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Teknolojinin gelismesi ve Diinya niifusunun siirekli olarak artmasidan dolay, kullanilan elektrik enerji
miktari da siirekli artmaktadir. Elektrik enerjisinin talebinde meydana gelen artis ile birlikte, daha giivenilir
ve daha kaliteli enerjiye ihtiya¢ duyulmaya baglanmistir. Bu kavram elektrik miihendisligi alaninda “gti¢
kalitesi” bashgi ile yerini almigtir. Giinlimiizde sanayide kullanilan gii¢ elektronigi elemanlari,
transformatorler, ark firmlari, konverterler vb. harmonik yayan elemanlar gii¢ kalitesinin bozulmasina
sebep olmus ve sonug olarak da harmoniklerden kurtulma yollarma bizi sevketmistir. Kaliteli elektrik
enerjisinin saglanabilmesi i¢in enerjinin devamliligi, gerilimin ve frekansin stabilligi, gii¢ faktoriiniin 1’e
yakinlig1, faz gerilimleri dengesi ve gerilimdeki harmonik miktarlarinin belli degerlerde kalmasi gibi bazi
kriterler g6z Oniinde bulundurulmalidir. Yapilan ¢alismada, giic sistemindeki harmonik ve
araharmoniklerin analizi yapilabilmesi i¢in ve sistemdeki olusan etkinin goriilebilmesi amaci ile
MATLAB / Simulink programinda seri aktif gii¢ filtresi, farkli nonlineer yiiklere karsi modiile edilip
simiilasyonu yapilmistir. Sistemdeki harmonikler ve ara harmoniklerin yok edilmesinin ve filtrelemeye
kars1 vermis olduklar tepkinin goriilebilmesi i¢in FFT analiz programi ile sonuglar gosterilmistir.
Nonlineer yiikleri olan gii¢ sistemindeki harmonik ve araharmonigin filtrelemeden 6nce ve filtrelemeden
sonraki olusturdugu sonuglar analiz edilmis ve incelenmistir. inceleme sonucunda alinabilecek dnlemler
ile ilgili 6nerilerde bulunulmustur.
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* Sorumlu Yazar

Due to the development of technology and the continuous increase in the world population, the amount of
electrical energy used is constantly increasing. With the increase in the demand for electrical energy, more
reliable and higher quality energy has begun to be needed. This concept has taken its place in the field of
electrical engineering with the title of “power quality”. Power electronics components used in industry
today are transformers, arc furnaces, converters, etc. Elements emitting harmonics caused the deterioration
of power quality and as a result, led us to ways to get rid of harmonics. In order to provide quality electrical
energy, some criteria such as the continuity of the energy, the stability of the voltage and the frequency,
the power factor close to 1, the balance of the phase voltages and the harmonic amounts in the voltage
should be taken into consideration. In the study, in order to analyze the harmonics and interharmonics in
the power system and to see the effect on the system, the serial active power filter was modulated and
simulated against different nonlinear loads in the MATLAB / Simulink program. In order to see the
elimination of harmonics and interharmonics in the system and their response to filtering, the results are
shown with the FFT analysis program. The results of harmonics and interharmonics in the power system
with nonlinear loads before and after filtering have been analyzed and examined. As a result of the review,
suggestions were made regarding the precautions that can be taken.
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1. GIRIS

Elektrik enerjisinin iiretim, iletim ve dagitim asamalarinda
akim ve gerilim biiyiikliiklerinin siniis dalgas: bigciminde
olmasi gerekiyor. Fakat bu her zaman gerceklesmeyebilir.
Enerji sistemlerinde manyetik ve elektrik devre nonlineerligi
harmoniklere neden olmaktadir. Harmonikler, {retilen
enerjinin kalitesinde dnemli bir etkendir. Akim ve gerilim
dalga bigiminin siniis dalga bigiminden uzaklagmasi seklinde
tanimlanabilecek olan harmonikler, nonlineer elemana
siniizoidal bir kaynagin uygulanmasi yoluyla ya da
nonsiniizoidal bir kaynaktan beslenen lineer veya nonlineer
elemanlar tarafindan olusturulur [1].

Riistemli vd. [2] Harmonikleri azaltmanin veya yok etmenin
en dnemli ve faydali yontemi harmonik filtreler kullanmaktir.
Calismalarinda Tiirkiye'nin dogusunda yer alan Van sehrinde
bulunan iki farkl fabrikada, Zera MT310'un gii¢ analizorii
yardimiyla Ol¢timleri gerceklestirilen (harmonikler, anlik
elektriksel degerler, akim ve gerilim dalga sekilleri) gibi
cesitli parametrelerin farkli tarihlerde olmak tizere detayli bir
incelemesi yapilmistir. Riistemli vd. [3] Pasif filtre sisteminin
yapisi ve uygulama sekilleri hakkinda bilgiler verilmistir.
Enerjide harmoniklerin filtrelemesinde kullanilan (endiiktans
bagli kompanzasyon sistemi) sistemleri verilmistir. Dagitim
sisteminin ¢esitli noktalarinda harmonik analizérii Simplorer
Simulation Center 6.0 (SSC 6.0) programi ile Ol¢iim
yapilmugtir. Enerji sisteminin giic elektronigi
uygulamalarinda basarili sonuglari elde edilmistir. Riistemli
vd. [4] ZERA MT 310 sinyal analizorii kullanilarak gii¢
kayiplarindaki parametreleri (gerilim dalga sekilleri,
harmonikler) tespit edilmistir. Giligteki bu istenmeyen
kayiplarin sebeplerini arastirtlmistir. Simplorer 6.0 program
ile seri aktif filtrenin modellemesi yapilarak incelenmistir.

Sahin [5] Harmonik kaynaklar, harmoniklerin gii¢
sistemlerindeki etkileri ve harmoniklerin siiziilmesine iligskin
bilgi vermistir. Harmonik analizi i¢in gelistirilmis olan
algoritma ve akis diyagram: ile kullanilan yazilim
aciklanmistir. Sahin [6] ¢alismasinda harmoniklerin yeraltt
gii¢ kablolar lizerine etkilerinin tespit edilmesi ve harmonik
etkilerinin diisiiriillmesi adma oOnerilerde bulunmustur. Bu
noktada bir OG sistemde harmonik 6l¢limii yapilarak, elde
edilen degerler dogrultusunda bir MATLAB/SIMULINK
modeli olusturulmustur.

Yapilan galismada farkl: tipte yiiklere sahip bir gii¢ sistemi
icin  harmoniklerin ve araharmoniklerin  kiyaslanip
incelenmesi  yapilmig  olup  almabilecek  Onlemler
planlanmistir. Giig sisteminde meydana gelen sonucu gormek
icin ve harmonik ve araharmonigin gdsterilebilmesi icin
MATLAB/Simulink programiyla modiile edilip,
simiilasyonu yapilarak belirtilmistir. Bu caligmada amag, gii¢
sistemi tizerindeki harmonik ve araharmonigin sonuglarinin

analiz edilip neler yapilabilirliginin incelenerek ilgili
onerilerde bulunulmasidir.

2. HARMONIKLERIN FILTRELENMESI
Harmoniklerin olugmasia neden olan kaynaklar; Ddner

makineler, Transformatorler, Gii¢ elektronigi elemanlar,
Dogru akim ile enerji nakli, Statik VAR generatorleri, Ark
firmlari, Kesintisiz giic kaynaklari, Fotovoltaik sistemler,
Konverterler, Elektronik balastlar ve Gaz desarjli aydinlatma
seklinde siralanabilir.
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Harmonikler;  genellikle  nonlineer  elemanlar  ve
nonsiniizoidal kaynaklardan birinin ya da her ikisinin de
sistemde mevcut olmasidan kaynaklanmaktadir. Harmonikli
akim ve gerilimin gili¢ sistemlerinde mevcut olmasi
siniizoidal dalganin bozulmasina yol agacaktir. Bu bozulan
dalgalara, nonsiniizoidal dalga adi1  verilmektedir.
Harmonikler gii¢ sistemlerinde; rezonans olaylar, ek
kayiplar, ek gerilim diigiimleri, gii¢ faktoriiniin degismesi gibi
teknik ve ekonomik sorunlara sebep olur. Siniizoidal
alternatif akim uygulanan bir alicinin sebekeden harmonikli
akim ¢ekmesi, bu alicinin yapisinin gerektirdigi bir
durumdur. Bu; alicmm nominal ¢aligmasi esnasinda
harmonik meydana getirerek akim ¢ekmesi demektir.
Harmonik tireten bu alicilarin disinda, lineer karakteristikte
olmalarmma karsin harmonikli akimlara yol acan alicilar da
mevcuttur. Bu da, alictya uygulanan gerilimin nonsiniizoidal
olusundan kaynaklanmakta olan bir durumdur. Alternatif
akim tretimi esnasinda alternatérlerde alinan iyilestirici
Onlemlerle, elektrik enerjisinin siniizoidale miimkiin
oldugunca yaklagtirilmas: saglanmaktadir. Ancak, ayni
sebekeye bagli diger nonlineer yiikler, lineer bir aliciya etki
edebilmektedir [7].

Enerji sistemlerinde, harmonikler nedeniyle gerilim ve akim
dalga sekillerinde yaganan bozulmalar bir¢ok farkli soruna
sebebiyet vermektedir. Bu sorunlar; Enerji sistemindeki
elemanlarda ve yiiklerdeki kaybin artigi, Generator ve sebeke
geriliminin ~ bozulmasi,  Gerilim  diisiimiinde  artig,
Kompanzasyon tesislerinin asir1 reaktif yiiklenme ve
dielektrik zorlanma sebebiyle hasar goérmesi, Uzaktan
kumanda, yiik kontrolii gibi yerlerde ortaya ¢ikan calisma
bozukluklari, Sebekede rezonans olaylari, rezonansin yol
actigr asirt gerilimler ve akimlar, Senkron ve asenkron
motorlarda moment salinimlarinin ve asiri 1sSinmanin ortaya
cikmasi, Endiiksiyon tipi sayaglarda yanlis Olglimler,
izolasyon malzemesinin delinmesi, Atesleme devrelerinin
anormal ¢alismasi, Elektrik aygitlarinin émriiniin azalmasi,
Makinelerde mekanik titresimler (vibrasyon), Sesli ve
gOrintiilii iletisim araglarinda parazit ve anormal ¢aligsma,
Mikro bilgi islemciler iizerinde hatali ¢aligma, Elektronik kart
arizalari, Elektromekanik cihazlarda ve kablolarda 1sinma,
CAD/CAM terminallerinde hafiza silinmesi, Kesici ve
salterlerde a¢cmalar, Kompanzasyon sigortalarinin atmast,
Gili¢ kondansatorlerinde giic kayiplari, delinmeler ve
patlamalar, Role sinyallerinin bozulmasi ve anormal
calismast ve Enerji kayiplart seklinde siralanabilir [8].
Kullanicilarin sistemi kirletmelerine ve birbirlerine zarar
verecek etki yaratmalarina izin verilmesi disiiniilemez, bu
nedenle iilkelerin ¢ogunda elektrik dagitimi yapan kuruluglar
¢ekilecek harmonik akim miktarmi simrlayan kurallar
koymuslardir [9].

