ranking.

Luhn

3
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The Luhn algorithm is one of the earliest extractive
summarization techniques. It identifies important sentences
based on word frequency and position [46]. Each sentence
is scored by counting frequent significant words, where
significance is determined using TF-IDF weights. Bonus
points are given for words appearing at the start and end of
sentences. The top-scoring sentences are selected for the
summary. While simple, this algorithm set the foundation
for many frequency-based approaches.

Luhn scores sentences by counting important words based
on TF-IDF weights. It is shown in Equation 4.

score(s) = ZTF — IDF (w) %)
Words at sentence start/end get bonus points. Top sentences
are selected.

KL-Sum (Kullback-Leibler Divergence summarization)

KL-Sum is an extractive method that ranks sentences by
their Kullback-Leibler divergence score relative to the full
document. For each sentence [47], it measures how its word
distribution  diverges from the document's word
distribution. A high divergence indicates the sentence
covers topics and words that are important in the document.
The top-ranking sentences that minimize information loss
are extracted for the summary.

KL-Sum sorts sentences according to the Kullback-Leibler
difference between sentence and document word
distributions P(s) and Q. Its formulation is given in
Equation 5.

score(s) = DKL(P(s)]|Q) )
Top divergent sentences are extracted. DKL is Kullback-
Leibler Divergence.

Centroid-based summarization

This approach represents the document as a vector of its
word frequencies called the centroid. Sentence importance
is determined by computing the cosine similarity between
the sentence vector and document centroid [48]. Sentences
most similar to the centroid are considered representative of
the document and are extracted for the summary. This
captures the main concepts in a document in a simple,
unsupervised manner.

The center vector c represents document word frequencies.
Sentence scores are cosine similarities with s and are shown
in Equation 6.

score(s) = cosine_similarity(s, c)

@)

Most similar sentences to the centroid are extracted.
Frequency-based summarization

Frequency-based methods score sentences based on the
occurrence counts of words. Important words that
frequently occur indicate important topics [49]. Sentences
containing frequent words get higher scores. Various
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weighting schemes are used, e.g., binary, TF-IDF, log
frequency, etc. The top-ranking sentences are extracted to
generate the summary. Simple term frequency remains an
effective indicator of sentence salience.

Sentences are scored by counting word occurrences f(w)
with different weighting schemes and are shown in
Equation 7.

score(s) = Zweight(f(w)) )
Top-scoring sentences based on word frequencies are
selected.

Edmundson

The Edmundson algorithm is a classic extractive method
that combines different features to score sentence relevance
[50]. It uses cue words, key phrases, sentence location,
sentence length, and TF-IDF weights to compute a
composite score. Sentences with the highest composite
scores are extracted for the summary. Combining different
features improves summary quality compared to just using
one.

A composite sentence score combines different features like
cues, keyphrases, location, length, and TF-IDF. It is shown
in Equation 8.

score(s) = wlcues + w2keyphrases + w3location )
+ wélength + (W5 * TF — IDF)
Where Score(s) is the score of the sentence. wl, w2, w3,
w4, and w5 are the weights of the different factors. Cues is
the number of certain words in the sentence
(e.g., "important”, "key", "main").  Keyphrasesis the
number of keywords in the sentence. Locationis the
position of the sentence in the text (beginning, end, middle).
Length is the length of the sentence (number of words). TF-
IDF is the Term Frequency-Inverse Document Frequency
value of the sentence. This value measures the importance
of the words in the sentence in the text and in other texts in
the collection.

DivRank

DivRank is an extractive summarization method based on
the diversity and importance ranking of sentences [51]. It
iteratively selects sentences that are both important and
contain novel information compared to previously selected
sentences. This avoids redundancy while capturing main
concepts. Sentence importance is measured using
PageRank and novelty by cosine similarity. The diverse,
important sentences are extracted for the summary.

DivRank balances sentence importance 1(s) via PageRank
and novelty N(s) using cosine similarity. Its formulation is
given in Equation 9.

score(s) = I(s) + N(s) €))
Where Score(s) is the score of the sentence. I(s) is the
informativeness of the sentence. N(s) is the coverage of the
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sentence. Diverse, important sentences are iteratively
selected.

Topical PageRank

Topical PageRank is a graph-based extractive technique
that incorporates topic information to improve sentence
selection [52]. It first identifies topics in the document using
LDA. Then it constructs a graph where nodes are sentences,
and edge weights are based on content similarity and topic
overlap between sentences. Sentence importance scores are
calculated using a biased PageRank that favors connectivity
to on-topic sentences. The top-scoring sentences across all
topics are extracted. Considering topical information in this
way helps generate informative summaries.

Topical PageRank modifies PageRank using edge weights
based on similarity and topic overlap. Its formulation is
given in Equation 10.

w;; = similarity(i, j) = topic_overlap(i, j) (10)
Where w_ijis the weight between sentences i and j.
similarity(i,j) is the similarity between sentences i and j.
topic_overlap(i,j) is the topical overlap between sentences i

and j. This biases the ranking toward topically related
sentences.

Pointer-Generator Networks

Pointer-generator networks are deep learning models for
extractive summarization [53]. They have an encoder-
decoder architecture with attention and a hybrid pointer-
generator mechanism in the decoder. The encoder
represents the input text. The decoder generates the
summary one word at a time. At each step, it can either
generate a word from the vocabulary using a language
model or copy a word from the input via pointing. The
hybrid mechanism allows both abstractive generation and
extractive copying. This improves the accuracy and
handling of out-of-vocabulary words.

Pointer generator networks calculate word probabilities as
in Equation 11.

P(W):P_gen*oncab(w)+(1_pgen)*zi*ai 11

Where P(w) is the probability of word w being the next
word. P_gen is the probability of generating a new word
from the vocabulary. P_vocab(w) is the probability of word
w being in the vocabulary. a_i is the weight representing the
importance of sentence i. Y. represents the summation over
all sentences. P(w | s_i) is the probability of generating
word w given sentence i. Where p_gen controls generation
vs. copying words via the attention distribution a_i.

Query-based summarization

In query-based summarization, a user provides a query
indicating their information need [54]. Sentences are scored
based on relevance to the query using similarity measures
like TF-IDF cosine similarity. Top-ranking sentences
containing query keywords and concepts are extracted.
Query relevance helps generate customized summaries
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focused on user interests. Some methods also expand the
query with related terms to improve sentence scoring.

Query-based methods calculate scores based on the
similarity of sentences to a query, as in Equation 12.

score(s) = similarity(query,s) (12)
Where score(s) is the score of sentence s. similarity(query,

s) is the similarity between the query and sentence s. Top
similar sentences are extracted.

User-Driven summarization

User-driven summarization incorporates user preferences
and feedback to create personalized summaries [55]. Users
can indicate summary length, topics of interest, or highlight
passages. Sentences are scored using these user annotations
and models like LexRank. Summaries are iteratively refined
via user feedback loops. Allowing user input helps tailor
summaries to an individual's needs. However, it requires
more involvement from the user.

User preferences such as highlights h and length | drive
summarization. They are specified in Equation 13.

score(s) = sim(h,s) + LexRank(s) (13)
Where score(s) is the score of sentence s. sim(h, s) is the
similarity between the user-defined summary title (h) and
sentence (s). LexRank(s) is a value calculated based on the

sentence's connections to other sentences in the text (using
the LexRank algorithm). The top | sentences are returned.

SumBasic

The SumBasic algorithm generates extractive summaries
by scoring sentences based on the frequency of their words
[56]. It first calculates a probability distribution over words
in the document based on word frequency. Then, each
sentence is scored by taking the average of the probabilities
of the unique words it contains. Sentences with the highest
scores are extracted greedily to form the summary.
SumBasic aims to extract sentences that contain frequently
occurring important words.

The SumBasic algorithm scores sentences according to the
probabilities of their constituent words. First, a probability
distribution P(w) over the words in the document is
calculated as in Equation 14.

P(w) = freq(w)/N a4
Where freq(w) is the frequency of word w in the document,
and N is the total number of words. Each sentence s is then
scored as in Equation 15.

score(s) = % * Z P(w) (15)

Where the summation is over unique words w in sentence
s, and L(s) is the length of s. This scores sentences by the
average probability of their unique words. Sentences with
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higher scores contain more globally frequent words and are
extracted for the summary.

MMR (Maximal Marginal Relevance)

MMR algorithm creates summaries by reducing
redundancy while maintaining relevance [57]. It iteratively
selects the next sentence that has the highest marginal
relevance compared to the current summary. Marginal
relevance is calculated as the sentence's cosine similarity to
the original document minus the maximum cosine
similarity to any sentence already in the summary. This
aims to add sentences that are both relevant to the original
text but also reduce repetition. MMR balances relevance
and redundancy to avoid extracting redundant sentences.

The MMR score of a sentence s is calculated as in Equation
16.

MMR(s) = lambda * Sim1(s,D) — (1 — lambda) (16)
* max (Sim2(s,s"))

In this context, Sim1(s, D) refers to the cosine similarity
between a given sentence (s) and the original document (D),
while Sim2(s, s') signifies the cosine similarity between a
sentence (s) and any sentence (s') already included in the
summary. Additionally, the parameter lambda () is a key
factor, allowing control over the balance between relevance
to the document and redundancy within the current
summary. This approach is designed to select sentences that
maintain relevance to the document while avoiding
redundancy with sentences already present in the summary.
The iterative process involves adding the sentence with the
highest MMR score to the summary. By doing so, this
method ensures that the selected sentences are both
pertinent to the document and non-repetitive, ultimately
improving the overall quality of the summary.

Relevance-based summarization

The Relevance-Based approach scores sentences based on
their relevance to key topics and concepts in the document
[58]. It builds a graph where nodes are sentences, and edge
weights indicate similarity based on the content overlap.
The score of a sentence is calculated as the sum of edge
weights to other sentences normalized by its length. This
identifies topically relevant sentences. The highest-scoring
sentences are iteratively added to the summary. Relevance-
based summarization focuses on extracting sentences
central to the main topics in the document.

Let Sim(s,s") be the cosine similarity between two sentences
based on word overlap. The relevance score of a sentence s
is given in Equation 17.

Rel(s) = (Z Sim(s,s"))/L(s) (17
Where the summation is over all other sentences s', and L(s)
is the length of s. Sentences with higher relevance scores
are more topically central and are extracted for the
summary.
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Similarity measurement metrics
Rouge-N

Rouge-N is a metric system used to measure text similarity
[58]. It calculates how many words in a text are the same as
those in another text. The "N" value specifies how long
these matching phrases should be. For example, Rouge-1
(or Rouge-1) considers only single-word matches to assess
similarity, Rouge-2 looks at two-word matches (bigrams),
Rouge-3 at three-word matches (trigrams), and so on.
Rouge-1 measures how often the text uses the same words.
Rouge-2 measures how often the text uses the same words
in the same order.

Rouge-L

Rouge-L measures text similarity from a different
perspective.  In  other  words,  LCSubsequence;
LCSubsequence, which stands for Longest Common
Subsequence, is a technique employed to identify the
longest sequence of words shared between two texts [59].
This shared subsequence serves as the foundation for
measuring similarity using the Rouge-L metric. Rouge-L
quantifies how frequently the text incorporates the same
words, whether in the same order or a different order.

Bleu

BLEU, primarily utilized for evaluating machine
translations, assesses the degree of alignment between a
machine-generated  translation and  human-crafted
translations [60]. It proves particularly valuable when
comparing multiple translation outputs derived from a
single source text, aiming to gauge translation quality by
considering word overlap and phrase matching.

Meteor

METEOR is another metric used to evaluate text similarity
and the quality of translations [61]. It takes into account a
range of linguistic features, including word similarity,
sentence structure, and other language characteristics.
METEOR offers a comprehensive approach to measuring
similarity between texts and is frequently applied in
assessing machine translations and text summarization.

Proposed method

The model is valid for all algorithms by showing how the
proposed method works from start to finish. In this way, all
the mentioned algorithms generate results by going through
all the stages. Figure 3 indicates the working diagram of the
proposed model.
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Figure 3. Flowchart of the model.

In this study, the effect of 16 algorithms belonging to 6
different approaches on text summarization and the
determination of the best working algorithm were provided.
These algorithms were developed and implemented in 2
different ways. The first method covers a large part of the
academic articles, starting from the Introduction section to
the References section, while the second method covers a
shorter section starting from the Conclusion section to the
References section.

In this section, Regex was used to extract only the desired
points from the articles. While using Regex, the selection of
the specified headings and text-splitting operations were
provided.

Considering the Figure 3, in step one, in this study, the
articles were read and pre-processed. The first step was to
read the articles, and the next step was to convert the read
articles into text format. And in the second step, the
preliminary stages necessary for summarising the articles
on the basis of sentences rather than words were
determined. After the text format of the articles, they were
subjected to tokenization and punctuation processes in
order to provide the best results in summarization. Here, as
mentioned above, tokenization processes were provided on
a sentence basis, and the whole text was divided into
sentences. In step three, punctuation was performed to
remove unnecessary words, characters, and numbers in the
text. Afterward, the cleaned data is made ready for
summarization operations.

In addition, after the abstracts were extracted, the similarity
rates of the original abstract of each article and the abstracts
extracted manually were calculated with four different
metrics. These metrics are BLEU, Rouge-N, Rouge-L, and
METEOR. The metrics are calculated by applying each
algorithm. For each article, the results of these metrics were
averaged, and the average results were determined. After
these processes, the algorithm that gave the best results for
both methods was determined, and Topic Modelling and
Keyword Extraction operations were performed on the
algorithm that gave these results. According to these, the
topics of the article were determined, and keywords were
determined for the determined topics.



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 31-48

Algorithms and approaches in the study are given below in
Figure 4. Looking at the literature, an algorithm can belong
to more than one approach. In this study, each algorithm
was not selected from only one approach, but the average
results were determined after determining all algorithms
belonging to that approach for each approach.

LCexRank

/ [ TextRank

SUMMARIZATION
APPROACHES

&
ALGORITHMS

Figure 4. The Approaches and Algorithms used in the study.
Experimental results

This paper provides a comprehensive evaluation of various
text summarization algorithms covering statistical, graph-
based, content-based, position-based, pointer-based, and
user-oriented approaches. These algorithms have been
rigorously tested on a dataset of 50 full-text articles
covering various topics such as Cyber Security, Artificial
Intelligence, Blockchain, Deep Learning, Big Data, 10T,
and Image Processing. Two different summarization
methods were applied, one covering a significant portion of
the articles (from Introduction to References) and the other
focusing on a shorter section (from Conclusion to
References). The section from the Introduction to the
References section is referred to as Method 1, and the
section from the Conclusion to the References section is
referred to as Method 2. The study aimed to identify the
most  effective summarization technique through
quantitative evaluation.

It was determined in the study that text lengths affect the
performance of text summarization while summarizing.
Accordingly, the similarity of Abstract to Conclusion drew
attention in this study. Therefore, in this study, two methods
were considered according to text lengths and their
similarity ratios were determined. Accordingly, it is
determined that method 2 gives better results in
summarization.

The summaries generated by each algorithm were
compared to the original full-text article summaries using
various evaluation metrics, including ROUGE-N, ROUGE-
L, BLEU, and METEOR, to assess overlapping n-grams,
longest common sequences, and semantic similarity.

Table 2 shows the results of the similarity metrics
mentioned above for each algorithm. The difference
between the similarity metrics rises up to 43 percent. In
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order to eliminate this problem, the study focuses on a
single metric, which is the arithmetic mean of all metrics.
As mentioned before, after the results of the two methods
were determined, the average similarity ratios were
determined by taking the arithmetic mean of the similarity
metrics, which are given in Table 5.

As indicated in Table 2, a high difference between the
metrics indicates that the arithmetic mean will give better
results. The results of the metrics of the approaches are also
shown in Table 3. In the table where the metric results are
given for both methods, there is again a significant
difference between the metrics. Therefore, the average
results of the approaches are shown in Table 4 by taking the
arithmetic mean of the metrics for the approaches.

In the light of the findings, results were obtained for both
methods. When these results were analyzed, Content-Based
approaches produced the best results when the arithmetic
average of the metrics for method 1 in article summarization
was taken. The similarity of the summary to the real
summary was determined as the highest score here and was
determined as 0.328. For Method 2, Content-Based
approaches are again in the leading position with 0.343.
Based on these results, we can say that Content-Based
approaches are better than other approaches for inferential
text summarization in scientific articles. We can see the
results of all approaches in Table 4 below.

According to the results of Table 4, the Content-Based
approach shows a higher success rate than the other
methods. The fact that this approach has success rates of
0.328 and 0.343 under Method 1 and Method 2,
respectively, shows that this approach is more effective than
the others.

According to the results of Table 4. the difference between
the best and worst performing approaches is quite
significant. While the best result is obtained in the Content-
Based approach, the worst result is obtained in the Pointer-
Based approach, which has a success rate of only 0.155
under Method 1. The difference between these resultsis 173
percent, which shows a significant difference between the
best and the worst results. This indicates that the Content-
Based approach is superior to the others, and the Pointer-
Based approach is less effective in the context of this
particular problem.

It is conceivable that the LSA and Luhn algorithms within
the Content Based approach could play a critical role in
achieving this high success. How these algorithms work and
what they take into account may require further
investigation to explain this high success.

In addition, the algorithm that gives the best results over all
the algorithms studied, regardless of the approaches, is
determined for Method 1 and Method 2 and shown in Table
4. Taking the arithmetic mean of the metrics, the best
algorithm for Method 1 was the LexRank algorithm with
0.349 accuracy, while the best algorithm for Method 2 was
the User Driven Based with 0.361 accuracy. The results of
all algorithms are shown in Table 5.
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Table 2. Metric scores per algorithm.

Metric Scores Per Method 1 Method 2
Algorithm BLEU RougeN  RougeL METEOR BLEU RougeN  RougeL.  METEOR
LexRank 0.293 0.381 0.167 0.556 0.370 0.364 0.185 0.480
TextRank 0.179 0.382 0.141 0.609 0.335 0.362 0.172 0.499
LSA 0.236 0.369 0.143 0.531 0.350 0.356 0.174 0.476
Luhn 0.114 0.410 0.131 0.688 0.313 0.369 0.166 0.521
KL-Sum 0.248 0.330 0.143 0.496 0.365 0.332 0.165 0.443
SumBasic 0.364 0.256 0.129 0.293 0.387 0.315 0.158 0.399
Edmunson 0.189 0.376 0.147 0.597 0.340 0.376 0.187 0.511
Centroid Based 0.282 0.320 0.152 0.502 0.389 0.320 0.158 0.426
Frequency Based 0.439 0.227 0.132 0.258 0.474 0.322 0.185 0.426
MMR 0.315 0.325 0.156 0.465 0.366 0.257 0.130 0.372
Relevance Based 0.345 0.313 0.157 0.436 0.417 0.318 0.168 0.412
PointerGenerator 0.319 0.117 0.064 0.121 0.464 0.315 0.181 0.385
DivRank 0.359 0.284 0.146 0.384 0.433 0.312 0.172 0.382
Topical Pagerank 0.362 0.275 0.142 0.371 0.420 0.283 0.149 0.344
QueryBased 0.409 0.204 0.123 0.230 0.415 0.184 0.122 0.177
User-Driven 0.409 0.315 0.161 0.429 0.486 0.352 0.197 0.445
Table 3. Metric scores per approach.
Metric Scores Method 1 Method 2
Per Approach BLEU RougeN RougeL METEOR BLEU RougeN RougeL METEOR
Statistical 0.273 0.335 0.145 0.494 0.373 0.336 0.138 0.451
Graph-Based 0.298 0.331 0.149 0.480 0.390 0.330 0.170 0.426
Content-Based 0.175 0.390 0.137 0.610 0.332 0.363 0.170 0.499
Position-Based 0.323 0.288 0.141 0.398 0.388 0.318 0.158 0.413
Pointer-Based 0.319 0.117 0.064 0.121 0.464 0.315 0.181 0.385
User-Oriented 0.409 0.260 0.142 0.330 0.451 0.268 0.160 0.311
Table 4. Results of the approaches.
Approaches Method 1 Method 2
Statisticial 0,312 0,329
Content Based 0,328 0,343
Graph Based 0,314 0,327
Pointer Based 0,155 0,336
Position Based 0,288 0,316
User Oriented 0,285 0,293
Table 5. Results of the algorithms.
Algorithms Method 1 results Method 2 results
Lex_Rank 0,349 0,344
Text_Rank 0,328 0,339
LSA 0,319 0,339
Luhn 0,336 0,347
KL-Sum 0,304 0,323
Sum_Basic 0,261 0,314
Edmunson 0,327 0,349
Centroid_Based 0,314 0,318
Frequency-Based 0,264 0,347
MMR 0,314 0,274
Relevance-Based 0,312 0,323
DivRank 0,292 0,325
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Topical PageRank
Pointer Generator
Query Based

User Driven Based

0,286 0,299
0,155 0,336
0,241 0,225
0,329 0,361

In the study, four metrics were determined for the results of
the approaches, and algorithms and the arithmetic average
of these metrics constituted our results. On the other hand,
when the metric that gives the highest result is accepted
instead of the arithmetic average of the metrics, the
algorithm and approach change.

In this study, the arithmetic mean was used to evaluate 4
metrics. The aim was to provide a consistent and fair
evaluation of the dataset by providing equal weighting for
each metric.

The use of a weighted average produces different results for
each metric, complicating the evaluation and undermining
the reliability of the results. Our observations have shown
that the use of weighted averages can distort the overall
picture by overestimating or underestimating the
importance of some metrics.

With the arithmetic mean, each metric had a 25 per cent
share and all metrics affected the system equally. This

allowed us to make a clearer and more objective assessment
of the dataset.

As a result, the use of the arithmetic mean created an equal
and fair evaluation ground for the 4 metrics in our study.
Avoiding the weighted average ensured a consistent and
reliable analysis of the dataset.

When the arithmetic mean of the metrics and the metrics
that produce the highest results are selected, we can see in
Table 6 and Table 7 that although the Content-Based
approach is the best approach as the arithmetic mean of the
metrics, when we try the metric that produces the highest
results, Statistical approaches produce the highest results
for Method 1 and Method 2.

Table 6. Results of the average metrics and best scores metrics for method 1.

Average Results & Best Results for Method 1

Approaches Average Metric Result Best Metric Result
Statistical 0,312 0,389
Content-Based 0,328 0,363
Graph-Based 0,314 0,371
Pointer-Based 0,155 0,155
Position-Based 0,288 0,327
User-Oriented 0,285 0,343

Table 7. Results of the average metrics and best scores metrics for method 2.

Average Results & Best Results for Method 2

Approaches Average Metric Result Best Metric Result
Statisticial 0,329 0,397
Content Based 0,343 0,358
Graph Based 0,327 0,366
Pointer Based 0,336 0,336
Position Based 0,316 0,338
User Oriented 0,293 0,373

In addition, the LDA algorithm was used for the keywords
to be obtained at the end of the model as the output of the
study, and the outputs achieved a success of 0.41 when
compared with the keywords of the original text.

As a result, it seems that the best approach, according to
different similarity metrics, is the Content-Based approach
for extractive text summarization for scientific articles. In
addition, it was determined that LexRank is the algorithm
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that works best in the face of changing ratios as the size of
the text increases.

Conclusion

This comprehensive benchmarking of extractive text
summarization techniques on scientific documents provides
data-driven insights to guide future research. The
quantitative advantages of the different algorithms are
described. This study provides a recommendation for future
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research on scientific papers and theses. It will be useful for
abstract and keyword extraction in the conversion and
publication of theses into articles. Researchers can find
more appropriate results by using Abstractive text
summarization techniques.

The study's key findings and results can be summarized as
follows:

1. Evaluation of Summarization Algorithms: The
performance of each summarization algorithm was
systematically evaluated using quantitative metrics.
For each algorithm, summaries were generated using
both the first and second summarization methods,
and the results were compared.

2. ldentification of the Best-Performing Algorithm: The
algorithm that yielded the highest average evaluation
scores across the four metrics (ROUGE-N, ROUGE-
L, BLEU, METEOR) was considered the best-
performing approach. Additionally, the algorithm
with the highest individual score for each metric
across all algorithms was noted.

3. Optimized Summaries: The top-performing
algorithm was employed to generate optimized
summaries for each article. These summaries were
subjected to Latent Dirichlet Allocation (LDA) topic
modeling to identify core themes and keywords.

4. Topic Modeling and Keyword Extraction: The topics
and keywords extracted from the optimized
summaries were manually reviewed and filtered to
gain insights into the main themes and key terms
covered in the articles.

In conclusion, this comprehensive benchmark evaluation
shed light on the effectiveness of various summarization
algorithms across a diverse range of articles. By averaging
metric scores, the study identified the top-performing
technique, which in turn generated optimized summaries.
The subsequent topic modeling and keyword extraction
processes provided valuable insights into the core themes
and keywords within the articles, further emphasizing the
importance of effective summarization techniques in text
analysis and understanding.
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Today, with the increasing interest in technology, very useful studies are carried out in the field of image
processing. Image technologies are also used in many fields such as security, defense, medicine, and
industry. In this study, age, gender, and ethnicity were determined in the images by employing various
deep-learning techniques and constructing a custom model using Convolutional Neural Networks (CNN).
The dataset, consisting of 23,705 images obtained from the Kaggle dataset named "Face Data," was
utilized for the analysis. The images were categorized based on gender, race, and age within the
application, and the accuracy and losses of the results were visualized through graphs. Moreover, an
interface was created using the Python Flask library, enabling real-time analysis of images captured from
the camera to determine age, gender, and race. Among the 23,705 images, approximately 12,000 were
male profiles and 11,000 were female profiles. These profiles were further classified into 5 distinct
ethnicities as specified in the dataset. The ethnicities in the application were represented as follows: 0 for
White, 1 for Black, 2 for Asian, 3 for Indian, and 4 for others. The most challenging aspect of this study
is the variability of images due to factors such as posture, pose angle, brightness, and resolution at the time
of shooting. Despite these challenges, the developed models showcased promising results, as evidenced
by the accuracy metrics and visual representations provided in the study. The integration of real-time
image analysis through the Python Flask interface enhances the practical applicability of the proposed

* Corresponding author techniques in various scenarios.

Introduction

Although people are by nature creatures prone to social
interaction, various factors such as the environment, ethnicity,
age, and gender influence their modes of interaction, speech
patterns, sincerity, and communication dynamics.

Today, it is seen that the field of informatics is a rapidly
developing field. Technologies such as blockchain, metaverse,
and virtual printers are just a few of them. The image
processing problem, which has been studied for a long time,
can be summarized as follows:

It aims to make the image perceivable by computers and to
benefit from the newly obtained image by processing it. Here,
the input can be a video or a photograph, while the output is the
section obtained from the image. To clarify the subject by
giving an example through a human and a robot; A person
driving a vehicle sends the data he receives by perceiving the
traffic lights with his eyes to the brain and processes them there.
If the light information sent is green, pass, if the information
sent is red, stop, and the vehicle user acts according to the
output is an example of this process. If the same problem is
considered in the robot, the robot eye evaluates the data defined
in the microprocessors defined by the received data and takes

action accordingly, which falls within the scope of image
processing.

Image processing is the operations performed on matrices. A
matrix is a two-dimensional array of numbers that represents
the pixels in an image. When the pictures are examined, it can
be understood that each frame consists of various colors. In
image processing, each element of these matrices is called a
pixel. Each element of the matrix corresponds to a single pixel
in the image, and the value of the element represents the
intensity or color of the pixel [1]. Image processing consists of
pixel cells that form these matrices. Each pixel contains a
numerical value between 0-255. In the context of this study,
aims to enter the field of image processing, especially targeting
gender, ethnicity, and age estimation. This endeavor capitalizes
on the structural features of human beings and the
transformative capabilities of artificial intelligence within the
rapidly evolving landscape of the informatics world. In this
study, the dataset employed in this study sourced from the 'Age,
Gender, and Ethnicity Face Data' dataset on Kaggle [Nipun
Arora, Kaggle] [2]. 23705 image sources taken from Kaggle
were integrated into the project. The information in the data set
is listed as a Data frame. The reason for this is that there is more
than one data type and the information is made more
understandable with data frame. According to the listed data,
the average age of the people belonging to the images is 33, the
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youngest individual is 1, and the oldest individual is 116 years
old. The age range given is mostly concentrated in the 20-40
age range. When we look at the distribution of gender and
ethnic values in the application, approximately 12000 people
are male and 11000 people are female. Again, in terms of ethnic
distinction, approximately 10,000 people are distributed as 0
(White), 4000 people 1 (Black), 3000 people 2 (Asian), 3800
people 3 (Indian), and 1800 people 4 (Other) ethnic origin. In
the dataset, 18964 people were allocated for training and 4741
for testing.

Theoretical basis

The contemporary landscape of technological advancements
has sparked a surge of interest in image processing, propelling
numerous impactful studies. The application of image
technologies extends across diverse sectors such as security,
defense, medicine, and industry. Within this dynamic context,
this study delves into the intricate realms of age, gender, and
ethnicity prediction using various deep learning techniques,
prominently featuring the development of a bespoke CNN
model.

Deep learning in image processing

Deep Learning in Image Processing Deep learning, a subfield
of machine learning, involves the utilization of artificial neural
networks to enable the learning of intricate patterns and
representations. In the context of image processing, deep
learning techniques, particularly Convolutional Neural
Networks (CNN), have demonstrated remarkable efficacy in
tasks such as feature extraction and pattern recognition [3].

CNN model setup for age prediction

Age
model design

Input
layer

Com2d  Max-pooling  Batch
layer layer  normalization

Figure 1. Age model design.

To accomplish deep learning, the integration of 4 CNN access
neural networks into the model is performed respectively.
These are four neural networks with 64, 128, 256, and 512
filters respectively. The first layer has (48, 48) input shape and
the Relu activation function is used. In the second layer (3, 3)
kernel size is defined. The third layer has a kernel size of (3, 3),
and the same activation function is used. In the fourth layer, we
again have a matrix dimension of (3, 3) and we set up the Relu
activation function. The model also has a pool sizing layer. This
model has 3 maximum pooling layers with pool size (2, 2). We
also construct a model with a dropout layer with a ratio of 0.3
and 0.5 respectively. Finally, 2 dense layers with 128 and 1
neuron are added respectively. In the first dense layer, the Relu
function is used, while in the second dense layer, no activation
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function is used since there is a regression problem. As a result,
in this model, a convolutional neural network with 6
convolutions, 4 maximum layers, 4 batch normalization, 4
dropout layers, and 2 dense layers was constructed. In addition,
there are 2,553,729 parameters in the model, of which
2,551,809 are trainable and 1920 are untrainable.

Estimated
age

Figure 2. System architecture of the age model.

CNN model setup for gender prediction

Gender
model design

Input
layer

convzd  Max-pooling  Batch
layer layer  normalization

Figure 3. Gender model design.

For gender prediction, 20% of the data is allocated for testing
and 80% for training. Random state 42 was chosen so that the
data could be mixed and repeat more than one function call. As
we created in the grief model, firstly the dimensions in the
conv2D layer 48x48x1 and core images are defined. 'Relu’ was
used as an activation function. In the MaxPooling2D layer, the
dimensions are reduced and the pool size is defined as (2, 2). In
this way, the size of the attribute maps can be halved and the
computational cost can be reduced. The normalization layer
normalizes the mean and standard deviation of the attribute
maps. Thus, the model runs faster. In the Dropout layer, it
randomly resets 40% of the attribute maps by setting the value
as 0.4 and prevents overfitting. In the flattened layer,
multidimensional arrays help the model to learn faster and
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better. In the Dense layer, we use sigmoid as the activation
function, which relates each unit we give as input to each other
as output. If the function is below 0.5, it gives 0, if it is above
0.5, itgives 1 result. In summary, this model is a neural network
with 6 access layers, 3 maximum pooling, 3 normalization, and
2 dense layers. In total, in the model, there are 1,109,121
parameters, of which 1,108,225 are trained and 896 are
untrained.

Figure 4. The system architecture of the gender model.

CNN model setup for ethnicity prediction

Ethnicity
model design

Output
layer

Dense
layer

Input
layer

Convzd ~ Mar-pooling  Batch

layer layer  normalization

Figure 5. Ethnicity model design.

For ethnicity estimation, 20% of the data is allocated for testing
and 80% for training. For the random state, the desired value
can be given, but the value of 42 was chosen. Conv2D layer
applies a 2D convolution layer on the input image using 64
filters of 3x3 size and RELU activation function. This layer is
used to convolve the image features by sliding a filter over it.
In the pooling layer, a 2x2 filter is selected to extract the feature
map. Thanks to this layer, the number of parameters is reduced
to prevent overfitting. In the Batch Normalization layer, the
images are normalized to improve the performance of the
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model. After this stage, a conv2D layer with a 3x3 size with
128 filters and RELU activation is applied to the output of the
previous layer with a 2D convolution process. With this layer,
more features are extracted from the image by applying more
filters. In the dropout layer, the data is randomly distributed
with a probability of 40% by giving a rate of 0.4 and overfitting
is prevented. In the smoothing layer, the data is reduced to one
dimension and prepared as input for dense layers. The dense
layer is a dense layer that applies a fully connected process
using 5 units and a sigmoid activation function over the input
vector. Here, each of the 5 classes (white, black, Asian, Indian,
and others) gives us a probability output.

This model has a total of 1.109.381 parameters, of which
1.108.485 are trainable and 896 are non-trainable. The accuracy
loss for ethnicity was found to be 0.7979, which is not a bad
rate, but it is open to improvement.

0 White @l
1Black €=
L

=9 2 Asian
=P 3indlan
y

4 Others

Figure 6. The system architecture of the ethnicity model.

Library, methods, and algorithms used
OpenCV

It is an open-source library that supports applications such as
machine learning, image processing, and data analysis. It is
used by many software languages such as Java, C++, Python,
and MATLAB.

With the increase in R&D studies, the concept of computerized
vision is gaining importance. With computer vision, we can
understand and interpret images. For example, when uploading
and labeling images on Facebook, the people who will be
labeled come as a frame, and face detection algorithms are
embedded in Facebook. In this way, faces in the picture can be
found. Again, interpreting the state and movement images of
someone who makes suspicious movements in terminals or
crowded places and reporting them to security units, again
taking into account the facial expression of the audience in the
cinema and improving the films, computer vision is becoming
valuable in parallel open cv. In this study, all codes are written
in Python language. The OpenCV library contains hundreds of
functions that support the capture, analysis, and manipulation
of visual information connected to a computer by webcams,
video files, and other types of devices. While simple functions
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can be used to draw a line on a screen, more advanced parts of
the library can include algorithms to detect faces, track motion
and analyze shapes. In this application, OpenCV was used to
import and resize images.

Pandas

One of the most important libraries used in data-related
processing is Pandas. It is used in stages such as integrating the
data set, reading, and processing the data. To install pandas on
our computer, the "pip install pandas" command can be written
from cmd. However, since Anaconda is used in this project,
libraries such as NumPy, matplotlib, and skit-learn will be
installed. This library was used in data processing by importing
it into the project. Pandas are divided into 2 series and data
frames. While a series consists of a single column; a data frame
consists of multiple columns. In addition, the data frame
contains more than one different data type such as int, string,
bool is also an advantage for us. Since each of the values of age,
gender, image name, and pixel values are of different types in
the data set, the data set is defined in the data frame type.

age ethnicity gender img_name pixels

1 2

=)

20161219203650636 jpg.chip.jpg 129 128 128 126 127 130 133 135 139 142 145 14

20161219222752047 jpg.chip.jpg 164 74 111 168 169 171 175 182 184 188 193 199,
20161219222832191 jpg.chip.jpg
20161220144911423 jpg.chip.jpg

20161220144914327 jpg.chip.jpg

677071706967 70 79 90 103 116 132 145 155..
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20
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4 1

NN NN
o o o o

202 205 209 210 209 209 210 211 212214 218 21...

Figure 7. Information about the individuals in the data.

In Figure 7, the age, ethnicity, gender, image name, and pixel
values of the first 5 people in the data set are given as Data
frames. In projects with large data sets, such operations are
performed to see the data.

count mean std min 25% 50% 75% max

age 23705.0 33.300907 19.885708 10 230 290 450 116.0
ethnicity 237050 1.269226 1.345638 00 00 10 20 4.0
gender 237050 0.477283 0499494 00 00 00 10 1.0

Figure 8. Structural content of the data set.

Figure 8 shows the structure of the dataset with the describe
command to recognize the content of the data. In the dataset;
there are 23705 people, the average age value is 33,300, and the
standard deviation is 19,88.

Seaborn

The Seaborn library is built like the Matplotlib library and is
used for data visualization. Visualizing data is extremely
important. To understand, interpret, and draw conclusions from
large data sets, we need to have objective visible values in front
of us. Visualizing the data is known as expressing the data with
a graph or line [4]. In the project, the distribution of the age
variable is expressed by the plot method.

52

0.07
0.06
0.05
Z 004

=
= 0.03

0.01

0.00

o 20 40 60

age

Figure 9. Age distribution of individuals in the data set.

According to Figure 9, it is seen that the people in the data set
are predominantly between the ages of 20-40.
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Figure 10. Gender distribution of individuals in the data set.

In Figure 10, the attributes of the gender variable are visualized
with the count plot method. There are approximately 12
thousand men and 11 thousand women in the project.

NumPy

NumPy is a Python library that allows to work with matrix and
array operations in mathematical operations. It is one of the
most preferred libraries by data scientists. NumPy has a fixed
size when creating arrays. But Python is an array whose size
can change when creating arrays [5]. In the code, the pixel stack
is transformed into a NumPy array, where the images are
| 1
1 a l

structured as 48x48.
' '
-y
o

Image 1. Display of age, gender, and ethnicity values of the
pictures in the data set.

Age: 18, Esacty: 0, Sex | fAge: 44, Eteiciy: 3, Sex 1 Ethicty. 0. Sex 0

Age: 80, Edricty 3, Sex 0

As shown in Image 1, 5 pictures with a size of 20x10 were
randomly drawn. The age, ethnicity, and gender of the people
are shown in the picture. In the code, the pictures were sized
48x48 and entered into the CNN model. Then, since the pixel
values of each image are between 0 and 255, the normalization
process was performed by dividing the pixel value by 255 and
compressing all values between 0 and 1. The normalization
process provides better and faster training when training the
model. Using the Batch hyperparameter, it is specified how
many times it is processed.
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Scikit-learn

The scikit learn library is one of the most basic libraries used in
machine learning problems. Scikit-learn includes pre-
implemented algorithms and metrics for a range of machine
learning tasks such as classification and regression. This library
enables data scientists and researchers to quickly apply various
machine learning models and assess their performance
efficiently.

This library was used to train-test the dataset and to measure
the performance of the regression model for age. Of the data set
used, 80% was used for training and 20% was used as test data.

Classification metrics

The process of obtaining a model using a method based on
training data and using this model in prediction is called
classification. In other words, classification is the process of
predicting new incoming data with the experience gained from
existing data. Features and result information about these
features are kept in the training data. Categorical information is
produced as a result of the result information and the prediction
made. There are many methods in the literature. In these
articles, preliminary information about the basic methods will
be given [6].

Accuracy: The number of correct predictions / Number of all
predictions is found by the formula. The overall performance
of the model is found.

The accuracy value of our model: is 90.66.

Precision: It deals with how many predictions are correct.
This one as formulated is. True Positive / True Positive+ False
the precision value of our Positive Model;

Sensitivity=0.91.

Recall (sensitivity): True Positive / True Positive + False
Positive.

Recall values in this model; Sensitivity=0.91.

F1 score: The F1 score is used to balance precision and recall.
It is formulated as F1=2 x precision x recall/precision + recall.
The f1 score value of our model: is 0.91 [7].

Confusion matrix

The confusion matrix is the agreement table showing the
agreement between the actual labels and the prediction of the
model. In this matrix, the row contains the number of predicted
positive and negative values, while the column contains the
actual positive and negative values.

Figure 11 shows a confusion matrix showing the performance
of the test set with ethnicity data.
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Figure 11. Performance results of test set with confusion
matrix for ethnicity data.

The ethnicity in the (0,0) position (first row) is generally
well-predicted, as evidenced by the high value.

The ethnicity in the (1,1) position (second row) also has
good prediction results, with the highest value.

The ethnicity in the (2,2) position (third row) is reasonably
well-predicted, as shown by the high value.

The ethnicity in the (3,3) position (fourth row) demonstrates
a decent prediction, with the highest value.

The ethnicity in the (4,4) position (fifth row) faces
challenges, especially indicated by the relatively lower
values.

o

0 1

Figure 12. Performance results of test set with confusion
matrix for gender data.

In Figure 12, there are 4741 data reserved for the test data in
the confusion matrix. The predictions are as follows:

True positives: 2240

e False positives: 228

True negatives: 2058

e False negatives: 215

If the confusion matrix metric is interpreted here, the model
predicts 2240 data as male and knows 2240 data correctly.
However, it made a wrong prediction by predicting 215 data as
female. In the same way, it predicted 2058 data as 1 (female)
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and made the correct prediction. However, for 228 data, it is
predicted as 0 (male).

Regression metrics

MAE (Mean Absolute Error): It is one of the regression
metrics. It is referred to as mean absolute error. It is a more
direct representation of the sum of the error terms by taking the
sum of the absolute error values. The MAE of our model is
approx. MAE 5.896764. This means that the error rate of our
age regression model is approximately this value. The model
can calculate the age of a person who is 65 as 60 or 70 and give
us the result as a result.

Errors Graph: The graph shows the visual result of the errors
graph of the model. According to the graph, errors can be seen.
If it were a straight line, it would be assumed to be an error-free
model. This graph expresses the relationship between the actual
value and the predicted values. The width of the graph is 8
inches and the height is 6 inches. Some scatter points on the
graph indicate error values (Figure 13).

Mean Square Error (MSE) is a measure used to represent
regression models. It gives an absolute number of how much
the predicted results differ from the actual values. In other
words, it measures how close the model's predictions are to the
real values.

A lower MSE value indicates better model performance. The
MSE value of the Age model was obtained as 68.92.

Root Mean Square Error (RMSE): It gives an absolute number
of how much the predicted results differ from the actual values.
That is, it measures how close the model's predictions are to the
true values.

RMSE is the square root of MSE (Mean Square Error). MSE is
the mean value of the squared error. The error of the prediction
is squared, these squares are taken and the result is a number.

A lower RMSE indicates a better model demonstration
The RMSE value of the Age model was found to be 8.302.

R? (Coefficient of Determination): is how close a part is to the
recorded regression line.

R? indicates how well the model's predictions fit the observed
pattern. The highest value can be 1. The closer R?is to 1 for the
data set, the higher the performance of the model on the data.
R? value in the age model was calculated as 0.821.
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Figure 13. Errors graph of the model.
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Keras

Keras library is a machine learning library that can work on
tensor flow used for deep learning and is used in this project.
Since deep learning techniques are used in practice;

o Defining training data,

e Layer and model formation,

e This library provides services such as epoch generation and

optimization, definition of hyperparameters, etc. using for.
Keras has many usage advantages;

The created model can run smoothly on the CPU and also
supports this structure when CNN models are preferred. For the
age model in the application, the layers to be added are first
defined. In the first hidden layer, a filter with 64 neurons and a
3x3 size is defined. The defined neuron may vary depending on
the size of the application. Networks that usually start with 32
or 64 neurons can also be defined as 256, 512, or 1024 if there
is a very complex dataset. Filter values should be increased
gradually from smallest to largest. The structure specified as
the kernel size is known as the kernel size of the cov2d
parameter. The specified heap size can be (1,1) (3,3) (5,5) and
(7,7). If the input images are large, such as 128x128, a kernel
size greater than 3 can be chosen to aid learning. Since the
images are 48x48 in size, a 3x3 kernel size was chosen. Layers
of the CNN model were used here.

Firstly, the convolutional layer (CNN) layer is used to detect
images whose data set is image and video. In this layer, the
features of the image are taken and the feature table is created
by multiplying the filter values and pixel values of the image.
While we could define 2 parameters for the cov2D class in the
convolutional layer, the value "same" was assigned to the
padding value of the output volume to match the input size
volume and maintain its size. The Max Pooling layer, used as
an intermediate layer, is used to reduce the size of the image.
The Max Pooling layer is a section of the pool layer in the Max
Pooling layer. Itis used to prevent loss of value from the image.
Normalization operations are performed in the created layer
and the values obtained are compressed between 0 and 1. In the
flattened layer, the image is flattened and decomposed as a
single vector. It is necessary to create as many layers as the
output to be obtained.

When using artificial neural networks in the defined layers,
activation functions are used. Because these functions are
useful in expressing how neurons change. Generally, non-linear
activation functions are preferred. This is because they increase
the complexity of the model and encourage better model
learning. These functions compress the output within a certain
range. Relu function is used. In Relu, values less than zero take
the value 0, and values greater than 0 take the value they are in.
The value of Relu is already from 0 to plus infinity. The reason
for choosing the "Adam" parameter from the optimizer function
during the compilation phase after layers are created in the
model is to control the learning, and generally, the "Adam"
parameter provides a good optimization. Again, the "accuracy"
metric can be used to see how the model will perform during
training and to see the loss value.

Another important problem encountered in training artificial
neural networks is Early Stopping. This event is briefly defined
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as the process of memorizing the model and repeating itself
continuously. This is caused by the increasing difference
between the test validation and the loss value of the train. The
defined callbacks parameter allows monitoring and triggering
the performance and stopping the training process according to
the situation. "Monitor" allows the training terminator to be
measured according to the performance to be monitored. The
behavior of the metric can be determined with the mode
argument. It was stated that there is a tendency to increase by
selecting max. In this way, if the verbose value is selected as 1,
instantly updated results can be seen in the application.

Python flask

Flask is a framework used to create web services in Python
language. It is a framework that can be learned quickly and has
high performance. To install Flask, we install it with the pip
install flask command in the terminal command of our project.
We make use of the flask library as follows for the
establishment of the camera connection and reading the image
from the camera.

First of all, the flask library is integrated into the project for the
process of creating a web interface by taking images, the
function we write called video-stream generates the received
images as bytes, and the received image frames are read and
encoded in JPEG format. The byte stream is then responded to
as an HTTP with the content type set to image/jpeg.

Framing and image framing in the flask library

The image retrieval process starts by sending a post request to
HTTP. The received image is resized to 48x48 pixels by
cropping only the pixels between 60-470 rows and 150-500
columns. Each pixel value in the image is divided by 255 and
the normalization process is performed. And reshaping is done
by making it 4-dimensional. After the frame editing process is
finished, we transfer the 3 models we have previously trained
to predict the age, gender, and ethnicity of the person to our
application and perform the prediction operation for each
model. For example, to predict gender, we need to integrate the
previously trained gender. model5 model into the system, then
the uploaded image is compared with the images in the trained
model and sends us a prediction result between 0-1. Here 0
means male and 1 means female. If the prediction value is less
than 0.5, the process of finding gender is performed by
assigning it to the male group, otherwise to the female group.
When we do the same process in age prediction, the person to
be predicted is given to the previously trained age model. The
results are stored in the age variable we define in the code.
Since the age parameter is a numeric value, the output value is
rounded to the nearest integer with the help of the round
function in Python in order not to obtain a fractional number.
(For example, when the age value of the person is 56,59, the
output will give us the value 57).

Other parameters used

Epochs: Determines how many times the training data will be
given to the model. In this code, 15 epochs are specified, which
means the model will see each image 15 times.

Batch_size: Determines how many images the model will
process in each step. In this code, batch size is set to = 64. At
each step, the model will take 64 images and their losses and
gradients will be calculated.
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Verbose: Determines whether the model will show a message
during its run. It can take values of 0,1 or 2. In this code, when
verbose = 1 is defined in this code, a progress bar and loss
metrics will be seen at the end of each epoch.

Literature review on image processing

The literature aims to investigate age, ethnicity, and gender
determination according to facial features in our country and
the world based on image processing-based machine learning
techniques. Furthermore, by following the data of the person,
mourning can be determined according to height, weight, and
facial features. Dealing with CNN models involves handling
more irregular data compared to traditional machine learning
methods.

Ugar conducted a study on distraction, focusing on angular
changes in head movements within a classroom environment.
The study, which was carried out with C ++ software, utilized
the libraries required in image processing such as Python Open
Cv. In the classroom, the student's face and facial expressions
are recorded every 5 seconds, and a training set is created.
Students' head structures are recorded and stored in 3
dimensions. It is determined that the students who are in the
direction of the teacher are more attentive. Throughout the
study, the UPNA database was used for the face recognition of
the students. Each of the available data was divided into 2
classes (careful, and inattentive) by 5 different people. The
datasets were tested with different algorithms and the highest
performance was obtained with the SVM algorithm [8].

Gtlinay and Nabiyev estimated age using facial data, employing
the LBP histogram. The LBP data, segmented by an attributive
vector, underwent classification using methods like K-NN and
minimum distance. Euclidean distances were calculated for all
samples. The best experimental performance was calculated at
89% [9].

Ayata and Cavus addressed the issue of person recognition and
differentiation in images for security and criminology purposes.
This study is based on artificial neural networks, a sub-branch
of machine learning. Support vector machines and DSA
methods were used to process all the data in the FEI dataset,
Celeb A dataset, and Family dataset. The study achieved
success rates ranging from 95% to 99%. For robust face
recognition, artificial neural network-based classification was
favored [10].

Eldem et al. conducted scientific research in the field of image
processing with a study on the facial features of the person in
the scientific field of image processing and the extent to which
it resembles other individuals. The images processed in this
study were obtained from cameras and external image
recording devices. The images were digitized using the
OpenCV library, known for its compatibility with C, C++, and
Python and its versatility on platforms such as Android and
Linux. Cameras were set at a distance of approximately 55-60
cm during data acquisition, and the dataset included
information such as the person's name, surname, and a given 1D
[11].

In the studies of Giindiiz and Cedimoglu, the aim was to predict
the gender of individuals using deep learning algorithms,
regardless of age. Approximately 10% of the 6508 data were
allocated for testing, while 90% were used for training. Gender
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prediction was accomplished through data augmentation with a
deep learning network. The study utilized Python programming
language, Ubuntu, and Linux operating systems. CNN was
employed, with Keras and Tensor flow libraries. VGG-16
achieved the best performance among the models used [12].

Kaya alp and Metlek predicted the gender of the person by
taking 63228 images from the wiki database. A support vector
machine was used in this application. Attention was given to
creating a hyperplane, ensuring that the features of the classes
consisted of the two most distant lines. In deep learning, speed
plays a crucial role as it concurrently executes image
recognition and classification processes. While CUDA is
commonly employed in such projects based on the power of the
computer graphics card, this study utilized MATLAB-based
MatConvNet-1.0-betal5. At the point of success, it was
classified according to SVM, and 80% of it was divided into
training and 20% as tests. According to the results of the
complexity matrix, the accuracy rate of the developed system
is 94.48% [13].

In the scientific research of Toprak, the problem of age
estimation with image processing techniques was addressed.
LBP and HOGC histogram methods were used throughout the
study. The data were classified according to the K-NN
algorithm. When conducting such studies, models typically
consider examples such as Anthropometric, Active,
Appearance, Leaning Pattern, and Mourning Manifold. For
instance, estimating the age range is treated as a classification
problem, while precise age estimation is considered a
regression problem. The IMDB-WIKI model was used for the
database, consisting of 523051 images divided into a 90%
training set and a 10% test set. For the performance of the
system, mean absolute error (MAE), one of the error
measurement techniques, was used [14].

Literature review: comparative analysis of deep learning
approaches in image analysis studies

Table 1. Literature review comparison.
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Contributions to the literature

This study makes significant contributions to the application of
deep learning techniques in predicting age, gender, and race
from images and videos, addressing gaps in the existing
literature and enhancing current knowledge:

In-depth analysis in multi-class prediction: Particularly in
scenarios where the genetic class is subdivided into five
subclasses, the study provides a detailed analysis of the
performance of age, ethnicity, and gender prediction models,
offering a valuable perspective to the literature. Emphasizing
the challenges of class imbalance and multi-class scenarios can
guide future similar studies.

Challenges and solutions in real-time applications: The study
thoroughly explains the challenges associated with capturing
real-time images from web cameras and details the solutions
developed to overcome these challenges. This can serve as a
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crucial reference for the development of similar applications or
the enhancement of existing ones.

Recommendations for future research: By providing
suggestions on how the study can be further improved through
future training with higher-resolution images and the utilization
of additional filters and layers in convolutional neural
networks, the research offers a guiding framework for
researchers and practitioners.

Ethnic diversity and deep learning: While most deep learning-
based studies predominantly focus on gender and age, there is
a pressing need for more research addressing ethnic diversity.
This would enable a more effective evaluation of model
performance across a broad demographic spectrum.

These contributions provide a valuable perspective on image
analytics based on deep learning, filling gaps in the literature
and inspiring future research endeavors.

Results and outputs
Printouts of the image received in the web environment

The photo in the picture belongs to me and | am 26 years old as
of the date of uploading the photo (Image 2). The format of the
photo is jpeg.

»

Image 2. Reshaped photograph.

When the image is uploaded to the application and reshaped,
age, gender, and genetic prediction values are given as output
in Figure 11.

In [6]: ethincyt[e]
out[6]: 1

In [7]: genderl[e]
out[7]: ‘Erkek”

In [8]: age[e][e]
out[8]: 26.563057

Figure 11. Age, gender, and ethnicity prediction values of the
picture.

While estimating age and gender in the photograph, the
regression method was used for age, and the classification
method was used for gender. The photographs in the data set
are in pixel form. Since the pictures are 48x48 in size, they are
in grey (black and white) form. The small size of the image
makes the training easier and facilitates our work in training the
model.

Performance results of the ethnicity model

Table 2 shows the results of the test set of the ethnicity class.
For each class, 4 metrics are given. Precision is the rate at which
that model predicts that class correctly. Recall shows how many
of the images belonging to that class are correctly predicted.
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F1-score, precision, and recall show how many of the images
belonging to that class are correctly predicted. According to this
model, the best performance of the model is 0 (0.85 f1-score)
and the worst performance is 4. (0.04 fl-score.) The overall
accuracy of the model is 0.80.

Table 2. Performance results of the ethnicity class of the

model.
Precision Recall Fl1-score Support

0 0.82 0.89 0.85 2047

1 0.83 0.84 0.83 904

2 0.84 0.86 0.85 657

3 0.69 0.78 0.74 804

4 0.70 0.02 0.04 329
Accuracy 0.80 4741
Macro avg 0.78 0.68 0.66 4741
Weighted avg 0.79 0.80 0.77 4741

Ethnicity Model ROC Egnisi

True Pozitif Rate

—— Sinif 0 (area = 0.94)
Sinif 1 (area = 0.97)
Sinif 2 (area = 0.98)
s = Sinif 3 (area = 0.95)
Sinif 4 (area = 0.83)

0.2 04 0.6

False Pozitif Rate

08

Figure 14. Ethnicity model roc curve.

Looking at the metrics of the model, we can say that it generally
performs well. However, we see that some classes perform
lower than others.

Precision, recall, f1-score values for classes 0, 1, and 2 are quite
high. This indicates that our model is capable of predicting
these classes accurately.

Precision and recall values for Class 3 are slightly lower but
still acceptable. However, for this class, your model's
performance is slightly lower than other classes.

Although the precision value for Class 4 is at an acceptable
level, the recall and f1-score values are very low. This indicates
that your model's ability to accurately predict this class is quite
low. This means that our model often predicts this class.

The overall accuracy value is 80%. This means your model
made 80% of all predictions correctly.
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Performance results of the gender model

According to the data given in Table 3, a 91% accuracy value
was obtained for both classes according to the gender model.

Table 3. Performance results of the gender model.

Precision Recall F1-score Support
0 0.92 0.90 0.91 2468
1 0.90 0.91 0.90 2273
Accuracy 0.91 4741
Macro avg 0.91 0.91 0.91 4741
Weighted avg 0.91 0.91 0.91 4741

Sensitivity: We see that the model has a precision of 92% for
class 0 and 90% for class 1. This shows that most of the positive
prediction examples provided by the model are positive.

Recall (Sensitivity): We see that the model has a sensitivity of
90% for class 0 and 91% for class 1. This shows that most of
the true positive instances of your model are correctly detected.

F1-Score: The F1 score is a harmonic storage of precision and
improvement and indicates that your model has an overall
balanced performance. We see that your model has an F1 score
of around 91% for both classes.

Accuracy (Accuracy): Your model is 91% overall. This shows
that your model made 91% of all its predictions correctly.

Gender model 1 AUC score: 8.9064682578447151

10

0.8

0.4 |

True Positive Rate

0.2

00

0.0 04 0.6

False Positive Rate

0.8 10

Figure 15. Gender model roc curve.

Figure 15 shows a curve named “Gender Model 1”. The
model's AUC (Area Under the Curve) score was calculated to
be approximately 0.906. The blue line on the chart represents
ROC curves. This curve initially rises quickly and then flattens
out, indicating that the model is performing well. The X-Axis
is labeled “False Positive Rate” and has a value between 0 and
1. The Y axis is labeled “True Positive Rate” and again takes a
value between 0 and 1.

Performance results of the age model

Table 4. Result of the age model.

MAE MSE RMSE R2 Score

Age Model | 5.892996 68.927456 8.302256 0.821662

Metrics
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Mean Absolute Error (Mean Absolute Error): This metric
measures how much your model's predictions deviate from the
true values. The average mean Absolute Error of your model is
approximately 5.89. This shows that your model's predictions
differ from the actual values by 5.89 units on average.

Mean Square Error (Mean Square Error): This metric measures
how much your model's predictions deviate from the actual
values, taking the squared errors. However, it causes major
mistakes to be punished more. The average speed Square Error
of your model is approximately 68.93.

Square Root Mean Square Error (Square Root Mean Square
Error): This metric takes the square root of the distance Square
Error and measures how much your model's predictions deviate
from the actual values. The average speed of your model is
approximately 8.30 Square Root of Square Error.

R2 Score (R Squared Score): This metric measures how much
better your model's predictions are than predictions made using
the mean of the target variable. Your model's R Square Score
is 0.82, indicating that your model explains 82% of its variance.
This shows that your model is pretty good.

As a result, the overall performance of your model is quite
good.

Conclusion

In conclusion, this study applied deep learning techniques to
predict age, gender, and race from images and videos. Utilizing
a dataset of approximately 23 thousand individuals,
Convolutional Neural Network (CNN) models were trained and
evaluated. The integration of the model into a web environment
for real-time image data input was achieved using the Python
Flask library.

The performance analysis of the CNN models revealed nuances
between age and gender predictions. The genetic class,
encompassing multiple classes (5), exhibited lower precision,
recall, F1-score, and support values compared to the gender
class, which consisted of only 2 classes. This discrepancy can
be attributed to the inherent complexity of predicting multiple
genetic classes.

The application's image size, set at 48x48 pixels, influenced
accuracy and precision. Larger and higher-resolution images
are anticipated to yield more successful results, albeit with
potential delays in processing time. Addressing real-time
challenges, such as instantaneous changes in predictions from
webcam-captured images, required meticulous attention to
environmental factors and user-related variables.

Notably, the implementation of a cropping process
significantly improved the model's ability to interpret pixel
values, mitigating deviations and enhancing accuracy.

To advance these findings, future studies may consider
increasing the number of training iterations, incorporating more
filters and layers into CNN models, and experimenting with
higher-resolution photos. These enhancements could contribute
to the refinement and robustness of the predictive models.

In summary, while the study sheds light on the potential of deep
learning in image-based predictions, continuous refinement,
and adaptation are crucial to addressing challenges and
unlocking the full capabilities of these predictive models.
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Kriptografik protokollerde gizlilik, karmagiklik ve siirdiiriilebilir bir giivenlik anlayisinin rasgele sayilar
tizerinden tesis edildigi diisiiniildiigiinde, kriptografi ile rasgelelik arasinda kuvvetli bir bagin olustugu goriilebilir.
Bu sayilarin elde edilmesine kaynaklik eden rasgeleligin niteligi ve matematiksel yontemlerle garanti edilebilen
nicel oOzellikleri, kriptografik sistemlerinin performans: iizerinde belirleyici bir 6éneme sahiptir. Dolayisiyla
rasgele sayilarin elde edildigi ve Rasgele Sayr Ureteci (RSU) olarak da ozellestirilmis uygun tasarim
bilesenlerinin segimi ve degerlendirmesi kriptografik giivenlik agisindan énemli ve zorlu bir gorevdir. Zira RSU”
nin rasgele sayilar tizerinde yol agacag: giivenlik kusurlar kriptografik sistemi biitiiniiyle olas: saldirilara kars1
savunmasiz birakacaktir. Rasgele say1 dizilerinin istatistiksel dzelliklerinin tanimlanmasi, diger bir deyisle bu
say1 dizilerinin kriptografik amaglar i¢in kullanilabilirligini dogrulamak i¢in istatistiki testler kullanilmaktadir.
Bu galismada kriptografik RSU” ler igin 6nemli bir giivenlik kriteri olan rasgelelik kavrami ele almnus ve bu
kavramla baglantili istatistiki nicel gereksinimlere ve degerlendirme yontemlerine odaklaniimistir. Bu kapsamda
hazir test paketlerinin aksine bias, korelasyon, entropi, ki-kare ve standart sapma olmak tizere bes farkli bagimsiz
test stratejisi kullanilmistir. Bu testler ayn1 zamanda Sahada Programlanabilir Kapi Dizileri (Field Programmable
Gate Array-FPGA) ortamindan elde edilmig gergek rasgele say1 dizilerine uygulanmis ve sonuglar kriptografik
gereksinimler dogrultusunda analiz edilmistir. Literatiirde bu maksatla kullanilan ¢oklu test paketlerinin yani sira,
sunulan test yontemleri ile de rasgelelik dogrulamasi igin gecerli ve giivenilir sonuglarin elde edilebilecegini
diisiinmekteyiz.
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Considering that the confidentiality, complexity, and sustainable security mentality in cryptographic protocols
are established over random numbers, it can be seen that there is a strong connection between cryptography and
randomness. The qualification of the randomness that is the source of obtaining these numbers and their
measurable (quantitative) properties that mathematical methods can guarantee have decisive importance on the
performance of cryptographic systems. Therefore, the selection and evaluation of suitable design components
from which these numbers are obtained and customized as random number Generator (RNG) is a challenging
task in terms of cryptographic security. Because the security flaws that RNG will cause on random numbers will
leave the cryptographic system completely vulnerable to possible attacks. Probability theory is used to describe
the statistical properties of random number sequences, in other words, to verify the usability of these sequences
for cryptographic purposes. In this study, the concept of randomness, which is an important security criterion for
cryptographic RNGs, is discussed and the statistical quantitative requirements and evaluation methods related to
this concept are focused. In this context, unlike ready-made test packages, five different independent testing
strategies were used: bias, correlation, entropy, chi-square, and standard deviation. These tests are also applied to
true random number sequences obtained from the Field Programmable Gate Array (FPGA) environment and the
results are analyzed consistent with cryptographic requirements. Besides to the multiple test packages used in the
literature for this purpose, we think that valid and reliable results can be obtained for randomness verification
with the methods presented.
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Giris

Kerckhoff aksiyomu, bir kriptografik sistemin, anahtar
disindaki tiim ayrintilari herkes tarafindan bilinse bile giivenli
olacak sekilde tasarlanmasi gerektigini fikrine dayanir. Bu
aksiyom, daha sonralar sifreleme sistemlerin tasarim ve
anlasilabilirligi ile ilgili teorik temelleri ortaya koyan Claude
Elwood Shannon tarafindan “diisman sistemi biliyor” olarak
yeniden yorumlanmistir. Gizlilik yoluyla giivenlik temelli
klasik kriptografinin kapanisini da beraberinde getiren bu
yaklagim, belirsiz bir diizenden bugiin a¢ik bir disipline dogru
evirilen modern kriptografi’ nin gelisim siirecine de onciiliik
etmistir. Oyle ki, giiniimiiz modern kriptografik sistemlerinin
neredeyse tamami “gizlilik yoluyla giivenlik anlayisinin”
aksine, kokleri Shannon ve Kerckhoff tarafindan ortaya atilan
yaygin kabul gormils bu temel prensiplere gore
tasarlanmaktadir [1]-[2].

Modern kriptografik ¢aligmalara kaynaklik eden bu temel
prensipler Ozetle; bir kriptografik sistemin giivenliginin
yalnizca anahtarlarin  se¢imine bagli  oldugunu ve
algoritmanin kendisi de dahil olmak iizere diger her seyin
genel gecer bilgi olarak kabul edilmesi gerektigini vurgular.
Bu nedenle, modern kriptografik giivenlik protokollerinin
neredeyse tamami uygulanma yontemleri herkes tarafindan
bilinen anahtar tabanli deterministik birer algoritmadir.
Deterministikligin dogasi geregi bir glivenlik sistemini temsil
eden bu protokollerin hi¢ biri, ¢ikisinda girisindeki entropi
degerinden daha fazlasim iretemez. Dolayisiyla bu
protokollerin neredeyse tamaminda temel giivenlik varsayimi
rasgele iiretilmis gizli veriler (sayilar) {izerine insa edilir [3].

Rasgele sayilar ile bu sayilarin elde edildigi mekanizmalar,
kriptografik protokollerin onemli bir tasarim bilesenidir.
Taraflar  arasinda iletisime konu  gizli  verilerin
sifrelenmesinin yani sira dogrulamasi amactyla da kullanilan
bu verilerin giivenilir olmasi ve saldirganlar tarafindan kolay
hesaplanabilir olmamasi gerekir. Daha genel bir ifadeyle; bu
protokollere yapilacak olas1 saldirilarin  etki derecesi,
algoritmik karmagikliktan ziyade rasgele sayilar igin ihtiyag
duyulan temel giivenlik gereksinimleriyle dogrudan
baglantilidir. Saldirgan sinirsiz hesaplama kaynagimna sahip
olsa bile bu verileri tahmin etmek i¢in bagvurabilecegi en iyi
yontem, basit bir tahmin veya yazi tura atisindan Gteye
gecmemelidir. Zira her iki durumda da rasgele sayilar i¢in
tim kombinasyonlar1 igeren Orneklem uzayr bugiin pratik
olarak denenemeyecek kadar biiyiiktiir. Literatiirde kaba
kuvvet saldir1 olarak da bilinen bu yontemde, 128 bitlik
rasgele anahtarin tiim olasilik uzay1 2 28 ihtimalden olusur.
Bu, giliniimiiz bilgisayarlarinin hesaplama kapasiteleri
diisiiniildiigiinde neredeyse evrenin yasindan daha fazla bir
zamana  ihtiyacimiz ~ oldugunu  gosterir.  Gilivenlik
gereksinimlerinin  yerine getirilmesi sartiyla rneklem
uzaymin genis tutulmasi, rasgele sayilarin kaba kuvvete
dayal1 tahmin olasiligini da o kadar zorlastirir. Sifreleme ve
de-sifreleme islemlerinin diginda, kriptografik sistemlerin
onemli bir cogunlugu oturum anahtarlari, imza anahtarlari ve
parametreleri, kimlik dogrulama protokolleri, gecici
anahtarlar, sifir bilgi ispati, blok sifreler icin baslangic
vektorleri ve yan kanal saldirilarina karsi koruma maskeleme
islemleri rasgele sayilarin iiretim ve kullanimima gereksinim
duyan kriptografik uygulamalardan bazilaridir [4]-[5].
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Rasgele sayilar kriptografinin diginda oyun teorisi,
istatistiksel analiz, kuantum mekanigi, numerik analiz, fizik
ve modern bilgisayar simiilasyonlar1 gibi farkli akademik
disiplinlerde  kullanilmaktadir. Ornegin bazi  genetik
algoritmalar veya yapay sinir agi modellerinde rasgele
girdilerin oldukca ise yaradig1 ve gegerli sonuglar iiretebildigi
bilinmektedir. Yine Monte Carlo analizlerinin kullanildig:
entegre devrelerin {retiminde, verimlilik kriterleri ile
karakteristik farkliliklara yol agan varyasyonlar ile ilgili
sayisal hesaplamalar icin de rasgele sayilar kullanilmaktadir.
Monte Carlo yonteminde rasgele sayilar 6zellikle belirsizlik
altindaki bir olay(lar)in olasi sonuglarmm o&nyargilardan
bagimsiz dogru tahmini agisindan olduk¢a Snemlidir. Bu
kullanim alanlar i¢in rasgele sayilarin tahmin edilebilirlik de
dahil basit istatistiksel Ozellikleri yeterli olabilmektedir.
Fakat s6z konusu kriptografi olunca bu sayilarmn iyi
istatistiksel Ozelliklerine ek olarak tahmin edilemezlik ve
tekrar tretilemezlik gibi temel kriterleri karsilamasi istenir.
Zira kriptografik protokollerin temel giivenlik varsayimi
rasgele sayilarin olasilik ve istatistik teorisi ile karakterize
edilen bu temel gereksinimleri ne Olgiide karsiladigina
baghdir [5]-[6].

Kriptografik diizlemde rasgele sayilar, her bir eleman1 ‘0’ ve
‘1’ lerden olusan ve kabul edilebilir bir aralik tahmini igin bit
diizeyindeki elamanlarin esit olusma olasihig: ile (diizgiin
dagilimla) birbirinden bagimsiz olustugu ve elemanlari
arasinda gizli veya agik Oriintli barindirmayan bit diizeyinde
say1 dizilerini ifade eder. Bu sayilar, Ger¢ek Rasgele Say1
Uretecleri (GRSU) ve Sézde Rasgele Say1 Uretegleri (SRSU)
olmak iizere iki farkli tasarim smifindan elde edilir. SRSU’
ler cogu zaman tohum degerlere ihtiyagc duyan bir
matematiksel fonksiyondur. Girig ve ¢ikis degerleri arasinda
matematiksel bir iliskinin varligi, SRSU’ leri tahmin
edilebilir kilmaktadir. Ayrica bu iireteglerde tohum degerler
ve algoritmanin gizli kalmasi sistem giivenligi agisindan
olduk¢a 6nemlidir. Aksi takdirde, teorik olarak sistemin
kopyalanarak ¢ikis dizilerinin kolayca elde edilebilmesi ciddi
giivenlik riskleri olusturabilmektedir. SRSU” lerin aksine, bir
GRSU radyoaktif ¢iiriime, termal giiriiltii, faz segirmesi, yar1
kararli durumlar gibi fiziksel gerceklikten beslenerek rasgele
sayilar iiretebilen, ¢ogu zaman donanim bagimli bir cihazdir

[71-[81.

GRSU’ lerde temel girdi olan fiziksel kaynagm kontrol
edilebilirligini saglayan standart bir tanimmnin olmamasi,
iiretilen sayilart tahmin edilemez ve tekrar iiretilemez yapar.
Rasgele sayilar igin tekrar iretilemezlik gibi 6nemli bir
gereksinimi yerine getirmelerine ragmen, pratikte GRSU’
lerin tahmin edilemezlikle baglantili istatistiki yeterlilikleri
maalesef zayiftir. Fiziksel kaynagin entropi eksikligi,
rasgelelik ¢ikarimi, 6rnekleme hizi ve gerilim dalgalanmalari
gibi ¢evresel etkiler GRSU’ nin hassas kriptografik
uygulamalar i¢in kullanimini sinirlandiran bu durumun temel
sebebi olarak goriilebilir. Saldirganlarin rasgele sayilarin
zayif istatistiksel Ozelliklerinden faydalanarak yararl
cikarimlar yapabilmesi, bu sayilarin kullanildig1 kriptografik
uygulamalar agisindan Snemli bir giivenlik zafiyetidir. Bu
durum, kriptografik protokollerin algoritmik yapisi ne kadar
giiclii olursa olsun, giivenirligi zayif rasgele sayilar sisteme
beklenenden daha kisa siirede bagariya ulasmasi muhtemel
saldirilarin gergeklesmesine yol agar [5], [10]-[11].
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Rasgele say1 iireteglerini ve dolayisiyla rasgele sayilarin
kriptografik amaglar icin kullanilabilirliginin test edilmesi,
1960’ 11 yillardan giliniimiize kadar pek ¢ok arastirmacinin
ilgisini ¢ekmistir. Bu noktada sik kullanilan yontemler irete¢

cikislarinin, Dbilimsel Olglitler ¢ercevesinde, istatistiksel
analizine dayanmaktadir. Kerckhoff aksiyomu
diistiniildiigiinde, rasgeleligin  kriptografide  giivenlik

baglaminda 6zel onem atfedilmis giiglii bir silah oldugu
goriilebilir. Dolayisiyla kullanilan say1 dizilerinin rasgelelik
acisindan istatistiki gereksinimleri dogru analiz edilmeli ve
degerlendirilmelidir. Bu agamada, olasilik teorisi ve istatistik
s6z  konusu  yeterliliklerin ~ matematiksel  olarak
dogrulanabilmesi i¢in gerekli bilimsel ara¢ ve yontemler
sunmaktadir. Her ne kadar test edilen say1 dizilerinin gergek
rasgele olup olmadig1 veya elde edilme bigimleri hakkinda
gecerli kanit sunmasalar da, bu yontemlerle iireteglerin zay1f
ve Uistlin yonleri de saptanabilir [12].

Bu calismada kriptografik RSU” lerin temel degerlendirme
kriterlerinden biri olan rasgelelik kavrami detaylica ele
almmis ve rasgelelik varsayimmin istatistiki agidan
dogrulanmasiyla ilgili bagimsiz test ydntemlerine ve
aciklayic bilgilere yer verilmistir. Kriptografik rasgeleligin
bir dizi olasilik terimi ile karakterize edilmesi nedeniyle
calisma igerisinde hipotez tabanli test yontemlerinin olasi
hatalari, farkli kritik dnem sevilerine gore teorik dagilimlari
ve birbiriyle olan uyum ve iliskileri de ele alinmistir. Bu
dogrultuda sunulan test yontemlerinin deneysel dogrulamasi
igin [13]’ te Onerilen ve tasarim detaylarma Boliim 3 te yer
verilen GRSU mimarisi kullanilmistir. Bu mimariden elde
edilen ¢ikig dizilerinin istatistiki yeterliliklerini dogrulamak
icin bias, korelasyon, entropi, diizgiin dagilim, ki-kare,
Dieharder ve standart sapma analizleri yapilmistir. Istatistiki
testlerle gercek rasgelelik ile iyi sozde rasgelelik ayrimi
yapilamaz. Bu nedenle ¢aligma igerisinde test altindaki say1
dizilerinin giivenilir bir kaynaktan elde edildigi ile gegerli
kanitlar sunabilmek i¢in standart sapma analizine dayali
alternatif bir test yontemi de sunulmustur.

Kriptografik RSU” lerin istatistiksel yeterliliklerinin bilimsel
acidan dogru yontem ve araglarla test edilmesine doniik
benzer bir calismanin literatiirdeki eksikligi calismanin temel
motivasyon kaynagini olusturmaktadir. Bu dogrultuda
calisma igerisinde rasgeleligin kriptografik agidan dnemini
vurgulamak ve eksik ve hatali degerlendirmeler neticesinde
sistemde ciddi giivenlik zafiyetine yol acabilecek kriptografik
RSU’ lerin bilimsel agidan dogru yéntem ve araglarla test
etmenin énemini vurgulanmistir. Yazarlar olarak ¢alismanin
bu yoniiyle kriptografik diizlemde yapilacak akademik
calismalara fikir ve uygulama bazinda kaynaklik edecegine
inanmaktayiz.

Calismanin geri kalan kism1 su sekilde organize edilmistir:
Boliim 2’ de gercek rasgelelik ile baglantili temel istatistiki
gereksinimler sunulmustur. Béliim 3’ te analiz iglemleri i¢in
kullanilan rasgele sayilarin elde edildigi GRSU mimarisi ile
ilgili teorik ve teknik bilgilere yer verilmistir. Boliim 4” te
bias, entropi, otokorelasyon, lineer karmasiklik kavramlar1 ve
bu kavramlarin dogrulamasi icin kullanilan bagimsiz test
tekniklerine yer verilmistir. Ayni béliim igerisinde ek olarak
test tekniklerinin uygulandig rasgele sayilar igin elde edilen
sonuglar tartisilmis ve bu sonuglar, Dieharder istatistiki

rasgelelik testleriyle uyumuna yer verilmistir. Son
boliimiinde c¢alisma, elde edilen sonuglart itibariyle
Ozetlenmis ve gelecek calismalara da yer verilerek

sonlandirtilmistir.
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Kriptografide Gerg¢ek Rasgelelik Kavrami ve
Temel Istatistiki Gereksinimler

Kriptografik amaglar i¢in kullanilacak GRSU’ lerde icin
temel gilivenlik varsayimi, tretilen sayilarm fiziksel bir
gerceklige bagli olmasmin yani sira bu sayilarin istatistiki
ozellikleriyle de giiclii bir sekilde iliskilidir. Fakat literatiirde
rasgele sayillar bu icin karakteristik gereksinimleri
karsilayabilen kriptografik acidan giiglii bir RSU’ yii elde
etmenin basit bir metodolojisi yoktur. Ozellikle fiziksel
rasgeleligin bir sonucu olarak ortaya cikan ve son islem
teknikleriyle giderilmeye calisilan istatistiki  zayiflik
problemi, GRSU” lerin énemli bir eksikligidir. Aksi takdirde
zayif istatistiksel karakteristige bagli rasgele sayilar
tizerindeki herhangi bir 6ngoriilebilirlik, tiim sistemde bir
zayifliga yol agabilmektedir. Dolayisiyla kriptografik
amaglar igin kullamlacak RSU’ lerin tasarim ve analizinin
dogru yapilabilmesi, gergek rasgelelik kavramimin felsefik
taniminin dogru anlasilmasiyla birlikte, bu tanimla uyumlu
kesin ve nicel yaklagimlarin kullanilmasiyla miimkiindiir.

Diizensizlik  (karmasiklik),  ongoriilemezlik  (tahmin
edilemezlik) gibi bi¢cimsel tanimlarla ifade edilmeye ¢alisilan
gercek rasgelelik kavrami, disiplinlere gore farkli anlamlar
icerebilmektedir. Siradan bir insan igin diizenlilik kavrami
gorsel olarak kolayca ifade edilebilen bir olgu iken, rasgelelik
gorsel olarak kolayca ifade edilebilen diizenlilik kavramimin
tam tersi yani, diizensizlik olarak ifade edilebilir. Ornegin bu
bakis agistyla ormandaki agacglarin yerlesimi, depremlerin
olusumu ve atmosferik olaylarin degisimi gibi evrendeki pek
¢ok olayin diizensiz olarak yani ger¢ek rasgele meydana
geldigi soylenebilir. Tahmin edilemezlik agisindan ise
rasgelelik kavrami, ge¢misi bilinen bazi olaylarin gelecek
sonuglarinin tahmin edilebilir oldugu deterministikligin tam
tersi bir kavram olarak diisiiniilebilir. Dolayisiyla rasgele
oldugu varsayilan olaylarin gelecek veya dnceki durumlart
arasinda tahmin edilebilirlige yol acan bir bellek etkisi
olmamali ve bu olaylar birbirinden tamamen bagimsiz olarak
meydana gelmelidir [12], [14].

Gergek rasgelelik kavraminin var olup olmadigina dair
felsefik sorular1 da barmdiran farkli tanimlar1 da mevcuttur.
Fakat kriptografide esas alinan tanimi, daha ziyade giivenlikle
baglantili olan 6ngoriilemezlik kavramiyla ortiismektedir. Bu
baglamda; gercek rasgelelik, bazen bir degerin olasi
ciktilarinin  yeniden iiretilemeyecegi fiziksel islemleri
kapsadigi sonucunu dogurur. Siradan bir bakis agisiyla,
havaya atillan hilesiz bir madeni paranin beklenen olast
sonuglarinin  gercek rasgele oldugu sOylenebilir. Fakat
paranin hileli olmasi durumunda olasilik dagilimina ait
sonuglar, bu sonuglarin tahminini miimkiin kilan sistemik bir
hata pay1 ile meydana gelir. Olasiliksal dagilimin muhtemel
cikislardan biri etrafinda yogunlagmasma yol agan bu hata
pay1, havaya atilan paranin gelecekteki sonuglarinin tahmin
edilebilirligini, rasgelelik dizilimini acisindan bozabilir.
Ozetle, hilesiz bir madeni bir paranin havaya atilmasi gibi
diisiik seviyeli rasgele olaylardan elde edilebilecek 128 bitlik
bir say1 dizisi her ne kadar gercek rasgele olsa da kriptografik
kullanim agisindan yetersiz olabilir. Ya da tamamen adil
gercek rasgele bir rulet ¢arkint ¢evirdiginizde, gerceklesme
olasilig1 diisiik olaylarin bilinirlik yoniiyle daha fazla bilgi
icerdigi diisiiniildiigiinde, kaybedeceginizi tahmin etmek pek
te zor olmasa gerek. Oysaki say1 dizisinin rasgelelik dagilimi
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kriptografik giivenlik agisindan yeterince tahmin edilemez
olmay1 gerektirir [15]-[16].

Rasgelelik ile tahmin edilemezlik arasinda matematiksel
tanim1 Denklem 1’ de verilen ve entropi olarak adlandirilan
matematiksel ayirt edici bir kavram daha bulunur. Bir rasgele
degiskenin belirsizlik 6lgiisii olarak da bilinen entropi, dizi
elemanlarinin olusma olasiliginin ideal degere yani 1/2’ ye
yakin dagihmlar igin tepe degerine ulagilir, yani 1’ e esit
olur. X,, = x;x,x5 ... x,, € {0,1}" seklindeki n bitlik rasgele
say1 dizisinde entropinin yiiksek olmasi, bu say1 dizisindeki
onciil veya ardil herhangi bir bitin 1/2’ den daha yiiksek
olasilikla tahmin edilemeyecegini garanti eder. Bu ideal
olasiligin say1 dizisindeki tiim bitler igin gecerli olmas1 veya
olmamasi durumuna bagli olarak n bitten olusan gercek bir
rasgele say1 dizisinin toplam entropisi, 0 — n bit arasinda bir
degere sahip olabilir [1], [7].

Tahmin edilemezligi garanti edebilmek icin rasgele say1
dizilerinde entropi olabildigince dizi boyutuna yakin bir
deger olmasi istenir. Ornegin 100 bitlik bir rasgele say1 dizisi
icin 20 bitlik diigiik entropi degeri, ayn1 zamanda bu say1
dizisinin 1/22°>  lik bir olasiikla dogru  tahmin
edilebilecegini gosterir. Diger bir deyisle bu say1 dizisinin
muhtemel biitiin olasiliklar1 (olasihk kiimesi) 22° adet
deneme-yanilma ile bulunabilir. Oysaki rasgele sayilarin
kullanildig1 giiniimiiz modern kriptografik protokollerinde
gizlilik, tiim olasiliklar kiimesinin pratikte denenemeyecek
kadar biiyiik (en az 21°° bit ve iizeri) olmasim gerektirir.
Dolayisiyla tahmin edilemezlik acisindan GRSU” lerde bit
basina entropinin yiiksek olmasi ve ¢ikig olarak {iiretilen say1
dizilerinin toplam entropisinin olabildigince dizi boyutuna
esit olmasi istenir [4], [10].

n-1

H(x) = - z p; -10g, p; 1)
i=0

Kriptografik RSU” ler igin temel degerlendirme kriteri olan
giivenlik ile baglantili tasarim gereksinimleri Tablo 1° de
verilmistir. Tablo 1° deki karakteristik gereksinimler, RSU’
lerin kullanildiklar1  kriptografik uygulamalarin 6nem
seviyesine gore degisiklik gosterebilmektedir. Ornegin R1 ve
R2 gereksinimleri fiziksel GSRU’ ler i¢in ozellestirilmis
tasarim gereksinimleri olmakla birlikte, hassas kriptografik
uygulamalar i¢in mutlaka yerine getirilmelidir. Bu
gereksinimler  kapsaminda rasgele saytr  dizilerinin
saldirganlar igin yararli cikarimlar saglayabilecek hatal
olasiliksal dagilimlar (bias) ve giiglii istatistiki bagimliliklar
(korelasyon) icermemesi istenir. Kriptografik gilivenlikle
baglantili Tablo 1’ deki gereksinimler, her ne kadar iyi
tanimlanmig ve anlasilmis olsa da pratikte bu gereksinimleri
basariyla yerine getirebilen kusursuz bir RSU metodolojisi
yoktur [1], [5], [9].

Herhangi bir iiretecin veya bu iiretecten elde edilmis say1
dizilerinin rasgelelik agisindan degerlendirilmesi, sezgisel bir
tanimdan ziyade olasilik teorisi ve istatistiki ara¢ ve
yontemleri uygulamaktan gecer. Ciinkii pratikte bir iiretecin
gozlemlenemeyen 0zelligini temsil eden gergek rasgeleligin,
kriptografide mantiksal ve fiziksel kanit1 yoktur. Dolayisiyla
say1 dizilerinin gergek rasgele mi yoksa bir diizen igerisinde
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tiretilip tretilmedigine karar vermek i¢in kullanilan testler,
olasilik ve istatistik teorisinden yararlanir.

Tablo 1. Kriptografik rasgele say1 iiretecleri i¢in temel
karakteristik gereksinimler

Gereksinim Adi Gereksinimin Aciklamasi

Kriptografik uygulamalarda kullanilacak
rasgele sayilar iyi istatistiksel ozelliklere
sahip olmalidir.

R1 Gereksinimi:

Rasgele sayilarin alt dizilerinin bilmesi
halinde, saldirganin onciil ve ardil rasgele
sayilari  hesaplanmasina veya yliksek
dogrulukla  tahmin etmesine izin
verilmemelidir.

R2 Gereksinimi:

Bir RSU’ nin bilinen mevcut i¢ durum
degerinden yola ¢ikarak veya i¢ durum
bilgisine ihtiyag duymadan onceki iiretilen
rasgele sayilari, yiiksek dogrulukla tahmin
edebilmek veya hesaplayabilmek miimkiin
olmamalidir.

R3 Gereksinimi:

Bir RSU’ nin bilinen mevcut i¢ durum
degerinden yola ¢ikarak veya i¢ durum
bilgisine ihtiyag duymadan gelecek rasgele

R4 Gereksinimi:  gayjlar;, yiiksek  dogrulukla  tahmin
edebilmek veya hesaplayabilmek miimkiin
olmamalidir.

R1 gereksinimi kapsaminda GRSU” nin ideal gergek bir X,, €
{0,1}" rasgele say1 dizisinin istatistiki agidan Denklem 2 ve
3’ teki olasiliksal dagilimlar ile iiretmesi beklenir [10], [17].

& =|Prob (X,, =0) —0.5| = |Prob(X,, =1) — 0.5| (2)

©)

1
Prob(Transitions) = 3

Iyi bir rasgele say1 dizisinde, bit diizeyendeki elamanlarm
olusma olasiliginin birbirine esit veya ¢ok yakin olmasi
istenir. Bit diizeyindeki bu say1 dizilerinin olusma olasiligt
icin ideal istatistiki deger 1/2’ dir. Diger bir deyisle rasgele
say1 dizileri miimkiinse bias olarak da isimlendirilen esit
olusma olasiliginin diginda bir sapma payiyla olugsmamalidir.
Bit diizeyindeki bir rasgele say1 dizisinin olasi sonuglar
arasinda olusan bias, Denklem 2’ deki bagnti ile ifade
edilebilir. Dizi elemanlarmm 1/2° 1lik ideal olusma
olasiligina sahip bir istatistiki dagilimla olustugu durumlarda
& =0 olur ve say1 dizilerinin biassiz olustugu kabul edilir.

Fakat ¢ogu durumda rasgele sayilar i¢in Denklem 1’ deki
ideal istatistiki tanimin tek bagina yerine gelmesi kriptografik
acidan yeterli olmayabilir. Ornegin Sekil 1 (A)’ da rasgele
sayilar i¢in istatistiki agidan her ne kadar ideal dagilim Sl¢iisii
saglanmis olsa da benzer tekrarli Sriintiilerden olustuklari i¢in
lineer karmagikliklart oldukca diisiiktiir. Oysaki tahmin
edilemezlik agisindan rasgelelik, Onceki tiim durumlar
bilinen bir X,, n =0,1,2,3 ... seklindeki say1 dizisinde
X,41. elemant tahmin etmek igin ihtiya¢ duyulan hesaplama
karmagikligina dayanir. Bu durum, istatistiki gereksinimlerle
karakterize edilen gercek rasgeleligin 6nemli bir tamamlayici
unsurudur [12]-[18].
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>

» 11 (istenmeyen durum)

Sekil 1. Lineer karmasiklik agisindan rasgele sayilar igin
olumlu ve olumsuz dagilim 6rnegi

Sekil 1 (B)’ de tasvir edilen Denklem 2’ deki bir diger 6zellik
icin, ortalama her ikinci rasgele saymin bit degerinde, bir
onceki tretilen rasgele saymin bit degerinden farkli bir
gecisin (0 = 1,1 — 0) olmasi beklenir. Say1 dizisi igerisinde
bu rasgele gegisler igin iki bitlik “01” ve “10”
kombinasyonlar1  kabul edilebilir ~durumlardir. Dizi
elemanlarinin esit olugma olasili§inin yani sira ortalama her
iki bitte bir kendini tekrar etmesi istenen bit seviyedeki bu
gegislerin toplaminin say1 dizisinin toplam uzunluguna orant
da 1/2 olmalidir. Fakat kabul edilebilir kombinasyonlarin dizi
icerisinde tamamen gergek rasgele bir formda dagilmasi
istenir. Istenen durumlarin gercek rasgele bir formda
dagildigi n bitlik yeterince uzun bir rasgele say1 dizisinde,
“11” ve “00” gibi bias olusumuna neden olan durumlar da
dahil “00”, “01”, “10” ve “11” gibi 4-bitlik tim
kombinasyonlarm elde edilebilecegi unutulmamalidir [19]-
[20].

Denklem 2 ve 3’ teki ideal istatistiki tanimlar dogrultusunda,
Sekil 2° deki ornekte ilk senaryo i¢in herhangi bir bitini
bildigimiz bir ger¢ek rasgele say1 dizisinin sonraki iki bitini
tahmin etmeye calisalim ve bunu n defa tekrar ettigimizi
varsayalim. Ideal bir rasgele say1 dizisinin istatistiki agidan
diizgiin =~ bir dagihma sahip olmasi, iki bitlik
(00,01,10,ve 11) olas1 kombinasyonlarm dizi igerisinde
esit olugsma olasihigiyla meydana gelmesiyle miimkiindiir.
Tiim ikili kombinasyonlarin frekansinin esgit oldugu bu
durum, aymt zamanda rasgele sayilar i¢in tahmin
edilebilirligin istatistiki agidan en zor oldugu durumdur. Sekil
2 (B) ve (C)’ deki gibi istatistiki dengesizlik, rasgele sayilarin
ayricalikli saldirganlar tarafindan yiiksek dogrulukla tahmini
miimkiin kilacak yararh bilgiler sunabilmektedir. Ornegin
Sekil 2 (B)’ de tahmin edilecek sonraki ikili kombinasyonun
“00” olma olasiligt %50 iken, 2 (C)’ de ise %70 gibi
istenmeyen yiiksek bir orandir. Fakat bu olasiligin tiim ikili
kombinasyonlar i¢in Sekil 2 (A)' daki ideal bir istatistiki
dagilimda sadece %25 oldugu unutulmamalidir. Benzer
durum Sekil 3’ teki bir bitlik tahmin i¢in de gegerlidir.
Benzeri sekilde dengesiz bir istatistiki dagilimla olusmus
Sekil 3 (C)’ de bir rasgele say1 dizisinde, sonraki bit degerinin
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‘1’ olma olasiligi %80’ dir. Oysaki diizgiin istatistiki
dagilimla olusmus gergek rasgele sayilar, bu sayilar {izerinde
bir saldirganin basit bir yazi tura atma olasiligindan veya kor
bir tahminden daha fazlasina miisaade etmemelidir.

Denklem 2 ve 3’ te taniml1 iyi istatistiksel dzelliklerinin yant
sira rasgele sayilar i¢in bir diger Onemli karakteristik
gereksinim ise bagimsizlik varsayimidir. Bagimsiz oldugu
varsayillan rasgele say1 dizileri, bu sayilarin yiiksek
dogrulukla tahminini mimkiin kilacak gilighii istatistiki
bagmmliliklar yani korelasyon igermemelidir. Nitekim
pratikte fiziksel bir GRSU igin pek te miimkiin olmayan
bagimsizlik varsaymmi ayni zamanda biasin  temel
sebeplerinden biri olarak gériilebilir. Ornegin olusma
olasiliklar1 E (X) ve E(Y) olan X ve Y gibi n bitlik iki rasgele
say1 dizisi i¢in olugsma olasiligi, p ve korelasyon katsayisi, p
olsun. Bu dizilerin XOR’ lanmisya elde edilen yen dizinin
(X @ Y) olugma olasihigi,

2

1 1
E(XEBY)=5—2<H—5) - 2pp(1 — ) Q)

Denklem 4’ teki gibi hesaplanir. Eger E(X) ve E(Y) icin p
degeri 1/2’ ye yaklastikga Denklem 4 agagidaki gibi yeniden
yazilabilir.

E(XEBY)z%(l—p) (%)

Denklem 5’ ten iki dizi arasindaki korelasyonun ayni
zamanda biasin olusumuna da yol agtig1 goriilebilir. X ve
Y dizilerinin korelasyonuz olustugu durumlarda p = 0’ dir

Ve EXPY) = 2 ¢ ye yakmsar. Denklem 4 ve 5’ teki

gozlemler korelasyon katsayisinin bias iizerindeki etkisini
acikca gostermektedir. Bu durumda kriptografik rasgelelik
acisinda  bias, korelasyon ve tahmin edilemezlik
kavramlarinin birbiriyle dogrudan baglantili oldugu agikc¢a
sOylenebilir.