Endiistrilesmenin bir sonucu olarak elektrik sebekelerinde
meydana gelen kirlenme kaginilmaz bir durumdur. Enerji
kalitesi lizerinde belirleyici rol oynayan baglica faktorler;
gerilim degisimleri, kesintiler ve temel frekans digindaki
frekanslar (harmonikleri) ireten tiketicilerdir.
Harmoniklerden kaynakli olas1 zararli etkilerin Oniine
gecilmesi yalnizca tasarim asamasinda alinacak onlemlerle
miimkiin olabilmektedir. Harmonik akimlarin sebekeye
ge¢mesini  engellemek adma ek devrelere gereksinim
duyulmaktadir. Devreye yerlestirilen ve istenen harmonik
akiminin siizilmesini saglayan bu devreler, ’harmonik
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filtresi’ olarak adlandirtlir. Harmonik filtreler, bir veya daha
fazla frekanstaki akimin veya gerilimlerin yani harmoniklerin
etkisini azaltmay1 amaglar. Bu filtrelerin gorevi, kisaca;
harmonik ireten bir cihazin besledigi Yyiikiin gerilim
dalgalarint diizelterek, AC sisteme katilan istenmedik
harmonik bilesenlerin 6niine gegmektir [10, 11, 12].

Endiistriyel tesislerde gerilimde meydana gelen bozulmanin
%S5’1n iizerinde olmamasi genellikle kabul edilir olup pasif
filtreler aracilifiyla bu seviyeye inilebilir. Fakat hava alani ve
hastanelerde gerilimde meydana gelen bozulma (THD,) %3
oraninin altinda olmalidir. Bu, her zaman pasif filtre ile
saglanamayabilir. Boyle bir durumda aktif filtrelere ihtiyag
duyulur.

2.1. PASIF FILTRELER

Pasif filtreler kaynak ve yiik arasina yerlestirilen ve temel
frekans digindaki bilesenlerin yok edilmesine yonelik olarak
tasarlanan ve kondansator, endiiktans ve kimi durumlarda
diren¢ elemanlarindan olusan devrelerdir. Pasif filtreler,
ortadan kaldirilmak istenen harmonik bilesen frekansinda
rezonansa gelecek L ve C degerlerinin belirlenmesini
amagclar. Her bir harmonik i¢in ayr1 devre tasarimi yapilir.
Pasif filtreler; seri pasif filtreler ve parelel (s6nt) pasif filtreler
olmak {iizere 2 ayr1 boliimde incelenir. Degisik pasif filtre
gesitleri Sekil 1’de gosterilmistir.  Seri pasif filtreler
harmonik kaynagi ile sebeke arasma seri olarak baglanir.
Istenmeyen harmonik bilesen isaretlerini gecirmemek igin
yiiksek bir seri empedansin kullanimiyla sistemde
istenmeyen harmonik igaretlerini engeller. Yalnizca belirli
frekansa sahip harmonik isaretleri engeller. Seri filtreler,
filtrelerde rezonans durumu gézlenmemesine karsin, tam yiik
akimini tagima ve hat gerilimine gdre yalitim zorunluluklart
mevcuttur. Sekil 2°de seri filtrenin devreye baglanis sekli
1

gosterilmistir [13].
L Cc1
L ! < £ Tl c2

C
5 > R L
5 “] 2R

c
R

<
b2

Sekil 1. Degisik pasif filtre gesitleri

Seri Pasif Filtre

NONLINEER
YUK

s

Sekil 2. Bir devrede seri filtrenin kullanim1

Seri filtreler pratikte AC motor siiriicii devrelerinin ve yiiksek
giiclii AC/DC inverterlerin dnlerinde kullanilir. Seri filtrenin
uygulanmasindaki zorluk; tiim yiik akiminin filtre tizerinden
gecmesi olup, tam hat gerilimleri i¢in yalitilmasmin
gerekmesi ve gerilim diisiimiine sebebiyet vermesidir [8].
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Parelel filtreler harmonik kaynagina parelel baglanir. Parelel
pasif filtreler, ortadan kaldirilmak istenen harmonik bilegen
frekans1 igin rezonansa gelececk C ve L degerlerini
hesaplayarak bu devreyi kaynaga baglamay1 amaglar. Her bir
harmonik frekansi i¢in bu hesaplama ayri ayri yapilir ve
olusturulan devre kaynaga baglanir. Bu iglem genlik degeri
yiiksek harmonik frekanslari i¢in yapilmalidir. Bunun nedeni
her harmonik i¢in yapilmast optimum bir ¢oziim
saglamamasidir. Genligi diisik olan harmonik isaret
frekanslar1 i¢in bunlarin etkinligini azaltacak tek bir rezonans
kolu olusturmak yeterlidir. Sekil 3’de paralel filtrenin
devreye baglanis sekli gosterilmistir [14].

@ FTTT T # _____________ : |

NONLINEER
YUK

Sekil 3. Bir devrede paralel filtrenin kullanimi

2.2. AKTIF FILTRELER

Aktif giic filtresi genel kullanim sebebi olarak, tiiketicilerinin
her biri i¢in kendisinin de bir harmonik kaynak olan
yiiklerinin akim gerilim dengesizligini elimine etmektir.
Diger taraftan fabrikalar igin kullanilan aktif gii¢ filtresi
temelde, giic dagitim sistemlerindeki harmonik degerleri
azaltmayr ve bu sekilde gerilim harmonikleri ve gerilim
dengesizliklerini ortadan kaldirmayr amaglar [15]. Aktif
filtrenin ¢aligma yontemi pasif filtrenin ¢alisma yonteminden
biitiiniiyle farklidir. Aktif filtre sebekedeki harmonikleri
hesaplayarak, onlara ayn1 genlikte ters fazda harmonik iiretir.
Bu sekilde gii¢ kalitesine etki eden harmonikleri yok eder.
Aktif filtre var olan harmoniklerin ortadan kaldirilmasini
saglayacak harmoniklerin iretiminden sorumlu olup, asiri
yiiklenme olasilig1 tagimamaktadir. Kapasitenin istiindeki
harmonikler sebekede dolasmay: siirdiirerek, aktif filtre
kapasitesi mertebesinde harmoniklerin {iretilmesine yani
calismaya devam eder.

Aktif filtreler yapilar1 bakimindan; paralel, seri ve hibrit giig
filtreleri olmak tizere 3 boliimde incelenir. Kontrol yontemine
gore de agik ¢evrim ve kapali cevrim aktif gli¢ kontrol sistemi
olarak iki farkli boliim altinda ele alinmaktadir.

Paralel aktif gii¢ filtresi (PAGF), sebekeye paralel baglanir.
Filtre ¢esitlerinden bu tiir, sanayi isletmelerindeki en 6nemli
ve en genis kullanim alanina sahip yapilardir [16]. Bu filtreler
harmonik akim filtrelemesi, reaktif giic kompanzasyonu, yiik
akimi dengelemesi ve ndtr akim kompanzasyonu gibi akim
kaynakli harmoniklerin eliminasyonu i¢in elveriglidir [17].
Sekil 4’de temel bir PAGF gosterilmektedir.

Paralel aktif gii¢ filtrelerinin dezavatajlar1 yliksek giiclii

uygulamalarda  olugmaktadir.  Ciinkii  yiiksek  gii¢
uygulamalarinda, aktif filtrelerde kullanilacak yari iletken
stkintist  meydana  gelmektedir. Bu  uygulamalarda

transformatorler, ¢coklu konvertdrler veya kaskat baglama
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konvertorleri PAGF ve elektrik giic sebekesi degerlerinin
birlesmesi i¢in kullanilmas: gerekmektedir [16].

Seri aktif gii¢ filtresi (SAGF) sebeke ile baglantili bir trafo
iizerinden seri baglanir. Seri aktif gii¢ filtresi temel olarak
anlik gerilim giris ¢ikisiyla yiik boyunca saf siniizoidal
gerilim dalga formunun stabilizasyonun saglanmasina
dayalidir [16]. Bu filtreler gerilim harmonik kompanzasyonu,
gerilim  regililasyonu, gerilim dengelenmesi, gerilim
dalgaciklarinin azalmasi ve gerilim diismelerinin yok
edilmesi i¢in kullanilir [18]. Bu, yiik iizerinde saf siniizoidal
dalga formu saglar ki bu da gerilim degisimlerinde hassas
olan cihazlar i¢in olduk¢a 6nemlidir. PAGF*“in SAGF’a kars1
en biiyiik dezavantaji lizerindeki ¢ikig gerilim dalgasinin
siniizoidal bigimini devam ettiremiyor olmasidir. Bu durum
SAGF’1 ideal hale getirmektedir [16]. Bununla beraber,
SAGF transformator baglantilarinin tamamini yiik akimlar
iizerinden gecireceginden, yiiksek kapasiteye sahip olmasi
gerekmektedir. Harmonik akimlarm  Yyiiksek oldugu
durumlarda, aktif gii¢ filtresinin kapasitesi de artmaktadir.
Sekil 5°de temel bir SAGF gosterilmektedir.

Sebeke is., i'-.,,

Dogrusal
Olmayan
Ls ‘ Lo Yiik
Lré & IF

5
e

Sekil 4. Paralel aktif gii¢ filtresi

Sebeke s, Mar L I5cerusal
Olmayan
Ls &A= Lt Yiik

5%

Ly ]

Cdc
Sekil 5. Seri aktif gii¢ filtresi

Hibrit aktif giic filtresi (HAGF), aktif gii¢ filtresi ve pasif giic
filtresinin baglanti yapilarim birlesimiyle meydana gelen
filtre yapisidir. HAGF sadece harmonik kompanzasyonu igin
kullanilmasinin ~ yaninda, gerilim regiilasyonu, gii¢
kompanzasyonu, kaynak ve harmonik kaynakli yiik arasi
izolasyon igin de kullanilmaktadir. Bu filtrelerin esas amaci,
maliyeti azaltmak ve etkinligini artrmaktir. PAGF’in PPF ile
bilesimi, PAGF ile beraber paralel pasif filtre veya yiliksek
gecisli filtrenin olusumudur. Bunun i¢in kullanilan PAGF
digiik salmmmli  harmoniklerin eliminasyonuna yonelik
modellenirken, PPF yiiksek salimmmli  harmoniklerin
kompanzasyonuna yonelik olarak modellenir [16]. Yiiksek
sirali harmoniklerin kompanzasyonu adina, anahtarlama
frekans1 sinirlandirilir. Eg zamanli olarak, bunun igin

kullanilan PAGF, PPF ile kaynak empedansi arasindaki olas1
rezonansin elimine edilmesi igin kullanilmaktadir [19]. Sekil
6’da, PPF ve PAGEF ile olusan temel bir hibrit aktif gii¢
filtresini gostermektedir.

Sebeke 15, _iL.. Dogrusal
MMM Olmayan
Ls é . LL Yiik
Lr ¢|F
L
Paralel Pasif
K Z[pxtif Giig C Filtre
Filtresi I
Cde

Sekil 6. Hibrit aktif gii¢ filtresi

Hibrit aktif gii¢ filtresinin teknigindeki baslica dezavantaji,
PPF i¢in ¢ok sayida gii¢ bilesenine sahip olmasidir. Burada,
PPF siirekli sisteme baglandiklarindan lineer olmayan
kaynaklar1 6nceden bilinen yiikler i¢in uygundur [16].

5. MATLAB/Simulink

Simulink, ¢ok alanli simiilasyon ve model tabanli tasarim i¢in
bir blok diyagram ortamuidir. Sistem diizeyinde tasarimui,
simiilasyonu, otomatik kod olusturmayr ve gomiilii
sistemlerin  siirekli test edilmesini ve dogrulanmasimi
destekler. Simulink, bir grafik editorii, 6zellestirilebilir blok
kiitiiphaneleri ve dinamik sistemlerin modellenmesi ve
simiilasyonu icin ¢oziiciiler saglar. Ozetle, simulink ile kod
yazmadan blok diyagramlar kullanilarak simiilasyon
yapilabilmektedir.  Simulink’in  kullanildig1  alanlardan
birka¢i; Goriintli isleme uygulamalari, Kontrol sistemleri
(PID kontrolii), Sayisal isaret isleme, Elektrik devre ¢oziimii,
Durum-uzay modelleri ve Transfer fonksiyonlar1 seklinde
stralanabilir.

Simulink ortaminda kullanilan seri aktif giig filtresi, tetikleme
blok semasi Sekil 7°de gorilmektedir. Sekil 8°de ise seri aktif
gii¢ filtrenin fourier doniligimii simulink modellemesi ile
olusturulan i¢ yapist blok semasi verilmistir [20].

Sekil 7. Seri aktif filtre tetikleme blok semasi
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Sekil 8. Seri aktif gii¢ filtre i¢ yapis: blok semasi

Sekil 9°da Non-Lineer kapasitif yiikiin Matlab/ Simulink
blok semasi verilmistir [20].

Sekil 9. Nonlineer kapasitif yiikiin Matlab/Simulink
semasi

Matlab/Simulink programinda 6rnek alinan sistemin seri
aktif gii¢ filtre ile modellemesi ve simiilasyonu yapilarak
harmonik ve araharmonik bozulmasi incelenmis ve
eliminasyonu yapilmistir. Tabloler halinde veriler sunulmus,
karsilastirilarak sonuglar gosterilmistir.

Incelenen modiil yapi gerilimin {i¢ fazli bir dagitim
sebekesinden alindigi, fazlarin herbirinin 380 V AC olarak
alindig1, yiikiin fazlara esit olarak dagildigi bir sistemdir.
Segilen sistem parametreleri Tablo 1°de gosterilmistir.

Tablo 1. Sistem modiile edilirken SAGF parametreleri

SAGF Parametreleri Deger
Kaynak Gerilimi ve Akim1 (Va, 380V, 60A
Vb, Vc, k)
Kaynak Frekansi 50 Hz
Kaynak Empedansi (Rk, Ck) 1 Q, 100e-6 F

Yiik Empedanst (Ry, Ly) 55Q,0.20e-3H

Yiik Empedansi (Ry, Cy) 55Q,5e-6F

Calismanin amact harmonik ve araharmoniklerin modiile
edilerek  belirlenmesi ve harmoniklerin yok edilmesi
oldugundan filtrenin  Sekil 10°da verilen Gii¢ Sistemi
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MATLAB/Simiilink programinda sistem yiikii tasarlanarak
analiz i¢in sonuglar elde edilmistir.

QRS S

Sekil 10. Giig sistemi Matlab/Simulink semasi

Sekil 11°de Nonlineer kapasitif yiiklii , filtresiz gii¢ sistemine
ait Matlab/Simulink semasi, Sekil 12°de Kapasitif yiiklii
filtresiz sisteme ait gerilim dalga verileri verilmistir.

scopes

v

1=l

=

Sekil 11. Nonlineer kapasitif yiiklii , filtresiz gli¢ sistemine
ait Matlab/Simulink semasi

Sekil 12. Kapasitif yiikli filtresiz sisteme ait gerilim dalga
verileri

Sekil 12’ye bakacak olursak yiik geriliminin filtresiz sisteme
ait oldugu gerilim dalga verilerinin 6rnek zaman olarak (0.4-
0.8) t siirelerinde harmonige maruz kalarak genliginin
diistiiglinii 250 V’tan 150 V’a diistiigii ve siniizoidal dalga
seklini koruyamayip, filtremizin devrede olmadigi icin
gerekli ters fazda sisteme akim gonderip regiile yapamadigt
goriilmektedir. Sekil 13’de Kapasitif yiiklii filtresiz sistemin
FFT sistemi analiz diyagrami verilmistir.

e

045

Salsctad signal: 100 cycles. FFT window (in red): 2 cycles

WY

o o

o

Sekil 13. Kapasitif yiiklii filtresiz sistemin FFT sistemi
analiz diyagrami
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Sekil 13’e bakacak olursak filtrelenmemis sistemin yine
FFT sistemi analiz diyagramina bakilirsa goriilen THD,,
oraninin ~ %19.21 oldugu ve n. harmonigin disindaki
araharmoniklerinde varliginin  oldugu goriilmektedir.
Sistemdeki bozulmay1 gosterebilmek, harmonik ve
araharmonikteki karsilagtirmayr ve harmoniklerin yok
edilmesini daha iyi gosterebilmek igin seri aktif gli¢ filtresi
devredeyken incelenmis ve sonuglar yansitilmistir. Sekil
14°de kapasitif yiiklii filtresiz gii¢ sisteminin FFT sistemi ile
genlik spektrumu goriiniimiinii gosterilmektedir.

\/\/\/V\/\/\/\/\/\/\/\/\/V\/\/\/

@ o~
T

aoo

Sekil 14. Kapasitif yﬁkh‘i filtresiz sistemin FFT sistemi
genlik spektrumu

o 4 N ow koo
T T T

a

Sekil 15°de SAGEF filtreli kapasitif yiikli gii¢ sistemine ait
Matlab/Simulink semasi verilmistir. Sekil 16’da ise Kapasitif
yiikli filtreli sistem gerilim dalga verileri gésterilmistir.

Sekil 15. SAGF filtreli kapasitif yiiklii gii¢ sistemine ait
Matlab/Simulink semasi

Sekil 16. Kapasitif yiiklii filtreli sistem gerilim dalga
verileri

Sekil 16’ya bakacak olursak seri aktif gii¢ filtresi kapasitif
yiikteki  sistemde varken gerilim dalga verisinin
stabilizasyonu i¢in Ornek zaman olarak (0.4-0.8) t
araliklarinda yiik ig¢in 250 V’daki gerilimi korumak igin
genlik degerlerinin dengeye girebilmesi i¢in 100 V luk genlik
arttirip harmoniklere karsi koydugu goriilmektedir.

Kapasitif yiiklii filtreli sistemin FFT sistemi analiz diyagrami
Sekil 17°de verilmistir.
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Sekil 17. Kapasitif yiiklii filtreli sistemin FFT sistem analiz
diyagrami

Kapasitif yiiklii filtreli sistemin FFT sistemi genlik spektrumu
sekil 18’°de verilmistir.

ccccc

WVVVVVVVVVVM
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Sekil 18. Kapasitif yiiklii filtreli sistemin FFT sistem genlik
spektrumu

Sekil 17°de analiz diyagramindan ve Sekil 18’de genlik
spektrumundan kapasitif yiiklii sistem igin 6rnek verecek
olursak (0.5-0.7) t siirelerinde genligini korudugunu 3., 5., 7.,
9. harmonikleri sifirlara ¢ektigini arada kalan yarim degerli
3.5, 4.5, 55, 7.5°deki degerlerde de araharmonik
tanimladigimiz nonlinear dengesizliklerin elimine edildigi
gozitkmektedir. Sekil 19°da farkli yiikteki sistemin  akim
dalga verileri gosterilmistir.
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Sekil 19. Farkl yiikteki gii¢ sistemindeki akim dalga
verileri

FFT analizi ile sistemin filtreye kars1 vermis oldugu sonuglart
ayrintili sekilde liste halinde yapilmis ve gosterilmistir.
Harmonikler ve secgilen araharmonikleri i¢in filtreden
onceki yiik uclarindan ve filtreyi kullandiktan sonraki yiik
uglarindan analizi yapilip Tablo halinde sunulmustur. Birkag
noktadan karsilagtirma yapilarak gosterilmistir. Tablo 2’de
SAGF’tan onceki kapasitif yik  ucunun, Tablo 3’de
SAGF’tan sonraki Kkapasitif yik ucunun ve Tablo 4’de
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filtreden oOnceki ve filtreden sonraki elde edilen veriler
karsilastirilarak sistem degerleri sunulmustur. Alinan FFT
analiziyle harmonikler i¢in sonuglarin hem ¢ok diisiik
seviyeye getirildigi hemde seri aktif giic filtresi sistemdeyken
harmonikleri  elimine  ettigi  tespit edilmis  olup
karsilagtirmalar Tablolar halinde gosterilmistir.