Gergek Rasgele Say1 Ureteci Mimarisi

Calisma icerisinde test amagli kullanilan rasgele say1 dizileri,
blok mimarisi ve davranigsal modellemesi sirasiyla Sekil 5 ve
6> da verilen serbest salmimli halka osilatorlerin (HO)
kullamldigr GRSU mimarisinden gercek zamanli olarak elde
edilmistir. Iyi istatistiksel ozelliklerinin yan1 sira diisiik
frekanslarda ¢alisabilme, yiiksek ¢ikis bit hizi, sayisal mantik
cihazlarina kolay entegre edilebilme ve tasarim esnekligi gibi
one ¢ikan Ozellikleri, bu mimarinin tercihinde belirleyici
sebeplerdir.

GRSU’ nin giiriiltii kaynag1, kendi igerisinde her biri 13 adet
gecikme elemanindan (invertdr) olusan paralel bagh 114
adet HO’ dan olusur. Sematik yapis1 Sekil 4 (a)’ da verilen
HO?’ lar giris ve ¢ikis arasinda bir geri besleme yolu ile ardisil
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Sekil 2. iki bitlik tahmin i¢in rasgelelik ve tahmin edilemezlik arasindaki istatistiki iliski
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Sekil 3. Bir bitlik tahmin igin rasgelelik ve tahmin edilemezlik arasindaki istatistiki iligki

bagli tek sayida eviriciden olusur. Mantik devrelerinin
iiretim ve ¢aligma sartlarina baglh farkliliklar nedeniyle HO
cevrimindeki her bir mantik kapisi, kararsiz yayilim ve
yonlendirme gecikmesine sahiptir. Bu durum, Sekil 4 (b)’
deki gibi iiretilen saat sinyallerinin periyodik diizensizligine
yol agarak HO’ larin frekanslarimin farkli olmasina neden
olur. Her ¢evrimde saat sinyallerinin yiikselen ve diisen
kenar gecislerinde meydana gelen zamansal gecikmenin
yonii ve miktari pratikte ongoriillemezdir. Zamana bagli artis
gosterme egilimindeki bu kararsiz durum, yerel (termal
gliriiltii ve titreme giiriiltiisii vb.) ve global (cihazin ¢aligma
sartlarina bagli giic kaynagi ve sicaklik degisimleri vb.)
degiskenlerin etkisiyle gergek rasgele meydana gelir [13],
[21].

o D

e
() B |

- jitter -

@ @
Sekil 4. (a), halka osilatdriin kombinasyonel yapisi,

(b) jitter olusumu

GRSU mimarisinin donanimsal gergeklestirimi igin Altera
Cyclone IV FPGA gelistirme kart: kullanilmistir. GRSU’ nin
her bir bilesenin davranigsal modellemesi ve sentezleme
islemleri i¢in Quartus uygulama gelistirme platformu
kullanilmigtir. Bu platform {izerinde devre elemanlarinin
mantiksal tasarim ve simiilasyon iglemleri i¢in Hardware
Description Language (VHDL) donanim tanimlama dilinden
yararlanilmistir. Bu teknik bilgiler 1s131nda kullanilan GRSU
mimarisinin Quartus ortaminda davranigsal modellemesi
Sekil 6° daki gibidir.

Sekil 6’daki mimarinin ¢alisma prensibi 0zetle su sekildedir:
Sistemde osilatorlerin yiiksek salimimli ¢ikiglari, ¢ok girisli
ve tek ¢ikisli bir XOR devresi (xorcircuit114) yardimiyla
birlestirilmistir. Ardindan birlestirilerek non-periyodik bir
isarete indirgenen yiiksek frekansli bu ¢ikislar, iki ayr1 D-
tirli flip-flop (DFF1 ve DFF2) yardimiyla orneklenerek saf
gercek rasgele sayilar elde edilir. Ayni non-periyodik girdi
icin o6rnekleme islemi 50 MHz’ lik referans saat sinyalinin
diisen ve yiikselen kenar gegislerinde ayri ayri yapilir. iki
ayr1 fazda iretilen ve karakteristik olarak birbirinden farkli
bit diizeyindeki bu rasgele sayilar, iki farkli birlestirme
devresine  (combiner_circuitl Ve  combiner_circuit2)
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atanarak 8-bitlik vektorel isaretlere doniistiiriilerek, XOR
devresine (xor_8bit) giris olarak uygulanir.

Son agamada ise; saf rasgele sayilarin olusturdugu bu 8 bitlik
vektorler, s-box tabanli diigiik alan-enerji gereksinimli,
sikistirmasiz son islem teknigine tabi tutulur. Bu agsamada 8
bitlik saf rasgele sayilar, [22]” de 6nerilen ve igerigi Tablo 2
ve 3’ te verilen kaos tabanli sabit s-box’ larin olusturdugu
statik hafiza bloklarinda (sbox1 ve sbox2) yer degistirme
islemine tabi tutulur. Yer degistirme isleminde, 8 bitlik giris
vektorlerinin ilk dort biti satir, son dort biti ise siitun degeri
olarak alinir. Cikis vektorleri (GRSU _out1 ve GRSU _out?2) ise,
bu degerlerin Tablo 2 ve 3 iizerindeki kesisimlerine denk gelen
0-255 arasindaki tam say1 degerleriyle yer degistirilerek elde
edilir. S-box’ larmn igeriklerinin birbirinden farkli olmasindan
dolayi, ayn1 8 bitlik giris vektorlerine karsilik elde edilen 8
bitlik cikis vektorleri de birbirinden farklidir. GRSU
mimarisi her ¢evrimde, giiriiltii kaynagindan elde edilen 8
bitlik saf rasgele say1 dizisi i¢in s-box tablolar1 iizerinden her
biri 8 bitlik toplamda 16 bitlik gergek rasgele ¢ikis dizisi
iiretir. Sistemde ¢ikislar rasgelelik analizi i¢in Sekil 5 teki
gibi hafiza mimarisine kaydedilmistir. Hafiza igerikleri,
cihaz ¢alisir durumda iken Joint Test Action Group (JTAG)
arabirimi araciligryla gercek zamanli olarak elde edilmistir.

Tablo 2. Henon harita tabanli kaotik s-box

01 2 3 45 6 78 9 ABCDE F
99 161 159 152 130 108 234 90 252 240 194 40 85 204 57 81
149 206 214 88 15 62 55 105 116 61 83 225 74 135 118 218
249 134 126 1 2 227 44 72 229 52 199 29 226 172 69 238
205 7 45 32 187 10 53 76 21 26 175 107 146 171 98 169
200 35 39 67 110 3 113 170 125 5 165 112 155 198 163 236
254 97 91 123 168 96 222 241 124 27 68 212 251 141 129 102
223 71 215 59 239 34 211 43 109 122 4 213 48 144 228 158
217 232 156 242 188 87 147 28 127 114 42 101 84 136 209 64
31 253 100 18 184 93 231 12 120 51 220 192 244 245 202 132
63 150 250 9 142 54 193 145 60 185 49 210 50 65 111 30
237 151 181 47 115 143 160 246 70 94 186 148 180 189 58 247
106 24 208 174 157 137 82 14 219 154 128 25 22 75 41 36
139 8 235 164 140 248 37 138 182 191 121 255 216 177 11 79
167 23 73 162 104 86 166 178 33 133 78 56 131 190 183 46
66 77 179 221 119 176 0 224 203 196 230 103 19 201 233 92
173 16 195 197 20 207 6 80 95 89 117 13 153 243 17 38
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Tablo 3. Chen sistem tabanl kaotik s-box

0 1 2 3 4 5 6 7 8 9 A B C D E F
11 12 55 156 97 136 92 130 183 159 89 158 184 13 23 57
99 245 93 242 160 116 249 142 146 141 28 226 244 78 69 112
85 178 207 231 110 135 7 58 202 239 100 45 129 220 113 238
108 102 210 51 193 48 230 194 21 95 248 111 246 192 243 204
39 247 236 132 35 218 61 88 222 38 47 134 227 235 166 201
252 6 180 87 138 16 144 104 105 131 26 203 59 91 64 206
139 127 198 62 18 50 70 80 73 175 53 71 76 161 221 254
40 211 181 219 234 37 170 119 43 128 255 151 241 189 10 123
195 27 223 205 217 197 30 200 188 49 101 216 75 162 25 63
121 60 84 34 164 149 187 171 126 176 31 191 2 165 212 143
67 125 19 224 81 4 208 174 52 118 44 41 66 148 14 250
225 150 145 185 9 137 232 77 117 168 182 251 167 36 0 72
240 214 74 96 20 190 154 213 215 106 209 196 153 90 65 82
253 177 115 169 22 233 120 157 68 42 1 133 3 163 33 56
179 83 54 199 79 109 186 122 15 5 114 147 46 228 173 94
32 103 229 107 237 155 98 124 172 140 24 17 86 29 8 152
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Rasgeleligin Istatistiksel Dogrulama
Metodolojisi Ve Kullanilan Test Teknikleri

Olasilik terimleriyle karakterize edilebilen ve istatistiksel bir
Ozellik olan rasgelelik, herhangi bir say1 dizisinin
Ozelliklerinin gergek bir rasgele sayr dizisinin beklenen
ozellikleriyle karsilastirabilmesine imkan saglar. Literatiirde
herhangi bir say1 dizisinin rasgele olup olmadigmna karar
verebilmek i¢in yaygin olarak hipotez tabanli test teknikleri
kullanilmaktadir. Belirli bir anlamlilik seviyesinin (6nem
derecesinin) dikkate alindigi bu testlerin tamami, rasgelelik
varsaymmint dogrulayan belirli bir gegersiz hipotezin (H,)
dogrulugunu test etmek i¢in formiiliize edilmistir. Alternatif
hipotez (H,) ise dizinin rasgele olmadigini ileri siirer. Her bir
test kriterinin basarisiz oldugu diger bir deyisle alternatif
hipotezin kabul edildigi durumlarda H, hipotezi reddedilmis
olur. Mevcut her test i¢in bir rasgelelik istatistigi se¢ilir ve bu
istatistik gecersiz hipotezin reddine karar vermek icin
kullanilir.

Kriptografi de dahil olmak iizere rasgele sayilarin iiretim ve
kullanimina ihtiya¢ duyulan farkli uygulamalarin giivenligi,
kullanilan rasgele sayilarin kalitesiyle dogrudan baglantilidir.
Rasgele sayilarm istatistiksel yeterliliklerinin ~ dogru
saptanabilmesi i¢in bu say1 dizilerinin yeterince uzun olmasi
gerekir. Gergek rasgele olup olmadiklarinim yani sira bu say1
dizilerinin tahmin edilemezlik ve bagimsizlik varsayimlari
istatistiki ara¢ veya yontemlerle mutlaka dogrulanmalidir. Bu
maksatla  Onerilmis  hipotez  tabanli  farkli  testler
bulunmaktadir. Test yontemleri, H, hipotezini dogrulamak
icin uygulandiklari say1 dizileri iizerinde, bu dizilerin rasgele
olmadigina isaret edecek oOriintiileri tararlar [13].

Calismanin bu bolimiinde gergek rasgele diretilmis say1
dizilerinin  rasgelelik  varsayimmi  dogrulamak igin
kullanilabilecek test tekniklerine, bu testlerin uygulama
yontemlerine ve uygun parametre se¢imlerine yer verilmistir.
Bu kapsamda bias, korelasyon, entropi, karmasiklik ve
gercek rasgelelik olmak {izere bes farkli test teknigi ele
almmustir. Test teknikleri her biri 524.288 bitten olusan
toplamda 100 farkli rasgele say1 dizisine uygulanmistir.
Teste tabi say1 dizileri, GRSU mimarisinden ger¢ek zamanh
olarak elde edilmis ve ilgili test formatina uygun bigime
doniistiiriilmistiir. Test tekniklerinin  farklt  anlamlilik
seviyelerinin secimine bagli olarak rasgelelik dagilimi
tizerindeki istatistiki etkisi, analiz edilmis ve yine bu testlerin
uygulanmasina iligskin bazi 6neriler sunulmustur.

Bias Analizi

Kriptografik amaglar i¢in kullanilacak ideal bir rasgele say1
dizisinde, bu diziyi olusturan bit diizeyindeki elemanlarin
olusma olasilig1 agisindan beklenen degeri (E(X) birbirine
esit yani 1/2 olmalidir. Herhangi bir sayi dizisi igin bu ideal
istatistiki dagilim Olgiisiinden sapma miktar1 bias olarak
adlandirilir. Rasgele say1 dizisinin olugma olasiliginin ideal
degerden sapma miktar;, bu sayr dizilerinin rasgele
olmadigina karar verebilmek i¢in tek basina yeterli bir kanit
sunabilmektedir.
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Sekil 6. GRSU” nin Quartus ortaminda davranissal modellemesi

Bit diizeyindeki rasgele sayilarin olasiliksal dagilimlarini
incelemek i¢in frekans (monobit) testi kullanilmigtir. Yar
normal dagilimim referans alindig1 testin temel odak noktasi,
n bitlik rasgele say1 dizisinde 1” lerin veya 0’ larin frekansinin
n/2’ lik beklenen ideal degere yakinlhigini tespit etmektir
[18]. X = xgx1%; ... x,,_; m bitlik rasgele say1 dizisi olmak
iizere Monobit testinin matematiksel tanimi Denklem 6-8’
deki gibidir. Denklem 6 ve 7° de X ;¢ V& S, sirasiyla rasgele
say1 dizisinin elamanlar1 i¢in hesaplanan kiimilatif fark ve bu
fark degerine karsilik hesaplanan gorece p,qn. degeridir.
erfc tamamlayici hata fonksiyonu olmak tizere gercek pyq e
degeri, diger bir deyisle test istatistigi Denklem 8’ deki gibi
hesaplanir. Hipotez tabanli testlerin sonuglarini yorumlamak
igin test istatistigini temsil eden p,q;,. degeri dikkate alinir.
Hipotez tabanli bir testte H, hipotezinin kabul edilebilmesi
icin [0 — 1] araliginda degisken degerler alabilen p,,4;,,° nin
anlamlilik seviyesine (a) esit veya daha biiyiik olmas1 gerekir.
Pvaiwe’ Nin anlamlilik seviyesinden diisiik oldugu aksi
durumlar, H,” nin reddedilmesi veya alternatif hipotezin H,’
nin kabulii ile ilgili gii¢lii kanitlar sunar. Frekans testi i¢in
istatistiki 6nem seviyesi ¢aligma kapsaminda 0.01 olarak
secilmigtir. Testin basarili kabul edilebilmesi i¢in p,q1e = a
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sartinin mutlaka saglanmasi gerekir. Bias analizi i¢in test
edilen 100 farkli rasgele say1 dizisinin olasiliksal dagilimlari
ve frekans testi sonuglar1 Sekil 7° deki gibidir.

Xaip =V1+ Y2+ Ysty, ve y;=2x-1 (6)
| Xaiy |
Xobs = \/ﬁ (7)
Xobs 2 ( 2
Pvae = erfc(z) = erfc (—) = —f e “du )
v2/ m)

Sekil 7 (a)’ daki sonuglar incelendiginde test edilen sayi
dizilerinde, dizi elemanlarinin olugsma olasiliklarinin 1/2” lik
ideal degere yakin varyasyonlarla olustugu goriilebilir. Bu
sonuglar bir diger yoniiyle Frekans testinin basarili olabilmesi
i¢in ihtiyag duyulan ve Sekil 7 (b)’ de verilen dizi elemanlart
arisindaki kiimiilatif fark degerleri ile de uyumludur. Test
edilen her bir dizinin 524.288 bitten olustugu
diigiinildiigiinde, frekans testinde p,q;e = a sartinin yerine
gelebilmesi igin dizi elemanlar arasindaki kiimiilatif fark i¢in
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Sekil 7. Test edilen say1 dizilerinin (a) bit diizeyinde olasiliksal dagilimlari ve (b)
bu olasilik degerleri i¢in hesaplanmis kiimiilatif fark degerleri

sinir deger, erfc(a)™! = erfc(0.01) Y igin |Syr| = 18217
dir. Kiimiilatif farkin smir degerin {izerinde gergeklestigi aksi
durumlarda, p,qe = a sarti saglanamadigi igin frekans testi
basarisiz kabul edilir. Sekil 7° de verilen sonuglar
incelendiginde, test edilen say1 dizilerinde kiimiilatif farkin ve
dolayistyla biasin, kiimiilatif fark i¢in hesaplanan sinir
degerin altinda meydana geldigi goriilebilir. Dolayisiyla test
sonuglar1 basarilidir ve ayni sonuglar i¢in test edilen say1
dizilerinde biasin, rasgelelik dagilimini bozmayacak sekilde
kontrollii bir bigimde meydana geldigi sdylenebilir.

Otokorelasyon Analizi

Ikinci asamada ise test edilen rasgele say1 dizilerinde ardisik
gozlemler arasindaki belirgin bir dogrusal iliskinin var olup
olmadigin1  tespit etmek igin  otokorelasyon testi
uygulanmigtir. Ayni1 zamanda biasin varligina da isaret eden
rasgele sayilar arasindaki giiglii bir iligkinin varligi, bu sayilar
icin rasgelelik varsayiminin ihlal edildigini ve tahmin
edilebilecegi anlamina gelir. Calisma igerisinde rasgele say1
dizilerinin kendi icerisinde herhangi bir istatistiki bagimlilik
icermedigini gostermek i¢in matematiksel tanimi1 Denklem 9
ve 10’ da verilen otokorelasyon testi kullanilmistir. Test
teknigi herhangi xyx,x, ...x,_, rasgele say1 dizisi ile bu
dizinin 1 < d < |n/2] araligindaki farkli d tamsayilari i¢in
kaydirilmasiyla elde edilmis alt dizileri (dongiisel olmayan)
arasindaki otokorelasyon katsayisini (X5) hesaplar. Denklem
9’ da @ isareti XOR iglemini temsil etmektedir [19].
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n—-d-1
A(d) = Z bi @ biia 9)
4 = 2@ — (= d)/2]
5 (10)

Vi —a)

Esitlikte Z,, ortalamasi () 0 ve varyansi (¢2) 1 olan ve genel
karakteristigi standart dagilimla ayni olan rasgele degiskenin
olasilik yogunluk fonksiyonudur. a 6nem derecesi olmak
lizere, Zg, degerleri Z standart normal dagilim tablosu
tizerinde yer almaktadir. Test teknigi uygulanirken H,
hipotezinin reddedilme olasiligini temsil eden anlamlilik a
degerleri sirastyla 0.1 ve 0.05 olarak segilmistir. Her iki a
degeri icin H, hipotezinin reddedilmeme olasilig1 diger bir
deyisle testin 6nem derecesi sirasiyla %90 (1 —a = 0.9) ve
%95 (1 —a = 0.95)’ tir. a = 0.1 ve a = 0.05 i¢in Z tablosu
tizerinde tanimli test istatistigini temsil eden esik degerler
(Zq)2) sirastyla 1.649 ve 1.96’ dir. Bu degerler, Z tablosunda
Zgas2’ ye karsihik gelen satir ve siitun degerlerinin toplami
alinarak bulunur. Ornegin baz1 6nem dereceleri igin standart
Z tablosundan elde edilmis smir degerler, Tablo 4’ te
verilmistir.

Bir hilesiz bozuk paranin havaya atilmasiyla tura yiizli i¢in
‘0, yazi i¢in ise ‘1’ tiretildigi 100 bitlik bir gergek rasgele
say1 dizisini ele alalim. Gergek rasgele olaylarin ¢ogu zaman
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Tablo 4. Farkli a degerleri i¢in Z tablosu tizerinde tanimli X5 degerleri

a 0.1(%90) 0.05(%95) 0.025(%97,5) 0.01 (% 99) 0.005 (%099.5)
X5 1.6449 1.9600 2.24 2.575 2.81
Otokorelasyon Grafigi
4
—d-512
—d-2048
2
ny
N
0
2
0 10 20 30 40 50 60 70 80 90 100

Sekil 8. Test edilen rasgele say1 dizileri i¢in otokorelasyon test sonuglari

distik seviyeli rasgelelik igermesinin bir sonucu olarak, say1
dizisinin ilk 99 biti ‘0’ olarak meydana gelse bile, sonraki
tiretilen bit degerinin ‘1’ veya ‘0’ olma ihtimali yine 1/2
olmalidir. Bu varsayim, ancak ve ancak herhangi bir andaki
paranin havaya atilmasi olaymin, bir 6nceki veya bir sonraki
olayin sonucu iizerinde etkisinin olmamasiyla miimkiindiir.
Yani havaya atilan paranin sonuglarinin bir seri halinde tura
gelmis olmasi gercegi, bir sonraki atista tekrar tura gelecegi
sonucunu olas1 kilmamalidir. Otokorelasyon, olaylar arasinda
istatistiksel bagimsizlik olarak da anlamlandirilan bu etkinin
varhigini ve yoniinii matematiksel olarak belirlemeye yarayan
bir test yontemidir [20].

d =512 ve d = 2048 kaydirma degerleri icin rasgele say1
dizilerinin otokorelasyon test sonuglar1 Sekil 8’ de verilmistir.
Test tekniginde rasgele sayilar igin bagimsizlik varsayiminin
yapilabilmesi i¢in 0<X;<Z,, sartinin yerine gelmesi
gerekir. Dolayistyla her iki 6nem derecesinde test edilen say1
dizilerinde bagmmsizlik varsayimmi dogrulamak igin
korelasyon Kkatsayisi, sirasiyla —1.6449 < X5 < 1.6449 ve
—1.96 < X5 < 1.96 araliginda olmalidir.

Sekil 8 de verilen sonuglari incelendiginde her iki onem
derecesi igin test sonuglarmin otokorelasyon testi agismdan
kabul edilebilir sinir degerler igerisinde olustugu
goriilmektedir. Test tekniginin basarili kabul edildigi bu
durumda dizi elemanlar1 arasindaki bagintiyr diizgiin bir
sekilde tanimlayan lineer bir modelin bulunmadigt
soylenebilir.  Ozetle test edilen say1 dizilerinin kendi
icerisinde tahmin edilebilirlige yol agan herhangi bir
istatistiki bagimlilik igermedigi ve GRSU’ nin bu sayi
dizilerini sirasiyla %90 ve %95 giiven araliginda bagimsiz
olarak iirettigi sdylenebilir.

Ki-kare Tyi Uyum Analizi

Calisma icerisinde rasgele say1 dizilerinin ideal istatistiki
dagilima teorik olarak uyup uymadigini tespit edebilmek igin
ki-kare uyum testi kullanilmigtir. Ki-kare uyum testinin
matematiksel tanimi1 Denklem 11° de verilmistir. Denklemde
k smif/grup sayidir. O0; ve E; smasiyla  i.smif igin
gozlemlenen beklenen frekans degerleridir. Uyum testi, say1
dizisinde alt siniflara ayrilmig rasgele degiskenlerin beklenen
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ve gozlemlenen frekanslar1 arasindaki farkin anlamli olup
olmadigi temeline dayanir. Dolayisiyla boyutu n olan ideal
bir rasgele say1 dizisinde her bir grubun bu dizi igerisindeki
beklenen frekans dagilimi n/k olmalidir. Bir dagilim
icerisinde her bir siif (1, ... k) i¢in gézlemlenen ve beklenen
frekans degerleri arisindaki farkin kareleri toplami, ki-kare
(X,?) test istatistigidir. Test istatistiginin dagilimi aym
zamanda k — 1 serbestlik derecesi ile karakterize edilen ki-
kare dagilimidir. Test sonuglar1 rasgele sayilarin diizgiin bir
dagilimla olusup olmadigina ve bu sayilarin istatistiki agidan
rasgele olup olmadigina karar verebilmek icin yeterli kanit
sunabilmektedir [13], [24].

k
0 - EY’
X, =Z < Xy (11)
i=1 !

Denklem 11° deki esitlikten yola ¢ikarak test istatistiginin ki-
kare dagilim1 gdstermesi i¢in k ile temsil edilen sinif sayisi,
5’ ten biiyilk olmalidir. Bu nedenle test sonuglarmin
giivenilirligi icin teste tabi bit diizeyindeki rasgele say1
dizileri kendi igerisinde 4 bitlik ardigil olarak gruplanarak
heksadesimal (hexadecimal) seviyeye donistiiriilmistiir.
Dolayistyla Denklem 11° de k grup sayist 16’ dir. Test edilen
say1 dizilerinin heksadesimal seviyeye doniistiiriilmesiyle
beraber her biri 524.288 bitten olusan say1 dizilerinin boyutu
131.072 (524.288/4)’ ye indirgenmistir. Bu taniml araliktaki
say1 dizilerinde heksadesimal olarak temsil edilen her bir
siifin beklenen frekans degeri 8.192 (131.072/16) dir.
a =0.01 vea = 0.005 6nem derecesi i¢in test edilen 100
farkli rasgele say1 dizisinin ki-kare salimmimlar1 Sekil 9° daki
gibidir. Ayrica k — 1 serbestlik derecesinde farkli a
degerlerine karsilik gelen ki-kare (X,?) dagilimi ve test edilen
ii¢ farkli say1 dizisinin frekanslari sirastyla Tablo 5 ve 6’ da
verilmistir.

Tablo 5° te k — 1 serbestik derecesi i¢in a=0.01 vea =
0.005 6nem derecelerine karsilik standart ki-kare dagilim
tablosundan elde edilmis X[za,k—l] smir degerleri sirasiyla
30.578 ve 32.801" dir. Test tekniginin basarimi igin rasgele
say1 dizileri i¢in hesaplanan ki-kare test istatistiginin
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Sekil 9. Rasgele sayilar i¢in ki-kare testi sonuglari

bu smir degerlerin altinda salinim gostermesi, diger bir
deyisle X,2 < X[za,k—l] sartinin yerine gelmesi gerekir. Sekil
9’ da verilen sonuglar incelendiginde, test edilen say1 dizileri
icin hesaplanan ki-kare istatistiginin sinir degerlerin altinda
salinim gosterdigi goriilmektedir. Ayni sonuglar test edilen
say1 dizilerinde gozlemlenen frekans degerleri ile beklenen
frekans degerleri arasinda, olasilik dagilimina uyum
acisindan bir tutarliligin  oldugunu gostermektedir. Bu
durumda say1 dizilerinin tanimhi aralik igerisinde diizgiin
dagilimla olustugu ve bu sayilarin rasgelelik hipotezi kabul
edilir veya en azindan reddedilmemis olur.

Tablo 5. k — 1 ¢in farkli a degerleri icin X,* degerleri

Olasilik (a)
SD 0.90 0.10 0.05 0.025 0.01 0.005
15 8574 22307 24.996 27.488 30.578 32.801

Tablo 6. Ug farkli rasgele secilmis say1 dizisinin frekanslari

Ornek 1 Ornek 2 Ornek 3
Hex E; (6. test dosyasi) ((37. test dosyasi)| (99. test dosyasi)
0; 0; 0;

0 8069 8103 8185
1 8193 8101 8189
2 8250 8197 8191
3 8320 8161 8240
4 8138 8220 8143
5 8188 8294 8262
6 8258 8184 8131
7 8238 8153 8134
8 8192 8194 8142 8111
9 8248 8151 8273
A 8087 8313 8210
B 8150 8171 8129
C 8283 8256 8192
D 8152 8239 8218
E 8192 8283 8222
F 8112 8104 8242
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Entropi Testi
Entropi ile ilgili farkli kavramsal ve matematiksel

tanimlamalar olmasina ragmen en genel tanim Claude
Elwood Shannon tarafindan yapilmistir. Matematiksel tanimi
Denklem 1’ de verilen entropi, bilgi teorisinde bir rasgele
degiskenin tahmin edilemezlik 6lgiisii olarak kabul edilir.
Denklem 1’ de p(x;), X[n] = xox1%5 ... Xp_1 x € {0,1}
olmak tizere dizideki x;. rasgele degiskenin olusma olasiligini
temsil etmektedir. Rasgele say1 dizisi igerisindeki her bir
elemanin olugsma olasihigmin esit oldugu durumun teorik
sonucu olarak entropi maksimum degerini alir yani 1’ e esit
olur. Belirsizligin olmadigi, ¢ikiglarin kesin ve bilinir oldugu
durumlar igin ise entropi minimumdur yani 0’ dir. Rasgele
sayilarin tahmin edilemezligini teorik olarak garanti
edebilmek i¢in, X [n] seklindeki n-bitlik rastgele bir vektoriin
entropisi, miimkiin oldugunca n’ e yakin olmalidir [12], [15].

Diizgiin dagilimla ve her bir elemanin bagimsiz tiretildigi bir
rasgele say1 dizisinde bir bitin olugsma olasiligi 1/2° dir.
“00”, “01”, “10”, “11” seklinde iki bitlik kodlanmis bir
dizide art arda herhangi iki bitin tiretilme olasihig1 ise 1/4°
tir. Ciinkii bagimsiz iki olaym gergeklesme olasiligi, bu
olaylarin kendi olasiliklarmin ¢arpimina esittir. Dolayisiyla
bagimsiz ve diizgiin dagilimla olusmus n bitlik bir rasgele

. y . . . b 1,
say1 dizisinin dogru tahmin edilmesi olasiligi, toplamda o

ye esit veya yakin olmalidir. Her bir bit i¢in olugma olasiligt
esit durumlarin olasi sonuglar1 ve tasidigi bilgi miktar da goz
onlinde bulunduruldugunda say1 dizisinin entropisi de n’
yakin veya esit oldugu goriilebilir. Saldirganin her bir bitin
olast sonuglarni tahmini igin esit derecede =zorlukla
karsilagtigi  bu  durumda, Dbelirsizlik yani entropi
maksimumdur. Bu durumdaki bir say1 dizisinde, bu diziyi
olusturan 6nciil veya ardil bitlerin 1/2’ den daha yiiksek bir
olasilikla tahmin edilmemesini matematiksel olarak garanti
etmis oluruz. Test edilen rasgele say1 dizileri i¢in entropi testi
sonuglari, Sekil 10 daki gibidir.

Herhangi bir rasgele degiskenin belirsizligini matematiksel
olarak Odlcebilen entropi, degiskenin/bilginin kodlama
yontemiyle dogrudan ilgilidir. Sekil 10’ da verilen test
sonuglar i¢in heksadesimal olarak doniistiiriilmiis rasgele
say1 dizileri kullanilmistir. Dolayisiyla test edilen
heksadesimal seviyedeki say1 dizilerinde maksimum entropi
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Sekil 10. Test edilen say1 dizileri i¢in entropi dagilimi

degeri, bu dizileri olusturan 0-15 arasindaki her bir say1
basina 4 bittir. Entropinin maksimum degere ulasabilmesi
ancak rasgele oldugu varsayilan olay ya da degigkenlerin
taniml1 bir aralikta esit olusma olasiligiyla miimkiindiir.
Bu olasiligin; degiskenin belirli ¢ikiglart iizerinde
yogunlastigi veya esit olusmadigi diisiik olasilikli
durumlar, tahmin edilebilirlik agisindan daha fazla bilgi
igerirler. Oysaki, bagimsizlik ve esit olugsma olasilig1 gibi
iyi istatistiksel Ozelliklerine ek olarak rasgele sayi
dizilerinin entropisinin yiiksek olmasi istenir. Dolayisiyla
bu gibi durumlarda entropi diisiiktiir. Sekil 10° da verilen
test sonuglar incelendiginde test edilen sayi1 dizileri i¢in
entropinin - maksimum degere yakin bir dagilim
(spektrum) sergiledigi goriilmektedir. ideal degere yakin
entropi sonuglari test edilen rasgele dizilerinin diizgiin bir
dagiimla olustugunu ve say1 dizisinde bit bagina
entropinin yiiksek oldugunu dogrulamaktadir. Entropi
sonuglari, bu yoniiyle Sekil 9’ da verilen Ki-kare test
sonuclartyla da uyumludur. Tyi istatistiksel 6zelliklerine
ek olarak test edilen rasgele sayilar i¢in entropinin yiiksek
olmasi bu sayilarin kriptoanaliz senaryolarina karst
direncli oldugu ¢ikarimi yapilabilir.

Dieharder istatistiki Rasgelelik Analizi

Rasgele sayr dizilerinin olasiliksal — 6zelliklerinin
tanimlanabilmesine imkan taniyan istatistiksel analize
dayali farkli test paketleri bulunmaktadir. Bu test
paketlerinden biri olan Dieharder [24] testi, diger test
yontemlerinde oldugu gibi sayr dizilerinin ampirik
dagilimlarim1  analiz ederek, bu dizilerin rasgele
olmadigina isaret eden oriintiileri tarar. NIST SP 800-22
[25] test paketinde yer alan test tekniklerinin bir
boliimiini iceren Dieharder testi, Tablo 7° de yer alan 31
farkls alt test grubunu igermektedir. RSU” lerin genis bir
yelpazede degerlendirilmesine olanak saglayan bu durum,
ayn1t zamanda test cesitliligi acisindan iiretecin birgok
yoniinii analiz edebilecek kapsamli bir bakis agist
sunabilmektedir.

Test metodolojisinde her bir kriter igin rasgele say1
dizileri i¢in test istatistigi olarak da kabul edilen p — deger
parametresi hesaplanir. Bu parametre ayni zamanda,
rasgelelik agisindan H, hipotezinin dogru oldugu
varsayimina karsi olan kanitlarin nicel bir oSlciisiidiir.
Farkl1 dagilim 6lgiitlerinin dikkate alindig test kriterleri
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icin spesifik olarak p — value degerleri
hesaplanabilmektedir. Ancak genel olarak rasgele sayilar
icin hesaplanan test istatistiginin rasgelelik varsayimi
altindaki beklenen dagilimla karsilastirilmasi esas alinir.
Test edilen sayr dizilerinin Dicharder testlerini
gegebilmesi i¢in p-deger parametresinin [0 +a/2,1 —
a/2] araliginda olmasi gerekir. Diger bir deyisle a = 0.01
onem derecesi i¢in her bir test kriterinde 0.005 <p —
deger < 0.995 sart1 saglanmahdir. Test edilen 6rnek bir
rasgele say1 dizisi i¢in Dieharder test sonuglart Tablo 7’
deki gibidir. Calisgma kapsaminda test edilen say1
dizilerinin tamami, Dieharder testlerini basariyla
gegmistir.

Tablo 7. Rasgele sayilar igin Dieharder test sonuglar

Test Ad1 p —degeri Sonug
1 diehard birthdays test 0.73858321  Gegti
2 diehard operm5 test 0.12481644  Gegti
3 diehard 32x32 binary rank test 0.01401876  Gegti
4 diehard 6x8 binary rank test 0.25343627  Gegti
5 diehard bit stream test 0.64233008  Gegti
6 diehard opso test 0.81128183  Gegti
7 diehard ogso test 0.42451618  Gegti
8 diehard dna test 0.72141254  Gegti
9 diehard count the 1s (stream) 0.97591478  Gegti
10 diehard count the 1s test (byte) 0.92267082  Gegti
11 diehard parking lot test 0.96749733  Gegti
12 diehard min. distance (2d circle) test 0.97488440  Gegti
13 diehard 3d sphere (min. distance)  0.62540617  Gegti
14 diehard squeeze test 0.92231336  Gegti
15 diehard sums test 0.35664329  Gegti
16 diehard runs test 0.23238026  Gegti
17 diehard craps test 0.38974780  Gegti
18 marsaglia and tsang gcd test 0.49064950  Gegti
19 sts monobit test 0.77660845  Gegti
20 stsruns test 0.91894503  Gegti
21 sts serial test (generalized) 0.98904112  Gegcti
22 rgb bit distribution test 0.83630253  Gegti
23 rgb generalized min. distance test ~ 0.70698375  Gegti
24 rgb permutations test 0.81118202  Gegcti
25 rgb lagged sum test 0.94342790  Gecti
26 rgb kolmogorov-smirnov test 0.32679982  Gecti
27 Dab byte distribution test 0.38705684  Gegti
28 dab discrete cosine transform test ~ 0.83667580  Gegti
29 dab fill tree test 0.43147552  Gegti
30 dab fill tree 2 test 0.28552909  Gegti
31 dab fill monobit 2 test 0.87813217  Gegti
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Calismanmn bu boliimiinde kriptografik rasgeleligin
degerlendirilmesi amaciyla ele alinan bagimsiz testler ile
bu testlere ait sonuglarin, literatiirde yaygin kabul gérmiis
test gruplarinin sonuglariyla uyumlulugu analiz edilmistir.
Test istatistikleri i¢in farkli dagilim ve metrik degerlerin
dikkate alindig1 bagimsiz testlerin sonuglari, Tablo 7” deki
Dieharder test paketine ait sonuclar ile uyumlu ve anlamli
benzerlikler gostermektedir. Bu tutarli durumun bir
sonucu olarak caligma icerisinde tercih edilen bagimsiz
test teknikleriyle pratikte giivenilir ve gecerli sonuclarmn
elde edilebilirligini dogrulamaktadir. Standart test
paketlerine ek olarak bagimsiz test stratejilerinin 6zel
senaryolarin test edilebilmesi, rasgeleligin
anlagilabilirligi, uygulama bagimsizlig1 ve
ozellestirilebilirlik gibi 6zellikleri rasgelelik agisindan
daha genis kapsamli bir degerlendirme yapilmasina
olanak saglar.

Standart Sapma ve Gercek Rasgelelik Analizi

Herhangi bir GRSU” nin temel giivenlik degerlendirmesi,
R1 ve R2 gereksinimleri ile karakterize edilmistir. R1
gereksinimi kapsaminda; sinirsiz hesaplama kaynagina
sahip olsa bile saldirganlarin rasgele sayilar1 tahmin
etmek igin basvurabilecegi en iyi yontem kaba kuvvet
olmalidir. Rasgele sayilarm tahmini i¢in tiim olasi
kombinasyonlarin  denenmesini zorunlu kilan bu
saldirilar1 etkisiz kilabilmek i¢in GRSU’ nin iyi
istatistiksel dzelliklere sahip olmas: sarttir. Fakat GRSU’
lerin zayif istatistiki rasgelelik 6zellikleri, kriptografik
amaglar i¢in kullanimini smirlayan énemli bir faktordiir.
Bu durumun iistesinden gelmek ve GRSU’ leri
kriptografik agidan giiclii kilmak i¢in son iglem teknikleri
kullanilmaktadir. Bu kapsamda c¢aligma igerisinde
rasgelelik analizi i¢in tercih edilen ve detaylar1 Bolim
2.1’ de verilen GRSU mimarisinde son islem asamasinda
sirekli ve ayrik zamanli kaos tabanli s-box’ lar
kullanilmigtir. Zira bu boliimde sunulan bagimsiz test
teknikleri kullanilarak elde edilen istatistiki analiz
sonuglart GRSU mimarisinin R1 gereksinimini basariyla
yerine getirdigini dogrulamaktadir.

Istatistiki test tekniklerinin (entropi testi de dahil olmak
iizere) rasgele degiskenlerin goézleme dayali sonuglarina
uygulanmasi, giivenirlik agisindan yaniltict sonuglarin
elde edilmesine neden olabilir. Zira bu yontemlerle test
edilecek say1 dizilerinin basit yazilimsal yontemlerle
iiretilmesi de miimkiindiir. Dolayistyla istatistiki testler
rasgele sayilarin elde edilme yontemleri, diger bir deyisle
kaynagm giivenirligi konusunda gegerli kanitlar
sunmazlar. Istatistiki test sonuglarindan yola ¢ikarak bu
say1 dizilerinin kriptografik agidan gilivenilir bir
kaynaktan elde edilip edilmedigi hakkinda yorum yapmak
miimkiin degildir. Oysaki kriptografik uygulamalarin
temel giivenlik varsayimi, kullanilan rasgele sayilarin
istatistiki rasgelelik yeterliliklerinin yani sira bu sayilarin
fiziksel bir gergeklige bagli olarak tiretilmesi ile de giiglii
bir gekilde iliskilidir [7],[9]-[10].

Fiziksel gergeklige dayal1 bir kaynaktan beslenen GRSU’
ler, tahmin edilemezlik agisindan istatistiki rasgelelik
testlerinden daha giiclii 6zelliklere sahip olabilirler. Oyle
Ki, bu tireteglerin tek yonlii bir fonksiyon gibi ¢alismasini
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saglayan giiriilti kaynaklarinin stokastik davranisi,
tahmin edilemezlik agisindan R2 ve bu gereksinimle
baglantili R3 ve R4 gereksinimlerini tek basma yerine
getirebilmektedir. Giiriiltii ~ kaynaklarmm  non-
deterministiklik saglayan bu &zelligi, GRSU’ lerde
istatistiki rasgeleligin, yani R1 gereksiniminin dnemli bir
tamamlayic1 6zelligidir. Dolayisiyla bu {ireteglerde
giiriilti  kaynaginin  non-deterministik  davranisinin
matematiksel araglarla modellenmesi, iiretecin ve rasgele
sayilarin giivenirligi acisindan 6nemlidir. Calismanin bu
boliimiinde kullanilan GRSU’ nin ve rasgele sayilarin R2
gereksinimiyle baglantilt tahmin edilemezlik
ozelliklerini, entropi varsayimi agisindan dogrulamak igin
standart sapma analizi kullanilmistir.

Standart sapma analizi i¢in ihtiya¢ duyulan say1 dizileri,
[13]’ teki GRSU mimarisinin ayn1 baslangi¢ sartlarinda
100 defa yeniden baslatilmasiyla elde edilmistir.
Heksadesimal seviyeye doniistiiriilen bu bolimdeki say1
dizilerinin tamami, dogrudan giiriilti kaynagmdan elde
edilmis saf gergek rasgele (son islem uygulanmamis)
cikiglardan olusur. Bu say1 dizilerinin standart sapma (o)
degerleri Denklem 12’ deki gibi hesaplanmistir. p(x;), saf
rasgele say1 dizisi i¢erisinde x;. elamanin olusma olasilig1
olmak iizere varyans (Var) ve rasgele degiskenlerin
agirhkl toplamlarini temsil eden E(X) degerleri ise
sirastyla Denklem 13 ve 14’ teki gibi hesaplanmugtir. Test
edilen say1 dizileri i¢in hesaplanan standart sapma
degerlerinin degisimi Sekil 11’ deki gibidir.

o= Var (X) (12)
k
Var (0 = ) [x; = ECOP.p(x) (13)
) k
f=ED = ) xp(x) (14)

Tohum gibi baglangic girdilerine ihtiya¢ duyan
deterministik RSU” ler ayn1 zamanda tipik matematiksel
bir bagmtidir. Deterministikligin dogast geregi bu
iiretecler baslangi¢ sartlar1 farkli olsa da aymi baslangi¢
girdileri i¢in ¢ikisinda hep ayni1 say1 dizilerini iiretirler. Bu
durumda, Denklem 12-14° teki bagmtiya gore test
edilecek sayr dizilerinin hepsi ayni standart sapma
degeriyle olusmasi kaginilmazdir. Fakat her bir rasgele
say1 dizisinin farklt bir standart sapma degeriyle
olustugunu gosteren Sekil 11° deki sonugclar, test edilen
rasgele say1 dizilerinin kriptografik acidan giivenilir bir
kaynaktan elde edildigini dogrular niteliktedir. Ozellikle
GRSU’ nin tek yénlii bir fonksiyon gibi davranmasini
saglayan giirtiltii kaynagmm non-deterministik (gergek
rasgele) davranisi, test edilen say1 dizilerinin farkl
standart sapma degerleriyle olusmast noktasinda
belirleyici bir etkiye sahiptir. Kaynagin bu davranisi, ayni
zamanda test edilen rasgele say1 dizileri i¢in R2 ile
baglantili tekrar iiretilemezlik ve tahmin edilemezlik gibi
onemli bir karakteristik gereksinimin yerine getirdigini
gostermektedir.
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Sekil 11. Test edilen saf rasgele say1 dizilerinin standart sapma dagilimi. Test
asamasinda say1 dizilerinin fiziksel bir gergeklikten elde edildigini dogrulamak
icin dogrudan giiriiltii kaynagindan drneklenmis saf (son islem uygulanmamis)

halleri kullanilmigtir.

Sonu¢ Ve Oneriler

Rasgele say1 dizileri, kati gilivenlik gereksinimlerine
ihtiyag¢  duyan  giinimiiz ~modern  kriptografik
protokollerinin  6nemli girdileridir. Dolayisiyla bu
sayilarin giivenlikle baglantili temel gereksinimleri g6z
ard1 edilemez. Bu gereksinimler dogrultusunda rasgele
sayilar iyi istatistiksel yeterliliklerinin yani sira, tahmin
edilemez ve tekrar iiretilemez olmasi istenir. Bu nedenle
kriptografik rasgelelik kavraminin iyi anlasilmasi ve nicel
istatistiksel yontem ve araglarla dogru analiz edilmelidir.
Ciinkii bu protokollerin temel giivenlik varsayimi
kullanilan rasgele sayilarmn istatistiki kalitesi ve tahmin
edilemezlik ozellikleri ile dogrudan baglantilidir.

En genel tanimiyla kriptografide gercek rasgelelik,
giivenilir gekilde yeniden {iretilemeyen, birbirinden
bagimsiz, diizglin dagilimla olusmus ve tahmin edilemez
degerler iireten olasilikli bir siirecin sonucunu ifade eden
onemli bir metrik kavramdir. Bu kavramin/siirecin dogru
anlagilmasi ve yorumlanmasi noktasinda olasilik teorisi
ve istatistik, giicli ve kullanish bir dizi ara¢ ve yontem
sunmaktadir. Literatiirde rasgelelik degerlendirilmesiyle
ilgili gii¢lii arglimanlar sunabilen hipotez tabanli test
yontemleri bulunmaktadir. Tek basina yeterli olmamakla
birlikte  bu  testler RSU’  lerin  baslangic
degerlendirmesinde énemli bir yere sahiptir. RSU’ ler
acisindan tahmin edilemezlik 6nemli bir giivenlik
gereksinimidir. Ozellikle GRSU’ ler igin literatiirde
yaygin kullanilan test paketleri, bu temel gereksinim ile
alakali  kapsamli  bir degerlendirme yapmazlar.
Dolayisiyla testlerin yani sira bu {ireteglerde entropi
analiziyle birlikte, fiziksel gergeklige dayali stokastik
analizin yapilmasi daha gegerli sonuglarin elde edilmesini
saglayacaktir.

Calisma kapsaminda kriptografik RSU’ ler igin rasgelelik
kavrami ve bu kavramla Dbaglantili istatistiki
gereksinimlerin dogrulanmasi igin bazi bagimsiz test
yontemlerine yer verilmistir. Bu testler ayn1 zamanda,
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FPGA tabanli bir GRSU’ den gergek zamanli olarak elde
edilmis sayr dizilerine uygulanmistir. Rasgeleligin
derinlemesine ve ¢ok yonlii bir bakis acisiyla analizi i¢in
bu testlerin uygulanma bic¢imleri ve gorece dagilimlart,
dogrudan  kriptografik gereksinimler Ozelinde
incelenmistir. Klasik paradigmayr asmayi saglayan
bagimsiz yontemler, bilindik test paketleriyle benzer
derecede gecerli sonuglar saglayarak, rasgelelik
analizinde daha genis bir bakis acgist ve kapsamli bir
degerlendirme imkani saglamaktadir. Calisma bu
yoniiyle, rasgelelik kavraminin daha derinlemesine
anlasilmasina katki saglarken, giivenlik protokollerinin ve
kriptografik RSU’ lerin tasariminda saglam bir temel
olusturabilecek farkli bir metodoloji Onermektedir.
Calisma bir diger yoniiyle, kriptografik diizlemde
yapilacak akademik ¢aligmalara ve uygulayicilara fikir ve
uygulama bazinda kaynaklik edecegine inanmaktayiz.
Gelecek caligmalarimizda sunulan test ydntemlerinin
farkli alternatif test yoOntemlerini de kapsayacak
genisletilmesini ve bir web platformu {iizerinden
kullanicilara sunuldugu gelismis bir test platformunun
hayata gegirilmesini amaglamaktayiz.
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Yazilim hizmeti saglayicilar, degisen ve gelisen teknoloji araglarmi takip etmekten ve gelistirici
envanterlerini giincel tutmaktan sorumludur. Kuruluslar genellikle kendi biinyelerinde degisen
teknolojilere hizla adapte olabilmek i¢in ekiplerini genisletmeyi ya da proje siirelerini uzatmay:1 tercih
etmektedir. Fiziksel makinelerle baglayan yazilim sektorii, giiniimiizde sanallagtirma ve konteyner
mimarisini takip etmektedir. Mikro servis mimarisinin sirketlerde yaygimlasmasiyla birlikte konteynerler
tizerinde ¢aligan uygulamalarin sayisi ciddi oranda artmustir. Bu durum konteynerlerin yonetilmesinde
zaman, giivenlik, performans gibi sorunlar1 da beraberinde getirmistir. Konteyner yonetim araglarindan
biri olan Kubernetes, bir komut satir1 ara yiizii lizerinden haberleserek konteynerleri yonetme imkani
saglamaktadir. Bu ¢calismada, birden fazla sektore ve/veya isletmeye hizmet verirken hizmet olarak yazilim
saglayic1 kuruluslarin degisen ihtiyaglarina gore zaman ve ekip maliyeti konularini en aza indirmeyi
hedefleyen bir yonetim aracinin tasarlanmasi ve gelistirilmesi amaglanmigtir. Bu dogrultuda Kubernetes
kiimeleme, bulut ortaminda sanallagtirma ve ¢oklu bulut tabanli bir mimaride gelistiricilerin altyapilarini
yonetebilecekleri bir web uygulamas: gelistirilmistir. Kullanicilarin ilgili bulut saglayicilarindan aldiklar
erisim anahtarlar ile uygulamaya giris yapabilecekleri ve altyapilarini yonetebilecekleri kullanict dostu
bir ara yiiz tasarlanmstir. Bu ara yiiz ile son kullanicilarin ve gelistiricilerin istedikleri teknolojinin altyap1
araglarini hizh bir sekilde yonetebildikleri ve basit bir dokiimantasyon yontemi ile birden fazla teknoloji
arasinda gecis yapmakta zorlanmadiklari gézlemlenmistir. Gelistirilen aracin bu alandaki aragtirmalara
ornek teskil etmesi beklenmektedir.
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* Sorumlu Yazar

Software service providers are responsible for keeping up to date with changing and evolving technology
tools and keeping their developer inventories up to date. Organizations generally prefer to expand their
teams or extend project durations in order to quickly adapt to changing technologies within their own
organization. The software industry, which started with physical machines, today follows virtualization
and container architecture. With the widespread use of micro service architecture in companies, the
number of applications running on containers has increased significantly. This situation has brought
problems such as time, security, and performance in managing containers. Kubernetes, one of the container
management tools, provides the ability to manage containers by communicating through a command-line
interface. In this study, it is aimed at designing and developing a management tool that aims to minimize
time and team cost issues according to the changing needs of software-as-a-service provider organizations
while serving multiple sectors and/or businesses. In this direction, Kubernetes Cluster, virtualization in the
cloud environment, and a web application where developers can manage their infrastructure in a multi-
cloud-based architecture have been developed. A user-friendly interface has been designed where users
can log in to the application with the access keys obtained from the relevant cloud providers and manage
their infrastructure. With this interface, it has been observed that end users and developers can quickly
manage the infrastructure tools of the desired technology and do not have difficulty switching between
multiple technologies with a simple documentation method. The developed tool is expected to set an
example for research in this field.
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Giris

Dijital doniistim altyapilarindaki hizli teknolojik degisiklikler
isletmelerin teknolojiye uyum siireglerini zorlagtirmis, bu da
bulut tabanli altyapilara gegise On ayak olmustur. Bulut
bilisimde birgok katman hazir birer servis olarak
sunuldugundan bu altyapt hem zaman hem de giincelleme
maliyetinden kaynaklanan isgliciinii azaltmasi agisindan
avantaj sunmaktadir [1]. Giiniimiizde bulut biligim teknolojisi
olarak pek c¢ok servis saglayicisi ve yoOnetim araci
bulunmaktadir. Bu araglar isletmelerin teknik sorunlarina
¢ozlim getirmekle birlikte giivenlik ve yonetim gibi siiregler
karmagik hale gelebilmektedir. Bu durum da kurumlara
ekstra maliyet olarak yansimaktadir. Yonetimi ve giivenligi
karmagik hale gelen teknolojilerden biri de konteyner
teknolojileridir. Konteynerlerin servis ayarlari, dosya
yapilari, ag ayarlari, giivenlik ve uygulama yapilandirmalart
gibi pek cok noktada yoOnetimsel karmagiklik meydana
gelmektedir [2]. Teknolojik yaklagimlar zamanla ara
yazilimlar, sanal makineler ve sanal cihazlara kadar
degismigstir. Docker, konteyner (kapsayici) tabanli bir
yaklagimi temsil etmekte ve bu amagla yaygin olarak
kullanilmaktadir  [3]. Docker teknolojilerin  basinda
Kubernetes gelmektedir. Kubernetes, bulut ortaminda
konteyner uygulama dagitimi i¢in yeni bir standarttir.
Konteyner diizenleme sistemi, o6zellikle biiyiik o6lgekli
isletmeler igin Onemli firsatlar ve ¢6ziimler sunmaktadir.
Kubernetes konteynerlerin  orkestrasyonunu saglarken
getirdigi otomatik Ol¢eklendirme, depolamayr ydnetme,
stirimleri kontrol etme gibi pozitif 6zellikleri sayesinde
sektorde Onemli bir yere sahip olmustur. Konteynerlerin
Olgeklendirilmesi, yonetimi ve izlemesi kubernetes
teknolojisi ile oldukca kolay hale gelmektedir. Kubernetes
altyapisinda temel alman calisma mantig1 istemci-sunucu
mimarisidir. Sunucu {izerinde Uygulama Programlama
Arabirimi (API), sunucu, eted (veri tabaninin anlik durumunu
saklayan yapi1), zamanlayici, kontrol ydneticisi gibi temel

kubectl
Kontrol

- . =1,2...n
Diizlemi
-
" R +—
yoneticiai
-

kube
apiserver

——

S e

Kubernetes yapilart ¢alismaktadir. Istemci diigiimleri ise
konteyner ¢alisma zamani, Kubelet ve Kube-proxy
bilesenlerinden olusmaktadir. Diiglimler {izerinde podlar ve
servisler c¢alismaktadir. Sunucu diiglimlerin erisiminin
saglanmasi i¢in 443 numarali porttan baglanti gerekmektedir.
Kubernetes iizerindeki sunucu diigiimlerde iki farkli erisim
yolu mevcuttur. Bunlardan ilki diigiimler igerisinde bulunan
kubelet bileseni iizerinden erigim saglanmasidir. Sekil 1’de
Kubernetes ¢alisma prensibi gosterilmistir. Kubernetes
calisma prensibine gore Kubelet aracilifiyla podlara ait
kayitlara  erisilmektedir. ~ Kubeletin  sagladigi  port
yonlendirme ile ¢aliymakta olan podlarin baglantisi
kurulmaktadir. Bir diger yontem ise http baglantililar
kullanilarak podlara ve servislere dogrudan erisimdir. Bu
yontem giivenlik agig1 olusturabileceginden halka acik
aglarda kullanilmamasi gereken bir yontemdir. Kubernetes
icin zorunlu olan cluster kurulumunda ig yiikiinii hafifletmek
icin Kubeadm ve Kubespray aracglari biitiinlesmis sekilde
gelmektedir. Gergeklestirim igin iyi bir ag baglantisi, sistem
tasarimi, terminal, Linux komutlari, Go programlama dili ve
konteyner teknolojisine hakimiyet gerekmektedir [4].
Kubernetes ve bulut ortamindaki katmanl: altyapiya yonelik
bir calisma gergeklestirilmesi, gelisen yazilim sektoriinde
karmagik  hale gelen mikro  servis  yonetiminin
kolaylastirilmast ve monolitik mimariden uzaklasilmasi
gerekli goriilmektir.

Bu calismada Kubernetes altyapilarini bulut ortaminda
gerceklemek ve bu altyapilari bir kullanict ara yiizii ile son
kullanict tarafindan yonetimini saglamak i¢in web tabanli bir
yazilim tasarlanmig ve gelistirilmistir. Gelistirilen bu yazilim
(Calisma kapsaminda gelistirilen Web tabanli Coklu Bulut
Teknolojisi  Yonetimi  Yazihmi - WtCBTYY olarak
kisaltilmis ve metin boyunca bu isimle anilmistir) ile DevOps
ve site giivenilirlik miihendisliginde ¢alisan bireylerin is
yiikiiniin azalmasi amaglanmugtir.

Bulut
am Woaw Hl.m
Diigiim 1 e

-—

-—

nteyn
Zamani

H Sistem Servisleri

Sekil 1. Kubernetes sisteminin ¢aligma prensibi
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Metot

Bu calismada c¢esitli sektorlere ve isletmelere hizmet sunan
yazilim saglayict kuruluslar, degisen ihtiyaglara gore zaman
ve ekip maliyetini minimize etmeyi hedefleyen bir yonetim
aracinin  (WtCBTYY) tasarlanmasi ve  geligtirilmesi
amaclanmistir. Bu amag¢ dogrultusunda, Kubernetes
kiimeleme, bulut ortaminda sanallastirma ve ¢oklu bulut
tabanli bir mimari lizerine odaklanan bir web uygulamasi
gelistirilmistir. Bu bolimde WtCBTY Y ’nin tasarlanmasi ve
gelistirilmesine yonelik yazilim yasam dongiisii siireglerine
yer verilmistir.

Planlama ve analiz

Bu asamada bulut hizmeti teknolojisi onciileri olan Google
Cloud, Amazon Web Services ve Microsoft Azure
platformlarinda deneme hesaplar1 olusturulmustur. Bu
hesaplar ile bulut mimarileri, giivenlik kurallari, kullanici ara
ylizleri ve performanslari incelenmistir. Bulut bilisimin
hizmet tiirlerinden birisi olan “hizmet olarak yazilhim” bulut
saglayicilarin bulut ortaminda yazilim hizmeti vermesi ve
“kullandigin kadar 6de” olanagina mantigina dayanan bir
modeldir. Doksanli yillarin sonundan giiniimiize kadar pek
cok hizmet olarak yazilim uygulamasi gelistirilmistir. Bu
uygulamalarin ¢ogu tek bir isi yapmak amaciyla tasarlanmig
ve yillikk zorunlu abonelikler ile ya da zorunlu
giincelleme/bakim hizmetleriyle gelistirici/ kullanict i¢in gok
biiyiik maliyetler olusturmugtur. Her uygulama i¢in yeni bir
satin alma, hesap takibi, ara yiiz degisimi ve kullanict
aligkanlig1 gibi zaman maliyeti de olusturabilecek problemler
giindeme gelmistir. WtCBTYY’nin en Onemli ozelligi

Gelistirici/kullanicit hizmet olarak yazilim saglayicilarmin
sundugu API uygulamalart sayesinde ilgili biitiin bulut
tabanli yazilimlar tek bir ekran lizerinden yonetebilmektedir.
Hizmet olarak yazilim modelinde 6ne ¢ikan kavramlardan
birisi de DevOps kavramidir. Uriiniin bulut sunucusu ve
DevOps tarafindaki arka ug¢ operasyonlarinin dogru
ylriitiilebilmesi, isletim sisteminin ihtiyaca yonelik
kurulmas1 ve Kubernetes kiimelerinin yigin depolayicida
islenebilmesi i¢in en dengeli ve kararli kurulumlarin
yapilmast gerekmektedir. Versiyon ve kaynak yoOnetimi
dogru kurgulandiginda siirdiiriilebilirlik a¢isindan 6nemli bir
sorun ortadan kalkmaktadir.

Proje yazilim mimarisi

Bu asamada genelden 6zele biitiin siire¢ Birlesik Modelleme
Dili (Unified Modelling Language- UML) diyagramlar ile
sema haline getirilmesi gerekmektedir. Tiim siireglerin
calisma ve veri tabani kurgusu belirlenmeli ve sunucudan
istemciye her bir adim sema haline getirilmelidir. Sekil 2°de
WtCBTYY nin tasarim ve mimarisi goriilmektedir. Sekil
2’ye gore ilk olarak Go Programlama dili ile arka u¢ kodlarin
gelistirilmesi gerekmektedir. Bu kodlar ile hizmet olarak
yazilim veren yapilarin API end-pointlere sunucudan cevap
verecek program olusturulmalidir. Sag altta React gergevesi
kullanilarak gelistirilmis ara yiiziin ekran goriintiisi
goriilmektedir. Bu ara yiiz ile kullanici etkilesime girdiginde
ilgili saglayici sunucuya POST veya GET istegi gondermekte
ve etkilesim  sonucunu izleyerek veri  tabanimna
kaydedebilmektedir.

zenginlestirilmis  kullanici  ara  yiizii  sunumudur.
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Hizmet olarak yazihm

Herhangi bir sistem kurulumu gerekmeksizin, internet
tarayicisi tizerindeki bulut tabanh platformlardan erisilebilen
uygulamalara “Hizmet olarak yazilm” modeli adi
verilmektedir. Bu ¢alismada gelistirilen ve “Coklu bulut
tabanli altyap1 yonetim aract” olarak adlandirilan yazilimda
oldugu gibi miisteriler alt yapidaki ag, sunucu, isletim sistemi
ve depolama aygitlar1 gibi bilesenleri yOnetmez veya
denetlemez. Bununla birlikte bu modelde kullaniciya has
uygulama ayarlar1 yapilabilir [5]. Tablo 1’de miisteri ve
saglayici taraflarm “hizmet olarak yazilim” modelindeki
sorumluluklar listelenmistir [6].

Tablo 1. Hizmet olarak yazilim modelinde miisteri ve
saglayici sorumluluklar

Miisteri Saglayici
e Miisteri verilerinin o Fiziksel destek altyapisi
toplanmasi ve islenmesi e Fiziksel altyap: giivenligi
konusundaki veri ve kullanilabilirlik
koruma yasalaria (Sunucular, depolama, ag
uyum bant genisligi)
o Kimlik yonetim e Isletim sistemi yama

sisteminin bakimi
o Kimlik dogrulama
platformunun yonetimi o
(sifre politikalarinin yapilandirmalari
uygulanmas dahil) e Sistem takibi ve izleme
e Giivenlik Platformu
bakimlar1 (Giivenlik
Duvari, Host IDS, Anti
viriis)

yonetimi ve sikilagtirma
prosediirleri
Giivenlik platform

Istemci

Mikro servis mimarisi

Mikro servisler bulut ve konteynerizasyon teknolojileriyle
birlikte son donemlerde vazgecilmez haline gelmistir. Bu
yapida, servis yonelimli mimarinin aksine sunulan
hizmetlerin her birinin otonom yani kendi kaynaklarmin
tiketimiyle ¢alismasi beklenmektedir. Servisler arasindaki
bagimsizliklarin  birbirinden ayrilmasini amaclamaktadir.
Sekil 3’te mikro servis mimarisinde istemciden gelistiriciye
mikro servislerin yonetim siireci goriilmektedir. Sekil 3’te
geleneksel mimariden (monolitik ve katmanli) farkli olarak
mikro servis mimarisinin, bir uygulamanm belirli bir grup
fonksiyonu saglamaya adanmig hizmetlere bdliindigi
goriilmektedir [7]. Bu bireysel hizmetler, diger hizmetlerden
bagimsiz olarak gelistirilip dagitilabilmekte ve diger mikro
servislerin sagladigi hizmetlere hafif iletisim mekanizmalari
araciligiyla erisebilmektedir [8]. Mikro servis mimarisinin
yiiksek dlceklenebilirlik, siirdiiriilebilirlik, pazara kisa siirede
ulasim, cok dilli geligtirme seklinde siralanan avantajlari
bulunmaktadir. Mikro servis mimarisinin sagladigt bu
avantajlar  gelismesinin ve ilerlemesinin en Onemli

etkenleridir [9].

Yanetim | Orkestrasyon

Sekil 3. Mikro servis mimarisinde istemciden gelistiriciye mikro servislerin yonetim stireci
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Sirket ici sistemler

Sirket i¢i (On-Premise) sistem kavrami bulut tabanl
uygulamalarin ortaya ¢ikmasi ile birlikte yeniden giindeme
gelmistir. Bu sistemlerde yazilimlar isletmenin 6zel fiziksel
sunucularinda faaliyet gosterir ve genellikle sirketin
miilkiyetinde veya kiralik olarak igletilen bir veri merkezinde
bulunur. Sekil 4°te Sirket i¢i ve bulut mimari arasindaki fark
gosterilmektedir.

Yiiksek Donamm Maliyeti

Orta Yedekleme Maliyeti

Diisiik Donamm Maliyeti

Kurtarma&Yedekleme Maliyeti

Givenlik Uyumlulugu

Yiiksek Balam Maliyeti

Sekil 4. Sirket i¢i ve bulut mimarisi karsilagtirmasi

Gin web ¢ergevesi

Gin web cergevesi, Go programlama dilinde yazilmis bir
calisma alani kiitiiphanesidir. Sunucu ve api gateaway
olusturma kolayligi saglamaktadir. go get -u github.com/gin-
gonic/gin komut calistirildiginda Go bagimsizliklarma Gin
kiitiiphanesini eklenmektedir. Sekil 5’te Gin web ¢ergevesi
kullanilarak  web  sunucusu olusturan kod Ornegi
goriilmektedir.

Sekil 5 incelendiginde ilk asamada Github iizerinden
dagitilan Gin kiitiiphanesinin iceriye alindig1 goriilmektedir.
Ana fonksiyon igerisinde varsayilan bir Gin yonlendiricisi
tanimlanmaktadir. Index parametresi ana sayfay1 icerisinde
barmdirmakta ve GET fonksiyonu ile yonlendirilmektedir.
Son olarak “run” fonksiyonu ¢alistirilarak  sunucu
baglatilmaktadir.

Sekil 5. Gin web c¢ergevesi kullanilarak web sunucusu
olusturan kod 6rnegi
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Gergeklestirim ve test

Tarihsel olarak sanallastirma teknolojileri, siireglerin
yonetilebilir konteyner birimleri olarak programlanmasi
ihtiyacindan dogmustur. S6z konusu islemler ve kaynaklar
dosya sistemi, bellek, ag ve sistem bilgileridir [10]. Bulutun
temel sanallastirma yapisi olan sanal makineler, planlama,
paketleme ve kaynak erisimi (giivenlik) sorunlarina dikkat
ederek WtCBTYY gelistirilmistir.

WICBTYY gelistirilirken agagidaki teknik metot haritasmnin
uygulanmasina karar verilmistir:

e Kubernetes kiimeleri olugturulmus ve konteyner-durum
gelistirmeleri yapilmigtir.

e Go programlama dili kullanilarak hizmet olarak yazilim
veren uygulama saglayicilarinin API endpointleri ile
iletisim kuracak program gelistirilmistir.

o Uriiniin veri taban1 kayitlar1 ve faturalandirma modiilleri
gelistirilip ara yiize dahil edilecek tasarlanmistir.

e Uriiniin ara yiizii icin gerekli 6n uc kiitiiphaneleri
kurulmus, ilgili kullanic etkilesimleri gergeklestirmistir.

e Son kullanici testleri gergeklestirilmistir ve uygulama
iirlin ortamina alimugtir.

Yetkilendirme altyapisinin olusturulmasi

Coklu bulut saglayici ortamlar i¢in kimlik ve erisim yonetimi
(IAM) gibi yetkilendirme sistemlerinde kullanilan “Erigim
belirteci” yapisi, WtCBTYY’yedeki kullanicilar ile
iliskilendirilmek i¢in yazilimda kullanilmistir. Bu belirtecler
kullanict dostu bir ara yiiz ile kullanicinin ihtiyacina goére
eklenebilmekte ya da ¢ikarilabilmektedir. Kullanicilar
belirteglerini kendileri isimlendirebilmektedir ancak belirteg
ismi, “’Subscribtion Id’’ bilgileri kullanilan ilgili bulut
saglayicisinda rastgele olusmaktadir. Sekil 6’da Amazon web
servisi IAM yapisi goriilmektedir.
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Kim

&=

AWS kimlik ve 8
erisim yonetimi
AWS hizmet ve AWS 550 ile is giicii

kaynaklarina ayrintili
izinler uygula

kullamcilar ve
1AM rolleriyle i yiiki

Erisebilir
v =

X &

1AM politikalarina
sahip izinler

AWS kurulugunuzdakd
kaynaklar

Sekil 6. Amazon web servisi IAM yapisi

Restful API veri tabani iliskisinin olusturulmasi

REST ve internetin popiiler hale gelmesinden once, web
uygulama hizmetleri arasinda entegrasyon saglamak oldukca
zor bir siirectir. APl uygulamalar arasinda iletisimi saglayan
bir aragtir. Bir istemci tarafindan RESTful API iizerinden
yapilan bir istekte, kaynak bir uca gonderilmektedir. Alinan
veri JSON, XML gibi formatlarla HTTP protokolii iizerinden
elde edilmektedir. Diger bilgiler, meta veriler,
yetkilendirmeler, URI’lar, cerezler vb. HTTP bagliklar1
iizerinden gonderilmektedir [11]. Sekil 7°de Postgre SQL ara
yliziinde yazilimin veri tabani goriintiisii goriilmektedir.

~ == bitirme
> [ casts
> 4P Catalogs
> [ Event Triggers
> §) Extensions
> = Foreign Data Wrappers
> Languages
> @5 Publications
~ 4P schemas (1)
~ <% public
> Collations
> gy Domains
> [[3 FTs configurations
> [J FTS Dictionaries
> AaFTS Parsers
> FTS Templates
> [E Foreign Tables
> {{Z}Functions
> Materialized Views
> {{"}Procedures
> 1.3 Sequences
~ [P Tables (3)
> aws_access_models

> azure_access_models

> users

Sekil 7. Postgre SQL ara yiizii ekran goriintiisii
Iyimser kilitleme

Tyimser (optimistik) kilitleme, bir veri tabani islemi sirasinda
ayn1 kaynaga birden fazla aymi islemin yapilmasini
engellemek icin kullanilan bir kisitlama yontemidir. RESTful
web hizmetleri, her kaynak URI'ye, karsilik gelen kaynagin
mevcut durumuna dayali olarak iiretilen temsilci bir durumsal
hizmet saglayicidir. Bu nedenle, baglanti kaynag:
giincellendiginde miisterilerin bir oturum baglatmasmi
engelleyen durumsuzluk kisitlamasina uygun bir sekilde
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eszamanli durum degisiklikleriyle basa ¢ikmak 6nemlidir. Bu
desen tarafindan ele alinan sorun, stateless kisitlamasina
uygun bir sekilde eszamanli kaynak giincellemeleri ile basa
¢ikmaktir [12].

Sistem {izerinde olusturulan miisteri bilgileri ve miisterilere
ait erigim belirteci, gizli belirteg, kiraci tanimlayict gibi
bilgilerin kullanict ile iligkilendirilmis bir sekilde
olusturulmasi i¢in veri tabanma ihtiya¢ duyulmaktadir. Bu
baglamda WtCBTY Y de sekil 7 de goriildiigii tizere iliskisel
veri tabani Postgre SQL tercih edilmigstir. Go programlama
dili ile bir nesne-iliskisel esleme araci olan Gorm kullanilarak
ilgili modellerin veri taban1 baglantisi saglanmgtir. Sekil 8°de
kullanict ara yiiziinden girilecek giriglere sunucudan cevap
dondiirecek POST metodunun yapis1 gériilmektedir.

Sekil 8. Kullanici ara yiiziinden girilecek girislere sunucudan
cevap gonderecek POST metodunun yapisi

Sekil 8 de goriildigii gibi Gorm kullanarak bir kullanici
yapisi olusturulmustur. Gorm, Ruby'nin ActiveRecord veya
Java'nin Hibernate yolunu izleyen Go i¢in bir nesne-iliskisel
esleme olarak tanimlanmaktadir [13].

Post ve get metotlarimin olusturulmasi

WICBYY igin kullanilacak olan fonksiyonlarin POST ve
GET metotlarmin URL parametreleri ve kontrolciileri
olusturulmustur. Sekil 9°da kullanic1 ara yiiziinden istek
gonderilecek POST metodunun URL ve fonksiyon
tanimlamalar1 goriilmektedir.
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Sekil 9. Kullanict ara yiiziinden istek gonderilecek POST
metodunun URL ve fonksiyon tanimlamalar1

e Create Azure: Bu fonksiyona istek atildiginda giris
yapmig kullanici Azure platformunda bir sanal makine
olusturabilmektedir.

e Create Aws: Bu fonksiyona istek atildiginda giris yapmis
kullanict Amazon Web Service platformunda bir sanal
makine olusturabilmektedir.

e Get List Aws: Bu fonksiyona istek atildiginda giris
yapmig kullanici Aws platformunda olusturdugu tiim
sanal makineleri listeleyebilmektedir.

e Get List Azure: Bu fonksiyona istek atildiginda giris
yapmis kullanict Azure platformunda olusturdugu tim
sanal makineleri listeleyebilmektedir

Postman kullamilarak endpointlerin testi

Postman, gercekei bir senaryo ile gelistirilen uygulamalar
test etmeyi saglayan bir ug-nokta test uygulamasidir. Go
programlama dilindeki yonlendirme yapisini kullanarak
olusturulan ug-nokta gruplarmin g¢alisip ¢alismadigini test
etmek Ttlizere Sekil 10°da Postman iizerinde Json-raw
formatindaki Body alanina ilgili parametreler verilmistir.

POST v | localhost7070/database/ createdatabaseazure/4

Sekil 10. Postman uygulamasi kullanarak endpointlerin testi

Sekil 11°de endpointlerin yanit metinleri analiz edilmistir.
200 basarili  yanit uygulamanin dogru calistigini
gostermektedir.

B2 mealounTI0Nvmiciesmad

“200 OK”

Sekil 11. Sunucudan donen Create Aws

fonksiyonun testi
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On-yiiz icin gerekli araclarin kurulumu ve kullamici ara
yiizii olusturulmasi

WtCBY Y nin 6n-yiliz gelistirmelerine baslamadan 6nce ilk
olarak gelistirme yapilacak programlama dilinin, ¢evresel
ara¢ ve Kkiitiiphanelerinin belirlenmesi gerekmektedir. Bu
aragtirmada en popiiler 6n-yliz gelistirme araglarindan biri
olan React.js Kkiitiiphanesi tercih edilmistir. React.js
kiitiiphanesi sundugu bilesen fonksiyon ve sinifsal fonksiyon
yapilart ile olduk¢a sik kullanilan bir kiitiiphanedir.
React.js'nin verimliliginin temelinde sanal Belge Nesnesi
Modeli (Document Object Model - DOM)’nin yenilikgi
kullanimi yatmaktadir. Performansi optimize etmek i¢in sanal
DOM'u anlamak ve kullanmak ¢ok 6nemlidir. Sanal DOM,
gergek DOM'un hafif bir temsili gibi davranarak React'in veri
degistiginde gereken giincelleme ve yeniden olusturma
sayisini en aza indirmesine olanak tanimaktadir. Bu teknik,
tarayicinin i§ yiikiinii 6nemli Olciide azaltarak olusturma
stirelerinin daha hizli olmasini saglamaktadir [14].

React kodlarinin sanal bir sunucuda gerceklenebilmesi igin
ihtiya¢ duyulan en temel ¢ergeve ise Node kiitiiphanesidir.
IIk etapta projenin cevresel bilesenleriyle uyumlu bir sekilde
calisabilmesi i¢in saglam calisan ve pek cok kiitliphaneyi
sorunsuz c¢alistiran bir Node versiyonu belirlenmesi
gerekmektedir. Node versiyonu belirlendikten sonra ilgili
isletim isteminin terminalinde tercih edilen paket yiikleyicisi
ile Node Versiyon Yonetimi aracinin  kurulmasi
gerekmektedir. Node Versiyon Yoneticisi kurulduktan sonra
tercih edilen Node versiyonunun sisteme kurulup
gelistirmeye hazir hale getirilmesi gerekmektedir. Terminal
ekrani acildiktan sonra ilk olarak “curl
https://raw.githubusercontent.com/nvm-
sh/nvm/v0.39.1/install.sh bash” komutu galistiriimalidir. Bu
komut calistirildiktan sonra Node Versiyon Yoneticisi
kurulumu tamamlanmaktadir. Daha sonra “nvm install
#version”” komutu ¢aligtirlarak tercih edilen Node versiyonu
kurulumu gergeklestirilmektedir. Bu g¢alismada en stabil
versiyon olarak Node 16 versiyonu tercih edilmistir.

React uygulamasinin olusturulmasi

Node kiitiiphanesi kurulduktan sonra, sistem node paket
yoneticisinde bulunan tiim kiitiiphanelere erigebilir hale
gelmektedir. Sekil 12°de bir React uygulamasmin terminal
ekraninda olusturulmasi gosterilmektedir.

S
A npx create-react-app my-app
npx: installed 114 in 4.308s

Creating a new React app in ~/my-app.

Installing packages. This might take a couple of minutes.
Installing react, react-dom, and react-scripts...

yarn add v1.2.1

info No lockfile found.

[1/74] @ Resolving packages. . .
[2/74] = Fetching packages. ..
[3/4] & Linking dependencies...

Sekil 12. Terminal ekraninda React uygulamasi olugturma

“npx create-react-app #proje-ad:” komutu calistirilarak
istenilen bir dizinde React projesi olusturulmaktadir. Ancak
bunun yerine projenin ihtiyaglarina gére bos bir node modiil
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sablonu olusturarak da proje baglangici saglanabilmektedir.
Tim bu asamalar1 ger¢eklestirildiginde sistem 6n yiiz
gelistirmeleri React kiitiiphanesi kullanarak gelistirmeye
hazir hale gelmektedir. Projenin olusturuldugu dizine
giderek  “mpm start” komutuyla React uygulamasi
baglatilmaktadir.

React projelerinde klasér mimarisi ve standartlar

On-yiiz gelistirme icin tiim kurulumlar gerceklestirildikten
sonra React uygulamasi igerisinde uygulama amaglarina
uygun bir sekilde dosya mimarisi kurulumu yapilmaktadir.
Dosya mimarisi birlikte ¢alisan ekip i¢in biiylik Onem
tagimaktadir. Standartlarmn  belirlenmesi yonetimi
kolaylagtirilirken  irlinlin - uzun doénemde  bakiminin
saglanabilmesi ic¢in olduk¢a Onemlidir. Sekil-13’te bu
calismanin On-yliz gelistirmek igin tercih edilen dosya
mimarisi editor ekraninda gosterilmistir.

~ MULTI-PURPOSE-PROVIDER

> W .github

> IR components

> W& layout
> W@ scss
> g views
_nawv.js
App.js
A App.testjs
context.js
index.js
B reportWebVitals.js
routes.js
setupTests.js
B store.js
UserContext.js
(3 .browserslistrc
&- .editorconfig
it .env
.gitattributes
.gitignore
jest.config.js
B isconfig.json
LICENSE
-+ migration.md
03 packs
(s package.json
© README.md
B server.js

Sekil 13. React uygulamasinin dosya mimarisi

Public klasdriinde uygulamanin ¢iktisini veren tarayictyla
etkilesime gecen index.html vb. dosyalar1 bulunmaktadir. Src
klasoriinde uygulamada da kullanilacak componentleri,
contextleri, routes yapilari, fetch yapilar1 gibi tekrar
kullanilabilir araglarm  kaynak kodlarinin  bulundugu
klasordiir. Components klasoriinde tekrar kullanilabilir
bilesenler olusturulmaktadir. Ornegin kullamicidan birden
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fazla yerde girdi almacak bir girdi kutusuna ihtiyag varsa girdi
kutusu bileseni burada olusturulmalidir.

Kullanic ara yiizii

Bu asamaya kadar sunucuya istek gonderen fonksiyonlarin
testi gerceklestirilmistir. Son adimda sunucudan doénen
istekler ile kullanici ara yiizii tasarimi gergeklestirilmis ve
arka plan etkilesimleri tamamlanmistir. Sekil 14'te gosterilen
yan menii, kullanicilarin sayfalar arasinda gezinimini
yonlendirmek  amaciyla tasarlanmigtir. Bu  menii,
kullanicilara "Access Keys" ekranina giderek erigim
anahtarlarmi igeri aktarma ve ilgili bulut barindiricilarinda
sanal makineler olusturma imkani sunar. Ayrica, yan meniide
yer alan "K8s Manager" sec¢enegi ilizerinden kullanicilar,
olusturduklar1 sanal makineler iizerinde Kubernetes
kiimelerini olusturabilir ve ilgili sanal makinelerde bu
kiimeleri yonetme yetenegine sahiptir. Menii iizerinde
bulunan Databases seceneginden ilgili bulut hizmetiyle veri
tabanint olugturmakta, Storages ekranindan kaynaklarini
takip edebilmektedir. Hizmet olarak yazilim veren
uygulamalar kullandigin kadar &de metodunu temel
almaktadir. Bu sebeple Billings ekraninda kullanimla paralel
olarak faturalandirma ekranlari takip edilebilmektedir. All
Resources ekraninda sunucuya gonderilen GET istegiyle tiim
kaynaklar Gosterge Paneline takip edilebilmektedir. Sekil
14°te agilan Create EKS ekraninda kullanici Kiime adini ve
sisteme entegre edilmis kiime versiyonunu segerek Elastic
Kubernetes kiimesini olusturabilmektedir. Ayrica altindaki
Clusters sablonundan agik olan tim  kiimelerini
goriintiileyebilmektedir.
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Create EKS

Choose your cluster version

Create

CREDENTIALS
Clusters

Acce:

Cluster Name
COMPONENTS

'3 Virtual Machine

Databases

Storage

v Versions

Action

Sekil 14. WtCBY'Y kullanicr ara yiizii ekran goriintiisii

Sonuc ve Oneriler

Bu calismada farkli bulut ortamlar {izerinde miisterilerin
maliyet analizleri, ortam bilgilerine iligkin veriler toplanmig
olup ilgili sirket ve bireylerin birden fazla altyapi yonetim
ortaminda uygulamalarinin kosturulmasinin saglandigi ve
WtCBYY adi verilen bir uygulama tasarlanmis ve
gelistirilmistir. Bu uygulama sayesinde sanal makine
yonetimleri, veri taban1 yonetimleri ve uygulamalarin
calisacagi kiime ve depolama gibi bilgiler elde edilerek
kullanicilarin bu ortamlarda aktif olarak islem yapmasi
miimkiin kilinmuistir.

Sanallastirma, fiziksel bir sunucu bilgisayar: birden fazla
sanal sunucuya bdlinerek kaynaklarin daha etkin
kullanilmasina olanak saglamaktadir. Sanal makineler, her
biri kendi isletim sistemine ve uygulamalarina sahip olan
izole bir ortamda ¢alismaktadir [15]. Konteynerlestirme ise,
uygulamalarin daha az kaynak tiiketerek sistem yiikiinii
hafifleten yapilardir. Isletim sistemi diizeyinde daha
performansli ve verimli ¢aligsmalarina olanak saglamaktadir.
Ara yiiz karmagikligindan kurtulmak basit ve kullanim1 kolay
bir ara yiiz ilizerinden islemleri yapmak is birimlerinde ve
takimlarmda 6grenme maliyetini diisiirmektedir [15].

Bu calismada gelistirici ekipler ve son kullanicilar igin
hazirlanmig bir ara yiiz olusturulmustur. Bir dogrulama
metodu ile sisteme  giris  yapabilecek  ekranlar
gerceklestirilmistir,.  WtCBYY’nin  ozellikle  DevOps
kiiltiirine 6nem veren kurumlar i¢in olduk¢a Onemli bir
uygulama oldugu diistiniilmektedir. Hizmet veren kurumlar
miisterilerin degisen ihtiyaglarina hizlica yanit verebilme
kapasitesiyle dogru orantili bir sekilde kazanim elde
etmektedir. “Hizmet olarak yazilim” hizmeti verebilmek i¢in
degisken yapilara hizla uyum saglayabilmek gerekmektedir.
Bu noktada gelistirici ekiplere soz-dizimi, fonksiyon tipleri
ve kullanic1 yonetim ekranlar tasarlama siirecinde ekiplerde
olusan zaman maliyeti ve yonetimsel problemlere ¢dziim
getirilmistir.
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Calismanin bir takim sinrliliklart bulunmaktadir. Bulut
saglayicilarin end-point testlerindeki en biiyiik kisitlardan
birisi, Kubernetes kiimesi kurup bulut ortamda sanal makine
kurma gibi doviz olarak faturalandirilan araglarin defalarca
kez test edilerek iiriin ortamma tasmmasidir. Gelistirilen
altyap1 yonetim araci bu calisma O6zelinde yalnizca bulut
ortamda Kubernetes kiimeleri olusturup sanal makineler
lizerinde is yapacak yapilar, depolayicilart olusturup
kaynaklari takip etme iizerine sinirlandiriimistir. Ote yandan
gelistirilen WtCBY Y nin iyilestirilmesine yonelik bu alanda
calisma yapacaklara bir takim 6neriler sunulabilir. Bunlar su
sekilde siralanabilir:

*Altyapt yonetim aract uygulamasindaki en Onemli
faktorlerden birisi gilivenliktir. Kuvvetli bir kullanict
dogrulama metodu kullanilabilir. Bunun igin en iyi
seceneklerden biri iki faktorlii dogrulama ile kullanici girisi
saglanip, kullanici parola, erisim anahtar1 gibi veriler uuid

sifreleme metodu ile veri tabaninda depolanabilir.

*Kullanic1 giris islemleri, kiime olusturma, sanal makine
olusturma islemleri Polygon gibi blok zincirlerinde SHA256
ve daha da list diizey sifreleme metotlartyla ilgili blok zinciri
agindaki dagitik defterlerde sifir komisyon ile kayit
tutulabilir.

*Kullanicilar Azure, Google, AWS gibi bulut saglayicilarinda
kisitlt islemler yapabilmektedir. Cok daha fazla Bulut
saglayicist  entegrasyonu yapilabilir. Bdylelikle web
uygulamasmin ideal amaci daha yiiksek oranda yakalanmis
olacaktir. Kurumlar DevOps ve bulut konseptinde sunucusuz
yapt modeline uyumluluk saglarken, gelistirmeyi yapan
ekipler bu c¢alismay1 ¢oklu yonetim ve no-code metodunu
esas alarak gelistirmeler yapabilir. Daha fazla bulut saglayici,
daha fazla altyap1 araci1 eklenerek gelistirmeler yapilabilir.

*Bu uygulamay1 kullanacak ekipler i¢in role yonetimi ekrani
ve ig birlik¢i yapisi entegrasyonu saglanmalidir. Boylelikle
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biiyiik bir proje yonetiminde ekibin goérev dagilimi kolaylikla
yapilabilir.

*Web uygulama ara yiiziinden tarayici eklentisiyle calisan
bildirim  ozelligi  eklenerek  kullanict  deneyimi
giiclendirilebilir

Etik kurul onayi ve ¢ikar ¢atismasi beyam

Bu ¢alismada herhangi bir kisi/kurum ile ¢ikar gatismasi
bulunmamaktadir. Ayrica ¢aligmanin dogasi geregi etik kurul
belgesi gerekmemektedir.
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Object detection and segmentation in aerial images is currently a vibrant and significant field of research.
The iSAID dataset has been created for object detection in images captured by aerial vehicles. In this study,
image semantic segmentation was performed on the iSAID dataset using Generative Adversarial Networks
(GANS). The compared GAN methods are CycleGAN, DCLGAN, SimDCL, and SSimDCL. All methods
operate on unpaired images. DCLGAN and SimDCL methods are derived by taking inspiration from the
CycleGAN method. In these methods, cost functions and network structures vary. This study thoroughly
examines the methods, and their similarities and differences are observed. After semantic segmentation is
performed, the results are presented using both visual and measurement metrics. Measurement metrics
such as FID, KID, SCOOT, PSNR, FSIM, and SSIM are used. When looking at the metric results, the
SSimDCL method ranks first with 132.62071 FID, 0.07825 KID, 0.6406 SCOOT, 0.85973 PSNR, 37.862
FSIM, and 0.82725 SSIM; the SimDCL method shows the second-best performance with 149.82306 FID,
0.10215 KID, 0.60142 SCOOT, 0.85224 PSNR, 37.4747 FSIM, and 0.82429 SSIM. The CycleGAN
method, on the other hand, ranks last among the applied methods with results of 202.33857 FID, 0.16795
KID, 0.53218 SCOOT, 0.83408 PSNR, 35.7062 FSIM, and 0.7751 SSIM.Experimental studies show that
SSimDCL and SimDCL methods outperform other methods in iSAID image semantic segmentation.
CycleGAN method, on the other hand, is observed to be less successful compared to other methods. The
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aim of this study is to perform automatic semantic segmentation in aerial images.

Introduction

Aerial image, which includes images of objects captured
from the air, is a popular technological tool used in various
fields such as aviation, geographic information systems,
and agriculture. Aerial photography, or aerial imaging,
involves capturing images from an aircraft, drone, or other
airborne platforms. When capturing moving images, it is
referred to as aerial videography. Aerial and satellite
images, known as remotely sensed images, allow for
accurate mapping of land cover and enable the
understanding of landscape features at regional, continental,
and even global scales.

Semantic segmentation, a popular field that is accomplished
with deep learning methods, is used to distinguish objects
in aerial images. Semantic segmentation is the process of
assigning each pixel in an image to predefined classes and
is widely used in computer vision-related areas. Semantic
segmentation has a extensive body of literature. Approaches
to semantic segmentation can be categorized into traditional
and innovative methods. Traditional segmentation methods
exclusively utilize image processing techniques, while
modern approaches leverage deep learning architectures.
Traditional techniques for image segmentation include
methods like thresholding, clustering, partial differential

equation-based approaches, graph partitioning, watershed
transformation, and so forth. These traditional segmentation
techniques have widespread applications [1-3]. When we
investigate current segmentation methods, we observe the
utilization of convolutional neural networks [4-6] and
Generative Adversarial Networks [7-9].

Generative Adversarial Networks (GANS), a deep learning
algorithm, were proposed by lan Goodfellow in 2014 for
image synthesis [10]. GANs perform image synthesis in
both supervised and unsupervised transformations. In the
case of supervised transformation, it is necessary to have
image pairs in two different domains. For learning the
probability distribution, each input image is transformed
into the corresponding output image in the other domain. In
the literature, there are many studies using deep learning
methods for semantic segmentation of aerial images.

In 2015, Saito et al., used CNN (Convolutional neural
network) to train pixel labeling of building areas for the
purpose of determining the semantic segmentation of aerial
images, using Dijkstra's algorithm [11]. In 2018, Chen et
al., proposed the periodic shuffling of aerial images for
semantic segmentation, contributing to improving the field
of view [12]. This model achieved effective results for two
different datasets. In 2020, Chai et al., proposed a semantic
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segmentation model with Deep CNNs (DCNNS) to learn
spatial context from high-resolution aerial images [13]. This
model predicted distance maps to improve segmentation
efficiency. In 2021, Abdollahi et al., proposed a GAN
method for segmenting roads in high-resolution aerial
images [14]. This model also used a modified UNet model
(MUNet) to achieve satisfactory results. In 2021, Wang et
al. designed a real-time semantic segmentation model for
high-resolution aerial images called the Aerial-BiseNet
[15]. Aerial-BiseNet used two modules called the "Feature
Attention Module (FAM)" and the "Channel Attention-
based Feature Fusion Module (CAFFM)" to analyze
features.

In 2022, Kog and Ozyurt proposed an examination of
synthetic images produced with DCGAN based on the size
of data and epoch [16]. The results indicated that the success
of the generated fraudulent images was directly
proportional to the number of data and the increase in
epoch. In 2021, Sahin and Talu conducted a performance
comparison of Generative Adversarial Networks (GANS) in
in mustache pattern generation [17]. They utilized GAN
architectures, including Pix2Pix, CycleGAN, DiscoGAN,
and AttentionGAN. The study revealed that the generation
speed of mustache patterns dropped below one second,
while the production accuracy reached levels around 86%.
In 2023, Sener and Ergen proposed "Enhancing Image
Classification Performance through Discrete Cosine
Transformation on Augmented Facial Images using GANs"
[18]. The study found that the classification of faces could
be improved by 30% compared to the normal classification
model.

In 2022, Desai and Ghose suggested an active learning-
based sampling strategy to select a highly representative
labeled training dataset. Their proposed method resulted in
a 27% improvement in mloU with only 2% labeled data on
two semantic segmentation datasets, including satellite
images [19]. In 2022, Abdelfattah et al. introduced a simple
yet effective method called PLGAN (Generative
Adversarial Networks for Power-Line Segmentation in
Aerial Images) to segment power lines from aerial images
with different backgrounds. PLGAN, instead of directly
using adversary networks to create segmentations, takes
specific decoding features and places them in another
semantic segmentation network, considering more context,
geometry, and appearance information of power lines [20].
Comprehensive experiments and analyses showed that
PLGAN outperformed previous state-of-the-art methods.

In this study, the iSAID dataset was used for semantic
segmentation of aerial images. Recently, in 2023, Zhou et
al. [21] proposed a Weakly Supervised Semantic
Segmentation (WSSS) method. When dealing with Remote
Sensing (RS) images with complex backgrounds and
multiple categories, it can be challenging to locate and
distinguish the target categories. Based on extensive
experiments, their WSSS framework has shown superiority
over RS datasets and has become the first WSSS framework
to achieve state-of-the-art results on the iSAID dataset,
exploring cross-image semantics in multi-category RS
scenes using only image-level labels.
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In this study, semantic segmentation of the two-dimensional
iSAID images was compared among state-of-the-art GAN
architectures, including CycleGAN [22], DCLGAN [23],
SimDCL [23], and SSimDCL [24]. Metric comparisons
revealed that the recent SSimDCL method outperformed
other methods in semantic segmentation, providing more
superior and satisfactory results. It was observed that this
method could be used as an automatic image segmentation
system.

The main contributions of this study can be summarized as
follows:

Comparison of state-of-the-art GAN architectures,
including CycleGAN, DCLGAN, SimDCL, and
SSimDCL, for semantic segmentation of two-
dimensional iSAID images.

Observing that the SSIimDCL method provides
superior and satisfactory results in semantic
segmentation when compared to other methods.

SSimDCL method has the potential to be used as
an automatic image segmentation system.

It introduces a new perspective on conducting
semantic segmentation analysis for object
detection in aerial images.

The study observed the results of the new and
highly accurate SSimDCL model by transforming
unsupervised image segmentation methods from
state-of-the-art models into supervised ones.

These contributions highlight the advancement in the field
of semantic segmentation for two-dimensional aerial
images using GAN architectures, particularly the
effectiveness of the SSimDCL method.

The remaining organization of the article is as follows: In
Section 2, materials and methods (CycleGAN, DCLGAN,
SimDCL, and SSimDCL) are presented; Section 3
discusses experimental studies and their results; Section 4
provides a discussion and conclusion to conclude the
article.

Materials and Methods
Used Dataset

The IiSAID (A Large-scale Dataset for Semantic
Segmentation in Aerial Images) is a dataset [25]. Existing
Earth Vision datasets are suitable for semantic
segmentation or object detection. iSAID, for instance, is the
first benchmark dataset for segmentation in aerial images.
This large-scale and densely annotated dataset contains
655,451 object instances across 15 categories in 2,806 high-
resolution images. The distinctive features of the iSAID
dataset are as follows:
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A large number of images with high spatial
resolution,

15 important and commonly occurring categories,
Numerous examples per category,

A substantial number of labeled examples per
image that can assist in learning contextual
information,

Significant variations in object scale, including
small, medium, and large objects within the same
image,

An unequal distribution of objects in different
directions in images depicting real-world weather
conditions,

A few small-sized objects with uncertain
appearances that can only be resolved through
contextual reasoning,

Precise annotations are available at the example
level, cross-checked and verified by expert
annotators following well-defined guidelines, and
conducted by professional annotators.

These distinctive features make the iSAID dataset a
valuable resource for semantic segmentation and object
detection in aerial images.

In this study, the semantic segmentation images shown in
Fig. 1 were utilized. The training dataset consisted of 1302
real images and 1302 corresponding ground truth images
used for semantic segmentation. The test dataset included
109 real images, and it was used to obtain the results of
semantic segmentation. These are 109 images captured
from the air. The aerial images consist of a variety of scenes
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including roads, vehicles, rivers, airports, and seaports. The
segmented results mainly focus on vehicles such as cars,
trucks, and ships. Randomly selected training and test data
were used in the iISAID dataset. The aim of this article is to
perform automatic segmentation on the dataset. The image
dimensions were resized to 256 x 256 x 3 within the code
for analysis.

GROUND TRUTH

Figure 1. iSAID dataset image sample
Training Details

In the DCLGAN, SimDCL, and SSimDCL architectures,
there are two generator networks, two feature-extracting
layers, and two discriminator networks. In the CycleGAN
architecture, there are two generator networks and one
discriminator network. In this study, the internal structures
of these methods include the same network content. The
difference lies in the properties and numbers of the
networks present in each method.

Fig. 2 illustrates the internal structure of the discriminator
network. The discriminator network employs the
PatchGAN architecture. Fig. 3 depicts the network structure
used for feature extraction and embedding of the image in
the DCLGAN, SimDCL, and SSimDCL methods. Fig. 4
provides an overview of the generator network's structure
and network layers.
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Figure 2. Discriminator Network Architecture
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Figure 3. Feature Extracting Embedding Network Architecture
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Image Segmentation Architectures

In this study, new segmentation architectures, namely
CycleGAN [22], DCLGAN [23], SimDCL [23], and
SSimDCL [23], have been utilized as segmentation
architectures and extensively explained.

CycleGAN
CycleGAN [22] is a Generative Adversarial Network
(GAN) architecture  that employs bidirectional

transformation. It utilizes two separate generative networks,
denoted as G: X - Y and F:Y — X, to convert an input
image from the X domain into an output image in the Y
domain, and vice versa. In the training process of this
architecture, instance normalization is applied in lieu of
batch normalization, and the generator network's internal
design incorporates ResNET blocks. Figure 6 provides a
visual representation of the overall structure of CycleGAN.

The loss function of CycleGAN consists of two distinct loss
components: 1) cyclic consistency loss and 2) identity loss.
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Figure 4. Generator Network Architecture (a) Inner Structure of the Network (b) Representation of Network Layers in the
Inner Structure.
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Cyclic Consistency Loss: When computing the cyclic loss,
transformationsX - G(X) » Y’ > F(Y') > X and Y -
F(Y) » X' - G(X') —» ¥ are executed, and the aim is to
minimize the summation of the difference values X — X
and Y — ¥ The calculation of the cyclic loss is detailed in
Table 1.

/ identity loss \
G
Y e Y
<
F
X — > — X'
k """"" identity loss /

Figure 5. Identity Loss [24]
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Identity Loss: When computing the transformations X — X
and Y — ¥, intermediate outputs X — Y’ and Y — X' are
created. The purpose of these intermediate outputs is to
closely resemble the original images. To perform this
operation, it utilizes the F and G generative networks.
Figure 5 illustrates the concept of identity loss. The identity
loss is formulated as described in Table 1.

Furthermore, the errors in the discriminator architectures
within the generative networks (L¢,y and LE,\) are
computed, contributing to the formation of the target
function as detailed in Table 1 [22].

-

Gan Loss

L.

Cycle Consistenc:

<)

‘G"

Ganl.oj

Figure 6. CycleGAN Architecture [24]

DCLGAN and SimDCL

DCLGAN [23] aims to enhance feature extraction between
input and output image patches by utilizing two separate
embedded systems to maximize mutual information.
DCLGAN [23] seeks to maximize mutual information by
improving feature extraction between input and output
image patches through the use of two distinct embedded
systems. The stability of this approach is enhanced through
binary learning training. Certain design decisions for
mutual learning have been assessed. In the implementation
of the PatchNCE loss. The removal of RGB pixels
corresponding to tiny patches has led to enhanced results. It
has been demonstrated that enforcing cycle consistency is
unnecessary. SImDCL [23] is a variant of DCLGAN that
effectively mitigates mode collapse.

DCLGAN utilizes adversarial loss, identity loss, and patch-
wise noise-contrastive estimation (PatchNCE) loss as its
loss components. Furthermore, SimDCL incorporates
similarity loss (Ly,) to prevent mode collapse. The
essential target function for DCLGAN is presented in Table
1.

A similarity loss has been integrated into the target function
of DCLGAN, leading to the name SimDCL. In this context,
"sim" signifies the similarity loss, while "DCL" signifies
binary comparative learning. SimDCL incorporates this
similarity loss (£;,,)alongside the existing loss functions to
mitigate mode collapse

Similarity loss: In essence, images originating from the
same domain exhibit certain resemblances. These images
may possess distinct semantics but still exhibit a common
stylistic element. In binary learning, there is one genuine
and one synthetic image within the same field. There are
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two domains, denoted as X and Y. In brief, the architecture
comprises a total of two genuine and two synthetic images.

Utilizing a similarity loss on deep features promotes a
resemblance between the generated images and real images
at the deep feature level. This, in turn, makes the generated
images more lifelike." In Table 1, the target function for
SimDCL is provided. Figure 7 depicts the DCLGAN and
SimDCL architectures.

SSimDCL

SSimDCL [24] utilizes two embedded systems To improve
mutual information. In place of using unmatched images
during the training process, matched images are employed.
The objective is to transform the architecture into a
supervised and matched state. To accomplish this, an L,
metric is introduced between real and generated images
within the SSimDCL framework.

SSimDCL [24] employs adversarial loss, identity loss, and
patch-wise noise-contrastive estimation (PatchNCE) loss,
which is also applied in the CUT method, as loss functions.
It also incorporates a similarity 10ss (Lgy,), similar to
SimDCL, to mitigate mode collapse. Moreover, in contrast
to other techniques, it includes an L,loss to measure the
difference between real and generated images.

When looking at the training results of the SSimDCL
method, it is observed that the identity results in higher-
resolution generated images compared to real images [24].
The method that is transformed into supervised learning and
works on matched images closely resembles real images.

L, loss: In order to add a more supervised aspect to the
unsupervised system, it is computed between the genuine
image and the generated image. The specific calculations
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for the L, loss can be found in Table 1. The target function  generated with L;4n1y, (G, F) loss. The SSimDCL method
for the SSIimDCL method is also presented in Table 1. has been employed to create a new dataset using the images

Fig. 8 illustrates the architecture of SSimDCL. SSimDCL generated With Ligenciey (G, F) loss.
results in less pixel loss and higher resolution in the images
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Figure 8. SSimDCL architecture[24]
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Table 1. GAN Methos and Target Function

GAN methods

Target Function

CYCLEGAN [22] Leye

|Xx - X|+1y -7

['identity = Ll (G(Y) - Y) + L1 (F(X) - X)

G*F* = argrg‘Lanr}l(%J;L(G,F,DX,Dy)

= Lin(G, Dy, X,Y) + LE sy (F, Dy, Y, X)

+2 (Leye(G,F, X, V) + Ligentiey (G, F,X,Y))

DCLGAN [23]

G*,F* = argminmaxL(G, F, Dy, Dy, Hy, Hy)

G,F Dx,Dy

= Agan (LgAN (G,Dy,X,Y) + LEay(F, Dy, Y, X))
+ Ance (LPatchNCEX (G, Hy, Hy, X)

+ Lpatenncey (F, Hy, Hy, Y))
+ Aiat (Ligentity (G, F))

SimDCL [23]

G F* = argrgl;ngr}l{%yf,ﬁ(a F, Dy, Dy, Hy, Hy)

= /1GAN (L(C‘,;AN (G, DY; Xl Y) + LgAN(F, Dx, Y, X))
+ Ance (Lpatennce (G, Hy, Hy, X)
+ Lpatenncey (F, Hy, Hy, Y))

+ AsimLsim(G' Ft Hx, HYJ er: fo:

Hyr' HYf)

+ AiacLigentiey (G, F)

SSimDCL [24]

G F* = argrglgllr)cl(%a}c,L(G,F, Dy, Dy, Hy, Hy)

= Aoan(LE&an(G, Dy, X,Y) + LE 1y (F, Dy, Y, X))
+ Ance (LPatchNCEX (G, Hy, Hy, X)

+ AnceLpatchncey (F) Hy, Hy, Y))

+ AsimLsim (G, F, Hy, Hy, Hyy, Hys, Hyy Hy )

+ Aiar (Lidentity (G,F) + Ligentity(G, F, X, Y))

Here Agay = 1, Aycg = 2 and Ay, = 10 and 4,4, = 1 are the hyperparameters used in the method.

Image Quality Metric

Inception Distance (FID) [26] assesses the similarity
between the distribution of real images and that of generated
images.

Kernel Inception Distance (KID) [27] is akin to FID but
relies on the Mean Squared Error (MSE) between the
generated and genuine images. KID offers an advantage
over FID as it incorporates the ReLU activation function.

Feature Similarity Index Measurement (FSIM) [28]
compares the phase consistency and gradient magnitude
features of image pairs.

The Structural Similarity Index Metric (SSIM) [29] uses
several simple statistical moments such as the mean (1) and
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standard deviation (o) of image pairs to obtain a similarity
score.

Peak Signal-to-Noise Ratio (PSNR) [30] is the prevailing
objective measurement for assessing the quality of image
signals. However, PSNR values do not correlate well with
perceived image quality due to the complex, highly
nonlinear nature of the human visual system.

Structure Co-Occurrence Texture (SCOQT) [31] uses the
Scoot metric to measure the similarity between real and
synthesized images. SCOQOT provides results that are very
close to human perception. It systematically evaluates
different texture-based/edge-based features in the Scoot
architecture.

In terms of measurement metrics, higher values indicate
better results for SCOOT [31], FSIM [28], SSIM [29], and
PSNR [30]. For FID [26] and KID [27], lower values
indicate better results.
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Application Environment and Experimental Setup

The application was trained on an NVIDIA® GeForce®
RTX 4060 Max-Performance 8GB GDDR6 128-Bit DX12
graphics card with a power of 115 watts + 25 watts for
Dynamic Boost 2.0. The system also used an Intel® Raptor
Lake Core™ 7 processor.

Work has been conducted on the Python programming
language using PyCharm and Anaconda IDEs. Within the
environment, Python 3.7 and the following libraries have
been utilized: torch, torchvision, dominate, visdom,
packaging, GPUIil, scipy, Pillow, and numpy.

All the methods were run in a Python environment with 300
iterations on a computer with an 8 GB GPU. The
measurement metrics used in the evaluation included the
classic GAN methods FID [26] and KID [27], and the
traditional method FSIM [28], SSIM [29], PSNR [30],
SCOOT [31].

For training GAN methods, the settings of DCLGAN [23]
were used as a reference. The hyperparameters used in these
settings are shown in Table 2. The training process utilized
the Adam optimization method [32]. The generative
network was based on ResNet [33], and a PatchGAN [34]
discriminator was used. Semantic normalization was also
applied.

Table 2. Training Details

B1 B

Epoch

Lr Batch Size Image Size

Training 0.5 0.999

hyperparameter

300 0.0001 1 256 x 256

Experimental Results

Fig. 9 displays the visual results of CycleGAN, DCLGAN,
SimDCL, and SSimDCL methods in the context of iISAID

Real Images Ground Truth CycleGAN

semantic segmentation. When comparing the visual output
results of semantic segmentation on iSAID images, it is
observed that SimDCL and SSimDCL methods provide the
best results.

DCLGAN

SimDCL SSimDCL

Figure 9. Visual results of the methods for semantic segmentation

Vo]
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Ground Truth Ground Truth

CycdeGAN

DCLGAN SimDCL SSimDCL

Figure 10. iSAID image semantic segmentation analysis according to the methods. Original image size
(256 x 256 x 3)., Zoomed-in view of the colored regions shown in first column.

Table 3. Image Similarity Metrics Results

FID! KID! SCOOTT PSNRT SSIMT FSIMT

CYCLEGAN[22] 202.33857 0.16795 0.53218 0.83408 35.7062 0.7751
DCLGAN [23] 164.83025 0.12890 0.5980 0.85089 37.5326 0.82128
SimDCL [23] 149.82306 0.10215 0.60142 0.85224 37.4747 0.82429
SSIimDCL [24] 132.62071 0.07825 0.6406 0.85973 37.862 0.82725

Table 3 shows the bold font indicating the first successful
method, and the underlined font indicating the second
successful method. Metrically, the lower the FID and KID,
the higher the performance rate. Among the examined
methods, the SSImDCL method achieved the highest
success with the lowest FID of 132.32071 and KID of
0.07825; the SimDCL method secured the second position
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with FID of 149.82306 and KID of 0.10215, while the
CycleGAN method was observed to be the least successful
with FID of 202.33857 and KID of 0.16795.

In terms of SCOOT, PSNR, SSIM, and FSIM, the higher
the values, the better the performance. Among the examined
methods, the SSimDCL method ranked first with the lowest
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0.6406 SCOOT, 0.85973 PSNR, 37.862 SSIM, and 0.82725
FSIM; the SImDCL method secured the second position
with 0.60142 SCOOT, 0.85224 PSNR, 37.4747 SSIM, and
0.82429 FSIM. The CycleGAN method, with 0.53218
SCOOT, 0.83408 PSNR, 35.7062 SSIM, and 0.7751 FSIM,
was observed to be the least successful among the examined
methods.

When examining Table 3, it can be observed that according
to the image similarity metrics FID, KID, SCOOT, PSNR,
SSIM, and FSIM, the method most similar to the Ground
Truth image is SSImDCL (indicated in bold). SimDCL
(indicated with an underline) follows in the second place,
and the DCLGAN method ranks third. When looking at the
image measurement metric results, the CycleGAN method
appears to be less successful compared to the other
methods.

Discussion and Conclusion

The main subject of this article is to compare the efficiency
of methods that initially use the CycleGAN method, which
is commonly used in the problem of image semantic
segmentation. The CycleGAN method has been modified to
develop new GAN architectures, namely DCLGAN and
SimDCL. The SSimDCL method is derived from the
SimDCL method. The iSAID dataset is used for evaluating
the visual semantic segmentation efficiency of CycleGAN,
DCLGAN, SimDCL, and SSimDCL methods.

When looking at the metric results, the SSimDCL method
ranks first with 132.62071 FID, 0.07825 KID, 0.6406
SCOOT, 0.85973 PSNR, 37.862 FSIM, and 0.82725 SSIM;
the SimDCL method shows the second-best performance
with 149.82306 FID, 0.10215 KID, 0.60142 SCOOT,
0.85224 PSNR, 37.4747 FSIM, and 0.82429 SSIM. The
CycleGAN method, on the other hand, ranks last among the
applied methods with results of 202.33857 FID, 0.16795
KID, 0.53218 SCOOT, 0.83408 PSNR, 35.7062 FSIM, and
0.7751 SSIM.

When examining the visual results of the compared
methods, it is observed that SimDCL and SSimDCL
methods achieved the best results. CycleGAN, on the other
hand, was found to be less effective in segmentation
compared to the other methods. Looking at the results with
image evaluation metrics in Table 3, it can be observed that
SSimDCL and SimDCL methods have produced the best
results, in that order. According to Table 3, it can be
observed that the CycleGAN method received lower metric
results compared to the other methods. As a result of this
study, it can be said that SSIimDCL and SimDCL can be
used for instance segmentation and achieve more efficient
results.
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Introduction

With the advancement of artificial intelligence, deep
learning have successfully used in various fields, including
healthcare [1], hyperspectral imaging [2], and remote
sensing [3], [4]. One of the main challenges in deep learning
is collecting data and scaling the data for training purposes.
GANs [5], which consist of two competing players: a
Generator model that produces image or audio data from
random noise input and a Discriminator model that
classifies real and generated data, can help address this
problem by generating synthetic data for data augmentation.
Generative models focus on capturing the generalization
ability of the model and allow sampling from the learned
distribution from training, and the statistical distribution,
respectively. The Generator maps from a latent space Z (a
hidden space data) to X (real image data), while the
Discriminator identifies whether the generated output is real
or fake. GANSs are very interesting due to their ability to
explore the structure of the hidden space and to generate
realistic data in the problem area and can help develop an
intuition for what the generator model has learned. In the
proposed approach, they provided a better solution than the
known StyleMapping network while maintaining state-of-
the-art image quality. In this study, the DCGAN [6] model,

a variant of GANs known to produce realistic and high
quality images, is taken as a reference. An empirical
comparison of commonly used quantitative and qualitative
evaluation techniques is made, considering various latent
dimensions and learned data distributions. The relationship
between the semantic features exhibited in images
generated by GANs and the latent codes of different
generator models has been studied in many works. Hwang
[7] analyzed the impact of the selected latent space
dimension of an automatic encoder on the final
performance. Ayvaz and Baytas [8] proposed a deep
learning model to analyze variables that are determinants
of the transformation from Mild Cognitive Impairment
(MCI) to Alzheimer's disease. Using a generative decoder
and Alzheimer's dementia-inducing dimensions, they
created synthetic dementia patient images from MCI
patients were generated. They obtained promising
quantitative and qualitative results with their data sets. In
their study, Shimizu et al. [9] investigated the connection
between latent vectors and human perception or cognition
through psycho-visual analysis affecting the latent vectors
of human faces. In the perception study, they examined
whether subjects could perceive visuals in facial images
before and after changes in the latent space. In the cognition
study, they analyzed whether participants could recognize a
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face as similar even after latent field changes. In their
experiments, they showed that the distance between facial
images in latent space is related to human perception and
cognition of visual changes. Zhang and Schomaker [10]
focused on the problems of how to ensure that the samples
produced are realistic, how to take advantage of the latent
space of the generator to adjust a synthesized image, and
how to explain the text to image conversion layers. They
used Good/Bad human face and bird images as data sets.
They presented an algorithm that identifies semantically
identifiable sides in the latent space of a conditional text-to-
image GAN architecture by performing unbiased
component analysis using the generator's pre-trained weight
values. They achieved better than 98% accuracy in
predicting good/bad classes for synthetic samples. Ntavelis
et al. [11] proposed a separate latent space propagation for
Generative Adversarial Networks (GANSs). Instead of
drawing latent vectors, they sampled from a finite set of
elements. They developed this approach inspired by the
coding of data in biological organisms.

Our main contribution in this research is as follows:

* Firstly, we conduct comparative analyses on animal face
image datasets using the DCGAN model, which is a popular
variant of GANSs for synthetic image generation.

* Secondly, we provide a detailed explanation of the
DCGAN model in the field of image synthesis and critically
evaluate its performance.

« Thirdly, we qualitatively compare the impact of different
dimensions of the latent space on the image quality
produced by DCGAN by analyzing datasets with different
latent space dimensions.

« Finally, we evaluate the potential use of optimized FID
and IS metrics for assessing the quality of natural animal
face images.

This paper is structured as follows: Section 2 presents the
characteristics of the datasets, the GAN model used, the
experimental setups and the analysis of the experimental
results. Then, section 3 presents the evaluation metrics we
use throughout the paper. Finally, in section 4, we discuss
the results of the proposed model.

Methodology
Dataset

We used the publicly available AFHQ (Animal Faces High
Quality) [12] dataset from Kaggle to evaluate the DCGAN
model. This dataset includes a wide range of high-quality
animal face photographs with diversity in breeds, ages, and
genders to provide variation in online animal faces. It
consists of over 15,000 images in total, with each of the
three different animal species (cat, dog, and wildlife)
contributing 5,000 images. All the images are aligned
vertically and horizontally, with the eyes centered.

GAN and variant DCGAN
1. Generative Adversarial Network (GAN)

Goodfellow at al. [5] proposed GANs as a class of
generative models. GANs are deep learning models that
utilize two different artificial neural networks to learn by
competing with each other and mimic the content of data

sets. During the training phase, they engage in a mutual
competition and collaboration. The generator produces
detailed synthetic (fake) data that completely fools the
discriminator, while the discriminator generates penalty
scores to distinguish between fake and original data. Both
the generator and the discriminator strive to maximize their
own success while minimizing the success of their
opponent. This means that both networks are optimized to
achieve their own objectives: the G-Generator must create
realistic examples, while the D-Discriminator must be
experienced in rejecting generator samples and accepting
real examples. The generator aims to maximize the
likelihood of its outputs (i.e., the fake data) being
recognized as real,” while the discriminator aims to
minimize the same value [5].

The training process of a GAN model is divided into two
stages: Generator stage: The generator takes z latent noise
data as input and generates some fake example data, which
is then passed to the discriminator. At the beginning, the
generator does not know how to generate the actual data
because it has never seen it before. However, the
discriminator updates its parameters and computes the cost,
which then backpropagates the gradients to update the
generator’s  parameters. Discriminator  stage: The
discriminator is structurally a binary classifier. It receives
input data (real and fake) without prior knowledge about the
quality of correct or incorrect data. As output, it calculates
the probability of the data generated by the generator being
true or false [13]. The GAN architecture is shown in Fig. 1.

‘ Developing synthetic image capabilities ‘
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Figure 1. Architecture of the GAN.

The generator aims to map the latent space data Z to the real
image data X, while the discriminator tries to determine
whether the generated output is real or fake. These two
neural networks, with the objective function V(D, G) given
in equation 1, compete with each other during training to
optimize their opposing loss functions. The objective
function helps balance the competition between these two
networks and assists the GAN in producing desired results.

g v (D, 6) =
Ex~Pdata(x) [logD (x)] + (l)

Eyp gatan 108 (1 = D(G(2)))]

100
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As in the simultaneous training and learning process where
two adversarial networks compete in a minmax game, the
model can become noisy and unstable due to vanishing
gradients, convergence error and mode collapse. For these
reasons, GAN variants have been developed to overcome
these problems.

2. Deep convolution GAN (DCGAN)

Fully connected layers tend to degrade the quality of
generated images in GAN models. To address this issue,
Radford et al. [6] proposed the DCGAN model, which
introduces certain constraints to the topology of
convolutional networks to enable the generation of high-
quality images. They demonstrated that DCGAN
contributes significantly to unsupervised learning and
achieves state-of-the-art results on various image
classification tasks. The DCGAN architecture replaces all
pooling layers with strided convolutions in the
discriminator model and transposed convolutions in the
generator model. Additionally, it uses ReLU activation in
all layers of the generator model, except for the last layer
that uses TanH. However, it employs LeakyRelLU
activation function in all layers of the discriminator. The
key components of the DCGAN model, which are simple
and transposed convolutions used during the training phase,
enable the GAN to learn excellent down sampling and up
sampling operations. These upsampling operations help
improve image synthesis [14]. Fig. 2, shows the important
components in the generator and discriminator layers of the
DCGAN model.
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Figure 2. DCGAN model diagram.

Evaluation Techniques

Assessing the quality of GANSs is important in deep learning
research since it can potentially help make informed
decisions such as which model to use, when to terminate
training, and how to improve the model. Therefore,
quantitative and qualitative evaluations are carried out to
identify unintended training problems and to analyze how
successfully the generator and discriminator achieve their
respective goals. Quantitative evaluation involves using
metrics such as IS, FID to assess the quality, diversity, and
similarity of generated samples compared to real data.
These metrics provide numerical measures that can be used
to compare different GAN models or track the progress of
a single model during training. Qualitative evaluation
includes visual inspection of produced samples and human

judgment. The visual realism, clarity and consistency angle
of the created images are examined carefully. Factors such
as the presence of artifacts, mode collapse (where the
generator produces only limited variations of the same
sample) and overall image quality are also considered.

The Inception Score [15] and Fr’echet Inception Distance
[16] are widely preferred quantitative evaluation metrics
that utilize the pre-trained InceptionV3 [17] network on the
ImageNet dataset [18].

1. Inception Score (IS)

Inception Score (IS) is a metric used in machine learning to
evaluate the quality of images created by generative
models. Observing a produced image and making a visual
assessment of the image is subjective and can vary greatly
depending on the preferences and biases of the human
viewer. IS is used to objectively measure the consistent
performance of generated images, to determine the quality
and capability of the generative model. The IS algorithm
focuses on two factors; the quality of the created image and
the variety of images produced. The IS algorithm equation
is givenin (2).

Here; p(y|x) denotes the conditional probability
distribution, the y index identifies the labeling sets, the x
index identifies the generator sampled image. The score
calculated with the IS algorithm can range from zero (worst)
to infinite (best) [19].

TIS (G) = exp (Ex~p, Dk [PYIX) [ P )

2. Fr’echet Inception Distance (FID)

Fr’echet Initial Distance (FID) is a metric used to evaluate
the performance of generative models, as the 1S algorithm.
It measures the similarity of the generated images to the
training images. The smaller the measurement index value,
the better the structural consistency. The FID equation is
provided in equation (3).

2
LFID (x,y) = [|ux = 1y || +
1 ®)
T.(C + Cy - Z(Cny)ﬁ

where (uy, Cy) and (uy, C,) indices represent the mean and
linear dependence measure values of the real and produced
image. A low FID score is desirable [16].

While quantitative approaches in GAN evaluation provide
less subjective measures, they may not always align with
human perception of the quality of generated images. To
complement quantitative evaluation results and assess
overfitting, qualitative evaluation methods can be used to
gain a better understanding of the learned data
representations and generalization ability of the model.

One such method is the nearest neighbors approach, which
involves classifying or predicting samples based on their
similarities to known data points in the training set. This
provides insights into how well the generated samples align
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with the characteristics of the real data and can offer a more
intuitive assessment of image quality.

3. Nearest Neighbors

One way to check for overfitting in synthetic generated
images is to visualize the generated images along with their
nearest neighbors, which are the training images that are
most similar to them. Nearest neighbors can be computed at
the pixel level using similarity metrics such as Euclidean
distance. However, one disadvantage of Euclidean distance
is its sensitivity to small perturbations, such as shifting an
image by a few pixels. As a result, GANs that produce
transformed training data can pass such overfitting tests
[20].

Experimental Results
Application Details

For the model training, we set the hyperparameters as
follows: batch size = 64, initial weight = 0.02, image size =
64 x 64, latent space noise vector = 1, 2, 4, 8, 100, 512,
1000, and epoch numbers = 100, 200, 350. We used the
open CEZERI Library (OCL) for image preprocessing [21].
Additionally, we used a learning rate of 0.0002 and the
gradient-based Adam optimizer [22] with momentum f1 =
0.5, 2 =0.999, known to converge faster during training.
All experiments were conducted using the PyTorch open-
source deep learning framework and implemented in the
Python programming language. We performed the training
and testing procedures in a server-based Google Colab
environment equipped with 13,342 RAM and Tesla K80
and NVIDIA T4 GPUs for accelerated processing.

Quantitative Results

Initially, we evaluated the DCGAN empirically for the
widely used [23] 100-dimensional hidden field by training
it on the AFHQ dataset. Fig. 3 shows the results obtained
for two quantitative assessment metrics, 1S and FID,
respectively. In Fig. 3, it can be observed that the AFHQ
Wild dataset performs better in terms of the FID metric,
while the AFHQ Dog dataset achieves better results in the
IS metric when using the DCGAN model in a 100-
dimensional latent space.

——AFHQ-Cat =——AFHQ-Dog

AFHQ-Wild

~———AFHQ-Cat =——=AFHQ-Dog AFHQ-Wild

HNONMRNEANOMNEHNONNHDOMNEN QNN

epochs

Figure 3. DCGAN evaluation scores for dim(z) = 100.

The FID metric compares the similarity of synthetic images
to real images, indicating that the DCGAN model produces
more realistic images with the AFHQ Wild dataset. On the
other hand, the IS metric evaluates image quality and
diversity, and it is observed that the DCGAN model
performs well with the AFHQ Dog dataset. To analyze the
effect of different latent space dimensions on the DCGAN
model, the AFHQ Cat dataset was used as a reference, and
the DCGAN model was trained with latent dimensions
ranging from 1 to 1000. In Fig. 4, we can observe how the
FID and IS values change during training for seven different
latent dimensions: dim(z) € 1, 2, 4, 8, 100, 512, 1000. The
FID value corresponding to the smallest latent dimension,
dim(z) = 1, is higher than the other six dimensions at all
iterations, indicating poorer performance. Similarly, the IS
value is lower than the other six dimensions at all iterations,
also indicating poorer performance. The dimensionality of
the latent space should typically be at a certain value that
captures the complexity of the target data distribution [24].

Figure 4. Quantitative results of AFHQ Cats.

In Fig. 4, it can also be observed that the AFHQ Cat dataset
fails to capture the complexity at dim(z) values of 1, 2, and
4. A similar situation is observed for the AFHQ Dog and
AFHQ Wild Animals datasets as well. Despite the
significant difference between dimensions 8 and 1000, the
FID and IS values intertwined during training, performing
well as the Nash equilibrium was achieved. Higher
dimensional latent spaces (100, 512, 1000) have the
potential to capture more complex variations and details in
the generated data, but they can also make training more
challenging and computationally expensive. On the
contrary, lower-dimensional latent spaces (1, 2, 4) may
limit the complexity and diversity of the generated samples
[24]. In the DCGAN model with the smallest latent space
dimension trained on three datasets, instability and mode
collapse were observed during GAN training due to
insufficient latent space provided to the generator to
generate features and limited ability to capture image
features. As a result of mode collapse, the quantitative
metric graphs of the generated synthetic images are shown
in Fig. 5.

102



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 99-106

Mode collapse disrupts the stability of the DCGAN model,
preventing the generation of high-quality and diverse
images, resulting in FID and IS values exhibiting unstable
fluctuations within a certain range.
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= AFHQ-Cat == AFHQ-Dog

AFHQ-Wild
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Figure 5. Evaluation scores for dim(z) = 1.

Consequently, the generated images suffer from distortions
or low diversity. In our experiments, we observed evident
and pronounced errors in latent space dimensions of 1, 2,
and 4. Taking into consideration the best FID and IS results
obtained from Table 1, and Table 2 it can be said that the
4-dimensional model performs better overall compared to
the 1-dimensional and 2-dimensional models.

Comparing different latent dimensions fairly and avoiding
potential misleading conclusions that could arise from
either mode collapse or convergence errors can help
determine the final model that may be affected by one of
these issues. Furthermore, for a more qualitative analysis
of the latent space’s impact on the image quality, the FID
value with the lowest reference point and the IS value with
the highest reference point can be chosen as representatives
for a specific dimension.

Table 1. TOP-5 Documented FID Results Per Latent Dimension- AFHQ Cat.

dim(z)

FID 1 2 4 8 100 512 1024
1. 0.148 0.083 0.033 0.025 0.021 0.024 0.043
2. 0.154 0.085 0.038 0.034 0.024 0.037 0.051
3. 0.177 0.087 0.040 0.043 0.027 0.045 0.057
4, 0.198 0.090 0.041 0.050 0.029 0.048 0.062
5. 0.203 0.096 0.047 0.063 0.032 0.053 0.066

Table 2. TOP-5 Documented IS Results Per Latent Dimension- AFHQ Cat.
dim(z)
IS 1 2 4 8 100 512 1024
1. 1.551 2.091 2.287 2.475 2.586 2.537 2.324
2. 1.530 2.083 2.269 2.460 2.550 2.516 2.305
3. 1.493 2.045 2.244 2.451 2.523 2.498 2.288
4. 1.475 2.021 2.217 2.429 2.498 2.473 2.265
5. 1.453 2.004 2.189 2.391 2.462 2.460 2.246

Quialitative Results

Fig. 6 shows the generated images and the corresponding
loss graphs produced by the DCGAN model trained with
a 100-dimensional latent space over 100 epochs using
5000 images from each of the AFHQ Cat, AFHQ Dog,
and AFHQ Wild Animals datasets. The process based on
the generator and discriminator loss functions oscillates
within a narrow range due to the effort to reach a Nash
equilibrium, which is a situation where the discriminator
cannot distinguish between real and fake images in a
competitive system. However, achieving this balance is
challenging due to the simultaneous training of the two
adversarial networks. It can be observed in the loss
graphs that the discriminator’s loss decreases faster
towards zero compared to the generator’s loss. Upon
examining the generated images (left) in Fig. 6, it can be
observed that as the epochs increase, the Generator

manages to capture somewhat realistic images and
deceive the Discriminator to some extent. When
examining the loss functions (right)for all three shapes,
it is evident that the Generator achieves the Nash
equilibrium with the Discriminator earlier in the Cat and
Dog datasets compared to the Wild dataset,
demonstrating a more stable progress.

The delayed attainment of the Nash equilibrium in
training the DCGAN with the Wild dataset suggests that
the generator network struggles to capture the features of
real data by utilizing the feature maps of the
discriminative network based on images of four different
animal species. Therefore, the loss function of the
generator network oscillates in a wider range. In the
training of DCGAN with the smallest latent space
dimension, the generator lacks sufficient latent space to
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generate meaningful features, leading to limited ability
in capturing image features.

The generated images from the DCGAN model trained
on three different datasets are shown in Fig. 7. While it
is evident that the model starts to capture some fine
details, it remains weak in terms of image diversity as it
continues to produce similar-looking images.

Figure 6. Images and loss plots produced in the
DCGAN model trained with AFHQ Cat, AFHQ Dog
and AFHQ Wild Animals datasets.

This occurs when the generative model becomes too
specialized in capturing training data models but fails to
generalize well to unseen data.
. 2T s

Generated Cats

Generated Dogs

Generated Wilds

Figure 7. Mode collapse observed with synthetic
images generated the latent space dimension z=1 of
DCGAN trained with three separate datasets.

To determine whether some visually generating “fake”
images were simply memorized training data or suffered
from overfitting, we compared them with the training
images. Since manual comparison was not feasible, we
used a distance metric, namely the Euclidean distance
network, to measure the similarity between the feature
representations of the generated images and the training
images. As we extracted the clearest images with the cat
dataset in our experiments, the cat dataset was utilized as
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a reference. We selected the closest neighbors (from the
training data) for the generated images based on their
feature representations. Fig. 8 illustrates the closest
neighbors for three selected images per latent space
dimension dim(z) € 8, 100, 512, 1000. We can observe
the similarities between the generated images and their
closest neighbors. However, no model produced images
that were identical to the training images, indicating that
the generators were able to learn meaningful and
generalizable data representations without significant
overfitting.

dim(z) =8 dim(z) = 100 dim(z) = 512 dim(z) = 1000

Generated
Image

Training
Image

Figure 8. Nearest neighbor of three chosen generated
images per each latent dimension dim(z) € 8, 100, 512,
1000.

Conclusion

The choice of noise vector size used in the latent space
domain is usually made by empirical experiments to
question the ultimate effect of the performance of the
generative model on a given data set. This article
explores the effect of the latent field dimension on
DCGAN’s ability to synthesize plausible and diverse
animal facial images and learn a semantically
interpretable latent representation of the data. Visual
inspection of the synthesized images showed that
increasing or decreasing the commonly preferred
common latent size (100) still enables the generative
model to produce new compelling animal facial images.
In our experiments, despite going as high as 512 and
1000, the complex variations and details in the generated
images could not be captured. However, a significant
improvement in DCGAN performance has been seen in
recent increments of the 4th latent dimension. Further
increase in latent size (8 - 100- 512 -1000) after initial
improvements resulted in less degradation of learned
mapping on DCGAN performance in quantitative graphs
and a milder positive impact on qualitative results.
Considering both the quantitative and qualitative results,
dimensions 8, 100, and 512 seem to be the most
prominent in our settings. Considering the performance
of the hidden area dimension 8, FID and IS values at the
end of the training, sample diversity and image quality
are similar to the common hidden dimension.
Nevertheless, the overall performance of the model
trained with a 100-dimensional hidden space field shows
remarkable results. Possible mode crashes and instability
in the DCGAN training procedure are related to many
factors as well as to the chosen hidden dimension value.
Ultimately, the latent space dimension is a factor that
affects the performance of GANSs. In future studies,
research on automatic hidden area size selection for
GANs can be investigated. These studies may attempt to
automatically determine the optimal size by analyzing
the characteristics of the dataset or by other methods.
This can enable the user to use GANs more easily and
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effectively without having to adjust the size by trial and
error. As a result, this study can lead to advances in
generative modeling and better understanding of the
effects of hidden area size on GAN performance and
designing better GAN models to optimize. Second, by
combining quantitative and qualitative assessment
methods, researchers can obtain a more comprehensive
assessment of GAN models, taking into account both
objective measures and subjective human perception.
This helps assess the strengths and weaknesses of the
model’s performance and make informed decisions
about its further development.

"There is no need to obtain permission from the ethics
committee for the article prepared.”

"There is no conflict of interest with any person /
institution in the article prepared."
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Low-light images are captured in situations where the environment lighting is poor or the camera hardware
is not capable of producing good quality images. These types of images tend to have low contrast, blurry
details, noise, and color distortion. In computer vision applications, image brightness plays a crucial role,
and therefore, low-light image enhancement is used as a preprocessing step. In this study, we have im-
proved the Low-Light Enhancement Network with Global Awareness (GLADNet) method by adding a U-
Net based edge information extraction unit. The channel attention mechanism was also incorporated into

the edge information extraction unit to achieve color preservation. Our experiments show that our proposed
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method has achieved higher PSNR, SSIM, and FSIM metrics compared to reference images. Additionally,
it has produced lower NIQE and BRISQUE values for non-reference performance evaluation. Moreover,
our proposed method removes noise better and produces visual results that are closer to the target images.

Introduction

Low-light images can result from poor camera settings
or from camera sensors that are not exposed to enough light.
It is important to have good image quality both for human
visual pleasing and for the performance of computer vision
algorithms. A number of studies [1]-[4] have been con-
ducted in the field of low-light image enhancement, which
includes techniques such as illuminating insufficient bright-
ness, preventing color distortion, removing noise, and pre-
serving texture and detail. Previous work in this area has
been based on various methods such as histogram equaliza-
tion [5]-[9], gamma correction [10]-[12], Retinex theory
[13]-[16], and deep learning [17]-[19], among others.

Histogram equalization is a method used to enhance the
contrast of an image by adjusting the distribution of its gray
levels [20]. This technique works by spreading the distribu-
tion of gray levels over a wider range, which makes unclear
details in the image more clear. However, applying this
method to the entire image can lead to undesirable out-
comes, such as bright regions reaching saturation values. To
overcome this problem, an adaptive histogram equalization
(AHE) [5] technique is used, which computes local histo-
grams from different regions of the image and performs his-
togram equalization with respect to these regions. However,

AHE can be slow and produce noise in homogeneous re-
gions. To avoid oversaturation and noise, the Contrast Lim-
ited Adaptive Histogram Equalization (CLAHE) [6] tech-
nique applies a threshold to each local histogram equaliza-
tion. Another extension of histogram equalization, the
Brightness Preserving Dynamic Histogram Equalization
(BPDHE) [7], aims to improve contrast while preserving
the average brightness of the image.

The enhancement of low-light images by gamma cor-
rection is inspired by the interaction between humans and
nature. The sensitivity of the human eye to brightness is
thought to be exponentially proportional to the amount of
light entering from the outside [21]. In dimly lit environ-
ments, the human eye is more sensitive to differences in
brightness, but as the amount of light increases, the eye's
ability to detect differences in brightness decreases. To
avoid this, the image is exponentiated with the gamma
value. Because gamma correction is applied to the entire
image, it can create unwanted saturation or dark areas de-
pending on the exponentiation value. To avoid these situa-
tions, adaptive gamma correction (AGC) [10] has been pro-
posed. This method uses statistical information about the
images to determine the parameters needed to improve con-
trast.
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Retinex theory is an approach that assumes that an im-
age can be decomposed into two components: illumination
and reflection [22]. The idea of Retinex theory led to the
development of the Single Scale Retinex (SSR) algorithm
[13], which uses a single Gaussian filter to estimate the il-
lumination map of the image after decomposing it. How-
ever, SSR may not be able to capture all the details in dark
images while estimating the illumination map. To address
this, researchers have developed the Multiscale Retinex
(MSR) architecture [14], which applies Gaussian filters at
different scales to the image and combines the filtered re-
sults. However, this can cause color distortion and halo ef-
fects in the image. To improve this situation, the Multiscale
Retinex with Color Restoration (MSRCR) approach [15]
approach adds a color factor that processes the R, G, and B
channels of the image to restore its color and prevent halos
and color distortion.

Deep learning is a type of neural network that consists
of multiple layers and different architectures [23]. Rese-
arch in low-light image enhancement has benefited greatly
from the development of deep learning. One of the first
deep learning models for low-light image enhancement is
the Low-light Net (LLNet) [17]. LLNet uses deep autoen-
coders, known as Stacked Sparse Denoising Autoencoders
(SSDA), to learn the basic characteristics of low-light ima-
ges and enhance image contrast while reducing noise.
Another study, the Multi-Branch Low-Light Enhancement
Network (MBLLEN) [18], developed a branched model
consisting of three subnetworks designed to extract featu-
res at different levels. The Feature Extraction Network
(FEM) is the first subnetwork that extracts features at dif-
ferent levels. The Enhancement Module (EM) is the second
subnetwork that enhances the extracted features, and the
third subnetwork, the Fusion Module (FM), performs
multi-branch fusion.

Edge detection is used to detect significant changes in
brightness within an image [24]. The information about
edges in an image is one of the important features and there-
fore a topic of research [25]. The importance of edge detec-
tion can be observed in its use in various studies such as
image segmentation [26] and image recognition [27]. In this
study, we aimed to improve the quality of images by en-
hancing the detail information, which would reduce the loss
of content due to lack of detail in low-light images. To
achieve this, we conducted experiments by adding edge in-
formation to the detail reconstruction block in the GLAD-
Net [28] architecture.

The main contributions of our study can be summarized
as follows:

Adding edge information increases the detail of the
image, resulting in better visual and numerical results.

Adding a channel attention mechanism to the edge
extraction block preserves the color information.

The proposed method reduces noise and improves en-
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hancement on images with higher edge complexity.
Related Work

Low-light images are characterized by low contrast,
blur, and high 1SO noise [29]. These types of images are
often difficult to recognize, and various methods have been
developed to improve contrast and brightness while remov-
ing noise. One of the earlier approaches was based on his-
togram equalization. Dynamic Histogram Equalization
(DHE) [30] divides the histogram of the input image ac-
cording to local minima and applies histogram equalization
to each image segment. This provides both local and global
contrast enhancement in the image, and the result of histo-
gram equalization is with good detail preservation. How-
ever, DHE does not preserve the average brightness of the
image, which can lead to saturation. To overcome this
shortcoming, a method called Brightness Preserving Dy-
namic Histogram Equalization (BPDHE) [7] was proposed.
First, a Gaussian filter is applied to the image histogram.
Then, the image is divided into local maxima. This ap-
proach preserves the average brightness of the image better.
Histogram equalization is applied to each subdivision, and
finally, the output image is normalized with respect to the
input image to compensate for the effects of the operations
on the average brightness. This preserves the average
brightness of the image, and results in a contrast-enhanced
image. The Contextual and Variational Contrast (CVC) al-
gorithm has been developed by Celik and Tjahjadi [31].
This algorithm uses a histogram-based approach to enhance
the contrast of an input image. It creates a 2D histogram of
the input image by using the relationship between each
pixel and its neighbors. The CVC algorithm works effec-
tively on both gray and color images. It preserves the detail
information of the input image while enhancing the contrast
of images taken under different lighting conditions. How-
ever, it does not fully exploit the relationship between input
and output gray level differences. To solve this problem,
Lee et al [32] proposed a new contrast enhancement method
that uses LDR to control the output gray level differences.
They extract 2D histograms with a different approach than
CVC. They exploit the statistical information of gray level
differences between neighboring pixels of the input image,
and use optimization for enhancement at each layer.

Guo et al. proposed the Retinex-based LIME method
[33] for low-light image enhancement. This method focuses
only on estimating the illumination factor of an image. It
estimates an illumination map using the maximum values
inthe R, G, and B color channels of an image. They propose
an algorithm based on the Lagrangian Multiplier (ALM) to
enhance this estimated illumination map. Although it has a
good performance on image enhancement in low light con-
ditions, the enhanced image has a noise problem. To reduce
the noise in the image, Ren et al. proposed Robust Low-
Light Enhancement via Low-Rank Regularized Retinex
Model (LR3M) [34], which estimates the illumination and
reflectance map in the image in a sequential manner. This
ranking is done to remove noise from the reflectance map
according to the low-rank priority. Xu et al. developed a
method that also considers the color of the image, the struc-
ture and texture aware retinex model (STAR) [35] generates
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structure and texture maps using the exponentiated mean lo-
cal variance (EMLYV) filter. This allows for more accurate
estimation of reflectance and illumination components. The
unsupervised low-light image enhancement network
ZERRIN-Net [36], which focuses on low-light noise re-
moval, consists of the noise estimation subnetwork N-net,
the reflection component estimation subnetwork RI-Net.
The network DMT-Net [37] consists of several networks:
Decoupled-Net to separate the luminance channel into re-
flectance and illumination, Denoising-Net to remove noise
in reflectance, Boosting-Net to improve illumination and re-
duce halo effects, and Chrominance-Net to reduce chro-
matic distortion of Cb and Cr channels. The Self-Reference
Deep Adaptive Curve Estimation (Self-DACE) network
[38] is a two-part architecture consisting of an adaptive
curve to improve the brightness of low-light images and a
noise removal method to estimate and remove hidden noise
in images. Real-low to Real-normal Network (R2RNet)
[39] is a Retinex-based network consisting of Decom-Net
to decompose the input image into illumination and reflec-
tance components, Denoise-Net to remove noise from the
reflectance map and Relight-Net to improve contrast.

The Edge-Enhanced Multi-Exposure Fusion Network
(EEMEFN) [40], designed to reduce image noise, correct
color distortion, and enhance edge information lost at low
illumination levels, consists of two basic networks. It in-
cludes a Multi-Exposure Fusion (MEF) module specifically
designed to deal with high contrast and color distortion, and
an Edge Enhancement (EE) module to enhance and sharpen
edge information. This proposed dual network structure
aims to provide effective image processing solutions to
achieve cleaner and higher quality image results. Zero-Ref-
erence Deep Curve Estimation [19], a deep learning-based
method, has been developed to enhance low-light images.
It finds a Deep Curve Estimation Network (DCE-Net) that
estimates an image-specific curve. The estimated curves are
used to create an enhanced image by adjusting the dynamic
range of the input image on a pixel-by-pixel basis. Fu et al
[41] propose Low-light Enhancement Generative Adversar-
ial Network (LE-GAN), an unsupervised method based on
Generative Adversarial Network (GAN), which aims to en-
hance image brightness, remove image noise, and improve
color distortion using attention mechanisms. Convolutional
Dense Attention Guided Network (CDAN) [42] aims to im-
prove the performance of the architecture by adding convo-
lutional blocks, dense blocks, attention modules, and jump
links to autoencoders that aim to enhance low-brightness
images while preserving natural colors. Fast and Light-
Weight Network (FLW-Net) [43] consists of two relative
loss functions with Global Feature Extraction (GFE) and
Local Enhancement Network (LEN) subnetworks to re-
move network noise and preserve structural information.

Edge detection is the process of identifying the bounda-
ries or edges of objects in an image. In image processing,
edge detection is a critical preprocessing step because edges
provide valuable information for determining the shape,
size, and position of objects. Edge detection plays an im-
portant role in several computer vision applications, includ-

ing image segmentation, object recognition, medical imag-
ing, and visual saliency generation [44]. The Canny edge
detection algorithm [45] is an efficient method that has been
widely used to detect edges in images. Various methods are
used to extract edge information, such as Roberts [46],
Prewitt [47], and Sobel [48]. These methods are used in ob-
ject recognition and other image processing tasks to empha-
size structure in images and to highlight edge information.

With the rapid advancements in deep learning, many
new deep learning networks have emerged to solve prob-
lems in computer vision. One such architecture is U-Net,
which has gained prominence due to its unique design that
caters to medical image segmentation. The U-Net architec-
ture is characterized by its U-shaped structure and the inclu-
sion of contextual information, which makes it fast and ef-
ficient [49]. It is designed to work with limited data usage,
which is a significant advantage. The architecture com-
prises network convolution and inverse convolution layers
arranged symmetrically. Each convolution layer is followed
by a ReLU activation function and a maximum pooling pro-
cess. The inward shrinking structure inside this symmetric
structure creates a bottleneck that contains all the essential
features of the image. This particular design ensures that ef-
ficient results can be achieved even with less data [50].

There are several studies that use the U-Net architecture
for low-light image enhancement. One of these studies, the
Kindling the Darkness (KinD) network [51], aims to both
remove noise and accurately enhance the color information
of the image while illuminating an image taken under low
light levels. It performs the training process with three net-
works: a decomposition network, a reflectance restoration
network, and an illumination adjustment network. The re-
flectance restoration network, based on the U-Net, consists
of 10 convolutional layers. Each double convolution is fol-
lowed by maximum pooling. Another study by Jiang et al.
[52] developed a self-regulated low-light image enhance-
ment architecture that aims to prevent image chromatic ab-
erration. This architecture includes a reflectance estimation
network. This network is based on the U-Net. It consists of
19 convolutional layers, four subsampling steps, and four
upsampling layers. This work includes several network
models that focus on low-light image enhancement using
the U-Net architecture and achieve impressive results.

The LAU-Net [53] is an advanced network that is inte-
grated with the U-Net and consists of three main compo-
nents: the Parallel Attention Unit (PAU), the Internal Resiz-
ing Module (IRM), and external convolutional layers. The
PAU uses attention mechanisms at the end of the encoder
blocks to extract important features from both spatial and
channel dimensions. The IRM facilitates the flow of infor-
mation by creating long jump connections within the net-
work, while the external convolutional layers help reduce
noise in the input image. On the other hand, the AFDNet
[54] is based on the U-Net architecture and has an Adaptive
Frequency Decomposition (AFD) module that adaptively
extracts low frequency information for contrast enhance-
ment and noise reduction, and low and high frequency in-
formation for detail recovery. The Laplacian pyramid in the
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Figure 1. GLADNet architecture [28].

network increases the width of the feature, which strength-
ens the connection between the encoder and decoder and
guides the recovery of image details.

Proposed Method

The GLADNEet [28] architecture is an image enhance-
ment method that first uses a global illumination distribu-
tion estimation network and attempts to estimate the illumi-
nation map of the image. It then combines this estimated
map with the input image. This combined image is the input
image to the detail reconstruction network. The network is
designed to extract the details from the dark image content.
The architecture of GLADNet is shown in Figure 1. The
edge information of the components in an image is the detail
information of the image. It is a very difficult task to extract
the edge information of objects in a dark image while illu-
minating it. While the GLADNet architecture illuminates
the content of an image, we propose an additional integrated
network to further sharpen the fine details in the texture of
the image and the edge information it contains. This spe-
cialized network, shown in Figure 2, learns the edge infor-

low-light image enhancement. The model adapted from
GLADNet is shown in Figure 3.

The architecture of GLADNet [28] consists of two main
parts. The first part, Global Illumination Distribution Esti-
mation, contains the network that performs the illumination
estimation of the image. The second part, Detail Recon-
struction, is used to recover detail information. First, the in-
put image is resized to 96x96 using nearest neighbor inter-
polation. This is followed by a ReLU activation function
and a downsampling layer. The image is then passed
through a network of encoders and decoders. This network
consists of 5 downsampling and 5 upsampling networks.
Each convolution layer has two steps with a kernel size of
3x3. The ReLU activation function is used in each layer.
The resizing size and receptive area of each layer are ad-
justed to ensure full coverage of the bottleneck layer.

Each downsampling layer is connected to the corre-
sponding upsampling layers by jump links. During the re-
construction phase, the focus is on recovering details. The
details may be lost during the illumination estimation of the

Edge Extaction Block

v

Conv 3x3 + RelU
Conv 2x3 + RelLU
Max Pooling 2x2
Channel Attention,

Low Light Image

Up-conv 2x2
Conv 3x3 + RelLU
Conv 2x2 + RelU

Histogram Equalization
Applied Image

anny (100,200,

Loss >

Canny Applied
Image

Normal Image

h 4

Function

Output

Figure 2. The proposed Edge Extraction Block.

mation within the image itself. The results of this network
are fed into the detail reconstruction network and combined
with the results of the GLADNet network. This integration
increases the strength of GLADNet and its effectiveness in

reconstructed image. Therefore, the original image is con-
sidered to have more detail information than the generated
prediction result. Both the estimated image result and the
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Edge Extaction Block

Channel Attention|

Max Pooling 2x2

Conv 3x3 + RelLU
Conv 3x3 + RelLU

Input

Low-
resolution
Features f

Resize-Conv + RelU

Conv + RelLU

resolution
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Concatenate
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Up-Conv 2x2
Conv 3x3 + RelLU
Conv 3x3 + RelLU

Illumination Distribution Estimation

Concatenate
Conv + RelLU
Conv + RelU
Conv + RelLU

Resize-Conv + RelU

Figure 3. The proposed approach modified from GLADNet [28].

original image are merged. Then, three successive convolu-
tion layers are applied to the merged image. In the proposed
method, we applied 5 convolutional layers. In these layers,
the ReLU activation function and the number of steps are
set to 2, and the L1 norm is used as the loss function.

Our Approach

The proposed method is designed to increase the detail
information in the reconstruction phase by focusing on the
edge information of objects in the image. The proposed
Edge Extraction Block (EEB) is shown in Figure 2. The
EEB unit consists of encoders and decoders, gets a histo-
gram equalized low light image as input, and the decoder
side compares the results with the Canny [45] edge infor-
mation of the ground truth image. This network consists of
8 convolution layers to focus on learning the object edge
information of the low-resolution image. Each pair of con-
volution layers is connected to the corresponding upsam-
pling layers by skip connections. In addition, after the first
three double convolution layers, the channel attention mod-
ule (CA), one of the attention mechanisms used in the work
of Zamir et al. [55], is employed. The CA mechanism gen-
erates more salient edge information by making the network
focus on more important channels.

The edge information obtained as a result of the encoder
and decoder was used as input for the reconstruction stage
by combining the detailed original image with the predic-
ted edges. The Binary Cross Entropy Loss function was
used for this network. The proposed approach ensured the
preservation of details.

Experiments

The proposed model is trained using two different da-
tasets, low-light matched (LOL) dataset [60] and RAISE
[61]. The LOL dataset consists of 500 images with 585 for
training and 15 for testing. The RAISE dataset is a synthetic
dataset of 1000 image pairs, and the exposure value is ad-
justed using the Adobe Lightroom photo editing program
by modifying Highlights, Shadows, Vibrance, Whites.

These settings are adjusted so that the histogram of the Y
channel of the image matches the result.

In this study, to assess the effectiveness of the proposed
approach, we utilized five metrics. Three of these metrics
used reference images: Peak Signal-to-Noise Ratio (PSNR),
Structural Similarity Index (SSIM), and Feature Similarity
Index (FSIM). The remaining two metrics were used for
non-reference images, namely Natural Image Quality Eval-
uator (NIQE) and Blind/Referenceless Image Spatial Qual-
ity Evaluator (BRISQUE).

PSNR (Peak Signal to Noise Ratio) [56] is a commonly
used metric for assessing the quality of an image. This met-
ric measures the similarity between the original image and
the reconstructed or compressed image in terms of pixel
values. It evaluates how well the reconstructed image pre-
serves the details and characteristics of the original image.

MAX?
PSNR = 10.10g10(F5;) 1)

Where MAX is the maximum signal level and MSE is
the mean squared error. A mean squared error (MSE) is the
average square of the difference between the processed im-
age and the reference image. It is computed by the follow-
ing formula.

MSE = 3, TN (f; — gy)? 0

Here, i and j are the pixel positions of image M multi-
plied by image N.

The SSIM (Structural Similarity Index) [56] is a metric
that measures structural similarity by taking subsections
from an image to compare the similarity between two im-
ages. This metric evaluates the similarity between images
by considering factors such as color and contrast. It is com-
puted by the following formula.

SSIM (f.g) = [1(Eg)]* [c(fg)]P. [s(tg)]* ©)

Here, f and g represent the input and target images, re-
spectively. I(f,g), c(f,g) and s(f,g) respectively represent the
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Input

GLADNet

GLADNet + GLADNet +
EEB EEB + CA

Figure 4. Visual results. The abbreviations of EEB, CA, and GT namely stands for Edge Extraction Block, Channel At-

tention, and Ground Truth.

illumination of the image, the contrast of the image and the
structural difference of the image, and a, B, A are positive
constants. Each component is calculated by the formulas
given below.

2UxHy+Cq

I 9) = e Q)
2040y +C
c(f,9) = G}z(Tzz:Jrcz ®)
_ 20'Xy0'y+C3
s(fg) = L= ©)

Here, pxpy is the average brightness of the target image
with the input image. o,.0,, is the standard deviation of the
brightness between the input image and the target image.
Oy is the covariance between the input image and the tar-
get image, and C1, C2, C3 are constants.

The Feature Similarity Index Matrix (FSIM) [57] takes
out two attributes, Phase Congruency (PC) and Gradient
Magnitude (GM), to evaluate the image quality, and makes
an evaluation according to these properties. The formula is
given below.

Su(x) = [Sec(x)]* [Sc(x)]P ()

Where PC is the phase compatibility and GM is the gradi-
ent magnitude. The o and p parameters determine the rela-
tive importance of the PC and GM properties. The PC and
GM formulations are given below.

=,/Gx? + Gy? (8)

Here Gx refers to the horizontal gradient of the image,
Gy to the vertical gradient of the image.

GM(x)

2PC,PC,+T
S — 1 2 1 9
PC ™ pc2ypc2+T, ©)

Here, T1 is a positive constant that increases the stability
of the Spc. The Spc range is from 0 to 1.

The Natural Image Quality Evaluator (NIQE) [58] is
used as a completely blind, non-reference evaluation meas-
ure for properties derived from the statistical properties of
undistorted natural images. The Blind/Referenceless Image
Spatial Quality Evaluator (BRISQUE) [59] is a blind, non-
reference image quality evaluation metric based on natural
scene statistics. BRISQUE is an index that measures the
quality of an image close to the image quality perceived by
the human eye. This index uses a feature-based approach to
assess image quality and can operate without the need for a
reference image.

Table 1. The quantitative experiments.

Base EEB CA PSNR(1) SSIM (1) FSIM (1)
v 16.5925 0.6503 0.8184
v v 16.7298 0.6619 0.8190
v v v 16.9710 0.6629 0.8267

Table 1 shows that the results with the Edge Extraction
Block added to the proposed architecture perform well
when compared to the GLADNet results. With the addition
of the Channel Attention (CA) block to the proposed Edge
Extraction block, it is found that the color matching in the
image is further improved. In Figure 4, a low-light image
was given to different architectures and specific regions
were cropped to show the visual results. When the cropped
images were examined, it was found that the visual result
produced by the inspired architecture was not very similar
to the target image. However, when an edge extraction
block was added to the architecture, the detail in the cropped
image increased. By further adding channel attention to the
proposed edge extraction block, the produced image color
became even closer to the target image.
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Input

GLADNet

GLADNet + EEB + CA

Figure 5. Visual results. The abbreviations of EEB, CA, and GT namely stands for Edge Extraction Block, Channel

Attention, and Ground Truth.

In Figure 5, the base model shows noise, while the pro-
posed architecture with edge extraction block shows less
noise. By adding channel attention, even better noise re-
moval is achieved.

We compared our proposed method with state-of-the-art
methods on the LOL dataset and presented the results in Ta-
ble 2. Our method outperformed the compared methods.

Two test images were used to measure the effectiveness
of a proposed model. The aim was to determine whether
the proposed model performed better on complex or flat
images. This was done by calculating the number of edge
pixels in both images. The image with the higher number
of edge pixels was considered complex, while the image
with a lower sum of edge pixels was considered flat. To
calculate the edge pixels, the Canny algorithm was applied
to both images. The normal bright image, represented by

(b)
Edge Information Extracted
Image

a
Complex Image with Normal
Brighftness

= ; ; d) J

Simple Image with Normal Edge Information Extracted
Brightness Image
Figure 6. Complexity of images based on edge infor-
mation.

"a" in Figure 6, had 16.228 edge pixels. The image con-
taining "c" had 10.424 edge pixels. When the proposed
models were tested using the PSNR metric, the GLADNet
architecture produced a result of 18.8204 on the complex
image. The proposed edge block resulted in a score of
21.1139, and when the channel attention mechanism was
added to the edge blocks, the result was 21.2802. This rep-
resents a 13.1% increase in performance for the proposed
architecture.

Table 2. The performance comparison of the proposed
method with state-of-the-art methods.

Method/Metric PSNR (1) SSIM (1)
_Hist_ogram Equal- 14.5414 0.4664

ization

RetinexNET [60] 14.9281 0.4896

SSIENet [62] 15.4248 0.6562

Kind [51] 16.1909 0.7090

Ours 16.9710 0.6629

Two photos were taken in the evening, when it was get-
ting dark, and in a room with artificial light. The proposed
architectures were successively applied to these photo-
graphs. The images were compared numerically with the
NIQE and BRISQUE metrics since they did not correspond
to the reference image with normal lighting. Looking at the
numerical results of the images taken in Figure (7) Indoor
and Figure (8) Outdoor in Table (3), the BRISQUE value is
good when the EEB is added to the proposed interior archi-
tecture. Both the NIQE and BRISQUE values were better
when the proposed architecture was added to EEB with CA,
while in the outdoor environment, the value was better
when EEB and CA were added. When the visual results are

113



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 107-117

examined, we can see that the color and edge information
are preserved both in the indoor and outdoor environments.

Table 3. Numerical comparison of indoor and outdoor
images captured from real-world environments.

Method/
Metric NIQE (}) BRISQUE (|)
GLADNet 3.9537 25.9353
§ 8 GLADNet+
c e
8 EER 4.1320 19.2600
Shi GLADNet+
EEB + CA 3.8555 22.8995
GLADNet 6.4291 33.4529
- 0
92 GLADNet
o <
3 § + EEB 5.5562 39.7556
GLADNet
+ EEB + CA 5.3216 32.5379

Input GLADNet

GLADNet + EEB GLADNet + EEB+ CA

Figure 7. Effects of the proposed method on real-world
indoor scenes.

Running Time Comparison

In order to determine the running time of the proposed met-
hod, we ran each model ten times and calculated the average
running time. The average running times for both the based
and the proposed models are presented in Table 4. It is
worth noting that the inclusion of EEB and channel atten-
tion resulted in a slight increase in the running time.

Table 4. The comparison of running times.

Method Average Working Time
GLADNet 0.1552
GLADNEet + EEB 0.1570
GLADNet + EEB + CA 0.1574
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GLADNet + EEB

GLADNet + EEB + CA

Figure 8. Effects of the proposed method on real-world
outdoor scenes.

Configurations

We used the same Adam optimization method as in the
original study. As set up, each mini-group contains 8 image
pairs. It starts training with a learning rate of 1e-3 and is
adjusted every 100 mini-group passes by multiplying this
rate by 0.96. The model was trained for exactly 50 epochs.
For the edge information extraction network, we used the
Adam optimization method. This network was trained for
250 epochs. We used TUBITAK TRUBA infrastructure to
train the proposed method.

Conclusion

Edge information improves the image. It organizes the
image away from blurring, extracts the edge information of
objects in the image, and increases the saliency of objects
in the image. In this regard, it has been the subject of interest
in many studies. In this study, we have developed a network
that captures the edge information of the image, which we
believe will be effective in increasing the image detail. This
improves the original model and makes it easier to increase
the detail information of the image while brightening it. Due
to inadequate camera equipment and environmental condi-
tions, images may have been taken in low-light conditions.
Inadequate lighting can have the effect of obscuring some
areas of the image content or the entire image. In this study,
an edge information extraction network is added to an ar-
chitecture that has been developed for image enhancement
in low light conditions. The goal of this network is to cap-
ture the fine texture and sharp edge information of objects
in the image in detail while the image is illuminated. Since
we have a limited image dataset to train this network, we
used the U-Net architecture, which gives good results on
small datasets. Histogram equalization was applied to the
low-light image to reveal the details in the image. The edge
information of the target image was detected using the
Canny detector. In the U-Net architecture, the edge infor-
mation of the low-light image with histogram equalization
is learned by targeting the edge information of the target
image. This network, called the edge information extraction
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network, aims to illuminate the image by preserving more
detailed information. The detail reconstruction network of
the GLADNet architecture is combined with the result of
the edge information extraction network. This result is
added to the reconstruction detail information recovery net-
work. The experiments show that we achieved high PNSR,
SSIM, and FSIM metrics, and the results are close in color
to the target images. Similarly, lower results were obtained
for NIQE and BRISQUE values in the non-reference metric
measurements. The complexity test we applied and there is
less runtime difference by adding the EEB block. Con-
ducted experiments also showed that the added edge infor-
mation improves more on complex images. When we model
the low-light image from everyday life, we see a visual and
numerical improvement. As a future work we plan to use
attention mechanisms to improve illumination of the low-
light images.
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Many of the equipment and machines we use in our everyday lives have changed due to major
advancements in today's technology. Smartphones, which have made great progress especially in the last
decade, perform many tasks in addition to interpersonal communication. Controlling robots, which are
increasingly used in daily life and widely included in the literature, is one of these tasks. In this study, the
pure pursuit algorithm was used to control the position of a non-holonomic differential drive mobile robot,
and the path information to be tracked was received from an Android mobile device as a reference. An
application design has been carried out for Android devices. The information for the path drawn here was
transferred via the internet to a Google Spreadsheet. Coordinate information obtained from Google tables
in MATLAB was separated as x and y axis information and entered into MATLAB/Simulink as waypoints
of the pure pursuit algorithm and the position control of the robot was carried out. Error analysis was made
by taking the differences between the reference path and the actual movement and the control performance
was examined. Additionally, the effect of the approach distance value of the pure pursuit algorithm on the

error is presented.
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Introduction

Mobile robots have been used effectively in the last
decade to perform important tasks in many fields,
including military, industrial, and security environments
[1,2]. In recent years, as more and more application areas
have been opened for robots, production efficiency has
increased, manpower has decreased and working
environments have improved [3]. There are many types
of robots and their tasks. Automating operations like
material handling in warehouses, luggage collecting at
airports, and mobile security inspection robots are
common uses for ground robots. Underwater robots are
commonly wused to perform sampling, testing,
installation, maintenance, and overhaul of groundwater
environments, marine environments, and lake and river
water environments. Aerial robots are often used to
perform aerial search and rescue, search terrain data
collection, airborne remote sensing, and other tasks [4,5].
Among these, wheeled mobile robots are used in most
applications due to their many advantages such as being
fast, having high accuracy, and performing repetitive and
difficult tasks easily. These robots are divided into
holonomic and non-holonomic wheeled mobile robots.
While non-holonomic robots have 2 degrees of freedom

(DOF) linear movement in the x-axis and rotational
movement in the z-axis, holonomic robots have 3 degrees
of freedom because they can also move in the y-axis [6].
Holonomic robots are also called mechanum and omni-
wheel. Although these seem more advantageous, their
disadvantages are that they are expensive, slow, and
slippage [7]. Non-holonomic robots are generally used
with differential drive and are called differential drive
wheeled mobile robots (DDWMR). DDWMRs can be
designed as 2-wheel [8], 3-wheel [9], 4-wheel [10] or 6-
wheel [11]. 3-wheeled DDWMRs, which can be
controlled more easily thanks to their high
maneuverability, are widely used. It consists of two
motorized wheels and one caster wheel [12].

One of the most fundamental issues that need to be solved
for mobile robots to move and explore on their own in
complex environments is path planning [13]. The mobile
robot searches for an optimal or suboptimal path from the
initial state to the goal state based on certain performance
criteria. This is known as the path planning problem [14].
When used properly, path planning techniques for mobile
robots can save wear and tear as well as capital costs and
save a lot of time. Therefore, the correct choice of
navigation technique is the most important step in robot
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path planning [15]. There are many position control
algorithms such as improved Monte Carlo, pure pursuit,
Markov, and Kalman filtering [16]. Of these, the pure
pursuit algorithm (PPA) is one of the first. In essence, it
is an algorithm that moves to a predetermined point in the
distance, concentrates on it, and then approximates its
trajectory [17].

In addition to robot design and control, information
exchange and control parameters must be sent between
the robot and the user. In simulation studies, this process
is done directly through the program. However, in
practical studies, it can be sent remotely via a computer
or a console. However, in this case, since additional
hardware is needed, it would be more appropriate to use
Android applications in terms of both reducing cost and
ease of use. Billions of people around the world use
smartphones and this number is increasing rapidly every
day. For this reason, mobile applications are preferred for
remote access in terms of ease of development. With a
single application on a device, other devices can be
efficiently managed and monitored [18]. The majority of
these devices used are devices with the Android
operating system. MIT App Inventor, which enables the
creation of application software for Android systems, is
an application originally provided by Google and now
maintained by the Massachusetts Institute of Technology
(MIT). It uses a graphical interface very similar to a
block-based visual programming language and allows
users to drag and drop visual objects to create an
application that can run on the Android system [19].
Robot control with Android applications has received a
lot of attention in the literature since Android phones and
robot studies have become more and more important in
today's world. Aktas et al. [20], in their study, controlled
the mobile robot they created with a 3D printer using Wi-
Fi and Bluetooth communication with an Android
application. Fahmidur et al. [21] controlled the robot via
Bluetooth by mirroring the Android phone screen to the
computer with the Mobizen application. Singporn and
Kamon [22] used the MIT App Inventor platform to
create a mobile application interface that controls a line-
following delivery robot via Bluetooth. Bingdl et al. [23]
conducted a study on Bluetooth-controlled wheelchair
control with an Android device to facilitate the lives of
disabled people. Saravanan et al. [24] studied robot
control with voice using Arduino and Android platforms.

In this study, the pure pursuit algorithm was used to
control the 3-wheeled DDWMR's position. In contrast to
the research in the literature, the algorithm input is
provided with a path rather than a few coordinate notices
where the robot is given directions to move. An Android
application that was developed was used to carry out this
path. The application interface has a coordinate system
on which the user can design the path they want the robot
to take. They can choose three different colors and the
appropriate thickness for their path. He/she can also snap
a photo of the area wishes to to go by turning on the
camera, and then use that image to design a reference
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path. The x and y coordinate values of the created
reference are stored for a certain period with the Android
application and when the send button is pressed, they are
automatically transferred to the Excel table in Google
Spreadsheets, thanks to the easy sharing and real-time
editing feature [25]. Arrays were created for x and y
coordinates with these values taken from Spreadsheets in
the MATLAB program, and these values were applied to
the PPA as a waypoint in the control simulation created
in MATLAB/Simulink and the robot was controlled.
Position controls were provided by sending different
paths, and error analyses were also performed by
repeating the examinations between the reference path
sent from the device and the actual movement for
different lookahead values.

Differential drive wheeled mobile robot

In this study, a 3-wheeled mobile robot was used. While
there is a standard wheel connected to the right and left
motors, there is a caster wheel on the front of the robot
that can rotate freely and ensure the balance of the robot.
Since it is a non-holonomic robot, it has 2 DOF. For this
reason, it can move linearly in the x-axis and rotationally
in the z-axis according to the {R} coordinate, as seen in
Figure 1. The linear speeds of the right and left motors
are Vg and V., respectively, and they depend on the
radius (r) and angular speed of the wheels, as shown in
Equation 1.
Ve=r.wg , V,=r1r.w,

ey

The linear speed of the robot is the average speed of the
speeds in the x and y axes. However, since the speed of
the robot on the y-axis is zero, that is, there is no lateral
slip, the average of the right and left linear speeds gives
the linear speed of the robot as in Equation 2.
VgtV 1 )

V=V = Lot = (g W)

The rotation of the robot occurs in a semicircle according
to the effect of the linear speed on the wheels on the
center of gravity of the mobile robot. When moving on
the circle, clockwise is negative, and counterclockwise is
positive. In this case, the angular speed of the robot is
calculated according to Equation 3.

VR_VL_T
L L

(3)

w = (wg —wp)

If the angular velocities of the wheels are distinguished
from the equations created here, the inverse kinematic
equations in Equations 4 and 5 are obtained.



DUJE ( Dicle Universitesi Miihendislik Dergisi) 15:1 (2024) Sayfa 119-129

1 L
W=V -2 ®
_1., wl 5)
WR_r(V+ 2)

where w is the angular speed of the robot (rad/sec), V is
the linear speed of the robot (m/s), L is the distance
between the two wheels (m), and w. and wg are the
angular speeds of the left and right wheels (rad/sec),
respectively.

Yok
Wheel \Y

Castor
Wheel

Right
Wheel

»X

{A}
Figure 1. DDWMR motion axis

Looking at the forward kinematic equations in Equations
2 and 3, it is necessary to adjust the angular velocities of
the wheels to control the linear and angular velocities of
the robot. If the motors to which the wheels are connected
are adjusted in the opposite direction and at the same
speed, the robot goes forward or backward. If it is turned
in the same direction, the robot moves by turning right or
left.

Pure pursuit algorithm

The main purpose of position control algorithms is to
ensure that the mobile robot moves without deviating
from the path. There are many predictive, probabilistic,
and geometric-based algorithms developed for this
purpose. PPA is a geometric-based algorithm developed
in the 1980s for this purpose [26]. The basic logic of the
PPA is to determine a lookahead at which it will move,
as in humans, and to move by adjusting its speed and
orientation to the target point according to its location. It
consists of two inputs, the robot's position and target
position, and two outputs, the robot's linear and angular
speed. As seen in Figure 2, the shortest distance is
calculated according to the current position of the robot
Xr, Yr, and the target points given to the robot, x, and y,,
as in Equation 6. After the angle between the robot's
position and the target is calculated with Equation 7, the
algorithm determines at what linear and angular speeds
the robot will move at its output. These speed values are
converted into angular velocities for the motors with
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inverse kinematic equations and this information is sent
to the motors. It reaches the final point by updating this
information during movement [27].

Y A
W Waypoint
Ya | -
(VI SN [ A — ,
X X

Figure 2. Pure Pursuit approach

d= \/(xr - xa)z + (yr - ya)2

(6)

0= atanz((ya - yr): (xa - xr)) (7)

where d is the closest distance between two points, and
theta angle represents the angle between two points. The
lookahead parameter has an important place for
calculations close to the trajectory. When the lookahead
parameter is selected large, a wider-angle, smoother, and
less oscillating path is followed, as shown in Figure 3 (a).
However, in this case, since there will be a lot of
deviation from the trajectory in sharp turns, the
movement route will be longer, and undesirable long-
distance advances will occur. When the lookahead
parameter is selected small, oscillations will occur as
maneuvers will be made to each viewpoint, as shown in
Figure 3 (b). Increasing the oscillation will cause the
motors to make sudden speed changes. For these reasons,
choosing the lookahead parameter correctly for the
trajectories used will increase performance [28].

Waypoint: 2

aypoints Look Ahead - -

-

/’ = Jai
e
Actual Path

Small Look Ahead

_____ .

(b)
Figure 3. Use of the Lookahead parameter a) large
lookahead, b) small lookahead
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Android application

An Android-based application has been developed to
send the reference path that the robot will follow. The
application's main screen is shown in Figure 4 (a). An
area of 10 m was created for four regions of the
coordinate plane. Here, the user has the option of by hand
or by using a stylus to draw the course he/she wishes the
robot to go. Red, blue, and green colors can be selected
with the three color buttons located under the drawing
area. When the camera button is pressed, the camera is

1107 ®®0 -

M MO® -

Reference graph Reference graph

Draw your graph starting from the origin point of
the coordinate axis.
Currentxaxis: 0 m
Currentyaxis: 0 m

Draw your graph starting from the origin point of
the coordinate axis.

Current x axis: -5.47 m

Current y axis: -8.78 m

1ol y
9

LnwaneN®

x

-10-9-8-7-6-5-43:2-101 23456780910

B

Shuahbd

Camera Enlarge Reduce Clear

K28 [

Camera | Enlarge Reduce = Clear

Send axis Send axis

(a)

INFORMATION

Datas transferred to google sheets

T

(©
Figure 4. Android application main screen a) drawing on the
coordinate axis, b) drawing on the camera image c)
information share notes
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turned on and the photo taken is displayed in the drawing
area. In this case, the user can draw a path on the
photograph taken as in Figure 4 (b). Additionally, line
thickness can be increased or decreased with the
expansion and reduction buttons. The drawing screen can
also be cleared with the clear button. The information on
the drawn path is kept as a list in the background, as seen
in the instant x-y coordinate information window above.
When the send button at the bottom is pressed, this list is
transferred to the file created in Google Spreadsheets
with information notes in Figure 4 (c).

As shown in the appendices, the application software can be
separated into three main parts. Those that follow:

1. Initial variables and settings are made in this
section. This is where lists, main screen settings,
and axis information beginning values are
configured.

2. The part where the button and its operations take
place. This is the section where the operations that
will take place when the buttons on the main screen
are pressed.

3. This is the part used for situations that occur at the
time of drawing. It contains the actions that will
occur when the ball moves in the drawing area.

Acquisition of data and modeling of control

There are two steps to this section of the study. As illustrated
in the workflow diagram in Figure 5, the first section involves
obtaining the data from Google Spreadsheets, assigning
reference values to arrays, and graphing the Simulink data.
Using the provided coordinate data and the simulation shown
in Figure 6, the second phase involves using the PPA.

Take datas from
Google Spreadsheet

v v

—

Go to simulink

Split x and y axes from Take robot datas from
values in table simulink
v v
Adjust simulink |
settings Draw graphs
End

Figure 5. The process of visualizing the outcomes after
importing data from Google Spreadsheets
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Figure 6. Robot control blocks in Simulink
Instant pose information taken from the robot and reference m "D (1)
points taken from the m-file were given as input to the PPA, wl
and the reference linear and angular velocities of the robot
Wi

were taken from the output. These values were converted
into right and left motor reference speeds with inverse
kinematic equations, and the motors whose blocks are given
in Figure 7 were controlled with the PID controller. The
instantaneous speed information of the motors was applied
as input to the DD block and was converted back into robot
linear and angular speed with the forward kinematic
equations in Equations 2 and 3. By multiplying these
velocities with the rotation matrix in Equation 8, the
velocities in the x and y directions and the angular velocity
were found. At the DD block output, position and angle
information was obtained by taking their integrals. Since the
robot is 2-DOF, the speed in the y direction is zero.

Cos(tt) —Sin(tt) 0] [V,
Pose = [ [Sin(tt) Cos(tt) 0].[0 (8)
0 0 11w

By comparing the last reference information and location
information, the simulation was stopped with the stop block
when the desired range was reached. Robot information was
collected via the “to workspace” block and transferred to m-
file and graphs of the data were drawn.
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Figure 7: Motor blocks
Implementation of Android application and PPA

Figure 8 illustrates the system's general functioning concept.
Through Wi-Fi, the data from the path painted on the
Android device was sent to Google Spreadsheets. These data
were parsed into x and y arrays after being imported into
MATLAB via Wi-Fi using a program written in an m-file.

The created coordinate data was transferred to the Simulink
program and applied as input data to the pure pursuit
algorithm. When the location control was completed, the
data was transferred back to the m-file, and graphs were
drawn. Android device and MATLAB outputs for different
reference paths are presented in Figure 9.
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Figure 10. Reference path sent for robot position control

Using the reference path shown in Figure 10, position control
was carried out for a maximum of 3 rad/s angular speed, 0.2
m/s linear speed, and 0.1 m lookahead distance. The results,
which indicate the robot position, position error, and wheel
speeds in Figure 11, were obtained.
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Analyzing the data shows that the robot followed the
reference path with a mean error of 0.0034 m and a
maximum error of 0.0113 m. The robot's left wheel followed
the reference with an angular velocity error of 1.14 rad/s and
its right wheel followed the reference with an angular
velocity error of 1.7 rad/s for the remaining states after the
inertia from the initial movement was eliminated. Figures 12
and 13 show the results for various lookahead distances and

the same reference road.

Robot position

y (m)

Reference path

Realized path

-6 4

2 0 2
x (m)

0.01

0.005

Robot position error

0

Figure 12. Position control of DDWMR for Lookahead=0.3

m

Table 1. Robot position errors according to different

0 50 100

t(s)

lookahead distances

150 200

Lookahead Maximum error
Mean error (m)

(m) (m)

0.1 0.011 0.0034
0.3 0.0113 0.010

0.5 0.0644 0.0243
0.75 0.1118 0.0513

1 0.1759 0.0886
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The largest difference between the reference path and the
actual path was 0.034 m, and the mean error was 0.010 m
when the lookahead distance was set to 0.3 m. The maximum
and mean errors for the identical scenario, where the
lookahead distance is established for 0.5 m, 0.75m,and 1 m
values, are shown in Table 1.

As can be seen from the table, as the lookahead value
increases, the error values between the reference and actual
position values also increase since the robot follows the
reference values from a farther distance.

Conclusion

In the present study, the pure pursuit algorithm was used to
control the position of a non-holonomic robot, and an
Android application was created to ascertain the reference
path. The reference path that the robot wishes to follow in
the application created with MIT App Inventor is drawn on
the coordinate axis in the drawing area or on an image that
can be captured by the camera. Every 500 ms, the path's x
and y coordinate values were obtained and added to an array.
These coordinate data were transferred via Wi-Fi to the
previously established and configured Google Spreadsheet
when the application's send button was activated. With the
aid of code, these values which became available in Google
Spreadsheets over Wi-Fi were moved to a MATLAB m-file,
and the axes were split. These reference values were used as
waypoints ina MATLAB/Simulink using an m-file to enable
pure pursuit to control the robot's location and PID to control
its speed. The simulation's output data were imported back
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into the m-file, where graphs showing the robot's position,
velocity, and error values were created. It was observed in
the study that the controllers successfully controlled the
robot's position and that the data was accurately sent from
the Android application. Furthermore, it has been observed
that as the lookahead distance increases, the robot's reference
tracking error increases. One of the study's advantages is that
reference values may be sent to the robot without the
requirement for extra equipment. Both the need for extra
modules and the Bluetooth short-range reception issue are
avoided by using the internet for communication instead of
Bluetooth. In addition, when the period time is reduced to get
more data from the drawing screen in the Android
application, errors occur because values are added to the lists
at the same time while drawing. In addition, when drawing
slowly to get more data, deviations occur in the data because
it detects different points on the finger. For this reason, 500
ms was determined as the optimum time to get more accurate
results with a fast drawing. Since the reference coordinates
are very close to each other, it moves in constant oscillation
as it changes direction at a value very close to the reference
at lookahead values below 0.1 m. Therefore, the value of 0.1
m was determined as the lower limit for this study.
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and between 3.571% and 41.34% as the core arrays changed. Impact load-bearing capability increases
with varied core heights and array designs.

Introduction

Lightness, high strength [1], high fatigue resistance [2],
and form retention, structural and impact strength [3-6],
high bending stiffness, strength, and energy absorption
capacity are all characteristics of composite materials that
are employed in engineering applications such as aircraft,
transportation, construction, electronics, and the food
industry. It is chosen over traditional materials in
applications requiring high wear, corrosion resistance,
resistance to dynamic impact events, low density, and
flexibility to achieve complicated forms [7-9]. Sandwich
composites, for example, are favoured in airplane interiors
such as floor panels, internal walls, food preparation
rooms, and passenger storage racks [10]. In the broad
preference for sandwich composite panels, increasing the
material and geometric arrangement in the core structure,
compression qualities (bending and buckling resistance),
shear stiffness, high energy absorption ability [8-11], and
lightness are very beneficial. The majority of these
components (sandwich panels) are made up of surface
materials as well as honeycomb and foam core materials
[11-13]. Sandwich composite panels with open-cell core
materials, in particular, give multifunctional benefits to the
composite material, such as high stiffness and specific

strength [14-15]. Sandwich structure mechanical behavior,
performance, and failure mechanisms (compression, shear
or indentation failures, separation, and crushing) are
determined by the material characteristics and geometry of
their respective components (surface plates and core
topology design) [6], [9]. With component geometry, high-
performance sandwich composite panels may be created
[16-18]. Surface materials in sandwich composite panels
should be composed of hard components in the sandwich,
be resistant to shear and bending loads [19], and be
resistant [20] to plane separation [21]. Honeycomb
sandwich structures are made up of a substantial core
material sandwiched between two thin layers of hard
surface material. While the honeycomb core material keeps
the sandwich panel's stiffness and energy absorption
capabilities, its hollow cellular structure provides lightness
to the sandwich panel. In applications requiring high
strength, such as automotive and aerospace, honeycomb
sandwich composite panels are commonly employed
instead of conventional materials [21-23]. A honeycomb
profile [24] and chain, pyramid grooved [25], x-type,
kagome-type, hybrid, and unique designs [26-28] can be
used as the core structural geometry. The energy
absorption and damage load performances of composite
materials were evaluated and optimized using falling
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weight impact tests on different core arrays and core
profiles [29-31] to establish the most appropriate design.
Changes to the core geometry result in enhancements to the
damage mechanisms [32]. The links between damaged
formations and changes in core and matrix deformations
that occur under various energy loads on the composite
material are investigated, and optimal design parameters
are identified [33]. The falling weight impact tests of
different core array variations of a sandwich composite
panel with a unique core design, S-shaped 1050-O series
aluminum core structure, 316 stainless steel upper and
lower layers, and DP-8405 acrylic adhesive as binding
element were investigated experimentally and numerically
in this study. They were compared to finite element
analysis analyses performed using the package software,
and their mechanical behavior was studied.

2. Experimental Method

The surface layer in this investigation was 1 mm thickness,
and 170x100 mm dimensions stainless steel-316, while the
core material was aluminum 1050A-0 alloy. The bonding
ingredient between the bottom-upper plate and the core
was DP-8405 acrylic glue. Table 1 shows the physical and
mechanical parameters of aluminum 1050A-0 and stainless
steel-316.

Table 1. Mechanical properties of Aluminum 1050A-0
and Stainless steel-316 alloys [34-36]

Aluminum 316-Stainless
1050A ,0 Steel
Density 2710 kg/m?® 7800 kg/m®
Tensile Yield Strenght 37,94 MPa 200 MPa
Tensile Ultimate Strenght 80 MPa 515 MPa
Modulus of Elasticity 69 GPa 200 GPa
Elongation (%) 40 40
Shear Modules 50 MPa 82 GPa
Poisson Ratio 0,33 0,275
/, —_— Py o
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Figure 1. S-core sandwich panel composite drawing view

S-core sandwich panel composite with a core height

of 70 mm, and thickness of 0.7 mm drawing specimen
view is given in Figure 1.

100

1m {1}

Figure 2. Bottom and top sheet dimensions

The dimensions of the lower and upper plates made of
Imm thickness, and 170x100mm dimensions stainless
steel-316 material are given in Figure 2.

100,00
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@

(b)

Figure 3. S-core selected for R10mm; a) before bending,
b) bending dimensions, c) post bending view

The S-core R10mm dimensions of the core structure to be
produced with different wall thicknesses and the sheet
dimensions before and after bending are given in Figure 3.
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-
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Figure 4. S-core aluminum sandwich composite panel; (a)
straight row drawing view [37], (b) one straight one reverse
row drawing view, (c) three straight three reverse rows
drawing view [38], (d) three straight three reverse rows test
specimens

Composite panel working groups are shown in Figure 4.
Fig 4b, and 4c 3D views are about bending behavior of S-
core sandwich panel and this paper used to same specimens
dimensions data. The dimension of distance between the
cores of all samples was taken as 25 mm.

Table 2. Dimensions of S-Core Sandwich Aluminum
Composite Sheet Variations (Core Arrays: Straight:S,
Straight-Reverse:S-R, Three Straight- Three Reverse: 3S-
3R)

Core Group ﬁ?re wall C(_)re Co_re Weight  Density

Array code ickness  Height  radius @) (kg/m?)
t, (mm) (mm) (mm)

S1 0.6 50 R7.5 12.40 14.0271

S2 0.7 50 R7.5 12.60 14.2534

S3 0.8 50 R7.5 13.35 15.1018

S4 0.6 50 R10 13.10 14.8190

S S5 0.7 50 R10 13.35 15.1018

S6 0.8 50 R10 14.30 16.1764

S7 0.6 50 R12.5 13.45 15.2149

S8 0.7 50 R12.5 13.60 15.3846

S9 0.8 50 R12.5 14.85 16.7986

S10 0.7 60 R10 13.60 12.9032

S11 0.7 70 R10 14.70 12.0098

S-R S12 0.7 50 R10 13.35 15.1018

3S-3R S13 0.7 50 R10 13.35 15.1018

Table 2 shows the dimensions of the S-core sandwich
aluminum composite sheet variants. In this work, testing
and analyses were done for samples with distinct core
sequences in meridian wall thickness values, in addition to
variable core wall thickness and radius values.

2.1.Dynamic drop test

A drop-weight impact test is performed by dropping a
given weight from a predetermined height on the sample.
Drop-weight tests are classified as either with or without
instrumentation. The instrumented drop-weight impact test
method is used to evaluate the dynamic properties of the
material. Unlike earlier techniques, using different weights
and changing different heights may provide the necessary
energy, and the impact test system can perform the
sticking, piercing, and repeated impact tests on the sample
[37-38]. ACI 544.2R-89 [39] instrumented and conducted
drop-weight impact tests on an Instron Ceast 9350 testing
machine.
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Figure 5. Instrumented drop-weight test machine. (a)
Instron 9350, (b) Test setup for the composite plate, (c)
Test finished for composite plate, (d) ANSYS drop-weight
analysis model

200,00 (rmm)

Since the bottom and top layers of the composite panel
have a yield strength of more than five times that of the
core material, the optimum working energy value,
determined by the preliminary study carried out in the
Ansys software and finite element analysis data, was
determined as 40 Joule. The drop-weight test apparatus is
depicted in full in Figure 5. The energy of impact was 40
Joule. In each research group, the exam was repeated four
times.

3. Results and Discussions
The following study results were gathered as a

consequence of the drop-weight impact analysis and
experimental application.

50,00 150,00

@

0 Min 0,00 100,00 200,00 (mm)
50,00 150,00
(b)

000 5000

100,00 (mm)
— —
25,00 75,00

©

0,00 100,00
50,00 150,00

200,00 (mm)

(d)

Figure 6 Total deformation a) Specimen S12, b)
Speciemen S3 cores, and ¢) Specimen S12 Equvalent
stress, d) Specimen S3 contact force

The falling weight in the drop-weight impact test is 10.5
kg, and the analysis and testing were performed with 40 J
energy obtained from a height of 0.388 m, the ambient
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temperature was 23.8 °C, and the relative humidity was
46%. The test operations were repeated four times, and the
average data were collected.
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Figure 7 Specimens contact force- time graphs a) S1, S2,
and S3 b) S4, S5, and S6 ¢)S7, S8, and S9 d)S5, S10, S11,
S12, and S13

As seen in Figs. 7a-b-c, the contact force increased as the
material wall thickness decreased. Figure 7-d depicts the
change in impact force with varied core arrays and core
height. While S5 and S10 reacted similarly, the alteration
in the core sequence in S12 had the greatest impact value.

Table 3 shows the contact force data for the many variants
in which the falling weight impact test and analysis
procedure were used, as well as the proportional
differences between these data.

Table 3. Contact force data for samples subjected to drop
weight impact testing and analysis.

Specimens Test Analysis % Difference
S1 1941.39 1625.7 -0.19419
S2 1398.65 14213 0.016207
S3 1363.598 1370.6 0.005109
S4 1490.71 1557.8 0.043067
S5 1548.49 13192 -0.17381
S6 1340.486 1195,6 -0.12118
S7 1560.048 1355,5 -0.1509
S8 1444.48 1355,5 -0.06564
S9 1190.26 1215,9 0.021087

S10 2472.96 2102,1 -0.17642
S11 1935.615 2105,1 0.080512
S12 2288.07 2203,8 -0.03824
S13 2530.74 2109,3 -0.1998

Contact Force (N)

3000
2000
1000

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13

o

HTest M Analysis

Figure 8. Contact force histogram of the studied
variations

In the impact analysis and test data, damage was first
observed in the core material group. The determination of
the damage load formation time and the contact force as a
result of the impact effect in the working groups was made
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with the damage time data. Proportional differences
between the study groups vary between 0.5109 and 19%.
In general, the test and analysis results are compatible with
each other.

g
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Figure 9. Energy time graph formed by impact test, a) S1,
S2, and S3 specimens, b) S4, S5, and S6 specimens, c) S7,
S8, and S9 specimens, d) S5, S10, S11, S12, and S13
specimens

As can be seen in Figure 9 a, b, and c, increasing the core
wall thickness increases the energy dissipation ability. In
Figure 9a, the energy dissipation of variation S3 occurred
20.1% earlier than variation S1. Figure 9d, The shortest
energy dissipation ability occurred in S11, and the longest
dissipation was achieved in variation S12. There is a time
delay of 13.04% between these two variations. For the
operating energy scale (40J), the difference in core
alignment provided more efficiency than the changes in
core wall thickness and core radius parameters.