Tablo 2. Filtreden onceki kapasitif sistem yiik ucu FFT
sistem gerilim harmonik analizi

Sampling time

Samples per cycle = 400
DC component = s_s039
Fundamenctal = 228_.1 peak (161.3 rms)
THD = 13 _2z21%
0 Hz (DC) = z_s5% s0_0*°
25 Hz 10.51% —-87.7%
S0 Hz (Fnd): 100.00% S54.4°
75 Hz B_37% zz1_1"~
100 Hz (h2): 7.za% zis_0°
12s Hz s5_S0% Z1z 5%
150 Hz (h3): S_08% z207.1°
175 Hz 4_1a%m Zo0s_8°%
200 Hz (h4): 4_40% 153 4~
225 H=z 3.10% zos.8°
250 Hz  (hS) - 4_s0% 1aa_8°
275 Hz 3.22% zo3.4a°
200 Hz (h6) = 2_s92% z0z_8°%
325 Hz z_s8% 1s0.7°
250 Hz (h7): 2_ass 1ma_z*=
375 Hz z_35% 1s7.4°
400 Hz (h8): zZ_06% i1s1._8°
425 Hz 1_97% 187 _3°%

Tablo 3. Filtreden sonraki kapasitif sistem yiik ucu FFT
sistem gerilim harmonik analizi

Samples per cycle = 400
DC component = 0.078%3%4
Fundamental = 210.5 peak (Z215.6 rms)
THD = 1.55%
0O H= (D) 0_03% ZF0_0%
Z5 H= 0.04% zzz.B"
50 H= (Fnd) = 100.00% —0.0"
75 H= 0_01% 59._1°
100 H= (h2) - 0O_04% 145_1°
1z5 H= O.01l% —Q.7"
150 H= (h3) - o.04% 10=.3°
175 H= 0_05% 57.5°
Z00 H= (ha) - 0O_0Z% —43_5°
225 H= 0.07% 15.5°
250 H= (hs5) - 0_0Z2% —0_="
275 H= 0_03% FTT_.9°
300 H= (hé&) = 0.05% s5.8°
325 H= 0.04% 3z.9°
350 H= (h7) - 0_0Z2% zZis_8°%
375 H= 0_03% 101_6°
400 H= (ha) = O.0Z% zZ3s.6"
4zZ5 H= 0.0Z% Z35.3"

Tablo 4. Filtresiz ve filtreli durumda sistemin Gerilim ve
THD,, degerleri

Sistem Sistem
Sistem Gerilim | Gerilim (V)
THD, (%)
Kapasitif | Filtresiz 19.21 219.6 RMS
Yik
Durumu Filtreli 1.59 161.3 RMS

Sistem incelendiginde alinan verilerin Tablo 2 ve Tablo
3’tn ayrintili  analizi, 6nemli bilgilerin  edinilmesini
saglamigtir. Harmonik ve araharmonik degerlerin
eliminasyonunun goriilmesini  saglamigtir. Harmonik ve
araharmonik bozulma degerleri farkli yiikler icin
kargilagtirmali  gosteriminde elde edilen kazanimlar
sunulmugtur. Calismanin daha iyi anlasilmasi i¢in sonuglar
Tablo 5°de verilmistir.
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Tablo 5. Kapasitif yiikiin SAGF’a kars1 vermis oldugu
gerilim sonug degerleri

Harmonik | Yiikteki Filtreden | Yiikteki Filtreden
Once Harmonik Sonra Harmonik
Bozulma (%) Bozulma (%)
3 5.08 0.04
35 4.14 0.05
5 4.60 0.02
55 3.22 0.03
7 3.45 0.02
7.5 2.35 0.03

Tablo 5’ten kapasitif yiikteki seri aktif gii¢ filtresi i¢in 6rnek
verecek olursak, filtre kullanmadan 6nce 3. harmonikteki
bozulma %5.08’dir. Seri aktif gili¢ filtrenin sisteme
alimmasiyla 3. harmonikteki  bozulma filtrenin
eliminasyonuyla %0.04’¢e diismiistiir. Kapasitif yiik ucundaki
araharmonik olarak tanimlanan yani tamsayi degerine denk
gelmeyen 3.5’teki harmonik bozulma %4.14’dir. Seri aktif
gii¢ filtrenin sisteme alinmasiyla 3.5’teki harmonik bozulma
filtrenin eliminasyonuyla %0.05’¢ diismiistiir. Seri aktif gii¢
filtremizin tercih sebebi olarak ta sonuglarin gosterdigi
sekilde istenmeyen nonsiniizoidal dalga sekline siirekli
karsilik verdigi, gerilim dengesizligini elimine ettigi, ideal
siniizoidal dalga seklini ¢ikardigi goriilmektedir.

6. SONUC VE ONERILER

Sebekede akan harmonik akimlar sebeke empedansinda
gerilim diisiimiine yol acar ve bu da gerilim dalgasinin
formunun bozulmasi, kayiplarin artmasi, sebekede kullanilan
cihazlarda arizalarmm veya aksakliklarin  olusmasiyla
sonuglanir. S6z konusu sonuglar, harmonik kaynaklarin
sistemdeki yeri, iletim ve dagitim sistemlerindeki yayilim1 ve
sebeke karakteristikleri ile baglantilidir.

Yapilan ¢aligmada 6rnek alinan farkl tipteki nonlineer yiiklii
gii¢ sistemi i¢in seri aktif gii¢ filtresi kullanmadan dnceki ve
kullandiktan sonraki harmonik ve araharmonik bozulma
seviyelerini elde etmek i¢in sistemin MATLAB/Simiilink
programmda modiile edilerek, simiilasyonu yapilmistir.
Detayli bir FFT analiz ydntemiyle incelemesi yapilan
karsilagtirmali  spektrum ve Tablo analiz sonuglartyla, seri
aktif giic filtreden Onceki ve seri aktif gii¢ filtreden sonraki 3
faz sistemin filtreden onceki kapasitif yiiklii nonlineer
yiikiin THD,, oraninin %19.21 oldugu, filtreyi kullandiktan
sonraki kapasitif yiiklii nonlineer yiikiin THD, oraninin
%1.59’1ara kadar azaldig1 goriilmiistiir. Harmonik gerilim
stabilizasyonunun gergeklestirildigi ve olusan harmonik
frekanslar etrafindaki bir tamsayiya karsilik gelmeyen
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araharmoniklerin de negatif bir etkisinin oldugunu bunlarin
da yok edilmesi gerektigi gozlemlenmistir.

Giig kalitesi gili¢ sistemindeki dikkat edilmesi gereken
onemli problemlerden birisidir. Pasif gii¢ filtresi ile yapilan
harmonik ¢aligmalar ve harmonik filtreleme, dogrusal
olmayan yiklerin giic kalitesi iizerindeki etkilerini
engellemek icin yeterli degildir. Bundan dolay1 da devreye
aktif gii¢ filtresi girmektedir. Seri aktif gii¢ filtresinin iistiin
ozellikleri;

1) Harmonik ve araharmonikleri ¢ok yiiksek oranda
filtreleme 6zelligi,

2) Harmonik degisimlerine milisaniyeler i¢erisinde ¢ok
hizli cevap verme 6zelligi sonucu degisken yiik kosullarinda
yiiksek harmonik bastirma orant,

3) Genis bir yelpazedeki harmonikleri filtreleme 6zelligi,

4) Harmonik seviyelerinden bagimsiz tasarim, birgok
sisteme kolaylik ile uygulanabilme 6zelligi,

5) Sebeke empedansindan bagimsiz ¢alisma sebeke ile
rezonansa girmeme ozelligi,

6) Asir1 yiiklenme durumu olmamasi,

7) Seri aktif giic filtrenin harmonik kompanzasyon

giiciiniin istenildigi zaman arttirilabilmesi, seklinde siralana
bilir.
Sonug olarak harmoniklerin varhigi, elektrik sistemlerinin
calismayacagi anlamina gelmemektedir. Bunun igin filtrenin
kendisinin de bir harmonik kaynagi oldugu g6z oniinde
bulundurulursa, bu hassasiyetlerin tasarim siirecinde dikkate
alinmas1 gerektigini gostermektedir.
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Pressure ulcers cause a lot of pain and discomfort in the patient. It also has a negative impact on the
quality of life. Some patient’s treatment process may be take longer in hospitals. Like accident injuries,
orthopedic treatments, long-term oncologic treatments. In these processes the time that spent on patient
beds is very important. These patients must not be moved while the healing process. Especially elderly
patients’ and in these long-term patients some bed injuries may occur because of the pressure on their
body named bed sores. Due to the negative effects of pressure ulcers on patients and costly treatment,
they must be prevented. Controlling the pressure intensity can help prevent pressure ulcers. Currently,
the solutions to prevent pressure ulcers include using different methods for movement and displacement
of patients. In this study, a patient bed has been designed to prevent pressure ulcers in long-term
inpatients as application of electronics in medicine. In this bed, several plastic balls placed on pressure
points. These points are the most pressurized points of the human body. The control of pressure in this
points to be implemented in real time by an arduino mega controller board. Then the simplified control
system is tested on the designed bed. The air inside the airbags placed at the pressure points according to
the pressure sensor values connected to the designed system is changed by the compressor. It has been
observed that the pressure values decreased by an average of 8-11% by inflating the balls at the pressure
points in the designed patient bed system In this way, pressure ulcers occurring at pressure points can be
reduced and pressure ulcers can be prevented.

Introduction

Nowadays, depending on factors such as sedentary
lifestyles and unhealthy eating disease has increased.
Due to these increased diseases, the time spent in the
hospital and therefore in the bed has extended. If a
person lying on bed for a long time without any
movement, some injuries will occur on specific
pressure points. They are localized areas of damage
to skin and adjacent tissues due to applied pressure,
friction or shear. Failure to prevent this situation will
result in edema and tissue loss in these points. To
prevent these ulcers from forming, changing the
pressure points of the body is a healthier solution.
Turning the patients’ body or changing the position

may harm the patients’ that should not move and
requires educated staff. Infection and prolong wound
healing can be seen on inactive patients [1].
Conditions such as immobility, skin condition,
edema, diabetes, vascular disease, smoking are
effective in the formation of pressure ulcers [2].