4. Conclusions

When the numerical stress analysis and test results of the
S-shaped sandwich panel exposed to the falling weight
impact test with varied core radii, height, and wall
thicknesses were analyzed, the following findings were
obtained.

» When the impact loads were studied, it was
discovered that as the core thicknesses grew, so
did the impact loads. This is due to the fact that as
the thickness of the core materials grows, so does
the moment of inertia.

» The impact load-carrying ability increased when
the core sequence of the examined samples was
changed. (The impact load-bearing capability of
the S12 sample is 47.76% more than that of the
S5.)

» The energy dissipation ability was realized in
close periods with each other in all research
samples, with the S9 sample having the quickest
damping time due to the variation in the core wall
thickness.

» The impact load capacity of the S10 and S11
samples, which were generated by a change in
core height compared to the S5 sample, has
increased to values ranging from 59.7 to 25% due
to their high moment of inertia.

The S-shaped core structure, conceived and assessed as a
new core form, will contribute to the literature by utilizing
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various material selections, fillers, and binding
components. Its goal is to investigate the novel forms
specified in future investigations.
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Metallerle karbon temelli yapilarin bir araya getirilmesi ile olusturulan hibrit nanokompozitler, malzeme
bilimi ve mithendisliginde heyecan verici bir arastirma alani olusturmustur. Bu kompozitler, metallerin
dayaniklilig1 ile karbon bazli yapilarin hafiflik ve yiiksek mukavemeti arasinda bir denge saglayarak
benzersiz mekanik dzelliklere sahip olurlar. Bu nedenle yeni Metal —Karbon nanoyapilarina egilim halen
devam etmektedir. Bu ¢alismada, Platin ve aliiminyum plakalar arasina yerlestirilen kovalent bagli grafen-
karbon nanotiip (KNT) yapilarindan olusan yeni bir Metal-Karbon nanoyapist sunulmaktadir. Ayrica,
yapmin mekanik 6zelliklerini ve altta yatan deformasyon mekanizmalarini aragtirmak igin, farkli ¢aplara
sahip KNT (6rn. KNT(6x6), KNT(8x8), KNT(10x10), KNT(12x12)) igeren numunelerin ¢ekme ve basing
deneyleri gergeklestirilir. Sonuglara gére, G-KNT yapilarinin Pt-Al yapisimin ¢ekme davranigini her iki
dogrultuda (KNT ve Grafen) artirdig1 gorillmiistiir. KNT dogrultusunda ¢ekme yiiklemeleri icin KNT ¢ap1
azaldik¢a hibrit yapilarin elastik modiilii ve maksimum gerilme degerleri artarken grafen dogrultusunda
ise maksimum gerilme degerleri ve stineklikleri artmaktadir. Basma dayanimi agisindan ise lineer bolgede
genel olarak KNT capr arttik¢a dayanimin arttig1 yogunlasma bolgesinde ise daha kiigiik capli KNT iceren
yapilarin daha iyi basma dayanimi sergiledigi goriilmiistiir. Bu ¢alisma ile Pt-Al yapisina kiyasla daha
hafif ve daha yiiksek cekme dayanimina sahip bir nanoyapi sunulmustur.
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Hybrid nanocomposites, created by combining metals and carbon-based structures, have created an
exciting field of research in materials science and engineering. These nanocomposites have unique
mechanical properties, providing a balance between the durability of metals and the lightness and high
strength of carbon-based structures. Therefore, the trend towards new metal—carbon nanostructures is still
ongoing. In this study, a new metal-carbon nanostructure consisting of covalently bonded graphene-carbon
nanotube (CNT) structures placed between platinum and aluminum plates is presented. Additionally, to
investigate the mechanical properties and deformation mechanisms of the structure, tensile and
compression tests are carried out on samples containing CNTs with different diameters (e.g. CNT(6x6),
CNT(8x8), CNT(10x10), CNT(12x12)). According to the results, it was observed that G-CNT structures
increased the tensile behavior of the Pt-Al structure in both directions (CNT and Graphene). As the CNT
diameter decreases for tensile loading in the CNT direction, the elastic modulus and maximum stress
values of the hybrid structures increase, while in the graphene direction, the maximum stress values and
ductility increase. In terms of compressive strength, it has been observed that in the linear region, as the
CNT diameter increases, the strength generally increases, and in the densification region, structures
containing smaller diameter CNTs exhibit better compressive strength. With this study, a nanostructure
that is lighter and has higher tensile strength compared to the Pt-Al structure has been presented.
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Giris

Farkli malzeme bilesenlerinin birlestirilmesiyle olusturulan
hibrit kompozitler, iistiin mekanik 6zelliklere sahip olmalar1
nedeni ile son yillarda, malzeme bilimi ve miihendisligi
alaninda yeni nesil malzemeler olarak biiyilk ©Onem
kazanmaktadirlar[1, 2]. Ozellikle metallerle karbon bazli
yapilarin bir araya getirildigi hibrit kompozitler, hem metalin
dayanikliligindan hem de karbonun hafifligi ve yiiksek
mukavemetinden  faydalanarak  benzersiz ~ 6zellikler
sunmaktadir[3-6]. Grafen, fulleren ve Karbon nanotiip
(KNT) gibi karbon igerikli yapilar diigiik yogunluk, yiiksek
gerilme direnci, yiiksek elastik modiil ve iyi siineklige
sahiplerdir[7, 8]. Bu nedenle arastirmacilar tarafindan gerek
birbirleri ile[9, 10] gerekse de metal [11, 12] ve polimer[13-
15] gibi diger yapisal malzemelerle bir araya getirilerek
hibrit kompozit formlar1 olusturulmaya caligilmistir.

Hibrit  yapilarda, yapilarin  kararliligini, mekanik
performansini, termal ve elektriksel iletimini artirmak igin,
farkli karbon yapilarin kendileri arasinda kovalent bag
olusturmasi ile giicli bir uyumun saglanmasi Ozellikle
6nemlidir[16-18]. Kovalent bagl hibrit karbon yapilara
ornek olarak KNT-grafen, grafen-fulleren ve grafen-KNT-
fulleren hibrit yapilart 6rnek verilebilir. Bu yapilarin bir
araya getirilmesi ile yapilarin mekanik, termal ve elektronik
olarak pek ¢ok oOzelligi iyilestirilmektedir. Ayrica, Kemik
yaralanmalar1 sonucu hasarli kemik dokular1 i¢in alternatif
siingerimsi kemik doku malzemeleri gelistirmek amaci ile
karbon bazli nano gozenekli kopikler {izerinde
calisilmaktadir [19]. Celebi vd. [20] rastgele KNT aglarin
birlesiminden olusan bir yapt sunup bu yapinin mekanik
ozelliklerini molekiiler dinamik (MD) simiilasyonlarini
kullanarak incelemislerdir. Capraz bagli KNT’ler arasinda
kovalent bag olusumu ile daha yiiksek young modiile sahip
bir yapmin elde edilebilecegi gosterilmistir. Fan ve ark. [21],
kimyasal buhar biriktirme (CVD) teknigi kullanarak 3D
grafen/KNT sandvig yapisi elde etmis ve termal ve mekanik
ozelliklerini incelemislerdir. Benzer sekilde, Xu ve ark. [22]
da karbon nanotiipler ve grafen levhalar tarafindan insa
edilen yapmmmm mekanik ve termal performansini
arastird1. Dimitrakakis ve ark. [23], ise grafen tabakalari
arasina dikey olarak yerlestirilmis KNT'lerden olusan yeni
bir 3D ag yapisiin hidrojen depolama performansini
inceledi. Grafen ve KNT yapilarinin yant sira Grafen-
fulleren hibrit yapilari da calisilmaktadir. Bu kapsamda,
Degirmenci et al.[9] grafen birimleri {izerine farklh
boyutlarda fullerenlerin bag yapmasi ile elde edilen ¢ok
sayidaki GNR-F (grafen-fulleren) birimlerin rasgele
konumlandirilarak birbiri arasinda bag olusturulmasi ile yeni
bir hibrit yapt modellemistir ayrica, bu yapilarin mekanik
Ozelliklerini MD simiilasyonlar1 ile arastirarak fulleren
boyutlarmin etkilerini incelemislerdir. Onerdikleri GNR-F
ag nanoyapilarinin, ¢ekme yiikiinde siinek bir yapiya sahip
oldugunu, sikistirma tepkisinin ise kayda deger enerji emme
kapasitesine sahip kopiik benzeri bir davranis sergiledigini
gostermislerdir. Bir bagka ¢alismada Kirca [24] ise paralel
grafenler arasmma kovalent olarak baglanmis fulleren
birimlerinden olusan yeni bir karbon bazli hibrit malzeme
onermis ve MD simiilasyonlar1 kullanarak termodinamik
kararliliklarini incelemistir. Ayrica, sandvi¢ yapili malzeme
sisteminin  mekanik  Ozelliklerini  sikistirma  testleri
gergeklestirilerek  incelenmigtir.  Fulleren  boyutunun
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sikistirma tepkisi iizerindeki etkisini arastirmig ve daha
biiyiik fullerenlere sahip numunelerin daha yiiksek enerji
emme kapasitesine sahip oldugunu gdstermistir. Bunlarin
yani sira bu yapilarin tiglii hibrit formlar1 da ¢aligilmaktadir.
Ornegin, Degirmenci vd.[25] grafen nanoribbonlarin KNT
birimleri  etrafinda  farkli  geometrik  desenlerde
diizenlenmesiyle yeni bir hibrit goézenekli grafen-karbon
nanotiip (G-CNT) hibrit yapilarin tasarimi ile termal ve
mekanik analizini sunmuslardir. Ayrica dolgu birimi olarak
fullerenler kullanarak yapilarin basing dayanimi ve enerji
sogurma kapasitesini artirmay1 amaglamiglardir. Yapilar
dikkate deger termal ve mekanik 6zelliklere sahiptir.

Karbon temelli yapilarin kendi arasinda olusturdugu hibrit
yapilarin yani sira metallerle yapmis oldugu hibrit nano
kompozitler de gelismis dzellikler gosterdigi igin bilyiik ilgi
gormektedir. Metal malzemeler igerisinde 6zellikle
aliminyum, hafif ve iyi mekanik 6zellik gostermesinden
dolay1 temel kompozit malzeme olarak seg¢ilmektedir.
Omegin, Pal vd.[26] molekiiler dinamik simiilasyonlar:
kullanarak farkli sicakliklar (10 K, 300 K ve 681°C) altinda
nanokristal (NC) Aliminyum-KNT yapilarinin mekanik
ozelliklerini aragtirmiglardir. NC-Al numunesine gére KNT
gomiilii NC-Al numunelerinde hem mukavemette hem de
siineklikte bir artis oldugunu gormiislerdir. Bir diger
calismada, Park vd. [27] MD simiilasyonlar1 ile KNT'ler ile
giiclendirilmis Al kompozitlerin gerilme davranislarini
karakterize etmislerdir. KNT'lerin konfigiirasyonlarina bagh
olarak Al’un elastik modiilii gibi mekanik o&zellikleri
tizerindeki etkilerini incelemis ve KNT katkisinin artis
sagladigi gorilmiistir. KNT’lerin yani sira grafenlerin
aliminyuma katilmasi ile elde edilen kompozitler iizerine de
caligmalar yapilmigtir. Wang ve ark. [11], grafen-aliiminyum
kompozitlerin ¢ekme dayanimini incelemis ve ¢ekme
dayaniminin, saf aliiminyuma gore %62 daha fazla oldugunu
belirlemistir. Shin ve ark.[28] ise birka¢ katmanli grafen ve
KNT'leri takviye malzemesi olarak kullanarak aliiminyum
kompozit yapisinin  gerilme dayanimini  artirmaya
calismigtir. Bu alanda fulleren-aliiminyum kompozitlerin de
aragtirlldigim1  gérmekteyiz  [29, 30]. Erturk vd. [31]
aliminyum bloklar arasina yerlestirilmis kovalent olarak
bagli fulleren-grafen sandvi¢ yapisindan olusan bir yapi
olusturup ¢ekme ve basma gibi mekanik 6zelliklerini MD
simiilasyonlar1 ile farkli fulleren boyutu ve yiikleme
hizlarinda incelemistir. Sonu¢ olarak, hem ¢ekme hem de
basma yiiklemeleri i¢in, fullerenlerin boyutu arttik¢a hibrit
yapmin yiikleme hizina ¢ok daha duyarli hale geldigi
bulmuslardir.

Karbon temelli hibrit yapilarin yapisal kararlilign ve
ozellikleri tizerine yukarida belirtilen pek ¢ok caligmanin
yani sira karbon metal kompozit yapilarinda galisildig
goriilmektedir. Fakat hala bu alandaki ¢alismalar oldukga
sinirhidir. Bu nedenle, bu ¢aligmada platin ve aliminyum
plakalar arasina yerlestirilen kovalent bagli Grafen-KNT
yapilarinin MD simiilasyonlar ile modellenmesi ve mekanik
ozelliklerinin arastirilmasi amaglanmigtir. Bu yeni karbon-
metal hibrit nanoyapisi Pt-Al-GKNT (Platin-Aliiminyum-
Grafen-KNT) olarak adlandirilir. Ayrica bu ¢alismada, Al ve
grafen boyutlari sabit tutularak KNT caplar1 ve sayilariin
mekanik performans lizerindeki etkisini belirlemek
amactyla, farkli modeller olusturulmustur. Bu yapilarin
deformasyon Ozellikleri ve mekanik davranislarim
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incelemek i¢in simiilasyonlar sikistirma ve ¢ekme yiiklemesi
altinda gergeklestirilmistir. KNT etkisinin yani sira 6nerilen
yapinin mekanik  ozellikleri Pt-Al  yapisininki ile
kiyaslanarak mekanik ozelliklerdeki gelisme ortaya
koyulmaya ¢aligilmistir.

Modelleme ve simiilasyon detaylari
Atomistik modelleme

Bu ¢alismada onerilen Pt-Al-GKNT hibrit yapilari platin ve
aliminyum plakalar arasinda grafen levhalara kovalent
olarak baglanmis KNT’ler igeren sandvi¢ yapili bir kompozit
yapidan olugmaktadir. Pt-Al-GKNT yapilarina ait 6rnekler
Sekil I' de gosterilmektedir. Onerilen hibrit yapmin atomistik
modelleme siireci dort ana asamadan olusmaktadir. lk
asamada grafenlerin (GNR'ler) ve karbon nanotiiplerin
(KNT) atomistik koordinatlar1 ayr1 ayr1 iiretilir. Bu agamada
20x20 nm boyutlarinda tek katmanli 2 adet grafen ve farkli
caplarda 10nm boyundaki KNT yapilarinin  Visual
Molecular Dynamics (VMD) [32] yazilimi1 kullanilarak
atomik koordinatlar1 elde edilmistir. ikinci adimda, grafen
levhalar arasinda dikey olarak belirli sayilarda KNT
yerlestirilerek 1s1l kaynak iglemi yardimi ile kovalent bag
olusturarak G-KNT yapilar1 olusturulmustur. Bir sonraki
asamada, grafen levhalarm hem iist hem de alt serbest
yiizeylerine 2.5nm kalimliginda referans [33]'de verildigi
lizere aliiminyum ve karbon atomlari arasindaki bag
uzunlugu 0.024nm olacak sekilde mesafe birakilarak iKi
alliminyum levha olusturulur. Boylece Al-G-KNT yapilarin
atomik modeli olusturulmustur.

Pt-Al-GKNT yapilar1 ise Al-G-KNT modellerinde Al
levhalarinin olusturulmasina benzer sekilde Al levhalarin her
iki ylizeyine 2.5 nm kalinliklarinda Pt levhasi olusturularak
elde edilmistir. Son asamada ise yap1 oda sicakliginda (300
K) minimize edilerek dengelenir ve kararlihigi incelenir.
Hibrit nanoyapilara ait Ornek resimler Sekil 1' de
gosterilmektedir. Bu caligmada, farkli KNT boyutlariin
etkisini gorebilmek i¢in uzunluklari esit olan dort farkli KNT
tipi (KNT6x6, KNT8x8, KNT10x10 ve KNT12x12)
kullanilarak ayni atomik yogunluga sahip dort farkli Pt-Al-
GKNT yapisi1 iretilmistir. Bu amagla, yaklasik olarak esit
atom yogunlugunu saglayabilmek i¢in Grafen'lerin boyutlari
ve KNT’lerin sayisi kiigiik capli KNT’lerden ¢ok sayida
biiyiik ¢apli KNT’lerden ise daha az sayida olacak sekilde
diizenlenmistir. Yapilarda kullanilan karbon nanotiiplere ait
cap degerleri ve atom sayilari Tablo 1°de verilmistir.

KNT ve grafen levhalar arasinda olusturulan kovalent bag,
tavlama islemi olan 1s1l kaynak yontemi [9, 34] kullanilarak
gergeklestirilir. Bu tavlama islemi grafen levhalar ile KNT
sinirindaki ~ baglanti  bolgelerine  yiiksek  sicakliklar
uygulanmasi ile gerceklestirilir. Grafen ve KNT arasinda
olusturulan baglar ve baglant1 bolgeleri 6rnegi Sekil 2°de
gosterilmektedir.

Analiz esnasinda 1s1l kaynak islemini daha diisiik sicaklik ve
zaman aralifinda gergeklestirerek hizlandirmak igin,
KNT’lerin grafen levha ile kesistigi dairesel bdolgelerde
grafenlerden atomlar ¢ikarilarak deformasyonlar olusturulur.
Bu sayede olusturulan sarkik baglarla daha kolay yeni baglar
olusturabilmek miimkiindiir.

Tablo 1. Modellere gore kullanilan KNT’lere ait ¢ap degerleri ve atom sayilar1

Grafen KNT Capi~ Dogrultuya gore KNT Sayisi KNT KNT
Modeller boyutu (nm) savilart Atom
(nm) X Y y sayilari
Pt-Al-GKNT6x6 20x20 0.816 8 64 62976
Pt-Al-GKNT8x8 20x20 1.086 8 6 48 62976
Pt-AI-GKNT10x10  20x20 1.356 8 5 40 65600
Pt-AI-GKNT12x12  20x20 1.626 8 4 32 62976
Platinyum
Aliiminyum
KNT
Grafen

(@)

(b)

Sekil 1. Temsili Pt-Al-GKNT yapilari (a) Pt-Al-GKNT(6x6), (b) Pt-Al-GKNT(12x12).
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Simiilasyon Detaylar:

Termal kaynak ve mekanik testlerin MD simiilasyonlari i¢in,
Sandia National Laboratories tarafindan gelistirilen bir agik
kaynak kodu olan Biiyiik Olgekli Atomik/Molekiiler Biiyiik
Paralel Simiilator (LAMMPS), kullanilir[35]. Atomlar
arasindaki etkilesimi saglamak i¢in interatomik potansiyeller
kullanilir. Metal atomlar1 (Pt-Pt, Al-Al ve Pt-Al) arasindaki
kuvvet hesaplamalar i¢in uygun bir potansiyel dosyasina
sahip Gomiili Atom Yontemi (EAM) kullanilir. Karbon
atomlar1 (Grafen ve KNT) arasindaki etkilesim i¢in ise
Uyarlanabilir Molekiiler Reaktif Ampirik Sinir Serisi
(AIREBO), potansiyeli kullanilir. AIREBO potansiyeli
Brenner vd. tarafindan gelistirilen REBO potansiyeline
burulma ve LJ etkilesimlerinin eklenmesi ile elde edilen bir
potansiyeldir[34, 36]. Ayrica, AIREBO potansiyeli analiz
esnasinda yapida olusan ve kopan baglart simule edebildigi
icin dinamik bir sistem topolojisini iyi bir gekilde temsil
etmektedir[37]. Bu nedenle yeni baglarin olusumunu dogru
bir sekilde tahmin edebildigi i¢in tercih edilmistir. Karbon ve
Platin atomlar1 arasindaki hibrit etkilesimler i¢in Lennard
jones potansiyeli [38] kullanilirken karbon ve aliiminyum
atomlar1 arasindaki hibrit etkilesimler i¢in Mors potansiyeli
kullanilir [39]. Termal kaynak prosediiriinde sistemin termal
dengesini saglamak icin Nosé-Hoover termostat ve kanonik
topluluk (NVT) sistemi, termodinamik ozellikler olarak

tanimlanir.
@0

’_ - Pt

a)

¢

b)

Sekil 2. KNT(10x10) ve grafen tabakalar1 arasinda
olusturulan kovalent baglar, a) ilk model bag goriiniimii, b)
deformasyon anindaki bag goriinimii.

Grafen tabakalariile KNT’ler arasinda kovalent baglari
olusturmak icin grafen ve ona karsilik gelen KNT bolgesine
termal kaynak islemi uygulanir.
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Isil  kaynak isleminde ilk olarak termal gevsemeyi
gergeklestirmek igin ortam oda sicakliginda (300K) 40
pikosaniye (ps) tutulur. Ardindan fiizyondaki
atomlarin sicakligi kademeli olarak (her kademe i¢in 300K)
referans sicakliga (1200 K) yiikseltilir. Kaynak bdlgesindeki
atomlara kovalent bag olusumu icin enerji saglamak {izere
50 ps siireyle bu sicaklikta sabit tutulur. Daha sonra, sicakligt
30 ps icinde 1200 K'den 300 K'ye diislirmek icin asamali
sogutma yapilir. Son olarak, 300 K'de 40 ps i¢in rahatlatilir.
Boylece baglanti bolgelerindeki baglarin  stabilitesi
incelenir [18]. Is1l kaynak iglemi sonunda KNT’ler ve
grafenler arasinda olusan baglar Sekil 2'de gosterilmektedir.

Atomik modeller olusturulduktan sonra serbest enerji
profilleri izlenerek numunelerin termodinamik stabilitesini
incelemek i¢in atomistik modeller, Nose-Hoover termostati
ve izotermal-izobarik (NPT) toplulugu kullanilarak 100 ps
boyunca oda sicakligi sartlarinda termalize edilir. Bu
asamada atom basina diisen toplam enerji degerleri zamana
baghi olarak  izlenir. Numunelerin  termodinamik
uygulanabilirligi saglandiktan sonra mekanik testlere gegilir.
Mekanik testlerde ¢ekme ve basma yiikleri numunelerin
sicakligt NVT entegrasyonu ile 0.001 ps? yiikleme hizinda
oda sicakligi sartlarinda sabit tutularak uygulanir. Analizler
sonucunda her iki ylikleme durumu igin Young modiilii (E),
akma gerilimi (oy) ve nihai gerilim (ou ) degerleri
hesaplanarak mekanik o6zellikleri karsilastirilir. Ayrica
mekanik analizler KNT’lerin enine (Y) ve boyuna (Z)
dogrultulart igin ayr1 ayr1 gerceklestirilerek dogrultu etkileri
de incelenmistir.

Sonuclar ve tartisma

Cekme Davramsi

Bu ¢aligsmada ilk olarak nanoyapilarin termodinamik olarak
kararlt olduklarmi incelemek i¢in 300 K'de enerji profilleri
yeterince uzun bir siire incelenistir. Onerilen yapilarin enerji
degerlerinin hemen hemen sabit kaldig1
goriilmektedir. Ayrica, 6nerilen ilk tasarima kiyasla belirgin
bir yapisal degisiklik olmamasi, termodinamik olarak kararlt
oldugunu gostermektedir. Yapilarin  kararli  oldugu
anlagildiktan sonra mekanik testler gergeklestirilmistir.

8 T T T T

] vl

Pt-Al

—— Pt-AI-GKNT(6x8)
Pt-Al-GKNT(8x8)
PL-AI-GKNT(10x10)

—— Pt-AI-GKNT(12x12)

Gerilme (GPa)
'
1

i} Fv‘v"v L2

T T
0,15 0,20 0,25
Sekil Degistirme (g)

0 T
0,05

T
0,10 0,30 0,35 0,40

Sekil 3. Pt-Al-GKNT yapilarinin Z dogrultusundaki (KNT
dogrultusu) ¢cekme gerilme-sekil degistirme egrileri.
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Platin-aliiminyum(Pt-Al) kompozit yapis1 ile dort farkl
KNT  igeren  Pt-Al-GKNT  yapilar igin  MD
simiilasyonlarindan elde edilen ¢ekme gerilme-sekil
degistirme egrileri, Sekil 3'te verilmistir. Yapilarin KNT
dogrultusundaki  gerilme sekil  degistirme  egrileri
incelendiginde Pt-Al yapilarina GKNT yapisinin eklenmesi
ile elde edilen Pt-Al-GKNT yapilarin stinekligi azalsa da
mekanik dayanimlarinin arttig1 goriilmiistiir. Modellerde yer
alan KNT capr arttikca lineer ve maksimum gerilme
bolgesinde cekme dayaniminin azaldigi siinekligin ise arttig1
gozlemlenmistir. Bu durum yapidaki KNT caplarinin
artmasina  baglhi  olarak  sayilarindaki  azalmadan
kaynaklanabilir. Maksimum gerilme mukavemeti agisindan
en yiiksek deger kiiciik fakat ¢ok sayida KNT igeren Pt-Al-
GKNT(6x6) yapisia aittir. Tokluk agisindan yapilar
arasinda biiyiik degisimler gdzlemlenmemistir. Siineklik
acisindan ise KNT (12x12) igeren yapinin daha iyi oldugu
goriilmistiir.

GKNT yapilarimin ve KNT boyutlarinin mekanik &zellikler
lizerindeki etkilerinin daha iyi anlasilabilmesi i¢in Tablo
2’de verilen elastik modili, akma mukavemeti ve
maksimum gerilme degerleri incelendiginde GKNT

yapilarmin Pt-Al yapisinin elastik modili ve maksimum
gerilme degerini artirmis oldugu goriilmektedir. Ayrica
akma gerilmesi ve akma sekil degistirme degerleri de
artmistir. Bu artisin KNT’iin sert yapisindan ve KNT ve
giiclii

grafenler  arasinda  olusturulan baglardan

kaynaklandig1 disiiniilmektedir. Karbon yapilarinin sert
kimyast malzemenin maksimum sekil degistirme degerini
diigiirerek stinekligini azaltmigtir[28, 40]. Elastik modiilii ve
maksimum gerilme degeri KNT ¢apinin azalmasi ve buna
bagl olarak KNT sayisinin artmasi ile artmistir. Benzer
sekilde maksimum gerilme degerleri KNT capinin azalmasi
(sayisinin artmasi) ile artarken akma gerilmesi ve akma sekil
degistirmesi azalmaktadir. Elastik modiilii ve maksimum
gerilme degeri agisindan en yiiksek deger Pt-Al-GKNT(6x6)
yapisina aittir. Akma gerilesi agisindan ise Pt-Al-
GKNT(12x12) yapist daha iyi degerler gostermektedir.

Sekil 4’te KNT dogrultusunda ¢ekme yiiklemesine maruz
kalan Pt-Al-GKNT yapisinin deformasyon mekanizmasinin
ornek bir gosterimi verilmistir. Pt-Al-GKNT(6x6) yapisina
ait KNT  dogrultusundaki  deformasyon  durumlari
incelendiginde €=0.124 sekil degistirme degerine kadar
gerilmelerin  arttigt  goriilmektedir. Gerilmelerin  biiytik
cogunlugunu KNT’ler tasimaktadir. KNT’ler igerisinde
sinirlarda yer alan KNT’lerde daha yiiksek gerilmeler
olusmustur. En yiiksek gerilmeler KNT’lerde olugsa da
€=0.124 degerinden sonra kopmalarin Al bdlgesinde
gerceklestigi  goriilmiistir. Kopmanin Grafen ve KNT
baglanti noktalarinda gergeklesmemesi bu iki yapi arasinda
giiclii kovalent baglarm olusturuldugunu gostermistir[31].
Deformasyon goriintiilerinden de bu baglarin yiiksek gerilme
tasidigi ve diizenli oldugu goriilmektedir.

Sekil 4. KNT dogrultusunda ¢ekme yiiklemesine maruz kalan Pt-Al-GKNT(6x6) numunesine ait deformasyon durumlari, (a)
0.02, (b) 0.06, (c) 0.10, (d) 0.12, (e) 0.14 ve (f) 0.26.
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Tablo 2. KNT dogrultusu (z) boyunca ¢ekme yiiklemesine maruz kalan yapilarin mekanik 6zellikleri.

Modeller Elastik Ggfli(ll:;?esi 'A\Sle(lrl:f1 '\"‘?‘kS‘m“m Malg:Lrir;um
Modiil (GPa) (GPa) Degistirmesi Gerilme (GPa) Degistirme
Pt-Al 51.515 3.081 0.0638 6.831 0.189
Pt-Al-GKNT(6x6) 67.659 4.242 0.0653 7.465 0.124
Pt-Al-GKNT(8x8) 62.871 4.115 0.0697 7.290 0.131
Pt-Al-GKNT(10x10) 58.961 4.770 0.0854 7.187 0.135
Pt-Al-GKNT(12x12) 51.153 6.485 0.130 7.125 0.144

Goze carpan bir diger onemli husus ise Sekil 4. e’de
(e=0.140) gozlemlendigi gibi smirlarda yer alan
KNT’lerdeki burkulma davranigidir. Bu durum, yapidaki
gerilmelerin €=0.124 degerine kadar artmasi ve bu degerden
sonra yapidaki kopmalarin gerceklesmesi ile gerilen KNT
baglarinin bir yay davranigi sergileyen salinim hareketinden
kaynaklanmaktadir. Bu salinim davranisi ile KNT’ler, yapiy1
tekrar eski konumuna dénmeye zorlayan ¢ekme yoniine zit
yonlii kuvvetin etkisi ile dnce basma yiikiine maruz kalarak
burkulma davranis1 sergiler ardindan ise salinimlarin
soniimlenmesi ile tekrar eski konumuna donerek
diizlesmektedir. KNT’lerin diizlestigi Sekil 4. f'de de
goriilmektedir.

Deformasyon goriintiilerinden de bu baglarin yiiksek gerilme
tagidigr ve diizenli oldugu goriilmektedir. Diger yapilarin
deformasyon goriintiileri incelendiginde benzer bir karakter
sergiledikleri ve gerilmelerin KNT bolgesinde yogunlastigi
goriilmistiir. KNT ¢api arttik¢a yapilarin maksimum gerilme
dayanimlar1 azalirken yapida kopmanin gergeklestigi strain
degerleri  artmaktadir. KNT(8x8), KNT(10x10) ve
KNT(12x12) igin sirasiyla kopma &=0.131, £=0.135 ve
€=0.144 degerinde aliiminyum bdlgesinde gergeklesmistir.
Kiigiik capli KNT’lerin yer aldig1 yapilarin daha yiliksek
gerilme degerlerine direng gdstermesi kiiclik cap ve diisiik
atom sayilarindan dolay1 diger yapilara kiyasla ¢ok sayida
KNT igermesidir.
9

T T T T

Pt-Al
o

e Pt-Al-GKNT(6x6)
Pt-Al-GKNT(8x8)
Pt-Al-GKNT(10x1 0)3 &

—— Pt-Al-GKNT(12x12)|

Gerilme (GPa)

T T T T
0,15 0,20 0,25 0,30

Sekil Degistirme ()

T
0,10

T
0,05

Sekil 5. Pt-Al-GKNT yapilariin Y dogrultusundaki
(grafen dogrultusu) ¢ekme gerilme-sekil degistirme egrileri.
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Yapilarin Grafen dogrultularindaki (Y) ¢ekme dayanimlari
incelendiginde (Sekil 5) €=0.025 sekil degistirme degerine
kadarki lineer bolgede tiim modellerin benzer davranis
gosterdigi goriilmistiir. Gerilmeler arttik¢a Pt-Al yapilarina
kiyasla G-KNT’li yapilarda gerilmenin egimi azalmis
siinekligi ve toklugu artmistir. Bu bdlgedeki gerilme
diistisiinlin grafenlerde yer alan bdlgesel bag kopmalarindan
kaynaklandig1 diistiniilmektedir. Yapida yer alan KNT’lerin
capt distikce maksimum gerilme dayanimi ve gekil
degistirme degeri artmaktadir. Maksimum gerilme degeri
acisindan en yiiksek deger kiiciik ¢apli KNT’lerin yer aldig1
Pt-Al-GKNT(6x6) yapisinda elde edilmistir. KNT c¢ap1
arttikca maksimum  gerilme degerlerinin  distiigii
goriilmiistiir. Tokluk ve siineklik agisindan incelendiginde
yine en iyi sonuglar en diisiik ¢caplit KNT igeren yapilarda
goriilmiistiir. Gerilme degerlerindeki diisiisler ise kademeli
olarak gerceklesmistir. Gerilme degerleri Tablo 3°de verilen
sayisal  degerler {izerinden incelendiginde elastik
modiillerinin hemen hemen ayni oldugu bulunmustur. G-
KNT yapilarmin varligi ve KNT c¢apmin artmast akma
gerilmesi ve akma sekil degistirmesini azaltmistir.
Maksimum gerilme degeri ise G-KNT varligt ve KNT
capinin azalmasi ile artmustir.

Pt-Al-GKNT(6x6) yapisinin grafen dogrultusundaki (y
dogrultusu) ¢cekme yiikii altindaki deformasyon goriintiileri
Sekil 6’da  verilmigtir.  Deformasyon  goriintiileri
incelendiginde gerilmelerin cogunlukla yapidaki grafenlerde
biriktigi goriilmiistir. Grafen ve KNT’ler arasinda
olusturulan kovalent baglardan dolayr KNT’lerde de
gerilmeler yiiksektir. Bu durum ayni zamanda arada
olusturulan kovalent baglarin giiclinii de ortaya koymaktadir.
Deformasyon goriintiileri de bu baglarin yiiksek gerilme
tagidig1 ve diizenli oldugunu dogrulamistir. Sekil degistirme
degerlerinin €=0.239°a kadar artmasi ile beraber gerilmelerin
arttig1 gorilmiistir. KNT’ler igerisinde uglarda yer alan
KNT’lerde daha yiiksek gerilmeler olusmustur. Maksimum
gerilme degerinden sonra yapidaki kopmalar grafen ve Al
bolgesinden baglamak iizere gergeklesmistir. Farkli ¢aplarda
KNT iceren yapilarin  deformasyon  goriintiileri
incelendiginde benzer bir karakter sergiledikleri ve
cogunlukla gerilmeleri grafenlerin tasidigi goriilmiistiir.
KNT capr arttikga maksimum dayanimin ve sekil degistirme
degerlerinin azaldig1 goriilse de kopmalar benzer sekilde
grafen ve aliminyum bdlgesinde gergeklesmistir.
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Tablo 3. Grafen dogrultusu (Y) boyunca ¢ekme yiiklemesine maruz kalan yapilarin mekanik 6zellikleri.

Modeller Elastik G'::fli(Irr];isi gtlr::? Maksimum Malg::{rir;um
Modiil (GPa) (GPa) Degistirmesi(c) Gerilme (GPa) Degistirme(c)
Pt-Al 58.622 3.325 0.0572 7.220 0.185
Pt-Al-GKNT(6x6) 59.129 3.086 0.0505 8.035 0.239
Pt-Al-GKNT(8x8) 58.621 2.941 0.0498 7.974 0.221
Pt-Al-GKNT(10x10) 58.583 2.857 0.0476 7.645 0.213
Pt-Al-GKNT(12x12) 58.178 2.821 0.0472 7.445 0.206

Sekil 6. Pt-Al-GKNT(6x6) yapilasinin Y dogrultusundaki (grafen dogrultusu) ¢cekme gerilme-sekil degistirme egrileri, (a)
0.02, (b) 0.06, (c) 0.16, (d) 0.20, (e) 0.24 ve (f) 0.26.
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Basma Davrams1

Kovalent olarak baglanmis grafen-KNT sandvi¢ yapisinin yatay kalmaktadir. Bu degerden sonra gerilmelerin arttig
Pt-Al yapist ile birlestirilmesinin bir sonucu olarak basma yogunlagsma bdlgesinin  olustugu  goriilmistir. KNT
performanslarini incelemek i¢in, Farkli Pt-Al-GKNT boyutlart agisindan yapilar degerlendiginde lineer bolgede
yapilarinin karsilastirmali basing gerilme-sekil degistirme belirli bir degere kadar KNT’lerin ¢ap1 arttik¢a taginan
egrileri Sekil 7°de verilmistir. Davranslar incelendiginde tig gerilme degerlerinin ve KNT dayanimlarinin daha yiiksek
farkli bolge gozlenmistir. Ik bolgede yapidaki gerilmelerin oldugu goriilmiistiir. Fakat KNT10x10’dan daha biiytik
lineer olarak £=0.06-0.08 (GKNT6x6-GKNT10x10) capta KNT kullanilmast durumunda ise degerler
degerine kadar arttigi goriilmiistiir. Ardindan gerilmeler diismektedir. Yogunlagma ve sertlesme bolgesinde ise daha
belirli bir degere kadar diismekte (¢=0.15) ve sonrasinda kiigiik ¢apli KNT’lerde kismen de olsa daha biiytlik
€=0.35 degerine kadar yap1 sekil degistirse de gerilmeler gerilmeler olusmaktadir.
T
204 30 - - T
] PL-A-GKNT(6x6)
189 4] Pt-Al-GKNT(8x8)
1 Pt-AI-GKNT(10x10) | -
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Sekil 7. Pt-Al-GKNT yapilarmin Z dogrultusun

oy
(d) (€) ®

Sekil 8. Pt-Al-GKNT(6x6) yapisinin Z dogrultusundaki (KNT dogrultusu) basma gerilme-sekil degistirme egrileri, (a) 0.02,
(b) 0.06, (c) 0.08, (d) 0.10, (e) 0.20 ve (f) 0.40.
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Gerilmedeki davraniglarin daha iyi anlasilabilmesi igin
malzemelerin gerilme gorintiileri incelenmistir (Sekil 8).
Yapida olusan ilk gerilmeler aliminyumdan ziyade en dar
kesite sahip KNT’lerde olusmustur. Gerilmelerin artmasi ile
birlikte KNT’lerde egilmelerin basladigi ve £=0.06-0.08
degerine kadar arttifi goriilmiistir. Bu degerden sonra
KNT’lerde meydana gelen yanal deformasyonlardan dolay1
gerilmeler hizlica diismektedir. Ardindan grafikte yer alan
yatay bolgede sekil degisimine bagli KNT’lerin etrafinda
bulunan bosluklarin kapandigr gorilmis bu sebeple
gerilmeler olugmamistir. Bosluklar kapandiktan sonra
yogunlagsma bdlgesindeki gibi gerilmelerin tekrar arttig:
goriilmiistiir. Farkli  KNT c¢aplarma sahip yapilar
incelendiginde biyiik c¢apli KNT igeren yapilarda ilk
bolgedeki  gerilme  azalislar1  daha  biiyiik  sekil
degistirmelerde  gergeklesmistir. Bunu nedeni KNT
sayillarinin ~ azalmasina  ragmen  etki  alanlarinin
genislemesinden kaynaklandigi disiiniilmektedir. Pt-Al-
GKNTI12x12 yapisinda ise etki alanlar1 artmasina ragmen
KNT sayilarindaki azalmanin daha etkili olmasindan dolay1
lineer bolgede gerilme degerleri tekrar diismiistiir.

Sonug¢

Ozetle, bu calismada, platin ve aliiminyum levhalar arasina
yerlestirilmis  kovalent olarak bagli Grafen KNT
yapilarindan olusan yeni bir nanoyap1 sunulmustur. Ayrica,
numunelerin termodinamik stabiliteleri kontrol edildikten
sonra MD simiilasyonlart ile mekanik 6zellikleri
aragtirtlmistir. Grafen ve KNT yapilart arasinda giiclii
kovalent baglar olusturulmustur. Onerilen bu yap1 saf Pt-Al
yapisina kiyasla ¢ekme yiiklemesi altinda daha yiiksek
elastik modiil, maksimum gerilme ve sekil degistirme degeri
sergilemistir. Yap1 dogasi geregi an izotropik bir davranig
sergilemektedir. Ayrica, KNT c¢apmin yapinin mekanik
dayanimi iizerindeki etkileri de arastirilmistir. Kiiglik ¢aplh
KNT’lerin ¢ekme ve basma dayaniminin daha iyi oldugu
goriilmiistiir. Yapilarda yer alan KNT sayilarmin da cap
boyutlar1 gibi mekanik dayanimi etkilemekte ve g¢aplari
kiiciik olsa da ¢ok sayida KNT igeren yapilarda dayanim
daha iyidir. Onerilen bu galisma ile Pt-Al yapisina kiyasla
daha hafif ve daha yiiksek ¢ekme dayanimina sahip bir
nanoyap1 ortaya koyulmustur. flerleyen calismalarda, KNT
uzunluklarmin yapinin mekanik davranig iizerindeki etkileri
arastirilarak ideal KNT boyutlar belirlenebilir. Bunun yani
sira farklt KNT diziliminin etkileri ve hidrojen depolama
ozelliklerinin arastirilmasi da ilgi ¢ekici bir konu olabilir.
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AISI 4140 after the boronizing process.

Introduction

The need to improve surface properties such as corrosion
resistance, wear resistance, oxidation resistance and friction
has led to the development of numerous surface
improvement methods, which are decisive in increasing the
service life of many engineering components [1].
Boronizing, which is one of them, is a thermochemical
process in which boron atoms diffuse from the surface of
the steel alloys towards the interior. Generally, boronizing
process is applied in range of 700 °C — 1050 °C and 0.5 to
10 hours. Boronizing is applied to improve the surface
properties of steels such as corrosion and wear resistance
[2]. Boriding process can be carried out in solid, liquid, or
gaseous medium. The most widely used boriding method is
the pack method, which has the advantages of ease of
application and low cost [3, 4].

Boriding produces single-phase (Fe2B) or dual-phase
(FeB + Fe,B) iron boride surface compounds. Depending
on the concentration of the diffused boron atoms, the boride
layer may consist of tetragonal Fe;B (8 wt % B) and/or
orthorhombic FeB (16 wt % B) [5]. In general, the FeB
phase, which has a lower toughness than the Fe,B phase, is
characterized by a higher hardness [6, 7]. The presence of a
dual-phase layer (FeB + Fe,;B) is undesirable for industrial

applications because each phase has very different
properties such as coefficient of thermal expansion (CTE)
and elastic modulus; The CTE of FeB and Fe;B are 23 and
8 x 10—6 °C™1, respectively, while Young's modulus is 510
GPa and 280 GPa, respectively. Such differences in
properties can generate high compressive residual stresses
at the interface (FeB + Fe;B) during the formation of the
layers. It can lead to the formation and propagation of
cracks at the interface of the two phases [8, 9].
Furthermore, the FeB phase is undesirable in the boride
layer due to its higher brittleness, which induces shedding
from the surface when subjected to strong external loads
[10, 11].

Boronizing process can be applied to many materials such
as surface hardened steels, annealed steels, tool steels,
stainless steels, cast irons, sintered metal powders, nickel,
cobalt, molybdenum, titanium, non-ferrous metals and their
alloys, and some super alloys and cermet [9, 12]. The most
significant characteristics of boride phases generated by
boriding are high hardness (1400-5000 HV) and high
melting temperature (1400-1550 °C) [13, 14]. Boriding is a
surface hardening method that can obtain the hardest layer
on the surface compared to other methods [15, 16]. Itis well
known that the fatigue life of boronized industrial metals
increases as surface hardness increases [17, 18]. The boron
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layer thickness, which generally occurs in low carbon
unalloyed steels, is up to 0.4 mm. The increased amount of
carbon or the presence of the alloying element (Cr, V and
others) causes the layer thickness to decrease [19, 20].
Besides, a high amount of chromium (for example)
encourages the formation of FeB rather than Fe;B. Kul, M.,
et al. [21] applied surface hardening process to the
camshafts made of AISI-1045 steel by boronizing in liquid
and solid media. To obtain the hardest and thickest boride
layer in the samples, the proposed composition in the liquid
medium was 70% Borax (Na:B4O;) + 30% B.C.
Furthermore, the results indicated that a suitable
composition for solid media boriding is 5% B4C + 90% SiC
+ 5% KBF.. Joshi, A. A, et al. used the package boriding
process for small, medium, and large sized containers made
of AISI 4140 steel for 2 and 3 hours at 950 °C. The results
showed that the morphology of the Fe;B phase was
columnar, and the hardness decreased from the surface
towards the inner part. A maximum surface hardness of
about 1367 HV,1 was obtained for boronized steel [22].
Sahin, S. applied the solid boriding process on AISI 1020,
AISI 1040 and AISI 2714 steels at 900 °C in 2 and 4 hours
using Ekabor | powder. It was observed that the
dimensional increase of the samples was one-fifth of the
boride layer thickness for both AISI 1020 and AISI 1040,
and one-third of the boride layer thickness for AISI 2714.
The authors proposed the term “threshold roughness”,
which corresponds to the surface roughness value for
boron-treated smooth surfaces [23].

This study evaluates the enhancements in boron diffusion
depths and hardness values of AISI 1020, AlISI 1060, and
AISI 4140 steel specimens obtained using the pack boriding
process. The effect of temperature and time parameters in
boriding process was investigated. With the artificial neural
network (ANN) application, the prediction was made for
the total, FeB and Fe;B boride layer thicknesses.

Materials and Method
Materials

Pack boriding process was applied for low carbon AlSI
1020, high carbon AISI 1060 and alloy AISI 4140 steel
materials. The contents of the AISI 1020, AISI 1060 and
AISI 4140 steel specimens are given in Table 1. The
cylindrical test specimens with a diameter of 15 mm and a
height of 20 mm were used.

Application of Boronizing Process

Three replicates were prepared for different temperature
and time parameters to determine the effect of boronizing
on the surface hardness of AISI 1020, AISI 1060 and AlSI
4140 steels. For comparison, one sample of each specimen
was subjected to the necessary measurements without
boronizing. Boronizing test parameters and specimen codes

are shown in Table 2. Boronizing process was carried out
under these conditions.

Boronizing heat treatment was performed in a solid state.
For each test condition, 9 samples were placed in the
stainless-steel box and heated in the furnace. The test period
begins when the furnace reaches the desired temperature.
Boron powder, " EKabor®2" is used as a boron supplying
compound in the form of B4C - SiC - KBF4. The particle
size of the powders is (75 - 106 pm). After filling the
stainless-steel box with 2 ¢cm of EKabor®2powder, the
specimens are placed at least 1 cm apart from the sides and
from each other. The specimens were then filled with 2 cm
EKabor®2 powder, Ekrit® powder was added as deoxidant
on the top, and the cover was closed. Ekrit® consists of pure
iron and oxide scavenger components. All samples were
subjected to boronization process using this method at
different temperatures and times. Following the boronizing
heat treatment, the specimens were removed from the box
and cleaned after cooling.

Metallographic Examination

Boronized specimens with dimensions of @ 15 x 20 mm
were cut into half along the radius axis using a precision
cutting instrument and prepared for metallographic
examinations.

Specimens with rectangular cross-sections were grinded
with sandpaper numbers 180, 220, 320, 400, 600, 800,
1000, 1200, respectively, at a speed of 200 rpm in the
“Buehler-Metaserv” grinder/polisher device. After that in
the same device, they were polished on the broadcloth with
6 um and 1 um diamond polishers. The polished specimens
were etched with 4% Nital (Nital: HNOs+Ethyl Alcohol)
solution for 10 seconds.

The microstructure photographs of the specimens prepared
for metallographic examination were taken with a Nikon
MA 100 optical microscope. The FeB phase close to the
surface and the Fe,B phase below this phase can be
distinguished due to the color difference obtained by
etching. The depth of the boride layer formed on the cross-
sectional surfaces of the samples was measured with the
same optical microscope and marked on photographs.

Hardness Measurement

The hardness distributions of the coating and matrix were
measured with the Shimadzu micro hardness device.
Hardness tests were carried out using a Micro-Vickers tip
with 50 g load and 10 sec. Hardness measurements were
conducted inward from the surface of all samples were
carried out in the range of 20 — 50 um. A wider range was
made in the samples with a greater diffusion depth, and a
narrower range was made in the samples with a low
diffusion depth.

Table 1. The chemical compositions of the AISI 1020, AISI 1060 and AISI 4140 steels.

Materials C% Si% Mn% P< S< Cr Mo Ni
AISI 1020 0.38-0.45 0.15-0.40 0.50-0.80 0.035 0.035 0.90-1.20 0.15-0.30 -
AISI 1060 0.18-0.25 0.15-0.35 0.30-0.60 0.035 0.035 - - -
AISI 4140 0.55-0.64 0.10-0.30 0.60-0.90 0.040 0.050 - - -
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The measurement was taken at regular intervals from the
surface to the matrix, and the arithmetic average of at least
five replicates was calculated. It was observed that the
hardness values of the formed boron layer measured inward
from the surface are compatible with the literature [22, 24,
25]

Artificial Neural Networks Simulation Model

Artificial neural networks (ANN) are a computational
model inspired by neurons in the human brain and the
connections between them [26]. Neural networks are well-
known as a very general statistical framework for predicting
sample data from a set of data [27].

Artificial neural networks enable the creation of a
computational model inspired by the biological neural
network structure, using neurons for computation. In the
artificial neural network system, there are three layers:
input, hidden, and output. The input layer represents the
independent variables and transmits these variables to the
hidden layer with certain weight coefficients. The processed
information in the hidden layer is then sent to the output
layer for computation. The output layer represents the
dependent variable obtained based on the independent
variables from the input layer. The network used in this
study is presented in Figure 7. In this study, steel type, time,
and temperature are taken as independent variables. The
dependent variables are the boron layer thickness affected
by these independent variables (Fe.B+FeB), Fe:B
thickness, and FeB phase. In the experimental results, 64
data (80% of test data) were used to train the artificial neural
network, and the remaining 16 data (20% of test data) were
used to train the artificial neural network. The TRAINLM
algorithm is used in the training of artificial neural networks
because it is fast and has high memory. As the structure of
the network, a more reliable “feed-forward backprop”,
which proceeds with the control of errors, was chosen. The
LEARNGDM learning function and the TANSIG transfer
function are used for network learning. Training was carried
out using 12 hidden neurons in 3 layers. As seen in Figure
7, there are five different parameters as independent
variables. Five different input parameters as three different
steel specimens, temperature, and time were taken into
consideration.

Results and Discussion
Hardness and Microstructure Analysis
AISI 1020 Steel

Figure 1 a, b, ¢ shows the dual-phase (FeB + Fe2B) layers
of boronized AISI 1020 steel at 840, 880 and 920 °C for 8
hours, respectively. The Fe,B layer was isolated with the
FeB teeth for the AISI 1020 specimens, which boronized
for 8 hours. The thickness of the FeB layer on the surface
increased with increasing temperature up to 920 °C.
Diffusion depths of the AISI 1020 steel boronized at 840,
880, 920 and 960 °C for 8 hours were 116 pm (£ 2 um), 119
pm (£ 5 um), 199 pm (= 5 pm), 211 pm (£ 8§ pm),
respectively. Figure 1 d, e shows the single-phase Fe;B
layer of AISI 1020 steel boronized at 960 °C for 2 and 4
hours, respectively. By doubling the heat treatment time,

the Fe;B phase became more prominent as it was very
isolated; the Fe,B layer thickness increased and showed
saw-tooth structures. Diffusion depth of AISI 1020 steel
boronized at 960 °C for 2 and 4 hours, respectively,
increased from 24 ym (£ 1 pum) to 64 um (£ 3 pm),
respectively. The dual-phase structure was observed as a
result of applying heat for 6 and 8 hours at 960 °C (Fig. 1 f,
g). Diffusion depths resulting from boronizing at 960 °C for
6 and 8 hours were measured as 141 um (£ 7 um) and 211
pm (x 8 um), respectively. Figure 4 shows the variation of
boron diffusion depth of AISI 1020 steels with temperature
and time. The results showed that a deeper diffusion layer
was formed in each time period of 960 °C compared to other
temperature conditions. In comparison to AISI 1060 steel
and AISI 4140 steel, AISI 1020 steels tend to exhibit a high
micro hardness throughout deeper distances. Since the
boriding morphology for AlSI 1020 had discontinuous saw-
tooth structures, the measured hardness values varied
depending on the testing area compared to other samples. In
AISI 1020 steels, the increase in hardness values depending
on the temperature for the 8-hour boriding time was lower
compared to the AISI 1060 and AISI 4140 samples (Fig 5a-

Figure 1. Microstructure images of AISI 1020 steel

AISI 1060 Steel

Figure 2 a, b, ¢ shows the dual-phase (FeB+ Fe2B) layer of
AISI 1060 boronized steel at 840, 880 and 920 °C for 8
hours. The diffusion depth of AISI 1060 boronized steel at
840, 880 and 920 °C for 8 hours was measured as 100 um
(+ 2 ym), 124 ym (+ 3 pm) and 188 pm (+ 5 pm),
respectively. Figure 2 d, e shows the single phase Fe,B layer
of AISI 1060 boronized steel at 960 °C for 2 and 4 hours,
respectively. The diffusion depth of AISI 1060 boronized
steel at 960 °C for 2 and 4 hours increased from 22 pm (+ 1
um) to 58 um (+ 2 um), respectively. The dual-phase
structure was observed as a result of 6 and 8 hours of heat
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treatment at 960 °C (Fig. 2 f, g). The diffusion depths as a
result of the boronization at 960 °C for 6 and 8 hours was
measured as 162 um (+ 4 pm) and 204 ym (£ 6 pm),
respectively. The fluctuation of boron diffusion depth as a
function of temperature and time in AISI 1020 steels is
summarized in Figure 4. The saw-tooth morphology was
located more frequently since AISI 1060 steels contain
more carbon than AISI 1020 steel. For AlISI 1060 steels, as
seen in Figure 5b, the hardness increase trend in the Fe,B
and FeB layers is more noticeable.

Figure 3. Microstructure images of AlSI 4140 steel

Table 2. Boride layer thicknesses depending on
temperature and time.

Boriding parameters Thicknesses of boride layers

. AlSI AlSI AlSI

Tem[?)erature Time 1020 1060 4140

() ™ wm @m) @m

2 9.15 12.86 9.33

840 4 42.9 37.18 35.73

. i . 6 79.11 57.57 60.97

Figure 2. Microstructure images of AISI 1060 steel 8 111.6 99.18 83.94

2 12.13 15.12 8.85

880 4 26.11 29.39 32.62

AISI 4140 Steel 6 75.94 51.76 50.9
Figure 3 a, b, ¢ shows the dual-phase (FeB + Fe;B) layers g ;;93;2 11273'39 2171f7
of boronized AISI 4140 steel at 840, 880, 920 and 960 °C. 4 53'83 56 '82 43'17
The diffusion depth of AISI 4140 boronized steel at 840, 920 6 1108 1065 1021
880, 920 and 960 °C for 8 hours was measured as 84 pm (£ 8 198.7 1873 155.7
1 pm), 114 pm (£ 1 pm), 156 pm (+ 2 pm) and 204 pm (+ 2 24.85 2163 21.67
2 um), respectively. It was observed that Fe;B showed a 4 64.1 57.06 59.81
saw-tooth structure at 840, 880 and 920 °C for 8 hours. As 960 6 141.6 161.6 134
a result of the heat treatment at 960 °C for 8 hours, it was 8 211.2 204.1 203.7

seen that the Fe;B phase had a planar structure (Fig.3 g). 240 oG

Figure 3 e, f shows the single phase Fe,B layer of AlSI 4140 T 220

boronized steel at 960 °C for 2 and 4 hours. The heat i
treatment at 960 °C for 6 hours produced FeB+Fe,B dual-
phase structures (Fig.3 f). Figure 4 shows the boron
diffusion depth of AISI 4140 steels as a function of
temperature and time. As AISI 4140 steel had a planar

boron layer, the hardness test values were more uniform 4 o , !
across the diffusion depth. The hardness value of AISI 4140 gl i ; ;
steels maintained low when compared to other materials as 3 Al g i i
a result of the boriding method used with the temperature S22 888 838 sg<2
increase during an 8-hour period (Fig. 5¢). Sy S22y SEY g82%
840 °C 880 °C 920 °C 960 °C

Boronizing temperature (°C)
Figure 4. Boron diffusion depth as a function of on
temperature and time
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Avrtificial neural network approach

The purpose of using artificial neural networks in this study
is to estimate the boron layer thickness by applying different
temperatures on AISI 1020, AIS1 1060 and AISI 4140 steels
at different times. Table 3 provides knowledge about the
ANN network. As seen in Figure 7, there are five different
parameters as independent variables. Five different input
parameters as three different steel specimens, temperature
and time were taken into consideration. The boron layer
thickness resulting from five different input parameters, the
predicted values of Fe;B and FeB, and the regression
coefficients with the relationship between the measurement
values are presented as seen in Table 4. The changes were
made in the number of neurons, learning rates and

momentum coefficients and the optimum network structure
was decided.

Table 3. Networks details

Training

Levenberg-Marquardt
Network of Structure

feed-forward backprop

Learning Function LEARNGDM
Transfer Function TANSIG
Performance Mean Squared Error
Calculations MEX

‘|‘ I\ .l. £ ,l.
Input Layer Hidden Layer Output Layer

Figure 7. The structure of neural network

The actual values of the boride thicknesses measured
because of the experiments and the predicted layer
thicknesses given by ANN model are given in Table 4. It
was observed that the predicted values approached the
regression line by means of the conditional averages
obtained. All experiments were performed at 95%
confidence intervals. The regression coefficient (R? >0.99)
indicated that the models constructed in the experimental
analysis were relatively robust and therefore the ratios were
acceptable (Figure 8). As seen in Figure 9, the model
prediction shows a good agreement with experimental
results. The error in the total boride layer thickness for
different processing times varies between 0.04 and 7.64 pm.
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Training: R=0.99942

Validation: R=0.99808
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Figure 8. Regression analysis
Table 4. Actual and predicted boride layers
Predicted . .
Total total Thickness Prgdlcted Thickness Pr.ed'Cted
. thickness . thickness thickness
Time Temperature . thickness Error  of Fe2B Error  of FeB Error
A B C o of boride . of Fe2B of FeB
(h) (°C) of boride (um) layer (pum) layer (nm)
layer layer layer
(um) e Bm) () Bm) ()
(m)
100 4 960 59.81 5553  4.279 59.81 52.85 6.965 0 8.83  8.832
1 00 6 960 134 134.73  0.735 88.38 89.05 0.668 4561 4391 1701
100 38 840 83.94 83.87  0.067 76.71 75.76  0.952 7.23 7.57  0.342
100 8 880 114 113.06 0.944 99.75 100.38 0.628  14.25 1528 1.032
100 38 920 155.7 156.61 0.906  126.42 125.78 0.644  29.27 2839 0.883
010 2 960 21.63 2199  0.359 21.67 26.97 5.302 0 0 0.002
010 4 960 57.06 55.88 1.175 57.06 54.68 2.382 2.06  2.058
010 8 840 99.18 98.5 0.683 80.01 79.6 0408 16.17 17.46  1.287
010 8 880 123.9 123.7  0.203 77.26 77 0.259 46.64 4564 1.002
010 8 920 187.3 192.83 5525  122.47 12568 3.214 64.83 7124  6.415
010 8 960 204.1 204.06  0.043 157.7 153.78 3917  46.03 46.52  0.485
001 4 960 64.1 63.16 0945 64.1 63.83 0.275 0 4.02 4.02
001 6 960 141.6 143.04 1.439 112.7 112.81 0.115 28.9 2722 1.679
0 01 8 840 111.6 112.05 0.447 95.7 97.02 1.319 15.9 1463 1.271
001 8 920 198.7 198.34  0.357 119 119.09 0.092 79.7 78.7  0.997
001 8 960 211.2 20356 7.641 149 151.92 2916 62.2 67.07 4.866
*A=AISI 1020, B=AISI 1060, C=AISI 4140
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Figure 9 illustrates a comparison of the thickness of the
predicted borided layer with the experimental results. There
is a considerable agreement between the experimental and
predicted findings. Based on these results, it can be
concluded that neural network approach has emerged as an
option to model the boriding process.
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Figure 9. Comparison of predicted and experimental
results of total boride (a), Fe2B (b) and FeB (c) layer
thicknesses (TBL: Total thickness of boride layer, PTBL:
Predicted total thickness of boride layer, P-Fe.B:
predicted thickness of Fe;B, P-FeB: thickness of FeB
layer).

Conclusion

As expected, as the duration of the boronization process
increased, the boron diffusion depth increased, and this
resulted in an increase in the volume of materials. This

increment should be taken into account considering sizing
boronized materials.

Since the boron diffusion depth was higher in AISI 1020
steel, the dimensions increased more than the AlS11060 and
AISI4140 specimens. The increase in dimensions was
followed by AISI 1060 and AISI 4140 specimens.

Boron layer depth in all samples showed with increase in
boronizing time. The lowest boron layer occurs at 2-hour
boronizing, while the largest boron layer occurs at 8-hour
boronizing.

Metallographic investigations revealed that the boride layer
formed by the boron compounds in the AISI 1020
specimens has a columnar and saw-tooth structure. In the
AISI 1060 specimens, on the other hand, the boron layer is
formed less columnar and less toothed than the AISI 1020
specimen due to the excess of carbon. In the AISI 4140
specimen, due to the excess of alloying elements, it was
observed that a boron layer with a planar geometry than the
other two specimens was formed.

The findings of the neural network algorithm used to predict
the thickness of the borided layer are quite acceptable for
industrial applications. The ANN method produced good
results in simulations for predicting boride layers.
Prediction accuracy is dependent on the reliability of
measured data, which should represent real correlations
between temperature, time, and boride layer thickness.

In terms of micro hardness, an increase of 423% in AISI
1020, 336% in AISI 1060 and 411% in AISI 41040 was
observed in the samples.

Although the order of untreated sample hardness from the
hardest to the softest is AISI 1060 - AlISI 4140 - AlSI 1020,
this order changed from hardest to softest AISI 1020 - AISI
1060 and AISI 4140 after boronization process.
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MAKALE BILGILERI 0z

19. yilizyilin basindan itibaren adim adim gelisen i¢ten yanmali motorlar, giiniimiizde insanoglunun
Makale Gegmisi: yasamin tiim alanlarinda etkin rol almaktadirlar. Ozellikle dizel motorlar, yiiksek verimleri nedeniyle
bircok alanda yaygin olarak kullanilmakladir. Bu avantajina ragmen, dizel motorlarin gevre ve insan
saglig1 agisindan zararl etkileri olan emisyonlarin azaltilmas: gibi ¢ozmesi gereken problemleri mevcuttur.
Yapilan c¢alismada, dizel motorlarda motor performansinda herhangi bir azalma olmadan zararl
emisyonlarin azaltilmasi amaciyla toliien kullanilmistir. Calismada dizele %10°dan %50°a %10 artirilarak
ilave edilen toliienin motor performans ve emisyonlara etkisi sayisal olarak incelenmistir. Bu ¢aligmada,
test kosullar1 %20 sabit motor yiikil ve 2400 d/d olarak belirlenmistir. Sayisal ¢aligma igin ANSYS Forte
adli paket programi kullanilmustir. Elde edilen bulgulara gore, dizel i¢indeki toliien oranimnin %40°’a kadar
artirilmasinin tiim testlerde optimum olarak hem motor performans: hem de emisyonlari tizerinde olumlu
Toliien, etkisi olmustur. Ozellikle %10 oraninda toliien kullaniminda (T10) CO ve HC emisyonunda %61 ve %43
Sayisal modelleme, oranlarinda azalma meydana gelirken, NOx emisyonunda %35 oraninda artis olmustur. Ayrica motor
Eemisyon performansi adina 6nemli olan termik verim ve OIB’nin de T10 kullaniminda %8.5 ve %8 oranlarinda

artt1ig1 belirlendi. Termik verim, OIB, CO ve HC emisyonlarinda olduk¢a 6nemli sonuglarin elde edildigi

T10 yakitinin dizel motorlarin gelecegi i¢in dneli rol oynamasi beklenmektedir.
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Anahtar Kelimeler:

Dizel motor,

ARTICLE INFO ABSTRACT
Avrticle history: Internal combustion engines are developing step by step since the early nineteenth century, and they now
) play a key role in a variety of daily life. Diesel engines, in particular, are widely employed in numerous
Received 24 November 2023 fields due to their great efficiency. Despite this advantage, diesel engines have problems that need to be

Received in revised form 15 February 2024 g|yved such as reducing emissions, which have harmful effects on the environment and human health. In
Accepted 21 February 2024 this study, toluene was used in diesel engines to reduce harmful emissions without any reduction in engine
Available online 29 Mart 2024 performance. In the presented study, the effect of toluene added to diesel with an increase of 10% from
10% to 50% on engine performance and emissions was investigated numerically. In this study, the test

Keywords: conditions were determined as 20% constant engine load and 2400 rpm. ANSYS Forte package program
Diesel engine, was used for the numerical study. According to the results obtained, increasing the toluene content in diesel
Toluene, up to 40% has a positive effect on both engine performance and emissions as optimum in all tests.
Numerical modeling, Especially at 10% toluene content (T10), CO and HC emissions decreased by 61% and 43%, while NOx
Emissions. emissions increased by 35%. In addition, it was determined that thermal efficiency and IMEP, which are

important for engine performance, increased by 8.5% and 8% when T10 was used. It is expected that T10

fuel, which has very important results in thermal efficiency, IMEP, CO and HC emissions, will play an
Doi: 10.24012/dumf.1395573 important role for the future of diesel engines.
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Giris

Gilintimiizde sanayinin gelismesi ile birlikte dizel motorlarin
kullanimin1 olduk¢a yaygmlagtirmistir. Bu cagda, dizel
motorlar yiiksek performanslart ve dayanikliliklari
nedeniyle hala ulagim ve enerji liretimi sektdrlerinde yogun
bir sekilde kullanilmaktadir. Bu yaygmn kullanimlarina
ragmen dizel motorlar, insan sagligina ve cevreye zararli
nitrojen oksit (NOXx) ve partikiil madde (PM) gibi 6nemli
emisyonlarin olugsmasini da arttirdiklar: bilinmektedir [1].
Ayrica, artan enerji taleplerinin karsilanmasi ve bu
taleplerin fosil yakit kaynaklart yoluyla giderilmesi gibi
onemli dezavantajlarinda dizel motorlarin bas etmesi
gereken zorluklarmm oldugu da bilinmektedir [2]. Bu
avantaj ve dezavantajlarina ragmen dizel motorlarin yaygin
kullanimlarinin devam ettigi goriilmektedir.
Arastirmacilarin, dizel motorlardan kaynaklanan zararli
emisyonlarin azaltilmast i¢in yogun calismalar1 devam
etmektedir. Literatiirde yapilan incelemelerde, son yillarda
dizel motorlarda farkli enjeksiyon yoOntemlerinin
kullanildig1 ve &zellikle alternatif yakit ¢aligmalarmimn hiz
kazandig1 tespit edilmistir. Alternatif yakitlarin veya bagka
bir deyisle fosil yakit kokenli olmayan biiyiik oranda alkol
kokenli veya biyo-yakit olarak tarif edilen biyodizellerden
olustugu gozlenmektedir. Bu ¢aligmalardan birinde Giirbiiz
ve arkadaslari, etanol gibi alternatif ve yenilenebilir bir
yakitin dizel motorlarda kullaniminin incelendigi bir
calisma yapmuislardir. Yapilan bu ¢alismada, dizel motorda
etanoliin kullanilmasi, hava kirliliginde etkili olan NOx ve
partikiill madde oraninda azalma saglamistir. Ancak bu
galismada CO, HC ve duman (FSN numarasi)
emisyonlarinin 6nemli oranda arttig1 bildirilmistir [3].
Yapilan arastirmalarda, dizel motorlarda farkli oranlarda
biyodizel kullanimmin yaygin oldugu goriilmektedir.
Arastirmacilarin, biyodizellerin diigiik karisim oranlarinda
dizel motorlarda kullanilabilmelerinin faydal: oldugu ifade
ettikleri ¢aligmalar mevcuttur [4]. Bununla birlikte,
biyodizelin dizel yakita gore gevre dostu olmasi, oksijenli
olmasi, toksik olmamasi, setan sayisinin yiiksek olmasi ve
biyolojik olarak pargalanabilir olmasi gibi bir¢ok avantaji
oldugu bilinmektedir [5]. Biyodizelin dizel motorda
kullanimina ydnelik yapilan bir c¢alisma Qenawy ve
arkadaglar1 tarafindan yapilmistir. Yapilan bu c¢aligmada,
dizel motorda kullanilan biyodizelin, HC ve duman
degerlerinde azalis saglamasina ragmen, CO, NOx ve BTE
degerlerinde azalma sagladig: bildirilmistir [6]. Literatiirde
biyodizel ve alkollerin alternatif yakit olarak
kullanilmalarinin  avantajlart olmasma ragmen yiiksek
oranda NOx, CO ve diisiik BTE degerleri gibi ¢dziilmesi
gereken zorluklarindan da bahsedilmektedir. Dizel
motorlarda emisyonlarin azaltilmasina yonelik olarak farkli
enjeksiyon yontemlerinin  kullanildigi  ¢alismalarinda
varliginda artis goriilmektedir. Bu caligmalar genel olarak
disiik sicaklikli yanma yontemleri (LTC) olarak ifade
edilmektedir. Dizel motorlar i¢in biiyilk sorun olusturan
zararli emisyonlarin, LTC stratejisi ile azaltilabilecegi ifade
edilmektedir. LTC, kronolojik olarak HCCI (Homojen Yiik
Sikistirma-Atesleme), PCCI (On Karisimli Sarj Sikistirma-
Atesleme) ve RCCI (Reaktivite Kontrollii Sikistirmali
Atesleme) konseptlerinden olusmaktadir. Bu yontemler ile
NOx ve duman emisyonlarinda neredeyse sifira yakin

degerler elde edilmesine ragmen, 6zellikle genis ¢alisma
araliklarma ulasamama, yanma asamalariin kontrol
edilememesi ve bazi kirletici emisyonlarin (yanmamis
HC'ler ve CO) azaltilamamasi gibi sorunlarin devam ettigi
goriilmektedir [7].

Dizel motorlarindan kaynaklanan zararli emisyonlarin
azaltilmasin1 hedefleyen bircok caligma incelenmistir.
Yapilan bu incelemeye gore, her bir yontemin avantajlari
kadar dezavantajlarinin da oldugu belirlenmistir. Ornegin,
LTC konseptlerinde genel olarak HC ve CO emisyonunda
artiglarm gozlendigi bildirilmektedir. Bu artisla birlikte
LTC konseptlerinin dizel motorda kullanimi ig¢in bazi
tasarimsal degisiklerin de yapildig1 goriilmistir. Bu
durumun ek maliyetler olusturacagi degerlendirilmisgtir.
Ayrica, alkol ve biyo kokenli yakitlarin belirli oranlarda
kullanimlarinin uygun oldugu goriilmistir. Ancak bu
yakitlarin kullaniminda da yiiksek viskozite, diisiik alt 1s1l
deger gibi problemlerinin yaninda, yiiksek buharlagma 1s1
degerlerinin HC ve CO emisyonunda artislarin olugmasi
gibi hala ¢oziilmesi gereken problemleri vardir [8], [9].
Incelenen c¢alismalarda NOx, duman, HC ve CO
emisyonlarinin genel olarak, yakit atomizasyonu, viskozite,
yanma sicakligi tutusma gecikmesi, yakitin oksijen/karbon
orani ve setan sayisi gibi temel parametreler bagl olarak
kontrol edilebildigi goriilmiistiir.

Bu veriler de goz oniine alindiginda, yapilan ¢alismada
dizel motorlardan kaynaklanan zararli emisyonlarin
optimum  seviyede azalmasmin  yaninda  motor
performansinda da azalma olmamasi amaglanmistir. Bu
sebeple, yapilan calismada dizel motorlarda toliien
kullanmanin avantajlar arastirilmistir. Toliien dizele gore
cok daha diisiik viskozite, diisiik karbon/oksijen orani ve
daha iyi bir hava/yakit oran1 saglamasi [10] ile hem motor
performansi hem de emisyonlarda 6nemli pozitif etiklerinin
olacag1 bir yakit olarak 6n plana ¢ikmustir. Ozellikle diisiik
yiiklerde soguk c¢alisma sartlarinda firetilen CO ve HC
emisyonlarinin azaltilmasinda etkili olmasi
beklenmektedir.

Materyal ve Metot

Sayisal calisma, ANSYS Forte sayisal paket programi
kullanilarak yapilmustir. 1lk olarak ANSYS Workbench
boliimiinde model uygun ag yapisina boliinmiistiir (model
100 bin adet elamana sahiptir). Daha sonra, kapsamli
kimyasal kinetikleri ve ¢esitli yakit kimyalarin1 hesaba
katmak i¢cin CHEMKIN ANSYS ile birlikte kullanilmigtr.
Yapilan c¢aligmada yakitlar temsili olarak kimyasal
kiitiphanenin ~ verdigi = imkénlarda  faydalanilarak
olusturulmustur. Buna gore, ilave yakit olarak kullanilan
toliien (CsHsCHs) ve dizel olarak n-heptan (C7H16)
kullanilmistir. Calismada kullanilan motora ait 6zellikler ve
sayisal analizde kullanilan yakitlarin 6zellikleri Tablo 1 ve
Tablo 2'de gosterilmektedir.

Sayisal ¢caligmalarda yanma analizi biiyiik 6l¢lide kullanilan
motor modelinin geometrisinin dogruluguna baglidir. Bu
sebeple, sayisal paket programinda kullanilan model gercek
motorun modellenmesi ile elde edilmistir. Bu modelde
emme ve egzoz portlar1 da dahil olmak iizere eksiksiz bir
motor modeli kullanilmistir.  Sayisal —¢alismalarda
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kullanilmak iizere tek silindirli bir dizel motora ait parcalar
3 boyutlu tarayici ile taranarak 3 boyutlu geometrik veriler
elde edilmistir. Tarama islemi sonunda ger¢cek modelin
birebir ve 3 boyutlu kati modeli elde edilerek sayisal
calismalarda kullanimigtir. Sekil 1’de gercek modelden
elde edilen motor modeline ait gorseller mevcuttur.

Tablo 1. Sayisal calismada kullanilan motorun teknik
ozellikleri.

Giic (3000 d/d) 7.4kW
Silindir sayis1 1
Maksimum tork (2400 d/d) 25.7Nm
Yakit enjeksiyon basici 300 bar
Silindir hacmi 0.406 L
CapxStrok 86x70 mm
Sikistirma oram 18.1:1

Tablo 2. Caligmada kullanilan yakitlarin termofiziksel
Ozellikleri [11], [12]

Parametre Dizel Toliien
Yogunluk (kg/m®) 829.4 865
Kaynama noktasi (°C) 180-350 110.8
Parlama noktasi (°C) 67 9
Viskozite (mm?/s) 2.889 0.6
Alts1l deger (MJ/kg) 43.14 40.9
Buharlasma gizli 1s1s1 (kJ/kg) 358 -
Kendiliginden tutusma sicakhgi (°C) 210-250 -
Karbon icerigi (%) 80.13 -
Hidrojen icerigi (%) 12.86 -
Oksijen icerigi (%) 6.35 -
Oktan sayis1 - 120
Setan sayisi 56 9

Emme
port

Egzoz
port

Sekil 1. Sayisal calismada kullanilan model

Calismada ilk olarak dizel olarak ifade edilen ve Tiirkiye’de
ticari satigt yapilan yakit 6zellikleri kullanilmistir. Daha
sonra hacimsel olarak dizel yakitina sirastyla %10, %20,
%30, %40 ve %50 oranlarinda toliien eklenmistir. Toliienin
termo-fiziksel 6zelligi ANSYS Forte programinin sagladigi
ve literatiirde belirtilen 6zelliklerden olugsmaktadir. Yapilan
sayisal c¢aligmada toliien ilave orani, %350 toliien
eklenmesinden sonra motorda yanmanin karasiz bir hal
almasi nedeniyle %10-%50 araligindaki oranlarda dizele
eklenmisgtir. Sayisal ¢aligmada maksimum tork devri olan
2400 d/d se¢ilmis ve %20 sabit motor yiikiinde
gerceklestirilmistir.  Elde edilen veriler iki agamada
degerlendirilmigtir. Motor performansi hakkinda bilgiler
verdigi disiiniilen, silindir i¢i basing, 1s1 saltim orani
(HRR), maksimum silindir sicakligi, tutugsma gecikmesi-
yanma siiresi ve termik verim-OIB gibi veriler ilk boliimii,
CO, EINOx ve HC emisyonlart da motor emisyonlarini
degisimini igeren ikinci boliimi olusturmustur. Elde edilen
sayisal sonuglardan termik verim ve ortalama indike basing
hesaplanmasmin Forte’nin kullandig1 denklemlere gore
belirlenmisidir. Termik verim ve OIB igin kullamlan
denklemler asagida verilmistir.

v (@)

T] . P
termik verim My *LHW it

Burada W isi, myak: yakitin toplam kiitlesini ve LHW yap¢
yakitin alt 111 degerini ifade etmektedir. OIB denklem 2 ye
gore hesaplanmaktadir.

0iB=-Y

2

Vyer

Burada W isi, Vye ise yer degistirme hacmini ifade
etmektedir. Vyer, Kesit alani*strok olarak hesaplanmigtir.

Arastirma Sonuclari ve Tartisma

Sekil 1 farkli oranlarda toliienin dizele ilave edilmesinin
motorun silindir i¢gi basing ve 1s1 salinim orani tizerindeki
etkisinin degisimini ifade eden egriyi gostermektedir. Sekil
1’e gore, toliien oraninin %40’a kadar artirilmasmin
HRR’de ¢ok biiyiik bir degisime sebep olmadigi, ancak
basingta artis sagladig1 goriilmiistiir. Ozellikle basing egrisi
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incelendiginde, dizele eklenen toliien orani %30 seviyesine
kadar artirildikca, basng UON’den o6nce artmaya
baslamistir. Olusan bu artigin ayn: zamanda maksimum
basing artisinda da etkili oldugu goriilmiistiir. Benzer
degisim 1s1 salmim orani egrilerinde de goriilmiistiir. Is1
salmmm oran1 egrisi incelendiginde, maksimum HRR
degerinin T50 yakith deneyde olustugu gdzlenmistir.
Karisim oraninin %10’dan %30’a artmasi ile baslangicta
daha iyi bir yanma saglanmig [13] ve yanmanin erken
baslamasindan dolay1 basing ve HRR degeri erken krank
agilarinda artmaya baslamistir. T40 ve T50 yakith testlerde
ise basmg¢ ve HRR degeri daha ge¢ agilarda artmaya
baslamis ve bu testlerde olugsan maksimum degerlerin
olustugu krank acis1 UON’den sonraya otelenmistir.
Basingta en yiiksek degerin T10 ve T20 yakith testlerde
olustugu gortiliirken, en diigiik degerin T50 testinde elde
edilgi tespit edilmistir. Veriler analiz edildiginde, dizele
eklenen toliienin diisiik parlama noktasi ve viskozite
degerinin basing degerinin degisiminde etkili olmasindan
kaynaklandig1 degerlendirilmektedir. T10, T20 ve T30
yakith testlerde, diisilk viskozite ve parlama noktasi
degerlerinin oldukca etkili oldugu goriilmistiir. Parlama
noktasi, yakitin bir atesleme kaynagmma maruz kaldiginda
tutugacagi en disiik sicaklik olarak tanimlanmaktadir [14].
Ayrica, yakit atomizasyonunun yanmay1 etkiledigi
bilinmektedir [15]. Bu iki veri gbz oniine alindiginda,
yapilan calismada diisiik viskoziteye sahip toliienin, daha
iyi bir atomizasyon saglamasmin yaninda diisiik parlama
noktasinin yanmay1 daha erken krank agilarda baglatmasina
sebep oldugu distiniilmektedir. Dolgu igindeki toliien
miktar1 arttik¢a, yani T40 ve T50 yakatli testlerde, basing
degerindeki disiisiin, toliienin diisiik setan ve yliksek oktan
sayisindan dolay1 yanmay1 geciktirmesinden kaynaklandigi
degerlendirilmistir. Bu yakitlar i¢in basingta goriilen
azalmaya ragmen, en yiikksek HRR degerinin TS50 yakith
testte olugmasinin da yine geg ve aniden baslayan yanmaya
bagli oldugu ve yanmanin kararsizlasmasmdan
kaynaklandig1 diisiiniilmektedir.

Motor yukii: %20

3000

2500 -

2000 -

1500 |

1000 |

Maksimum silindir sicakhigi(K)

500 T T T T T
-30 -20 -10 0 10 20 30

Krank agisi (°)

Sekil 2. Silindir i¢i maksimum sicakligin toliien ilavesi ile
degisimi

70
Dizel Motor ylku: %20
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Sekil 1. Silindir i¢i basing ve 1s1 salinim oraninin toliien
ilavesi ile degisimi
Sekil 2 farkli oranlarda toliienin dizele ilave edilmesinin
motorun maksimum sicaklik degeri ilizerindeki etkisinin
degisimini ifade eden egriyi gostermektedir. Grafikteki
bulgular, silindir i¢gi maksimum sicakligin dizele eklenen
toliien ile birlikte ilk olarak kademeli olarak erken krank
acilarinda artmaya bagladigini gosterirken, T40 ile birlikte
kademeli olarak daha ge¢ krank agilarinda artis olustugunu
ve T50 kullaniminda iyice ge¢ basladigini gostermektedir.
Yapilan c¢alismada, sicaklik degisimini iki bolimde
degerlendirmenin analizler agisindan daha etkili olacag:
diisiiniilmektedir. Ik boliimde toliienin yakit olarak T10-
T30 araliginda kullanimi  sonucundaki  degisimi
incelenmistir. Bu boliimde o6zellikle toliienin dizele
eklenmesi ile dolgunun daha diisiik viskozite degeri ile
silindir i¢inde daha homojen bir karigim elde edilmis ve bu
sebeple yanmanin iyilesmesi ile sicaklik degerinde atig
meydana gelmistir. Ikinci bolimde ise T40 ve TS50
yakitlarimin kullanimi s6z konusudur. Bu yakitlar daha
diisiik viskoziteye sahip olmalarina ragmen, yiiksek oktan
ve diisiik setan sayisina da sahip olmalarindan kaynaklanan
daha ge¢ yanma reaksiyonlarina sebep olmustur. Bu
sebeple pistonun hareketinin UON’den sonra baslayan
yanma diger yakitlarin kullanildig: testlere gore daha az
etkili olmus ve 6zellikle T50 yakit1 kullaniminda sicaklik
degeri daha ge¢ krank acilarinda artmaya baslamistir.
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Ozetle, sicakhik degerinin kullanilan toliienli tiim yakitlar
icin artig gosterdigi ve en fazla artismn T20-T30 yakith
deneylerde olustugu belirlenmistir. T40 ve T50 yakatli testte
sicaklik degeri daha geg krank acilarinda artmaya baslamis
ve maksimum sicaklik degeri dizele gore yine de yiiksek
olmustur.

Sekil 3 tutugma gecikmesi (TG) ve yanma siiresinin (YS)
dizele ilave edilen toliien oranina bagli olarak degisimini
gosteren verilerin egrisini gostermektedir. Veriler T10, T20
ve T30 yakitl testlerde tutusma gecikmesinin neredeyse
degismedigini gosterirken, toliien oranimnin artmastyla T40-
T50 yakitli testlerde tutugsma gecikmesinin oldukga hizli bir
sekilde uzadigint gostermistir.  Sikigtirma  ateglemeli
motorlarda tutugsma gecikmesinin siiresi, daha sonraki
motor performansini, yanma siireglerini ve egzoz
Kirleticilerini etkileyen ¢ok Onemli bir performans
parametresi olarak tarif edilmektedir. Ayrica, tutugma
gecikmesinin yakitin setan sayisinin azalmasiyla dogrusal
olmayan bir sekilde arttigi bilinmektedir [15]. Bu bilgiler
1s181nda, yapilan calismada tutusma gecikmesinin toliien
oranint artig1 ile birlikte arttigi, ozellikle %40 olarak
uygulanmaya baglamasindan itibaren artis hizinin da arttig1
goriilmektedir. Bu degisimin literatiirde de bildirildigi gibi
tolienin diisik setan ve yilksek oktan sayisindan
kaynaklandigi diisiiniilmektedir. Sekil 3°te yanma siiresinin
degisimi de verilmistir. Yanma siiresinin toliien orani
arttikca kademeli olarak azaldigi, T50 yakith testlerde
kismen artmasma ragmen dizele gore yine de azaldigt
gOriilmiistiir. Yanma stiresinin, T10 ile birlikte azalmasinin
iki sebepten kaynaklandig1 belirlenmistir. ilk olarak artan
tolien orani ile birlikte T10-T40 yakith testlerde yakit
atomizasyonun daha iyi oldugu ve yanmay1 hizlandirdigi
disiiniilmektedir. T50 yakitli testlerde ise tutusma
gecikmesinin uzamasindan dolay1 hizlica baglayan yanma
stirecinin kismen artmasina ragmen yine de oldukca az
oldugu gorilmiistiir.
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Sekil 3. Tutusma gecikmesi ve yanma siiresinin toliien
ilavesi ile degisimi

Sekil 4 termik verim ve ortalama indike basing degerinin
(OIB) dizele ilave edilen toliien oranmna bagli olarak

degisimini godsteren verilerin egrisini gdstermektedir.
Bulgulara gore, termik verimin tiim yakit karigimlarinin
kullaniminda dizele kiyasla arttigi gozlenmistir. Termik
verimin artmasinda en etkili olan yakitlar sirastyla T10,
T20 ve T30 oldugu goriilmektedir. T40 ve T50 yakitlarinin
kullaniminda termik verimde kismen azalma olsa da dizele
gore artisin devam ettigi belirlenmistir. Benzer degisim
OIB egrisinde de goriilmektedir. Termik verim ve OIiB
degerlerinin belirlenmesinde daha O6ncede ifade edildigi
gibi denklem 1 ve 2 kullanilmaktadir [11]. Bu denklemlere
gbre, net isin artmasi hem termik verim hem de OIB’nin
artmasina katkida bulunmaktadir. Bu baglamda, T10, T20
ve T30 yakitli testlerde daha 6nceki sekillerde de belirtildigi
gibi, dolgunun daha homojen olmasi sebebiyle hem sicaklik
hem de silindir i¢i basing degerleri erken krank agilarinda
artmaya baslamis, yani tutugma gecikmesi kisalmistir. Bu
durum yanma reaksiyonlarinin pistonun UON’ye varmadan
baslamasii saglayarak pozitif igin artmasmi saglamistir.
Bunun sonucunda da hem verim hem de OIB verilerinde
artis meydana gelmistir. T40 ve T50 yakith testlerde ise
tutusma gecikmesi uzamis, piston tekrar UON’den
uzaklagsmaya baslamis ve bu durum net iste kismen
azalmaya sebep olmus olsa da, elde edilen deger dizele
kiyasla yine de yiiksek kalmistir. Ozet olarak, yapilan
calismada dizele eklene toliien oraninin %30 oranina kadar
artirilmasmin hem termik verim hem de OIB’yi etkili
bicimde artirdig1 goriilmistiir. Toliien oraninin artirilarak
%40 ve %50 oraninda kullanilmasmin kismen verim ve
OIB’de azalmaya sebep olmasma ragmen dizele kiyasla
artig trendini korudugu gortilmiistiir. Tiim bunlar géz 6niine
alindiginda  toliienin  dizele %10-30  oranlarinda
eklenmesinin termik verim ve OiB’yi artirmasinin énemli
ve umut verici oldugu degerlendirilmistir.
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Sekil 4. Termik verim ve OIB’nin toliien ilavesi ile
degisimi
Sekil 5’te EINOx ve CO emisyonlarinin dizele ilave edilen
toliien oranina bagl olarak degisimini gosteren verilere ait
degisim egrisi goriilmektedir. EINOx ifadesi kullanilan
sayisal program alt yapisinda NOx tiirlerinin emisyon
indeksi olarak tanimlanmaktadir. Grafikler incelendiginde,
NOx emisyonu eklenen toliien ile tiim testlerde tiim yakitlar
icin artmustir. T10-T40 araligindaki yakitlarm kullaniminda
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NOx emisyonunda artiy meydana gelmistir. T50
kullaniminda T10-T40 yakitlarina gore azalma meydana
gelmesine ragmen bu artig dizel goére hala yiiksek
seviyededir. Bilindigi gibi NOx emisyonlar1 yanma
sicaklig1 ile olduk¢a baglantihidir [16]. Yapilan ¢aligmada
da NOx degisiminin yanma sicaklifina dogrudan bagl
oldugu goriilmiistiir. Daha 6ncede bahsedildigi gibi T10-
T30 araligindaki yakitlarin  yanmay1 iyilestirdigi
gOriilmiistii. Bu durum dogrudan NOx emisyonunda da artis
saglamistir. Artan verimin yanma sicakligindaki etkisinin
NOx emisyonunda artisa sebep oldugu degerlendirilmistir.
Toliien ilavesi ile CO emisyonundaki degisim ise NOx
emisyonunun tersine olduk¢a onemli oranda azalma ile
sonuglanmistir. Toliien ilave edilen tim yakitlarin CO
emisyonunda dizele gore azalma meydana getirdigi
gozlenmistir. CO emisyonu eksik yanma, kotii atomizasyon
ve yanma sicakligina dogrudan bagl olarak olugmaktadir
[17], [18]. Yapilan ¢alismada CO emisyonu toliien ilavesi
ile azalan dolgu viskozitesi ile daha iyi bir atomizasyon
saglanmasindan  dolayr  azalmistir.  Tiim  veriler
degerlendirildiginde, T10 ve T20 vyakitlarmin NOx
emisyonunda kismen artis saglamasina ragmen, CO
emisyonunu  azaltmada olduk¢a basarih  oldugu
goriilmektedir. Bu sonucun dizel motorlardan diisiik
yiiklerde kaynaklanan kotli yanma kosullarint iyilestirerek
CO emisyon kontrolii ag¢isindan umut verici oldugu
degerlendirilmistir.
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Sekil 5. EINOx ve CO emisyonunun dizele toliien ilavesi
ile degisimi

Sekil 6 HC emisyonunun dizele ilave edilen toliien oranina
ve tutugsma gecikmesine bagl olarak degisimini gdsteren
verilere ait degisim egrisini gostermektedir. Bulgular
incelendiginde, HC emisyonunun T10-T40 yakitlarinin
kullaniminda azaldigi, TS50 kullaniminda ise arttigt
gorlilmiistir. HC emisyonunda olusan degisim tutusma
gecikmesindeki degisimden  oldukg¢a  etkilendigi
goriilmiistiir. Tutusma gecikmesinin toliien ilavesi ile T10-
T30 yakitlarmm kullaniminda azalmasinin daha iyi bir
atomizasyon sonucu olustugu ve yanmayi iyilestirdigi daha
once ifade edilmistir. Bu durum HC emisyonunda da ayn1
olmustur. Iyilesen yanma ve atomizasyondan dolayr HC
emisyonunun azaldig1 goriilmektedir. TS0 kullaniminda ise

azalan viskoziteye ragmen, geciken yanmadan dolay1
yanma reaksiyonu ic¢in zaman yetersiz olmus ve HC
emisyonlarinda artis meydana gelmistir. Literatiirde de HC
emisyonunun tutusma gecikmesi ve yanmanin iyilesmesine
gore degisim gosterdigi belirtilmektedir [19], [20], [21].
Yapilan caligmada da bu sonuglarin benzer degisime
ugradig goriilmiistiir. Ozetle, toliienin %30 oranina kadar
kullaniminin tutusma gecikmesindeki kisalmayla birlikte
yanmay1 iyilestirdigi ve HC emisyonunu azalttif1
goriilmektedir. Bu durum HC emisyonunun kontrolii adina
onemli oldugu degerlendirilmektedir.
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Sekil 6. HC emisyonun tutugsma gecikmesi ve toliien
ilavesi ile degisimi

Sonuglar

Yapilan c¢alismada dizel motorlarda performansi
azalmadan ve herhangi bir tasarim degisimi olmadan
emisyonlarin azaltilmast icin toliien dizel yakitina
eklenmistir. Elde edilen analiz sonuglar1 yukarida detayli
olarak sunulmustur. Asagida c¢alismanin 6nemli yOnleri
belirtilmistir.

. Sayisal testlerde dizel yerine kullanilan yakitlar,
diisiik setan sayisi nedeniyle yanma reaksiyonlarini
iyilestirdi. Bu durum basing ve HRR grafiginden
goriilebilmektedir. Ozellikle T10, T20, T30 ve T40
yakitlar1 basing ve sicaklikta artiga sebep oldu.

. T10-T30  araligindaki  yakitlar  tutusma
gecikmesini dizele gore oldukca kisaltirken, T40-T50
araligindaki yakitlar tutusma gecikmesini artirmigtir. Buna
karsin toliienli tiim yakitlar yanma siiresini dizele gore
kisaltmustir.

. Tolilen eklenen tiim yakitlar OIB ve termik
verimde kayda deger bir azalmaya sebep olmadi. Ayrica,
T10-T40 arah@indaki yakitlar hem OIB hem de termik
verim degerini artirmistir. Bu sonu¢ motor performansi
adina oldukc¢a 6nemlidir.

. Dizele eklenen toliien %10-%40 araliginda
kullanimi ile CO ve HC emisyonunun kontroliinii
saglamda basar1 sagladi. Ozellikle T10 kullaniminda CO
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ve HC emisyonunda %61 ve %41 gibi énemli oranda
azalmalar gozlendi.

Tiim veriler degerlendirildiginde, dizele toliien ilave
edilmesinin motor performansi ve emisyonunda onemli
sonuglar1 oldugu gériildii. Ozellikle T10-T30 yakitlarinin
daha detayli arastirilmasinin dizel motorlar1 inceleyen
¢alismalara katki vermesi beklenmektedir.

Etik kurul onay1 ve c¢ikar catismasi beyani

Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur. Hazirlanan makalede herhangi bir kisi/kurum ile
¢ikar ¢atigmast bulunmamaktadir.
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Gelis 26 Aralik 2023 Bu calismada, Aliminyum 5754 ile olusturulan tek bindirmeli yapistirma baglantilarin kayma test
Revizyon 9 Ocak 2024 sonuglarina yer verilmistir. Kor delik delme igleminin yapistirici ile birlestirilmis baglantilar tizerindeki
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etkisini aragtirmak amaciyla aliiminyumlarin yiizeylerine delikler delinerek farkli tipte baglanti
konfigiirasyonlari olusturulmustur. Baglantidaki aliminyum pargalardan biri delikli oldugunda, Araldite®
2015 kullanilan baglantilarin hasar yiikiinde, her ikisi de deliksiz aliminyumlara gore %39 artis
goriilmiistiir. Araldite® AV138 kullanilan baglantilardaki hasar yiikiinde ise artis %54 olmustur.
Baglantidaki aliminyumlardan ikisi de delikli oldugunda, Araldite® 2015 kullanilan baglantilardaki hasar
yiikiinde, her ikisi de deliksiz aliiminyumlara gore %98 artis goriilmiistiir. Araldite® AV138 kullanilan
baglantilardaki hasar yiikiinde ise artis %165 olmustur. Ayrica, Araldite® 2015 kullanilan numunelerin
kayma testlerindeki uzama miktarlar1 Araldite® AV 138 kullanilan numunelere gore daha yiiksek
cikmugtir.
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* Sorumlu Yazar

In this study, shear tests results of single lap adhesive joints with Aluminum 5754 are included. To
investigate the effect of blind hole drilling on adhesive bonded joints, different types of connection
configurations were created by drilling holes in the surfaces of the aluminum. When holes are drilled into
one of the aluminum parts in the joint, there was a 39% increase in the failure load of the joints using
Araldite® 2015 compared to both without holes aluminum. The increase in the failure load on joints using
Araldite® AV138 was 54%. When holes are drilled into both aluminum parts in the joint, there was a 98%
increase in the failure load of the joints using Araldite® 2015 compared to both without holes aluminum.
The increase in the failure load on joints using Araldite® AV138 was 165%. In addition, the elongation
amounts in the shear tests of the samples using Araldite® 2015 were higher than the samples using
Araldite® AV 138.
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Giris

Yapigtirma yoOntemiyle birlestirme otomotiv, havacilik ve
denizcilik gibi yiiksek teknolojili endiistri alanlarinda yaygin
kullanilmaktadir [1-4]. Yapistirict temelli birlestirme; iki
veya daha fazla malzemenin sentetik esaslt bir yapistiric
kullanilarak baglantinin ¢oziilemeyecek bicimde
birlestirilmesi ~ teknigidir. ~ Birlestirmede  kullanilan
malzemeler; metal, polimer, seramik, kompozit ya da bu
malzemelerin kombinasyonlar1 olabilir [5, 6]. Yapistirma
yontemi ile yapilan baglantilarin geleneksel mekanik baglanti
yontemlerine gore yiiksek dayanim, diisiik maliyet, montaj
kolayligi ve hafiflik gibi avantajlar saglamaktadir [7, 8].
Bununla birlikte yapistirict temelli baglantilar, geleneksel
yontemlerden olan per¢in, kaynak ve benzerleri gibi ergime
neticesinde kristal yapida degisikliklere neden olmadigi,
gerilme yigilmalart olusturmadigi igin tercih sebebi
olmaktadir. Yapigtirma yonteminin dezavantajlar1 arasinda
birlestirme 6ncesi numunelerin yilizey hazirliginin gerekmesi,
cevresel kosullara karsi hassasiyet ve kiirleme kosullarina
bagli olarak degisen 6zellikler sayilabilir.

Yapistirict  kullanilarak olusturulan baglantilar ¢alisma
esnasinda ¢ekme, kesme, soyulma ve darbe gibi farkli tiirden
yiiklere maruz kalmaktadir. Yapistirma ydntemiyle
hazirlanan baglantilarda hasar olugsmasi veya zayiflamasi
genellikle bu yiklerin bir veya birkag tiiriinden
kaynaklanmaktadir [9]. Yapigtirilarak ~ olusturulan
baglantilarin kalitesini ve baglanti mukavemetini tespit etmek
i¢cin bir¢ok farkli test kullanilmaktadir [10, 11]. Bu testler,
yapistirma baglantisinin maruz kaldigi hasar yiik tiiriine bagh
olarak ortaya c¢ikan gesitli gerilmeleri ve hasar modlarim
incelemektedir.  Gergeklestirilen  testler, baglantidaki
yapistirict  hasarinin nasil basladigini ve zamanla nasil
ilerledigini belirlemede 6nemli rol oynamaktadir [12, 13].
Ayrica, farkli yilikler altinda baglanti bolgesinde olusan
gerilim dagilimmin tespit edilmesi, optimum baglanti
tasarimimi  gergeklestirmede ve yapistiricinin - galisma
yiiklerine kars1 etkin direncini tahmin etmede 6nemlidir [14].

Genty vd. [15] yiiksek mukavemetli yapistiricilarin baglanti
performansini  tespit etmede hangi test yonteminin
kullanilmasinin daha uygun oldugunu belirlemek i¢in bir
calisma yaptilar. Bu calismada, bir epoksi yapistirict ile
aliminyum 2024-T3 kullanarak hazirladiklar1 baglantida
kirilmanin  baglangicini  belirlemek  i¢in  hazirlanan
numunelere kayma ve ii¢ nokta egme testleri uygulamiglardir.
Kayma ve ii¢ nokta egme testlerinde hasar baglangicinin
yapisma kirtlmasi seklinde oldugunu belirtmislerdir.

Literatiirde yapistirma teknigi ile yapilan birlestirmelerde
farkli baglant: tiirleri bulunmaktadir. Ancak, tek bindirmeli
yapistirmanin diger baglant1 tiirlerine goére imalatinin kolay
olmas1 nedeniyle uygulamada en ¢ok tercih edilen
baglantidir. Tek bindirmeli yapistirma baglantilarinda,
birlestirilen malzemenin yiizey formu, bindirme alani,
baglant1 tiirii ve yapistirilan bolgenin geometrisi yapigsma
dayanimmi etkileyen parametreler arasinda bulunmaktadir
[16-18]. Da Silva vd. [19] yapisma yontemiyle yaptiklari
baglantilarda yapistirict kalmligmin ve malzeme yiizey
hazirliginin 6nemini vurgularken kullandig: siinek, orta ve
gevrek yapistiricilar ile yaptiklart testlerin neticelerini
matematiksel yaklagim ile modellemiglerdir. Bakkal vd. [20]
cesitli yontemler kullanarak hazirladiklar1 farkli yiizey
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piiriizliiligiindeki titanyum, aliiminyum ve paslanmaz gelik
malzemelerin, PA 66 kompozit malzemesi ile bir araya
getirerek olusturduklart hibrit yapili tek bindirmeli yapisma
baglantilarinin kayma dayamimlar1 aragtirmuglar ve elde
ettikleri en yiiksek degerdeki kayma dayanimlarmi
raporlamislardir. Alfano vd. [21] caligmalarinda paslanmaz
celik ve aliiminyumun sadece yiizey temizliginin yapilmasi
ve farkli parametrelerde lazer isleme ile yiizeylerin modifiye

edilmesini incelemistir. Yapilan testlerin neticesinde,
aliminyum yiizeylerine uygulanan lazer isleme ile
yapismanin kismen iyilestirilebildigi, paslanmaz c¢elik
yiizeylerde ise Onemli oranda gelisme saglandigi

goriilmiistiir. Maressa vd. [22] Ti6Al4 malzemesi {izerinde
yaptiklar1  ylizey deseni c¢alismasinda, farkli yiizey
deformasyon tiirlerinin yapistirma baglanti mukavemetine
etkisini arastirmislardir. Caligmada, yarim kiire seklinde
cukurlar ag¢ilmig, kumlanmis, 1zgara formunda iglenmis ve
karma desenli ylizeylerin yapigma dayanimina etkisini
aragtirmuglardir. Olgiilen piiriizliiliik degerlerinde, piiriizliiliik
siralamasinin  azdan ¢oga islenmemis, kumlanmus,
cukurcuklu, 1zgara formundaki yiizey ve karmasik yiizey
seklinde oldugunu belirtmislerdir. Yapisma mukavemetinin
ortalama piriizliiliik degeri ile dogru orantili olmadigini,
ayrica tiim lazerle islenen yiizeylerin diger diiz ve kumlanmis
yiizeylere gore en az 8 kat daha iyi baglanti dayanim
olusturdugunu belirtmislerdir.

Endustriyel uygulamalarda, metal malzemelerin yiizeylerine
delik delme islemi farkli bigimlerde uygulanmaktadir. Dolu
delik delme ve kor delik delme en ¢ok tercih edilenler
arasindadir. Metal malzemelere delik agilmasi, delik etrafinda
gerilme y1gilmasina yol acarak centik etkisi olusturmaktadir.
Bu durumu en aza indirmek amaciyla ¢alismada aliiminyum
yiizeylere kor delikler agilarak yapisma alaninm arttirilmast
amaglanmigtir.  Yapistirma  yontemi  ile  yapilan
birlestirmelerde, farkli baglantt modellerinin kullanilmasiyla
yapisma dayanimi degismektedir. Bu baglamda Pinto vd. [23]
aliminyum alagimi ile olusturduklart tek bindirmeli
baglantilarinda, farkli modifikasyonlarda boydan boya delik
delinmesinin baglanti mukavemetine etkisini arastirmislardir.
Bindirme  bolgesindeki deliklerin simetrik ~ yer
degistirilmesinin  baglanti mukavemetine Dbelirgin  bir
etkisinin olmadigmi belirtmislerdir. Zielecki vd. [24] tek
bindirmeli baglantilarinda kullandiklart S235JR ¢eliklerin ug
kisimlarina agtiklart ¢entik ve deliklerin  yapistirma
dayanimma etkisini incelemislerdir. Testlerde, parcalarin 6n
kismindaki yapistiriciyla doldurulan ¢entiklerin  baglanti
mukavemetini 6nemli Ol¢iide iyilestirirken, delik ¢ap ve
yerlerindeki degisikliklerin baglanti dayanimi {izerinde
o6nemli bir etkisinin olmadigmi belirtmislerdir.

fleri siirdiigiimiiz calismada, Al 5754 malzemesi ile
olusturulan tek bindirmeli yapisma baglantilarinin kayma
dayanimlar1 raporlanmistir. Aliminyum 5754 kullanilarak
hazirlanan tek bindirmeli baglantilarda, aliiminyum
yiizeylerine kor delik delmenin yapistirma dayanimina etkisi
arastirilmistir. Ayrica, farkli konfigiirasyonlarda olusturulan
baglantilarin dayanimi test edilmis ve elde edilen deney
sonuclar1 karsilagtirilarak, tek bindirmeli baglantilarda farkli
tiirde baglantilarin etkisi incelenmistir.
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Materyal ve metot

Bu ¢aligmada, aliiminyum 5754 ile olusturulan tek bindirmeli
baglantilarin  birlestirilmesinde  Araldite® 2015 ve
AVI138/HV998  epoksi  yapistiricilar  kullanilmugtir.
Aliiminyum 5754, vyiiksek mukavemet ve korozyon
direncinin yani sira miikkemmel darbe ve asmma direncine
sahip temperlenmis bir aliiminyum alasimidir. Al 5754 ile
olusturulan tek bindirmeli yapistirma baglantisindaki numune

Olciileri Sekil 1°de gosterilmektedir.
%

Sekil 1. Tek bindirmeli baglanti geometrisi

Numunelerin  hazirlamasi siirecinde ilk olarak, 3 mm
kalinligindaki aliiminyum 5754 levhalar giyotin tezgah
kullanilarak 25x100 mm 6lgiilerine kesilmistir. Deneylerde
kullanilan aliiminyum numunelerin mekanik 6zellikleri
Tablo 1°de, kimyasal bilesimi Tablo 2’de verilmistir. Tek
bindirme baglantilarinin  olusturulmasinda  kullanilan
Araldite® 2015 ve AV138/HV998 epoksi yapistiricilarin
mekanik 6zellikleri Tablo 3°te verilmistir.

Tablo 1. Aliiminyum 5754-H111 mekanik 6zellikleri

Cekme dayanimi Akma Birim
(MPa) dayanimi  uzama
(MPa) (%)
212.9 135.2 15

Tablo 2. Aliiminyum 5754-H111 kimyasal bilesimi

Si Fe Cu Mn Mg 2Zn Ti Cr

0.201 0.235 0.036 0.200 2.807 0.027 0.021 0.025
Tablo 3. Yapistiricilarin (Araldite® AV138 ve 2015)
mekanik 6zellikleri [25]

Ozellik AV138  Araldite® 2015
Elastiklik modiilii E (GPa)  4.89 + 0.81 1.85+0.21
Poisson orani v 0.35 0.33
Cekme dayanimi of (MPa)  39.45+3.18 21.63=£1.61
Kayma modiilii G (GPa) 1.81 0.70
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Kor delik delme isleminin yapistirici ile birlestirilmis
baglantilar  {izerindeki etkisini arastrmak amaciyla
aliiminyum pargalarin bindirme yiizeylerine sabit ¢apta delik
delme islemi uygulanmistir. Sekil 2'de gosterildigi gibi iig
farkl1 tipte baglant1 konfigiirasyonu olusturulmustur.

a) Deliksiz

I B S e N

b) Tek parca delikli

(W W [&
iy [fw '\ 'm
¢) iki parca delikli

Sekil 2. Farkli konfigiirasyonlara sahip baglantilarin sematik
gorinimu

Cnc freze tezgahi kullanilarak aliiminyum plakalarin tek bir
yiizeyine 3 mm ¢apinda 16 adet kor delik delinmistir (Sekil
3). Delme islemlerinde, ilk 6nce 2.8 mm matkap daha sonra
3 mm c¢apinda rayba kullanilmigtir. Deliklerin derinligi 1.5
mm yani yapistirilan aliiminyum malzeme kalinliginin yarist
kadardir. Baglantilarda iyi bir yapisma elde etmek igin
pargalar delme isleminden sonra temizlenmistir.

.. /0000
§§§§ f; 61\_@ 000 213,5'}
goog 1D OO0
\\ O

~

/

Sekil 3. Aliiminyum yiizeyindeki delik dlgiileri

Aliiminyum numune ylizeyleri yapistirma islemi 6ncesi P120
numarali silikon karbid zimpara kagidi ile
pliriizlendirilmistir. Zimparalama islemlerinde, aliiminyum
ylizeylerinde biriken metal partikiilleri temizlemek i¢in yiizey
temizleyici solvent kullanilmistir. Zimparalama islemi
sonras1 numunelerin piiriizliilik 6l¢iimii yapilmis ve Ra:1,3 +
0.1 um olarak belirlenmistir.
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Tek bindirmeli yapistirma baglantilarinda, birlestirilen
aliminyum plakalar arasindaki yapistirict kalinhigmnm tim
numunelerde esit olmasi deney sonuglarimm dogru analiz
edilmesinde 6nem arz etmektedir. Bu amagla, aliiminyum
plaka yiizeylerine esit kalinlikta yapistirici uygulanabilmesi
icin kalip kullanilmigtir. Tek bindirmeli baglantilarda,
aliminyum plakalar Araldite® 2015 ve AV138 epoksi
yapistiricilari kullanilarak birlestirilmistir. Her iki yapistirict
da oda sicakliginda kiirlesebilen iki bilesenli bir yapisal
yapistiricidir. Iki bilesenli yapistiricilardan Araldite® 2015
agirlikca 1/1 oraninda, AV138 ise 4/10
(sertlestirici/yapistiricl) oraninda homojen bir karisim elde
edilene kadar karigtirilmistir.  Hazirlanan  yapistirict
karigimlart aliiminyum yiizeylerine bir tabaka seklinde
uygulanmigtir. Yapistirma iglemi sonrasi plakalar kaliba
yerlestirilmis ve sabit basing altinda oda sicakliginda 24 saat
kiirlesmeye birakilmistir. Kullanilan yapistirma kalibi
sayesinde, tim tek bindirmeli yapistirma baglantilarinda
aliminyumlar arasi1 0.2 mm kalmliginda yapistirici elde
edilmigtir. Son adim olarak, numunelerin ¢gekme cihazindaki
cenelere ayn1 eksende baglanabilmesi igin tablar 25x25 mm
Olciilerinde kesilip numunelere yapistirilmigtir. Birlestirme
islemi sonrasi hazirlanan numuneler Sekil 4°te verilmektedir.

Sekil 4. Yapistirma islemi sonrast numuneler

Hazirlanan tek bindirmeli yapistirma baglanti numunelerine
Sekil 5°te gosterildigi gibi eksenel yonde kayma testleri
uygulanmistir. Tek bindirme baglantilarmin kayma testleri
ASTM D5868-01 standartlari uygun olarak
gerceklestirilmistir. Kayma testleri oda sicakliginda 1 mm/dk
yikleme hizinda Zwick Roell Z020 test cihazinda
gerceklestirilmistir. Deney diizeneginin goriintiisii Sekil 5’te
gosterilmektedir.
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Sekil 5. Tek bindirmeli baglantilarin kayma testi

Bulgular ve Tartiyma

Aliiminyum 5754 ile olusturulan tek bindirmeli yapistirma
baglantilarinda kor delik delmenin yapistirma dayanimina
etkisini aragtirmak amaciyla eksenel yonde kayma testleri
yapilmigtir. Tek bindirmeli baglantilarin olusturulmasinda
Araldite® 2015 ve AV138 epoksi yapistiricilart kullanilmis
ve hasar yikleri grafikler iizerinde karsilastirilmistir.
Aliiminyum 5754 ile olusturulan tek bindirmeli baglantilarda,
yiizeye kor delik uygulanmasinin yapisma dayanimina etkisi
Sekil 6°daki grafikte gosterilmistir.

4000

8 Araldite 2015

3500 3414

B Araldite AV138
3000

2397

2500

00 1720

Hasar Yiikii (N)

1500

1000

500

0 -

Deliksiz

Tek parga delikli iki para delikli

Baglant1 tiirii

Sekil 6. Tek bindirmeli baglantilarda kor delik
uygulamasmin yapisma dayanimina etkisi

Baglantidaki aliiminyumlar deliksiz oldugunda, Araldite®
2015 ve AV138 yapistirici kullanildigindaki hasar ytikleri
sirast ile 1720 N ve 907 N c¢ikmaktadir. Baglantidaki
aliiminyumlardan biri delikli oldugunda, 3 mm ¢apindaki kor
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delikler yapistirma alaninin artmasimi saglamaktadir.
Aliminyum yiizey alanindaki bu artis, Araldite® 2015
kullanilan baglantilardaki hasar yiikiinii 1720 N’dan 2397
N’a c¢ikarak %39 daha yiiksek dayanim elde edilmesini
saglamistir. Araldite® AV138 kullanilan baglantilardaki
hasar yiikii ise 907 N’dan 1402 N’a cikarak %54 artis
olmustur (Sekil 6).

Baglantidaki aliiminyumlardan ikisi de delikli oldugunda, 3
mm capindaki kor delikler yapistirma alaninin daha fazla
artmasint saglamaktadir. Aliiminyum yiizey alanindaki bu
artig, Araldite® 2015 kullanilan baglantilardaki hasar yiikiinii
1720 N’dan 3414 N’a ¢ikarak %98 daha yiiksek dayanim elde
edilmesini  saglamigtir.  Araldite® AV138 kullanilan
baglantilardaki hasar yiikii ise 907 N’dan 2411 N’a ¢ikarak
%165 artis olmustur (Sekil 6). Bu durum, tek bindirmeli
baglantilarda bindirme bolgesindeki yapistiricinin temas
ettigi alanin artmasiyla yapigma mukavemetinin artmast
olarak aciklanabilir. Deliksiz, tek par¢a delikli ve iki parca
delikli olarak hazirlanan baglantilarin kayma testlerinde,
Araldite® 2015 sagladigi baglanti mukavemeti ile Araldite®
AV 138’e gore daha yiiksek kayma dayanimina sahiptir.

Araldite® 2015 yapistiriciyla hazirlanan tek bindirmeli
yapigtirma baglantilarin kayma test sonuglarindan elde edilen
kuvvet-yer degistirme grafigi Sekil 7°de verilmektedir.

3500
e Deelik siz
3000 || ==Tek parca delikli
Iki parca delikli
2500
g 2000
z
E 1500
1000
500
0
0 0.2 04 0.6 0.8 1 12

Yer degistirme (mm)

Sekil 7. Araldite® 2015 yapistirict ile hazirlanan
baglantilarin kuvvet-yer degistirme grafigi

Sekil 7°de Aliiminyum 5754 ile olusturulan tek bindirmeli
baglantilarda Araldite® 2015 yapistirict ile hazirlanan
baglantilarin kuvvet yer degistirme egrileri incelendiginde,
baglanti tiirleri sirasiyla deliksiz, tek parga delikli ve iki parga
delikli olarak degismesiyle, yapistirma baglantilarinin kuvvet
degeri artmaktadir. Literatiirdeki yapistrma yoOntemiyle
yapilan birlestirmelerde, yapistirma alaninin arttirmasi ile
baglanti dayaniminda gelisme oldugu belirtilmektedir [22,
23]. Grafikte, kuvvet-yer degistirme egrisinin alt kisminda
kalan alan, yapigtirma baglantisinin emilim enerjisini temsil
etmektedir. Buna gore, her iki parganin delikli oldugu
baglantilarda emilen enerji, diger deliksiz ve tek delikli
baglantilarda emilen enerjiden daha yiiksek oldugu
sOylenebilir. Araldite® 2015 siinek bir yapistirici oldugu igin
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kuvvet-yer degistirme grafiginde uzama degeri, Araldite®
AV 138’e gore daha yiiksektir.

Araldite® AV138 yapistiriciyla hazirlanan tek bindirmeli
yapistirma baglantilarin kayma test sonuglarindan elde edilen
kuvvet-yer degistirme grafigi Sekil 8’de verilmektedir.

2500

== Deliksiz

== Tek parca delikli
2000 iki parga delikli

1500

1000

Kuwet (N)

500

04
Yer degistirme (mm)

0.6 0.8 1

Sekil 8. Araldite® AV 138 yapistirict ile hazirlanan
baglantilarin kuvvet-yer degistirme grafigi

Sekil 8’de Aliiminyum 5754 ile olusturulan tek bindirmeli
baglantilarda Araldite® AV138 yapistirict ile hazirlanan
baglantilarin kuvvet yer degistirme egrileri incelendiginde,
baglanti tiirleri sirasiyla deliksiz, tek parga delikli ve iki parga
delikli olarak degismesiyle, yapistirma baglantilarinin yiik
tasima kapasitesi artmaktadir. Araldite® AV 138 kirilgan bir
yapistirict oldugu i¢in kuvvet-yer degistirme grafiginde
uzama miktari, Araldite® 2015°e gore daha diisiiktiir.

Sonuglar

Bu ¢alisma kapsaminda Aliiminyum 5754 ile olusturulan tek
bindirmeli yapistirma baglantilarinda, farkli yapistirict
kullanilmasi ve kor delik uygulamasinin yapigsma dayanimina
etkisi arastirilmistir. Elde edilen sonuglara gore:

e Aliiminyum 5754 ile olusturulan tek bindirmeli
yapistirma  baglantilarinda,  yapistirict  tiiriiniin
degismesi ve ylizeylere kor delik uygulamasinin
yapilmasi yapisma dayanimina onemli oranda etki
etmektedir.

e Araldite® 2015 kullanilan baglantidaki aliminyumlar
deliksiz oldugunda, hasar yiikii 1720 N ¢ikmaktadir.
Baglantidaki aliiminyumlardan biri delikli oldugunda,
hasar ylikii 2397 N’a ¢ikarak %39 daha ytliksek dayanim
elde edilmistir. Aliminyumlarin ikisi de delikli
oldugunda ise hasar yiikii 3414 N’a ¢ikarak %98 artis
meydana gelmistir.

e Araldite® AV 138  kullanilan  baglantidaki
aliminyumlar deliksiz oldugunda, hasar yiikii 907 N
¢ikmaktadir. Baglantidaki aliiminyumlardan biri delikli
oldugunda, hasar yiikii 1402 N’a ¢ikarak %54 daha
yiiksek dayanim elde edilmistir. Aliiminyumlarin ikisi
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de delikli oldugunda ise hasar yiikii 2411 N’a ¢ikarak
%165 artis meydana gelmistir.

e Deliksiz, tek parca delikli ve iki parca delikli olarak
hazirlanan baglantilarin kayma testlerinde, Araldite®
2015 kullanilan numunelerin kayma dayanimi
Araldite® AV 138’e gore daha yiiksek ¢ikmustir.

e Araldite® 2015 kullanilan numunelerin kayma
testlerindeki uzama miktarlar1 Araldite® AV 138
kullanilan numunelere gore daha yiiksek ¢ikmuistir.

e Tek bindirmeli baglantilarda, delikler yapistirict ile
doldurulmus olup bu durum hafif gerilimli bu bdlgede
yapistiricinin ankraj etkisini arttirmaktadir.

e Farkli yapistirict ve baglanti tiirlerindeki kayma
testlerinde, tiim numuneler baglantinin yapildig:
yapisma bolgesinden hasar alarak kopmustur.
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* Sorumlu Yazar

In this study, it was carried out in the zeolitic tuffs of Lower-Middle Eocene aged volcanoclastic material
in the Tepekdy, inebeyli, Havuzdere and Geyikdere located in the vicinity of Karamiirsel-izmit, in the
south of the Gulf of Izmit. Mineralogical and petrographic properties of zeolitic tuffs were investigated
by polarizing microscope, X-ray diffractometry (XRD) and SEM+EDS analysis methods. According to
XRD results, zeolite formations were observed in vitric tuffs. The modal mineralogical composition of
the vitric tuffs was determined as volcanic glass (90%), crystals (8%), opaque and FeO-oxide minerals
(2%). Crystals are mainly feldspar, quartz, biotite minerals. Volcanic glass is commonly composed of
volcanic glass shards and a matrix. Zeolitization occurs as a result of alteration of volcanic glasses in
vitric tuffs. According to XRD studies, zeolite mineral is formed as clinoptilolite in Tepekdy, Inebeyli
and Havuzder village, while in Geyikdere village it occurs as heulandite.
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Giris

Yalova-Karamiirsel (Izmit) arasinda yer alan galisma alani,
Tiirkiye’'nin KB’sinda Armutlu yarimadasi iizerinde
bulunmaktadir. Bu bdlge Armutlu-Ovacik Zonu [1]-[4]
olarak tanimlanmustir. Bu zon, Istanbul Zonu ile Sakarya
Zonu arasinda yer almaktadir.

Bu galisma ile Armutlu-Ovacik Zonu [5], [6] igerisinde yii-
zeylenen Alt-Orta Eosen yagl tiiflerdeki zeolit olusumlari

incelenmistir. Zeolitler, gézenekli bir yapiya sahip alkali
veya toprak alkali elementlerin (Na, K, Mg, Ca)
hidratlanmis bir aliiminosilikat grubudur. Zeolitleri iceren
ana kayag tiirii zeolitik volkanik tiiftiir. Bir¢ok volkanik kiil
cokelinin diyajenetik alterasyonu ile zeolitler olusur [7].
Zeolitik tiif, genellikle c¢esitli kaya¢ tiirlerinin diisiik
sicaklik alterasyonu sonucu olusur, ancak genellikle
agirlikli olarak volkanik ve sedimanter kayaglarda olusur [8
]. Zeolitler, volkanik cam, kristal olmayan ve kristalin
killer, feldispat, feldispatoid ve hatta zeolitin kendisi gibi
birgok ilksel mineral tiirinden olusur [9]. Sonug olarak,
vitritik volkanoklastik kayaclar, zeolitlerin hem ilksel hem
de ana kayaglari olarak Onemlidir. Volkanoklastik cam
parcalart dogal zeolitlesme i¢in uygun baslangi¢
malzemesidir. Zeolitik tiifiin heterojenligini etkileyen
baglica faktorler: zeolitik tiifiin olusum siirecindeki jeolojik
ortam, fizikokimyasal kosullar ile kuvars, feldispat, mika,
kil mineralleri gibi minerallerin varligidir [9]. Genel olarak
zeolitler, zeolit mineralleri igeren aliiminyum ve silis
acisindan zengin volkanik camlarla, volkanik veya
aliiminosilikat iceren malzemelerin ¢6ziinme (dissolution)-
¢okelme  (precipitation) gibi de
fizikokimyasal reaksiyonlarla olusur [10]. Diinya ¢apinda
yaygin zeolit olusumlari, golsel (lacustrin) sedimanlari ile
ya da volkanik kayaclardaki vitritik-klastik tiifler ile veya
hidrotermal olarak altere olmus vitrofirler-vitritik klastik
tiifler ile arakatmanl kiil-gokelinde yeralan tiiflerdeki asit-

siiregleri igeren,

ortag volkanik camlardan olusur [10]. Klinoptilolit
kristallesmesi, yaygin olarak, yiiksek silisli tifli
kayaglardaki volkanik camin, c¢okelme (depositional)

sonrasi diyajenez sirasinda, devitrifikasyon reaksiyonlari ile
yer degistirmesiyle (replaced) ortaya c¢ikar [11]. Hoylandit
grubu  minerallerini  olusturan  hdylandit-klinoptilolit
diyajenetik olarak altere olmus piroklastik kayaclarda bol
miktarda bulunur, 6zellikle riyolit-riyodasit tiiflerinde,
hidratli cam kiymiklarinin, patlama sonrasi reaksiyonlart ile
olusur [12], [13]. Sheppard [14], Dogal zeolit yataklarinin
olusumunu, ortamlarina gdre alti gruba aywrmistir: (1)
hidrolojik olarak kapali (tuzlu/alkali) sistemler, (2) agik
(tatlh  su/yer altt suyu) sistemler, (3)
diyajenezi/metamorfizma sirasinda, (4) hidrotermal aktivite
ile, (5) derin deniz ortamlarinda, ve (6) topraklarin
Zeolit

gomiilme

ayrismastyla (weathering). mineralleri olusum
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ortamma gore farklilik gosterebilmektedir. Fillipsit,
klinoptilolit, hoylandit ve erionit yataklari tuzlu-alkali
goller, gomiilii diyajenetik ortamlarda ve derin deniz
sedimanlarinda yaygin olarak olusur. Mordenit bu
ortamlarda nadiren olusur [12]. Buna karsilik, mordenit
yaygin olarak jeotermal alanlarda alterasyon minerali
olarak olusur ve olusum sicakligr ~60 ila 160 °C arasinda
degistigi bilinmektedir [15]. Sedimanter zeolit olugumlari
ve yataklar1 Tiirkiye’de yaygimn olarak Orta ve Bati Anadolu
goriilmektedir (Sekil 1). Bu yataklar baslica Beypazari [16]
- [18], Yozgat [19], Nevsehir (Kapadokya) [20], Kirka [21],
Emet [22], [23], Sile [24], Bigadig, [25]- [27], Gordes [28]-
[33] ve Kesan [34] olarak verilebilir. Bu zeolit olusumlari
ve icerdigi mineraller Tablo 1°de gdsterilmistir. Bu yataklar
icinde Sile hari¢, volkanik malzemenin golsel ortamda
¢okelmesiyle olusmustur [35]. Tiim bu yataklar i¢inde Sile
harig, en yaygin zeolit mineralleri klinoptilolit, hdylandit ve
analsimdir. Mordenit daha az yaygin mineraldir ve sadece
Sile bolgesinde tesbit edilmistir [35]. Tiirkiye’deki zeolit
olusumlar1 ve potansiyel zeolitik tiif alanlari Tablo 1’de
verilmigtir [37].

Bu caliyma kapsaminda Izmit korfezinin giineyinde,
Karamiirsel civarinda yer alan Tepekdy, Inebeyli,
Havuzdere ve Geyikdere’de yiizeylenen Alt-Orta Eosen
yasl volkanoklastik malzemedeki, zeolitik tiiflerle ilgili
detayli ¢alisma yapilarak bu tiflerin, mineralojik-
petrografik o6zellikleri ile olusum ortami belirlenmeye
calisilmustir.

Materyal ve Metot

Saha calismalarindan derlenen toplam 13 6rnek iizerinde
analizler  yapilmistir.  Calisma  alanindan  derlenen
orneklerde klinoptilolit ve hdylandit mineral tanimlamasi
XRD yontemi ile belirlenmistir. 12 0Ornegin  X-Ray
difraksiyon (XRD) c¢aligmalari, orneklerin mineralojik
igeriklerinin belirlenmesi amaciyla MTA X - Ismlar
Laboratuvari’nda Panalytical Expert Powder ve Bruker D8
Advance XRD cihazlar1 kullanilarak gergeklestirilmistir.
Cekimler 2-70° araliginda, scanspeed 0,1 sec/step,
increment 0,039155 dir. Kalitatif analizler ICDD kartlar1 ile
karsilagtirma yapilarak ve High Score Plus Programi
kullanilarak gergeklestirilmistir. Her analiz i¢in 100 p altina
kadar ogiitiilmiis en az 10 gram numune gerekmektedir ve
ogitme islemi de MTA’nin kirma, Ogiitme, eleme
{initesinde gergeklestirilmistir. Yine ince kesitler MTA Ince
ve parlak kesit laboratuvarinda yaptirilmigtir. Bu kesitlerde
mineral parajenezi, mineral iliskileri, dokusal 6zellikler vb.
Ozelliklerin saptanmasi amaciyla, MTA Mineraloji-
Petrografi  Arastirmalar1  Koordinatorliigi’nde (Analiz
Laboratuari’nda), Leica DM 2700 P alttan ve {istten
aydinlatmali mikroskop ile incelenmis ve fotograflanmistir.
Ayrica 4 adet vitritik tif orneginin SEM+EDS analizleri
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MTA Mineraloji ve Petrografi Laboratuvarinda, FEI

Inspect F50 FEG-SEM cihazi ile yaptirilmstir.

Bolgesel Jeoloji

Calisma alan1 Armutlu Yarimadasinda, izmit Koérfezinin
giineyinde Yalova-Karamiirsel arasinda yer almaktadir
(Sekil 2). Kuzeybati (KB) Anadolu’da yer alan Armutlu
Yarimadas1 Lavrasya kitasinin giiney kenarimi temsil
etmekte olup, Istanbul Zonu’nun giineyinde yer alan

tektonik birimlerden biri olan Armutlu-Ovacik Zonu
igerisinde kalmaktadir (Sekil 2) [5], [6]. Armutlu Ovacik
Zonu kuzeyde Istanbul Zonu ve giineyde Sakarya Zonu
arasinda bu iki tektonik birligin karisma zonu olarak
tamimlanmistir [39], [40]. Ancak daha 6nceki ¢aligmalarda
bu zonda, Gec¢ Paleozoyik-Erken Mesozoyik yash
Paleotetis Okyanusunun Erken Mesozoyik doneminde
kuzeye dogru Avrasya Kitasinin altina dalarak tektonik
evrimini tamamladig1 belirtilmistir [40]-[47].

Sinop
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',lv S 2% e -
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‘\g " .

°
Trabzon
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X Potansiyel Zeolitli TGf Alanlari

Sekil 1. Tiirkiye’de zeolit olusumlari ve potansiyel zeolitli tiif alanlart [37].

Tablo 1. Tirkiye’deki zeolit yataklar1 ve ilgili mineralleri [34]’den degistirilerek alinmustir.

Yatak ve flgili Mineraller Olusum Bigimi Kaynaklar
olusum

Beypazari Klinoptilolit, Analsim, Saponite, K- Golsel ortam [16]-[18]
Feldispat, Smektit, Kuvars, Kalsit

Yozgat Klinoptilolit, Smektit Golsel ortam [19]

Nevsehir Erionit, Sabazit, Analsim, Filipsit, Golsel ortam [20]

(Kapadokya) | Mordenit+Klinoptilolit, Smektit, Kuvars,
Opal-CT, K-Feldispat

Kirka Klinoptilolit, Hoylandit, Analsim, Kalsit, | G6lsel ortam [21]
Opal-CT, Smektit, K-Feldispat, Kuvars

Emet Klinoptilolit, Analsim, Opal-CT, K- Golsel ortam [22], [23]
Feldispat, Smektit, Kuvars, Kalsit

Sile Mordenite, K-Feldispat, Opal-CT, Hidrotermal [24]
Kuvars

Bigadig Klinoptilolit, Héylandit, Analsim, Golsel ortam [25]- [27]
Filipsit, Smektit, Opal-CT, Kuvars, K-
Feldispat

Gordes Klinoptilolit, Hoylandit, Opal-CT, Golsel ortam [28]- [33]
Kuvars, Smektit

Kesan Analsim, Klinoptilolit, Smektit, Kuvars, | Golsel ortam [34]
Kristobalit, Kalsit
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Armutlu-Ovacik Zonu igerisinde yer alan Armutlu
Yarimadasi’nda yiizeyleyen Permo-Triyas yash Karakaya
Karmagigi birimlerini temsil eden diigiikk dereceli
metamorfik kayaglar yorede “iznik Metamorfitleri” [47]
olarak adlandirilmistir. Bu zon igerisinde ylizeylenen en
yaslh kayaclar Prekambriyen yash yiiksek dereceli Armutlu
Metamorfitleri’dir [47]-[49]. Diger birim ise plaka igi
bazaltlar1 igeren terrijen kokenli, kalkerli ve volkanojenik
birimlerden olusan Triyas riftlesmesinin iiriinleri olan Iznik
Metamorfitleri’dir [47]. iznik Metamorfitleri diisiik dereceli
felsik  volkanik ve volkanotortul birimler igeren
metakirintili-karbonat istifiyle baslayip blok, mercek ya da
ara tabakalar halinde mermer kiitleleri de icermektedir [47].
Inceleme alaninda gézlenen ortii birimler Jura basinda bir
riftlesme sonucu (Neotetis’in kuzey kolu) gelismis, kita
kenarint temsil eden kirintili, volkanoklastik, platform ve
yamag tiirii karbonat ¢okellerinden olugsmaktadir [50]. Tim
bu istif Tersiyer yasli diger birimler ile ortiilmektedir.
Calismanmn konusunu olusturan vitrik tiiflerdeki zeolit
olusumlari, volkonoklastik  birimler igerisinde yer
almaktadir.

Calisma Alaninin Jeolojisi

[zmit Korfezinin giineyinde Yalova-Karamiirsel arasinda
yer alan ¢aligma alaninda temelde Armutlu Metamorfitleri
olarak adlandirilan  [51], Merdigéz ve Derekdy
Metamorfitlerinden sadece  Derekdy  Metamorfitleri
gozlenmektedir. Bu birim [43]’ tarafindan Pamukova
Metamorfitleri olarak adlandirilmigtir.

Derekoy Metamorfileri:

Alt Permiyen Oncesi yasgl, kumlu, killi ve yer yer
karbonatlar ile tiiflerin metamorfizmasindan olusan bu
birim, metakumtasi, fillit, kuvarsit sist, kalksist, mermer ile
bunlarin i¢inde yer alan Mahmudiye mermer ve Kiigiik
Dikmen kuvarsit sist iiyelerinden olusmaktadir [49]. Bu
birimi olusturan kayaglarin, yesil gist fasiyesinde
metamorfizma gegirdikleri belirtilmistir [51] (Sekil 3).

ihsaniye Granodiyoriti (Pzh): Thsaniye koyiiniin
dogusunda yiizeylenen ve Derekdy Metamorfitlerini
kesmekte olan bu birim ve Pliyosen yash Yalakdere
Formasyonu ile uyumsuz olarak ortiilmektedir [51], [53],
[54].

Taskoprii Kumtasi (Trt): Bargu ve Saking [50] tarafindan
adlandirilan ve inceleme alaninin batisinda Taskopri Koyt
civarinda yiizeylenen Alt Triyas yasli bu birim genellikle
kumtag1 seviyelerinin egemen oldugu, kumtagi-silttasi’ndan
olugmaktadir ve Kaytazdere Formayonu (Alt-Orta Eosen)
tizerine bindirme ile gelmektedir [51], [53], [54].

Oluklu Formasyonu (Ko): Karamiirsel’in 2 km gilineyinde
Oluklu  koyii civarinda yiizeylenen, Kampaniyen-
Maestrihtiyen yasli bu birim, tabanda Alt Triyas yash
Taskopriic Kumtagi ile uyumsuz, iistte Maestrihtiyen yash
Kokarca Formayonu ile uyumlu, ayrica birimi ¢evreleyen
Tasagil Formasyonu (Alt-Orta Eosen) ile ise agisal
uyumsuzdur [51]. Istif tabanda, Taskdprii Kumtasina ait
kirmizi ve mor renkli gcogunlukla koseli kumtast bloklar1 ve
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cakiltaglar1 iceren kalin tabakali taban konglomerasi ile
baglar iiste dogru ise orta-ince tabakali cakilli kumtasi, gri
kumtasi, yesil-gri silttagi ve gri marn ardalanmasi ile devam

eder [51], [53], [54].

Kokarca Formasyonu (Kk): Caligma alanmin dogusunda
yiizeylenen, [50] tarafindan adlandirilan Maestrihtiyen yash
bu birim, Derekdy Metamorfiti iizerinde agisal uyumsuz
olarak yer almaktadir, genellikle arenit, biyosparit ve
biyomikrit gibi seviyelerden olugmaktadir [51], [53], [54].

Tasagil Formasyonu (Tya): Karamiirsel, Karaahmetli,
Inebeyli ve Tasagil civarinda yiizeylenen ve [51] tarafindan
adlandirilan bu formasyon genelde kuzeydogu-giineybati
dogrultusunda yayilim gostermektedir. Bu formasyon
tabanindaki Derekdy Metamorfiti, Oluklu ve Kokarca
Formasyonlari ile uyumsuz, iistiinde ise ayn1 yash Taslitepe
Formasyonu ile uyumludur [51]. Formasyon orta tabakal
konglomeratik seviye ile baslar iiste dogru ise mor kumtasi,
sari-boz  kumtasi, Ostrea’li  kumlu-kiregtagi, kirmizi
kirectasi, killi kumtagi, marn ara tabakali kumtasi, kumlu
kirectast, fosilli kiregtast, kumtasi, aglomera ve kumtagi ara
tabakali marn ile devam eder [51, 53, 54]. Bu formasyon
icinde mercekler seklinde inebeyli Kirectast Uyesi’ne ait
kirectaglari da yiizeylenmektedir [51].

Tashtepe Formasyonu (Tta): Calisma alaninin kuzeyinde
yer alan Alt-Orta Eosen yasli bu formasyon Tasagil
Formasyonu iizerine dereceli gegisli ve uyumlu olarak
gelmektedir, yine dereceli gegisli ve uyumlu olarak
Kaytazdere Formasyonu tarafindan iizerlenmektedir [51].
Formasyon, tabanda koyu gri renkli konglomera ile
basladigi, iste dogru koyu boz renkli tiifler, camurtast
mercekleri, orta-iri ¢akilli aglomera ve tif ardalanmasi
(yesilimsi masif tiifler, ince-orta taneli ve beyaz renkli
tifler) ile devam ettigi, bunlarin arasinda bazi seviyelerde
ise kumtasi, silttagi, kiltas1 ile killi kiregtasi ardalanmasi
oldugu belirtilmistir [51, 53, 54]. Buradaki tiiflerin riyolitik
ve riyodasitik karakterde oldugu, volkanik kdkenli seviyeler
ile yer yer ardalanmali olan killi kiregtasi seviyeleri iginde
bulunan fosillere gore birimin Alt-Orta Eosen yasinda
oldugu, ¢okelme ortaminin ise nadiren ¢ok az derinlesen sig
deniz oldugu belirtilmistir [51]. Calisma sahasinda, inebeyli
koyii ve Tepekdy civarindan derlenen &rnekler bu
formasyona ait tiiflerde yer almaktadir (Sekil 3).

Kaytazdere Formasyonu (Tka): Kaytazdere koyii ve
batisinda genis alanlarda yiizeylenen bu birim {izerine
Yalakdere, Kiling ve Altinova Formasyonlar1 agisal
uyumsuzlukla  gelmektedir, batida ise  Taskoprii
Formasyonuna ait kumtaglari ile tektonik dokanaklidir [51].
Birim, tabanda kalinlig1 yaklasik 30 m olan kalin bir marn
seviyesi ile baslayarak, iiste dogru ise kumtasi, silttasi,
marn, silttagi, kumtasi ardalanmasi ile devam etmektedir
[51, 53, 54]. Bu kumtasi1 tabakalar1 {izerine de kumtasi -
silttagi ardalanmali marn ve kumtagi seviyeleri gelmektedir
[51, 53, 54]. Bu formasyonun iiyeleri; Karagamur kiregtasi
iiyesi, Geyikdere tif {iyesi, Tavsanl tiif iyesi ve Handere
tif lyesi olarak tammmlanmistir [54]. Calisma alaninda
alttan iiste dogru 3 farkli tif iiyesi (Geyikdere tif iiyesi,
Tavsanl tiif iyesi ve Handere tiif liyesi) yilizeylenmektedir.
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Sekil 2. Bolgesel Jeoloji Haritasi [5], [6].

Geyikdere Tiif Uyesi (Tkag): Geyikdere koyii ve
civarinda, kuzeydogu-giineybatt uzanimli olarak yaklasik
500 m genisliginde bir kusak seklinde yilizeylenen birim
orta-kalin tabakali, litik kristalli tif ve camsi Kkristalli
tiiflerden olugmaktadir [51, 53, 54]. Incelenen Geyikdere
koyi tiifleri bu tiye icerisinde yer almaktadir (Sekil 3).

Tavsanh Tiif Uyesi (Tkat): Tavsanli Koyii ve civarinda,
Geyikdere Tiif Uyesi gibi kuzeydogu-giineybati uzanimli,
yaklagik 1000 m genisliginde bir kusak seklinde yilizeylenen
bu birim, genellikle grimsi yesil ve yesilimsi renkli
tiiflerden olugmaktadir, ince taneli, masif goriinimli, sert
kirilgan, orta-kalin tabakalidir [51, 53, 54]. incelenen
Havuzdere koyii tiifleri bu iliye icerisinde yer almaktadir
(Sekil 3).

Handere Tiif Uyesi (Tkah): Handere koyii ve civarinda
yiizeylenen bu birim diger tuf tyeleri gibi hemen hemen
ayn1 dogrultuda, yaklasik 500 m genisiliginde bir kusak
seklinde uzanmakta olup Ttzerine ters fay dokanakli
Tagkoprii formasyonuna ait Kumtaglart gelmektedir [51].
Bu birimi olusturan tiifler genellikle beyaz, yesilimsi bazen
de kahverenkli banthdir [50, 52, 53].

Kaytazdere Formasyonu, ¢okelmenin olduk¢a kalin oldugu
genellikle s18, bazen derinlesen denizel ortamda olustugu;
cokelme siirecinde tiiflerin olusumunu saglayan volkanik
faaliyetlerin ise zaman zaman meydana geldigi belirtilmistir
[51]. Eosen olusuklarmin, birbirleriyle bagimsiz kiigik

havzalarda meydana geldigi, bu havzalarm olusumunun ise,
Ust Kretase sonu ve Paleosen basinda, Sakarya ve Pontid
kitalarmin ~ ¢arpigmasindan  ve  okyanus  tabanimin
yitirilmesinden sonra, lokal genisleme rejimleri sonucu
olusan kiriklar nedeniyle gergeklestigi belirtilmektedir [51].

Kiling Formasyonu (Tk): Kiling kéyii ve dolaylarinda
genis alanlarda yiizeylenen bu formasyon, kuzeyde Alt
Triyas yaslt Tagkoprii formasyonu ve Alt Orta Eosen yaslh
Kaytazdere formasyonlari tizerine agisal uyumsuz olarak
gelmektedir, tizerinde yer alan Miyosen-Pliyosen yash
Yalakdere Formasyonu ile uyumlu ve gecisli, Geg
Pleyistosen yasli Altmova formasyonu ile ise agisal
uyumsuzdur [51]. Birim alttan {iste dogru kizil kahve renkli
konglomera, g¢akilli kumtasi, kirmizims1 kumtasi, silttasi,
sarimsi-boz siltli kiltasi, ¢akilli kumtasi, sarimsi-beyaz
silttagi ve kiltasi, komiir bantli kiltagi, mavimsi beyaz kiltasi
ve marn ile killi kiregtagi iceren beyazimsi marn’lardan
olugmaktadir [50, 52, 53].

Yalakdere Formasyonu (Ty): Bu formasyon Kaytazdere,

Tasagil ve Taglitepe Formasyonu iizerine agisal
uyumsuzlukla  gelmektedir, giineyde ise Derekdy
Metamorfitleri ve Kokarca Formasyonu ile uyumsuz

dokanakhdir [51]. Birim, gevsek c¢imentolanmis cakilli,
kumlu, siltli seviyeler ile yer yer kiltasi ardalanmasindan
olusmaktadir [50, 52, 53]. Ust seviyelerinde ise, Karasu
Kirecli Kumtasi tiyesi yer almaktadir.
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Sekil 3. Caligma alaninin jeoloji haritas1 [51], [53]’dan degistirilerek alinmustr.
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Karasu Kirecli Kumtasi Uyesi (Tyk): Yalakdere
Formasyonunun tist kesimlerinde goriilen bu birim, devam
olmayan seviyeler halinde genellikle beyaz, sarims1 beyaz
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renkli golsel kiregli kumtasi ve silttast ardalanmasindan
olugmaktadir [50, 52, 53].

Altinova Formasyonu (Qa): Bargu ve Saking [51]
tarafindan adlanan birim, Tasagil, Yalakdere ve Taskoprii
Kumtag1  birimleri iizerine agisal uyumsuz olarak
gelmektedir. Bolgede taragalar seklinde gortinen bu birim
genellikle gevsek tutturulmus Ostrea’li kum, killi kum, siltli
kum, marn, kumlu marn ve Cerastoderma’li kum
seviyelerinden olugmaktadir [50, 52, 53]. Eski aliivyon
(Qale): Nehir olugumlarina ait ¢akil ve kum boyu malzeme
icermektedir, yeni aliivyon (Qal) ve (Qy): yamag dokiintiisii
altindaki birimleri uyumsuz olarak tizerlemektedir.

Petrografik ve Mineralojik Calismalar
Optik Mikroskop ¢alismalari

Inceleme alanindan derlenen Geyikdere ve Havuzdere
ornekleri Kaytazdere tiif iiyelerinde, Inebeyli ve Tepekdy
ornekleri ise Taslitepe Formasyonuna ait tiif birimlerinde
yer almaktadir. Bu birimlere ait tif 6rnekleri mikroskopta
incelendiginde, bunlarin litik tiif, kristal tif ve wvitrik
tiiflerden olustugu belirlenmistir. XRD analiz sonuglarina
gore sadece vitrik tiiflerde zeolit olusumlar1 belirlenmistir.
Bu nedenle vitrik tiiflerin petrografik o6zellikleri detayli
incelenmistir. Bu zeolitli 6rnekler makroskobik olarak agik
yesil, yesilimsi renk, masif gériiniimliidiir (Sekil 4). ince
kesit ¢aligmalar1 Schmid [55] smiflandirmasina  goére
adlandirilmistir. Inceleme alaninda zeolit iceren érneklerin
modal mineralojik bilesimine gore volkan cami (%90),
pirojenik mineraller ise baligca feldispat, kuvars, biyotit
mineralleri (%8), opak ve FeO’lesmis mineral (%2) olarak
belirlenmistir (Tablo 2). Bu minerallerin varligma gore
tiflerin agirlikli olarak felsik bilesime sahip oldugunu
sOylenebilir. Ayni sekilde, tiiflerin mineralojik bilesimi,
Schmid [55] tarafindan tanimlanan riyodasitik-riyolitik
bilesim ile uyumludur. Mikroskobik ¢aligmalara gore
hamur mikrokristalin malzeme ile gogunlukla volkan cami
kiymiklarindan olusmaktadir (Sekil 5). Kirintilar (detritus)
fenokristallerden olusmaktadir. Kuvars, diizensiz koseli
taneler halinde, nadiren bipiramidal formlar seklinde
bulunur. Cogunlukla sodik plajiyoklaz ile temsil edilen
feldispatlar, polisentetik ikiz lamelleri olan, diizensiz
taneler halinde bulunur. Biyotit mineralleri ince-uzun
levhamsi sekillerde goriiniir ve en bol bulunan mafik

mineraldir. Camsi1 parcalar, volkan cami kiymiklar
seklinde gozlenmektedir. Bu volkan cami kiymiklarn
genellikle koseli, kivrimlanmig  olup oldukga 1iyi

korunmuslardir (Sekil 5).
XRD Calismalari

Tepekdy, Inebeyli koyii ve Havuzdere kdyii'nden derlenen
zeolit  Orneklerinin - XRD analiz  sonuglarma  goére
klinoptilolit minerali gozlenirken, Geyikdere koyii XRD
verilerinden ise hoylandit minerali tesbit edilmistir (Sekil
2). Tepekdy 8.91 ile 1.37 A, Inebeyli 8.96 ile 1.95 A,
Havuzdere 8,90 ile 1.77 A Kklinoptilolit pikleri
tanimlanirken, Geyikdere 8.89-1.95 A hoylandit pikleri
tanimlanmustir (Sekil 6). Tepekdy orneklerinde, klinoptilolit
yaninda 3,33, 4,24 ve 1,81 A ile kuvars minerali
tanimlanmigtir.  Klinoptilolit-hoylandit mineralleri tiifiin
alterasyon triiniidiir ve volkan cami kiymiklarmin yerini
almigtir. Volkancami kiymiklarinin devitrifikasyon {irlinii
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olan mikrokristalin malzeme anizotropiktir ve optik
mikroskop ile tanimlanamaz, daha biiyiikk volkan camu
kiymiklar1 optik mikroskop ile tanimlanmistir. X-1sinlari
kirmimi analizi ile mikrokristalin malzemenin ve volkan
cami  kiymiklarmin, Tepekdy, Inebeyli, Havuzdere
Koyii’'nde klinoptilolit, Geyikdere Koyii’nde ise hoylandit
gibi ikincil zeolit minerali tarafindan yeri alinmis oldugu
belirlenmistir (Tablo 2).

Tablo 2. Calisma alanlarindan alinan drneklerin XRD ve
optik mikroskop ¢aligmalarina gére mineral parajezi.

Ornek Mineralojik Bilesimi

Lokasyonu

Havuzdere Klinoptilolit, feldispat, kuvars,
biyotit, opak mineraller ve FeO’
olusumu

Geyikdere Hoylandit, feldispat, kuvars,
biyotit, opak mineraller ve FeO’
olusumu

Inebeyli Klinoptilolit, feldispat, kuvars,
biyotit, opak mineraller ve FeO’
olusumu

Tepekoy Klinoptilolit, feldispat, kuvars,
biyotit, opak mineraller ve FeO’
olusumu

SEM+EDS analizleri

Scanning Elektron Mikroskobu (SEM) ile incelenen
orneklerde, Geyikdere zeolitik tiiflerinin, hoylandit
kristalleri igin tipik yapi olan yassi (tabular) kristalleri
birbiri ile kenetli yapt olusturmaktadir (Sekil 7).
Hoylanditlerin  Si/Al oram1 1.86 ile 5.44 araliginda
degismektedir (ortalama, 3.48, n=6 Ol¢lim). Klinoptilolit
minerali de matrikste olusur, volkan caminin yerini alir
(Tepekdy, Inebeyli ve Havuzdere Kdyii). Tepekdy’de Si/Al
orani 3,37 ile 5.7 araliginda degismektedir (ortalama=4,49
n=4). inebeyli kdyii'nde Si/Al oram 3,84 ile 5,15 araliginda
degismektedir (ortalama=4,64, n=10 Ol¢iim). Havuzdere
koyti’'nde, Si/Al orami ise 3, 51 ile 4,59 araliginda
degismektedir (ortalama=4,20 n=4) tiir. Bish ve Boak [8],
klinoptilolit ve hoylandit kati serisindei Si/Al orani1 <4
hoylandit, Si/Al>4 klinoptilolit ile karakterize edildigini
belirtmistir. Buna goére c¢alisma alanindaki Si/Al oranlar
Geyiklidere i¢in hdylandit, Tepekdy, inebeyli ve Havuzdere
icinde klinoptilolit i¢in uyumlu oldugu belirlenmistir.
Tepekdy SEM incelemeleri XRD sonuglari ile uyumludur.
EDS sonuglarinda Na, K, Ca, Al igerigi goriilmekle birlikte
bir miktar kuvars oldugu i¢in Si igerigi ve ayrica ¢ok az Mg
ve Fe icerigi de az miktar kil oldugunu gostermektedir
(Sekil 7). Inebeyli Koyii SEM-EDS sonuglar1 da XRD ile
uyumludur. Inebeyli Koyt orneginin XRD
difraktograminda  tamamen  klinoptilolitten  olustugu
belirlenmigtir (Sekil 7b). Havuzdere Koyii, SEM ve EDS
sonuglar;, XRD difraktomlarinda tesbit edilen klinoptilolit
minerali ile uyumludur. EDS sonucuna gore ¢ok az Mg ve
Fe igerigi ¢ok kil minerali icerdigini gostermektedir (Sekil
7). Geyikdere O6rneginin XRD difraktomlarinda hoylandit
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minerali tesbit edilmistir. SEM ve EDS sonuglart da XRD
ile uyumudur (Sekil 7).

Iyi gelismis klinoptilolitler volkan cami kiymiklari
psédomorflarinda olusmustur yada monoklinik mikrokristal
demetleri seklinde bosluk, catlaklarda biiytimistir (Sekil
5a,b,c ve 7). Zeolitler, volkan cami kiymiklarmin yerini
almiglardir yada boslukta iyi gelismis kristaller
seklindedirler (Sekil 7).

Sekil 4. Calisma sahasinda a) Tepekdy, b) Inebeyli, ¢) Havuzdere, d) Geyikdere’den alman zeolit iceren tiiflerin makro
gortintimleri.
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200 pm 7200 um

Sekil 5. Caligma alanindaki zeolitik tiiflerin ince kesit fotograflari (1. nikol), volkan cami kiymiklar1 (beyaz oklar) (a)
Tepekdy, b) inebeyli, c) Havuzdere, ¢) Geyikdere. ince taneli volkan cami matriksi icerisinde, tipik olarak sivri uclu-koseli
volkan cami1 kiymiklari a, b, ¢, d.
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Tartisma ve Sonug¢

Calisma alanindaki zeolit olusumlarindan Inebeyli ve
Tepekdy zeolit olusumlari, Alt-Orta Eosen yagh Taglitepe
formasyonuna ait tiifler icerisinde yer almaktadir.
Geyikdere zeolit olusumlari Orta-Ust FEosen yash
Kaytazdere Formasyonuna ait Geyikdere tiif iiyesinde,
Havuzdere zeolit olusumlari ise Kaytazdere Formasyonuna
ait Tavsanli Tuf iyesi icinde yer almaktadir. Caligma
alanindaki  zeolitler, vitrit tiiflerde volkan cami
kiymiklarinin  devitrifikasyonu  sonucu  olusmuslardir.
Yapilan XRD ve SEM-EDS analizlerine gore Tepekdy,
Inebeyli, Havuzdere tiiflerinde zeolit minerali klinoptilolit
minerali iken, Geyikdere zeolit olusumlarinda ise hoylandit
minerali oldugu belirlenmistir. SEM goézlemlerine gore
klinoptilolit ve hoylandit hipidiyomorf-allotriyomorf olarak
olusmusglardir, volkanik cam kiymiklarinin
almiglardir ve yer yer acik bosluk goézeneklerine dogru
biiylimislerdir, yer yer de tiif matriksinde ince taneli kiil
partikiillerinin yerini almislardir. Yan kayacin kimyasal

yerini

bilesimi, olusan zeolit tiirini belirlemede 6nemlidir [9].
Yiiksek-silika zeolitleri mordenit, klinoptilolit ve hoylandit
gibi zeolit mineralleri asidik kayaglarla iliskilidir. Caligma
olustugu kayaglar, petrografik
caligmalara ve [55]’a gore riyolitik ve riyodasit 6zellik
gosteren asidik karakterli tiiflerdir. Alt-Orta Eosen yasl
Tasagil, Taslitepe, Kaytazdere Formasyonlarimin litolojileri
ve kapsadigi fosiller, bu birimlerin
derinlesen, genellikle s1§ denizel ortami belirtmektedir [55].
Volkanik tiiflerin ve aglomeralarin bulunusu, bu devrede

alanindaki  zeolitlerin

zaman zaman

volkanik faaliyetlerin zaman zaman egemen oldugunu
gostermektedir. Ayrica bolge Ust
Oligosende kara haline gelmistir [55]. Dolayis1 ile bu
zeolitik tiiflerin ‘Kiyida veya derin denizel ortamda
volkanik malzemenin birikip deniz suyu ile reaksiyonu
sonucu olusan yataklar sinifina’ girdigini sdyleyebiliriz.

Eosenden sonra

Cikar Catismasi

Yazarlar tarafindan herhangi bir c¢ikar catismasi

belirtilmemistir.
Tesekkiir

Bu ¢alisma kapsaminda, Ince kesitlerin yapimi i¢im Maden
Tetkik Arama Genel Miidiirliigii, Ince kesit laboratuvari
calisanlarina, SEM + EDS c¢aligmalar i¢in Ufuk Kibara
tesekkiir ederiz.

Etik Standartlar Beyani:

Yazarlar bu ¢alismada kullanilan materyal ve ydntemlerin
etik kurul izni ve yasal-6zel izin gerektirmedigini beyan
eder.
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In this study, the settling performance of lateritic nickel ores in the Counter Current Decantation (CCD)
thickeners following the High-Pressure Acid Leaching (HPAL) process was investigated in detail. The
samples used within the scope of the study were obtained from the overflow of the 2™ CCD thickener
under the condition that Manisa-Gérdes and Eskisehir-Karagam lateritic nickel ores were fed to the plant
at different times. A series of settling tests were performed for both ores using anionic, cationic, and
nonionic flocculants of various ionicity and molecular weight. Sedimentation performance was evaluated
based on parameters such as settling time, clarity, and compression. To determine the optimum conditions
for the tests, a preliminary test was performed, and the pulp solids content was determined as 7% and the
flocculant dosage as 850 g/t. According to the test results, nonionic and very low anionic flocculants gave
better results. It was found that flocculation was negatively affected with increasing anionicity, and results
could be obtained only with very low anionicity flocculants. It was determined that the settling rate was
very fast with cationic flocculants, but the amount of compression was not favorable, especially for Gordes
ore. However, it is envisaged that the amount of consumption can be reduced if cationic flocculants are
used especially for Karagam ore. When a comparison was made between the ores, similar results were
obtained in general and only for Karagam ore, thickener underflow density gave a successful result for all
flocculant performances. On the other hand, it was concluded that variable ore structures and unstable
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process parameters influence the flocculant adsorption mechanisms and thus on the settling behavior.

Introduction

The leaching process under high temperature and pressure
with sulfuric acid solution, which is one of the methods for
the enrichment of lateritic nickel ores by hydrometallurgical
methods, is called High Pressure Acid Leaching (HPAL) [1].
This method has been used in recent years and consists of wet
process steps from start to finish without dry processes such
as drying, roasting, etc. This is preferable in terms of energy
and cost savings [2].

Metal recovery efficiencies for lateritic ores in the HPAL
method are quite high compared to other methods. In this
process, neutralization is performed after leaching and in the
next stage, CCD (Counter Current Decantation) circuits are
used to recover the pregnant solution in the leach residue. The
basis of the CCD process is to increase the concentration by
precipitating the solid particles in the suspension and to wash
the pregnant solution in this sludge flowing in one direction
by diluting it in several stages with wash water in the opposite
direction. The number of stages of this process, i.e. the
number of tanks, is determined by the soluble precious metal
content of the underflow stream. [3]. If no other recovery
process is applied to the underflow of the final thickener of
CCD circuit, it is usually transferred to the tailings dam as
final waste. Therefore, washing and settling efficiency in this
unit is important. Polymeric flocculants are commonly used

in solid-liquid separation operations [4]. A typical laterite
CCD circuit includes seven stages and recovers 99% of the
dissolved nickel back to the clarified pregnant leach solution

(5]

Flocculation is defined as the breaking of the stabilization
between the solid particles in a suspension by means of a
flocculant chemical so that the particles come together and
reach a larger size. Flocculation can generally be regarded as
a two-stage process including the formation of flocs and the
growth period of flocs [6]. Polyelectrolytes used as
flocculants in practice mainly include water-soluble
polyacrylamides, polyphosphates and modified natural
polymers (gelatins, chitosan and carrageenan as well as starch
and cellulose derivatives). Polyelectrolytes are classified as
cationic, anionic and nonionic according to the nature of the
functional groups along the polymer chain. A polyelectrolyte
is characterized by its molecular weight, the nature of the
functional group and the charge density. The coagulation
(destabilization of the colloid by neutralization) and
flocculation (bridging between particles) potential of the
polyelectrolyte is an important consideration in
polyelectrolyte selection. The pH is also an important
parameter to consider [7].

There are many studies investigating the effect of flocculation
on the according to changing parameters or the effect of
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flocculants with different properties on the process. In a study
investigating the effect of flocculant ionicity and different
molecular weights on the flocculation characteristics of
chromite process ore tailings; it was observed that there was
no change in the settling rate of nonionic type flocculant due
to dosage increase, but the settling rate of anionic and cationic
flocculants was directly proportional to dosage, and polymer
ionicity had a significant effect on flocculation rate, settling
and consolidation rate. It was also found that low anionic and
low molecular weight anionic flocculants showed improved
flocculation properties, while cationic flocculants performed
better at higher cationicity and molecular weight, and
nonionic flocculant did not have any flocculation effect on the
tailing material. [8]. It was reported that anionic flocculants
performed better than cationic and nonionic flocculants in
terms of settling rate and provided positive results even at low
dosages on coal washing plant tailings [9]. Other study is
about characterizing fine-particle coal tailings and using an
anionic, high molecular weight flocculant, the optimum
slurry solids content was determined as 8% and pH value as
8. The decrease in settling rates at higher pHs was explained
as the suspension pH changes the charge properties of the
polymer chain and its compatibility with the solution, which
directly affects the floc forming power of the polymer and
may lead to a change in the settling rate of the particles. It was
noted that a clearer overflow was obtained with increasing
flocculant dosage, but there was no visible change after a
certain dosage and at the same time, the amount of waste
solids increased considerably [10]. It is reported by Goger that
another group of materials in which anionic flocculants give
positive results are clay minerals such as kaolin, Na-
Bentonite, Ca-Bentonite and intermediate type (Na,Ca)-
Bentonite [11]. It is stated that the reason for this situation is
the polymer bridging mechanism that allows the particles to
come together by clustering. There is also an investigation on
the electro kinetic properties and flocculation of clays, it was
determined that although the surface charge of all clay
minerals was found to have negative valence as a result of the
measurements, the flocculant that gave the most positive
result was again anionic. As the flocculant dosage increased,
flocculation was better, but no change was observed after a
certain amount of increase. It was observed that the settling
velocity of the anionic flocculant decreased at high pH values,
and the reason for this was that the suspended solid particles
repelled each other as a result of the increase in pH value and
reached a more stable position [12]. In a study investigating
the settling characteristics of very fine particle iron ore slurry,
a combination of anionic and cationic flocculants at a ratio of
4:1 was tested as well as flocculants separately. When the
results were evaluated according to different dosages and pH,
it was observed that the anionic flocculant performed better
than other types of flocculants and the settling rate increased
with increasing dosage. At the same time, the reason for the
good performance of anionic flocculants was shown to be the
positive surface charge of the material used for the test, and it
was concluded that if polyacrylamide is used, it can
significantly increase the settling rate or ratio and therefore it
can be used practically for the settling process [13].

Solid liquid separation and washing efficiency in this process
are of high importance in terms of obtaining the pregnant
solution after HPAL with minimum loss by washing in CCD
stages. For this reason, flocculant selection also becomes an
important factor. The processing of two different lateritic
nickel ores in the plant results in different precipitation
behavior. Therefore, the aim of this study is to determine the
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settling characteristics for both ores using a wide range of
flocculants with different properties and to determine the
flocculant that provides the best conditions according to the
performance criteria and to evaluate the settling behavior in
the CCD process.

Material and Method

The tests were performed for two different ore types, Manisa-
Gordes and Eskisehir-Karagam, due to the reason that two ore
types are fed to the plant. Therefore, both Gordes and
Karagam ores were used as samples, with the slurry sample
fed to the CCD thickeners and the overflow solution of the
second CCD thickener for dilution. The flow diagram of the
plant and the operation diagram of the CCD unit are given in
Figure 1.
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Current Neutralization
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-E’ High Pressure Secondary Tailing
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Figure 1. (a) Plant Flow Diagram (b) CCD circuit

Physical, chemical, and mineralogical characterization
studies were carried out for all test samples in order to
determine the characteristics and content of the slurry sample
taken from the primary neutralization area and to examine its
effect on the settling performances. In this context, the
particle size distribution of both Goérdes and Karagam ores
were measured using the Mastersizer device. The mineral
composition of both samples was analyzed by X-ray
diffraction (XRD) method. The elemental content of the
primary neutralization sample in both liquid and solid phases
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was determined by ICP-OES method. Within the scope of the
experimental method, a series of settling tests were performed
with primary neutralization slurry sample and CCD-2
thickener overflow solution samples using anionic, cationic,
and nonionic flocculants of various molecular weights.
Gordes ore was used in Tests 1, 2 and 3 and Karagam ore was
used in Tests 4, 5 and 6. Slurry and solution sample
temperatures were kept the same with the plant values.
Temperature, pH and potential values were measured and
monitored during the test. For each test, a stock flocculant
solution was prepared at a concentration of 0.1% using plant
process water as fresh solution. It was stirred with a magnetic
stirrer for about 3 hours and completely dissolved.

The flocculants used were anionic, cationic, and nonionic,
with anionicity ranging from 3% to 70% and cationicity
ranging from 1.5% to 100%. The types and molecular weights
of the flocculants used in the tests are given in Table 1.

Table 1. Properties of flocculants used in the tests

Flocculant lonicity Type Molecular
% Weight
FA 920 0 Nonionic Medium
FA 920 SH 0 Nonionic High
FA 920 VHM 0 Nonionic Very High
AH 912 1 Low anionic Medium
AH 912 SH 1 Low anionic High
AN 905 5 Low anionic Medium
FO 4125 SH 25 Low cationic Medium
FO 4650 SH 55 Very high cationic Medium
FO 4700 SH 70 Very high cationic Medium
FO 4800 SH 80 Very high cationic Medium
FO 4990 SH 100 Very high cationic Medium
FO 4115 SSH 15 Low cationic High
FO 4650 SSH 55 Very high cationic High
FO 4700 SSH 70 Very high cationic High
FO 4800 SSH 80 Very high cationic High

Preliminary tests were carried out with a high molecular
weight nonionic flocculant to determine the optimum solid
percentage and flocculant dosage to be used as a constant
condition in all settling tests for both ore types. In these tests,
solid percentages of 5%, 7% and 10% and flocculant dosages
of 560 g/t, 850 g/t and 1130 g/t were determined for both ores
and the settling performances such as settling time,
compaction and clarity were compared. When the results
were examined, although the values seemed positive in terms
of 5% solids rate, it is not a reason for preference because the
settling rate was too fast. Considering the current design and
capacity of the plant, it is possible that a very fast settling rate
may lead to accumulation in the thickener and destabilization
of the system as a result of insufficient underflow discharge
of the thickener. Concerning the determination of flocculant
dosage, 850 g/t and 1130 g/t provided very similar settling
times. At this point, 850 g/t was accepted as the optimum
value based on the consumption amount. It was concluded
that the optimum operating conditions for both ores were 7%
solids ratio and 850 g/t flocculant dosage. The pH and
potential measurements of the settling tests performed under
these operating conditions are given in Table 2.
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Table 2. Operating conditions of the diluted slurry sample
prepared for the settling test

Primary Neutralization + CCD-2 (Diluted Slurry)

Potential Flocculant Solid
pH (mv) Dosage Content

(9/t) (%)
Testl 3.29 3925 850 7
Test2 3.53 5125 850 7
Test3 3.60 513.0 850 7
Test4 3.35 296.7 850 7
Testb 3.38 510.7 850 7
Test6 3.43 504.9 850 7

All settling tests were made using a 500 mL volume
measuring cylinder and plunger. The plunger is like a piston,
its end is round and 2-dimensional also has holes in this part.
It is used to mix the slurry and flocculant in the cylinder by
up and down movement. The primary neutralization slurry
was diluted with CCD-2 thickener overflow solution to a
slurry solid content of 7%. Flocculants were grouped
according to their molecular weights and ionic properties and
settling tests were performed in sets. Flocculant dosing was
carried out in two stages to represent the plant's thickener
dosing and slurry mixing system. Mixing was carried out
between both dosing with a plunger apparatus After dosing,
450- 300 mL, the settling times were recorded with a
stopwatch and the volumetric compaction values of the
settled solids after 30 minutes were determined. To determine
the clarity value, suspended solids (SS) were measured by
taking a sample from the clean solution. The mentioned
procedure was applied to both ore types with three repetitions.

Ore Characterization

The nickel laterite deposits in the Gérdes and Karacam area
are developed on serpentinites and peridotites which are
interlayered in an Upper Cretaceous sedimentary package of
limestone and associated sediments. Both ores are of
limonitic type.

According to XRD analysis of Gérdes and Karagam samples,
the major minerals in Gordes ore are quartz, gypsum,
pyroxene, hematite and calcite, while Karagam ore consists
of goethite, hematite, cristobalite and Mg containing
compounds.

The solid and liquid analysis results of the primary
neutralization slurry sample were determined for all six tests
and the results are given in Table 3. It is seen that especially
Fe, Ca and Al elements are present in the solid phase in both
samples, and the Ni and Co content of Karagam ore is higher
than Gordes ore.

The particle size distributions of representative samples taken
from each slurry sample drawn from the operating plant flow
for settling tests are shown in Figure 2. According to this,
especially below 300pm, Karagam ore exhibits a much finer
particle size distribution, p80:97 pum, while this value is
p80:136 um in Gordes ore.
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Table 3. Solid and liquid elemental analysis of the primary neutralization sample used in all tests

ICP-OES Results in Solid Sample

Al, % As, % Ca, % Co, % Cr, % Fe, % Mg, % Mn, % Ni, %
Testl 2.628 0.349 10.454 0.004 0.794 21.35 0.266 0.055 0.087
Test?2 1.814 0.251 11.560 0.003 0.452 15.64 0.219 0.053 0.072
Test3 2.420 0.295 11.827 0.003 0.490 15.40 0.238 0.052 0.072
Testd 1.965 0.272 8.472 0.005 0.818 26.71 0.169 0.144 0.097
Test5 1.744 0.221 7.920 0.006 0.846 27.86 0.190 0.135 0.132
Test6 1.911 0.234 10.830 0.005 0.813 21.45 0.171 0.082 0.088

ICP-OES Results in Liquid Sample

Al, % Ca, % Co, % Cr, % Fe, % Mg, % Mn, % Ni, % Si, %
Testl 0.937 0.068 0.014 0.035 0.045 0.927 0.129 0.293 0.034
Test2 0.670 0.077 0.013 0.016 0.020 1.313 0.118 0.286 0.022
Test3 0.700 0.066 0.014 0.013 0.026 1.184 0.121 0.326 0.021
Testd 1.276 0.070 0.015 0.058 0.051 0.827 0.183 0.280 0.024
Test5 1.117 0.070 0.018 0.064 0.062 0.747 0.168 0.313 0.033
Test6 1.272 0.079 0.016 0.053 0.028 0.892 0.136 0.298 0.033

The important part in the results is the nickel content in the
liquid. As the nickel in the liquid increases, the importance of
the washing efficiency in the CCD increases in terms of
losses. Flocculation is also an important factor affecting the
washing efficiency.

100
80
70
60

20 —8— Gordes
10 Karagam

Cumulative Undersize (%)

10 100 1000
Particle Size (um)

Figure 2. Particle size distribution of Gérdes and Karagam ore

The optimum value ranges of the performance parameters
were determined for the purpose of interpreting the settling
tests and are given in Table 4. Range values were determined
according to the optimum process conditions based on plant
design values. The results obtained were interpreted based on
these values.

Table 4. Optimum value ranges of evaluation parameters

Parameter Optimum Range
Settling time (5) 10-30
Compaction (mL) 100-130
Thickener U/F Solid (%) 30-35
Suspended Solids (SS) (mg/L) 100-200

Results and Discussion

With the completion of the test studies, the settling
performances of the flocculants were evaluated for both ore
types based on all measured and recorded data. The
parameters obtained from the tests such as settling time,
volumetric compaction, clarity, which elucidate the
performance evaluation, were examined. Nonionic, anionic
and cationic flocculants were grouped separately, and all tests

were compared with each other. To ensure reliability the tests
were repeated, and evaluation was made with average results.

Tests performed with Nonionic Flocculants

Tests were conducted for both Gordes and Karagam samples
using flocculants with different molecular weights. Data on
settling times are given in Figure 3.

When the settling times for Gordes ore were analyzed, it was
seen that FA 920 and FA 920 SH flocculants gave similar
settling trend in the three tests. However, there is a noticeable
difference in the performance of FA 920 VHM flocculant in
terms of settling time in test No. 2 and it is seen that it
provides very fast settling times in other tests. In Karagam
ore, although the settling rates were generally very high, an
optimum settling rate was reached only in test No. 6.
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Figure 3. Settling times with nonionic flocculants a) Gordes
b) Karagam
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Although settling time is an important criterion for the
evaluation in the first stage, the amount of compaction of the
settled solid, underflow (U/F) solid ratio and clarity are also
important parameters and the values of nonionic flocculants
obtained for both ores are summarized in Table 5. When the
volumetric compaction of the settled solid for Gordes ore was
examined, it was seen that FA 920 flocculant gave reasonable
results in all tests. FA 920 SH and FA 920 VHM flocculants
had high compaction amounts for test results No. 2 and No. 2
and 3, respectively. When the Karacam ore results are
evaluated, it is seen that the compaction amounts are
acceptable for all tests. The low volumetric compaction
indicates that the solid ratio in the underflow of the thickener
will remain at high values. This is a desirable situation for a
successful solid liquid separation and CCD operation.

Table 5. Other settling parameters using nonionic flocculants

The underflow solids by mass ratio values are calculated
based on the volumetric compaction amounts obtained as a
result of the tests and provide better information as a
performance indicator. Acceptable solid by mass ratio for this
plant condition CCD thickener underflow is in the range of
30%-35%. These values may vary according to plant design
and operating conditions. When these values are considered,
it is seen that there is a difference between Gordes and
Karagam ores in terms of the underflow density of nonionic
flocculants and Karagam ore has a very positive effect. When
the clarity results for Gordes ore were analyzed, it was
determined that FA 920 flocculant SS values were close to
the limit. When a comparison was made according to
molecular weights, it was observed that a clearer overflow
solution was obtained due to the increase in molecular weight.

Gordes Karacam
Testl Test2 Test3 Test4 Test5 Test6
Compaction FA 920 119 120 126 100 98 115
(mL) FA 920 SH 121 138 130 110 95 115
FA 920 VHM 130 138 140 110 105 125
U/E FA 920 317 314 30.2 36.5 37.1 32.6
% Solid FA 920 SH 31.2 27.9 29.4 33.8 38.1 32.6
FA 920 VHM 29.4 27.9 275 33.8 35.1 30.4
sS FA 920 172 255 202 183 235 100
(mg/L) FA 920 SH 142 112 140 132 130 63
FA 920 VHM 69 136 87 105 80 66

Under the mentioned test conditions and in cases where
overflow clarity values are high, it is predicted that SS
amounts can reach an acceptable value by increasing the
flocculant dosage, but it should also be taken into
consideration that the consumption amount will increase. The
same situation is also valid in Karagam ore, and it was
observed that a clearer overflow solution was formed with the
increase in molecular weights. It can be said that in the test
results of nonionic flocculants 4 and 5, the overflow SS
values were slightly high due to the very fast settling time.

Tests performed with Anionic Flocculants

As a result of the settling tests performed with anionic
flocculants of different molecular weights and anionicity
grades, only flocculants with low and very low anionicity
achieved results. Flocculants with medium or high anionicity
were observed to interact with the slurry, but no flocculation
occurred to show the settling effect. Data on settling times are
given in Figure 4.

AH 912 flocculant gave positive results by providing fast
settling time in all test conditions for the first three tests. AH
912 SH flocculant, which has a higher molecular weight,
provided a slower settling time compared to AH 912
flocculant and there is a big difference in terms of settling
time in test No. 3 results. A similar situation was observed for
AN 905 flocculant, which showed a very slow settling
performance in tests 1 and 2 but was faster in test 3. For
Karagam ore, there were different and inconsistent results
between the tests. The effect of AN 905 flocculant on settling
performance was negative in all tests. Even if it has a positive
result in terms of compaction or clarity, the settling time gives
a better insight when evaluating its performance. In test No.
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6, the effect of all anionic flocculants on settling time was
slower than the other test results.
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Figure 4. Settling times with anionic flocculants a) Gordes b)
Karagam

Although the settling time of AH 912 flocculant was
acceptable in all tests, the compaction was optimum only for
test No. 1 (Table 6). AH 912 SH flocculant, on the other hand,
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showed high values in terms of the compaction despite
acceptable settling times. The AN 905 flocculant gave results
with appropriate compaction amounts in tests 1 and 2.
However, due to ineffective settling in test No. 3, impurity
occurred in the overflow and therefore the amount of solids
settled decreased. For this reason, the compaction value

Table 6. Other settling parameters using anionic flocculants

seems to be within reasonable ranges. This proves that all
parameters should be analyzed in combination [14]. Similar
to nonionic flocculants, anionic flocculants did not give a
stable and positive result in the mass solids content of the
underflow for Gordes ore, while they were generally
successful for Karagcam ore.

Gordes Karacam
Testl Test2 Test3 Test4 Test5 Test6

Compaction AH 912 120 130 140 100 99 115
(mL) AH 912 SH 121 140 149 101 94 110
AN 905 120 121 140 95 97 105
U/F AH 912 315 29.4 275 36.5 36.8 32.6
% Solid AH 912 SH 31.2 27.5 26.0 36.3 38.4 33.8
AN 905 315 31.2 27.5 38.1 37.4 35.1

sS AH 912 83 135 81 280 92 89
(mg/L) AH 912 SH 114 87 54 149 178 81
AN 905 478 143 51 144 261 296

Tests performed with Cationic Flocculants

In the case of cationic flocculants, it was observed that the
storage time of the flocculants was too short, and they
decomposed too fast, which negatively affected the settling
performance. The settling test results were compared
according to the average settling time and given in Figure 5.

According to the results of Goérdes ore, it was observed that
the settling times of all flocculants were close to each other
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and at reasonable values. The same situation was also found
for Karagam ore; however, it was determined that flocculants
with high molecular weight and very high cationic properties
did not cause settling effect in test No. 4 and gave successful
results in other tests. On the other hand, it was also
determined that there were differences between the tests in
terms of settling time.
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Figure 5. Settling times with cationic flocculants a) Gordes b) Karagam

Although the settling times gave positive results in general,
the volumetric compaction, especially in Gordes ore, were
very high and did not show an effective compaction (Table
7). Since the flocculation formed after flocculant dosing was
very coarse, it was observed that the voids between the
settling material were high and thus the compaction was not
too much. In Karacam ore, it was observed that the results of

Table 7. Other settling parameters using anionic flocculants

test No. 4 and 5 showed positive results, but in test No. 6,
except for the flocculants with low cationicity, the other
flocculants had high compaction. For Gordes ore, the
underflow solid content of the thickener was below 30%,
which was a negative situation for settling and CCD process
performance. For Karagam ore, although the results were
inconsistent, values of 30% and above were recorded.

Gordes Karacam

Testl Test2 Test3 Test4 Test5 Test6

FO 4125 SH 131 136 140 120 100 121

FO 4650 SH 135 150 150 0 110 135

FO 4700 SH 150 155 155 0 115 132

Compaction FO 4800 SH 155 160 165 0 125 137
(mL) FO 4990 SH 165 170 171 0 110 148
FO 4115 SSH 135 145 140 110 100 119

FO 4650 SSH 140 155 155 115 111 140

FO 4700 SSH 145 160 155 115 120 135

FO 4800 SSH 150 165 165 120 130 136

FO 4125 SH 29.2 28.2 275 315 36.5 31.2

U/E FO 4650 SH 28.4 25.9 25.9 0 33.8 28.4
% Solid FO 4700 SH 25.9 25.1 25.1 0 32.6 29.0
FO 4800 SH 25.1 24.4 23.7 0 30.4 28.1

FO 4990 SH 23.7 23.1 22.9 0 33.8 26.2
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FO 4115 SSH 28.4 26.7 27.5 33.8 36.5 31.7
FO 4650 SSH 275 251 26.7 32.6 33.6 275
FO 4700 SSH 26.7 244 25.1 32.6 31.5 284
FO 4800 SSH 259 23.7 23.7 31.5 294 28.2
FO 4125 SH 65 106 117 100 95 86
FO 4650 SH 41 76 16 0 54 45
FO 4700 SH 48 75 15 0 55 46
sS FO 4800 SH 53 86 28 0 69 34
(mg/L) FO 4990 SH 108 85 57 0 144 36
FO 4115 SSH 66 87 82 97 93 56
FO 4650 SSH 51 81 35 78 46 32
FO 4700 SSH 45 73 36 38 60 41
FO 4800 SSH 41 85 21 50 72 47

All test results are summarized in Table 8 according to which
parameter is within the optimum value ranges.

In the settling tests with Gordes ore, the settling rate of
nonionic flocculants was acceptable at medium and high
molecular weights but showed a faster settling rate with very
high molecular weight nonionic flocculants. This is an
exception only for Test 2. In most flocculant applications
higher molecular weight results in better settling efficiency.
However, increasing molecular weight can lose its
effectiveness after a certain point. High molecular weight
flocculants are generally more viscous and are not easily
dispersed in suspension. Since adsorption is very fast, a loss
of activity occurs. With increasing molecular weight, the
number of polymer chains per weight unit decreases and this
can affect flocculant performance [15]. The overflow solution
clarity of medium and high molecular weight nonionic
flocculants has a high SS value, especially when compared to
cationic flocculants. It was observed that the floc sizes formed
had a small structure. Considering that molecular weights are
parallel to the chain length of polymers, this can be expected
Table 8. Summarized performance data

to occur. Accordingly, this is seen as the main reason for the
low clarity and compaction amounts. Due to the large size of
the flocs formed by the very high molecular weight FA 920
VHM flocculant, the settling rate was high especially in tests
1 and 3 and therefore the compaction did not give good
results. In the case of anionic flocculants, only flocculants
with very low ionicity (close to nonionic) gave results. No
flocculation was observed due to the increase in ionicity or
molecular weight. Only visually there was an interaction
between the solid particles and the flocculants, but it had no
effect on the settling. At pH 4 and lower, nonionic flocculants
perform best. In this pH range, anionic flocculants coil like
nonionic flocculants but their activity is very low. This is
because the amide groups in nonionic flocculants are replaced
by inert carboxyl groups, which reduce the number of
hydrogen bonding sites present in the flocculant structure at
low pH. Thus, flocculants without any ionicity perform better
at a lower pH range [15]. This explains why nonionic and low
anionic flocculants produce flocculation but do not show any
effect with increasing ionicity.

GORDES KARACAM
Molecular . -

Flocculant Type Weight S?I'titr!r;g Clarity ~ Compaction Sf’l_titrlT']gg Clarity  Compaction
FA 920 Nonionic Medium v X v v v v
FA 920 SH Nonionic High v v v v v v
FA 920 VHM Nonionic Very High v v X v v v
AH 912 Anionic Medium v v v v v v
AH 912 SH Anionic High v v X v v v
AN 905 Anionic Medium X X v v X v
FO 4125 SH Low Cationic Medium v v X v v v
FO 4650 SH Very High Cationic Medium v v X v v v
FO 4700 SH Very High Cationic Medium v v X v v v
FO 4800 SH Very High Cationic Medium v v X v v v
FO 4990 SH Very High Cationic Medium v v X v v v
FO 4115 SSH Low Cationic High N4 v X v v v
FO 4650 SSH Very High Cationic High v v X v v v
FO 4700 SSH Very High Cationic High N4 v X v v v
FO 4800 SSH Very High Cationic High v v X v v v

In the studies performed with Karagam ore, results close to
Gordes ore were obtained. Nonionic flocculants with low and
medium molecular weights generally provided a fast
settlement and for this reason, a very clear solution could not
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be obtained. There is a direct correlation between the
molecular weights and the size of the flocs formed, with the
higher molecular weight flocculants forming larger flocs.
Although settling rate and clarity parameters are affected by
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floc structure, they are primarily related to floc size
distribution. The rapid settling rate associated with low clarity
is often related to the bi-shaped floc size distribution resulting
from poor flocculation and, in particular, the failure to
achieve adequate destabilization prior to the application of
high molecular weight flocculants [16]. An overall analysis
of all tests for both ores showed that medium and high
molecular weight nonionic flocculants showed the most
consistent and positive results with respect to performance
criteria such as settling time, clarity and compaction, as well
as compared to anionic and cationic flocculants.

Laterite ore is defined as a complex and highly swellable ore
[17]. Nevertheless, this definition should not be considered as
a general definition for all laterites [18]. The fact that the ore
structure fed to the plant is very variable, the process
controllability is difficult and at the same time there are
instantaneous changes in the system continuously caused the
test results with the same type of flocculants to be different
from time to time. Since the tested slurry is leached, it is very
likely that the ore rheology will change due to changing
leaching mechanisms and mineralogy. For this reason, the
differences in pH, potential and elemental content between
the working conditions of the tests also changed the
adsorption mechanism of the flocculants and prevented the
tests from producing close results.

Conclusion
Following results can be deduce

v" In both ores, nonionic flocculants performed better and
provided more stable results than other types of flocculants.

v" Anionic flocculants with very low anionicity showed
positive results, however, as the molecular weight and
anionicity grade increased, an effective flocculation did not
occur.

v' Clarity values with cationic flocculants have given very
good results and generally provided a fast settling. For this
reason, it is predicted that the amount of consumption can be
reduced especially by using high molecular weight cationic
flocculants. However, the compaction should also be taken
into consideration. Cationic flocculants are not preferred in
Gordes ore due to the low solid content.

v' As a result of the fact that the ore content is not stable
and there are many parameters in the process where
instantaneous changes occur, it is concluded that the settling
behavior is open to variability.

v Although it was not clearly demonstrated that pH and
potential values have a direct effect on flocculation
characteristics, it was concluded that changes in these
parameters may cause differences between test results.
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* Sorumlu Yazar

In this study, Fine-Kinney, HRNS, and John-Ridley risk assessment methods are comprehensively
compared by using them in an actual basalt aggregate production integrated facility. Fine-Kinney, HRNS,
and John-Ridley risk assessment methods were applied separately and evaluations were made for accident
prevention, workplace risks were evaluated by taking into account the number of employees in the
workplace, and the necessary risk factors were evaluated to identify accidents and take precautions within
the specified period. The mining industry is one of the most dangerous industries and considering the risks
and dangers that occur in mining workplaces are very important and the situation of the employees, it is
very important to prevent or eliminate these risks as soon as possible. At the end of the study, it was found
that the John-Ridley method gives better results than other methods and can be offered for workplaces
such as mining, aggregate production, and crushing and screening facilities.
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1. Giris

6331 sayih ISG (Is Sagligi ve Giivenligi) kanunu birgok
yenilik getirmistir, kanunun getirdigi en biiyiik yeniliklerden
birisi de kanunun 4.madde c fikrasinda isverenin genel
ylikiimliliiginde *‘risk degerlendirmesi yapar veya yaptirir’’
ifadesi bulunmaktadir. Kanunun amaci iilkemizde yasanan is
kazalarinin azaltilmasi, ¢aliganlarin saglikli ve kosullart
iyilesen calisma kosullarinda ¢alismalarini saglamaktir.
6331 sayili kanun bu zorunlulugu getirirken risk
degerlendirmesinin hangi yontem kullanilarak yapilacag:
hakkinda bir kosul ortaya koymamis sadece sinirlar
cizmigtir. Hal bdyle olunca da kanunun yiiriirliige girdigi
2013 yilindan bugiine hemen her sektér deneme yanilma
yoluyla kendi 6zel kosullarina uygun risk degerlendirme yol
ve yontemlerini bulmaya ¢aligmaktadir.

Bu calismada agrega sektoriinde hangi risk degerlendirme
yonteminin daha basarili sonuglar verecegini aragtirarak
literatiire ve sektore katki saglanmasi amaglanmaktadir. Bu
ama¢ i¢in uygulama yeri olarak, Diyarbakir ili Merkez
ilcesine bagli olan Baglar Belediyesi’ne ait bazalt agrega
kirma eleme tesisi se¢ilmis ve Fine-Kinney, Hazard Rating
Number System (HRNS) metodu ve John-Ridley risk
degerlendirme  yontemleri ayr1t  aynn  kullanilarak
kargilagtirmali bir analiz yapilmistir.

Tas ocaklarinda ve kirma eleme tesislerinde iiretilen agrega
malzemelerin birgok kullanim alanmi vardir. Bu alanlarin
basinda insaat sektorii gelmektedir. Agrega; her tiirlii bina
ingaatinda, yollarda, képrii yapiminda, barajlarda ve altyapi
faaliyetlerinin oldugu bir¢cok sektorde kullanilmaktadir.
Beton imalati, asfalt tiretimi ve ¢imento hammadde
tiretiminde 6nemli rol almaktadir.

Ulkemizdeki sehirlerin biiyiime gdstermesi Ve genislemesi
sonucu nedeniyle ingaat sektoriindeki yatirimlarin artmasina
neden olmaktadir. Bu sebeple agrega iiretimi de giderek
yiikselen bir biiytime sergilemektedir.