These formations, are tissue damage that occurs in
areas exposed to is chemia (reduced or stopped blood
flow) after unbalanced pressure distribution [3].
These ulcers not only cause difficult treatment
processes, but also increase the length of hospital
stay, decrease the quality of life of patients and their
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relatives, and increase the cost of health services [4-
6].

The exact definition of bed sores is; these are tissue
damages formed directly with under pressured or
exposed to friction points either on the skin or under
the skin [7,8].

Currently, the solutions to prevent pressure ulcers
include using different methods for movement and
displacement of patients. This situation is not
possible for some patients or dangerous for some of
them. In addition to it occurs problems for health care
providers. To avoid such difficulties placing some
air-filled balls to specific pressure points and
changing the air pressure in them is an efficient way.
Pressure ulcers cause a lot of pain and cause
discomfort. They also have a negative impact on the
quality of life[9]. While the incidence of pressure
sores within the hospital in the USA is 8-11%, this
rate is outside 15-20% outside the hospital [10].

The incidence of pressure ulcers in hospital in Turkey
varies between 10-23% [11]. Furthermore, in studies
conducted, it is observed that the pressure ulcer is
4.7-15% in intensive care units and 7.2-17.6% in
other clinics[12]. No evidence studies have been
found regarding which of the interventional practices
for preventing pressure ulcers are more effective and
which indicate their superiority. It has been stated
that only precautions should be taken in almost all of
the studies [12]. Pressure ulcers consist of four
category/stage. Visual of these categories/stages is
given in Figure 1.

Category/stage |: The skin looks red and warm to the
touch. Itching sensation may occur.

Category/stage I1: Painful open ulcers or blisters may
appear colorlessly.

Category/stage Ill: A crater-like appearance may
occur due to tissue damage under the skin surface.

Category/stage IV: Serious infection may occur on
the skin. Muscles, bones and even tendons can be
seen.

Category/Stage I Category/Stage I~ Category/Stage Il Category/Stage IV
Non-blanchable erythema  Partial-thickness skinloss ~ Full-thickness skinloss  Full-thickness tissue loss

ht g i o~
Figure 1. Visual of pressure ulcers categories/stages
Pressure ulcer or bedsore is the third costly disorder

after cancer and cardiovascular diseases. In various
studies, treatment costs have been estimated to be

nearly $125-451 for stage 1 and 2 of bedsore and
$1,400-2,300 for stages 3 and 4 of bedsore [13].

The treatment of pressure ulcers can be expensive,
with patients spending an estimated $4,000 to
$40,000 in additional hospital costs and care
depending on the severity [14]

The cost of treating a pressure ulcer varies from
£1214 (stage 1) to £14108 (stage 1V). Costs increase
with ulcer severity because the time to heal is longer
and the incidence of complications is higher in more
severe cases [15]. In all settings, the cost of
preventing pressure ulcers per patient daily varies
between € 2.65 and € 87.57. The cost of daily
pressure ulcer treatment per patient in different
settings ranges from € 1.71 to € 470.49 [16].

Related Works

Treatments for pressure ulcers need to be prevention
as they are both laborious and expensive. A few of
research has been carried out in area of pressure
ulcers. Although the rate of pressure sores in the
hospital varies between 10-23% unfortunately, there
are not many studies related to pressure sores in our
country. Nearly in all studies, they just only advice to
take some actions to prevent from this sores [12]. The
treatment process after the formation of pressure
sores is a long-term and costly process, and it has
been found to be the third most costly health problem
after serious diseases such as cancer and
cardiovascular [17]. The most commonly used
method to prevent the formation of pressure sores is
to change the patient's lying position to relieve
pressure points. Knox and his friends advocated the
necessity of changing lying positions on the bed of
patients who has prone to pressure sores more
frequently than once every two hours [18]. According
to the researches; The most efficient method to
reduce pressure on the body points is using air filled
beds, pillows and materials made from hospital-
specific foam [19-27]. The incidence of pressure
sores, which is 10-23% in the hospital, can increase
to 56% in intensive care units. The bed sores cause
serious problems like overuse of intensive care units,
increasing the crude death rate and significantly
increasing the cost of treatment [28]. For this reason,
to manage an efficient treatment process to prevent
bed sores is; making a risk assessment.

Determination of the factors which cause
pressure ulcers and planning and implementing
initiatives for these factors are the most effective way
to prevent bedsores. The most efficient treatment
method is to prevent the development of pressure
ulcers [17]. Simulation, and experimental testing of a
mechanically actuated smart hospital bed for the
prevention of pressure ulcers in hospital patients [29].
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An air mattress that prevents patients from
developing bedsores, thereby improving their quality
of life, promoting their rehabilitation, and reducing
the burden of caregivers when changing a patient’s
body position had been developed [30]. The steps for
preventing the pressure ulcers can be listed as risk
assessment, evaluation and care of the skin, changing
the patients’ position, education, nutrition, supporting
surfaces on patients’ bed [31-35]. As it is clear
from all the researches taking precautions before the
bed sores occur is the best way in treatment process.
The best method of this process is reducing the
pressure on the specific points.

Lowering or eliminating continuous pressure in areas
with bone protrusions in the body, minimizing

Prone Position

s00 " N\ sco)

60° Supine Position

30° side rotation position

0° Supine Position

90° Supine Position

friction damage and changing the lying positions of
patients’ bodies must be done for Patients at high risk
of developing a pressure sore [36]. Changing the
patients' lying positions is only done to reduce the
pressure at the pressure points. This process will save
the points of the most pressurized points from bed
sores before they occur. Physical inactivity evaluated
as the biggest risk factor for pressure sores and
changing the position of the patient is a commonly
used pressure-ulcer prevention strategy in patients
which are hospitalized or in long-term care units [37].
The lying positions on a standard human body shown
in Figure 2. The lying positions are effective in the
formation of pressure sores.

=
>

30°Supine Position

= 30°

30°- 30° Semi Fowler

90° side rotation position

Figure 2. Lying positions for a standard human body

In a treatment process there can be many lying
positions for patients. Depending on the type of
disease, the lying position may vary. In all cases, it
seems that the most effective method will be pressure
reduction. most pressurized points of a human body

;

while lying has been shown in Fig. 3. It is aimed to
prevent the contact of bone protrusions with each
other by changing positions, and to minimize the
damage that occurs after prolonged pressure, friction
and shear[17].

%

Heel

Head ghoulder Elbow Buttock

Figure 3. Most pressurized points of a human body
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Instead of changing the positions of patients a patient
smart bed modification can help to reduce pressure
on these points. Because movement of a patient
during a treatment process can cause some Serious
problems depending on the disease.

The most important factor that plays a role in the
development of pressure ulcers is pressure. Intensity
and duration of pressure, tolerance of tissue,
individual or environmental factors are factors that
form ulcer. Changing the position shifts the pressure
to other points. Prevalent paient bed systems by
replicating the patient turning processes solely
through actuation of the bed without the need for a
nurse to exert themselves. The aim of this study is to
investigate whether the pressure at the pressure points
decreases or not automatically thanks to the designed
bed system. Because, controlling and monitoring the
pressure intensity in the body can help prevent
pressure ulcers.

Currently, a variety of techniques are used to prevent
bedsore solutions, movement and displacement of
patients. These techniques are not possible for some
patients or dangerous for others, and are a problem
for healthcare providers [38].

In this study, an electronic patient bed system was
designed, and various suggestions were made to
prevent pressure sores in long-term inpatients. The
air pressure in the airbags are constantly monitored
by a air-pressure sensor. Based on data getting from
this sensor, the amount of air is changing by a control
circuit to change the pressure on the pressure points.
It is aimed to prevent pressure sores before they
occur with repeating this process.

The rest of the paper has structured as follows. In
Section 111, materials and methods have explained. In
other words, hardware and software features of the
device prototype have described. Results and
discussion have investigated in Section IV. In Section
V, conclusions have been evaluationed.

Materials and Methods

This section consists of system components and
control system. In system Components, there are 8
pressure points on a lying body. These are head point
(1 ball), shoulder point (2 balls), buttock point (1
ball), elbow point (2 balls), heel point (2 balls). If you
don’t change the pressure on this points blood flow in
capillaries will slow down, the veins will tear, blood
flowing out of the vessel will cause edema and bed
sores will appear. To change the pressure, 8 x air
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filled plastic balls with 20 cm diameter placed on
these points.

The materials are listed below with their
features;

a) Bed: A sponge piece with 90 cm*190
cm*12 cm dimensions and 22 density. This
sponge is the same as it used in standard
orthopedic patient bed.

b) Solenoid Valves: These valves are special
mechanical devices that allows air or water
flow in it with a certain voltage. In this
study, 24 V DC operated solenoid valves are
used. These valves are controlled by a
sensor connected to the balls with pneumatic
hoses.

c) Air Compressor: 1,72 Mpa DC compressor
used in this system to inflate the balls.
Compressor output diameter is 6mm.

d) Pneumatic hose: The hose used in the
system is selected from durable and flexible
material with a diameter of 6 mm.

e) Plastic Inflatable Ball: The system uses a
durable and flexible plastic ball with a
diameter of 25 cm. Thus, it remains durable
against the inflated and deflated processes.

f) Software: Proteus, Solid Works, Arduino
Software

g) Power Supply: In the system different power
supplies used with 24V-5A, 12V-5A |, 5V-
2A values.

h) 8 Channel relay board: In the system a 8
channel relay board used to switch the
solenoid valves on and off. These relays
have controlled with Arduino board.

i) Arduino Mega Controller Board: The
arduino mega is a microcontroller board
based on the ATmega2560. It has 54 digital
input/output pins (of which 14 can be used
as PWM outputs), 16 analog inputs, 4
UARTSs (hardware serial ports), a 16 MHz
crystal oscillator, a USB connection, a
power jack, an ICSP header, and a reset

button

j)  0-2 Bar Gas Pressure Sensor (BCT 22): This
pressure  sensor is %100 domestic
production and can be used in many

different industrial applications. With this
sensor, which can measure between 0-2
bars, it can accurately measure the pressure
of the air in the airbags and send information
to trigger the circuit. The block scheme of
the experimental setup is shown in Figure 4.
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DC Power Supply ; A"
(G V-12V-24V) Pin connections for 73 Mpa Air compressor

8 channel relav board |

'
i

0-2 bar
Arduino mega card pressm’e sensor

’. — % c —’c

DC Solenoid 25 cm inflatable
valve (24 V) Pneumatic hose plastic ball

Figure 4. Block scheme of the experimental setup.