Tas ocaklar1 ve kirma eleme tesisleri iginde var olan ya da
digsaridan gelecek tehlikelerin sonucunda ortaya gikabilecek
risklerin tespit edilmesi, analizleri yapilarak
degerlendirilmesi ve kontrol onlemlerinin belirlenmesi
amaglanmuistir.

Risk degerlendirme c¢aligmalari; Fine-Kinney, HRNS ve
John Ridley metotlar1 ile yapilmustir. isyerindeki faaliyet
alanlarma gore toplam 171 adet risk tespit edilmistir.
Belirlenen  risklerin  onlenmesi  veya  kaynaginda
engellenmesi icin alinmas1 gereken diizeltici ya da onleyici
kontrol 6nlemleri belirlenmistir.

2. Risk Degerlendirmesi

Isyerinde var olan ya da disaridan gelebilecek tehlikelerin
tespit edilmesi, bu tehlikelerin riske doniismesine yol acan
unsurlar ile tehlikelerden kaynaklanan risklerin analiz
edilerek derecelendirilmesi ve kontrol tedbirlerinin
kararlastirilmas1 amaciyla yapilmasi gerekli tiim ¢alismalara
risk degerlendirmesi denir (6331 ISG Kanunu) [1],[2].
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Calismada Fine-Kinney metodu ile kaza 6nleme ve kaza
kontroli igin matematiksel degerlendirmelerde
bulunulmustur. HRNS Metodu ile igyerinde bulunan caligan
sayis1 dikkate alinarak isyeri riskleri degerlendirilmistir.
John Ridley metodu ile kazalarin belirlenmesi ve belirlenen
sire iginde Onlem almmast igin gerekli risk faktorleri
degerlendirilmistir.

Bazalt kirma eleme tesisi olan igyerinde belirlenmis risklerin
analizi yapilarak risk degerlendirme yontemleri araciligiyla
risk degerlendirme tablolar1 hazirlanmistir. Is saghg ve
giivenligi calismalar1 agisindan uygulamada kolaylik
sagladigindan genelde ilk tercih olarak Fine-Kinney yontemi
kullanilmaktadir. Bu ¢alisgmada Fine-Kinney, HRNS ve
John-Ridley yontemleri kullanilarak ii¢ yontem i¢in sonuglar
degerlendirilmistir.

Bu c¢alismanin amacit; ¢ok tehlikeli igyerleri smifinda
bulunan madencilik is kollarindan biri olan agrega iiretim
tesislerinde risk degerlendirme yontemi segimine bir katki
koymaktir. Segilen maden isletme tesisinde tespit edilen
riskler ii¢ farkli yontem uygulanip kiyaslama yapilarak en iyi
ve uygun RD yonteminin bulunmast amaglamistir.
Calismanin bir bagka amaci ise ¢ok bilinmeyen RD
yontemlerinden biri olan John Ridley yontemi ve yontemin
madencilik alaninda agrega tesislerinde uygulanmasinda
elde edilecek veriler hakkinda bilgi vermektir.

2.1. Fine-Kinney Metodu

Fine-Kinney yontemi, risklerin derecelendirmesi sonucunda
hangi iglerin oncelikli yapilmasi ve kaynak aktariminin
oncelikli olarak nerelere aktarilmas: hususunda kullanimi
basit ve benimsenmis bir yontemdir. Risklerin realist
degerlendirilebilmesi i¢in tehlikeli vakalarin olma ihtimali,
meydana gelme ihtimali, meydana gelmesi halinde
siddetinin ne olacag1 ve mevcut kontrol 6nlemleri bir biitiin
olarak ele alinmalidir [3],[4].

Fine-Kinney metodunda, olasilik (O) (bir zarar veya hasarin
zaman i¢inde meydana gelme olasiligi), Frekans (F)
(tehlikeye maruz kalma sikligi) ve Siddet (S) (tehlikenin
meydana gelmesi halinde insan, igyeri ve c¢evre iizerinde
olusturacagi hasarin ya da zararin siddeti) skalalarindan
meydana gelmis olup, risk skoru (R) asagidaki formiil ile
hesaplanmaktadir.

R=0xFxS$S (D)

Esitligi ile hesaplanir.

R = Risk degeri

O = Olasilik
F = Frekans
S = Siddet
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Tablo 1. Fine-Kinney olasilik, frekans ve siddet degerleri

Tablo 2. Fine-Kinney risk degerlendirme sonug tablosu

Tablo 1’°de belirtilen veriler dikkate alinarak risk degerlerine
gore yapilacak aksiyonlarmn belirlenmesi gosterilmektedir.
Risk degerlerine gore belirlenecek eylemler Tablo 2’de
gosterilmektedir.

Risk degeri yiiksekligine gore almacak onlemlerin 6ncelik
diizeyi belirlenir ve risk diizeyine goére onem siralamasi

yapilir [3],[4].
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OLASILIK FREKANS SIDDET RISK RiSK
DEGERI TANIMI ACIKLAMA
- . £
,% = Tehlikeye | & . Hemen gerekli 6nlemler
2 g Zaman Y Insan veya alinmali veya
= Zararm = P - P .. ..
= H Icinde =] Cevre Uzerinde 400< R isin durdurulmasi, tesisin,
=] Gergeklesme & - . : ’
& 5 S Maruz ¢ Yapacagi binanin kapatilmasi
8¢ Olasihig R <] . patiima
] S Kalma =t Tahmini Zarar vb. diigtintilmelidir.
= = Tekrar
Hemen 200< R <400 Esasli Kisa donemde iyilestirilmelidir.
hemen . - risk Bir kag ay igerisinde.
- P Birden fazla
Beklenir stirekli R
10 - 10 - 100 oliimlii kaza
kesin (bir saatte
birkag ¢evresel felaket.
- . Uzun dénemde
defa
) 70< R <200 Orr‘iesfh iyilestirilmelidir.
Y1l igerisinde.
.. Sik PO
Yiiksek (giinde Oldiiriicti kaza
6 oldukga 6 birgllf;irkag: 40 ciddi gevresel Gézetim altind
iimkii , . ozetim altinda
miimkiim defa) zarar 20= R <70 uygulanmalidir.
Kalic1
Ara sira hasar/yaralanma, S Bl desild;
(haftada asarfy d R <20 Onlem &ncelikli degildir.
3 Olasi 3 PR 15 is kaybi/
bir, birkag
gevresel engel
defa) &
olusturma.
Onemli 2.2. Tehlike Derecelendirme Sistemi
Sik degil hasar/yaralanma, . . L. .
. Miimkiin , | (ayda fi,, . dis ﬂ){( yardim HRNS (Ha;ard Rating Number System) yontemi ise ilk
fakat diisiik birkag ihtiyaci/arazi olarak Haziran 1990’ da Chris Steel tarafindan Saglik
defa) smirlart diginda Giivenlik Uygulayicisi Dergisinde yaymlanmig ve bir
gevresel zarar. tehlikeye maruz kalma olasilig1 ve riskini, risk altmdaki kisi
ya da kisilerin sayist ve olasi zararmi Olgerek, tehlike
Kiigiik derecelendirme numaralarinin ortaya koydugu makalesi ile
Seyrek hasar/yaralanma, ifade edilmistir [5].
Beklenmez (yilda dahili ilk yardim
0.5 fakat diisiik ! birka 3 /arazi iginde .
¥ q efa)g sl g:vresel HRNS yo6nteminde Fine-Kinney yonteminden bir adim daha
Jarar. ileri gidilerek etkilenecek kisi sayis1 da bir parametre olarak
eklenip risk skoru hesaplanmaktadir
Cok
seyrek Ucuz atlatma
0,2 Beklenmez 0,5 (yilda 1 1 gevresel _
veya daha zarar yok. HRN =0xSx§5xK )
seyrek)

O = Olasilik Degeri,

S = Siklik Degeri,

K =Kisi Sayist Degeri

S = Siddet Degeri

HRNS yonteminde risk degeri Tablo 3’te gosterilen

parametreler ele alinarak yukarida belirtilen formiile goére
HRN degeri hesaplanmaktadir.
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Tablo 3. HRNS olasilik, siklik, siddet ve kisi say1st degerleri

Tablo 4. HRNS risk degerlendirme

OLASILIK SIKLIK SIDDET KiSi SAYISI
= ® =z =
5 E 2 2.
2 | Olaym |5 |Tehlikeli |& 7 :
E N - Olasi ] Risk
; Meydana E Bolgede E Yaralanmanin E Altindaki
& | Gelme & Bulunma e | " Tggget | o | Kisi Sayis
S | Olasihg |= |Sikhg = & $1 52y
.0 Ug(
=
o o Yilda |o Siyrik, 1-2
Q | Neredeyse | & Bir = ezik = Kisi
Ayda |o Kesilme, 3-7
= | Cokzor = Bir o yarilma ~ Kisi
= +~ | Haftada Kiigiik kemik 8-15
o zor o Bir - kirilmasi = Kisi
N Giinde Biiyiik kemik 16 - 50
~ Olas: o Bir ~ kirilmasi @ Kisi
1 Saatte 1veya?2 iR 50’den
o | Mimkiin | > Bir = parmak kayb1 | ™ Fazla
El, kol, bacak
kaybi,
© | Muhtemel | Siirekli | % | kismen gérme
veya
isitme kaybi
2 el kol bacak
kaybi,
S | Yiksek IS tamamen
gorme veya
isitme kaybi
= . — | Cidddi kalict
o Kesin ™ hastalik
& Oliim

Elde edilecek HRN degeri sonucunda Tablo 4’te belirtilen
risk seviyelerine gore degerlendirme yapilmaktadir.
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HRN RISK
DEGERI SEVIYESi ACIKLAMA
H Risk ortadan kaldirilana ve azaltilana
1000< R kadar is durdurulmali ve faaliyetlere
N ara verilmelidir.
Cok acil olarak emniyet tedbirleri
H alinmali, yeterli kontrol tedbirleri
500< R <1000 alinincaya kadar ekipmanlar
kullanilmamali, insanlar uzak
tutulmali ve ilgili yonetim birimleri
haberdar edilmelidir.
H Cok Cok acil olarak emniyet tedbirleri
100< R <500 Yiiksek alinmalidir ve ilgili yonetim
N Risk birimleri haberdar edilmelidir.
H Acil olarak emniyet tedbirlerinin
Yiiksek alinmasi gerekecek kadar potansiyel
50 < lF51 <100 Risk tehlike vardir. Bu tedbirler acil
olarak uygulanmalidir.
H Onemli Emniyet tedbirlerinin uygulanmasini
10< R <50 stnkl ! gerektirecek seviyede risk vardir. Tlk
N firsatta bu tedbirler uygulanmalidir.

Az da olsa risk vardir. Emniyet

H tedbirleri i¢in gerekli kontrol
5< R .
N ekipmanlarinin kullanilmasi
Onerilmelidir.
Saglik ve giivenligi tehlikeye atan
H cok az risk var. ilave olarak kayda
1< R deger tedbirine gerek olmayabilir,
N Kisisel Koruyucu Donanimlar ve
egitimler ile risk azaltilabilir.
H Mevcut durumda saglik ve giivenligi
0< R tehlikeye atacak risk yok, ilave
N tedbirlere ihtiyag yok. Mevcut

onlemler siirdiiriilmeli.

2.3. John Ridley Metodu

Baska bir sayisal risk degerlendirme yontemlerinden olan ve
John-Ridley’ in kitabinda yer alan bu yontemde, risklerin
biiyiikliigli, ortaya ¢ikma ihtimali ve siddetinden yola
cikarak riskler sayisal olarak degerlendirilmekte ve risk
degeri agagidaki formiile gore hesaplanmaktadir [6].

R=Sx(0+M) 3)

R = Risk derecesi

Siklik, baz alinan dénemde karsilasilabilecek
riskin tanimlanma sayis1

O = Ortaya ¢ikma olasilig1 degeri

M = Maksimum potansiyel kayip degeri
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Tablo 5. John Ridley ortaya ¢ikma olasihigi degeri ve
maksimum potansiyel kayip degeri

ORTAYA CIKMA QLASILI(';I MAKSIMUM POTANSIYEL
DEGERI KAYIP DEGERI
Her an 50 Coklu 6liim 50
Saatte bir 35 Tekli 6lim 45
Giinde bir 25 Stirekli sakatlik 40
Haftada bir 15 Goz kayb1 35
Ayda bir 10 Kol/Bacak kayb1 30
Yilda bir 5 El/Ayak kayb1 25
5 yil ve daha fazla siirede bir 1 Sagirlik 20
Kirik 15
Derin kesik 10
Hafif yaralanma 5
Cizik, siyrik 1

Bir risk analizi doneminde karsilasilan risklerin frekans
olarak alinip, Tablo 5°te belirtilen Maksimum Potansiyel
Kayip Degeri ile Olasilik degerinin toplanarak carpimi
sonucunda risk degeri bulunmaktadir.

Bu yontem igin belirlenmis olan veriler tablolar halinde
hazirlanarak degerleri belirtilmistir. Kullanict bu veriler
dogrultusunda tablolar yardimi ile igyerine uygun sayisal
verileri secerek risk degerini bulmaktadir. John Ridley
metodunun uygulanmasi sonucunda ortaya ¢ikan risk
degerleri sonucunda kontrol 6nlemlerinin yerine getirilmesi
siireleri Tablo 6’da verilmistir.

Tablo 6. John Ridley risk kontrol eylem klavuzu

RiSK DERECESI ONLEMIN ACILIYETI
100< R

80< R <100
60< R <80 2 giin igerisinde
40< R <60 4 giin igerisinde
20< R <40 1 hafta igerisinde
10< R <20

0< R <10

3. Yapilan Cahismalar

Bu boliimde risk degerlendirmesi yapilan isyerinin tanitimi
ve uygulanmis risk degerlendirme metoduyla alakali bilgiler
paylasilmis olup elde edilen veriler gosterilmistir.

3.1. Uygulamann Yapildig1 isyeri

Uygulama alani olarak, Baglar Belediyesine ait bazalt agrega
tesisleri; Diyarbakir Ili, Baglar Ilgesi, Karacadag mevkiinde
bulunmaktadir.

Karacadag volkani tizerinde bulunan sahadaki bazaltlar ¢ok
genis bir alan1 kaplamaktadir. Volkan Diyarbakir, Viransehir
ve Hilvan’a dogru uzanig géstermektedir. Lavlar ortalama
120 km c¢apinda dairesel sayilabilecek genis bir alana
yayilmiglardir. Lav yigmlart egim olarak, Karacadag’dan
baglayip ¢evresine dogru yaklasik olarak 2° kadar
azalmaktadir [7].

R 2 %
Sekil 1. Bazalt agrega tesisleri

Sosyal mesuliyet olarak 6nemli bir yere sahip olan sekil 1’de
gosterilen bu tesis, Karacadag volkanin iizerinde yer aldig
sahada oldukga genis bir alana yayilan bazaltin is makineleri
ile toplanarak agrega tesislerinde micir, alt yapi malzemesi
ve dolgu malzemesi hammadde talebini karsilamaktadir.

3.2. Yapilan uygulamalar

Tesisteki risklerin tespiti ile ¢alisma alanindaki faaliyetler
birkag baslik altinda gdsterilmistir. Genel, Idari Bina, Ocak
Alani, Kirma Eleme Tesisleri, Stok Alani ve Atdlye Bakim
Onarim Tesisleri bagliginda degerlendirilme yapilmustir.

Belirlenen riskler ii¢ farkl risk degerlendirme metodu olan
Fine-Kinney, HRNS ve John Ridley ile degerlendirilmistir.

3.3. Bulgular

Tesis ile alakali olarak belirlenen riskler 6331 sayili is
Saglig1 ve Giivenligi kanunu ve s saglig1 ve Giivenligi Risk
degerlendirme yonetmeligine uygun olarak analiz edilmistir.

Bazalt agrega iiretim tesislerinde belirlenen riskler
faaliyetlerine gore belirlenerek, ¢alisilan ekipmanlar,
calisilan alan ve faaliyetlerine gore siniflandiriimustir.
Tehlike ve tehlike kaynagi olabilecek riskler tespit edilmis
ve bu riskler etmenlerine gore ayrilip belirlenmistir.



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Sayfa 201-208

Isyeri faaliyet alanlar1 genel, idari bina, ocak alani, kirma
eleme, stok alani ve atdlye olarak 6 baslik olarak analiz edilip
degerlendirilmistir.

Bu analizler sonucunda igyerinin belirtilen yapilarinda
tehlikeler ve riskler belirlenerek risk degerleri ve risk
tanimlar1 yapilmistir.

Yapilan bu ¢alismanin faaliyet alanlarina gore belirlenmis
risklerin oran1 Sekil 2°de gosterilmistir.

80 75
70
60
50
40
40
30 ”
20 16
'5‘3\“ 9 m‘s\c '5°n°€\° ,o?\n 10 g° '\C?’\E
10 o l‘>“ = 2 l%w N\
0 —— - Anr A - ——
% 7 % 2, (8 %,
% 2 o % ¢
4 2 %0 2

Sekil 2. Tespiti yapilan risklerin boliimler igindeki orani

Sekil 2’ de goriilecegi lizere isyeri ¢alisilan ekipmanlar,
calisgtlan alan ve faaliyetlerine gore smiflandirilmistir.
Tehlike ve tehlike kaynagi olabilecek riskler tespit edilmis
ve bu riskler etmenlerine gore ayrilip belirlenmistir. Bazalt
agrega iiretim faaliyet alanlart;

. Genel

. Idari Bina

. Ocak alan1

. Kirma Eleme
. Stok Alani

. Atolye

Olarak 6 bashk ana baglik altinda degerlendirilmistir.
Faaliyetler esnasinda olabilecek ya da olusabilecek
tehlikelerin belirlenmesi ve risk degerlendirmesinin sonucu
olarak 171 madde risk tespiti yapilmistir.

Risk degerlendirme tablolar1 ve ¢alismanin tiim ayrintilar
[8] kaynagindan incelenebilir.

Tespit edilen riskler risk degerlendirme yontemlerine gore ve
seviyelerine gore dagilimi ayrintili olarak belirtilip isyeri
faaliyetlerine ve risk seviyelerine gore boliimlendirilmis hali
tablo 7°de gdsterilmektedir.
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Tablo 7. Fine Kinney, HRNS ve John Ridley ile yapilan risk
degerlendirme verileri tablosu
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Fine Kinney metoduna gore;

Mevcut alinan Onlemler goz Oniinde bulundurularak
diizeltici onleyici faaliyetler 6ncesinde 1 madde tolerans
gosterilemez risk, 24 madde esasl risk, 47 madde 6nemli
risk, 99 madde olas1 risk kategorisinde belirlenmistir.

Diizeltici  oOnleyici  faaliyetler =~ sonrasinda  yapilan
degerlendirmede ise 2 madde onemli risk, 39 madde olas1
risk ve 130 madde 6nemsiz risk olarak belirlenmistir.

HRNS metoduna gore;

Mevcut alinan 6nlemler dikkate alinarak diizeltici onleyici
faaliyetler 6ncesinde yapilan risk degerlendirmesinde; 12
madde ¢ok yiiksek risk, 21 madde yiiksek risk, 100 madde
onemli risk, 26 madde diisiik ve 12 madde ¢ok diisiik risk
olarak tespit edilmistir.

Diizeltici dnleyici faaliyetler sonrasinda ise 5 madde yiiksek
risk, 9 madde 6nemli risk, 30 madde disiik risk, 40 madde
¢ok disiik risk ve 87 madde ihmal edilebilir risk olarak
belirlenmistir.

John Ridley metoduna gore;

Mevcut alinan onlemler dogrultusunda diizeltici onleyici
faaliyetler 6ncesinde 9 madde derhal, 47 madde bugiin, 45
madde 2 giin igerisinde, 30 madde 4 giin igerisinde, 40
madde 1 hafta icerisinde olarak belirlenmistir.

Diizeltici  oOnleyici  faaliyetler — sonrasinda  yapilan
degerlendirmede ise 3 madde 2 giin igerisinde, 46 madde 4
giin icerisinde, 75 madde 1 hafta icerisinde, 47 madde 1 ay
igerisinde olarak tespit edilmistir.
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Sekil 3. Fine-Kinney, HRNS ve John Ridley yontemleri
D.O.F. 6ncesinde tespit edilen risk sevileri
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Sekil 3’te goriilecegi lizere mevcut alinan oOnlemler
dogrultusunda diizeltici Onleyici faaliyetler Oncesinde
yapilan risk degerlendirmeleri sonucunda tespit edilen 171
adet riskten risk seviyesi en yiiksek olarak
degerlendirilebilecek yontemin John Ridley yontemi oldugu
anlagilmaktadir.
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Sekil 4. Fine-Kinney, HRNS ve John Ridley yontemleri ile
D.O.F. sonrasinda tespit edilen risk sevileri

Sekil 4’te goriilecegi lizere diizeltici Onleyici faaliyetler
sonrasinda yapilan risk degerlendirmelerinin sonucunda her
¢ yontemde de disiis egilimi goriilmustiir. John Ridley
yonteminin Fine Kinney ve HRNS risk analizi yontemlerine
gore daha az diisiis sergiledigi goriilmektedir.

4. Sonuclar ve Degerlendirmeler

Bu ¢alismada Fine-Kinney, HRNS ve John Ridley metotlar1
kullanilarak bazalt agrega iiretim tesislerinde is saglhigi ve
giivenligi risk degerlendirilmeleri karsilastirma calismasi
uygulanmigtir

Yapilan bu c¢alisma isyeri risk degerlendirme ¢alismalarinin
sonucu olarak bazalt agrega sektorii ve maden isyerleri i¢in
is kazas1 ve meslek hastaliklarinin 6nlenebilmesi amaciyla
risk degerlendirme metotlar1 arasindan igyerine en uygun
olan metodun se¢iminde kullanilmast amaci ile
hazirlanmistir.

Calismanin
ulagilmistir.

sonucunda asagidaki sonu¢ ve Onerilere

Mevcut  Onlemler dikkate alinarak  yapilan  risk
degerlendirmesinde HRNS metodu Fine-Kinney metoduna
gore daha fazla yliksek risk tespit etmistir. John Ridley
metodu ile yapilan risk degerlendirmesinde ise yiiksek
sayilabilecek risk adedi diger iki yonteme gore fazla oldugu
goriilmektedir.
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HRNS metodunda risk derecesi hesaplamasinda calisan
sayist ¢arpan olarak kullanildigindan dolay: yiiksek ¢ikan
risk degeri risk degerlendirme sonucunu etkilemektedir. Bu
sebeple HRNS metodu Fine-Kinney metoduna gore yiiksek
seviyede sayilacak riskleri tespit ettigi goriilmiistiir.

Diizeltici onleyici faaliyetler sonrasinda yapilan risk
degerlendirmesinde Fine-Kinney metodu ile HRNS metodu
birbirine yakin sayilabilecek diizeyde risk tespit etmistir.
John Ridley metodu ise bu iki metoda gore yiiksek
sayilabilecek risk tespit etmis oldugu goriillmektedir.

Fine-Kinney metodu ile yapilan risk degerlendirmesinde
0lim ile sonuglanabilecek is kazalarinda risk derecesi
hesaplamasinda olasilik ve frekans degerlerinin diistik
olmast halinde risk degerlendirme sonucu diisiik olarak
cikabilmektedir.

HRNS metodu ile yapilan risk degerlendirmesinde 6lim ile
sonuclanabilecek is kazalarinda risk derecesi
hesaplamasinda galisan sayisi ¢arpan olarak kullanildigindan
dolay1 calisan sayist az oldugunda risk degeri diisiik
cikmaktadir dolayistyla risk seviyesi de diisiik olmaktadir.

Bu calismada karsilagtirilan yontemler arasinda yiiksek
sayilabilecek en c¢ok risk tespiti John Ridley metodu ile tespit
edilmistir. Bunun nedeni John Ridley metodunda riskin olasi
sonuglart arasinda 6liim ile sonuglanabilecek is kazalarinda
maksimum potansiyel kayip degeri tablosuna gore siddet
degerinin yiiksek olmasidir.

Gilinlimiizde degisen ve gelisen teknolojiyle, isyeri
ortamlarinda mevcut tehlikeler ve riskler degisebilmektedir.
Bu acidan bakildiginda is sagligi ve giivenligi yonetimi
dinamik bir siirectir. Is kazas1 ya da meslek hastalig1 ortaya
¢ikmadan, isyerinde meydana gelebilecek tehlikelerin ve
risklerin belirlenmesi ile bunlara karsi tedbirlerin alinmasini
iceren risk degerlendirme siireciyle is kazasi veya meslek
hastaliklarinin 6nlenebilmesi agisindan olduk¢a 6nemlidir.

Almacak diizeltici ve Onleyici tedbirler sonrasinda risk
seviyelerinin diismesi is sagligi ve giivenligi ¢caligmalarinin
uygulanmasinda, c¢alisanlara egitim verilmesi, kisisel
koruyucu donanim verilmesi veya igyerine asilan uyari
levhasi, tabela ve ikaz isaretlerinin her zaman vyeterli
olmadig1 goriilebilmektedir.

Fine-Kinney ve HRNS yonteminde risk degerlerine gore
yapilan risk degerlendirme sonucunda riskin ortadan
kaldirilmas1 ya da alinmasi gereken Onlemlerin siire ve
zamanini tam olarak belirtilmemektedir.

HRNS yontemi Fine-Kinney yontemine goére risk
seviyelerinde yapilmasi gereken agiklama kisimlari daha
detayli olarak gosterilmektedir. John Ridley yonteminde ise
diger iki yonteme gore risk derecelerinde belirtilen
onlemlerin alinmasi hususunda stire belirtilmektedir.

Maden igyerlerinin durumu dikkate alindiginda tespit edilen
riskler i¢in bir an 6nce 6nlem alinmasi gerektigi diigtiniiliirse
John Ridley metodunun bu tip faaliyet alani igerisinde olan
igyerleri ve maden isyerleri i¢in risk degerlendirme yontemi
olarak kullanilabilecegi degerlendirilmektedir.
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Etik kurul onay1 ve ¢ikar catismasi beyani

Hazirlanan makalede etik kurul izni alinmasina gerek yoktur.
Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catigsmasi bulunmamaktadir.
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faydalanilmistir. Yapi yiiksekligi ve birlesim noktasi detayr unsurlarinin sistemin deprem davramigini
onemli 6lgiide etkilediginin belirlendigi bu ¢alismada yapisal hasarin simir durumlarini belirlemek igin
miihendislik talep parametreleri secilmistir. Dogrusal olmayan statik itme analizi sonuglarma bagl olarak
elde edilen yapisal kapasiteler dogrusal olmayan artimsal dinamik analiz sonuglar ile degerlendirilerek
ilgili talep parametreleri igin olasi hasar smirlari belirlenmeye ¢alisilmis ve bu cergevede kirilganlik
egrileri olusturulmustur. Calismada elde edilen bulgularin endiistriyel donglide iirtinlerin giivenli bir
sekilde depolanmasi noktasinda fayda saglayacag diisiiniilmektedir.
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Recently, the number of large public warehouse stores and storage structures of large companies in our
country has increased. The rack systems used in these areas are important for the safe storage of industrial
products. Within the scope of this study, earthquake behavior of storage rack systems with different heights
and different cases of beam-to-column connections are examined while joint details play an important role
in the seismic behavior of these systems. Therefore, two different connection types have been considered
in the structural models to evaluate the contribution of beam-to-column connections in the earthquake
behavior of the models for the down-aisle direction. For the 3- and 5- storey models, static and dynamic
structural analyses are carried out utilizing SAP2000 program and the earthquake behaviors are determined
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in the literature are taken into consideration for the cyclic moment-rotation relationships of beam-to-
column connections. In this study, in which it is determined that the building height and beam-to-column
connection detail significantly affect the seismic behavior of the system, engineering demand parameters
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Giris

Glintimiizde celik depo raf sistemleri, insanligin gelisen
ihtiyaclarma bagli olarak farkli endiistri kollarmin
vazgecilmez bir parcasi haline gelmistir. Bu sistemler,
lojistik tedarik zincirinin en énemli unsuru olan {iriinlerin
“Uretim-dagitim-satis-tiikketiciye ulagim’ dongiisii iginde
giivenli bir sekilde depolanmasi/saklanmasi amaciyla
kullanilmaktadir. Bu baglamda iilkemizde de tagimacilik,
depolama, paketleme, giimriikkleme ve nihai tiiketiciye

erisimi de kapsayan lojistik hizmetleri gelisimini
sirdirmekte ve bu sistemlerin kullanimi  hizla
yayginlagmaktadir.

Farkli sektorlerde pek ¢ok iiretici iiriinlerini (otomotiv,
elektronik, beyaz esya, gida, tekstil, kimyasal madde, yap1
malzemesi, vb.) farkli yiikseklikteki endiistriyel depo raf
sistemlerinde depolanmaktadir. Bu sistemler depolar i¢in
pratik ve ekonomik bir ¢6zlim sunmaktadir. Bunlara ilave
olarak hizlica kurulum 6zelligine sahiptir. Zamandan ve
alandan tasarruf etmemizi saglar. Modern hayatin getirdigi
yeniliklere paralel olarak artik giiniimiizde biyiik aligveris
merkezlerinde, marketlerde, konsept magazalarinda halkin
kullannmma da ac¢ik hale gelmistir. Yaygm olarak
kullanimima bagli olast bir tehlike durumunda hayati ve
finansal kay1p riskini en aza indirmek bir gereklilik olarak
karsimiza ¢ikmaktadir. Celik depo raf sistemleri endiistride
depolama icin yaygin olarak kullanilmakta ve genellikle
paletlere yerlestirilen yiikleri tasimaktadir. Tipik bir palet
rafinin yapisal elemanlari, gévde ve basliklar boyunca
delinmis olan sogukta sekillendirilmis ¢elik dikmeler ile
genellikle dikdortgen kutu kesite sahip kiriglerden
olusmaktadir. Kirigler, kirislerin uglarina 6nceden
kaynaklanmis ug¢ baglantilarla dikmelere baglanmaktadir.
Sekil 1°de tipik bir depo raf sistemini goriilmektedir.
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Sekil 1. Celik Depo Raf Sistemi

Diisey tastyict elemanlar (kolonlar) enkesit 6zellikleri ve
kesitteki delikler nedeniyle farkli burkulma tiirlerine kars1
narin bir davranis sergilemektedir. Tiim kolonda global
burkulma veya kolon enkesiti flanslarinda lokal ya da
carptlma burkulmasi gibi etkilerin 6nlenmesi amaciyla bu
elemanlar kompleks formda kesitlere sahip olacak gekilde
iretilmektedir [1]. Celik depo raf sistemlerinde kirig-kolon
baglantilar1 farkli baglant1 tiplerinin moment tasima
kapasitelerine gére gruplandirilmakta ve rijit, yar rijit ve

moment aktarmayan baglantilar olarak
smiflandirilabilmektedir. Yari rijit baglantilarin moment
tasima  kapasitelerinin - deneysel ve teorik olarak

belirlendigi bir ¢caligmada, kiris-kolon birlesiminin kancali
olmast durumu Ttzerinde incelemeler yapilmistir [2].
Yapilan deneysel testlerde davranisin yari-rijit oldugunu
belirlemistir. Bagka bir ¢alismada ise kirig-kolon
birlesimlerini yar1 rijit olarak kabul etmis ve 3 boyutlu
sonlu elemanlar programi olan ANSYS ile birlesimlerin
moment-donme iligkilerini elde etmislerdir. Civatali
kolon-kiris birlesiminin dongiisel performansini bir test
diizenegi iizerinde incelendigi bir baska ¢alismada,
histeretik davranista pinching4 modelinden
yararlanilmistir [3]. Tipik civatali ve civatasiz baglantilar
arasinda bir karsilastirma da yapilmistir. ki civatali
baglantinin enerji dagitma kapasitesinin, tek civatali
baglantilara kiyasla 6nemli 6l¢iide arttig belirtilmistir [4].
Diger bir 6nemli baglant1 elemani ise taban plakalaridir.
Bu baglantilar kolon elemanin iizerinde olusan yiikii
zemine aktarmasi igin tasarlanan baglantilardir. Mesnet
tiplerinin basit ve ankastre olmas1 durumu konusu iizerinde
aragtirmalar  yapilmigtir.  Ankastre mesnet olmasi
durumunda sistemin periyodu azalmistir [S5]. Capraz
dogrultudaki yiiklemelerde ankrajlarin performansinin
incelendigi bir ¢aligmada farkli tipteki ankrajlar sonlu
elemanlar programi vasitasiyla ¢éziimlenmistir [6].

Celik depo raf sistemlerinde kullanilan diisey elemanlarin
enkesit Ozelliklerinin kompleks formda olmasi yapisal
davraniglarinin ~ teorik  olarak  tahmin  edilmesini
zorlagtirmaktadir. Bu nedenle mevcut tasarim standartlari,
sistemi olusturan elemanlarin ve baglantilarinin deneysel
test sonuglarina bagli olarak olusturulmustur. Calismada
oncelikle depo raf sistemleri 6zelinde kullanilmakta olan
mevcut yonetmelikler incelenmistir. Son yillarda yapilan
giincel ¢aligsmalarda yapisal tasarim agamasinda ‘BS EN
15512:2009, Steel Static Storage Systems — Adjustable
Pallet Racking Systems — Principles for Structural
Design., British Standarts Institution.” ydnetmeliginin
kullanildig1 gériilmiistiir. Deprem yiikleri etkisinde yapisal
analiz iginse ‘BS EN 16681:2016, BSI Standards
Publication Steel Static Storage Systems — Adjustable
Pallet Racking Systems — Principles for Seismic Design.,
British Standarts Institution.” normu kullanilmaktadir. EN
16681 normunda depo raf sistemlerinin tasariminda
yapilacak olan kabuller ve yapisal analizlerde kullanilacak
olan hesap yonteminin se¢imi ile ilgili belli kisitlamalar ve
yonlendirmeler ~ mevcuttur. Yapisal analizlerde
kullanilacak yontemin se¢iminde izlenecek olan asamalar
Sekil 2°de Ozetlenmistir. Tasarim yontemini belirlemede
kullanilan temel parametreler siineklik diizeyi (q) ve katlar
arast Otelenme orani (0) dir. Yiiksek sismik risk olmasi
durumunda EN 16681 normu cergevesinde oncelikle
sistemin siineklik diizeyine karar verilir ve sonrasinda
Otelenme  oranlar1  belirlenerek  hesap  yontemi
secilmektedir. Calisma kapsaminda olusturulan yapisal
modeller i¢in Sekil 2’deki yonerge takip edilerek elde
edilen goreli kat 6telenmesi oranlarina bagl olarak yapisal
analiz yontemine karar verilmistir. Yer ¢cekimi ivmesi(g),
esdeger deprem yiikii yontemi (LFMA) ve mod birlestirme
yontemi (MRSA) olarak tanimlanabilmektedir.
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Sekil 2. Tasarim yontemi belirleme adimlarina ait akis
semast.

Ilgili normda endiistriyel depo raf sistemlerinin yapisal
performans seviyelerine ait herhangi bir tanimlama yer
almamaktadir. ifade edilen sadece gdz Oniine almmasi
gereken performans gereksinimini saglayacak sekilde bir
tasarim yapilmasidir. Raf yapisi, depremden sonra yapisal
biitiinliigiini ve yiik tasima kapasitesini koruyarak, yerel
veya timden gOé¢me olmaksizin tasarim kuvvetlerine
dayanacak sekilde tasarlanmasi Onerilmektedir. Bu
nedenle, tez caligmasi kapsaminda ilgili sistemlerin
performans seviyelerini belirlemek tizere bir ¢alisma
yapilmasi amaglanmistir. Olusturulan yapisal modeller géz
oniine alinarak gergeklestirilen dogrusal olmayan statik ve
dinamik analiz sonuglar1 belirlenen miihendislik siddet
parametrelerine bagli olarak irdelenmis ve yapisal hasarin
limit durumlarmi tahmin etmek iizere degerlendirmeler
yapilmistir.

Literatiirde ¢elik depo raf sistemlerinin deprem etkisi
altindaki davraniglarinin degerlendirilmesi hususunda ¢ok
fazla sayida calisma bulunmamaktadir. Celik depo raf
sistemleri 6zelindeki uluslararast normlarda bu sistemlerin
yapisal kapasitelerine ait hasar sinir durumlarmin belirli
olmamast nedeniyle, literatiirde konuyla ilgili incelenen
caligmalarda goriildiigii lizere arastirmacilar tarafindan
farkli yaklasimlarda bulunuldugu degerlendirilmistir. Bu
calismada depo raf sisteminin bulundugu yere bagl olarak
elde edilen maksimum yer hareketi ivmesine gore koridor
dogrultusundaki yerdegistirme talebini ve kapasitesini
degerlendirmek igin yerdegistirmeye dayali bir yontem
gelistirilmistir. Onerilen yontemin Amerika Birlesik
Devletleri’'ndeki bina  yonetmeliklerinde yer alan
performans hedefleriyle uyumlu oldugu belirtilmistir ve
uygunlugunu gostermek amaciyla analitik ¢oziimlemeler

gercgeklestirilmigtir. Caligma 6zelindeki analitik yontemle
incelenen yapisal model gergek boyutlart ile test
merkezinde simiile edilmis ve bdoylelikle olusturulan
yapisal model ve deney sonuglari dogrulanmustir. Onerilen
yerdegistirmeye dayali yontemin uygulanabilirligi, kiris-
kolon  baglantilarinin  moment-donme  egrilerinin
mevcudiyetine bagli olmakla beraber yapisal performans
diizeyi gd¢menin dnlenmesi olarak hedeflenmistir [5].

Literatiirde yer alan ¢aligmada olusturulan yapisal
modellerde  gerceklestirdikleri ~ dogrusal — olmayan
coziimlemelerde yapisal elemanlar icin plastik mafsal
tanimlamalarini ve hasar limit durumlarini FEMA-356’ya
gore degerlendirmistir (Sekil 3). A noktasi ile B akma
noktasi arasinda lineer davranir. B noktasi ile C noktasi
peklesme olmaktadir. C noktasindan D noktasina énemli
derecede dayanim azalmasi olmaktadir. E noktasinda
biiyliik deformasyonlara ulasir ama dayanim sifirdir. 10
(hemen kullanim diizeyi), LS (can giivenligi diizeyi), CP
(gbcme Onleme diizeyi) hasar sinirlarini ifade etmektedir.
Farkli kirig-kolon baglant1 tiplerinin gdz Oniine alinarak
yapisal modellerin  olusturuldugu c¢aligmada sonlu
elemanlar programi olan Sap 2000 vasitasiyla dogrusal
olmayan statik itme analiz yontemi ¢ercevesinde yapisal
modellere ait taban kesme kuvveti-tepe yerdegistirme
grafikleri elde edilip, az-hasar, orta-hasar ve agir-hasar
olmak tizere 3 farkli performans diizeyi noktasi
belirlenmistir [7]. Bu hedef yerdegistirmelere gore yapisal
modellerin performans degerlendirmeleri yapilarak gégme
mekanizmasi incelenmistir.

Sekil 3. Celik elemanlar i¢in genellestirilmis
kuvvet-yerdegistirme iligkisi.

Onceki ¢aligmanin devami niteliginde gerceklestirdikleri
bir diger ¢alismada olusturduklart bu yapisal modellerin
deprem etkisi altindaki davranislarint Artimsal Dinamik
Analiz (IDA) yontemi ile degerlendirmistir [8].
Hesaplamalar iki tip kirig-kolon baglant1 detay1 géz oniine
almarak yapilmis olup, yapisal modellemeler ayn1 kalmak
kosuluyla birlesimlerin histeretik davranisi deneysel
testlerden elde edilen veriler ile ¢oklu lineer baglanti
olarak tanimlanmistir. Dogrusal olmayan zaman tanim
alanindaki analizlerde 22 takim kuvvetli yer hareketi kayd1
kullanilarak, toplamda 44 deprem yer hareketi etkisi
altinda dinamik analizleri gergeklestirilerek IDA egrileri
(spektral ivme-maksimum goreli kat Gtelenmeleri) elde
edilmistir. Sistemin gd¢me noktasini tahmin etmek igin
birlesik bir IM (deprem diizeyi) / DM (hasar diizeyi)
tabanli kural kullanilmig olup, IM i¢in S;, DM i¢in ise
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maksimum goreli kat Stelenmesi orani dikkate almmustir.
DM > 0.02 oldugunda rafin goé¢miis oldugu ve bu
noktadaki teget egimin elastik egimin %20'sinden diistik
oldugu kabul edilerek bu dogrultuda kirilganlik egrileri
olusturulmustur [8]. Son yillarda yapilan bir ¢alismada
olusturmus olan yapisal modellerde 3 farkl kiris eleman
enkesiti gdz Oniine almistir (WB.100.40, WB.120.40,
WB.140.40). Kiris-kolon baglant1 tipleri i¢in 3 farkli
birlesim detaymin irdelendigi bu calismada baglantilarin
kancali, 2 civatali ve 4 civatali olmasi durumuna gore
toplamda 9 farkli tipe gore ‘Specification for the Design,
Testing and Utilization of Industrial Steel Storage Racks
(RMI 2012)’ normu ¢er¢evesinde deneysel testler
gerceklestirmis olup, baglant1 tiplerinin moment-dénme
iligkileri elde edilmistir. Bu deney sonuglarina gore goz
ontine alinan her bir farkli baglanti tipi icin hemen
kullanim (I0), can giivenligi (LS) ve gé¢me 6ncesi (CP)
performans seviyeleri belirlenmistir (Sekil 3). Deneysel
testlerden edilen verilere gore kiris-kolon baglantilari
¢oklu lineer baglanti elemani olarak tanimlanmuis olup ilgili
modellerin  bazilarinda deneylerde olusan plastik
deformasyon durumlarina gore plastik mafsal tanimi
yapilmistir  [9]. Depo raf sistemlerinin  yapisal
performanslari malzeme o6zellikleri, kiris-kolon baglanti
detayi, palet yiiklerinin diizeni, malzeme imalat hatalar
gibi unsurlardan etkilendigi i¢in bu sistemlerdeki
belirsizlikler dinamik davraniglarini da onemli o&lgiide
degistirmektedir. Malzeme o&zelliklerinin ve baglanti
detaylarinin mithendislik talep parametreleri iizerindeki
etkisinin incelendigi ¢alismada yapisal sistemlerde
meydana gelen hasari tahmin etmek igin li¢ farkli
parametre secilmistir: i) maksimum kat Gtelenmesi, ii)
kiris-kolon baglantilarindaki maksimum doénme ve iii)
taban plakasindaki maksimum donme. Performans
seviyeleri igin {i¢ sinir durum dikkate alinmigtir: Hemen
Kullanim (I0), Can Giivenligi (LS) ve Gogme Oncesi
(CP). Uluslararasi standartlarda depo raf sistemlerine ait
herhangi  bir  performans seviyesi  belirtilmedigi
gerekgesiyle gbz Oniine alinan her bir sinir durum igin
miihendislik parametrelerinin kapasite degerleri, dogrusal
olmayan statik itme analizleri, degisen akma momenti
kapasiteleri, kirig-kolon ve taban-plaka baglanti
kapasiteleri degerlendirilerek elde edilmistir. Belirlenen ti¢
hasar limit durumuna gore olusturulan kirilganlik egrileri
Sekil 4’ de verilmistir [10].

‘bbtc.max

N

B

o
o
o, |

S
i

e
N
=

0.5F

0 0.1 0.2 0.3 0.4 0.5
S,(T,) (@)

Sekil 4. Farkli hasar durumlarma gore kirilganlik egrileri

Depo raf sistemlerinin deprem davranislarini 3 farkli limit
hasar seviyesine gore degerlendirildigi caligmada, bu hasar
seviyeleri maksimum katlar arasi 6telenme ve maksimum
kolon-kiris baglanti donmelerine gore belirlenmistir. Raf
sistemlerine ait limit sinir degerleri olmamasindan dolay1
her bir limit degeri dogrusal olmayan statik itme analizi ile
elde edilmistir. Sekil 3’ de tanimlanan hemen kullanim
(I0), can giivenligi (LS) ve gd¢cme oncesi (CP) hasar
smirlarimi sirasiyla %1, %2 ve %4 goreli kat Stelenmesi
orant olarak belirlenmis olup artimsal dinamik analizi ile
elde edilen IDA grafikleri dogrultusunda 3 farkli hasar
seviyesine gore kirtlganlik egrilerini olugturmustur [11].

Materyal ve Metot

Burada sunulan c¢aligmada Gebze Organize Sanayi
Bolgesi'nde konumlandig1 diisiiniilen 3- ve 5-kath
endiistriyel depo raf sistemlerinin yapisal modelleri sonlu
elemanlar programi araciligiyla modellenmistir (Sekil 5 ve
6). Yapisal modellerde kat yiiksekligi 1500 mm aks
agikliklart ise 2700 mm olacak sekilde belirlenmistir.
Yanal stabilitenin saglanmasi amaciyla EN 15512 ve EN
16681 normlari ¢ergevesinde yapisal modeller orta aksta
diisey ve yatay dogrultuda tek gergevede ¢apraz elemanlar
kullanilarak tasarlanmuistir.

e e e
=R <]

Sekil 6. 5 katli yapisal model

Olusturulan yapisal modellerde kolon-kiris baglanti
noktalarinin moment-egrilik iliskileri literatiirde yer alan
detayli deneysel ¢alismanin bulgularindan alimistir [9].
Sekil 9 ile 12 arasinda moment egrilik iliskileri
gosterilmigtir. Bu ¢aligma kapsaminda yapisal modeller
olugturulurken, kolon-kiris baglanti detayinin yapisal
davranisa etkisinin incelenmesi amaciyla 2 tip baglanti
detay1 goz oniline almmis ve ilgili baglantilar 4 civatali
(WB. 120.40.4P) ve kancali (WB.120.40.NP) baglantilar
olarak belirlenmistir (Sekil 7 ve 8).
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Sekil 7. Kancali WB.120.40.NP baglant1 tipi

4 Crvatah

\\§E |

Sekil 8. 4-Civatali WB.120.40.4P baglant: tipi

WB120.40.NP_Sol

Moment (kN)

Rotation (rad)
—Stepl —Step2 —Step3 —Stepd —StepS

Sekil 9. WB120.40.NP_Sol moment egrilik iligkileri

WB120.40.NP_Sag

Moment (kN.m)

Rotation (rad)
—Stepl —Step2 —Step3 —Stepd —Steps

Sekil 10. WB120.40.NP_Sag moment egrilik iliskileri

‘WB120.40.4P_Sol

Moment (kN.m)

Rotation (rad)

—Stepl —Step2 —Step3 —Stepd —StepS

Sekil 11. WB120.40.4P_Sol moment egrilik iligkileri

WB120.40.4P_Sag

Moment (kN.m)

Rotation (rad)

—Stepl —Step2 —Step3 —Stepd —StepS

Sekil 12. WB120.40.4P_Sag moment egrilik iliskileri

Olusturulan yapisal modeller i¢in koridor dogrultusundaki
davranis gdz oniine alinmistir. Depo raf sistemlerinin kiris-
kolon Dbaglanti rijitlikleri deprem  performansini
belirlemektedir. Literatiirde yer alan ¢aligmada koridor
dogrultusunda depo raf sistemlerinin gé¢cme durumu
incelenmektedir [5]. Yapisal modelde dogrusal olmayan
davranisin kiris-kolon birlesim boélgelerinde olustugu
kabul edilmekte ve bu kabule gore kiris ve kolon
elemanlarmin davranislar1  elastik  sinirlar  igerisinde
kalmaktadir. Kolon-kiris  birlesimleri SAP2000
programinda multilinear plastik link eleman olarak
tanimlanmustir [8].

Dogrusal olmayan statik itme analizi

Tiirkiye Deprem Tehlike Haritasi géz oOniine alinarak
Gebze Organize Sanayi Bolgesi’nde yer aldigi diisiiniilen
yapisal sistemlerin dogrusal olmayan statik itme analizleri
gerceklestirilmigtir.  Sonlu  elemanlar programi olan
SAP2000 ile kurulan yapisal modellerin hakim dogal
titresim mod sekli genligi ile orantili yatay yiik dagilimlari
belirlenmistir. Taban kesme Kkuvveti — tepe yer
degistirmesi iligkisi olarak itme egrileri elde edilmis ve
daha sonra bu egrilerin koordinatlart doniistiiriilmesiyle
modal tek serbestlik dereceli sisteme ait modal ivme —
modal yer degistirme iligkisi olarak modal kapasite
diyagramlari elde edilmistir. Talep yerdegistirmeleri goz
Online alinarak dogrusal olmayan statik itme analizleri
yenilenmis ve g6z Oniine alinan her bir yapisal model igin
koridor yoniindeki itme egrisi elde edilmistir [23].

Dogrusal olmayan artimsal dinamik analiz

Sekil 5 ve 6°da goriilen iki farkli yiikseklige sahip yapisal
modellerin analitik yontemler kullanilarak kirtllganlik
egrilerini elde etmek iizere artimsal dinamik analiz yontemi
uygulanmigtir [24]. Dogrusal olmayan zaman tanim
alaninda analizlerinde kullanilmak {izere kuvvetli yer
hareketi kayitlar1 PEER (Pacific Earthquake Engineering
Research Center) https://ngawest2.berkeley.edu internet
sitesinden alinmig olup 11 deprem kaydi takimi secilmistir.
Secilen deprem kayitlarma ait 6zellikler Tablo 1’°de ve ivme
zaman serileri dogrultular1 da verilerek (KG: Kuzey-
Giliney, DB: Dogu-Bat1) Sekil 13 ile 34 arasinda
sunulmaktadir. Maksimum hiz (Vmax) Maksmimum ivme
(Amax) olarak gosterilmistir. Secilen kuvvetli yer
hareketleri maksimum yer ivmesi (Peak Ground
Acceleration -PGA) degerleri, g: 9.81 m/s? olmak iizere 0.1
g’den 2.0 g’ye kadar 0.1 g artimlar ile dlgeklendirilmis ve
bdylelikle caligma kapsaminda géz oniine alman her bir
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yapisal model 440 adet o6l¢eklendirilmis deprem kaydi

etkisinde analiz edilmistirMaksimum hiz (Vmax)
Maksmimum ivme (Amax)
Tablo 1. Kuvvetli yer hareketi kayitlar.
Kayit PGA  Vmax/
No Yatay Deprem Kaydi (9) Amax
(sec)
1 RSN1614 Diizce-DB 0.527 0.235
2 RSN1614 Diizce-KG 0.584 0.115
3 RSN821_Erzincan-DB 0.479 0.135
4 RSN821 Erzincan-KG 0.489 0.161
5 RSN180_Impvall-DB 0.546 0.054
6 RSN180_Impvall-KG 0.534 0.099
7 RSN1083_Northr-DB 0.131 0.103
8 RSN1083_Northr-KG 0.156 0.105
9 RSN755_LomaP-DB 0.154 0.094
10 RSN755_LomaP-KG 0.477 0.089
11 RSN1633_Manjil_Abbar-DB  0.552 0.072
12 RSN1633_Manjil_Abbar-KG  0.491 0.099
13 RSN4482_L_aquila-DB 0.392 0.079
14 RSN4482_L_aquila-KG 0.451 0.055
15 RSN1108_Kobe-DB 0.283 0.202
16 RSN1108_Kobe-KG 0.313 0.112
17 RSN3475_ChiChi-DB 0.448 0.070
18 RSN3475_ChiChi-KG 0.522 0.065
19 RSN265_Vict-DB 0.618 0.054
20 RSN265_Vict-KG 0.511 0.033
21 RSN4352_UbMarche-DB 0.485 0.068
22 RSN4352_UbMarche-KG 0.366  0.075

Diizce-DB

Sekil 13. RSN1614 Diizce-DB

Diizce-KG

Sekil 14. RSN1614_Diizce KG
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Sekil 16. RSN821_Erzincan-KG
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Sekil 17. RSN180_Impvall-DB
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Sekil 18. RSN180_Impvall-KG

Northr-DB

005

0,05

B w Wﬁwmwm

0,1

man (s)

Sekil 19. RSN1083_Northr-DB
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Northr-KG
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Sekil 20. RSN1083_Northr-KG
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Sekil 21. RSN755_LomaP-DB
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Sekil 23. RSN1633_Manjil_Abbar-DB
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Sekil 24. RSN1633_Manjil_Abbar-KG
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Sekil 26. RSN4482_Laquila-KG
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Sekil 27. RSN1108_Kobe-DB
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Sekil 29. RSN3475_ChiChi-DB
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ChiChi-kG Arastirma ve bulgularn

Dogrusal olmayan itme analizi

Talep yerdegistirmeleri goz Oniine almarak dogrusal
- T A olmayan statik itme analizleri yenilenmis, g6z Oniine
PR . [ { alinan her bir yapisal model icin koridor yoniindeki itme
. egrisi elde edilmis ve karsilastinlmali  kapasite
diyagramlar1 Sekil 35’de sunulmustur.

Koridor Dogrultusundaki [tme Egrisi

Sekil 30. RSN3475_ChiChi-KG "’

Victoria-DB

N,

Sekil 31. RSN265_Vict-DB

Taban Kesme Kuvveti (kN)

Tepe Yerdegistirme (m)

Sekil 35. Koridor dogrultusundaki itme egrisi.

Victoria-KG

Sekil 7 ve 8’de verilen 3 ve 5 katli 4-civatali
: WB.120.40.4P yap1 modelleri 3 ve 5 katli kancali
o WB.120.40.NP yap1 modellerine gore daha c¢ok taban
2 w\ [ fn’W‘W. ¥ ) kesme kuvveti tasimakla beraber daha az tepe
yerdegistirmesi yaptigi tespit edilmistir. 5 Katl modellerde
- taban kesme kuvveti kapasitesi 3 katli modellere gére daha
sooea1 diisiik cikmakta ama tepe yerdegistirmeleri artmaktadir.

Dogrusal olmayan artimsal itme analizi
Sekil 32. RSN265_Vict-KG IDA goreli kat 6telenmesi sonuglar

Umbria-DB Bu bdliimde deprem kayzitlar etkisi altinda gergeklestirilen
IDA analizi dogrultusunda elde edilen goreli kat 6telenmesi
sonuglar1 yer almaktadir. Se¢ilen depremlerim maksimum
ivme degerleri birbirine yakin olsa da Tablo 1 ‘de
gosterildigi lizere kayitlarin frekans igerigini tanimlayan bir
parametre olan  Vmax [/ Amax orami  agisindan
degerlendirildiginde farkliliklar gostermektedir. Kuvvetli
yer hareketi kayitlarinin frekans igeriklerindeki bu farklilik
Sekil 36 ile Sekil 39 arasinda verilmis olan goreli kat

Zaman () otelenmeleri dagilimlarinda kendini gostermektedir. Tlgili

sekilllerde goriildiigii tizere modellerde en fazla goreli kat

Sekil 33. RSN4352_UbMarche-DB Otelenmesi orant ikinci katta goézlemlenmistir. 3 kath
yapisal modellerde kancali (WB.120.40.NP) ve 4 civatal

Umbria-KG (WB.120.40.4P) baglantilarin grafiklerine bakildiginda

kancal1 birlesimlere sahip modelin goreli kat otelenmesi
oran1 4 civatali modele gore daha fazladir. Buradan da
anlasildig1 iizere baglantilarin moment tagima kapasiteleri

i | arttikca yapisal modellerin yer degistirmeleri azalmaktadir.

Sekil 34. RSN4352_UbMarche-KG

216



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Sayfa 209-221

WB.120.40.NP-3 Kath

0 0,02 0,04 0,06 0,08 01 0,12 —

Goreli kat 6telenmesi orani

Sekil 36. 3 Katli model goreli kat Gtelenmesi orani
degisimi (WB.120.40.NP)

WB.120.40.4P-3 Kath

0 0,02 0.04 0,06 0,08 01
Goreli kat 6telenmesi orani

Sekil 37. 3 Katli model goreli kat Stelenmesi orant
degisimi (WB.120.40.4P)

5 katli yapisal modellerde de kancali (WB.120.40.NP) ve
4 civatali (WB.120.40.4P) baglantilarin grafiklerine
bakildiginda kancali birlesimlere sahip modelin goreli kat
Otelenmesi orani 4 civatali modele gore daha fazla oldugu
gozlemlenmistir. Buna ek olarak kat sayisi arttik¢a katlara
ait goreli kat telenmesi oraninda artis gézitkmektedir.

WB.120.40.4P-5 Kath

Kat

Goreli kat dtelenmesi orani

Sekil 39. 5 Katli model goreli kat dtelenmesi orant
degisimi (WB.120.40.4P).

Calisma kapsaminda goz Oniine alman yapisal modeller
icin elde edilen IDA egrileri en fazla kat dtelenme oranin
meydana geldigi 2.kat i¢in Sekil 40 ile 43 arasinda
verilmistir.

WB.120.40.NP-2. Kat I

PGA (g)

“ R o tona-KG
Gareli kat dtelenmesi oram —umbriaxa

Sekil 40. Segilen 22 deprem kaydi etkisinde 3 katl
modele ait 2. kat goreli kat 6telenmesi IDA egrileri
(WB.120.40.NP).

WB.120.40.NP-5 Katl

Kat

Goreli kat 6telenmesi orant

Sekil 38. 5 Katli model goreli kat 6telenmesi orani
degisimi (WB.120.40.NP).
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WB.120.40.4P-2. Kat

PGA (g)

Goreli kat 6telenmesi orani

Sekil 41. Secilen 22 deprem kaydi etkisinde 3 katl
modele ait 2. kat goreli kat 6telenmesi IDA egrileri
(WB.120.40.4P).
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WB.120.40.NP-2. Kat

PGA (g)
T

I

Goreli kat dtelenmesi orani

Sekil 42. Secilen 22 deprem kaydi etkisinde 5 kath
modele ait 2. kat goreli kat 6telenmesi IDA egrileri
(WB.120.40.NP)

WB.120.40.4P-2. Kat

PGA (g)

Gaoreli kat dtelenmesi orant

Sekil 43. Segilen 22 deprem kaydi etkisinde 5 katli
modele ait 2. kat goreli kat 6telenmesi IDA egrileri
(WB.120.40.4P)

IDA goreli kat 6telenmesi sonuclari

Bu boliimde deprem kayitlarina gore elde edilen taban
kesme kuvveti sonuglart yer almaktadir. 3 ve 5 katli yapisal
modellerde kancali (WB.120.40.NP) ve 4 civatah
(WB.120.40.4P) baglantilarin grafiklerine bakildiginda
kancali birlesimlere sahip modellerin taban kesme
kuvvetleri 4 civatali modellerde daha azdir. Buna ek olarak
kat sayist artikca taban kesme kuvvetinde artig
goziikmektedir. Caligma kapsaminda g6z Oniine alinan
yapisal modeller i¢in elde edilen IDA taban kesme kuvveti
egrileri Sekil 44 ile 47 arasinda verilmistir.

WB.120.40.NP-3 Katli

Taban kesme kuvveti (kN) B .;

Sekil 44. Secilen 22 deprem kaydi etkisinde 3 kath
modele ait taban kesme kuvveti IDA egrileri
(WB.120.40.NP).

WB.120.40.4P-3 Kath

v

Taban kesme kuvveti (kN)

Sekil 45. Secilen 22 deprem kaydi etkisinde 3 kath
modele ait taban kesme kuvveti IDA egrileri
(WB.120.40.4P).

WB.120.40.NP-5 Katlt

PGA (g)

Taban kesme kuvveti (kN)

Sekil 46. Secilen 22 deprem kaydi etkisinde 5 katl
modele ait taban kesme kuvveti IDA egrileri
(WB.120.40.NP).

WB.120.40.4P-5 Kath

PGA (g)

10 60 80
Taban kesme kuvveti (kN)

Sekil 47. Segilen 22 deprem kaydi etkisinde 5 katlt
modele ait taban kesme kuvveti IDA egrileri
(WB.120.40.4P)

Kirilganlik analizi

Kirillganlik analizi deprem etkisi altindaki yapisal
performanst degerlendirmeyi amaglamakta ve oOzellikle
son yillarda binalarin risk analizlerinin belirlenmesi
amaciyla ¢ok sayida aragtirmacinin ilgi alanina girmis
bulunmaktadir. Kirilganlik egrilerinin yapisal performans
degerlendirmesinde  kullanimiyla hasar analizlerinin
yapilmasi ¢ok daha giivenilir olmaktadir. Ozelde bir yap1
genelde ise bir yap1 stoku goz Oniine alinarak kirilganlik
egrilerinin gelistirilmesi igin temel olarak yapisal kapasite
limitlerine (hasar simir durumlarina) ve yer hareketi siddet
parametresinin Ol¢iisii olan talep modellerine ihtiyag
vardir.
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Kirilganlik, belirli bir sismik risk altinda tanimlanan
deprem etkisinde, belirli bir mihendislik talep
parametresinin - sinir  durumunun  asilmasmin kosullu
olasiligr olarak tanimlanmaktadir. Genellikle analitik
yontemler kullanilarak elde edilen bu egriler tanimlanan
bir hasar limit durumunun asilma olasiligin1 bir yer
hareketi siddet parametresi ile iliskilendirmektedir.

Kirilganlik analizinde en temel unsur yapisal kapasite
limitlerine ait hasar smir durumlarinin  tanimlanmig
olmasidir. Bu ¢alisma kapsaminda yapilan arastirmalarda,
depo raf sistemlerine ait taniml1 yapisal hasar sinirlarinin
olmamasindan dolay1, dogrusal olmayan statik analiz
yontemi uygulanarak elde edilen yapisal kapasite egrileri
dogrusal olmayan artimsal dinamik analiz sonuglart ile
birlikte degerlendirilmistir. Kesme kuvvet kapasiteleri,
otelenme oranlart ve moment-donme iligkileri gézoniine
alimarak yapilan degerlendirmeler neticesinde hasar
smirlar1 belirlenmeye c¢alisilmistir. Sekil 3°de goriilen 3
sinir durum g6z Oniine almmistir: hemen kullanim (IO),
can giivenligi (LS) ve go¢me Oncesi (CP). Bu hasar
durumlart i¢in belirlenen sinirlar sirasiyla %0.6, %1,6 ve
%3,0” diir. Hemen kullanim performans seviyesini isaret
etmekte olan limit durum ig¢in 3- ve 5-kath yapisal
modellerde ortalama olarak kuvvet kapasitesinin sirasiyla
%50, %52 mertebelerine ulastigi degerlendirilmistir. Can
giivenligi simir durumu olarak kabul edilen noktada ise
kuvvet kapasitesinde sirasiyla %80, %84 mertebelerinde
ulagilmaktadir. Literatiirde ¢elik depo raf sistemlerinin
deprem davranislarini belirlemek amaciyla FEMA 356°da
moment aktaran ¢elik ¢ergeveler i¢in goreli kat 6telenmesi
g0z Oniine almarak belirtilmis olan hasar limit degerleri
kullanilmigtir [12]. Bu sinir degerler hemen kullanim (10)
icin %0,7, can giivenligi (LS) i¢in %2,5 ve gé¢cme Oncesi
(CP) i¢in %5,0 “dir. Merkezi ¢aprazli sistemler i¢in bu sinir
degerler sirasiyla %0,5, %1,5 ve %2,0° dir. Buradan da
gOriildigi  izere yapilan bu ¢alisma kapsaminda
belirlenmis olan sinir degerler moment aktaran ve merkezi
caprazli gergeveler igin tanimlanmis olan sirasiyla %0,7
(10), %2,5 (LS), %5,0 (CP) ve %0,5 (10), %1,5 (LS), %2,0
(CP) hasar limit durumlarinin arasinda kalmaktadir. G6z
oniine alinan yapisal modeller incelendiginde elde edilen
bu bulgunun uygun oldugu degerlendirilmistir.

Caligmanin  son asamasinda belirlenen hasar limit
durumlart g6z Oniine alinarak kirilganlik analizleri
gerceklestirilmis ve bu amagla olasiliksal yaklasim
kullanilmistir [13]. Sekil 48 ile 51 arasinda goriildigii gibi
kirtllganlik egrileri elde edilmistir. 3-katli kancali baglantili
(WB.120.40.NP) modeller i¢in maksimum yer ivmesinin
1.0 g olmasi durumunda, hemen kullanim (IO), can
giivenligi (LS) ve goegme oOncesi (CP) hasar limit
durumlariin asilmast olasiliklart sirasiyla %100, %89 ve
%50 oldugu goriilmektedir. 3- katl 4 civata baglantili
(WB.120.40.4P) modeller i¢cin maksimum yer ivmesinin
1.0 g olmas1 durumunda, hemen kullanim, can giivenligi ve
gbgme Oncesi hasar limit durumlarinin agilmasi olasiliklar
sirastyla olasiliklari sirasiyla %100, %77 ve %18 oldugu
goriilmektedir. 5- kath kancali baglantili (WB.120.40.NP)
modeller i¢in maksimum yer ivmesinin 1.0 g olmasi
durumunda, hemen kullanim, can giivenligi ve god¢me

oncesi hasar limit durumlarmnin asilmasi olasiliklari
sirasiyla %100, %100 ve %83 oldugu goriilmektedir. 5-
kath 4-civatali baglantili (WB.120.40.4P) modeller igin
maksimum yer ivmesinin 1.0 g olmas1 durumunda, hemen
kullanim, can giivenligi ve gd¢cme Oncesi hasar limit
durumlariin agilmas1 %100, %100 ve %74 oldugu
goriilmektedir. Kirilganlik egrileri sonuglart
degerlendirildiginde yap1 modelleri tegkil edilirken kancali
baglantilar yerine 4 civatali baglanti kullanilmasinin farkl
yiikseklige sahip modellerin yapisal hasar potansiyelini
azalttigr bulgusu elde edilmistir. Kat yiiksekligi arttik¢a
g0z Oniine alman her bir sinir durum i¢in hasar goérme
olasiliginin da arttig1 kirilganhik analizi sonuglarindan
goriilmektedir.

.A;_llma Olasilig
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Sekil 48. 3 Katli model kirilganlik analiz sonuglar1
(WB.120.40.NP)
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Sekil 49. 3 Katli model kirilganlik analiz sonuglari
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Sekil 50. 5 Katli model kirilganlik analiz sonuglar1
(WB.120.40.NP)

Sonu¢

Depo raf sistemleri lojistik tedarik zincirinin en dnemli
unsurlarindandir. Kirig-kolon baglantt tipleri ve yapi
yiiksekligi, sismik yiikleme altinda sistemin genel
performansinda 6nemli bir rol oynamaktadir. Bu tez
kapsaminda 3- ve 5-katli yapisal modellerde kolon-kiris
baglant1 detayinin yapisal davranisa etkisinin incelenmesi
amactyla 2 tip baglant1 detay1 gbz oniine alinmis ve ilgili
baglantilar 4 civatali (WB. 120.40.4P) ve kancal
(WB.120.40.NP) baglantilar olarak belirlenmistir. Sonlu
elemanlar programi olan SAP2000 ile sayisal modeller
kurulmus ve analizler gergeklestirilmistir.
Degerlendirmede dogrusal olmayan statik itme analizi ve
dogrusal olmayan dinamik itme analizi yOntemleri
kullanilmistir. Dogrusal olmayan statik itme analizi
yontemine gore elde edilen sonuglar;

3-katli yapisal modellerin taban kesme kuvveti tagima
kapasiteleri 5-katli modellere gore daha fazla, 3-kath
modellerin tepe deplasman talep degerleri S-kath
modellere gore daha az oldugu goriilmektedir. Buradan
elde edilen sonuglara gore 3-katli modellerin 5-katl
modellere gore daha rijit bir yapisal tasiyici sisteme sahip
olduklari sdylenebilir.
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This article presents the results of a study on the analysis and design of a double-layer steel space lattice
dome system. In the study; Based on the Eurocode-1 regulation and the Turkish Building Earthquake Code
2018, the calculations of the loads acting on the structure were also carried out according to the AISC 360-
10 regulation. AISC 360-10 is largely the same as Turkish Steel Structures Design Regulation and YDKT
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Giris

Mimari tasarimlarda, genis aciklikli ve yapisal elemanlari
azaltilmis tasarmmlar tercih edilmektedir. Bu nedenle,
mimarlar ve mithendisler stirekli olarak genis aciklik ve
az elemanli yap1 sistemlerinin tasarimi {zerinde
caligmaktadirlar. Bu tasarim hedefleri dogrultusunda,
uzay kafes sistemleri dnemli bir secenck olarak One
¢ikmaktadir. Uzay kafes sistemleri, genis aciklikli ve hafif
olmalar1 sebebiyle birgok yapida kullanilmaktadir.
Omegin, alisveris merkezleri, tiyatrolar, stadyumlar, spor
salonlar1, toplant1 salonlar1 ve sanayi yapilar1 gibi

yapilarda  genis  aciklikli  sistemlere  siklikla
rastlanmaktadir.
Tarihsel olarak, kubbe sistemleri mimarlar ve

mithendisler tarafindan celik elemanlar kullaniimadan
once farkli yontemlerle tercih edilmistir. ilk kubbe
sistemleri tas, tugla ve ahsap gibi malzemelerden yapilmis
ve daha dar aciklikli olarak insa edilmistir. Ornegin, MS
120 Imparator Hadrian tarafindan Roma'da yapilan
Pantheon Tapinagi, tarihteki dnemli kubbe yapilarindan
biridir. Bu tapmagm kubbesi daire plan iizerine
oturtulmustur. Daha sonra, nitelikli harglar ve farkli
malzemelerin kullanimiyla birlikte daha genis agiklikli
kubbeler tasarlanmgtir.

Kubbe sistemlerinin gelisimi, malzeme teknolojilerinin
ilerlemesiyle paralel bir sekilde ilerlemistir. Betonarme
kubbeler zamaninda daha genis aciklikli olmalarina
ragmen, yapim siiresi ve yapi agirligini arttirmasi gibi
nedenlerle ¢elik endiistrisinin gelismesiyle ¢elik kubbeler
tercih edilmeye baslanmistir. Celik kubbeler, hafiflikleri,
diisik maliyetleri ve imalat kolayliklar1 sayesinde
miithendisler i¢in daha cazip hale gelmistir. Uzay kafes
sistemleri ise farkli bi¢im ve olusum sistemlerine sahiptir.
Bunlardan biri  kubbe formundaki uzay kafes
sistemleridir. Kubbe formundaki uzay kafes sistemleri,
donel yiizey iizerinde bulunan eliptik yay veya cift
egrilikli gubuk sistemlerinden olugmaktadir.

Bu calismada, ¢ift katmanli ¢elik uzay kafes kubbe
sisteminin analizi ve tasarimi gergeklestirilmistir. Bu
sistem, iki katmanli bir ¢elik ag 6rgiisiinden olusur ve bu
Ozgiin yapi, yiksek dayanikliligi ve gorsel estetigi bir
araya getirir. Kubbe geometrisi, yapiya yiiksek bir tagima
kapasitesi saglarken, i¢ mekanlarda genis ve kolonsuz bir
kullanim alani sunar. Caligmada SAP2000 programi
kullanilarak, oncelikle kabul edilen konum 6zellikleri ve
malzeme Ozellikleri goz Oniinde bulundurularak,
Eurocode yonetmeligi dogrultusunda Sabit yiik, kar yiikii
[1] ve rlizgar yikii [2] hesaplamalari yapilmis ve
programa tanimlanmigtir. Bu hesaplamalar, yapiya etki
eden dis ytiklerin belirlenmesini saglamistir. Daha sonra,
Tiirkiye Bina Deprem Yonetmeligi 2018'e [3] gore
deprem yiki etkisi dikkate alinmistir. Deprem yiikii
hesaplamalari,  yapiya  deprem hareketlerinden
kaynaklanan etkilerin degerlendirilmesini saglamig ve
yaptya dayaniklilik saglayacak tasarim Onlemleri
almmistir.  Ardindan, Tirk celik yapilar tasarim
yonetmeligine [4] biiyiik oranda benzeyen AISC 360-10
[5] yonetmeligi kullanilarak, kubbe elemanlar
boyutlandirilmistir. Bu adim, yapisal elemanlarin uygun
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boyutlara sahip olmasmmi ve tasgima kapasitesini
karsilamasimi saglamak amaciyla gergeklestirilmistir. Son
olarak, elde edilen kubbe modelinin yiik dagilimi ve kritik
yiik olusan bdlgeleri incelenmistir. Bu analizler, kubbe
geometrisinden kaynaklanan ©6nemli bilgileri ortaya
cikarmig ve yapisal tasarimin gelistirilmesine katki
saglamigtir.

Bu calisma, ¢ift katmanli celik uzay kafes kubbe
sisteminin analiz ve tasarim siirecini ayrintili bir sekilde
ele almaktadir. Sonuglar, benzer yapilarin tasarimi ve
ingasiyla ilgilenen miihendisler ve arastirmacilar igin
degerli bir kaynak olusturmaktadir. Ayrica, ¢elik yapilarin
kullanildig: farkli uygulama alanlarinda daha giivenli ve
dayanikli yapilar inga etmek igin bu ¢alismanin sagladig
yontemler ve sonuglar O6nemli bir rehber niteligi
tagimaktadir. Bu ¢aligma, g¢elik kubbelerin analizi
konusunda gelecekte yapilacak arastirmalara katki
saglamak ve bir temel olusturmay1 hedeflemektedir.

Celik kubbelerin analizi konusunda yapilan O6nemli
calismalardan bazilari sunlardir: Timoshenko ve
Woinowsky-Kriger [6] "Plak ve Kabuklarin Teorisi"
kitabinda kubbe sistemleri iizerinde gerilmelerin dagilimu
ve deplasman tespiti i¢in hesap yoOntemlerini ortaya
koymustur. Timoshenko [7] "Elastik Burkulma Teorisi"
kitabinda kabuk elemanlarda olusan burkulma sorununa
cesitli ¢oziimler sunmus ve kabuk elemanlarin maksimum
yik noktasindan once de burkulma olabilecegini
gostermistir. Papadopoulos ve LoRicco [8] Biikres Ulusal
Ekonomi Koskii'niin ¢elik kubbesinin burkulma ve ters
donme sorunlarini incelemis ve diizensiz dagilmis kar
yiikiiniin  bolgesel burkulmaya yol agtigini ortaya
koymustur. Soykan [9] ¢ember, elips ve parabol egrilik
form tiplerine sahip kubbelerin stabilitesi, deplasmanlari
ve birim alan agirligini kargilagtirmali olarak incelemistir.
Ciftgi [10] uzay kubbe sistemlerindeki geometrik
deformasyon ve dogrusalsizligin stabilite {izerindeki
etkilerini belirlemistir. Karabulut [11] genis a¢iklikli uzay
kafes cati sistemlerinin boyutlandirilmasini ve tasarim
esaslarini incelenmistir. Kara [12] farkl yiikseklik/agiklik
oranlarina sahip tek katmanli kubbelerin performansini ve
maliyet analizlerini karsilastirmistir. Ozcan [13] nerviirlii
ve schwedler tipi kubbelerin asimetrik yiiklerden
kaynaklanan stabilitesini incelemis ve schwedler tipi
kubbenin daha rijit davrandigmi belirlemistir. Yilmaz
[14] tek katmanli kubbe sistemlerinin stabilitesini kirig
berkitmeleri kullanarak analiz etmis ve yap1 agirhiginda
ciddi distisler elde edilebilecegini gostermistir.
Adnanoglu [15] ribbed ve schwedler kubbe sistemlerine
dayanan ekonomik ve dayanikli kubbe tasarimlari igin
parametrik bir ¢aligma yapmustir. Wang ve Jiang [16]
farkli tasarim stillerine sahip kiiresel yapilarin riizgar
yiiklerini sistematik olarak incelemis ve tasarim &nerileri
sunmustur.  Bektas  [17]  ¢alismasinda,  farklhi
yiikseklik/agiklik oranlarina sahip tek katmanli ve gift
katmanli ¢elik uzay kafes kubbe sistemleri olusturmus
daha sonra bu sistemleri AISC-360-10 yonetmeligine
gore tasarladiktan sonra Tiirk celik yapilar tasarim
yonetmeligine gore kontrol etmistir. Elde ettigi sonuglarin
ayni1 ya da yakin oldugunu gostermistir.
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Yapilan literatiir arastirmasinda, kubbe sistemlerinin
yapisal performansini inceleyen calismalarin yetersiz
oldugu tespit edilmistir. Bu nedenle, bu c¢alisma ¢ift
katmanli ¢elik wuzay kubbe sisteminin yapisal
performansini detayli bir sekilde inceleyerek, bu kubbe
sistemlerinin tasarimidan kaynaklanan performanslarimi
aragtirmay1 amaglamaktadir.

Materyal ve Metot

Kubbe Formundaki
Simiflandirilmasi

Uzay Kafes Sistemlerinin

Kubbe formundaki uzay kafes sistemleri, ¢ift egrilikli
ylizeye sahip tek tabakali ya da c¢ok tabakali olarak
tasarlanabilen tasiyict eleman ve diigiim noktalarindan
olusan ve aldig1 yiikii tiim cubuklara dagitan tasiyici
sistemlerdir. Bu formdaki uzay kafesleri, ana tasarim
tiplerine gore ayrilabilir. Baglica kubbe formundaki uzay
kafes sistemleri sunlardir:

1. Radyal nerviirlii kubbe sistemleri: Radyal nerviirlii
kubbe sistemleri, kubbe merkezinin dikey eksen
etrafinda radyal olarak donen kemerlerden olusan bir
tasarimi kullanir. Bu kemerler, ¢ubuk elemanlarinin
birlestigi diigim noktalarinda kesisir. Radyal
nerviirlii kubbeler genellikle kiigiik aciklikli alanlari
ortmek i¢in tercih edilir. Montaj kolaylig1 saglar ve
maliyet acisindan avantajlidir.  Ancak genis
acikliklar i¢in daha biiyiik kesit gerekliligi nedeniyle
yliksek maliyet ve daha zor montaj gerektirebilir.

2. Schwedler kubbe sistemleri: Schwedler kubbe
sistemleri, 19. yiizyilda Alman insaat miihendisi
Johann Wilhelm Schwedler tarafindan
gelistirilmistir. Bu kubbe tiirli, simetrik olmayan
yiikleri giivenle alabilmesi i¢in diyagonal nerviirler
kullanarak tasarlanir. Schwedler kubbeler, biiyiik
acikliklara sahip yapilar i¢in ideal bir ¢6ziim sunar.
Radyal nerviirlerin yan1 sira yatay halkalar ve yay
kiriglerinin birlesim bdlgelerindeki yamuk alanlar da
diyagonal elemanlarla boliinmiistiir. Bu yapi, yiik
transferini destekler ve dongiisel simetride olan
nerviir kiriglerini birlestiren es merkezli halkalart
daha giivenli hale getirir.

3. Lamella kubbe sistemleri: Lamella kubbe sistemleri,
Alman mimar F. Zollinger tarafindan 1906 yilinda
gelistirilmistir. Bu sistemde, kubbenin g¢ubuk
elemanlart eskenar dortgenlere benzeyen lamella
levhalarin  birlesimiyle  olusturulur. Lamella
levhalari, kubbenin yiizeyinde bulunur ve kubbenin
stabilitesini artirir. Alt kisimda gekme ¢emberi ve iist
kisimda basing ¢emberi bulunur ve gerilmelerin
dagitilmasin1 saglar. Lamella kubbeler, yiiksek
riizgar yiiklerine kars1 dayaniklidir ve genis agiklikli
yapilar i¢in tercih edilir.

4. Jeodezik kubbe sistemleri: Jeodezik kubbe
sistemleri, kirig ve diizlemlerin geometrik sekillerle
olusturdugu bir sistemdir. Bu sistemde kemer
sistemi yerine jeodezik yapilar kullanilir. Jeodezik
kubbeler, kiiresel kubbe seklinde olabilir ve yiiki
kendi i¢inde dagitarak tagima islevini gerceklestirir.
Kubbe alt halkasi farkli bir tastyici eleman iizerine
veya dogrudan zemin iizerine yerlestirilebilir.

225

Jeodezik kubbeler, genis agikliklara kadar montaji
yapilabilmesi nedeniyle kullanim alan1 genistir.

5. Uc¢ dogrultuda 1zgara kubbe sistemleri: Ug
dogrultuda 1zgara kubbe sistemleri, g¢ubuk
elemanlarinin esit geometrilerden olustugu bir
tasarima sahiptir. Bu sistemde, kubbenin g¢ubuk
elemanlar1 ana kirislerle birbirine baglanir ve ikincil
cubuk elemanlariyla desteklenir. Bu sekilde yiikler
iiniform bir sekilde dagitilir. U¢ dogrultuda 1zgara
kubbeler, farkli geometrik formlarda tasarlanabilir
ve agirhik ve alan dagilimi agisindan verimlidir.
Biiytik agiklikli yapilarda kullanimi yaygmdir.

Kubbe Formundaki Uzay Kafes Bilesenleri

Uzay kafes sistemleri, birgok bilesenden olusur. Bu
bilesenler, sistemin bir arada tutulmasimi saglar ve bir
biitiin olarak ¢alismasini miimkiin kilar. Bu uzay kafes
sistemlerinin bilesenlerinin detaylari:

1. Cubuklar: Uzay kafes sistemlerindeki temel tastyici
elemanlardir. Bu sistemlerde, ¢ubuklar yikleri
eksenel (axial) ve moment (biikme momenti) olarak
tasir ve ayni zamanda iki diiglim noktasini birbirine
baglar. Cubuklarin malzemesi ve kesit sekli, tagimasi
gereken yiikler, uzunluk, dayaniklilik ve diger
performans kriterleri g6z Oniinde bulundurularak
secilir. Cubuklarm farkli malzemelerden yapilmasi,
farkli mithendislik gereksinimlerine cevap verebilme
yetenegini  artirir.  Yaygm olarak  kullanilan
malzemeler arasinda celik, betonarme, aliiminyum ve
ahsap bulunur. Her bir malzemenin kendine 6zgii
ozellikleri ve avantajlari vardir. Cubuklarin kesit
sekli de Onemlidir ¢linkii kesit sekli, cubugun
tastyabilecegi yiikleri, bilkme momentini ve diger
mekanik 6zellikleri etkiler. Genellikle dairesel kesitli
gubuklar tercih edilir ¢linkii bu kesit sekli, esit yiik
dagilimi saglar ve gubugun eksenel yiikleri daha
etkili bir sekilde tasimasmi saglar. Ancak, farkli
tasarim gereksinimleri dogrultusunda T, I, L, U ve
kare gibi farkli kesit sekilleri de kullanilabilir. T
seklindeki kesitler, biliyiik momentlerin taginmasi
gereken durumlarda tercih edilebilir. | kesitler,
yiiksek dayaniklilik ve tasima kapasitesi gerektiren
uygulamalarda kullanilabilir. L ve U kesitler, cesitli
yapisal diizenlemeler icin esneklik saglar. Kare
kesitler ise basit tasarimlar i¢in tercih edilebilir ve esit
yiik dagilim1 saglar. Cubuklarin malzemesi ve kesit
sekli, yapisal mithendislik tasariminda énemli bir rol
oynar ve uygun se¢imler, yapisal dayaniklilig
artirabilir, maliyetleri diislirebilir ve tasarim
esnekligini artirabilir. Bu nedenle, c¢ubuklarin
malzemesi ve kesit sekli, belirli bir uygulamanmn
gereksinimlerine ve kosullarina gore dikkatlice
secilmelidir.

2. Diigiim noktalari: Uzay kafes sistemlerindeki gubuk
elemanlarini birlestiren ve sistemin stabil bir yap1
olusturmasimi saglayan oOnemli pargalardir. Bu
noktalar, c¢ubuklart dogru konumda tutarak
sistemdeki yiiklerin etkili bir sekilde dagilmasini
saglar. Diigim noktalari, ¢ubuk tipine, boyutuna ve
iizerlerine gelecek yiik miktarina gore farkl sekil ve
Olciilerde imal edilebilir. Her bir diigiim noktasi,
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tasmmast gereken yiikleri karsilayabilecek kadar
dayaniklt olmalidir. Ayrica, cubuklarin
birlestirilmesi sirasinda olusabilecek hareketleri
siirlayarak sistemde istenmeyen deformasyonlarin
meydana gelmesini engeller. Digiim noktalarinin
tasarimi, miihendislik hesaplamalar1 ve deneyim
gerektirir. Ciinkii her bir diigiim noktasinin,
iizerindeki yiikleri giivenle tasiyabilmesi i¢in dogru
boyutlara, malzemelere ve geometriye sahip olmasi
gerekir. Ayrica, digiim noktalarinin montaji ve
baglantilar1 da yapisal biitiinligii saglamak igin
titizlikle yapilmalidir.

Mesnetler: Uzay kafes sistemlerinde 6nemli bir rol
oynayan yapisal elemanlardir. Bunlar, ana tastyict
elemanlarla baglanti kurarak sistemin yiiklerini
tastyan ve giivenli bir sekilde aktaran bilesenlerdir.
Uzay kafes sistemlerinde mesnetler, sistemin
dayanikliligin1 ve stabilitesini saglamak icin kritik
oneme sahiptir. Mesnetler, genellikle dogrudan
zemine veya diger tasiyici elemanlara baglanarak
farkli  yapisal  konfigilirasyonlar  saglayabilir.
Mesnetlerin yerlestirilmesi ve baglanti noktalarinin
belirlenmesi, yapisal mithendislik hesaplamalari ve

dayanikli olmasini saglar ve islevselligini destekler. Uzay
kafes sistemlerinde kullanilan baglica elemanlar Sekil
1’de gosterilmistir.

Kaplama

— Gubuk -

Tasiyic1
konstriiksiyon

= Kedi yolu A3

Ay

FElektrik
kablolari >

Asma tavan

-Aydinlatma

Sekil 1 - Celik uzay kafes bilesenleri [9]

Kubbe Formundaki Ortii Sistemlerinin Yapisal
Davramsi

Bu sistemlerin yapisal davranisi, hem yapisal malzemeye
hem de kubbenin geometrisine bagli olarak degisir.

Yapisal davraniglar,

sistem tasarimi ve kullanilan

malzemeye gore degerlendirilmelidir. Kubbe formundaki
ortli sistemlerinin yapisal davranigini anlamak i¢in farkli
malzeme ve sistemlerin incelenmesi gerekmektedir. Bu
ortii sistemlerinin yapisal davranigini temsil eden 7 farkli

detayl1 tasarim gerektirir. Bu siiregte, mesnetlerin grup:

lizerine bi tikler, tlerin t kapasitesi, 5 y q A

baglantilarin saglamhg ve mesnctierin yeregtrlme L Yigma kubbeler: Tag ve tufla gibi kg
£ & & y malzemelerin kullanildigi  kubbelerdir. Bu tip

konumlari gibi faktorler dikkate alinmalidir.

Temeller: Sistemin zemine oturan boliimiidiir ve
sistemdeki tiim yiikii mesnet araciligryla zemine
aktarir. Temel boyutu, kafes sisteminin tipine ve

kubbelerde basinca karsi direng yiiksektir, ancak
¢ekme kuvvetleri statik agidan sorun olusturabilir.
Yanal dikme payandalari, yarim kubbeler veya ugan
payandalar gibi yapisal diizenlemelerle ¢ekme

aldigi yikke gore farkli sekil ve boyutlarda . S

tasarlanabilir. Sistem dogrudan zemin iizerine 2 Iﬁuivililgg nltro.l %dltleblhr' 1 q 1
oturacaksa, mesnetler zemin iizerine ankraj edilerek + AUk KUBDEIer: belohafie malzemeden yapiian
baglanir. k}lb‘beulerdlr:. Yik dagilimi yigma kubl.).elerde oldugu
Ortii gerecleri: Sistemi iistten kaplayan ve koruyan glb% 'ust b dlgede basm? ve a}t bdlgede 'g:'ekmet
elemanlardir. Bu geregler, ¢esitli malzemelerden gen limleri olusur. Alt bolgedekl gekme gerilimleri
yapilmis olabilir ve farkli sekil ve 6zelliklere sahip gelik donatilarla desteklenir.

o - . 3. Kemer tastyicili kubbeler: Bu kubbelerde merkezde
olabilirler. Ortii gerecleri, yapiy1 hava kosullarindan . . .
korurken ayni zamanda estetik bir goriiniim saglar. b?rle.s?n basing gemberi bulunmaz. Kubbe lf§merl§r1
Hafif olmalar genellikle tercih edilir giinkii bu, birbirine paralel olarak tasarlanir. Ornegin, Oita
yaptya ek yik getirmez. Ayrica, hava kosullarma Stadyuml.l' e buygk a.(;l.kllga sahip kemer tatyrcih
dayanikli olmalari, uzun 6miirlii ve dayanikli bir yap1 kubbeye 6mek verilebilir.

S R . 4. Kaburgali kubbeler: Kaburga ve kaburga
icin 6nemlidir. Ortii gerecleri ayrica, 1s1 ve ses dilimlerind 1 Kubbelerdi Kab )
yalitimi saglamak icin uygun Ozelliklere sahip PimieHinCen.  ousdn  KUbDeIerdlr. aburgaar
olabilirler. Bu sayede i¢ mekan konforu artirilir ve aracih@ryla yikler ‘gemberin eteginden aktarilir.
yap1 daha kullanigh hale gelir Floransa Katedrali gibi birgok tarihi yapida
Yardimer elemanlar: Uzay sistemleri, tasarim ve k?burgah kubbeler kullan@mlstlr. Bu kubbelc_—:'r
kullanim ihtiyaclarina goére cesitli ek elemanlarin yu.ksel.<. mukayem§t gerektlrgn' alanlarda _tercih
kullanilmasin1 gerektirebilir. Bu yardime1 elemanlar, cdilebilir ve mimari agidan gesitli tasarim olanaklart
yapisal biitiinliigii saglamak, islevselligi artirmak sunar.

e . ’ - 5. Cubuk ag1 kubbeler: Kubbe yiizeyini ¢ubuk aglar1 ve
veya belirli bir amaca hizmet etmek i¢in kullanilir. Jdiiii Ktal e farkl ik forml
Havalandirma sistemleri, yangin koruma sistemleri, ugumk no la atfl 116 ark lbbgfor(ril.e Tl Nom.l- ei{a
ses sistemleri, aydinlatma ve elektrik kanallar1 gibi ayirara ouFuran - KUbbe erdir. ervuri,

ardime1  elemanlar apiva ek fonksivonlar schwedler, lamella, jeodezik, {i¢ dogrultulu sistemler
y o > Yaply RSty bu kubbelerin 6rnekleridir. Gerilmeler ¢ubuk aglar
ekleyebilir ve yapiy1 daha islevsel hale getirebilir. Bu . . L . -
clemanlarn  tasarm  ve uygulanmasi, yap izerinden zemine esit bir sekilde dagitilir.
’ 6. Kablo sistemli kubbeler: Cekme gerilmesine direng

miihendisligi prensipleri ve yerel diizenlemelere
uygun olarak yapilmalidir.

gosteren ¢elik kablolarla desteklenen sistemlerdir.
Kablolar, kubbe {izerinden aldi8:1 yiikii diisey tasiyict

Bu bilesenler, kubbe formundaki uzay kafes sistemlerinin
basarili bir sekilde tasarlanmasi ve uygulanmasinda
onemli bir rol oynar. Her bir bilesen, sistemin giivenli ve

sistemlere aktarir. Bu sekilde kubbe sistemleri ¢elik
kablolarla desteklenir.
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7. Pnomatik kubbeler: Basingli hava ile gerilmeye
sahip membran ylizeyi kullanilarak ayakta tutulan
sistemlerdir. Bu sistemlerde membran sadece ¢ekme
gerilmesine direng gdsterir. Hava basinciyla
desteklenen kubbeler, kablolar yardimiyla iist
ylizeydeki membranin stabilitesini saglar.

Bu 7 farkli grup, kubbe seklindeki oOrtii sistemlerinin
yapisal davranisim1  temsil eder ve malzemeye,
geometriye ve sistem tasarimina bagli olarak farkli
davraniglar sergiler. Kubbenin yapisal davraniginin
anlasilmasi, dogru tasarim ve giivenli bir uygulama i¢in
onemlidir.

Celik Kubbe Sistemlerinin Stabilitesi

Celik kubbe sistemlerinde stabilite, tasarim asamasinda
onemli bir konudur. Ozellikle burkulma davranis1, kafesli
yapilarin gde¢me giivenligi igin kritik bir faktdrdiir.
Burkulma genellikle ¢ubuk veya baglanti elemanlarinin
dogrusal olmamasi nedeniyle asir1 yiiklemeler sonucunda
ortaya c¢ikan bir kararsizlik durumudur. Bu durum,
diizlem i¢i basing kuvvetinin etkisiyle olusur ve
genellikle malzemenin mukavemetinden ziyade yetersiz
stabilite nedeniyle ortaya ¢ikar. Bu nedenle, sistem yiik
altinda statik olarak saglam olsa bile burkulma analizi
yapilmali ve gerektiginde eleman veya kafes stabilitesi
artirllmalidir. Genellikle kafes yiiksekligi veya malzeme
atalet momentini artirmak igin tasarimlar yapilarak
burkulma &nlenmeye calisilir.  Ozellikle  kafes
sistemlerinde bir elemandaki burkulma davranisi,
bolgesel hatta 6ngoriilemeyen sistemsel gogmelere neden
olabilir. Bu nedenle, eleman burkulmasmin sistemsel
mukavemet {izerinde biliyik bir etkisi oldugu
sOylenebilir.