To programme the Arduino board, Arduino software that used in the system simulated and tested in
has used. The analog data from the sensor was Proteus software. System’s 3D design has prepared in
instantly monitored on the Arduino serial port screen. Solid Works software. Bed’s sponge dimensions and
All relays, valves, sensor and arduino board plastic balls’ locations shown in Figure 5.
g
i g
=
N
Figure 5. Balls' locations and dimensions
In the control system, a total of 9 solenoid valves sensor to control all air pressures in plastic balls.
were used as 8 discharge points and 1 discharge Instead of using many sensors, just one sensor used
valve. Every valve in the system is controlling with a and connected to balls with hoses. By opening the
relay connected to Arduino outputs. There is one valves one by one system can measure all pressure of
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air in all balls. Arduino mega controller board
(control system) and circuit connections drawn for

.

the designed patient bed are given in Figure 6. The
photo of the experimental setup is shown in Figure 7.

Figure 7. Photo of the experimental setup.

System operated while the patient in bed. The air
compressor starts and fills all plastic balls to a certain
level. Meanwhile all pressures of balls monitoring.
After the pressure of all balls comes to set point
system switches to standby for 25 minutes. The
waiting time of 25 minutes may vary depending on
the type of disease and the physical structure of the
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patient. This time value can be changed manually.
After this period end the solenoid drain valve is
triggered and air in all balls connected to the common
terminal will evacuated. Flow chart of the proposed
algorithm is shown in Figure 8.
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Figure 8. Flow chart of the proposed algorithm

be closed while

different microprocessor is disadvantageous in both

draining continues for a certain period of time, and
the pressure sensor will measure the pressures by
opening the solenoid valves connected to each pad
one by one. Once the system becomes stable, it will
wait for another 25 minutes. Afterwards, the solenoid
valve connected to each point will be opened and air
will be sent to the airbags one by one with the help of
a compressor, and the balls will be inflated. When the
inflation processes reach the standard pressure
values, first the compressor and then the solenoid
valve connected to that point will close and the same
processes will start for the next point. Pressure will
be measured for all points and when the pressure
reaches the maximum value, the valves will be
closed, and the system will enter a 25 minute waiting
period again. These processes will continue as long
as the system remains operational.

In the study, the use of arduino mega saves time and
increases efficiency. Making a circuit design using a
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cost and time. With arduino mega controller board,
pressure values can be read directly from analog
outputs and can be continuously monitored on the
serial port screen.

Result and Discussion

The pressure values obtained for a patient lying on
plastic inflatable balls used as airbags are different
for each point. The pressure increases as the patient's
weight increases. The buttock is the part where the
formation of bed pressure ulcers is most common.
This part where the high pressure values are read is
the buttock part.

The elbow is the region that receives the least
pressure. However, if pressure ulcers occur, it is more
difficult for the patient to return to normal life. Heel
part is one of the most important regions in body.
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Especially, it is a part that affects activities such as
moving and walking after treatment for a long time.

The maximum pressures of the balls used in the
patient bed have been measured as 1,165 bar.
As a result of the measurement, the compressor used
in the system can give 17 bar pressure and produce
enough pressure for the system. However, when the
system operates, it is necessary to make sure that the
compressor does not work before valve triggering

takes place. Otherwise, pneumatic hoses can be
thrown from the connection points or pipes at the ball
inlets may come off.

The pressure values read from the pressure sensors
placed at the pressure points in the patient bed for
patients with different weights are given in Table 1.
These values have been taken when the balls at the
pressure points have been not inflated.

Table 1. The pressure values read from the pressure sensors at the pressure points

Patient Head Shoulder Elbow point Buttock Heel
weight(kg) point(bar) point(bar) (bar) point (bar) point (bar)
70 0,763 0,817 0,744 0,858 0,751
75 0,817 0,876 0,797 0,920 0,805
80 0,872 0,935 0,851 0,981 0,858
85 0,926 0,993 0,904 1,042 0,912
90 0,981 1,052 0,957 1,104 0,966
95 1,035 1,110 1,010 1,165 1,020

For patients with weights specified in Table 1, the
pressure values read from the pressure sensors are
given in Table 2 by inflating the inflatable balls
placed at the pressure points with the compressor
thanks to the control system.

Table 2. The pressure values read from pressure sensors when inflatable balls are inflated

Patient Head Shoulder Elbow Buttock Heel point
weight(kg) point(bar) point(bar) point (bar) point (bar) (bar)

70 0,694 0,739 0,685 0,781 0,682

75 0,742 0,794 0,731 0,826 0,724

80 0,794 0,847 0,781 0,879 0,769

85 0,838 0,897 0,829 0,934 0,814

90 0,883 0,949 0,876 0,988 0,861

95 0,921 1,002 0,919 1,037 0,908
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When Table 1 and Table 2 were compared, it was
observed that the pressure values decreased by an average
of 8-11% by inflating the balls at the pressure points in
the designed patient bed system. Thus, it helps to prevent
pressure ulcers in pressure points in long-term inpatients.

Conclusions

In this study, patient bed modeling, simulation, design
and application were performed to prevent the
development of pressure sores. Patient bed made as a
prototype, can be used for patients with pressure ulcers.

In conclusion, the results clearly show that with
the bed designed, the pressure formed at the patient's
pressure points decreased with an average of 8-11%
pressure with the arduino mega board control. Thus, the
bed can be used as an auxiliary element in preventing
pressure ulcers. By using this bed, nurse support will be
reduced and the personnel will be saved. In addition, it
can be preferred that the dimensions and cost of the
electronic materials used in the control part of the bed are
low compared to other mechanical beds.

The materials used in the study have been selected from
materials that can be easily found in case of malfunction
or change and are very practical to change. Mattress
material other than airbags can be manufactured using
different animal feathers or wool instead of sponge. If the
compressor used is selected as quietly as possible or if the
pneumatic hoses can be placed far enough from the
patient, the patient will not be adversely affected by the
compressor operation. The study is a good example of
application of electronics in medicine.
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Giris

Optimizasyon, belirli bir problemin verilen sartlar altinda tiim
mevcut ¢ozlimleri arasmmdan en uygun ¢oziimi bulma
stirecidir [1]. Karmasik sistemler i¢cin matematiksel bir model
olusturmak zordur. Model kurulsa bile ¢ok maliyetli olmasi
ve ¢ok zaman almasindan dolay1 pek tercih edilmemektedir.
Son zamanlarda dogada bulunan olaylardan esinlenen
matematiksel araglar kullanilarak ¢ok sayida karmasik
dogrusal olmayan optimizasyon problemi ¢oziilmistiir. Bu
gibi durumlarda klasik algoritmalar genellikle istenen
sonuglar1 vermeyebilir ve bu nedenle alternatif yontemler
kullanilmalidir. Metasezgisel optimizasyon yoOntemleri;
birgok farkli optimizasyon problemini ¢ézmek i¢in yaygin
olarak kullanilan, matematiksel modellerin olusturulamadigt
biiyiik 6lcekli arama ve optimizasyon problemleri i¢in kabul
edilebilir siirede optimuma yakin c¢oziimler {retmesiyle
literatiirde iyi bilinen bir kiiresel optimizasyon yaklagimidir.
Bu yaklagim; dogadaki olaylari, mekanizmalari veya tiirlerin
sosyal davraniglarini taklit ederek verilen problem igin en
uygun sonucu bulmayi amaglamaktadir [2]. Metasezgisel
optimizasyon algoritmalar1 fizik tabanli, sosyal tabanli,
miizik tabanli, siirii tabanli, kimya tabanli, biyoloji tabanl,
matematik tabanli, bitki tabanli, su tabanli, spor tabanli ve
melez tabanli olmak {izere 11 farkli kategoride
degerlendirilmektedir [3]. Bu kategorilendirme islemi Sekil
1’de gosterilmektedir. Bunlardan melez kategorisinde ayni
kategori ya da farkli kategorideki yoOntemlerin iistiin
ozellikleri kullanilarak ¢6ziim arayisi saglanmaktadir. Bu
kategorilerin igerisinde literatiirde yiizlerce algoritma
bulunmaktadir.

Fizik tabanli algoritmalar, dogadaki fizik olaylarmndan
esinlenerek ortaya ¢ikmigtir. En bilinenleri
Elektromanyetizma Algoritmas1 [4], Merkezi Kuvvet
Optimizasyon Algoritmasi [5], Yapay Fizik Optimizasyon
Algoritmasi1 [6], Biiyliik Cokiis Algoritmast [7], Galaksi
Tabanlt Algoritmalar [8], Su Dongiisii Algoritmast [9],
Ucretlendirilmis Sistem Arama Algoritmasi [10]’dir. Sosyal
tabanli algoritmalar, insan davraniglarindan, insan 6grenme
mekanizmasmdan ve halkin sosyal durumu ile iligkili pek ¢ok
Ozellikten esinlenerek ortaya ¢ikmis algoritmalardir.
Emperyalist Yarismac1 Algoritmasi [11], Ogretme Ogrenme
Tabanli  Optimizasyon Algoritmast [12], Parlamento
Optimizasyon  Algoritmast  [13], Sosyal Duygusal
Optimizasyon  Algoritmas1  [14], Beyin  Firtinasi
Optimizasyonu [15], Grup Liderleri Optimizasyon
Algoritmast [16], Sosyal Taklit Algoritma [17], Sosyal
Tabanlt Algoritma [18] sosyal tabanli algoritmalardan
bazilaridir. Bu yontemlerin performanslarmin karsilastirildigt
calismalar da bulunmaktadir [19].

Siirii zekas1 tabanli optimizasyon algoritmalart kus, balik, ar1
gibi sirli  halinde yasayan hayvan topluluklarmimn
hareketlerinden  esinlenerek  ortaya  ¢ikmustir.  Bu
algoritmalardan en bilinenleri Parcacik Siirii Optimizasyonu
[20], Karinca Kolonisi Algoritmasi [21], Yapay Ar1 Kolonisi
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[22]°dir. Kimya tabanli algoritmalar, dogadaki kimyasal
olaylardan esinlenerek ortaya ¢ikmis algoritmalardir. Yapay
Atom Algoritmast [23], Yapay Kimyasal Tepkime
Optimizasyon  Algoritmasi [24] kimya  tabanl
algoritmalardir. Biyoloji tabanli algoritmalar dogadaki
canlilarin  hareketlerinden esinlenerek ortaya ¢tkmis
algoritmalardir. Genetik Algoritma [25], Bakteriyel Besin
Arama Optimizasyon Algoritmasi [26], Diferansiyel Gelisim
Algoritmasi [27] en bilinen biyoloji tabanli algoritmalardir.
Matematik tabanli algoritmalar, meta-sezgisel ve matematik
programlama tekniklerinin birlestirilmesi ile olusturulmus
algoritmalardir. Bu algoritmalarin amact meta-sezgisel
algoritmalardaki yerel arama islemlerinin matematiksel
teknikler araciligiyla daha verimli hale gelmesini
saglamaktir. Temel Optimizasyon Algoritmasi [28], Siniis-
Kosiniis Algoritmasi [29] matematik tabanli yontemlerdir.