Sekil 2°deki grafikte burkulma davranisi incelendiginde,
dogrusal olmayan ve catallanma burkulmasi olarak
adlandirilan bir davranis gosterir. Bu davranis grafiginde
elastik davramistan sonra kritik limit noktasina
ulasildiginda ani bir sekil degistirme gergeklesir.
Catallagsma bolgesinde eleman zayif bolgesine dogru
sekil degistirir. Bu noktada kararsiz hale gelen yapi
elemani, deplasman yoéniine dogru dogrusal olmayan bir
burkulma egrisini takip eder. Bu sekil degisimi hizli ve
ani bir sekilde gergeklesebilir. Yiizey egriligi olan kubbe
ve tonoz gibi yapi sistemlerinde, Ortii sistemi tersine
burkulup donerek yapisini tamamen kaybedebilir. Bu
nedenle, kubbe ve tonoz yapilarinin yiikseklik/agiklik
oraninin burkulmadan en az etkilenmesi i¢in miimkiin
oldugunca yiiksek secilmesi tercih edilir.
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- Kritik Limit
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—> Burkulma Sonrasi

N
Cd

Deplasman

Sekil 2 - Nonlineer ve ¢atallanma burkulma davranigi
grafigi [18]

Kubbe sisteminin yapisal olarak burkulma davranist
incelendiginde, elemanin kararsiz hale geldigi bir
davranis sergiler. Sekil 3’te gosterilen kararli A
noktasindan kararsiz B noktasina kadar olan kritik
bolgede sistem kararsizdir. Bu bolgeye kadar enerji
depolayan ve kritik yiik sonrasi gerinim enerjisi serbest
birakan sistemde, eleman burkulup donme gerceklestirir
ve bu sekil degisimi hizli ve ani bir sekilde gergeklesir.
F
A {}  xararl Durum A

Kararli Durum B

YUK

Snap through

Kararli Durum A et Kararli Durum B

=
- %
Deplasman

Sekil 3 - Tersine donerek burkulma davraniginda yiik-
deplasman grafigi [19]

Celik kafes sistemlerinde olusan burkulma davranisinda
diigiim noktalarinin serbestlik dereceleri biiyiik 6l¢iide
etkilidir. ~ Diigim  noktalarinda  yeterli  rijitlik
saglanamadig1 ve elemanlarin eksenel gerilme disindaki
moment ve kesme kuvvetlerine uygun tasarlanmadig:
durumlarda eleman burkulma davranist gosterebilir.

Sistem iizerindeki burkulma kararsizliklart tasarim
asamasinda mutlaka kontrol edilmelidir. Burkulma
analizi, lineer ve dogrusal olmayan olmak tizere iki ayr1
sekilde yapilabilir. Lineer burkulma analizi, elastik
yapida burkulmanin teorik dayanimini ve c¢atallasma
noktasini belirler. Dogrusal olmayan burkulma analizi ise
elemanin en kararsiz hale geldigi noktayr bulur ve
gergege en yakin kritik yiikii tahmin etmek i¢in kademeli
yiik artisin1 saglar. Burkulma sonrasi stabilite kayb1 ve
sistem stabilitesi gibi faktorler, dogrusal olmayan
burkulma analiziyle belirlenebilir.

Kubbe sistemlerinde eleman burkulmasi, tek bir
elemanin etkilendigi burkulma davranigini ifade eder. Bu
durum, tek bir elemandan kaynaklanarak yapidaki genis
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bir alana yayilabilir. Yapmim geometrisini etkileyebilir
ve bolgesel veya biitiinden burkulma kararsizligini
olusturabilir. Bu hassas kararsizlik nedeniyle, burkulma
boyunun azaltilmasi1 veya atalet ~momentinin
artirilmastyla kritik yiike maruz kalan eleman tizerindeki
burkulma davranis1 6nemli dlgiide azaltilabilir. Ancak,
tek bir elemandan yapirya etkiyen burkulma
kararsizligimin tasarim ve kesit disindaki diger faktorleri
de dikkate almak onemlidir. Ozellikle birlesim
elemanlarni eksantrik yiik iletimine neden olan
kusurlari, burkulma davranisini etkileyebilir. Bu nedenle,
dogru bir uygulama i¢in 6zenli bir sekilde yapilmasi
gerekmektedir. Eleman burkulmasi i¢in Euler Burkulma
teorisi kullanilarak kritik yiik tespit edilebilir. Euler
Burkulma teorisi, elastisite modiilii, etkili uzunluk,
burkulma boyu katsayis1 ve atalet momenti gibi faktorleri
dikkate alarak kritik yiikii hesaplar.

Kubbe sistemlerinde yerel burkulma davranisi da sik¢a
goriilebilir. Ozellikle tek katmanl kubbe sistemlerinde
daha yaygm olan bu davranig, diigiim noktalarindan
kaynaklanir ve sinirli bir alana etkieder. Kubbe
diigimlerinde bulunan igten asili aydinlatma ve
havalandirma gibi elemanlar, yerel burkulma davranisina
neden olabilir. Bu elemanlarin kubbe diigiimlerinde
yarattigi  yogun tekil yik, burkulma davranigimn
tetikleyebilir. Yerel burkulma davranisi ayrica, tersine
donerek burkulma (snap-through) olarak da ortaya
¢ikabilir. Bu durum, bolgesel veya sistemin tamaminin
tersine donerek burkulmasi seklinde gerceklesebilir.
Tersine donerek burkulma, sistem stabilitesini
etkileyebilir ve farkli gerilmelerin olugmasina neden
olabilir. Bu nedenle, yapisal tasarim ve analiz siirecinde
yerel burkulma davraniginin 6ngdriilmesi ve dnlenmesi
onemlidir.

Global burkulma davranisi ise bir yapmm toptan
gogmesine neden olabilen ciddi bir kararsizlik
durumudur. Ozellikle c¢ift egrilikli sistemlerde, tek
egrilikli sistemlere gore daha fazla global kararsizlik
goriiliir. Bu tiir sistemlerin yiik tasima kapasiteleri daha
yliksek olmasina ragmen, yapisal simetri bozuldugunda
global burkulma davranist artar. Simetrik yiik
dagilimlari, birikmis kar yiikleri ve riizgar dis basinglari
gibi dis etkenler, bu davranisin ortaya ¢ikmasinda 6nemli
rol oynar. Yiik dagilimi gibi dig etkenlerin yam sira,
yapisal hatalar ve eksiklikler de global burkulma
davranisini etkileyebilir. Ornegin, hatali kaynaklar veya
egimli celik elemanlar, yapisal simetri bozukluklarma
neden olarak global burkulma davranigini artirabilir. Bu
nedenle, yapisal tasarim ve analiz siirecinde simetri ve
diger yapisal gerekliliklerin dikkatle ele alinmasi ve
uygulanmasi 6nem tasir.

Sonu¢ olarak, ¢elik kubbe sistemlerinde stabilite ve
burkulma davramis1 dikkate alinmasi gereken onemli
konulardir. Tasarim asamasinda burkulma analizi
yapilmali ve eleman veya kafes stabilitesi artirtlmalidir.
Eleman burkulmasi, yerel burkulma ve global burkulma
gibi farkli tiplerde ortaya ¢ikabilir ve yapisal simetri,
dogrusallik ve kesit tasarimlar1 gibi faktorler tarafindan
etkilenebilir. Dogru tasarim ve analiz siireci ile burkulma
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davranismin  kontrol altma alinmasi
stabilitenin saglanmasi énemlidir.

ve yapisal

Kubbe Formundaki Uzay Kafes Tasarim ve Analizi

Makale calismast kapsaminda cift katmanli bir model
olmak tizere uzay kafes sistemi modellenmistir. Uzay
kafes sistemlerinin ticari veya akademik caligmalarda
analizleri  icin  cesitli  bilgisayar  yazilimlarn
kullanilmaktadir. Bu yazilimlar, hesaplama yontemlerini
ilgili ~ yonetmeliklere = gdore  ayarlayabilmektedir.
Genellikle bu yazilimlar sonlu eleman yontemini
kullanarak yapisal analizleri ger¢eklestirmektedir. Her
kurulus kendi yapisal analizleri i¢in farkli bilgisayar
yazilimlarini  tercih  edebilmektedir. Uzay kafes
sistemlerinin  analizlerinde en sik tercih edilen
yazilmlardan biri SAP2000 programidir. Makale
kapsaminda incelenen sistem modelinin analiz ve
tasarimimnda SAP2000 programi kullanilmistir. Bu
program, ii¢ boyutlu dogrusal olmayan statik ve dinamik
analizlerin yani sira yapisal elemanlarin tasarim
kolayligim1 da saglamaktadir. Ayrica, gesitli iilkelerin
standartlarina uygun olarak ¢oziimler iiretebilmektedir.

Tasarim agamasinda Tiirk standartlarina gore tasarim
yapilmistir. Celik yapilarin tasarim ve hesaplama ilkeleri,
Yiik Ve Dayanim Katsayilar1 fle Tasarim (YDKT) veya
Giivenlik Katsayilar1 ile Tasarim (GKT) prensipleri
tizerine yapilabilmektadir. YDKT prensibine gore, ¢celik
yapilarin  tasima kapasiteleri ylik ve dayanim
katsayilarina gore tasarlanirken, GKT prensibinde ise
giivenlik gerilmelerine goére tasarim yapilir. Makale
kapsaminda ¢elik kubbe tasariminda YDKT yontemi
tercih edilmistir.

Yiik kombinasyonlarinda kullanilan karakteristik yiikler
sunlardir:

G: Sabit Yik
Q: Hareketli Ytk
S: Kar Yiiki
W: Riizgar Yiiki
E: Deprem Etkisi

YDKT prensibine gore, tasarim katsayisi ile carpilmis
tasarim  dayanimi, Ongorilen yik veya yik
kombinasyonlarina  gore hesaplanan  karakteristik
dayanim degerine esit veya daha biiylik olmalidir. Bu
prensip Ru < ® R, seklinde ifade edilir. Burada Ry,
YDKT kombinasyonlar1 altinda hesaplanan dayanimi,
Rn, karakteristik dayanimi; @ ise tasarim dayanimi
katsayisini temsil eder.

Tasarim katsayisi ile ¢arpilmis tasarim dayanimi, Celik
Yapilarin Tasarim, Hesap ve Yapim Esaslarma Dair
Yonetmelik’te (CYTHYEDY) wverilen YDKT yiik
kombinasyonlar1 ile belirlenir. Bu yiik bilesimlerinde
belirtilen  yilk kombinasyonlari, farkli  sistem
kombinasyonlarina ve yapisal etkilere gore tasarim
dayanimini belirlemektedir.

Tasiyict1  elemanlarin  deplasman  kontrolii  igin
CYTHYEDY ’te belirtilen kullanilabilir sinir durumu igin
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verilen yiikk kombinasyonlar1 altinda ¢ati sistemlerinin
diisey yer degistirmeleri  hesaplanmalidir.  Bu
kombinasyonlar,  yapisal  kullanilabilirlik  sinir
durumlarmi kontrol etmek i¢in kullanilir. Yatay yer
degistirme durumunda ise kaplamalarin olumsuz
etkilenmemesi i¢in kaplama malzemesi sehim durumuna
bagli olarak degerlendirilmelidir.

Sonug olarak, Makale kapsaminda ¢ift katmanli kubbe
seklinde uzay kafes sistemi tasarlanmig ve analizi
yapilmistir. Tasarim agsamasinda Tiirk standartlarina gore
tasarim prensipleri ve YDKT yontemi kullanilmistir.
Yiik kombinasyonlar1 ve tasarim dayanimi katsayilari,
CYTHYEDY'de belirtilen tablolara gdre belirlenmistir.
Analiz ve tasarim siirecinde SAP2000 programi tercih
edilmistir. Bu sekilde, kubbe seklindeki uzay kafes
sistemlerinin glivenli ve stabil bir sekilde tasarlanmasi ve
analiz edilmesi saglanmistir.

Cift Katmanh Kubbe Modeli Analizi

Cift katmanl ¢elik kubbeler, iki ayr1 kubbe katmaninin
birlestirilmesiyle olusan yapilar olarak tanimlanabilir. Bu
yapilarin  analizi, kubbenin boyutlari, geometrisi,
malzeme Ozellikleri ve yiikleme kosullar1 gibi girdi
parametrelerinin belirlenmesiyle baslar. Iki katman
arasindaki mesafe, malzeme kalinligi ve g¢elik
malzemenin 6zellikleri gibi faktorler, yapisal davranisi
etkileyen 6nemli parametrelerdir.

Cift katmanli kubbelerin gerilme ve deformasyon analizi,
her iki katmanin yiik altinda nasil davrandigini, her iki
katmanda olusan gerilmeleri ve sekil degisimlerini
hesaplar. Bu analizde her iki katmanin etkilesimi de
dikkate alinir. Cift katmanli kubbelerin yapisal davranisi,
tek katmanli kubbelerden daha karmagiktir, ancak ayni
zamanda daha yiiksek dayanikliliga ve rijitli
sahiptirler. Tki katmanimn birlestirilmesi, yapisal yiikiin
daha iyi dagilmasini saglar ve yapiya daha fazla stabilite
kazandirir.

Bu analizde ¢ift katmanli kubbe incelenmistir. Model
kubbe, 26 metre acikliga, 4 metre yiikseklige, 2 metre
capinda bir basing halkasina ve 24 metre ¢apinda bir
¢ekme halkasina sahiptir. Kubbe, 30 6zdes meridyen
kafes sisteminden ve 7 paralel halkadan olugmaktadir.
Analiz i¢in Diyarbakir ilindeki Dicle Universitesi arazisi
secilmistir. Model kubbe elemanlarinda S355 sinifi gelik
kullanilmistir. Bu ¢elik smifinin akma gerilmesi 355
MPa'dir. Kubbe elemanlart boru profil elemanlarindan
olusmaktadir ve g¢ekme ve basing etkilerine maruz
kalmaktadir. Boru profillerin birlesim bolgeleri mafsalli
olarak diizenlenmistir.

Kubbenin kaplamasi i¢in lamine cam tercih edilmistir.
Cam, genig alanlart oOrtecek olan  kubbelerin
aydinlatilmasinda giin 1s181ndan faydalanmay1 saglamak
icin kullanilmistir. Kubbe sisteminin yiizeyi yansitici
ozellikli malzemelerle kaplanarak gilines 1smlarinin
isiim  yolu ile neden oldugu yiiksek 1smma
engellenmistir.

Yiiklemelerde kubbenin kendi agirlig1, kar yiiki, riizgar
yiikii, diizgiin sicaklik farki etkisi ve deprem etkisi
dikkate alinmistir. Kubbenin analizi, bu yliklemelerin
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etkilerini hesaplamay1 igermektedir. Deprem etkisi,
yapiy1 dikey ve yatay yonde etkileyen bir yiiklemedir. Bu
bilgiler 1s18inda Model ¢ift katmanli kubbenin analizi
yapilmis ve yapinin davranisi incelenmistir.

Sekil 4 - Cift katmanli uzay kafes kubbe sisteminin
perspektif goriiniimii [17]

Model Hesap Metodunda Kullamlan Yiikler

Model igin; sabit, hareketli, kar, riizgar, deprem yukii ve
diizglin sicaklik farki etkisi sayisal olarak hesaplanip
SAP2000 programina atamasi yapildi.

1. Sabit ve Hareketli Yikler: Sabit yiikler, kubbe
seklindeki kafesin profilleri, kaplama elemanlar1 ve
tesisat elemanlar1 gibi yapiya etki eden sabit
karakteristik yiiklerdir. Bu yiikler, yer ¢ekimi ivmesi
yoniinde kubbeye etki eder. Cam kaplama yiikiiniin
hesaplanmasi i¢in cam kalinligina gore kiitlesel yiik
hesaplanir. Lamine camin birim hacim agirhigi ve
kalinligina gore cam yiikii hesaplanir. Ayrica ek
servis yiikii de tanimlanir. Celik kafes profil disinda
sisteme etkitilecek sabit yiik 0,5 kN/m? olarak

hesaplanir.  Bu  yiiklerin  toplami,  sistem
hesaplamasinda kullanilan toplam sabit yiiki
olusturur.

2. Kar Yiikii: Kar yiikii, yap1 hesaplamalarinda TS 498
standartina gore hesaplanir. Hesaplama siirecinde
yaptya etki eden cografi konum ve rakim degerleri
dikkate almir. Kar birikimi, yap1 {izerinde asimetrik
ve simetrik dagilimlar seklinde olabilir, bu
dagilimlar kar yiikii hesaplamasinda 6nemli bir rol
oynar. Kar yiikii hesaplamasi i¢in dncelikle kar yiikii
sekil katsayilar1 belirlenir. Bu katsayilar, kar
birikiminin asimetrisi ve kubbe sekline bagli olarak
farklilik gosterebilir. Sekil katsayilari, kar yiikiintin
dagilimmi ve etkisini agiklamak i¢in kullanilir. Kar
yiiki, iki farkl: tipte yiik kombinasyonuna etki eder.
Bunlar birikmemis tam kar yiikii ve birikmis yarim
kar ytikiidiir. Bu yiikler, kar birikiminin durumuna
bagh olarak farkli sekillerde etki gosterir. Kar
yiikiiniin kubbe modeline etkisi, yiik dagilimi Sekil
5'de gosterilmistir. Bu sekilde, kar yiikiiniin nasil
dagildigi ve yap1 flizerinde hangi bdlgelerde
yogunlagtigt  acgiklanir.  Bu  bilgiler, yap1
hesaplamalarinda kar yiikiinlin etkisini dogru bir
sekilde degerlendirmek i¢in dnemlidir.
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3.

Durum (i) birikmemis kar yoko
S = 1,04 kNim*

ressissinns NN LSevsisnive:

| | | I] I

Durum (i) birkmis kar yaka

Durum (i) birikmis kar yuki ( Sekil katsayis: ile dagitiimis)

2,34 kN/m?
117 kN/m*

U S a6 ol 416 ot 416 ot 18 ot a6 o

6m

Sekil 5 - Kubbe sistemine uygulanan birikmis ve
birikmemis kar yiik dagilimi [17]

Riizgdr Yiikii: Riizgar yiikii, yapisal tasarim

hesaplamalarinda 6nemli bir karakteristik yiiktiir.

Hesaplamalar, ortalama riizgar hizi ve diger
degiskenler  temel  alinarak  yapilir.  Bu
hesaplamalarda  engebelik  katsayisi, orografi

katsayisi ve diger parametreler dikkate alinir. Riizgar
yiiki, dis ve i¢ basing kuvvetleri olarak tanimlanir.
Dis basing kuvveti, riizgarin yapinin dig yiizeyinde
olusturdugu basing ve emme kuvvetlerini igerir. i¢
basing kuvveti ise riizgarin kapali olmayan yapilarin
icine girmesiyle olusan basing etkisini ifade eder.

Riizgéar yiikii hesaplamalarinda kubbenin geometrik
formuna bagli olarak basing katsayisi belirlenir. Bu
basing katsayist, yapmin 0On, tepe ve arka
noktalarinda basing farkinin kubbe seklinden
kaynaklanan degisimini gosterir. Belirlenen basing
katsayisiyla Dbirlikte bolgesel riizgar dis basinct
hesaplanir. Riizgar yiikii hesaplamalarinda, ¢ift
egrilikli kiiresel sistemler gibi karmasik yapilar s6z
konusu oldugunda, hesaplama siireci daha da
karmasik hale gelir. Bu nedenle, riizgar dagilimi
hesaplamalarinda 6nceden belirlenmis formiiller
kullanilmal veya riizgar tiineli testleri yapilmalidir.
Literatiirde, kubbe formundaki sistemlere etkiyen
riizgar yiiklerini hesaplamak igin riizgar tiineli
testlerine dayanan cesitli yontemler ve Oneriler
bulunmaktadir.

Riizgar tiineli testleriyle gergek gerilmelerin
yakalanmas1 zor olabilir, ¢ilinkii prototip yap1 ile
riizgar tiinelinde olusan rlizgar profili ve tiirbiilans
degerleri arasindaki iligki karmasik olabilir. Ayrica,
akiskan viskozitesinden kaynaklanan siir tabakasi
uyumu, kubbe yiizeyinde emme ve basing
katsayilarin1 etkileyebilir. Riizgar yiikleri, yapiya
disaridan etki eder ve tamamen kapali yapilar igin
dis basing kuvveti olustururken, kapali olmayan
yapilar i¢in i¢ basing kuvveti olusturur. Riizgar
yiikiiniin kubbe modeline etkisi, yiik dagilimi Sekil
6'da gosterilmistir.
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Ruzgar Dig Basiner

Negatif Ruzgar Ig Basinct
0,41 kNim?

Pozitif Ruzgar i¢ Basinci
0,17 kNim?

IR R R Ry

=

26m

Sekil 6 - Kubbe sistemine uygulanan i¢ ve dig riizgar

yikii [17]

Deprem Yiikii: Uzay kafes sistemleri diger yapi
sistemlerine gore daha hafif oldugu icin deprem
yiikii etkisi altinda daha az kalmaktadir. Bu nedenle,
Dicle Universitesi arazisi icin uzay kafes sistemi
tercih edilmistir. Deprem yiikiiniin hesaplanmasinda
Tiirkiye Bina Deprem Yonetmeligi 2018 (TBDY-
2018) dikkate almmustir. Yerel zemin sinift "ZB"
olarak kabul edilmistir. Spektral ivme katsayilari,
AFAD'm interaktif web haritas1 iizerinden elde
edilmistir. Tasarim spektral ivme katsayilari
hesaplanarak kullanilmistir. Yatay elastik tasarim
spektrumu ve diisey elastik tasarim spektrumu
grafikleri  kullanilarak  yercekimi  ivmeleri
hesaplanmuistir. Bina kullanim sinift, deprem tasarim
sinifi ve yapi yliksekligi sinifi belirlenmistir.

Diizgiin Sicaklik Farki Etkisi: Uzay kafes
sistemlerinde celik elemanlarin sicaklik
degisimlerine bagli olarak ortaya ¢ikan genlesme ve
biliziilme nedeniyle olusan gerilmelerdir. Bu
gerilmeler, ¢ubuk ve diigiim noktalarinda farkli ve
ek bir yiik olusturur. Sicaklik degisimi £20°C olarak
ele alinmistir. Bu, elemanlarin sicaklik artisi ve
azaligt igin kullanilan tipik bir degerdir. Sicaklik
etkisi, yapiya karakteristik bir yiik olarak tanimlanir
ve kombinasyonlara dahil edilmemistir. Bunun
nedeni, sicaklik etkisinin sistemi kritik diizeyde
etkilememesidir. Sicaklik etkileri, elemanlara tatbik
edilen yiikleme sekliyle modellenir. Ornegin, ¢elik
elemanlarin genlesmesi ve biiziilmesi nedeniyle
ortaya ¢ikan eksenel gerilmeler hesaba Katilir.
Sicaklik etkisinin karakteristik olarak incelenmesi,
sistem davranigi hakkinda bilgi saglamak amaciyla
yapilir. Bu  sayede elemanlarin  sicaklik
degisimlerine nasil tepki verecegi anlasilabilir.
Ozetle, sicaklik etkileri, uzay kafes sistemlerinde
celik elemanlarin sicaklik degisimlerine bagl olarak
ortaya ¢ikan gerilmeleri ifade eder. Bu gerilmeler,
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elemanlara ek bir yiik olarak tanimlanir ve sistemin
davranigt iizerindeki etkileri incelenir. Ancak,
sicaklik etkisi bu model igin diger yiiklerle
karsilastirildiginda daha az 6nem tagir.

Analiz Sonuclar

Kubbe Formundaki Elemanlarin Eksenel Gerilme
Degerleri

Model'in SAP2000 programi kullanilarak analizi ve
tasarimi yapilmistir. Yapinin elemanlarinin tasariminda
AISC 360-10 yonetmeligine uygun olarak YDKT yiik
bilesimine biiyiik oranda benzeyen LRFD yiik birlesimi
kullanilmistir. Moment ve eksenel yiik diyagramlari,
Model'in ¢ift katmanli ve ¢ubuk birlesim elemanlarindan
olustugu ve mafsalli oldugu icin sadece eksenel
gerilmelere maruz kaldigr géz onilinde bulundurularak
elde edilmistir. Bu elemanlarin birlesim bdlgelerinde
moment degeri sifir oldugundan, analiz sonuglar1 eksenel
yiik gerilmelerine odaklanmaktadir. Ayrica, i¢ ve dis
katmanlar arasinda farkli gerilme degerleri ve
davranislari oldugu i¢in bu durum da dikkate alinmistir.
Asagida, bazi 6rnekler igin elde edilen karakteristik yiik
kaynakli eksenel yiik gerilmeleri verilmistir.

Sekil 7(a)’da verilen sabit yiik (G) altinda eksenel yiik
diyagrami: Cubuklarin 6z agirligi, kaplama ve ek servis
yiikleri sonucunda olusan agirligin neden oldugu eksenel
yiik diyagrami incelenmistir. I¢ katmanda sadece basing
gerilmesi olugsmus olup en biiyiik basing gerilmesi 14,87
KN ve en kiicik basing gerilmesi 1,67 kN olarak
hesaplanmistir. Dis katmanda ise ¢ekme ve basing
gerilmeleri olugsmustur. Etek bolgesinde en biiyiik gekme
gerilmesi 1,84 kN ve basing bolgelerinde ise en yiiksek
basing gerilmesi 8,86 kN'dir.

a)
h
c)
=

Sekil 7(b)’de verilen dis riizgar yiikii (Wex) altinda
eksenel yiik diyagrami: Dis riizgdr etkisi kubbe
sistemlerinde basing ve vakum etkileri olusturur. Dis
riizgar yiikiiniin ¢ubuklarda olusturdugu eksenel yiik
diyagraminda, en biiyiik basing gerilmesi sol kiriste 4 kN
olarak hesaplanmistir. En biiyiik ¢ekme gerilmesi ise sag
kiriste 4,7 kN'dir. I¢ katmanda ise tiim gubuklar ¢ekme
gerilmesine maruz kalmakta ve en biiyiik ¢ekme
gerilmesi sol kiriste 7,58 kN'dur.

Eksenel yiik diyagraminda, tam kar yiikii Sekil 7(c)’de
gosterilmistir. I¢ katmanda, sadece basing gerilmeleri
olusur ve en biiyiik basing gerilmesi 18,38 kN, en kii¢iik
basing gerilmesi ise 1,55 kN'dir. Dis katmanda ise ¢ekme
ve basing gerilmeleri bir arada meydana gelir; etek
bolgesindeki ¢ekme gerilmesi 2,87 kN degerindedir,
basing bdlgelerinde ise en yliksek basing gerilmesi 10,73
kN'dir.

Sekil 7 (d)’da verilen sag kar yiikii altinda eksenel yiik
diyagrami: Yarim kar yiikii, tam kar yiikii disinda sag ve
sol yarim kar yiikii olarak dikkate alinir. Sag yarim kar
yiikii durumunda, dis katmanda sag kiriglerde sol
kirislere gore daha yiiksek basing ve ¢ekme gerilmeleri
olusur. En biiyiik basing gerilmesi sag kiriste 17,95 kN
ve en biiyiik ¢gekme gerilmesi sag kiriste 2,16 kN'dir. I¢
katmanda ise en biiyiik basing gerilmesi sol kiriste 26,05
kN olarak hesaplanmistir. Sol kiriste sag kiristen farkli
olarak 2,73 kN ¢ekme gerilmesi olusmaktadir. Bu ¢ekme
gerilmesi, dengesiz kar yiiklerinin kritik yiikii agsmas1 ve
bolgesel burkulma veya daha fazlasiyla sonuglanmasi
durumunda tersine donerek burkulmaya neden olabilir.

Kubbe Deplasman Simir Kontrolii

Diisey yer degistirme durumu: Yer degistirmenin diisey
eksende kontrolii i¢in ¢gesitli kombinasyonlar kullanilarak
maksimum yer degistirme sinir1  belirlenmistir.

b)

Sekil 7 - Karakteristik ytikler; (a) sabit ytik, (b) ) dis riizgarytiki, (c) tam kar yiiki, (d)
yarim kar ytikii etkisi eksenel gerilme diyagrami [17]

231



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Sayfa 223-236

CYTHYEY madde 15.2'ye gore, diisey yer degistirmenin
acikliga orani 1/300 smirimi agmamalidir. Model'in en
biiyiik diisey yer degistirmesi G+Q kombinasyonunda
6,69 mm'dir, bu da sinir uzunlugu olan 86 mm degerini
asmadigin1 gostermektedir. Diisey yer degistirme sinir
durumu i¢in deplasman durumu Sekil 8’de gosterildigi

gibidir.

e\ 18
i . 3

.....

Sekil 8 — Diisey deplasman sinir kontrolii [17]

Yatay yer degistirme durumu: Yer degistirme kontrolii
icin ¢esitli kombinasyonlar kullanilarak maksimum yer
degistirme sinir1 belirlenmigtir. CYTHYEY madde 15.3'e
gore, sistemin cephe kaplamasi ve tiirline bagh olarak
yatay yer degistirmenin belirli bir smiri olmalidir.
Model'de yatay yer degistirmeleri incelenmis ve sinirlar
icinde oldugu goriilmistiir. Yatay yer degistirme sinir
durumu i¢in deplasman durumu Sekil 9’da gosterildigi
gibidir.

Sekil 9 — Yatay deplasman sinir kontrolii [17]

Karakteristik yiikler altinda yer degistirme durumu:
Cesitli karakteristik yiikler altinda diigiim noktalarinin
diisey yer degistirmeleri incelenmistir. Deplasman, renk
skalas1 kullanilarak diisey yer degistirmeleri Sekil 10°da
gorsellestirilmistir.
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a)

30

Sekil 10 - Karakteristik yiikler; (a) Sabit yiik, (b) yarim
sag kar yiiki, (c) dis yatay riizgar yiiki, (d) deprem
yiikii etkisi altinda deplasman durumu [17]

Sonug olarak, Model'in diisey ve yatay yer degistirmeleri,
tasarim sinirlamalarint  agmayacak sekilde kontrol
edilmistir. Bu analiz sonuglari, yapisal hesaplamalar ve
celik elemanlarin boyutlandiriimasinda kullanilmastir.

Kubbe Elemanlarin Tasarim Sonuclari

Model'in tasarimi, ¢ift katmanli kubbe sistemindeki
cubuk elemanlar iizerindeki gerilme degerlerine gore
yapilmustir. Tasarim, SAP2000 programinda yapilmis ve
cubuk kesitleri belirlenmistir. Tim ¢ubuklar ayn1 kesite
sahip olacak sekilde tasarlanmistir. Tasarimda burkulma
davranist da goz Oniinde bulundurularak kesit se¢imi
yapilmigtir.
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Sekil 11'da gubuk elemanlarin "Etki/Kapasite" oranlarina
gore renk skalasi verilmistir. Tasarim sonucunda en kritik
yik kombinasyonu olan 1.2G+1.6Q+0.5Syanm yik
kombinasyonu altinda TUBO-D76,1x3,2 boru profili
uygun kesit olarak belirlenmistir. Her ¢ubuk i¢in ayni
kesit kullanilarak imalat, nakliye ve montaj siire¢lerinde
kolaylik saglanmast ve hatali islemlerin ©nlenmesi
amaclanmistir.

Ek A'da, sistemde en kritik ¢ubuk olan kubbenin etek
boliimiindeki i¢ katman c¢ubugun tasarim detaylar
verilmistir. Bu elemanin tasarimi, basing etkisi altindaki
eleman esaslarina gdre Dbelirlenmistir.  Tasarim
detaylarina gore gerekli kesit ve boyutlar belirlenmistir.

Ornek olarak, en kritik ¢ekme yiikii altinda eleman
tasarimi da incelenmistir. Kubbe sisteminde 0.9G+1.6W>
ylik kombinasyonu altinda olusan kritik gekme gerilmesi
icin program tarafindan belirlenen tasarim detaylar1 Ek
B'de verilmistir.

Sekil 11 — Cift katmanli kubbe sisteminin tasarimi ve
etki/kapasite oranina gore eleman renklendirilmesi [17]

Bu tasarim sonuglarma goére, Model igin uygun kesitler
belirlenmis ve tasarim detaylari belirlenmistir. Tasarimin
yapisal gereksinimleri kargiladigi ve yapiya dayaniklilik
sagladig1 goriilmektedir.

Bulgular ve Tartisma

Model'in kubbe geometrisi geregi, etek bdlgelerinde
¢cekme gerilmeleri olusmaktadir. Ayrica, kubbenin cift
katmanli yapisi, alt ve iist tabakalarin yiikiin ¢esidine ve
uygulama yerine bagl olarak farkli gerilmelere maruz
kalacagi anlamma gelmektedir. Ozellikle diizgiin yayili
olmayan yiikler veya simetrik olmayan biiylk tekil
yikleme durumunda, i¢c ve dig katmanlar stabiliteyi
korumak ve dengede kalmak ig¢in farkli sekillerde
gerilmelere maruz kalmaktadir.

Cember kirisleri, simetrik yiikler altinda c¢ekme
gerilmelerine maruz kalirken, tepe noktasina dogru
¢ekme gerilme degeri azalmakta ve basing gerilmesi
artmaktadir. En biiylik basing gerilmesi, g¢ember
kiriglerinde tepe noktasinda meydana gelmektedir.
Bununla birlikte, asimetrik yiikler altinda g¢ubuk
elemanlar1 yik durumuna bagli olarak bazen ¢ekme
bazen de basing gerilmesine maruz kalabilmektedir. Bu
nedenle, ¢ubuk elemanlarmin tasarimi sirasinda hem
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¢ekme hem de basing gerilmelerini kargilayacak sekilde
tasarim yapilmasi gerekmektedir.

Radyal Kkirisler, simetrik yiikler altinda i¢ katmanda
sadece basing etkisine maruz kalirken, dis katmanda etek
bolimiinde c¢ekme gerilmesi olusur. Ancak tepe
noktasina dogru ilerledikce, basin¢ gerilmesi etkisi
artarak devam eder. Bu durum, radyal kiriglerin yiik
durumuna bagli olarak farkli gerilmelere maruz kaldigini
gosterir. Asimetrik yiiklemeler altinda ise her bir radyal
kirig, cekme ve basing gibi farkli gerilme durumlarina
maruz kalabilir. Bu nedenle, radyal kirislerin tasarimimda
her bir elemanin ¢ekme ve basing gerilmelerine uygun
sekilde analiz edilmesi ve tasarlanmasi Onemlidir.
Yapmin stabilitesi ve dayanikliligi agisindan, her bir
radyal kirisin yik durumuna bagli olarak ¢ekme ve
basing gerilmelerine karst uygun dayanim saglamasi
gerekmektedir.

Tim bu faktorler, Model'in kubbe geometrisi, ¢ift
katmanli yapisi ve yiik durumlarina bagli olarak farkli
gerilmelere maruz kalmasini gostermektedir. Bu bilgiler,
yapisal analiz ve tasarimda 6nemli bir rol oynamaktadir
ve Model'in stabilite, dayamklihk ve yapisal
gereksinimleri karsilamasini saglamaktadir.

Sonuclar

Calisma kapsaminda olusturulan ¢ift katmanli model
sisteminin analiz ve tasariminin gergeklestirildigi ve
yapisal  gereksinimleri  karsilanmigtir.  Kubbenin
geometrisi  nedeniyle etek  bolgelerinde  ¢ekme
gerilmelerinin olustugunu ve ¢ift katmanl yapinin i¢ ve
dis katmanlarina bagli olarak farkli gerilmelere maruz
kalindigimi ortaya koymaktadir. Radyal kirisler, simetrik
yiikler altinda i¢ katmanda sadece basing etkisiyle
karsilasirken, dis katmanda ise etek boliimiinde ¢ekme
gerilmeleri olusmakta ve tepe noktasina dogru basing
gerilmesi etkisi artmaktadir. Ozellikle asimetrik yiikler
altinda her elemanin farkli gerilme durumlarina maruz
kalabilecegi tespit edilmis ve tasarimmnin buna gore
yapilmasi sistem stabilitesi i¢in Oonemlidir. Cekme ve
basing gerilmelerine karsi dayanikli ¢ubuk ve kiris
kesitlerinin se¢imi 6nemlidir. Sonuglar, kubbe modelinin
yapisal stabilite, giivenlik ve dayaniklilik agisindan
gereksinimleri karsiladigini ve farkli yiikk durumlar
altinda  basarili  bir  performans  sergiledigini
gostermektedir.

Bu ¢alismanin sonucunda, cift katmanli ¢elik kubbe
modelinin analiz ve tasariminin basarili bir sekilde
gerceklestirildigi ve yapisal hesaplamalarin  dogru
yapildigr ortaya c¢ikmustir. Kubbe geometrisi, ¢ift
katmanli yapist ve yiik durumlarina bagh olarak farklh
gerilmelere maruz kalma durumunu gostermektedir.
Tasarim siirecinde, cekme ve basing gerilmelerine uygun
elemanlarin segilmesi sistem giivenligi i¢in onemlidir.
Kubbe modelinin yapisal gereksinimleri karsilamasi,
giivenlik saglamas1 ve dayaniklilifi g6z Oniinde
bulunduruldugunda, bu ¢alisma basarili bir sonug elde
edilmistir.
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Bu c¢alisma, insaat ve yapi miihendisleri, mimarlar,
yapisal analiz ve tasarim uzmanlari i¢in yararl olabilir.
Ayrica, cift katmanli kubbe sistemleri veya benzer
yapisal sistemlerin analizi ve tasarimiyla ilgilenen
arastirmacilar, akademisyenler ve Ogrenciler de bu
calismadan faydalanabilir. Yap: miihendisligi alaninda
calisan profesyoneller, bu caligmadaki bulgular1 ve
yontemleri gercek diinya projelerinde kullanarak
yapilarin dayanikliligini ve performansini artirabilir.
Mimari ve yapisal tasarim siireglerinde, ¢ift katmanh
kubbe sistemlerinin 6zellikleri ve davraniglarina iligkin
bu c¢alismanin sonuglarindan yararlanarak daha giivenli
ve etkili tasarimlar yapabilirler.

Etik kurul onay ve ¢ikar catismasi beyani

“Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur” “Hazirlanan makalede herhangi bir kigi/kurum
ile ¢ikar catigmasi bulunmamaktadir”
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AISC 360-10 STEEL SECTION CHECK

Units : KN, m,
Frame : 887
Length: 2,5
Loc ¢ 1,25
Provision: LRFD

D/C Limit=1,
AlphaPr/Py=0,282

PhiB=0, 9
Phis=0, 9

A=7,329E-04
J=0,
E=210000000,
RLLF=1,

HSS Welding: ERW

Ek A

(Summary for Combo and Station)

X Mid: -8,174 Combo: 1,2G_1,6Q 0,55L Design Type: Brace

Y Mid: -7,36 Shape: TUBO-D76.1X3.2 Frame Type: SCBF

Z Mid: 0,75 Class: Compact Princpl Rot: 0, degrees
Analysis: Direct Analysis

2nd Order: General 2nd Qrder Reduction: Tau-b Fixed

AlphaPr/Pe=0,453 Tau b=1, EA factor=0,8 EI factor=0,8

PhiC=0, 85 PhiTY=0, 9 PhiTF=0, 75

PhiS-RI=1, PhiST=0,75

I133=0, r33=0,026 $33=1,282E-05 Av3=3,653E-04
122=0, r22=0,026 §22=1,282E-05 Av2=3, 653E-04
Fy=355000, Ry=1,1 z33=1,702E-05

Fu=510000, z22=1,702E-05

Reduce HSS Thickness? No

STRESS CHECK FORCES & MOMENTS (Combo 1,2G 1,6Q 0,5SL)

Locaticn Pu Mu33 Muz2 vuz2 vu3 Tu
1,25 -73,281 0,042 0, 0, 0, o,
PMM DEMAND/CAPACITY RATIO (Hl-1la)
D/C Ratio: 0,657 = 0,65 + 0,007 + O,
= (Pr/Pc) + (8/9) (Mr33/Mc33) + (8/9) (Mr22/Mc22)
A¥XTIAL FORCE & BIAXIAL MOMENT DESIGN (H1-1a)
Factor L K1l K2 Bl B2 Cm
Major Bending 1, 1, 1, 1, 1, 1,
Minor Bending 1, 1, 1, 1, 1, 1,
Lltb Kltb Cb
LTB 1, 1, 1,316
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial -73,281 112,807 234,162
Mu phi*Mn phi*Mn phi*Mn
Moment Capacity No LTB Cb=1
Major Moment 0,042 5,438 5,438 5,438
Minor Moment 0, 5,438
Tu Tn phi*Tn
Moment Capacity Capacity
Torsion 0, 5,69 4,207
SHEAR CHECK
Vu phi*Vn Stress
Status
Force Capacity Ratio Check
Major Shear 0, 70,248 0, OK
Minor Shear 0, 70,248 0, OK

Kritik baswing yiikii altindaki kesitin YDKT yontemine gore tasarum detaylar: [17]
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Ek B
AISC 360-10 STEEL SECTION CHECK (Summary for Combo
Units : KN, m, C
Frame : 686 ¥ Mid: -1,989 Combo: 0,9G_1,6W2
Length: 0,418 Y Mid: 5,175E-05 Shape: TUBO-D76.1
Loc : 0,418 Zz Mid: 3,5 Class: Compact
Provision: LRFD Analysis: Direct Analysis

D/C Limit=1, 2nd Order: General 2nd Order

AlphaPr/Py=0,08  AlphaPr/Pe=0,004 Tau b=1,
PhiB=0, 9 PhiC=0, 85 PhiTY=0, 9
Phis=0,9 PhiS-RI=1, PhisST=0,75
A=7,329E-04 I133=0, r33=0,026
J=0, I122=0, r22=0,026
E=210000000, Fy=355000, Ry=1,1
RLLF=1, Fu=510000,

HSS Welding: ERW Reduce HSS Thickness? No

STRESS CHECK FORCES & MOMENTS (Combo 0,9%G_1, 6W2)
Location Pu Mu33 Mu22
0,418 20,819 0, 0,

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0,044 = 0,044 + 0, + 0,
= (1/2) (Px/Pc) + (Mr33/Mc33) +

AXIAL FORCE & BIAXIAL MOMENT DESIGN (H1.2,H1-1b)
Factor L K1 K2
Major Bending 1, 1, 1,
Minor Bending 1, 1, 1,

Lltb Kltb Cb
LTB 1, 1, 1,002
Pu phi*Pnc phi*Pnt
Force Capacity Capacity
Axial 20,819 217,027 234,162
Mu phi*Mn phi*Mn
Moment Capacity No LTB
Major Moment 0, 5,438 5,438
Minor Moment 0, 5,438
Tu Tn phi*Tn
Moment Capacity Capacity
Torsion 0, 5,69 4,267
SHEAR CHECK
vu
Status
Force
Major Shear 0,011 70,248 0,
Minor Shear 0, 70,248 0,
CONNECTION SHEAR FORCES FOR BEAMS
VMajor VMajor
Left Right
Major (V2) 0,011 0,011

and Station)

Design Type: Beam
X3.2 Frame Type: SCBF
Princpl Rot: (0, degrees

Reduction: Tau-b Fixed

EA factor=0,8

PhiTF=0,75

$33=1,282E-05
$22=1,282E-05
233=1, 702E-05
z22=1,702E-05

vu2
0,011

(Mr22/Mc22)

phi*Mn
Cb=1
5,438

phi*Vn

Capacity
OK
OK

EI factor=0,8

Av3=3, 653E-04
Av2=3,653E-04

Vu3 Tu
0, 0,
B2 Cm
1, 1,
1! ll’
Stress
Ratio Check

Kritik ¢ekme yiikii altindaki kesitin YDKT yéontemine gore tasarim detaylari [17]
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Van ilinin kurakliginin SPI ve SPEI yontemlerine gore degerlendirilmesi

Assessment of drought in Van province according to SPI and SPEI methods
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MAKALE BILGILERI 0z

Ozellikle son yillarda iklim degisikliginin ve insan faaliyetlerinin bir sonucu olarak kuraklik olayinm etkisi
Makale Gegmisi: her gecen giin artmaktadir. Bunun sonucu olarak su kaynaklari, tarim ve canlilar olumsuz olarak
etkilenmektedir. Bu ¢alismada, Van ilinin kuraklik olayindan nasil etkilendigini tespit edebilmek amaciyla
literatiirde yaygm olarak kullamlan Standart Yagis Indeksi (SPI) ve Standart Yagis Evapotranspirasyon
Indeksi (SPEI) yontemleri kullanilarak 1,3,6,9 ve 12 aylik zaman periyotlarinda kuraklik analizi
yapilmustir. Elde edilen sonuglar incelendiginde SPI yontemine gore asir1 kurak donemlerin en ¢ok
goriildiigii bolge Ercis ilcesi olarak belirlenirken, asir1 nemli dénemlerin en ¢ok gériildiigii bolge ise Ozalp
ilgesi olarak belirlenmistir. SPEI yéntemine gére ise asir kurak dénemin en ¢ok gériildiigii bolge Ozalp
ilgesi olurken, agiri nemli donemlerin en ¢ok goriildiigi ilgeler ise 6zellikle uzun zaman periyotlarinda
Ercis ve Baskale ilgeleri olarak belirlenmistir. Sonug olarak her iki yontem genel olarak birbirine yakin
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Revizyon 18 Kasim 2023
Kabul 24 Aralik 2023
Online 29 Mart 2024

Anahtar Kelimeler:

Kuraklik, SPI (Standart Yagus

Indeksi), SPEI (Standart Yagis sonuglar verse de ozellikle ekstrem kuraklik ve nemlilik olaylarinin hesabinda SPI yontemine goére daha
Evapotranspirasyon Indeksi), Van biiyiik degerlerin hesaplandig: gériilmiistiir. Elde edilen sonuglar incelendiginde kuraklik degerlendirmesi
i icin SPI yontemine gore hesaplanan ekstrem olaylarin fazla olmasi nedeni ile dikkatli kullanilmasi, SPI

yontemi yerine sicakligin da etkisinin goz oOniine alindigi SPEI yonteminin tercih edilebilecegi
degerlendirilmektedir.

ARTICLE INFO ABSTRACT
Avrticle history: The effects of drought have been increasing day by day, especially in recent years, as a result of climate
) change and human activities. Thus, water resources, agriculture and living organisms are negatively
Received 26 October 2023 affected. In this study, in order to determine how Van province is affected by drought, drought analysis

Received in revised form 18 November 2023,ya5 carried out in 1,3,6,9 and 12-month time periods by using Standard Precipitation Index (SPI) and
Accepted 24 December 2023 Standard Precipitation Evapotranspiration Index (SPEI) methods which are widely used in the literature.
Available online 29 March 2024 When the results obtained were analyzed, according to the SPI method, Ercis district was determined as
the region with the most extreme drought periods, while Ozalp district was determined as the region with
the most extreme wet periods. According to the SPEI method, the region with the most extreme drought
periods was determined as Ozalp district, while the districts with the most extreme wet periods were

Keywords:

Drought, SPI (Standard Precipitation

Index) SPEI (Standard Precipitation determined as Ercis and Baskale districts, especially in long time periods. As a result, although both
Evapotranspiration Index), Van methods generally give similar results, it was observed that larger values were calculated according to the
Province SPI method, especially in the calculation of extreme drought and wet events. Based on the results obtained,

it is evaluated that the extreme events calculated according to the SPI method for drought assessment

should be used with caution due to the high number of extreme events calculated according to the SPI

Doi: 10.24012/dumf.1381660 method, and the SPEI method, which also takes into account the effect of temperature, can be preferred
instead of the SPI method.
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Giris

Kuraklik, vyagis  eksikliginden = kaynaklanan  su
mevcudiyetindeki azalma olarak tanimlanmakta ve diinyanin
en maliyetli dogal felaketlerinden biri olarak ifade
edilmektedir [1-4]. Kuraklik olaymin gorilme sikligi ve
siddeti ozellikle iklim degisikliginin etkisi ile son yillarda
artig gostermektedir [5]. Kurakligin artan etkisinin 6zellikle
kurak ve yar1 kurak bdlgelerde etkisini daha fazla ve uzun
siireli olarak hissettirecegi tahmin edilmektedir [4,6].
Kurakligin etkisinin arttig1 bolgelerde ekin veriminde
azalmalar, orman yangim risklerinde artiy ve arazilerin
collesmesi gibi ciddi sorunlar ortaya c¢ikabilmektedir [7].
Kuraklik olaymnin incelenmesi ve degerlendirilmesi su
kaynaklarinin planlanmasi ve yonetilmesi agisindan biiyiik
bir Oneme sahiptir [8]. Bu nedenle su kaynaklarinin
korunmasi ve gerekli onlemlerin alinabilmesi i¢in kurakligin
biiyiikligii, sikligr gibi 0Ozelliklerinin tahmin edilmesi
gerekmektedir. Ancak kuraklik karmagik bir yapiya sahiptir,
zamana ve mekana gore degisiklik gosteren bir olay olmasi
nedeni ile tahmin edilmesi zordur [9].

Literatirde yapilan ¢alismalarda kuraklik genellikle
meteorolojik,  hidrolojik, tarimsal  kuraklik  olarak
siniflandirilmaktadir. Meteorolojik kuraklikta yagis en
O6nemli parametre olarak ifade edilmekte ve yagisin normal
degerlerin altina diismesi sonrasinda ise kuraklik olaymin
yasanacagi ifade edilmektedir [10]. Bu nedenle literatiirde
meteorolojik kurakligin tahmin edilmesi i¢in bir¢cok kuraklik
indeksi yontemi gelistirilmistir. Bu yontemlerden en yaygin
olarak kullanilani ise Standart Yagis indeksi (SPI) yéntemidir
[11]. Bu yontemde girdi olarak sadece yagis verisi
kullanilmakta ve hesaplanan degerler yardimi ile kurakligin
biiyiikliigi ve sikligi tahmin edilebilmektedir. Ancak kuraklik
olay1 lizerinde 6zellikle sicakligimn etkisinin de bilyiik oldugu
bilinmektedir. SPI yonteminde sadece yagisa bagli olarak
degerlendirme yapilmaktadir ancak sicakligin yiiksek oldugu
kurak bolgelerde evapotranspirasyonun baslica su kaybi sekli
oldugu  diisiiniilecek  olur  ise  Standart  Yagis
Evapotranspirasyon indeksi (SPEI) yontemi gibi sicaklik
degerlerinin de gbz Oniinde bulunduruldugu bir kuraklik
indeksi yonteminin kullanilmasi kuraklik tahminlerinin daha
hassas yapilabilmesine yardime1 olacaktir [12,13].

SPEI ve SPI indeksleri kullanilarak Tiirkiye’de ve diinyada
kurakligin belirlenmesi, kuraklik frekansi ve siiresi gibi
Ozelliklerin belirlenmesi i¢in bir¢ok calisma yapilmigtir.
Yapilan galigmalardan bazilarindan asagida bahsedilmistir.

Hernandez ve Uddameri [14] tarafindan 2014 yilinda yapilan
calismada, Giiney Teksas’in bes iklim bdlgesini temsil eden
alt1 biiyiik sehir merkezi i¢in iki emisyon senaryosuna (A1B,
B1) gore SPI ve SPEI indeksleri iki genel sirkiilasyon
modelinden (PCM, HCM) elde edilen yagis ve sicaklik
projeksiyonlari ile birlikte kullanilmistir. Her iki sirkiilasyon
modelinden elde edilen veriler kullanilarak kuraklik indeksi
yontemleri ile yapilan hesaplamalarda 21. Yiizyil boyunca
bolgede giderek artan bir kuraklik 6ngérmiistiir. SPI indeksi
21. yiiz yiln ilk yarisinda mevcut nemli donem sayisinda
daha fazla degiskenlik gdsterirken, SPEI indeksinin artan
sicakligin neden oldugu bir azalis egilimini gosterdigi tespit
edilmistir. Ancak 21. yiliz yilm ikinci yarisindaki
kurakliklarin nedeninin ise hem artan sicakliklar hem de
azalan yagislar oldugu tespit edilmistir. Kuraklik etkilerinin
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ise A1B senaryosunda B1 senaryosundan daha belirgin
oldugu ve etkilerin genellikle i¢ bolgelerde kiy1 bolgelerine
gore daha giiclii hissedildigi belirlenmistir.

Bacanli vd. [15] 2017 yilinda yaptiklari ¢aligmada, Kuzey
Ege bolgesi kuraklik analizi i¢in bolgede secilen 29 adet
meteoroloji gbézlem istasyonuna ait yagis verilerini
kullanmiglardir. SPI yontemi ve Paylastirilmis Entropi (PE)
kuraklik indeksi yontemleri kullanilarak kuraklik analizi
yapilmigtir. Elde edilen sonuglara gore PE ydnteminin
kuraklik tespitinde SPI yontemi gibi kullanilabilecegi
degerlendirilmistir.

Tirivarombo vd. [13] 2018 yilinda yapmis olduklart
calismada, sosyoekonomik ge¢im kaynaklarmin ¢ogunun
suya bagli oldugu kuzey Zambiya'da bulunan Kafue Havzasi

igin SPI  ve SPEI  indekslerinin sonuglarimni
karsilagtirmislardir. SPEI indeksi ile yapilan hesaplamalarda
SPI indeksine kiyasla siddetli ve orta dereceli

siiflandirmalarda daha uzun siireli ve artan yogunlukta
kuraklik tespit edilmistir. Ote yandan, SPI indeksi ile SPEI
indeksine kiyasla asir1 kuraklik siniflarinda daha fazla
kuraklik hesaplanmis, ancak siddetli ve orta dereceli kuraklik
siniflandirmalarinda ise daha kisa siireli ve daha az sayida
kuraklik tespit edilmistir. Sonug olarak sicaklik degerlerinin
kurakligin karakterize edilmesinde 6nemli bir rol oynadigi
goriilmiistiir. SPI indeksinin girdi olarak sadece yagis
verilerine ihtiyag duymasi nedeni ile ozellikle sicaklik
verilerinin eksik oldugu durumlarda kullanilmasmin uygun
oldugu degerlendirilmis ve SPI indeksinin kurakligin
belirlenmesinde daha dikkatli kullanilmas1 gerektigi ifade
edilmistir.

Abbasi vd. [16] 2019 yilinda yaptiklar1 ¢caligmada Urmiye
sinoptik istasyonu i¢in kisa, orta ve uzun vadeli zaman
6l¢eklerinde kurakligin izlenmesi ve tahmini amaciyla SPI,
SPEI ve gen ekspresyonu programlama modellerini
kullanmiglardir. Bu amagla 1951-2009 yillar1 arasindaki aylik
yagis ve sicaklik verileri kullanilarak 1, 3, 6, 12, 24 ve 48
aylik zaman periyotlar1 i¢in SPEI hesaplanmis ve elde edilen
degerler SPI yoOntemi sonuglart ile karsilagtirilmagtir.
Sonuglar, SPEI ve SPI'nin 3, 12 ve 48 aylik zaman
periyotlarinda korelasyon katsayisinin sirastyla 0.84, 0.845
ve 0.776 olarak belirlendigini gostermistir. Elde edilen
degerler incelendiginde ise istatistiksel donem boyunca
1959-1967 ve 1998-2009 tarihleri arasinda kurakligin
goriildiigl iki uzun zaman dilimi belirlenmistir. SPEI zaman
serilerine dayali kuraklik hesaplamalarmin ardindan, 1 ila 5
aylik gecikmelerle gen ekspresyonu programlama modelleri
kullanilarak ~ kuraklik  tahmin  edilmistir.  Sonuglar
degerlendirildiginde, SPEI zaman periyodu biiyiitiildiigiinde
tahmin dogrulugu artirilmistir, bu sayede bir aylik zaman
periyodu igin (SPEIl) test asamasindaki elde edilen
korelasyon katsayis1 0.215 iken 48 aylik zaman periyodunda
(SPEI48) 0.984'e yiikselmistir ve modelin genel dogrulugu
SPEI1'de %60.1 iken SPEI48'de %92.3'e yiikselmistir.

Bacanli ve Aksan [17] tarafindan 2019 yilinda yapilan
calismada Tirkiye’nin Akdeniz Bolgesi’nde bulunan 8
meteoroloji gézlem istasyonuna ait 1970-2018 yillar1 arasi
sicaklik ve yagis verileri kullanilarak her bir istasyon i¢in
1,3,6,9 ve 12 aylik SPEI degerlerinin frekans analizleri
hesaplanmistir. Bu sayede kurak ve sulak ddénemlerin
dagilimlarmin  karsilagtirilmast  amaclanmistir.  Akdeniz
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Bolgesi'nde segilen istasyonlar i¢in hesaplanan SPEI
degerleri incelendiginde tiim istasyonlarda hafif kuraklik
sinifi ile normale yakin kuraklik sinift arasinda oldugu tespit
edilmistir.

Mehr ve Vaheddoost [18] 2020 yilinda yapmis olduklari
caligmada Tiirkiye'nin Ankara Ili {izerindeki meteorolojik
kuraklik olaylarinin temel 6zelliklerini (siiresi, siddeti ve
egilimi) arastirmiglardir. Calisma alani icerisinde yer alan alt1
meteoroloji istasyonuna ait 46 yillik gézlemlenen yagis ve
sicaklik verileri kullanilarak 3,6 ve 12 aylik zaman
Olceklerinde SPI ve SPEI indeksleri kullanilarak kuraklik
tespit edilmeye calisilmistir. Elde edilen kuraklik degerlerinin
egilimlerinin belirlenmesi amaciyla Spearman siralama
korelasyon yontemi ve Sen’in Yenilik¢i Egilim Analizi
yontemi kullanilmigtir. Sonuglar incelendiginde SPI ve SPEI
yontemleri arasinda Ozellikle 6 ve 12 ayhk zaman
Olceklerinde zamansal tutarsizlik olmasina ragmen, Ankara
icin 1971-2016 donemleri arasinda bes asirt kuraklik olay1
meydana geldigi tespit edilmistir. Kuraklik trend sonuglar1
incelendiginde ise SPEI indeksi i¢in kuraklik olaylarinda
hafif bir diislis trendi oldugu ancak SPI indeksinin ayni
egilimi gdstermedigi degerlendirilmisgtir.

Bakanogullar1 [19] tarafindan 2020 yilinda yapilan ¢caligmada
Istanbul Biiyiikgekmece igme suyu havzasinda yer alan
Damlica deresi havzasina ait 1982-2006 yillar1 arasi 25 yillik
veri seti kullanilarak kurakligin siddetinin ve sikliginin SPEI
indeksi kullanilarak belirlenmesi ve elde edilen sonuglarin ise
SPI degerleri ile karsilastirilmasi amaclanmigtir. Hesaplanan
yillik SPEI ve SPI indeksi degerleri arasinda determinasyon
katsayist1 R2=0.977 olarak hesaplanmig ve istatistiki olarak
anlamli bir iligki tespit edilmistir. Bunun yaninda ise aylik,
mevsimlik ve 6 aylik kuraklik degerlerinde farkliliklar tespit
edilmistir. SPEI indeksi ile havzada 4 yil orta kurak, 7 yil
hafif kurak donem belirlenirken, SPI indeksine gore 2 yil
siddetli kurak, 3 yil orta kurak ve 2 yil hafif kurak dénem
tespit edilmistir. Ozellikle tarimsal iiretim igin SPEI indeksi
ile daha  hassas  degerlendirmeler  yapilabilecegi
degerlendirilmistir.

Liu vd. [20] 2021 yilinda yaptiklari ¢aligmada SPI ve SPEI
degerlerini, 1961'den 2019'a kadar Sichuan Eyaletindeki 44
meteoroloji istasyonunun verilerine dayanarak
hesaplamiglardir ve farkli zaman ve mekan olgeklerinde
kuraklik karakteristik trendlerini belirlemek i¢in Mann-
Kendall egilim testi ve ¢cok degiskenli dogrusal regresyon
yontemlerini kullanmiglardir. Sonug¢ olarak SPEI kuraklik
degerlerinin trendinin diiz ve engebeli bolgelerde tim zaman
Olceklerinde plato ve daglik bolgelerdekinden daha yiiksek
oldugu, batiya gore daha uzun oldugu ve bu nedenle kuraklik
egilimlerinin kuzeybatidan doguya dogru gegis yaptigini
ifade etmislerdir. Bat1 bolgesindeki kuraklik yogunlugunun
ise kademeli olarak arttigmmi ve kuraklik olaylarmin
cogunlukla giineybatt platosunda ve merkezi daglk
bdlgelerde meydana geldigini tespit etmiglerdir. Bu durumda
kurakligin meteorolojik olarak sicak noktalar esas almarak
Sichuan havzasinda yogunlagtigi anlamma geldigi ifade
edilmistir. Cok degiskenli dogrusal regresyon ydnteminin
belirttigi yiiksekligin (H), Sichuan Eyaletindeki yagisin
mekansal diizensizligine neden olan ana etki faktorii
olmadig1, ancak yiksekligin (H), sicakligin (T), boylamin
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(Lo) ve enlemin (La) yagist birlikte belirleyebilecegi ifade
edilmigtir.

Aktiirk vd. [21] 2022 yilinda yaptiklar1 ¢alismada Kirikkale
ili kuraklig1 ve kuraklik 6zelliklerini degerlendirmek i¢in SPI
ve SPEI indekslerini kullanarak kuraklik analizi yapmislardir.
Bu amagla segilen istasyona ait 1963-2018 yillar1 arasi
bolgeye ait meteorolojik veriler kullanilmis ve 1, 3, 6, 9 ve
12 aylik farkli zaman periyotlari icin SPI ve SPEI degerlerini
hesaplamiglardir. SPEI indeksi i¢in gerekli olan Potansiyel
Evapotranspirasyon (PET) degerleri Thornthwaite (T) ve
Hargreaves (H) yontemleri ile hesaplanmis ve her istasyon
i¢in iki farklit SPEI zaman serisi elde edilmistir. 1, 3, 6, 9 ve
12 aylik farkli zaman periyotlart igin SPI, SPEI(T) ve
SPEI(H) sonuglar1 arasinda korelasyon katsayilari
belirlenmistir, farkli zaman periyotlarindaki kuraklik indeksi
degerleri arasindaki iligkiler degerlendirilmistir. Elde edilen
veriler incelendiginde ve her indeks kendi iginde
degerlendirildiginde zaman periyodu biiyiidiikce korelasyon
degerinde azalma oldugu goriilmiistiir. Karsilagtirmalar
sonucunda ayni zaman periyotlar1 i¢in en biiyiik korelasyon
SPEI(T) ve SPEI(H) yontemleri arasinda 12 aylik zaman
periyodu icin elde edilmistir. Ayrica, en diisiik korelasyon
degeri SPI ve SPEI(H) yontemleri arasinda 1 aylik zaman
periyodu i¢in elde edilmistir. SPEI(H) yontemi ve SPEI(T)
yontemi  arasinda  belirlenen  korelasyon  degerleri
incelendiginde, iki yontem arasinda iliskinin daha fazla
oldugu ve =zaman periyodu biiyiidiikge korelasyon
degerlerinin arttig1 goriilmiistiir. SPI, SPEI(T) ve SPEI(H)
yontemleri ile kiyaslandiginda SPI yonteminin diger iki
yontem ile kuvvetli iligkisi oldugu degerlendirilmistir.

Calisma alani1 olarak sec¢ilen Van ili ve siurlari igerisinde yer
aldigi Van Goli havzasinin kurakliginin belirlenmesi i¢in
daha 6nce yapilan ¢alismalardan bazilari ise asagidaki gibidir.

Yetmen [22] 2013 yilinda yaptig1 ¢aligmasinda Van Golii
Havzasi sinirlart igerisinde yer alan Van istasyonu ve Tatvan
istasyonu i¢in 1975-2008 yillari aras1 kuraklik analizini SPI
yontemine gore yapmustir. Calismada elde edilen 1, 3 ve 12
aylik kuraklik degerleri incelendiginde Van G6lii havzasi i¢in
kuraklik olasihigmin %45 oldugu degerlendirilmistir.
Havzadaki en uzun ve siddetli kurakligin 1996 ile 2002 yillart
arasinda gerceklestigi belirlenmistir. Bu siddetli kurak donem
igerisinde Tatvan istasyonu ve Van istasyonu i¢in 2000-2001
yillart arasinda sirastyla 11 ay ve 12 ay siireli kuraklik
goriilmiistiir. Ayrica elde edilen SPI degerleri ile Kuzey
Atlantik Salinim1 (KAS) arasinda Ocak, Subat ve Mart aylart
icin orta diizeyde negatif korelasyon belirlenmistir.

Celik vd. [23] 2018 yilinda yaptiklar1 ¢aligmada Dogu
Anadolu Bolgesi’nin 1967-2017 yillar1 arast mevsimsel

kurakligimi incelemislerdir. Mevsimlik kurakligin
degerlendirilmesi amaciyla SPI yontemi kullanilmistir.
Bolgede toplam 14 ilin kuraklik degerlendirilmesi

yapilmigtir. Iklim smiflandirmas1 igin ise Thornthwaite,
Ering, De Martonne ve Aydeniz indisleri kullanilmigtir.
Calismada Malatya, Elaz1g, Tunceli, Van ve Kars illeri i¢in
artan bir kuraklik egilimi oldugu degerlendirilmistir. Bingdl,
Bitlis, Hakkari ve Igdir illeri i¢in ise nemli donemlerde artan
bir egilim tespit edilmistir. Calismada kullanilan iklim
smiflandirmalarina gore bazi kurak 6zellikteki istasyonlarda
ilerleyen donemlerde nemli, bazilarinda ise tamamen kurak
iklim kosullarinin olusacagi degerlendirilmistir.
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Oz [24] tarafindan 2020 y1linda yapilan calismada Van Gélii
havzasi siirlar igerisinde yer alan 14 meteoroloji gdzlem
istasyonuna ait 1968-2018 yillar1 aras1 meteorolojik verileri
kullanilarak kuraklik analizi gergeklestirilmistir. Caligmada
kurakhigm belirlenmesi amaciyla Standart Yagis Indeksi
(SPI), Yagis Anomali indeksi (NYI), Normal Yagisin
Yiizdesi (NYY) ve Ering Indeksi (EI) kullanilmistir. Kuraklik
sonuglar1 incelendiginde 1984, 2000 ve 2013 yillart igin
havza genelinde kuraklik tespit edilmistir. Kullanilan
kuraklik indeksi yontemlerinin sonuglarinin ise birbirine
benzer oldugu goriilmiistiir. Elde edilen sonuglar 1siginda
havzanm %28’lik kismi hafif yagish, %45°1lik kismi hafif
kurak ve %19’luk kismu ise orta derecede kurak olarak tespit
edilmistir. Incelenen donemler arasinda en siddetli kuraklik
ise Dogubayazit istasyonunda 2013 yilinin Agustos ayinda
gerceklesmistir. Sonug olarak Van Golii Havzasti i¢in hafif ve
orta kurak degerlendirmesi yapilmistir.

Erdem vd. [25] 2021 yilinda yaptiklar1 ¢aligmada Van Golii
Havzasmin 1989-2019 yillar1 aras1 kurakliginin Cografi Bilgi
Sistemleri (CBS) ve uzaktan algilama teknigi kullanilarak
analiz edilmesini amaglamiglardir. Bu amagcla arazi yiizey
sicakliklar1 (LST) ve arazi kullanimi haritalar1 (LULC)
Landsat-5 ve Landsat-8 uydu goriintiilerinden elde edilmistir.
Kuraklik sadece CBS ve uzaktan algilama kullanilarak degil
ayrica SPI yontemi kullanilarak da tespit edilmistir. LST
degerlerinin 1989, 1999 ve 2010 yillarina kiyasla 2015 ve
2019 yillarinda artis gosterdigi belirlenmistir, LULC’de ise
onemli bir degisiklik olmadig1 goriilmiistiir. SPI ile yapilan
hesaplamalar 1518mnda 1991 ile 1994 yillart arasinin orta,
siddetli ve asir1 yagigh kategoride oldugu degerlendirilmistir.
Uydu ile elde edilen veriler ile SPI degerleri arasinda ise
yiiksek diizeyde uyum oldugu tespit edilmistir.

Ozer ve Yalcmer Coskun [26] tarafindan 2021 yilinda yapilan
calisgmada Van Go6lii Havzasi meteorolojik kurakligimin
belirlenmesi amaciyla SPI yontemi kullanilmistir ve ArcGIS
programi yardimiyla Ters Mesafe Agirlikli enterpolasyon
(IDW) yontemi ile kuraklik haritalar1 olusturulmustur. Elde
edilen haritalar yardimiyla 2010-2019 yillar1 arasinda
degerlendirmeler yapilmistir. Sonuglar degerlendirildiginde
Havza’da 2012, 2013, 2016 ve 2019 yillarinda ciddi kuraklik
goriildiigii belirlenmistir. Havza kurakliginin sadece iklim
degisikligi nedeni ile degil ayn1 zamanda yanlis sulama
tekniklerinden, teknolojik sistem eksikliginden ve halkin
bilinglendirilmemesinden kaynaklandigi degerlendirilmistir.
Uygun stratejiler gelistirilmesi durumunda havza igin
kuraklik riskinin azaltilabilecegi degerlendirilmektedir.

Secilen ¢aligma alaninin kurakligmin belirlenmesi amaciyla
yapilan ¢alismalar incelendiginde genellikle SPI yonteminin
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kullanildig1 goriilmektedir. Ancak yukarida bahsedilen
calismalardan da anlagilacagi iizere sadece yagis verilerinin
girdi olarak kullanilmast nedeni ile SPI ydnteminin
kurakligin tanimlanmasinda daha dikkatli kullaniimasi
gerekmektedir. Ayrica SPI degerleri hesaplanirken normal
dagilim yerine gamma dagilimmin kullanilmasi ile daha iyi
sonuglar elde edilebilecegi belirtilmektedir. Bu nedenle
calismada kurakligin daha hassas bir sekilde belirlenebilmesi
amaciyla SPI degerlerinin hesaplanmasinda gama dagilimi
kullanilmigtir. Ayrica kurakligin belirlenmesi i¢in yagis
verilerinin yaninda sicaklik degerlerini de g6z Oniinde
bulundurarak hesaplama yapan SPEI indeksi literatiirde
yaygin olarak kullanildigindan, ¢alisma alaninin kurakligiin
belirlenmesi ig¢in SPEI yontemi de kullanilmistir. Ancak SPI
ve SPEI yontemleri ile elde edilen sonuglar analiz yapilan
bolge igin farkli kuraklik yorumlamalarma neden
olabilmektedir. Bu nedenle son yillarda kurakligin olumsuz
etkilerinin oldukca fazla hissedildigi yar1 kurak iklim
bolgesinde yer alan Van ilinin kuraklik analizinin SPI ve
SPEI yontemleri ile karsilagtirmali olarak yapilmasi
amaclanmistir. Calismada Van ili siirlari igerisinde yer alan
5 adet meteoroloji gézlem istasyonuna ait 1982-2018 yillart
aras1 yagis ve sicaklik verileri kullanilarak SPI ve SPEI
indeksleri yardimi ile 1, 3, 6, 9, 12 aylik zaman periyotlari
icin kuraklik analizi yapilmistir. Elde edilen sonuglar
incelenerek SPI ve SPEI yontemlerinin sonuglarinin Van ili
icin bir birleri ile uyum i¢inde olup olmadiginin ve hangi
bolgelerde farkli sonuglarin elde edildiginin
degerlendirilmesi amaglanmaktadir. Ayrica literatiirde daha
once Van ili icin SPI ve SPEI kuraklik indeksi yontemlerinin
karsilagtirmali bir analizi yapilmadigi icin literatiire katki
saglayacag diisliniilmektedir.

Materyal ve Yontem

Cahsma Alam ve Yeri

Dogu Anadolu Yukari Murat-Van bolgesinde Van Goli
kapali havzasi igerisinde yer alan Van ili 20921 km2’lik yiiz
6l¢timiine sahiptir. Van ili 38° 30° kuzey ve 43° 22’ dogu
enlemleri arasinda yer almaktadir. {lde yazlar sicak ve kurak,
kislar ise soguk ve yagish gegmektedir. Meteoroloji Genel
Midiirliigii verilerine gore yillik ortalama sicaklik 9.5°C ve
yillik toplam yagis 392.7 mm’dir [27]. Sekil 1’de Van ili ve
secilen istasyonlarin cografi konumlarina ait bilgiler
verilmistir. Van ili sinirlart igerisinde segilen istasyonlarin
aylik ortalama sicaklik ve yagis verilerine ait ortalama,
standart sapma ve garpiklik gibi istatistiki bilgiler ise Tablo
1’de sunulmustur.
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Sekil 1. Calisma alan1 ve secilen meteoroloji gbzlem istasyonlarmin cografi konumu

Tablo 1. Secilen istasyonlara ait istatistiki bilgiler

Yags verilerine ait istatistiki bilgiler

Sicaklik verilerine ait istatistiki bilgiler

Istasyon Ad1  Ortalama St. Sapma Carpiklik Ortalama St. Sapma Carpiklik
Bagkale 36.23 32.43 1.809 6.38 9.42 -0.005
Ercis 34.32 28.28 1.017 8.02 9.69 -0.075
Gevas 41.93 33.89 0.936 9.03 8.83 -0.031
Muradiye 46.76 37.06 1.504 8.96 9.85 -0.028
Ozalp 41.94 36.99 1.656 6.13 10.64 -0.160

Standart Yagis indeksi

Mckee vd. tarafindan [28] 1993 yilinda gelistirilen SPI
yontemiyle kurakligin zamansal ve mekéansal olarak
degiskenliginin incelenmesi amaglanmustir [28,29]. Standart
Yagis Indeksi (SPI), ilgilenilen herhangi bir zaman
Olcegindeki yagis zaman serilerini bir olasilik yogunluk
fonksiyonuna (PDF) uyarlar ve ardindan ters normal dagilim
fonksiyonu kullanarak elde edilen olasiliklart standart normal
dagilima dontstiiriir.  [30]. SPI indeksi meteorolojik
kurakligm belirlenmesinde en ¢ok kullanilan yontemlerden
biridir. Bunun nedeni SPI indeksinin diger yontemlere
kiyasla daha kolay ve herhangi bir bdlgeye uygulanabilir
olmasidir [31]. Guttman tarafindan [32] 1999 yilinda yapilan
calismada SPI yonteminde gozlemlenen bir yagis serisini
tanimlamak i¢in normal dagilimdan farkli bir olasilik
dagilimi kullanilirsa, elde edilen degerlerin de farkli olacag:
ifade edilmektedir. Angelidis vd. [31] tarafindan 2012 yilinda
yapilan c¢aligmada, gamma olasilik dagilim fonksiyonunun
log-normal ve normal dagilimlara kiyasla farkli zaman
periyotlarinda SPI yontemi ile hesaplanan kuraklik degerleri
icin daha iyi sonuglar verdigi degerlendirilmistir. Bu nedenle
bu caligmada SPI'nin hesaplanmasinda yagis verisine bir
gamma Olasilik Yogunluk Fonksiyonu (PDF) uydurularak
farkli zaman periyotlar1 i¢in SPI degerleri hesaplanmistir.
Gamma olasilik dagilim fonksiyonu Denklem 1°de
tanimlanmistir:

X

1 -1
90) = arey e M

Burada a sekil parametresidir ve a > 0°dir, f Olgek
parametresidir ve f > 0’dir ve x ise yagis miktaridir ve x >
0°dir. I'(@) gamma fonksiyonudur ve Denklem 2’deki gibi
tanimlanmaktadir:

[oe]

[(a) = f yeledy @

0

Thom’un [33] 1958 yilinda gelistirmis oldugu yaklagim
kullanilarak dagilimin verilere uydurulabilmesi i¢in gerekli
olan a ve B parametreleri Denklem 3’te belirtildigi sekilde
tahmin edilebilir:

1 ’ 4A x _ Zn(x)
a= 1+ 1+— ,B—E = In(x) — 3

Yukaridaki denklemde n degeri gozlem sayisini ifade
etmektedir. Olasilik yogunluk fonksiyonunu x’e gére entegre
etmek ve a ve B parametrelerini eklemek suretiyle G(x)
kiimtilatif olasilik dagilimi Denklem 4’teki gibi elde edilir:

x%e ﬁdx 4

0= f IO = parGa )f

Yukaridaki denklemde t = x/f8 yazilacak olur ise Denklem
5’teki hale indirgenmis olur
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X
G(x) =Lft“_1e‘1dt (5)

I'(a)

0
Gamma dagilimi x=0 olan degerler icin taniml
olmadigindan, veri setinde bulunabilecek olan x=0

degerlerinden dolay1 olusacak bu problemi giderebilmek
amaciyla gamma dagilimi icin kiimiilatif olasilik dagilim
fonksiyonu Denklem 6’daki gibi modifiye edilebilir [34].

Hx) =g+ (1 -q6Kx) (6)

Yukaridaki denklemde q degeri sifira esit olan yagis
degerinin (x=0) olasiligimi ifade etmektedir. Elde edilen

kiimtilatif olasilik dagilim fonksiyonu H(x) ortalamasi sifir ve
varyansi 1 olan standart normal rastgele degisken Z’ye
doniistiriiliir. Abramowits ve Stegun [35] tarafindan 1965
yilinda verilen yaklasik doniisiimler kullanilarak Z ve SPI
degerleri Denklem 7 ve Denklem 8’deki gibi hesaplanir
[36]Yukaridaki denklemlerde verilen Kkatsayilar
2.515517, ¢; = 0.802853, ¢, = 0.010328, d; =
1.432788,d, = 0.189269 ve d; = 0.001308"dir.
Hesaplanan SPI degerleri kullanilarak Tablo 2 yardimiyla
kuraklik smiflandirmasi yapilabilmektedir.

COZ

Z=SPI=—|t Gt ottt = 1( ! ) 0 < H(x) < 0.5 ici 7
R T+dit+dptz+dst3) - | " \H(x)? Xk > et Q)
Z=SPI=—|(t Gt att ot = 1( ! ) 0.5 < H(x,) < 1 ici 8
e T+dit+dytz+dst2) "\ = HOo))? : Xk Hn ®)

Tablo 2. SPI/SPEI degerlerine gore kuraklik siniflandirmasi

SPI Degerleri Kuraklik Siniflandirmasi
2 veya daha fazlasi Asirt Nemli

1.5-1.99 Cok Nemli

1-1.49 Orta Derece Nemli
0.99- (-0.99) Normale Yakin

(-1) - (-1.49) Orta Derece Kurak
(-1.5) — (-1.99) Cok Kurak

(-2) ve daha az1 Asir1 Kurak

Standart Yagis Evapotranspirasyon indeksi (SPEI)

SPEI indeksi Vicence-Serraneo vd. tarafindan [37] 2010
yilinda gelistirilmis bir kuraklik indeksi yontemidir. Bu
yontemde kurakligin belirlenebilmesi amaciyla Potansiyel
Evapotranspirasyon (PET) ve yagis verileri birlikte
kullanilarak hesap yapilmaktadir [37,38]. Bu indeksin amac1
su kaynaklarinda meydana gelen kayiplarin en
onemlilerinden biri olan Evapotranspirasyon (ET) nedeni ile
bolgede gerceklesebilecek PET etkisinin dahil edilmesi i¢in
Palmer Kuraklik Siddet Indeksi (PDSI) y&nteminin
buharlagma miktarindaki artisa olan duyarliligr ile SPI
yonteminin ¢ok zamanl yapisini birlestirmektedir [37]. SPEI
yontemi girdi olarak aylik veya haftalik yagis ile PET
arasindaki farki  kullanmaktadir. PET  degerlerinin
hesaplanmasinda, genellikle veri gereksinimi olarak sadece
aylikk ortalama sicaklik verisine ihtiya¢ duyulan
Thornthwaite yontemi kullanilmaktadir [39]. Yagis ve PET

arasindaki fark i ayr i¢in Denklem 9 yardimi ile
hesaplanmaktadir.

Di = Pi - PETl (9)
Burada D;, aylk yagis P; ve aylk potansiyel

evapotranspirasyon PET; arasindaki farktir. Farkli zaman
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Olgekleri i¢in su biitgesi denklemi, Denklem 10°daki gibi
yazilabilir.

k-1

Dk = Z(Pn_1 —PET,.), n=k (10)
i=0

Burada k zaman o6lgegini (ay) ve n zaman serisinin
uzunlugunu ifade etmektedir [40].

Vicente-Serrano vd. 2010 yilinda yaptiklari ¢aligmada
hesaplanan D serisi ile Log_logistic dagilim: arasinda iyi bir
iliski oldugunu tespit etmislerdir. Log-logistic dagilimi
negatif degerleri hesaba katabildigi i¢in hesaplamalar i¢in
uygun bir dagilimdir. Log-logistic dagilimina gére D
serisinin olasilik dagilim fonksiyonu Denklem 11°deki
sekilde ifade edilmektedir [37,41].

F(x) = [1 n (x i y)ﬁ]

Burada a,8 ve y sirasiyla Olgek, sekil ve orijin
parametresidir. Log-logistic dagilimmin parametrelerinin
hesaplanmasi i¢in en giiglii ve kolay yontemin L-momentler
yontemi oldugu belirtilmektedir ve Denklem 12-14 yardimi
ile hesaplanabilmektedir [38,42,43].

-1

(11D
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_ 2wy —wy
f = G ow; a2
_ (wy—2w))p
()
y = w,—al (%) r (1‘%1) (14)

Burada TI'(1+ 1/p) ifadesi (14 1/8) degerinin gamma
fonksiyonudur ve wy ise s (s=0,1,2...) mertebesinin olasilik-
agirlikli moment (PWMs) degeridir.

- 0.35\°
)

(15)

Denklem 15°te n veri noktast sayisi ve j artan sirada gézlem
araligidir. SPEI daha sonra asagidaki formiile gére F(x)'in
standartlagtiritlmis degerleri olarak hesaplanir.

Co+ C,W + C,W?

SPEI =W —
1+ d,W + d,W? + d3W3

(16)
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Yukaridaki denklemdeki W degeri ise Denklem 17°de
verilmistir;
W =.,/—2In (P)

P <0.5icin a7

P degeri belirlenmis bir D degerini agma olasiligimi ifade
etmektedir, P = 1 — F(x). Eger P > 0.5 ise P degeri yerine
1 — P yazilir ve SPEI degerinin isareti tersine ¢evrilir. SPEI
denkleminde kullanilan katsayilar ise C, = 2.515517, C;
0.802853,C, = 0.010328,d, = 1.432788,d, =

0.189269,d; = 0.001308 olarak alinmaktadir [37].
Kuraklik smifinin belirlenmesi i¢in ise SPI boliimiinde
verilen Tablo 2’°deki alt ve {ist sinirlardan yararlanilmaktadir.

Bulgular

Van ili igerisinde yer alan 5 adet meteoroloji gozlem
istasyonuna ait aylik ortalama sicaklik ve yagis verileri
kullanilarak SPI ve SPEI yontemleri yardimiyla 1, 3, 6, 9 ve
12 aylik zaman periyotlar igin kuraklik analizi ayr1 ayri
yapilmistir. SPI ve SPEI indeksleri yardimiyla hesaplanan
kuraklik degerleri asagida verilmistir.
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Sekil 2. Segilen istasyonlara ait SPI-1 ve SPEI-1 degerleri
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Sekil 3. Secilen istasyonlara ait SPI-3 ve SPEI-3 degerleri
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Sekil 4. Secilen istasyonlara ait SPI-6 ve SPEI-6 degerleri
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Sekil 5. Segilen istasyonlara ait SPI-9 ve SPEI-9 degerleri
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Sekil 6. Secilen istasyonlara ait SP1-12 ve SPEI-12 degerleri

Yukaridaki sekiller incelendiginde Van ili sinirlari igerisinde
secilen istasyonlara ait kuraklik hesaplamalarinda SPI ve
SPEI indeksleri ile birbirine yakin degerlerin elde edildigi,
ancak SPI yontemi ile hesaplanan ekstrem degerlerin SPEI
indeksi ile hesaplanan ekstrem degerlerden daha biiyiik
oldugu goze carpmaktadir. Ayrica her iki yontem ile
hesaplanan kuraklik degerlerinin gosterildigi grafiklerde
cizilen egilim ¢izgileri incelenecek olur ise secilen tim

BASKALE SPI-1 vs SPEI-1 BASKALE SPI-3 vs SPEI-3
4

R?=0,8955 R?=0,9163

R?=0,8722

ERCi$ SPI-1 vs SPEI-1

ERCI$ SPI-3 vs SPEI-3
4 a4

R?=0,8536 R?=0,8645 5 R?=0,8692

BASKALE SPI -6 vs SPEI-6

SPEI

ERCI$ SPI-6 vs SPEI-6
4
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istasyonlar i¢in kurakligin artan bir trende sahip oldugu
goriilmektedir. Her iki yontem ile elde edilen sonuglarin
birbiri ile iligkilerinin belirlenebilmesi amaci ile 1,3,6,9 ve
12 aylik zaman periyotlar1 i¢in korelasyon katsayilari
hesaplanmis ve sekil 7°de sunulmustur.

BASKALE 5P| 9 vs SPEI-9 BASKALE SPI-12 vs SPEI-12

SPEI

R?=0,9317

R?=0,932

SPEI

&

R?=0,8911
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Sekil 7. Segilen istasyonlar i¢in hesaplanan SPI ve SPEI degerleri arasindaki korelasyon katsayilari

Sekil 7 incelendiginde tiim zaman periyotlar1 i¢in SPI ile SPI ve SPEI yontemleri ile segilen istasyonlarda 1,3,6,9 ve
SPEI indeksleri ile hesaplanan degerler arasinda segilen tiim 12 aylik zaman periyotlar1 i¢in hesaplanan her bir kuraklik
istasyonlarda kuvvetli bir korelasyon oldugu sdylenebilir. smifinin meydana gelme sayilar1 asagidaki sekillerde
Ozellikle uzun zaman periyotlarinda segilen tiim verilmistir.

istasyonlarda korelasyon katsayisinin daha yiiksek oldugu
gbze ¢arpmaktadir.

Baskale SPI kuraklik siniflari ve meydana gelme sayilari LAYk SPI Ercis SPI kuraklik siniflari ve meydana gelme sayilari
L] 1
v =1 Aylk SPI
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350 v 350 w3 Aylik SPI
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300 ¥ 300 W6 AylikSPI
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250 v 250 9 Aylk Pt
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200 200 W12 Ayhk SPI
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0 e HEulm III I III I HeEen _—m_=n 0 =HEEEE Emlnm II. | III I || T ——
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Kurak Yakin Nemli Kurak Yakin Nemli
Gevas SPI kuraklik siniflari ve meydana gelme sayilari Muradiye SPI kuraklik siniflari ve meydana gelme sayilari
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250 9 Aylik SPI 250 9 Aylik SPI
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100 100
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0 mmEm- EmE [ | III | III I LT L] I—— 0 mmmum Humnm III I lll I | T T——
AsiriKurak  Cok Kurak Orta Derece  Normale Orta Derece Cok Nemli  Agiri Nemli Agiri Kurak  Cok Kurak Orta Derece Normale Orta Derece Cok Nemli  Asirt Nemli
Kurak Yakin Nemli Kurak Yakin Nemli

Ozalp SPI kuraklik siniflari ve meydana gelme sayilari
1 Aylik SPI

=3 Aylik SPI
=6 Aylik SPI

300
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200 12 Aylik SPI
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100
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0 mmee HEmme- III I | [T e o | |
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Sekil 8. SPI indeksine gore 1, 3, 6, 9 ve 12 aylik periyotlarda segilen istasyonlarda hesaplanan Asir1 Kurak, Cok Kurak, Orta
Derece Kurak, Normal, Orta Derece Nemli, Cok Nemli, Asir1 Nemli donem sayilart
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Bagskale SPEI siniflari ve meydana gelme sayilari
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Sekil 9. SPEI indeksine gore 1, 3, 6, 9 ve 12 aylik periyotlarda segilen istasyonlarda hesaplanan Asirt Kurak, Cok
Kurak, Orta Derece Kurak, Normal, Orta Derece Nemli, Cok Nemli, Asirt Nemli donem sayilari

Sekil 8 ve Sekil 9 incelendiginde, asir1 kurak donemlerin 9
ve 12 aylik zaman periyotlarinda SPI yontemine gore en
fazla Ercis ilgesinde, SPEI yontemine gore ise en fazla
Ozalp ilcesinde goriildiigii belirlenmistir.  Cok kurak
donemlerin SPI yontemine gore ozellikle 9 ve 12 aylik
zaman periyotlarinda en ¢ok Gevasg istasyonunda meydana
geldigi tespit edilirken, SPEI yontemine gore ise sirastyla
Ercis Gevas ve Bagkale ilgelerinde birbirine yakin ve
benzer sonuglar hesaplandigi goriilmistiir. Orta derece
kurak sinif i¢in hesaplanan degerler incelendiginde SPEI
indeksine gore en fazla sayida Ercis istasyonunda 9 aylik
periyot igin hesaplanmis, SPI yontemine gore ise Ozalp
istasyonunda en az sayida orta derecede kuraklik olay1
tespit edilmistir. Normal donem sayilari incelendiginde ise
hem SPI hem de SPEI indeksi yontemlerine gore tim
istasyonlarda benzer degerlerin hesaplandig1
goriilmektedir. Orta derece nemli dénem incelendiginde
Ozalp ilgesi icin her ne kadar SPEI yontemi ile daha fazla
sayida meydana gelme durumu tespit edilmisse de her iki
yonteme gore de en az meydana geldigi ilgenin Ozalp ilgesi
oldugu belirlenmistir. Diger ilgeler incelendiginde, SPEI
yontemine gore 9 aylik zaman periyodu i¢in Ercis ilgesi ve
12 aylik zaman periyodu i¢in ise Gevas ilgesinde en fazla
meydana geldigi tespit edilmistir. Diger ilgelerde ise her iki
yonteme gore benzer durum tespit edilmistir. Cok nemli
donem SPEI yéntemine gore Ozalp ilgesinde dzellikle 6, 9
ve 12 aylik zaman periyotlarinda Ercis istasyonunda ise 6
aylik zaman periyodunda meydana gelmistir. Diger

istasyonlarda ise SPEI yontemine gore hesaplanan
meydana gelme sayilarinin SPI ydontemine gore daha fazla
oldugu goriilmiistiir. Asir1 nemli donem igin SPI
yontemine gore en fazla Ozalp ilgesinde hemen ardindan
ise Bagkale istasyonunda en fazla sayida goriildiigii tespit
edilmigtir.

Sonug

Bu c¢alismanin amaci o6zellikle kurakligin etkisinin son
yillarda arttig1 Van ilinin kuraklik analizini literatiirde
yaygin olarak kullanilan SPI ve SPEI ydntemlerini
kullanarak farkli zaman periyotlar1 igin yapmaktir.
Ozellikle yagis verilerinin uzun dénemde gamma dagilimi
ile daha iyi ifade edilebilmesi nedeni ile SPI yontemi ile
hesaplama yapilirken gamma dagilimi kullanilmigtir.
Ayrica kurakligin parametrelerinden biri yagis eksikligi
olarak ifade edilebilir iken diger bir parametre olarak
sicaklik da gboz Oniine alinmasi gereken bir parametre
oldugundan, g¢alismada sicaklik verilerini de kullanarak
hesaplama yapan SPEI yontemi de tercih edilmistir. SPI
yontemine gore Van ili sinirlart igerisinde Ercis ilgesinde
asir1 kurak ve Ozalp ilgesinde ise asir1 nemli donemlerin
meydana gelme sayilar1 daha fazla olarak belirlenmistir.

SPEI yontemine gore ise Ozalp ilgesinde asin kurak
donemin meydana gelme sayis1 daha yiiksek hesaplanmais,
bunun yaninda Bagkale ve Ercis il¢elerinde ise 6zellikle 9
ve 12 aylik zaman dilimlerine gbre asirt nemli dénemin
meydana gelme sayilarimin daha fazla oldugu tespit
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edilmistir. Hesaplanan kuraklik biiyiikliikleri
incelendiginde SPI yontemi ile 6zellikle asir1 kurak ve asirt
nemli gibi ekstrem bdlgeler i¢in hesaplanan meydana
gelme sayilarmin SPEI yontemi ile hesaplanan sayilardan
olduk¢a fazla oldugu gorilmektedir. Bu durum da
degerlendirme yapilan bolgelerin daha kurak olarak
degerlendirilmesine sebep olabilmektedir. SPI ve SPEI
indekslerine gore Van ili i¢in degerlendirme yapildiginda
kurakliktan en ¢ok etkilenen ve asir1 yagigli ddnemlerin en
¢ok goriildiigii bolgelerin Van ili igin farklilik gosterdigi
goriilmiistiir. Bu nedenle 6zellikle kuraklik hesaplamalari
yapilirken bolgedeki kurakhigmm fiziki olarak da
degerlendirilmesi elde edilen sonuglarin dogrulugunun
teyit edilmesi bilylik 6nem tasimaktadir. Ayrica yapilan
kuraklik hesaplamalarinda SPI ve SPEI yontemlerinin her
ikisinden de elde edilen sonuglar incelendiginde calisma
alaninin her iki yoénteme gére de Oz [24] tarafindan 2020
yilinda yapilan calismada belirtilen sonuclara benzer
sekilde orta kurak bir bolge oldugu sdylenebilir. Celik vd.
[23] 2018 yilinda yaptiklari ¢alismada Van ili i¢in kuraklik
trendinin artan bir trendde oldugu degerlendirilmis ve bu
calismada sunulan kuraklik grafiklerindeki egilim gizgileri
incelendiginde Celik vd. [23] tarafindan 2018 yilinda
yapilan g¢aligmaya benzer sekilde kuraklik degerlerinde
secilen tiim istasyonlar i¢in tiim zaman periyotlarinda artis
trendi oldugu gorilmektedir. Elde edilen bu bilgiler
dogrultusunda ¢alisma boélgesinde kurakligin etkisinde
ilerleyen yillarda bir artis beklenebilecegi
degerlendirilmekte ve bolgede kuraklik icin gerekli
onlemlerin alinmasi, su kaynaklarmin daha verimli
kullanilmasi, daha  efektif sulama tekniklerinin
kullanilmasi, daha az su gereksinimi olan tarim iiriinlerinin
ekilmesinin tesvik edilmesi ve bolge halkinin kuraklik
hakkinda bilinglendirilmesi gibi onlemlerin alinmasi
onerilmektedir.
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study, various venturi nozzles with air holes in the throat portion were manufactured and meaningful
experiments were conducted to determine their oxygen transfer efficiency and aeration performance., the
venturi nozzles with throat diameters 14, 17 and 20 mm were used in the experimental study. The ratio of
the diameter of the air holes to the diameter of the throat portion is taken as 0.1, 0.2 and 0.3. Different
experiments were carried out for nine different hole diameters. In addition, the ratio of the throat portion
length to the throat portion diameter was taken as 1.00 and 0.50. For all nozzles, the ratio of outlet length
to outlet diameter was taken as 1 and 2. In addition, comprehensive experiments were carried out for a
venturi, considering the ratio of outlet length to outlet diameter as 1, 2, 3, 4 and 5. The experiments were
also conducted for the circular nozzle to make comparisons. In this study, venturi nozzles gave better
results than circular nozzles, and higher aeration performance values were obtained for the ratios 0.2 and
0.3, 1, 0.50 and 0.50. It was found that the aeration performance of the venturi nozzle was approximately
6.5 times higher than the air entrainment rate performance of the circular nozzle and 2.5 times higher in

terms of oxygen transfer.
* Sorumlu Yazar

Introduction

One of the important parameters in terms of water
quality is dissolved oxygen concentration. Oxygen is used
in many biological activities and chemical reactions
occurring in  water. Thus, the dissolved oxygen
concentration in the water tends to decrease. The process of
replacing this decreasing amount is made possible by
oxygen transfer, in other words, by taking oxygen from the
atmosphere and returning it to water. Aeration of water is
needed in the removal of volatile organic compounds in
water, in cases where oxygen is required to be supplied to
the system in case of decreased dissolved oxygen
concentration in ponds, reservoirs or rivers, in the removal
of gases that cause bad taste and odour in water, in the
removal of carbon dioxide dissolved in water, in cases such
as supplying oxygen to the system in biological treatment
[1, 2].