Bitki tabanli algoritmalar, bitki istihbaratindan esinlenerek
ortaya ¢ikmis algoritmalardir. Fidan Yetistirme Algoritmasi
[30], Kosucu Kok Algoritmast [31], Yol Planlama
Algoritmas1 [32], Kokli Aga¢ Optimizasyonu [33] bitki
tabanli yontemlerdir. Su tabanli algoritmalar, sularin akill
hareketleri esnasinda ilham kaynagi olarak onerilmistir. Su
Akis1 Algoritmasi [34], Su Dongiisii Algoritmasi [35], Su
Buharlagtirma Optimizasyonu [36], Simiile Edilmis Yagmur
Damlasi Algoritmast [37] su tabanli yontemlerdir. Spor
tabanli algoritmalar ise Lig Sampiyonasi Algoritmasi [38],
Futbol Ligi Optimizasyonu [39], Futbol Oyunu
Optimizasyonu [40], Futbol Ligi Yarigmasi [41], Altin Top
Algoritmas1 [42]’dir. Miizik tabanli algoritmalar Harmoni
Arama Algoritmasi [43], Melodi Arama Algoritmas1 [44],
Miizik Besteleme Algoritmas: [45]’dir. Bu yontemlerin
performanslarinin karsilastirildigt caligsmalar da
bulunmaktadir [46, 47].

Farkli metasezgisel algoritmalarin problemin ¢6ziimiine
yaklagimlari farkli olmasina ragmen hepsinin arama uzayinda
iki asamasi vardir. Bunlar kesif asamasi ve somiiri
asamasidir. Kesif asamasi, ¢oziim uzaymi olabildigince
genis, rastgele ve global olarak arama siirecini ifade ederken,
somiiri agamasi algoritmanin kesif agsamasiyla elde edilen
alanda daha dogru arama yapabilme yetenegini ifade
etmektedir ve kesinligi artarken rastgeleligi azalmaktadir.
Algoritmanin kesif yetenegi baskin oldugunda, ¢oziim
uzaymi daha rastgele arayabilir ve hizli bir sekilde
yakinsamak icin daha farklilastirilmis ¢6zim kiimeleri
iiretebilir. Algoritmanin somiirii yetenegi baskin oldugunda,
¢coziim kiimelerinin kalitesini ve kesinligini artirmak igin
daha yerel olarak arama yapmaktadir. Ancak, kesif yetenegi
iyilestirilmesi ile somiirii yetenegi ters orantili olarak distis
yasayabilmektedir. Bu iki yetenegin dengesinin farkl
problemlerle ayn1 olmamasi zor bir problemdir. Bu nedenle,
tiim optimizasyon problemleri igin verimli olan iki asama
arasinda uygun bir denge elde etmek zordur.
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Metasezgisel

Optimizasyon
Algoritmalari

Fizik Sosyal Miizik Stirti Kimya Biyoloji Matematik Bitki Su Spor Melez
Tabanh Tabanh Tabanlh Tabanl Tabanl Tabanl Tabanli Tabanl Tabanl Tabanlh Tabanh

Sekil 1. Metasezgisel optimizasyon algoritmalarinin kategorilendirilmesi

Tiim optimizasyon problemlerini verimli bir sekilde ¢6zmek
icin kullanilabilecek en iyi optimizasyon algoritmasi yoktur.
Bu no free lunch teoremi ile mantiksal olarak kanitlanmistir
[48]. Bu teorem cok sayida arastirmacty1 yeni bir algoritma
tasarlamaya motive etmistir. Ancak son zamanlarda ¢ok fazla
sayida yontem Onerilmistir. Onerilen bu yontemlerden
hangilerinin hangi alanlarda iyi oldugu ile alakali caligmalar
pek bulunmamaktadir. Bu c¢alisma ile son zamanlarda
Onerilen ve popiiler olan bes yontem CEC2020 test
fonksiyonlarindan 10 tanesi secilerek karsilastirilmistir. Bu
secilen fonksiyonlarin tiirleri farklidir. Bunun nedeni de
optimizasyon algoritmalarinin farkli yeteneklerinin birbirleri
ile farkli tlirdeki problemlerde karsilastirilarak daha iyi
karsilastirma sonuclar1 elde edebilmektir.

Bu c¢aligmanin ikinci boliimiinde giincel metasezgisel
yontemlerden Civik Mantar  Optimizasyon (CMO)
Algoritmasi, Balina Optimizasyon Algoritmasi (BOA), Gri
Kurt Optimizasyonu (GKO), Harris Sahin Optimizasyonu
(HSO) ve Arsimet Optimizasyon Algoritmasi (AOA) calisma
prensipleri agiklanmistir ve sdzde kodlar1 verilmistir. Ugiincii
bolimde CEC2020 test fonksiyonlarindan segilen 10 farkli
fonksiyon agiklanmistir ve CMO, BOA, GKO, HSO ve AOA
yontemlerinin performanslart CEC2020 test fonksiyonlari

kullanilarak  karsilastirilmistir.  Dordiincii  boliimde  ise
sonuglar kismi yer almaktadir.

Giincel Metasezgisel Optimizasyon
Algoritmalan

Bu béliimde son zamanlarda ortaya ¢ikmis ve popiiler olan
metasezgisel optimizasyon yontemlerinden CMO, BOA,
GKO, HSO ve AOA’nin esin kaynaklari, ¢aligma prensipleri
ayrintilt bir sekilde agiklanmistir ve s6zde kodlart verilmistir.

Civik Mantar Optimizasyon (CMO) Algoritmasi

Li ve arkadaslar1 [49] gidalar1 baglamak i¢in en uygun yolu
elde etmede civik mantarin davranislarindan esinlenerek yeni
bir optimizasyon algoritmasi énermislerdir. {lk olarak CMO
yiyecek ararken, yiyecege ulagmak icin havadaki kokuyu
kullanmaktadir. Bu davranis matematiksel olarak Denklem
1’deki gibi tanimlanmaktadir.

X, () + vb - (W-XA(t) —XB(t)),r <p

Xt+1)= - @
v-X(@t),r=p
a = arctanh (— (ma:( t) +1) 2

W)), [a, —a] arasinda rastgele liretilmektedir. ¢, 1’den 0’a
lineer bir sekilde azalmaktadir. t mevcut iterasyon sayisini,
max _t maksimum iterasyon sayisini temsil etmektedir. X_[,,
simdiye kadar bulunan en yiiksek koku konsantrasyonuna
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sahip konumu igeren vektorii, X(t+ 1) mevcut civik
mantarin aldig1 bir sonraki pozisyonu, X(t) civik mantarin
mevcut konumunu X, (t) ve Xg(t) popiilasyondan rastgele
secilen iki bireyin konumunu iceren iki vektdrii temsil

etmektedir. 7 0 ile 1 arasinda rastgele bir sayidir. W, civik
mantarm agirligini tanimlamaktadir ve Denklem (3)’teki gibi
hesaplanmaktadir.

W (Smelllndex (1)) =

1+7-log (I:;__isg + 1) ,condition

1—r-log (bF_S(i)

bF—-wF
Smelllndex = sort(S)

®)

+ 1), others

(4)

bF ve wF sirasiyla mevcut iterasyon igindeki en iyi ve en
koti uygunluk degerini temsil ederken, Smellindex
siralanan uygunluk degerlerinin sirasini ifade etmektedir.
S(i), popiilasyonun ilk yarisinin siralarini gostermektedir. p
parametresi Denklem (5)’teki gibi modellenmektedir.

p = tanh|S(i) — DF| (5)

i€1,23,..,n 50 X’in uygunlugunu temsil ederken DF
tiim iterasyonlarda elde edilen en iyi uygunluk degerini temsil
etmektedir.

Ikinci asama olan yiyecekleri sarma asamasinda, arama
sirasinda civik mantarinin venéz doku yapisinin kasilma
modunu matematiksel olarak simiile etmektedir. Kap ile
temas eden gidanin konsantrasyonu biyo-osilator tarafindan
tiretilen dalga boyu ile dogru orantilidir. Béylece dalga boyu
ne kadar yiiksek olursa, sitoplazma o kadar hizli ve kapta o
kadar kalin olmaktadir. Agirlik, gida konsantrasyonuna goére
degismektedir. Agirlik diisiik oldugunda, civik mantar diger
alanlar1 kesfetme egiliminde olmaktadir. Civik mantarin
yerini giincellemek i¢in matematiksel formiil ve denklem
Denklem (6)’da verilmistir.

X7 =
rand - (UB — LB) + LB,rand < z

X, + vb - (W X, (O —XB(t)),r <p

ve-X(@),r=p

(6)

UB ve LB, problemin arama uzayinin iist ve alt sinirlaridir. z,
CMO’nun baska bir besin kaynag arayacagini veya mevcut
en iyi kaynak c¢evresinde arama yapacagini belirlemek icin
kullanilan bir olasiliktir. W, vb ve V¢ vendz genislik
degisimini taklit etmek i¢in kullanilmaktadir. CMO’nun
s6zde kodlar1 Algoritma 1’de gosterilmistir.
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Algoritma 1. CMO’nun s6zde kodu

Civik mantarin baslangi¢ popiilasyonunun ayarlanmasi
X(i=12..,n)
while (t < maksimum iterasyon sayist)

Her bir arama ajaninin uygunluk degerini hesapla
bestFitness, X}, parametrelerini giincelle
W (bireyin konumu) degerini hesapla
for her bir arama bolimii
p,vb, vc degerlerini giincelle
Civik mantarin konumunu Denklem (6)’ya gore
giincelle
end for
t=t+1
end while
return bestFitness, X,

Balina Optimizasyon Algoritmasi (BOA)

Mirjalili ve Lewis [50] kambur balinalarin sosyal
davraniglarint taklit eden ve dogadan ilham alan yeni bir
metasezgisel yontem Onermislerdir. Bu balinalar hareket
ederek avini sarmal bir sekilde ¢evrelemektedir ve saldirirken
kiigiilen bir daire iginde avina dogru hareket etmektedir. Bu
davranigsa kabarcik yeni yiyecek arama denir. Bu avlanma
mekanizmasi BOA iginde, bir sarmal model ile %50 olasilikla
kiiciilen, cevreleyen bir av arasinda bir degis tokus yaparak
optimizasyon siireci i¢inde yeni bir ¢oziim ireterek taklit

edilmektedir.  Cemberleme  mekanizmasi  asagidaki
denklemlerle hesaplanmaktadir.