There are different aeration systems. Unlike conventional
aerators known as mechanical aerators and compressed air
diffusers in ventilation units, water jet aeration systems are
also commonly used [1, 2]. There is no need for an air
compressor in the aeration system with water jet. Water jets

are easy to operate and require very little maintenance. They
also ensure a good mixing in the receiving pool [1, 3, 4].

Free water jets are impinged in a perpendicular or angled
manner to the water surface. Thus, it is ensured that the air
in the atmosphere is transferred into the water by entraining
the air bubbles with water. It is possible to see this
phenomenon in free-falling structures in nature (such as
streams flowing in mountainous regions, cascades,
waterfalls). In addition, such phenomena are also
encountered in dam spillways, weir flows and sluice outlet
structures. In many hydraulic structures such as stepped
spillways, energy dissipation is realised while aeration can
also be performed at the same time. Water jets are used in
aeration (removal of gases such as carbon dioxide,
hydrogen sulphide, methane dissolved in water), flotation,
oxygen transfer, waste water treatment, as well as metal
cutting, metal cooling, marble cutting.

In natural phenomena, water jets play an important role in
the entrainment of air, the transmission and distribution of
entrained air in the form of air bubbles in the water body,
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and the provision of an effective air-water contact surface.
In practical applications, jet aerators are used in chemical
engineering to improve mixing processes and gas-liquid
transfer, and in environmental engineering for drinking
water treatment plants and where oxygen transfer is
required [1-4].

Canepa and Hager [5] investigated the effect of air mixing
when examining scour from water jets. They stated that the
more air bubbles are mixed into the downstream pool with
the water jet, the less the scour depth decreases. Emiroglu
and Baylar [6] opened air holes close to the exit point of the
classical circular nozzle and experimentally investigated the
effect of this on aeration efficiency (i.e., air entrainment
rate). The holes created negative pressure and changed in
the impact point the shape of the jet. In this way, more air
bubbles were entrained into the receiving pool. They found
that the nozzle with holes on it has more aeration efficiency
than the nozzle without air holes. Emiroglu and Baylar [7]
investigated the aeration efficiency of the venturi nozzle.
They drilled longitudinal holes at different points of the
venturi nozzle and analysed their effects. These holes are
drilled both in the throat portion and in the diverging cone
and converging cone zones. As a result of the experiments,
it was found that more aeration efficiency was obtained in
case of a hole in the throat portion. Baylar and Emiroglu [8]
conducted a series of experiments for a venturi nozzle with
air holes in the throat portion. In this way, they determined
that the shape of the jet changed. In this case, they
determined that much more aeration efficiency was
obtained. Out et. al. [9] conducted a number of physical
experiments using a single-hole, elevated bucket to generate
a stream that falls into the receiving pool. The main
variables, hydraulic flow, hole diameter and height of drop
were varied in an applied area. A video was shot to examine
the bubble penetration depth. Regression equations were
developed to predict bubble penetration depth and statistical
variation. The standard deviation regression equation can be
used to estimate the statistical variation of the bubble
penetration depth. The bubble penetration depth decreased
with increasing height of drop and remained constant at a
height of drop of 50 cm. Penetration depth increased with
increasing hole diameter for all height of drop and hydraulic
flows. Yamagiwa et. al. [10] investigated the effect of
nozzle contraction angle on the air entrainment rate of a
vertical liquid jet. Jet surface roughness increases with
increasing nozzle contraction angle up to 40° The
volumetric air entrainment rate increases according to
sind=0.21, similar to the increase in jet surface roughness.
For each power consumption, air entrainment rate and
nozzle contraction angle were also analysed. They stated
that the power efficiency of air entrainment was almost
independent of the nozzle shrinkage angle. Bin [11] gave a
comprehensive review of the possible results of existing
experimental and theoretical studies on gas entrainment in
liquid jets. The author gave detailed presentations on bubble
propagation characteristics such as bubble volume, bubble
penetration depth, bubble settling time, gas retention;
mechanisms; initial conditions of gas entrainment; amount
of entrained gas and mass transfer. In his article, he made a
compilation of all articles on the subject. His work has been

cited in over 50 references. Practical applications of jet
aeration in the waste treatment, fermentation and flotation
industries and their aeration performance in comparison
with known conventional aeration systems are also
included.

Kusabiraki et. al. [12] experimentally investigated the
interactions in the air entrainment rate (Qa) when the nozzle
length to diameter ratio (L/D) takes different values for an
inclined jet aeration system using low viscosity fluid. The
changes in Qa were related to the pre-impact jet shape and
the propagation of the liquid velocity at the point of gas
dispersion. An empirical equation was presented to predict
the penetration depth of the air bubble entrained by the jet
propagation. The behaviour of bubble entrainment was also
reviewed in terms of the volume of the entrained bubble and
the rate distribution of the impacting liquid. Sene [13]
conducted a series of theoretical and experimental studies
on the mechanism of water jets. Taking into account the
work of other authors, he suggested that the air entrainment
mechanism undergoes a qualitative change with increasing
jet impact rate (U;). Different models of air entrainment
rates (Qa) in low and high rate systems are presented and it
is seen that both theoretical and experimental results give
values of Qa~U;® at low rate and Qa ~ U;i¥? at high rate.
Quantitative predictions of Qa in high-rate jets were
consistent with experimental results. Van de Sande and
Smith [14] presented a theory of aeration caused by the
impact of a high rate water jet on the water surface.
Experimental study provided a more satisfactory
compliance than theory developed over a wide area. The
boundary conditions of the theory have a physical meaning.
The jet must submit to the air friction coefficient (W.>10)
and the accompanying air boundary layer must be laminar
(Rer<5x10%). In the case of a turbulent boundary layer, the
same type of analyses can be used, but only if reliable
solutions suitable for that layer cannot be found. Zhang and
Zhu [15] experimentally investigated the trajectories of
bubbling jets in cross flow by vertically injecting air-water
mixtures through a circular nozzle. Based on dimensional
analysis, they developed a semi-empirical relationship to
predict the separation height of bubbly jets with strong
initial momentum. The centreline trajectories of both water
and air phases of the bubble jets were investigated. They
observed that it decreased significantly after the separation
of bubbles from water jets. Khound et. al. [16] investigated
the aeration efficiency of the venturi device. The authors
stated that the aeration performance of the venturi device
was very high. Shukla et. al [17] made a review study about
the aeration process of water using water jets. The authors
found that water jets had a good performance in aeration
and oxygen transfer of water and wastewater treatment
plants. Yadav et al. [18] conducted an experimental study
on the design of venturi aeration systems. Puri et al. [19]
made a review article on the use of venturi ducts, venturi
nozzles, weirs, cut-and-cover areas in aeration and oxygen
transfer. In their study, the authors evaluated the aeration
performance of such hydraulic structures by using artificial
intelligence techniques. Dange and Warkhedkar [20]
conducted an experimental study to determine the
efficiency of venturi aeration systems. In this study,
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standard oxygen transfer efficiency (SOTR), standard
aeration efficiency (SAE), volumetric oxygen transfer
coefficient of the venturi system (K a20) parameters was
analysed in detail. In conclusion, the authors emphasised
that the venturi device was a very suitable weight for
aeration. Yadav and Roy [21]; Reda Hamed [22]; Ochoa
[23] also investigated the aeration efficiency of the venturi
device.

The aeration performance of the venturi device was
analysed in detail according to d/D (the ratio of the diameter

of the throat portion to the outlet diameter), ¢/d (the ratio
of the length of the throat portion to the diameter of the

throat portion), h, /d (the ratio of the diameter of the air

hole opened in the throat portion to the diameter of the
throat portion) and L/D (the ratio of the length of the outlet
section to the outlet diameter) in order to obtain design
criteria different from the literature. In the studies in the
literature, circular cross-section nozzles are mostly used as
water jet nozzles. The length of the throat area of the venturi
device, the variation of the length of the outlet part, the
variation of the diameter of the hole opened in the throat
portion and thus their aeration efficiency was investigated.

Theoretical Information

Gas transfer in water is carried out for different
purposes. Air entrainment rate and oxygen transfer are
carried out in order to add chlorine to the water, to increase
the dissolved oxygen concentration or to remove gases such
as carbon dioxide and hydrogen sulphide from the water.
The solubility of a gas in water depends on the type of gas,
pressure, temperature of water and concentration of
pollutants in water. Gas transfer occurs at the interface
between the liquid and gas phases. This transfer process
continues until equilibrium is achieved between the liquid
and the gas. When equilibrium is achieved, the gas
concentration in the liquid reaches saturation [1-4].

dC A

—=K, —(C,-C 1)
d ‘v, (€.=C)

where; Cs= P, /H and is the saturation concentration of
oxygen in water. The term A/Vy is often replaced by “a”,
which indicates the specific interface surface.

If C=C,and C=C in Equation (1) are integrated for t=0 and
t=t, it is
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is obtained. Where; C, and C= oxygen concentrations of
water at the beginning and at time t, K.a= mass transfer
coefficient. According to Equation (3), the values of K a are
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obtained by using t time against C.=CJ on a semi-
logarithmic paper. Kia is normalised at 20 °C for
comparison in different systems.
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Oxygen transfer efficiency is defined as the ability of the
structure to provide oxygen to reach the saturation
concentration of water, i.e., the performance of the aeration
device. The greater the oxygen transfer efficiency, the
higher the efficiency of the aeration. In other words, the
higher the aeration efficiency of the system, the higher the
oxygen transfer efficiency. Oxygen transfer efficiency is
calculated by the following equation [1-4].

ORYV,,
OE = N 5)
OR = (K, a),,C. (6)
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where; OE is the oxygen transfer efficiency (kgO2/kw-
hour), oxygen transfer rate at 20°C and 1 atm pressure

(mg///hour), Nj is the net power of the jet (W), Vy is the
water volume (m?3), C: is the saturation concentration of

dissolved oxygen (mg/?), Qu is the water flow rate (m%/s), p
is the mass density of water (kg/md), V;j is the jet velocity
(m/s).

Materials and Method

Tap water was used in all experiments. Each experiment
started by filling the tank with tap water. Sodium sulphite
(NazSOs3) and cobalt chloride (CoCly) were added to tap
water to reduce the DO concentration to 0 mg/L. 1.185 m®
of water was used in the experiments. To reduce the DO
concentration of this water to 0 mg/L, about 110 g Na; SO3
was added and 3 g CoCl,was added as a catalyst.

This study was conducted in the Hydraulic Laboratory of
the Department of Civil Engineering, Faculty of
Engineering, Firat University. The schematic view of the
experimental set is given in Fig. 1. The experimental setup
consisted of a water tank, water pump, flowmeter,
thermometer, dissolved oxygen (DO) meter, DO probe,
venturi device, anemometer, air trap, relief valve and ruler.
All experiments were carried out in a water tank made of
sheet metal and glass with a volume of 1.80 m® (0.75 m
width, 2.0 m length, and 1.2 m height). The water was
circulated by means of a water pump. The water velocity in
the venturi device was calculated by considering the
diameter at the inlet of the venturi. In circular nozzles, it
was calculated by considering the outlet diameter. The
discharge of the system was determined using a flowmeter.
The wventuri device used in the experiments was
manufactured using a plastic, transparent material. The
diameters of the air holes in the venturi device were taken
asl14,17,20,28,34,4.0,4.2,5.1,and 6.0 in mm.

253



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Page 251-260

The residence time of air bubbles transported to the water is
an important parameter in terms of oxygen transfer
efficiency. The residence time is related to the penetration
depth (Dp), which is the vertical distance from the water
surface to the bubble flow path and hence the bubble area
submerged to the bottom of the water. Below the point
where the jet contacts the water, two different bubble areas
are formed. It can be expressed as an inner cone of high
turbulence where the bubble spreads freely and an outer
area where larger bubbles rise out of the cone and rise
towards the water surface. The tank depth was therefore
designed so that it was not to affect the penetration depth.

Flowmeter

&

$
Anemometer & o
probe A('@A“
® Thermometer
. NN
i Air trap / v ‘/ | .
i T e et I = E
= - - Ajr'bubble " ", DO meter =
<0 e, e &
Z4 L Z
—
E DO probe
E Water tank Water
ﬂ pump
»-i Drain valve

Fig. 1. Schematic view of the experimental setup

In this study, an air trap with dimensions (0.70 m x 0.85 m
%x1.10 m) with an anomometer placed on its surface was
used to measure the air flow rate (Fig. 2). This trap was an
effective tool for measuring Qa value. DO concentrations
were measured using a HANNA Model HI19142 adjustable,
portable oxygen meter shown in Fig. 3(a). The DO metre
was calibrated daily before use. The adjustment methods
were carried out as recommended by the manufacturer. The
calibration was performed in humid air under the current
weather conditions. Air entrainment rate (Qa) was

measured using a Testo 435 model anemometer shown in
Fig. 3(b).

(b)

Fig. 2. (a) Top view of the experimental set, (b) Water tank
and trap

(b)

Fig. 3. Appearance of a) oxygen meter b) anemometer
used in the experiments

In this study, the nozzles given in Fig. 4 and Fig. 5 were
manufactured and used. Each nozzle was tested at jet
velocity (V;) values ranging from 2.50 m/s to 15.00 m/s.
These velocity values belong to the part where the feeding
line ends and the nozzle starts. These values were used

when calculating Re( Vi ><DJvalues. Where, V; is the jet
14

velocity, D= diameter and v is the kinematic viscosity of
water. The water jet length (L;) from the nozzle exit of the
jet on the water surface to the impact point was taken as
0.30 m. The angle of impact was 45° for air entrainment and
OE experiments. Air holes were drilled in the throat portion
of the venturi device. Baylar and Emiroglu [9] found that
the holes drilled in the throat portion had the best aeration
efficiency in their study. Therefore, in this study, the holes
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on the venturi device were drilled in the throat portion.
Since Baylar and Emiroglu [8] gave the best angle values
for aeration as 21° and 7° in their study, it was taken as
01=21° and 0=7°.

] Converging
Supply line Inlet cone  Throat = Divergingcone  Outlet
d
Flow
direction
—

1,=D l,

I3=d/2, d, |
ve 3.d
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Fig. 4. Details of the venturi nozzle type used in the
experiments
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Fig. 5. Details of the circular nozzle type used in the
experiments
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The features of the venturi nozzles and circular nozzles used
in this study are as follows: Venturi nozzles with d=14 mm,
d=17 mm, d=20 mm throat portion diameter was used. In
jet expansion, air entrainment rate and penetration depth
experiments, the ratio of throat potion diameter to nozzle
diameter was taken as d/D=0.50 and d/D=0.75. The ratio of
the diameter of the air holes to the diameter of the throat
portion was taken as hg/d=0.1, ha/d=0.2 and hg/d=0.3. In

addition, ¢/d =1.00 and ¢/d =0.50 were taken. In addition,
L/D=1 and L/D=2 were evaluated for all nozzles. In order
to compare the effect of different outlet lengths on jet
expansion, air entrainment rate and penetration depth Only
for the wventuri nozzle with d=17 mm, step by step
experiments were carried out between 5, 4, 3, 2 and 1
varying values of L/D for d/D=0.50, ¢/d =3 and ha/d =0.2
and the results were evaluated. For the venturi nozzle with
d=17 mm, L/D=1, d/D=0.50 and ¢/d =0.50 while hy/d=0.4
and hg/d=0.5 values were also taken and the data obtained
as a result of this situation were evaluated; In addition, with
these variables, the amount of air entrained by the holes was

where ¢, —

measured by immersing the jet in water. In oxygen transfer
efficiency experiments, it was takes as L/D=2, d/D=0.50

and d/D=0.75, ¢/d =1.00 and ¢/d =0.50, ha/d=0.2. Again, in
order to make some comparisons while performing OE
experiments L/D=1, 2, 3, 4 and 5 values were considered

for L/D=1, 2, 3, 4 and 5 for L/D=1, d/D=0.50 and ¢/d =1.00

for d=17 mm nozzle; L/D=1, d/D=0.50 and¢/d =1.00 for
d=20 mm nozzle and d/D =0.50 and [1(1/d=3.00 for d=17
mm nozzle.

In circular nozzles, nozzle diameters of D= 18.67 mm,
22.67 mm, 26.67 mm, 28 mm, 34 mm, and 40 mm were
taken to be the same with the outlet diameters of venturi
nozzles. In all experiments with circular nozzles, it was
taken as L/D=1 and L/D=2. In order to make some
comparisons with these mouthpieces, in the OE
experiments, For D=34 mm, L/D=1, 2, 3, 4 and 5 values
were taken and in the jet expansion, air entrainment rate and
penetration depth experiments, L/D=5 value for D=34 mm
was taken.

In this study, a series of laboratory experiments were
conducted with a perforated venturi nozzle and a circular
nozzle to determine the variation of the air entrainment rate
and oxygen transfer efficiency in the third portion. The
reason for experimenting with circular nozzle was to make
a comparison. A vacuum (air suction-negative pressure) is
created in the air holes of the venturi device. If a minimum
differential pressure (AP) occurs between the inside and
outside of the venturi device, this is a success. When a
pressurised liquid, such as water, enters the venturi device,
it is squeezed into the throat of the venturi device and
transformed into a high-speed jet flow. As a result of the
differential pressure, the increase in the rate in the throat
portion of the venturi device leads to a decrease in the
pressure in the throat portion. This pressure drop allows air
to enter through the holes. As the jet stream propagates
outside the venturi device, its rate decreases and is
converted into pressure energy at a pressure level lower than
the internal pressure of the venturi device. Venturi devices
are highly efficient and require less than 20% differential to
initiate suction.

A trap and an anemometer were used to determine the air
entrainment rate. The flow rate of the air coming out of the
pipe at a sufficient height above the trap was measured for
about 60 s and averaged. With the measurement made in
this way, relaible results were obtained than the
measurements made with the air flowmeter. For this reason,
an anemometer was used in this study instead of an air
flowmeter. Jet expansions were measured at the point of
impact in the receiving using callipers.

Penetration depths were determined with the help of a ruler
placed on the tank and photographed. The water was then
circulated to 100% saturation. Taking t on the x-axis and

_ | E<=C4 |on the y-axis, the line was fitted using the
Cs _Co

least squares method according to these two parameters and

thus (K a) values were obtained.
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Findings and Discussion
Oxygen Transfer Efficiency of Venturi Device

In Fig. 6, a series of experiments were carried out to
investigate the oxygen transfer efficiency with the water jet
formed by the venturi device by taking d/D=0.50, [1/d=3.0,
D=34 mm as constant. The variation of L/D was considered
for a wide range and experiments were performed for L/D=
1,2, 3,4 and 5. As seen in Fig. 6, oxygen efficiency values
also changed with the change of L/D ratio. It is clear that
L/D is an important parameter. The oxygen efficiency
values obtained for L/D=1 are higher. High values were also
obtained for L/D=2 and L/D=3. This is because as the L/D
ratio increases, the expansion and shape of the water jet
changes. When L/D =1, it is observed that the shape of the
water jet hitting the water surface is crescent-shaped and the
perimeter length of the jet is higher than the others. The
longer the perimeter of the jet, the more air bubbles are
transported to the receiving pool and thus more OE values
are obtained. A decrease in oxygen transfer efficiency was
observed with increasing rate. This is due to the increase in
jet net power N;. Oxygen transfer efficiency increased with
the growth of diameter This is due to the increase in jet
momentum. In addition, OE values obtained with circular
nozzle were lower for all L/D values. The OE values
obtained with the Venturi device are about 2.5 times higher
than those obtained with the circular nozzle.

|an=n,ﬁn;_f 'd=3 ( For venturi nozzles ) ‘ D=34 mm

O (kg O, kW.fine)

LEN K]

'
* e
— e

— At
— teme

0.00 T T T I T
0.00 2.50 5.00 7.50 10.00 12.50 1
Water jet velocity (m/s)
Fig. 6. Variation of L/D in venturi nozzles with oxygen
transfer efficiency depending on the water jet velocity

In Fig. 7, L/D=2 was taken as constant and a series of
experiments were carried out to examine the oxygen
transfer efficiency with the water jet formed by the venturi
device to see the effect of ¢/d and d/D for d=14, 17 and 20
mm. It was taken as ¢/d =0.50 and 1.00 and d/D=0.50 and
0.75. It is also seen from the figure that the values of
d/D=0.50 are considerably higher than d/D=0.75. Also, the
best OE values were obtained when it was ¢/d =0.50. Figure
7(a) shows the OE values for #/d =1.00 and Fig. 7(b) shows
the OE values for ¢/d =0.50 for different diameters. An
increase in OE values was also observed with the increase
in the diameter in the throat area. It can be seen from the
figures that the OE values of d/D=0.50 are much higher than

the OE values of d/D= 0.75 for all tested cases. While
comparing the venturi nozzle with the circular nozzle, the
values of D= 40 mm, which has the best OE value of the
circular nozzle, are shown in this graph. It is seen that there
is a big difference between the OE values of the venturi
nozzle and the OE values of the circular nozzle.

Van de Sande and Smith [12] presented the oxygen transfer
efficiencies of 3.9, 5.8, 8, 10, 12 mm circular nozzles. The
maximum velocity was taken as 15 m/s. Kia values
increased with increasing rate. The slope of the obtained
graph is consistent with the slopes of the values obtained in
this master's study. In the study by Van de Sande and Smith
[12], a graph was drawn between jet velocity and OE and
OE values decreased with increasing velocity. Graphs in the
same trend were obtained in this study. Bin [11], proposed
the following equation:

OE= 2.07xN;**xD*xL5® )

where; Nj= (kW), OE= (kgOkWh?), D= (m), Lj= (m) The
OE values given by Baylar and Emiroglu [8] are consistent
with the values obtained in this study. For the circular
nozzle with D=28 mm, V;=5.0 m/s, ;=30 cm and
Re=137254.9 values; OE=0.342 value was obtained with
Eg. (8) presented by Van de Sande and Smith and
OE=1.789 value was obtained with Eqg. (10) presented as a
result of the study studies.
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Fig. 7. Variation of d/D and //d in venturi nozzles with
oxygen transfer efficiency depending on the rate

In Fig. 8, the oxygen transfer efficiencies of the water jet
created by the venturi device and the circular device are
compared. As seen in Fig. 8, OE values increase with the
growth in the diameter of the throat are of the venturi
device. This is due to the increase in momentum. OE values
decreased with the increase in d/D. This is due to the
increase in the diameter in the throat portion and the
decrease in the exit velocity in the venturi device. As can be
seen from Fig. 8, the OE values of the circular nozzle are
considerably lower than the venturi nozzle. This shows that
the performance of the venturi device is very high compared
to the circular nozzle.
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Fig. 8. Comparison of the change of D in circular nozzles,
d in venturi nozzles and d/D in circular nozzles with the
oxygen transfer efficiency depending on the rate

Air Entrainment Rate Performance of Venturi Device

Figure 9 shows the variation of #/d and hg/d in venturi
nozzle with air entrainment rate (Qa) depending on water
jet velocity. For venturi nozzles, the tendency of Qa to
increase with increasing water jet velocity is very high. In
general, the values of £/d =0.50 were higher than the air

entrainment rate values of #/d =1.00. The values of hg/d=0.2

and hg/d=0.3 are higher than the values of hg/d=0.1. Atd=14
mm, no significant differences were observed in the Qa

values measured according to the variation of ¢/d and hq/d.
In this case, the highest air efficiency was observed at d=14

mm when d/D=0.50, L/D=1, ¢/d =0.50 and hq/d=0.2

d=14 mm; d/D=0.50; L/D=2

4

Q (Y510
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Fig. 9. Variation of ¢/d and hg/d in venturi nozzle with air
entrainment rate depending on the water jet velocity

Figure 10 shows the variation of d/D and hqd/d in venturi
nozzle with air entrainment rate (Qa) depending on water

jet velocity. To see the variation, d, ¢/d and L/D were taken
as constant. Qavalues decrease significantly with increasing
d/D ratio. The reason for this is that the exit velocity
increases with the narrowing of the throat area and the
amount of air drawn from the hole in the throat area
increases and the shape of the jet changes. Thus, an increase
in the amount of air bubbles transferred to the receiving
environment is observed.
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F ig. 10. Variation of d/D and hg/d in venturi nozzle with air
entrainment rate depending on the rate

Figure 11 shows ¢/d. As seen in Fig. 11, Qa values

decreased with increasing ¢/d. As mentioned above, the
hole or holes in the throat area change the shape of the jet.
If the length of the throat portion increases, the change in
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the shape of the jet decreases. Thus, Qa values decrease with
the increase of //d.
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Fig. 11. Variation of £/d and hq/d in venturi nozzle with air
entrainment rate depending on the water jet velocity

Figure 12 shows d/D ve hd/d. Qa values decrease with
increasing d/D. In case of d/D=0.50, the change of hy/d did
not change the Qa values much and close results were
obtained. This is due to the fact that at small d/D ratios, the
amount of air intake in the holes in the throat portion does
not differ much due to the high velocity.
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Fig. 12. Variation of d/D and hg/d in venturi nozzle with air
entrainment rate depending on the water jet velocity

In Fig. 13, the variation of Qa for venturi nozzle is analysed

for d=14, 17 and 20 mm, d/D=0.50, ¢/d =0.5 and 1.0 and
ha/d=0.1 and 0.2 and compared with circular nozzle with the
same nozzle outlet diameter. Compared to the circular
nozzle, the Qavalues of the venturi nozzle were observed to
be considerably higher. It can be seen from the figure that
the Qa values of the venturi nozzle are approximately 6.5
times higher than the circular nozzle. In Fig. 13; the venturi
nozzle was immersed in water and the amount of air drawn
from different holes was measured and given in the figure.
It was observed from the experiments that the air drawn by
the negative pressure created by hy/d=0.1 gave the lowest
value. In case of hg/d=0.3, the most air was drawn. The

values of hqa/d=0.5 were less than hg/d=0.4. In other words,
no direct proportionality was observed between the increase
in hole diameter and the amount of air drawn. With the
increase in diameter, an increase in Qa values is also
observed. This is because the momentum of the jet
increases. In the study conducted by Bin [20], Qa values
increase with increasing velocity. In this paper, the results
of experiments performed on very small diameters were
presented. The Qa values in the study by Baylar and
Emiroglu [8] are consistent with the results of this study.
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Fig. 13. Comparison of the variation of d and D in venturi
and circular nozzles with air entrainment rate as a function
of water jet velocity

In this study, analyses were made for air entrainment rate
and oxygen transfer efficiency and their equations were
developed. The analyses were performed using the least
squares method. The developed equations are presented
below:

Qa= AxReBX(gJCX(;JDAX(EJE " R)=0975  (9)

where, A = 0.010634, B = 0.267650, C = -0.174515,
D" =-0.049683, E = 0.014116 ve G = 3.594574.
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av ()

D d
where, B = -0.133437, C = -1.94335, D" = -0.128016 ve E
=2.821326. A, B, C, D", E and G: experimental constants,
Re= Reynolds number (-), d= throat potion diameter (m),
D= outlet diameter (m), /= throat portion length (m), hg=
diameter of the hole in the throat portion (m)

The degree of accuracy of the equations found are provided
in Fig. 14 and 15. It can be seen from the figures that all the
equations obtained are consistent with the measured values.
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Conclusion

In this study, water jets were formed with venturi
nozzles with different nozzle diameters and circular nozzles
with the same outlet diameters as venturi nozzles.
Significant experiments were carried out to determine the
air entrainment rate and oxygen transfer efficiency of each
nozzle by providing air entrainment into a water-filled tank

with these nozzles. The results obtained from this study are
summarised below.

v Venturi nozzles have a higher aeration efficiency than
that of circular nozzles.

v As the velocity of the water jet increases, air
entrainment rate and mass transfer coefficient also increase.
But oxygen transfer efficiency decreases.

v The type of nozzle is an important factor affecting the
aeration performance.

v' Air entrainment rate and mass transfer coefficient
values of venturi nozzle are considerably higher than that of
circular nozzle.

v Varying diameters of the air holes in the throat portion
significantly affected air entrainment rate, jet expansion,
oxygen transfer efficiency and penetration depth. No
increase in air entrainment rate was observed with
increasing hd/d’ Generally, higher data were obtained for
hd/d=0.2 and hd/d=0.3.

v It was observed that the ratio of nozzle outlet length to
outlet diameter has a significant effect on air entrainment
rate, jet expansion, oxygen transfer efficiency and
penetration depth. When the air entrainment rate values in
venturi nozzle are compared for L/D=1, L/D=2 and larger
values, it is observed that L/D=1 reaches the highest values.

v' The ratio of throat portion length to throat portion

diameter was effective on //d; air entrainment rate, jet
expansion, oxygen transfer efficiency and penetration

depth. ¢/d =0.50 generally gave better results than ¢/d
=1.00.

v’ It was observed that the data provided by d/D=0.50 was
significantly higher than d/D=0.75 for all venturi nozzles
tested.

v In practice, the use of a venturi nozzle instead of a
circular nozzle, which makes no difference in terms of cost,
will result in approximately 6.5 times higher air entrainment
rate and 2.5 times higher oxygen transfer efficiency.
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Dalga enerji doniistiiriiciiler i¢inde salinimli su siitunu (SSS) one ¢ikmaktadir. Klasik SSS yapist 6n
duvar giris agz1 koseli olup dalga akiminin SSS haznesine giris ¢ikislarinda akis ayrilmasina ve dolayisi
ile ¢evrinti ve girdap olusumuna sebebiyet vermektedir. Bu da absorbe edilen gelen dalga enerjisinin
kisith miktarda kalmasina sebebiyet vermektedir. Bu ¢alismada SSS hazne 6n duvan giris agzi i¢in
dairesel kesit onerilmistir. Degisik miktarlardaki gii¢ alma mekanizmasi soniimleme seviyeleri (orifis
kullanilarak simiile edilmistir) igin fiziksel deneyler icra edilmis, hem klasik SSS yapis1 hem de dairesel
duvar giris agz1 on kesitine sahip hazne verimleri hesaplanmis ve karsilastirilmistir. Her bir orifis oran1
(glic alma yapist soniimleme orani) i¢in dairesel kesitli 6n duvar agzina sahip olan yapmin verimliligi
artls gostermistir. Maksimum verim artisi, en disiik soniimleme (en yiiksek orifis ¢ap1) miktar1 igin
yiizde 21.1 olarak gerceklesmistir. SSS hazne 6n duvari akis ayrilmasi sonucunda olusacak yiiksek
kayma gerilmelerine de maruz kalmaktadir. On duvar altimin dairesel kesit olmasi durumunda
gergeklesmeyecek veya kisith olusacak kayma gerilmeleri ile yap1 6n duvarmin yipranmasi azaltilacak
ve bu suretle SSS yap1 omrii uzayacaktir. Ayrica SSS yapisindan maksimum verim elde etmek igin
gerekli optimum orifis ¢ap1 oran1 0.04m olarak tespit edilmistir.
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* Sorumlu Yazar

Oscillating water columns (OWC) are promising ones among wave energy converters. A conventional
OWTC frontwall underlip has a rectangular cross section. Therefore, during the water flow entering and
exiting out of the chamber frontwall, flow separation occurs leading generation of vortex and eddies.
This phenomenon indicates loss of energy and restricts the amount of wave energy extraction form
incident waves. In this study, a frontwall underlip geometry with a circular cross section is suggested.
Physical experiments are conducted under regular incident waves for different levels of applied power
take off damping. The efficiency of both classical and newly suggested OWCs are contrasted with each
other. For every incident wave and level of PTO damping, the efficiency of the OWC with cylindrical
frontwall underlip cross section is found to increase. Maximum efficiency improvement is materialized
as 1.211 for the lowest value of the PTO damping. Further, the cylindrical underlip shape that has been
introduced is also deemed significant from a structural design perspective due to their crucial role in
reducing the considerable shear stresses induced by large vortices, which the front wall of an oscillating
water column (OWC) must withstand. Further, the optimum orifice diameter for maximum efficiency of
the OWC is found to be 0.04m.
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Giris

Ugte ikisinden fazlasi sularla kaplh diinyamizda, dalga
enerjisi onemli bir yenilenebilir enerji kaynagidir. Salmiml
su siitunu (SSS) tipi dalga enerji doniistiiriicii yapist diger
dalga doniistiiriictiler arasinda, basit ¢aligma mantigi ile bir
adim o6ne ¢ikmaktadir. SSS yapist i¢i bos bir hazneden
olusmaktadir. Kismi suya batirtlan haznenin biri su altinda
olmak {iizere iki acikli§i bulunmaktadir. Haznenin iginde
olusan su siitunu alt agiklik vasitasiyla dalga etkisine maruz
kalmakta ve, yukar1 asagi yonli periyodik olarak hareket
etmektedir. Su stitununun hemen iizerinde bulunan hava
kiitlesi de bu hareket neticesinde hazne iginde su seviyesi
iistlinde bulunan kiiciik bir agikliktan yiiksek hizlarda yapiya
giris ¢ikis yapmaktadir. Pesi sira basing ve emme etkisine
haiz yiiksek enerjili hava akimi Oniine yerlestirilecek bir
tirbin ve jeneratér yardimiyla dalga enerjisinden elektrik
tiretmek miimkiin olmaktadir. Sekil 1 bu c¢aligmada
kullanilan tipik bir SSS yapisini gostermektedir.

N w=0.25m
- 69.00 cm ——
15.00 cm
- Y
Dalga gelis yonii E > R (Orifis)
S
o 0.20 m
<
/\/\/ i w
[4-49.00 cm > t
£
£ 8
8 T
= <
<+
‘ b=0.01 m—fj«— ‘
Deniz tabani

Sekil 1. Deneylerde kullanilan SSS yapis1 ve geometrik
Ol¢iileri.

Okyanuslar ve denizlerdeki dalgalar yiiksek miktarda
yenilenebilir enerji potansiyeline sahiptir. Buna ragmen
heniiz ticari Uretime geg¢mis herhangi bir dalga enerji alma
yapist bulunmamaktadir. Bunun ana nedeni dalga enerjisinin
elektrik  enerjisine donlisimiindeki  diisiik  verimlilik
oranlaridir [1]. Dalga enerji doniisiimii, hidrodinamik
(pinomatik), tiirbin, jeneratdr ve dagitim gibi farkli doniistim
sathalarindan olusmaktadir. Hidrodinamik satha, dalga
elektrik  enerjisi doniisiim  zincirindeki ilk asamay1
olusturmaktadir. Bu asamada gelen dalga enerjisinin bir
kismi1 yapi i¢ine alimmakta (bir kismi 6n duvardan geri
yansimaktadir), su slitunu vasitasiyla hava siitununa
iletilmektedir. Bu sathada doniistiiriilen enerji miktar1 diger
asamalara  aktarilacak olan enerji miktarin1  da
belirleyeceginden pinomatik doniisiim 6nem arz etmektedir

[2].

Genel olarak yapiya gelen dalga enerjisinin tiimii hava akim
kinetik enerjisine doniistiiriilememekte, enerji kayiplari
yasanmaktadir. Onemli enerji kayiplarindan bir tanesi yapi
keskin  kenarlarindan  dolayr olusacak ¢evrinti ve
girdaplardir. [3] periyodik salinimli akimda, yapi keskin
kenarlarinda ¢evrinti hareketi olusumunu tesbit etmistir.
Deneysel ¢aligmalarinda, [4] ileri goriintiileme teknikleri
kullanarak, salimmli akimin hem ovallestirilmis hem de
keskin koseli yapiyla etkilesimini goriintiilemistir. Keskin
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koseli yapidan dolay: olusan cevrinti ve girdap hareketinin
dalga enerjisi doniisiimiinde elde edilen giici sinirladigini
ortaya ¢ikarmislardir.

Dalganin fiziksel olarak ilk karsilastig1 yap1 elemani SSS 6n
hazne duvaridir. Dalga - yap1 6n duvar etkilesimi dalga
enerjisine has olup karmasik, tiirbiilansli ve dogrusal
olmayan bir tabiata sahiptir [5]. Gelen dalga yapi i¢ine niifuz
ederken dalga 6n duvar alt ucuyla etkilesimi sonucu g¢evrinti
ve girdaplar olugmakta ve bu ¢evrinti ve girdaplar hemen
soniimlenmemekte ve dalga enerji giris agzini kismi olarak
bloke etmektedir [6]. Konuyla ilgili literatiir taramasi
yapildiginda SSS yap1 6n duvar altinin biiyiik ¢ogunlukla
koseli oldugu goriilmektedir. Bazi ¢aligmalar keskin kdseli
yapt On duvari altinda akig ayrilmasi olacagim deneylerle
test etmis [3] ve enerji kaybi yasanacagini belirtmistir.
Bunun {izerine bazi nadir calismalarda keskin koseli on
duvar altinin ovallestirilmek suretiyle enerji kayiplarmnin
azaltilmasi1 amaglanmigtir [4,6,7]. Lakin iyilesmeler saglansa
da bu caligmalar istenilen neticeyi verememistir. Mevcut
calismada ise ilk defa yap1 6n duvar giris agz1 dairesel kesitli
olarak tasarlanmis ve akis ayrilmasinin 6niine gegip enerji
kayiplarinin en aza indirilmesi durumu deneysel olarak
aragtirilmigtir. Bu sayede yapi igine periyodik olarak giris
cikis yapan dalga akimimin enerji kayiplarndan minimum
etkilenmesi, olusacak girdap ve c¢evrinti olusumlarmin
engellenmesi veya azaltilmasi diisiinlilmiistiir. Bdylece
yapiya gelen dalga enerjisinin daha diizenli bir akis rejimine
kavugarak hava siitununa iletilmesi dngoriilmiistiir.

Bu baglamda ¢alismanin hedefleri asagidaki sekildedir:

1. Deneysel olarak sabit bir SSS yapisinin farkl
Ozellikteki dalga karakteristikleri altinda farkli giic alma
yapist seviyeleri i¢in hazne iginde olusacak su ylizeyinin
dikey yer degistirmesinin ve hava basicmin 6l¢iilmesi,

2. Aynmi Olgiimlerin SSS yap1 6n duvar alt giris
kisminin silindirik olmasi hali i¢in tekrarlanmasi,

3. Elde edilen veriler yardimiyla SSS yapisinin farkli
dalgalar altindaki hidrodinamik veriminin hem klasik yap1
o6n duvart hem de silindirik giris agizli 6n duvart igin
hesaplanmast,

4.  Sonuglarm karsilagtirilmasi suretiyle silindirik giris
agizlt 6n duvara sahip SSS yapisinin olasi verim artiginin
hesaplanip yorumlanmasidir.

Materyal ve metot

Bu g¢alisma kapsamindaki deneyler istanbul Teknik
Universitesi Hidrolik laboratuvarinda bulunan 30 metre (m)
uzunlugunda, 1 m genisliginde ve 1.2 m derinligindeki cam
duvarli dalga kanalinda icra edilmistir. Dalga kanali servo
piston tipi dalga iiretici donanimi vasitasiyla istenilen tipte
diizenli ve diizensiz dalgalar1 iiretebilmektedir. Dalga
kanalmin resmi Sekil 2°de verilmistir.
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Sekil 2. Deneylerde kullanilan dalga kanali.

Dalga kanalinin sonunda gelen dalgalari soniimlemek igin
cesitli ebattaki graniiler malzemeden 1:7 egimli bir rampa
yapilmistir. Salinimli su siitunu (SSS) yapist klasik
dikdortgen olup, saglamligi ve saydamligt sebebiyle 1 cm
pleksiglas malzemeden inga edilmistir. Yapmm sekli ve
Olciileri Sekil 1 de verilmistir. SSS yapisi dalga kanali i¢ine
giris agz1 dalga paletine doniik olarak, yapmin ve dalga
kanalmin boyuna eksenleri cakisacak sekilde
yerlestirilmistir. SSS dalga paletinden uzakligi 19.25m
olacak sekilde kanal igine yerlestirilmistir. Dalga etkisi
altinda hareket etmemesi i¢in yapi igkenceler vasitasiyla
kanal demirlerine sabitlenmistir. SSS yapisinin dalga kanali
icinde oldugu bir fotograf Sekil 3’de verilmistir.

Salinimli su siitunu (SSS) yapisi On giris agz1 gelen dalga
yoniine bakmaktadir. Dalga etkisi altinda, gelen dalganin alt
kisminda orbital yériinge izleyen su molekiilleri dalga tepesi
yapiya ulastiginda, yap1 6n giris agzindan igeriye girecektir
(yap1 disindaki su seviyesi dalga tepesiyle beraber yapi igi
su seviyesinden daha yiiksek olmaktadir). Dalga ¢ukuru
yaptya ulagtiginda ise hazne ici su seviyesi daha yiiksek
olmakta ve hazneden disar1 su akisi gerceklesmektedir.

SSS yapist uygulamalart agik deniz de, sig denizde ve
kayaliklara veya mendirek yapilarina monte edilmek
suretiyle insaa edilebilmektedir. Acik denizde uygulanmasi
durumunda halatlarla taban zeminine sabitlenebilmektedir.
Ama bu calisma bir sig su uygulamasina Ornek teskil
etmektedir. Yap1 si1g suda insa edilecek (veya digarida imal
edilip deniz i¢ine montesi yapilacak) ve yapi tabani deniz
tabanmna oturtulacaktir. Bu sekilde orifis tarafindaki su
seviyesi yapinin tiirbin tarafindaki (yapi arkasindaki) su
seviyesine tekabiil etmektedir. Yap1 bu sekliyle arka kismi
kayaliklara veya mendirek kismina yaslanmis sekilde insa
edilebilmektedir. Bu takdirde yapi arkasinda orifis tarafinda
su bulunmayacaktir.
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Sekil 3. Kanal i¢inde SSS yapisi.

Yapiya gelen dalgalarin dalga genligi ve periyot degerlerine
gore yapi igindeki su siitunu ya piston gibi yukar1 asagi
yonlii haraket etmekte ya calkanti hareketi yapmakta ya da
bu iki hareket tipinin birlesimi seklinde hareket etmektedir.
SSS yapisinin verimini artiran en dnemli faktor hazne i¢i su
stitununun piston hareketi yapmasidir. Bir¢cok gelen dalga
yiikseklikleri ve peryotlart i¢in SSS yapisi hazne igi su
stitunu hareketleri incelenmistir. Dalga yiiksekliginin 0.07m
ve dalga peryodunun 1.8sn olmasi durumu igin su siitununun
tam bir piston hareketi yaptig1 tespit edilmis ve bu dalga
parametreleri deneylerde kullanilmigtir. Gelen dalganmn
Ol¢timleri SSS yapisi kanal iginde degilken yapilmistir. Su
siitunu dikey salinim miktari {i¢ adet rezistans tipi dalgadlcer
vasitasiyla Olglilmiis olup, ortalamalari alinmak suretiyle
ortalama su siitunu yiizeyi (SSY) degisim zaman serileri

olusturulmustur.  Dalgadlgerlerin ~ yerleri  Sekil 4’de
gosterilmisgtir.
= E E E
[—] [— ] (—]
S 0215m o215m S S 2
l=.l ) L ) lél él =- |
e - ey W=0.020
1l I . .| BO1e
2/ D61 DO2 DO3 J0062m
L BO3 BO2
w=0.335m
] w=0.690 m h

Sekil 4. SSS yapisi iistten goriiniisii (DO: Dalga Olger, BO:
Basing Olger).

SSS dalga enerji doniistiiriicli giic alma yapilar1 (6r. tlirbin)
su siitunu salmmu etkisiyle yapr i¢inde hava basinci
olusumuna sebep olarak dalga enerji doniisiimiine olanak
saglamaktadir. Bu calismada giic alma yapist bir orifis



DUJE (Dicle University Journal of Engineering) 15:1 (2024) Sayfa 261-267

vasitastyla simiile edilmistir. Farkli ¢aptaki orifisler farkli
miktarda giic alma soniimleme miktarlarina tekabiil
etmektedir. Burada dikkat edilmesi gereken husus orifis
capt arttikca soniimleme miktart azalmakta, orifis cap1
azaldik¢a da soniimleme miktar1 artmaktadir. Bu ¢alismada
caplar1 2.5 cm, 3 cm, 3.5 cm, 4 cm ve 4.5 cm olmak {izere 5
farkli orifis boyutu deneylerde kullanilmigtir. Yap1
haznesinde olusan hava basing degerleri Keller PR41-X
diisik basmmg kaydediciler vasitasiyla  6l¢iilmiistiir.
Basingodlgerlerin  konumlart Sekil 2’de verilmistir. Tim
Olgtimler 125 Hz frekansta 64-bit veri toplama cihaziyla
alinmig ve bir amplifikatdr yardimiyla sinyal degerleri
yiikseltilmistir.  Veri toplama siiresi yap1 6n duvarindan
yanstyan dalgalarin dalga paletinden geri yansiyarak deney
dalgasiyla cakigmasini engellemek i¢in 25 sn olarak

belirlenmistir. Kullanilan deney elemanlar1 Sekil 5’te
verilmigtir. Kullanilan sematik deney diizenegi Sekil 6’te
gosterilmisgtir.

Sekil 5.
cihazlari.

Deneylerde kullanilan elektronik  Glgiim

2225m

2.00m 13.05m

Dalga sigeietn konumizn o
O

2

1.20m

Bilgisayar

Veri toplama cihazi

Dalga olcer ekrant
Sekil 6. deneysel diizenegin goriiniimii.

Bu ¢alismada SSS yap1 6n duvart alt silindirik giris agzi
olacak sekilde tasarlanmistir. Bu sayede dalga enerji girisi
esnasindaki siirtiinme etkileriyle olusacak enerji kayiplarinin
minimuma indirilmesi 6ngoriilmiistiir. Sekil 7°de SSS yap1
6n duvarmm en kesiti gosterilmistir. Ayrica Sekil 8’de
dairesel yap1 giris agzinimn bir fotografi verilmistir.
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1cm

Dairesel
kesit

Dikdortgen
kesit

Sekil 7. Yap1 6n duvariin klasik ve dairesel en kesiti.

Sekil 8. Dairesel yap1 giris agzinin fotografi.

Lineer dalga teorisine goére birim yiizey alanina diisen
ortalama dalga enerjisi agagidaki formiille bulunabilir.

E = - pgh? M
Bu denklemde p suyun yogunlugunu, g yergekim ivmesini,
H ise dalga yiiksekligini ifade etmektedir. Dalga enerjisi
dalga grup hizinda hareket ettiginden otiirii, dalga tepesi
birim genisligi i¢in ortalama giic asagidaki sekilde ifade
edilebilir.

P=E.cg, (2)
cg=%[%(1+sin}f;(:kh))] , 3)
k=27, &)
0=, 5)

burada, cg grup hizini, w dalga frekansini, k dalga sayisini,
h su derinligini, L dalga boyunu ve T’de dalga periyodunu
gostermektedir. Kiigciik boyutlu model c¢aligmalarinda SSS
haznesi i¢indeki hava sikigtirilamaz kabul edilmektedir [8-
10]. Bu kabul gergevesinde SSS yapisinin absorbe ettigi
dalga enerjisi miktar1 su formiille hesaplanabilir.

Powe = 1 Jy P(O AV (D) dt . (6)

p(t) and v(t) anlik hava basinci ve anlik ortalama salinimli su
yiizeyi dikey hizim1 gostermektedir. v(t) ise dordiincii
dereceden dogrulukla sayisal olarak asagidaki formiille
hesaplanabilir.
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— —dit2 + 8di1 — 8di—1 +di—

V4,
1 126t

(7)

Burada d;, durgun su derinligine gore, i anindaki ortalama
su siitunu dikey yer degistimesini ve Ot ise sayisal zaman
adimini ifade etmektedir. SSS tipi dalga enerji doniistiiriicii
verimi, & asagidaki denklem ile bulunabilir.

) (8)

_ Powc
E T Pw

w sembolii SSS yapisinin genisligidir. Bu esitlik SSS yapist
tarafindan absorbe edilen dalga giiciiniin yap1 genisligince
gelen dalga giiciine oranini vermektedir.

Bulgular ve tartisma

Salimimli su siitunu yapist (SSS) klasik uygulamalarinda
yapt On duvar giris agz1 koseli olarak tasarlanmaktadir. Bu
tasarim bigimi hazne giris ¢ikislarinda akis ayrilmasina
neden olmakta ve bdylece hazne 6n duvari altinda gevrinti
olusumuna sebebiyet vermektedir [11]. Bu da gelen dalga
enerjisinin bir kismmin zayi olmasina ve dalga enerjisi
doniisiim verimliliginin azalmasina neden olmaktadir. Bazi
calismalarda enerji zaiyatint dnlemek icin SSS hazne 6n
duvar alt1 ovallestirilmistir [12-13]. Fakat bu ¢6ziimiin de
yeterli derecede fayda saglamadigi deneysel calismalarda
goriilmiistiir [14]. Bu ¢alismada ise dairesel kesitli silindirik
bir yap1 agzi test edilmistir.

Dairesel kesitli 6n duvar altina sahip SSS yapisinin degisik
orifis oranlar1 igin hesaplanan verimleri, klasik 6n duvarl

yap1 verimleri ile birlikte karsilastirmali olarak Sekil 9a-¢’de
verilmigtir.
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Sekil 9a-e Dikdortgen ve dairesel kesitli 6n duvara sahip
SSS yapisinin farkl orifis oranlari i¢in hesaplanan
verimleri.

Sekil 9a-e’dende anlasilacagi lizere SSS yap: 6n duvar alt
agzinda dairesel kesit kullanilmasi tiim orifis oranlart igin
verim artigina sebebiyet vermistir. En biiytik orifis ¢ap1 i¢in
(4.5 cm), klasik 6n duvarli yapiya kiyasla en biiyiik verim
artist meydana gelmistir (Sekil 8a). Yiizde 21.1 sayisal
degerine karsilik gelen artis oran1 SSS haznesi 6n duvarinda
yapilan modifikasyonun basitligi de diisiiniildiigiinde 6nem
arz etmektedir. Bu artis oraniyla 0.64 olan verim degeri
0.78’¢ yiikselmistir. Verim artiglari, diger orifis g¢aplar
icinde, azalsa da, gecerlidir. SOyle ki, sirastyla 4 cm, 3.5 cm,
3 cm, 2.5 cm lik orifis ¢aplari i¢in verim artiglart (klasik
yaplya nazaran), yizde 159, 13.1, 11.2 ve 9.8 olarak
hesaplanmustir. Ortalama verim artis1 ise yiizde 14.22 olarak
gerceklesmistir.

Ilerleyen dalga altinda akiskan pargaciklari dairesel
yoriingede periyodik olarak hareket etmektedir. Klasik SSS
6n duvar altindan yiiksek hizlarda giris ¢ikis yapan akiskan
6n duvarin sert koseli geometrisinden dolayr 6n duvar
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altinda ayrilmaya maruz kalmaktadir. Buda gevrinti ve
girdap olusumuna neden olmaktadir, boylece, dalga
enerjisinin bir kismi su siitununa iletilememekte ve zayi
olmaktadir. Dairesel kesitli giriy agzina sahip hazne
durumunda ise akiskan 6n duvar altindan gecerken daha
yumusak bir gec¢is geometrisi sayesinde ayrima maruz
kalmamakta veya akis ayrilmasi miktar1 diisiik olmaktadir.
Ayrica, cevrinti enerji kaybmm yani sira olusan girdap
hemen soniimlenmemekte, hareketine devam ederek yer
degistirmekte ve hazne su alt1 giris agzin1 kismi olarak bloke
etmektedir. Bu sekilde yap1 i¢ine giremeyen dalga enerjisi
heba olmaktadir. Dairesel 6n duvar giris agz1 bdylece sadece
cevrinti hareketini engellememekte ayni zamanda su alti
giris alanmm kismi olarak bloke olmasma da mani
olmaktadir.

Sekil 9 (b-e) den de anlagilacag: lizere SSS dalga enerji
doniistlirlicii verim artislar1 daha diistik orifis cap degerleri
(yiiksek giic alma soOniimleme miktarlar1)) iginde
gerceklesmektedir. Fakat, verim artis orani orifis capi
azaldikca, diigmektedir. Orifis (giic alma yapisi, 6r. tiirbin)
hazne igindeki havanin ¢ikisimi kisitlayarak hava basinct
olusumuna ve bdylece dalga enerjisinin doniigiimiine sebeb
olmaktadir. Ayni zamanda orifisin varlig1 olusturdugu hava
basinci vesilesiyle su siitunu salinim miktarlart {izerinde de
fiziksel baski uygulamaktadir. Orifis c¢ap1 daha yliksek
(soniimleme diisiik) oldugunda su siitunu iizerinde dalga
etkisiyle olusan hava basinci azalmakta su slitunu daha rahat
hareket etmektedir. Boylece 6n duvar altindan yap1 igine
girip ¢ikan akiskan hizlar1 da artmaktadir. Boylece orifis
capt yliksekken akis ayrilmasi miktarmin daha fazla olmast
beklenir. Bu durumda dairesel yap1 6n duvar agzinin daha
etkili oldugu soylenebilir. Yiizde 21.1lik verim artis1 da
bunu teyit etmektedir. Daha diisiik orifis caplarinda su
stitunu hareketleri olusan yiiksek hava basinci dolayisiyla
kisitlanmis olmaktadir. Bu durumda su siitunu salimim
miktar1 azalacak ve yapi on duvar altindan hazneye giris
¢ikis yapan akigkan hizlari diigecektir. Bu da ¢evrinti olusum
miktarin1 azaltacaktir. Bdylece, diisiik orifis ¢aplarinda
(yiiksek soniimleme degerlerinde) zaten miktarca az olan
enerji kayiplarini dairesel kesit daha diisiik bir miktarda
azaltabilecektir. Bu vesileyle, Sekil 9 a-e’de goziktiigii
iizere orifis ¢ap1 diistiikce dairesel kesitli 6n duvara sahip
SSS’nin verim artis1 da azalmaktadir.

Bir diger énemli husus da, 6n duvar giris agzinda olusan
ciddi miktardaki ¢evrinti miktar1 ayn1 zamanda olusan
yiiksek miktardaki kayma gerilmelerine de isaret etmektedir.
Bu sebeple yipranmaya daha ¢ok maruz kalacak olan hazne
on duvar kritik yap1 olarak adlandirilmistir [9]. Kullanilan
dairesel kesitli hazne giris agzinin ¢evrintileri ve bunun ile
birlikte 6n duvar kayma gerilmelerini de azaltacagi
ongoriilebilir.  Boylece, verim artiglarma  sebebiyet
vermesinin yani sira, SSS 6n duvarmm yipranmamasi
noktasinda da dairesel kesitin fayda saglayacagi agikardir.
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Sekil 10. SSS veriminin orifis ¢apiyla degisimi

Dikkat edilecegi lizere dikdortgen kesit olsun veya dairesel
kesit olsun, SSS yapisi verim degerleri orifis ¢apiyla da
ciddi oranda degismektedir. Sekil 10 orifis ¢apryla SSS yap1
verimleri arasindaki iligskiyi gostermektedir. Sekil 10 dan da
anlasilacag iizere diisiik orifis ¢aplar1 i¢in SSS yapisi verimi
de diisik olmakta, orifis capi arttikca verim degerleri
yiikselmektedir. Bu gozlemler hem dikdortgen hem de
dairesel kesitli SSS hazneleri i¢in gegerlidir. Orifis ¢ap1
0.04m degerine ulastiginda verimlerde en yiiksek degerine
ulagsmaktadir. Orifis ¢ap1 0.04m oldugunda ise verim
azalmaya baglamaktadir. Bu bulgular ortaya koymaktadir ki
dikdortgen kesit olsun veya dairesel kesit olsun, SSS yapist
en yiiksek verim degeri i¢in optimum orifis ¢ap1 0.04 m dir.

Sonuc¢

Salinimli su siitunu (SSS) basit calisma prensibiyle gelecek
vaat eden dalga enerji doniistiiriiciiler den birisidir. Fakat
geleneksel SSS 6n duvart dikdortgen kesitli olup, altindan
periyodik olarak girig ¢ikis yapan su akimi koseli 6n duvar
geometrisi neticesinde akig ayrilmasma sebebiyet vermekte
ve ciddi miktarda enerji kayiplart olusmaktadir. Bu
calismada 6n duvar SSS hazne giris agz1 i¢in dairesel kesit
disiiniilmiistir. Hem klasik, hem de dairesel kesitli SSS
yapilart fiziksel olarak insaa edilmis ve gelen dalga etkisi
altinda, degisik giic alma yapisi (Or. tiirbin) soniimleme
miktarlar i¢in deneyler yapilarak yap: verimlilikleri hesap
edilmistir. Dairesel kesitli yapinin tim gii¢ alma yapist (or.
tiirbin) soniimleme miktarlar1 i¢in veriminin, klasik kesitli
yaptya nazaran arttifi hesaplanmigtir. Maksimum verim
artis, en diisiik giic alma (en biiyiikk orifis c¢api) yapisi
soniimleme miktar igin yiizde 21.1 olarak gerceklesmistir.
Ortalama verim artis1 ise yiizde 14.22 olarak bulunmustur.
Buda dairesel kesitli 6n duvar geometrisinin, akis
ayrilmasinm1 ve dolayist ile olusacak ve dalga enerjisi girig
agzin1 bloke edecek cevrinti ve girdaplart Onledigini
gostermektedir. Ayni zamanda g¢evrinti sonucunda meydana
gelecek ve yap1 6n duvaria zarar verecek kayma gerilmeleri
de olusmayacak ve SSS Omrii uzayacaktir. Ayrica SSS
yapisindan maksimum verimi elde edebilmek igin gerekli
olan optimum orifis ¢ap1 parametresinin 0.04m oldugu
bulunmustur.
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Bu calisma dalga enerji donistiiriiciilerin  hidrodinamik
veriminin artmasi noktasmnda yapi geometrisinin 6nemine
dikkat ¢cekmektedir. Ayrica, akis boyunca olabildigince sert
degisimlerden ziyade yumusak gegislerin bulunmasmin
enerji kayiplarmi ciddi miktarda azaltacagi Ongdriilebilir.
Bir sonraki ¢alisma SSS yapisinin diger koseli boliimlerinin
de kavisli bir sekilde insaa edilerek denenmesi olarak
diigiiniilmektedir.

Etik kurul onayi ve ¢cikar catismasi beyam

Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catigsmasi bulunmamaktadir.
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Bu ¢alismada Kahramanmaras depremi sonrasi olusan gaz beton (GB) atig: ile killi kumlu zeminlerin
geoteknik Ozelliklerine etkisi arastirilmistir. Ayrica bolgede gokga tiretilen Afsin Elbistan yiiksek firin
ciirufu (AEC) da ilave edilerek etkisi belirlenmistir. Killi kum zeminin miihendislik ozellikleri
belirlendikten sonra agirlik¢a %5,%10,%15,%20 oraninda GB atig1 ve %10 AEC orani sabit olarak ayni
oranlarda GB atig1 katilarak karisimlar hazirlanmistir. Karigimlara sirasi ile kivam limitleri, standart
proktor, kesme kutusu, serbest basing ve Kaliforniya tagima oran1 (CBR) deneyleri yapilmistir. Yapilana
deneylerde dogal zemin igerisine karigtirilan GB atigi orami artikga maksimum kuru birim hacim
agirhigin azaldigini ve optimum su igeriginin ise artig1 goriilmiistiir. Serbest basing deneyi sonucunda en
iyi dayanim %15 GB atig1 ve %20 GB +%10 AEC karigiminda elde edilmistir. Dogal zemin ile
karsilastirldiginda sirasi ile %30 ve %40 oraninda artig1 goriilmistiir. CBR deneyi sonucuna gére GB
atig1 ilaveli karisgim igin %105 ve %10 AEC+ %15 GB atikli karisimda %156 artig olmustur. Sonug
olarak, deprem sebebi ile olusan atik GB ve AEC killi kumlu zeminde kuru agirhiginca %15 GB atig1 ve
%10 AEC olarak kullanilmasi zemin geoteknik ozelliklerini iyilestirici yonde etkisi oldugu
belirlenmistir. Ayrica deprem atiginin ve sanayi yan iiriin atiginin bertarafi ile ¢evreye ve ekonomiye
katk: saglanacag1 sonucuna varilmigtir.
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* Sorumlu Yazar

In this study, the effect of aerated concrete (AC) waste generated after the Kahramanmarag earthquake
on the geotechnical properties of clayey sandy soils was investigated. Afsin Elbistan blast furnace slag
(AES), which is widely produced in the region, was also added and its effect was determined. After the
engineering properties of the clay sand soil were determined, mixtures were prepared by adding 5%,
10%, 15%, 20% AC waste by weight and AC waste in the same proportions with a fixed 10% AES rate.
Consistency limits, standard proctor, shear box, unconfined compressive pressure and California Bearing
Ratio (CBR) tests were performed on the mixtures respectively. The experiments showed that the
maximum dry density decreased and the optimum water content increased as the proportion of AC waste
mixed into the natural soil increased. As a result of the unconfined compressive stress test, the best
compressive stress value was obtained in the mixture of 15% AC waste and 20% AC + 10% AES.
Compared to the natural soil, the increase was 30% and 40%, respectively. According to the CBR test
results, there was an increase of 105% for the mixture with AC waste addition and 156% for the mixture
with 10% AES + 15% AC waste. As a result, it was determined that the use of 15% AC waste and 10%
AES by dry weight in clayey sandy soil due to earthquake-induced waste AC and AES has an effect on
improving the geotechnical properties of the soil. It has also been concluded that the disposal of
earthquake waste and industrial by-product waste will contribute to the environment and economy.
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Giris

Glinlimiizde kentlesmenin artmasi ile beraber daha
cok yapr ihtiyac1 ortaya cikmaktadir. Ozellikle biiyiik
sehirlerde niifusun artmasi ile yapilasma artmakta ve
stirekli yeni alanlara ihtiya¢ duyulmaktadir. Kent sinirlar
kisith oldugu i¢in mithendislik 6zelligi yoniinden uygun
olmayan zeminlere sahip  bdlgeler  kullanima
acilmaktadir. Mithendislik 6zellikleri yoniinden yeterli
olmayan zayif zemin bdlgelerine yapilan yapilar ileride
ciddi problemlere sebep olmaktadir. Zayif zeminler,
miihendislik agisindan dayanimi ve tasima kapasitesi
diisiik olan, genellikle yetersiz mukavemet gdsteren
toprak veya diger zemin tiirlerini ifade eder. Zeminin
dayanimi, ingaat projeleri i¢in oldukca dnemlidir ¢linkii
yapilarin saglam ve gilivenli olabilmesi i¢in temelin
saglam bir zemin {izerine oturtulmasi gerekmektedir.
Bundan dolay1 zayif zeminler miihendislik 6zellikleri
istenilen seviyeye gelmesi igin stabilizasyon veya
iyilestirme  iglemi  yapilmaktadir  [1].  Zemin
stabilizasyonu, bir zeminin dayanimini artirmak ve
miihendislik agisindan istenilen 6zelliklere ulasmasini
saglamak amaciyla uygulanan bir dizi teknik ve islemdir.
Bu islemler genellikle zeminin tagima kapasitesini, su
gecirgenligini, sikisabilirligini ve diger miihendislik
ozelliklerini iyilestirmeyi amaglar. Zemin stabilizasyonu,
ingaat projeleri i¢in uygun temel kosullarmi saglamak ve
yapilarin  dayanikliligint  artirmak  icin  kullanilir.
Gliniimiizde kimyasal, fiziksel, mekanik, termal, elektro
kinetik ve biyolojik olmak f{izere bir ¢ok zemin
stabilizasyon yontemleri mevcuttur [2-5].

Zemin stabilizasyon yoOntemlerinin bazilart ¢ok
maliyetli olmasindan dolay1 &zellikler daha az maliyetli
olan ¢esitli katki maddeleri ile zeminin geoteknik
ozelliklerinin iyilestirmesi son zamanlarda g¢ok tercih
edilmektedir. Bunun baslica sebebi gelisen diinyada
endiistriyel yan driinler ve atikk malzemelerin
artmasindan dolayr ciddi ¢evre problemlerinin ortaya
c¢tkmasidir.  Zemin stabilizasyonunda bu  atiklar
kullanilmas1 hem ¢evreci hemde siirdiiriilebilirdir. [6,7].
Zemin stabilizasyonunda katki maddesi olarak kullanilan
irlinler bazilar1 sunlardir; kazan alti kiilii, ugucu kiil,
yiiksek firin ciirufu, piring kabugu kiilii, insaat yikimnti
atiklar1 ve mermer tozu gibi calismalar literatiirde
mevcuttur [2,8,9]. Bu atiklar kolay temin edilen, tiretimi
stirekli, yiiksek tonajli ve maliyeti ucuz olmasindan
genelde tercih edilmistir.

Bu caligmada Kahramanmaras depremleri sonrast
olusana ingaat yikint1 atiklarindan gaz beton atig1 (GB)
ve endiistriyel yan {iriin olarak ortaya c¢ikan Afsin
Elbistan yiiksek firm ciirufu (AEC) farkli oranlarda
karigtirllarak  dayanimi  disiik  killi kum  zeminin
geoteknik Ozellikleri iyilestirmesi amaglanmigtir. 6 subat
2023 Kahramanmaras depremleri sonrasi yapilan
caligmalarda 350 milyon tonun iizerinde insaat yikinti
atig1 olusacagi ve bu atiklarin 57 milyon tonu mineral
fraksiyon atiginin  olusturacagi belirtilmistir  [10].
Ulkemizde gaz beton 2015 yilinda yillik 5.1 milyon m®
iiretilmekte ve bunlarm 4.7 milyon m® i¢ piyasada
satilmaktadir[11]. Ozellikle 2008 ve sonrasinda bolgede
hem yalitim hem de is¢iligi kolay olmasi sebebi ile gaz
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beton kullanimi ciddi miktarlarda artmigtir. Bundan
¢ikarimla deprem bdlgesinde olusana mineral fraksiyon
atigmm %50 den fazlasi gaz beton atigi oldugu
diisiiniilmektedir.

Afsin  Elbistan Termik Santrali, Tiirkiye'nin
Kahramanmaras iline bagli Afsin ve Elbistan ilgelerinde
yer alan bir termik santral kompleksidir. Santral, linyit
komiiriinden elektrik iiretimi yapmaktadir ve bu siireg
sirasinda termik santral ciirufu adi verilen yan iriinler
olusmaktadir. Termik santral ciirufu, genellikle ucucu
olmayan mineral partikiillerden olusan bir yan iiriindiir.
Bu ciiruf, komiiriin yanmasi sirasinda ortaya ¢ikan yan
iriinlerin  bir parcast olarak olugur. Afsin Elbistan
Termik Santralinde {iretilen yiiksek firn cirufu,
genellikle endiistriyel atiklardan kaynaklanan malzeme
olup, genellikle insaat sektoriinde kullanilan bir malzeme
olarak degerlendirilir. AEC, insaat sektoriinde cesitli
uygulamalarda kullanilabilir. Ozellikle beton ve asfalt
iiretiminde agrega olarak kullanilabilir. Ayrica AEC
icerisindeki yiiksek silika, kalsiyum, aliiminyum ve
oksijen olmasindan dolay1 zayif zeminlerin dayanimini
artirmak  ve  stabilizasyonu saglamak amaciyla
kullanilmaktadir[6].

Alpyiiriir ve Senol [11] yaptiklart deneysel ¢aligmada
gaz beton, oOgitilerek kullanilmis ve farkli zemin
tiplerine etkisini arastirilmistir.  Yapilana c¢aligmada
yiiksek plastisiteli kil, diisiik plastisiteli kil zemin ve kum
zemin numuneleri ile 5, 10, 15, 20, 25% karistirilarak
deneyler yapilmistir. Gaz beton atigi katkisi ile kil
zeminlerin serbest basing mukavemeti ve CBR
degerlerinin, kum zeminin ise kayma mukavemeti
acisinin arttig1 belirlenmistir. Ayrica yiiksek plastisiteli
numunesinin sisme basinci ve sisme yilizdesinde dnemli
derecede azalmalar tespit edilmistir. Yapilan bu
calismada optimum katki oranlari, kil ve kum zeminler
i¢in kuru agirlik¢a %10-15 olarak bulunmustur.

Lakkimsetti ve Nayak [12], ¢aligmalarinda yiiksek
firin ciirufunu killi zemin 6zelliklerini iyilestirmek amaci
ile kullanmistir. Zemine kuru agirliginca %10 ile %45
arasinda farkli oranlarda karistirarak tasima giicii ve
kayma mukavemeti degerleri belirlenmistir. Deney
sonuclarina gore en optimum katki oranm1 %10 ve
iizerindeki karigim oranlarinda oldugunu ve serbest
basing dayanimi 2.5 katta kadar artig1 tespit edilmistir.

Bilici ve digerleri [13], yaptig1 deneysel ¢aligmada
killi bir zemine ugucu kiil ve yiiksek firin ciirufu ilave
ederek zeminin basing dayanimmi belirlemeye
calismigtir. Karisima kire¢ orami % 3 sabit tutularak,
ucucu kil oram1 3, 6, 9, 12% ve yliksek firin ciirufu
oranlar1 3, 6, 9, 12, 15% olarak farkli oranlarla karigim
hazirlanmigtir. Deney sonuglarina gore en iyi oran %3
kire¢ + %9 yiiksek firin ciirufu karigiminda saglanmstir.
Kiir siiresine bagli olarak ise UK katkisinin YFC katkili
serilere oranla serbest basing dayanimi iizerinde ¢ok
daha onemli seviyede dayanim artisina neden oldugu
belirlenmistir.

Gegkil ve digerleri [14], ¢alismasinda yiiksek firin
cirufu ilave ederek killi kumlu zemine etkisi
aragtirllmigtir. Calismada %5 ile %30 araliginda yiiksen
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firm ciirufu ilave edilerek proktor deneyi, serbest basing
deneyi ve CBR deneyleri yapilmigtir. Deney sonuglarina
gore en iyi sonug¢ %10 yiiksek firin cilirufu katkili
karigimda elde edilmigtir. Bu katki oraninda serbest
basing dayanimi ve CBR degeri 1.26 ve 2.06 kat artis
gozlemlenmistir.

Uysal ve digerleri [15], ¢alismasinda ugucu kiil, silis
dumani, yiiksek firm ciirufu ve cam tozu ile stabilize
edilmis ince daneli zeminin miihendislik o6zelliklerini
belirlemektir. Ince daneli zemin, kuru agirhgmm %10,
%20, %30, %40 ve %50 oraninda atik malzeme
kullanilarak stabilize edilmistir. Deney sonuglarina gore,
yiiksek firin ciirufunun plastisite indisinin azaltilmasi ve
drenajsiz kayma mukavemetinin artirilmasinda en etkili
atik oldugu belirlenmistir. Ayrica, artan silis dumani
orani ve %20 atik oranindan sonra yiiksek firmn ciirufu ile
cam tozunun lineer rotreyi azalttig1 tespit edilmistir.

Avc ve digerleri [16], calismasinda, ¢ok ince taneli
yiiksek firm ciiruflu ¢imento ile stabilize edilmis diistik
plastisiteli killi zeminin tek eksenli serbest basing
dayanimi, sikisabilirlik ve sisme potansiyeli gibi bazi
geoteknik  ozelliklerinin  belirlenmesi  amaglanmustir.
Oncelikle, %8, %10 ve %12 oranlarinda ¢ok ince taneli
yiiksek firm ciiruflu ¢imento ile karistirilarak elde edilen
killi zemin numunelerinin temel geoteknik ozellikleri
deneysel olarak tespit edilmistir. Daha sonra, optimum
su muhtevasi ve maksimum kuru birim hacim agirliginda
sikigtirilmig ¢ok ince taneli yliksek firin ciiruflu ¢imento
katkali killi zemin numuneler iizerinde tek eksenli serbest
basing, sikisabilirlik ve sisme deneyleri yapilmistir.
Deneysel veriler, diisiik plastisiteli killi zeminin ¢ok ince
taneli yiiksek firin ciiruflu ¢imento ile stabilize edilme
sonrasi, 90. giin sonunda dayanimmin agik ortamda
bekletilen numunelerde 9 ile 14 kat, strece sarili halde
bekletilmis numunelerde 9 ile 12 kat arasinda arttigini
gostermistir.

Literatiir incelendiginde gaz beton atiklari i¢in smirh
galisma oldugu, yiksek firn ciirufu igin ise farkli
¢alismalar mevcuttur. Ancak incelenen ¢alismalarda gaz
beton ve Afsin Elbistan yiiksek firin ciirufu beraber
kullanilmadig1 goriilmiigtiir. Bu ¢aligmada killi kumlu
zemine agirlik¢a 5, 10, 15, 20% oraninda gaz beton atig1
ve 10% Afsin Elbistan yiiksek firin ciirufu sabit tutularak
5, 10, 15, 20% oraninda gaz beton atig1 ilave edilerek
kivam limitleri, standart proktor deneyi, kesme kutusu
deneyi, serbest basing deneyi ve Kaliforniya tagima orani
(CBR) deneyi yapilmistir. Bu calismanin temel amaci
deprem sonrasi olugana yiiksek miktarlardaki atik gaz
beton kullanilarak g¢evre kirliligini en aza indirmek ve
zayif zeminlerin geoteknik ozelliklerini iyilestirmektir.
Ayrica yiiksek tonajlarla tiretilen Afsin Elbistan yiiksek
firm cilirufu bertaraf etmek amaglanmisgtir.

Materyal ve Metot
Materyal

Calismada  kullanilan  killi kumlu  zemin
Kahramanmaras Onikisubat Ilgesi Maarif Mahallesinden
almmustir. Bu zemin Ozelliklerini belirlemek igin elek
analizi, kivam limitleri deneyleri yapilmistir. Gaz beton
atiklar1  Kahramanmaras depreminde hasar  goriip

yikilmis bir binadan alinmistir. Deneylerde kullanilmak
icin §giitiilmis ve 2 mm elekten elenerek kullanilmustir.
Afsin Elbistan yiiksek firin ciirufu Afsin Elbistan Termik
Santralinden temin edilmistir. Tablo 1 de zeminin
fiziksel ozellikleri ve Tablo 2 de yiiksek firin ciirufun
bilesenleri gosterilmektedir.

Tablo 1. Zemin Fiziksel Ozellikleri

Ozellik Deger
Tane Birim Hacim Agirligi (kN/m®) 26.5
Likit Limit (%) 40
Plastik Limit (%) 23
Plastisite Indeks (%) 17
Optimum Su Igerigi (%) 20
Maksimum Kuru Birim Hacim Agirlik (kN/m?®) 14.75
Birlestirilmis Zemin Sistemine Gore Siniflandirilmasi SC

Tablo 2. Afsin Elbistan Yiiksek Firmn Ciiruf’unun
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Bilesenleri
Blaine
Kimyasal Ozgiil | Incelik
Bilesikler | CaO | SiO2 | Al20s | Fe203 | MgO | SOs | K20 | NazO | LOI | Agirligr | (cm?/g)
Agirlikga
(%) 34.5 | 40 11.15 | 0.25 9.4 0.1 1.2 |035 |298]287 4100
Metot

Deneysel c¢alismalara baslamadan once gaz beton
atiklar1 araziden alinarak 6giitiilmiistiir. Daha sonra gaz
beton atiklar1 ve zemin numunesi 24 saat siire ile etiivde
kurutulmugtur. Literatiirde yapilmig ¢aligmalar dikkatte
alimarak zemin igerisine agirlikca %5, %10, %15, %20
oraninda GB atig1 ilave edilmistir. Daha sonra benzer
sekilde %10 AEC sabit tutularak %5, %10, %15, %20
oraninda GB atig1 ilave edilmistir[11,14]. Hazirlanan
numunelerde kivam limitleri, standart proktor deneyi,
kesme kutusu deneyi, serbest basing deneyi ve
Kaliforniya tasima oran1 (CBR) deneyi yapilmustir.
Deneyler sirasi ile 6nce dogal zeminde daha sonra ikili
karisim olarak dogal zemin + GB (5, 10, 15, 20%) ve
daha sonra {i¢lii karigim olarak dogal zemin + %10 AEC
+ GB (5, 10, 15, 20%) olarak yapilmistir. Sekil 1 de
deneyler i¢in hazirlanan Ggli  karigim  Grnegi

goriinmektedir.

Sekil 1. Gaz Beton ve Afsin Elbistan Yiiksek Firin
Ciirufu Eklenmis Kumlu Kil Zemin Ornegi
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Calismada oncelikle kivam limitleri deneyi yapilmistir.
Bu deney kapsaminda likit limit ve plastik limit
belirlenmistir. Likit limit degerinden plastik limit degeri
¢ikarildiginda plastisite indeks bulunmus olur. Kivam
limitleri, zeminin miihendislik 6zelliklerini anlamak ve
tasarim yapmak icin kullanilir. Kivam limitleri, zeminin
tasima kapasitesi, zeminin kuruma c¢atlamasi veya
sismesi gibi davraniglar1 anlamak i¢in Onemlidir.
Ozellikle insaat miihendisligi ve zemin mekanigi
projelerinde  kullanilan  bu  limitler, zeminin
islenebilirligi ve tasgima kapasitesi gibi Onemli
ozellikleri degerlendirmek igin kullanilir. Kivam
limitleri deneyleri ASTM D4318-10 [17] standardina
gore yapilmistir.

Standart proctor deneyi, zeminin optimum su igerigini
ve maksimum kuru birim hacim agirligi belirlemek
amaciyla kullanilan bir laboratuar deneyidir. Ozellikle
toprak dolgu malzemelerinin uygun yogunlukta ve nem
iceriginde yerlestirilmesi i¢in Onemli bir testtir. Bu
deney, zeminin islenebilirlik &zelliklerini ve tasima
kapasitesini ~ degerlendirmek i¢in  kullanilir. Bu
calismada yapilana standart proctor deneyi, ASTM
D698-12 [18] standartlarina gore yapilmustir.

sekilde %10 AEC sabit tutularak %5, %10, %15, %20
oraninda GB atig1 ilave edilmistir. Hazirlanan
numunelerde kivam limitleri, standart proktor deneyi,
kesme kutusu deneyi, serbest basing deneyi ve CBR
deneyi yapilmistir.

Sonuglara gore ikili karigim (GB-+killi-kum) likit limit
degeri GB atig1 orani artikca azalmis, plastik limit
degeri de atik orani artik¢a arti1 goriilmiistiir. Bundan
dolay1 plastisite indeksi de GB atik orami artikga
azaldig1 goriilmiistiir. Bunun baslica sebebi GB atigmin
yiiksek oranlarda silis kumundan olusmasindan
kaynaklanmaktadir. Yapist geregi su tutmasindan
kaynakli olarak likit limit degerini azaltmistir. Ayrica
plastisite indeksi diislirerek islene bilirligi artirdigi
goriilmiistiir. Plastisite indeks %15 GB karigiminda en
diisiik olarak belirlenmistir. Literatiirde de Alpyiiriir ve
Senol [11] yaptig1 calismada benzer sonuglar tespit
etmistir. Uclii karisimda (Killi-kum+%10 AEC+GB)
atik orani artikca likit limit, plastik limit degeri artmis
ve plastisite indeks %I15GB karisiminda distigi
goriilmiistiir. Kivam limitleri deneyinde hem ikili
karisimda hem de ii¢lii karisimda %15 GB karisimi en
iyi sonug verdigi goriilmiistiir.

Standar proctor deneyinden belirlenen optimum su
icerigini ve maksimum kuru birim hacim agirlik 50
- . 45
degerlerinde numuneler hazirlanarak serbest basing 20
deneyleri ASTM D2166-16 [19] standardina gore 35
yapilmistir. Hazirlanan numuneler 6zenle ¢apt 50mm 30
boyu 100mm olan kaplardan ¢ikarilmistir. Numunelerin 25
boy boli cap oranmi 2 ile 2.5 arasinda olmasi 20
gerekmektedir. Deney baslamadan once eksenel 15
deformasyon orani dakikada %1.2 olacak sekilde cihaz 10
bilgi girisi yapilir. Orneklerde deformasyon orani %15 >
oluncaya kadar yiikleme devam eder ve kirim 0 Dogal |%5GB| %10 | %15 | %20 | %5 GB|10%GB | 15%GB | 20%GB
gergeklestiginde test cihazi otomatik durur. Zemin GB | G | cB i/élco j/élco ;:/Elco X/EICO
=LL®)| 40 | 40 | 39 | 39 | 38 | 42 | 48 | 47 | 48
CBR deneyi i¢in numuneler belirlenen optimum su PLO) | 238 | 24 | 26 | 27 | 24 | 21 | 27 | 30 | 2
icerigini ve maksimum kuru birim hacim agirlik PI%) | 17 16 13 12 14 18 21 17 19
degerlerinde hazirlanmistir. CBR kalibia yerlestirilen

ve tabaka tabaka sikistirilan numuneler ASTM D1883-
21’ e [20] gore gergeklestirilmistir. Piston numuneye
2.5 mm ve 5 mm batmasi sonucu uygulana yiikiin
standarda belirtilen yiik e oranlayarak elde edilen yiizde
CBR degeri olarak belirlenmistir. Bulunan iki degerden
en yiiksegi nihaiyi CBR degeri olarak degerlendirilir.

Kesme kutusu deneyi, zeminin kesme direncini
degerlendirmek ve zeminin dayanikliligini anlamak
amaciyla yapilan bir deneydir. Bu deney, ozellikle
zemin mithendisligi ve insaat projelerinde zeminin
tasima kapasitesini, dayanikliligini ve davranigini
degerlendirmek i¢in kullanilir. Hazirlanan karigimlar
60x60x25 mm  boyutlarindaki deney kalibina
yerlestirilmistir. Deney 0.002 mm/sn yiikleme hizinda
ve ASTM D3080M-11 [21] standartlarinda yapilmustir.

ARASTIRMA BULGULARI VE
TARTISMA

Dogal zeminin igerisine agirlik¢a %5, %10, %15, %20
oraninda GB atig1 ilave edilmistir. Daha sonra benzer
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Sekil 2. Kivam Limitleri Deney Sonuglart

Standart proctor deneyi dogal zemin ve tiim karigim
numunelerinde sirasi ile yapilmis ve kuru birim hacim
agirlik ve su igerikleri bulunmustur. Bulunan degerlere
gore kompaksiyon egrileri Sekil 3’te gosterilmistir.
Sekil 3a ikili karisim ve Sekil 3b tiglii karisim grafikleri
incelendiginde, dogal zemin igerisine karistirilan GB
at1g1 orani artikca maksimum kuru birim hacim agirligin
azaldigmi ve optimum su igeriginin ise artidi
goriilmektedir. Bunun sebebi kivam limitleri kisminda
bahsedildigi gibi GB atiginin su emme kapasitesinin
fazla oldugundan ve dogal zeminden daha ince taneli ve
hafif olmasindan kaynaklanmaktadir. Ince daneli ve
hafif olan GB atig1 dogal zemine eklendikge kiitleyi
azalttig1 ve ¢ok su emdigi i¢in optimum su igerigini
artirdig1 goriilmistiir. Benzer sonuglar literatiirde tespit
edildigi goriilmiistiir [11,14].
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Sekil 3. Standart Proctor Deneyi Kompaksiyon Egrileri
a. Killi-Kum+GB Atig1 b. Killi-Kum+%10 AEC+GB

Atig1
Kesme kutusu deneyi kumlu zeminlerin kayma
direncini, ig¢sel silirtinme agist ve kohezyonlar

belirlemede kullanilan bir deneydir. Karigimlarin igsel
stirtinme agist ve kohezyon degerleri optimum su

muhtevasinda hazirlandiktan sonra degerler
hesaplanarak  Tablo 3  gdsterilmistir.  Sonuglar
incelendiginde GB atif1 tek basma ilave edilen

zeminlerde %15 katki oranma kadar igsel siirtiinme
acisiin artifl gozlemlenmistir. Fakat ti¢lii karigimlarda
icsel siirtiinme acist ilave GB atigr ile distigi
goriilmiistir. GB atigimin ilave edildigi durumda igsel
stirtiinme agisinin artmasinin baslica sebebi GB’nin silis
kumundan imal edilmis olmasindan kaynakli olarak
artirdigr diisiiniilmistiir. AEC ilaveli ti¢lii karisimda ¢ok
etki etmemesi ve diismesinin sebebi de AEC tanelerinin
daha ince ve yuvarlak yapiya sahip olmasindan dolay1
icsel siirtinme agisin1  azaltmis ve kohezyonu da
artirdig1 gorillmistiir.

goriilmistiir. En yiiksek deger 318 kPa ile %15 GB atig1
karisimmda elde edilmistir. Dogal zemin dayanim
degeri ile karsilastirildiginda %30 artis gézlemlenmistir.
Dogal zemin killi kumlu bir zemin oldugu igin
icerisindeki kil zeminin bir arada tutmay1 saglamis ama
GB atig1 ilavesi artmasi ile beraber gevrek davranig
gozlemlenmistir. Uclii karisimlarda AEC etkisi ile
beraber serbest basing deney sonuglar1 sadece GB atig1
ile yapilmis numunelere gore daha iyi ¢iktig1
goriilmiistiir. En yiiksek degeri 335 kPa olarak %20 GB
+%10 AEC karisimindan elde edilmistir. Ayrica dogal
zemin serbest basing degeri ile karsilatildiginda %40 bir
artis oldugu gorilmiistiir. Bu artisin baglica sebebi
AEC’nin igerisindeki CaO degerinin yiiksek olmasindan
dolay1  puzolanik  bir  malzeme olmasidan
kaynaklandigi diisiinilmektedir. Literetiire bakildiginda
Gegkil ve digerleri [14] benzer sonuglar buldugu
goriilmiistiir.

340

330
320
310
300
290
280
270
260
250
240

Serbest Basin¢ Dayanim (kPa)

®Basing Dayanimi (kPa) | 245

265

287 318 315

Sekil 4. Karigimlara Gore Serbest
Sonuglari

Basing Dayanimi

Serbest basing deneyi ve diger deneylerde en iyi
sonuglar ikili ve ti¢li karisimlarin %15 GB atig1 katkili
sonucu oldugundan CBR deneyleri i¢in 7 giinliik kiir
stiresi i¢in dogal zemin, %15 GB atigi+Dogal Zemin ve
%15 GB atigi+%10 AEC+ Dogal zemin numuneleri
hazirlanarak deneyler yapilmistir. Deney sonuglarina
gore 2.5mm ve Smm batma degerleri en yiiksek
degerlendirmeye alinarak dogal zemin %6.55, %15 GB
atikli karisimda %13.5 ve %15 GB atigi+%10 AEC igin
%16.8 olarak bulunmustur. Dogal zemin sonucuna gore
artis GB atig1 ilaveli karisim i¢in %105 ve %10 AEC+

Tablo 3. Karigimlarin Igsel Siirtinme Agist  ve %15 GB atikli karisimda %156 olarak bulunmustur.
Kohezyon Degerleri Deney sonuglar1 Tablo 4 gosterilmigtir. Literatiir
109%GE | 15%GB arastirjdiginda daha onceki yapilmigs CBR deney

Dogal °G/°B5 Z)Blo °G/°é5 °G/°;0 w;/fgiic ’;’/Eéo ’;’/Eéo . ;@‘bﬁﬁgh rina gore Look [22] bir ¢aligma yapmistir. Look

0 357" gore CBR yiizdelerine gére yol alt dolgu

iscﬁs:tlﬁnme malzemesi  olarak  kullanilip  kullanilmayacagim
Aesio) | 40 a |a |z |wo |a 35 35 3 degerlgndirmistir. Caligmaya goére CBR sonuglar1 <%
B ise son|derece zayif, %1-%?2 arasinda ise ¢ok zayif, %2-
(c.kPa) |[193 |181 [175 |172 |168 |117 238 18.7 175%3 zayif, %3 ile %10 aras1 orta, %10 ile %30 arasi
giiclii ( alt temel dolgusu olarak kullanilabilir), >%30

Serbest basing deney sonuglart Sekil 4 gosterilmistir.
Serbest basing deneyi i¢in her bir numuneden ii¢ tane
hazirlanmistir. Deneyler 7 gilinlik kiir siiresi igin
yapilmistir. Dogal zemin kumlu killi bir zemin oldugu
i¢in basing dayanimi 245 kPa olarak bulunmustur. GB
atig1 ilavesi ile beraber serbest basing dayanimi arttigi
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Cok giiclii (Alt temel- temel- dolgu malzemesi olarak
kullanim uygundur.) olarak degerlendirmistir. Look [20]
sonuglarma gore %I15GB  ve %I15GB+%10AEC
karigimlar ilave edildiginde dogal zemin alt temel
dolgusu olarak kullanila bilecegi goriilmustiir [23].
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Tablo 4. Dogal Zemin, %15 GB atig1 ve %15 GB atig1
+%10 AEC numunelerin CBR deneyi sonuglari

CBR (%)
2.5 mmbatma |5 mm batma
Dogal Zemin 6.55 6.05
%15 GB 135 12.6
15%GB +%10 AEC 16.8 16.2

SONUCLAR

Killi-kumlu zeminin geoteknik 6zellikleri belirlemek
iizere farkli oranlarda ilave edilerek hazirlanmig
depremden sonra ortaya ¢ikan gaz beton atigi ve Afsin
Elbistan yiiksek firin ciirufu  karnigimlarin  etkisi
arastirllmistir. Yapilan kivam limitleri, standart proktor,
kesme kutusu, serbest basmng ve CBR deneylerinin
sonuglar1 asagida belirtilmistir.

> Ikili karigim (GB+killi-kum) likit limit degeri
GB atig1 orani artikga azalmis, plastik limit
degeri de atik orani artik¢a artif1 goriilmiistiir.
Bundan dolay: plastisite indeksi de GB atik
orani artikca azaldigi goriilmiistiir. Uclii
karisimda  (Killi-kum+%10 AEC+GB) atik
orant artikca likit limit, plastik limit degeri
artmig ve plastisite indeks %15GB karisiminda
distiigiic.  goriilmistir.  Kivam  limitleri
deneyinde hem ikili karisimda hemde tgli
karisimda %15 GB karisim i¢in en iyi sonug
verdigi goriilmiistiir.

» Standart proctor deneyi sonuglarina gore, dogal
zemin igerisine karistirllan GB atig1 orami
artikca maksimum kuru birim hacim agirligin
azaldigin1 ve optimum su igeriginin ise artigi
goriilmektedir.

» Kesme kutusu deneyine gore GB atig1 tek
basma ilave edilen zeminlerde %15 katki
oranina kadar igsel siirtinme agisinin artigi
gozlemlenmistir. Fakat ti¢li karigimlarda igsel
sirtinme acist ilave GB atig1 ile diistiigi
goriilmiistir. AEC tanelerinin daha ince ve
yuvarlak yapiya sahip olmasindan dolayi icsel
siirtiinme agisin1 azaltmig ve kohezyonu da
artirdig1 gorilmiistiir.

» Serbest basing deneyi 7 giinliik kiir siiresi i¢in
yapilmig ve dogal zemin kumlu killi bir zemin
oldugu icin basing dayanimi 245 kPa olarak
bulunmustur. GB atig1 ilavesi ile beraber
serbest basing dayanimi arttig1 goriilmistiir. En
yiksek deger 318 kPa ile %15 GB atigi
karigiminda elde edilmistir. Dogal zemin
dayanim degeri ile karsilastirildiginda %30
artis gdzlemlenmistir. Uclii karisimlarda AEC
etkisi ile beraber serbest basing deney sonuglari
sadece GB atig1 ile yapilmis numunelere gore
daha iyi ¢iktig1 goriilmiistiir. En yiliksek degeri
335 kPa olarak %20 GB +%10 AEC
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karisimmdan elde edilmistir. Ayrica dogal
zemin serbest basing degeri ile karsilatildiginda
%40 bir artis oldugu goriillmiistiir.

» CBR deney sonuglarina goére dogal zemin
%6.55, %15 GB atikli karigimda %13.5 ve
%15 GB atigi+%10 AEC i¢in %16.8 olarak
bulunmusgtur. Dogal zemin sonucuna gore artis
GB atig1 ilaveli karisim ig¢in %105 ve %10
AEC+ %15 GB atikli karisimda %156 olarak

bulunmustur. Look [22] sonuglarina gore
karsilagtirildiginda %15GB ve
%15GB+%10AEC karigimlari ilave

edildiginde dogal zemin alt temel dolgusu
olarak kullanila bilecegi goriilmiistiir.

Sonug olarak, deprem sebebi ile olugana atik gaz
betonun ve Afsin Elbistan yiiksek firn ciirufunun killi
kumlu zeminde kuru agirlifinca %15 gaz beton atig1 ve
%10 yiiksek firin clirufu olarak kullanilmasi zemin
geoteknik oOzelliklerini iyilestirici yonde etkisi oldugu
belirlenmigtir. Ayrica deprem atigmmin ve sanayi yan
iirlin atiginin bertaraf’t ile ¢evreye ve ekonomiye katki
saglanacagi sonucuna vartlmistir.

Etik kurul onay1 ve ¢ikar ¢catismasi beyani

Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur.

Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
catismasi bulunmamaktadir.
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