Xt+1)=X(@t)-AD @)

D = |C.X°(t) - X ®
A=2.4d7—-d 9)
i=2-2—— (10)
C=27 (11)

t mevcut iterasyon sayisini, max _t maksimum iterasyon
sayisini temsil etmektedir. Ave C katsay1 vektorleridir, X+
simdiye kadar elde edilen en iyi ¢dziimiin konum vektoriidiir.
X konum vektoriidiir, 7 0 ile 1 arasinda iiretilen rastgele bir
say1, d 2°den 0’a dogru lineer bir sekilde azalan bir sayidir ve
mesafe kontrol parametresidir. Kambur balinalarin sarmal
seklindeki hareketini taklit etmek i¢in balina ve avin konumu

arasinda Denklem (12)’deki gibi bir spiral denklem
olusturulmaktadir.

X(t+1) =D".e’ cos(2nl) + X*(t) (12)
D’ = [X*(t) —X(t)| (13)

D7 i. balinanin ava olan mesafesini gosterir, b logaritmik
spiralin seklini tanimlamak igin bir sabittir, [ [-1, 1] araliginda
rastgele bir sayidir. Simdiye kadarki en iyi ¢6zlim, yerel bir
minimum problem olabilir, bu nedenle optimizasyon siireci
icinde tamamen buna odaklanmak, bahsedilen herhangi bir
faydali arama siirecini bosa harcayabilir. Bu nedenle, baska
bir konum igin balina aramasi, mevcut balinay1 daha iyi bir
¢oztim bulmaya dogru hareket ettirmek icin popiilasyondan
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rastgele bir balina segerek avi arama alani i¢inde bulunabilir.
Spesifik olarak eger A < 1 ise mevcut balina, popiilasyondan
rastgele secilen bir balinaya gore yonlendirilmektedir. Bu
kesif asamasinin matematiksel modeli asagidaki denklemler
gibidir.

D =|C. Xrqna — X| (14)
X(t+1) =X,gg—AD (15)

Burada X,.,q popiilasyondan rastgele segilen bir konum
vektoriidiir. BOA’nin  s6zde kodlar1  Algoritma 2’de
gosterilmistir.

Algoritma 2. BOA’nin s6zde kodlar1

Balinalarin baslangi¢ popiilasyonunun ayarlanmasi

Xi(i=1,2,..,n)

Her bir arama ajaninin uygunluk degerini hesapla

X"=en iyi arama ajani
while (t < maksimum iterasyon sayist)
for her bir arama ajani
a, A ve C, | ve p parametrelerini gilincelle
if (p <0.5)
if(J4] < 1)
Denklem (8)’e gbre arama ajaninin
konumunu giincelle
elseif (JA] = 1)
Rastgele bir arama ajani se¢ X,.q,q
Denklem (15)’e gore arama ajaninin
konumunu giincelle
end if
elseif (p = 0.5)
Denklem (12)’ye gére arama ajaninin
konumunu giincelle
end if
end for
Her nesneyi degerlendir ve en iyi uygunluk degerine
sahip olani se¢
X* degerini giincelle
t=t+1
end while
return X*

Gri Kurt Optimizasyonu (GKO)

Mirjalili ve arkadaslar1 [51] dogadaki gri kurtlarin avlanma
davraniglarindan ve sosyal liderliginden ilham alarak yeni bir
metasezgisel optimizasyon algoritmasi  Onermislerdir.
GKO’da diger metasezgisel algoritmalara benzer sekilde bir
dizi rastgele aday ¢oziim iireterek optimizasyon siirecini
baglatmaktadir. Her iterasyonda en iyi li¢ aday ¢0ziim, arama
uzaymin gelecek vaat eden bolgelerine onciiliik eden alfa,
beta ve delta kurt olarak kabul edilmektedir. Geri kalan gri
kurtlar omega olarak kabul edilmektedir. Temel olarak ii¢
adimdan olusmaktadir. Bunlar kusatma, avlanma ve avina
saldirmadir. Daha iyi ¢6ziimler bulma umuduyla omega
kurtlar; alfa, beta ve deltay1 ¢evrelemeleri gerekmektedir.
Omega kurtlarin matematiksel formiilasyonu asagidaki
gibidir:
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D =|CxX,(t) —X()| (16)

Xt+1) = X,t)—AxD ()

Burada Xp avin konumunu, X gri kurdun konum vektoriinii,
t ise mevcut iterasyon sayisini temsil etmektedir. C ve A
katsay1 vektorleridir. Denklem (18) ve Denklem (19)’daki
gibi hesaplanmaktadir:

A=2XAxXr —a(t) (18)

C=2Xr, (19)

Burada r; ve r, 0 ile 1 arasinda rastgele vektorlerdir ve a
vektorii iterasyonlar boyunca 2’den 0’a dogru lineer bir
sekilde Denklem (20)’deki gibi azalmaktadir.

a(t) =2 — (2 xt)/Maxlter (20)

Kurtlarin  avlanma davraniglarimi  matematiksel olarak
modellemek i¢in alfa, beta ve deltanin konumu hakkinda daha
iyi bir bilgiye sahip oldugu varsayilmaktadir. Bu nedenle her
bir omega kurtu alfa, beta ve deltanin konumunu dikkate
alarak takip etmek zorundadir. Denklem (21)’de avlanma
davranisi agiklanmistir:
Dg=|C1XXq—X (1)l
Dp=|CoxXg—X(t)|
Dg=|C3xXs—X (D)

Burada C,, C, ve C5 Denklem (19) ile hesaplanir. alfa, beta
ve deltanin konumu Denklem 22°deki gibi hesaplanmaktadir.

(21)

Xi1(©)=Xq(t)—Aj1XDqg(t)

Xi2(©)=Xpg(t)—AizxDpg(t) (22)
Xi3(0)=X5(t)~AizxDs(t)
X(t + 1) = 2u0HeOXi® 23)

3

Mirjalili ve arkadaglart A ve C parametrelerinin GKO
algoritmasini arama uzayini kesfetmeye ve kullanmaya
mecbur biraktiklarini savunmaktadirlar. iterasyonlarm yarist
kesfetme asamasi i¢in geri kalani ise somiirii agamasi i¢in
ayrilmigtir. € parametresi optimizasyon siiresince yerel
optimum durgunlugu ¢6zmek igin rastgele se¢ilmektedir.
GKO’nun s6zde kodlar1 Algoritma 3’te gosterilmistir.

Algoritma 3. GKO’nun sézde kodlari

Gri kurtlarin baglangi¢ popiilasyonunun ayarlanmasi
Xi(i=12,..,n)

a, A ve C parametrelerine ilk degerlerin verilmesi
Her bir arama ajaninin uygunluk degerini hesapla

X,=en iyi arama ajant
Xg=en iyi ikinci arama ajani
Xs=en iyi li¢lincii arama ajant
while (t<maksimum iterasyon sayisi)
for her bir arama ajani
Mevcut arama ajaninin konumunu giincelle
end for
a, A ve C parametrelerini giincelle
Tiim arama ajanlarimnin uygunlugunu hesapla
Xq, Xp, Xs degerlerini giincelle
t=t+1
end while
return X,
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Harris Sahin Optimizasyonu (HSO)

Heidari ve arkadaslari1 [52] Harris  sahinlerinin
davranislarindan ve avcilik modelinden esinlenilen
popiilasyon tabanli  metasezgisel bir  optimizasyon

algoritmasit onermiglerdir. HSO optimal ¢éziimleri bulmak
icin karmasik arama uzaylarini kesfedebilen stokastik bir
algoritmadir. HSO'nun temel adimlari, cesitli enerji
durumlarina gore elde edilebilmektedir. Kesif asamasi,
Harris sahininin avi dogru bir sekilde izleyemedigi
durumlardaki mekanizmay1 simiile eder. Boyle bir durumda
sahinler yeni avin izini siirmek ve bulmak i¢in ara verirler.
HSO yonteminde aday ¢oziimler sahinlerdir ve her adimda
en iyl ¢6ziim avdir (X,gppi¢)- Sahinler rastgele farkli
konumlara yerlesirler ve Denklem (24)’te verilen
q olasiligina gore secilen iki operator kullanarak avlarini
beklerler. ¢ < 0.5 oldugunda sahinlerin diger popiilasyon
iiyelerinin ve avin (Ornegin tavsan) bulundugu yere
yerlestigini gostermektedir. g = 0.5 oldugu durumlarda
sahinler popiilasyon araliginda rastgele konumlardadir.
Kesif agamas1 Denklem (24)’teki gibidir.

X(t+1)=
Xra.nd(t) - rlerand(t) - 2T2X(t)|' q =05
(Xrappic(t) = X (t)) = 13(LB +13,(UB — LB)), q < 0.5
(24)

X(t+ 1) t. iterasyondaki sahinlerin konum vektoriidiir.
Xrappit> avin en iyi konumunu, X(t) sahinlerin mevcut
konum vektoriini, 1y, 13, 13, 74, V€ q degerleri 0 ile 1 arasinda
rastgele sayilardir ve her iterasyonda giincellenmektedir. LB
ve UB degiskenlerin ist ve alt simirlarim, X,.,,,4(t) mevcut
popiilasyondan rastgele se¢ilmis bir sahin, X,,, mevcut sahin
popiilasyonunun ortalama konumunu temsil etmektedir ve
Denklem (25)’teki gibi hesaplanmaktadir.

Xm(®) = =TI, X,(t)

Burada X;(t) t. iterasyondaki her sahinin konumunu, N
toplam sahin sayisini temsil etmektedir. Kesiften somiiriiye
iyi bir gegis gereklidir, burada avin kag¢is davranisi sirasinda
6nemli 6lgiide azalan enerji faktoriine dayanan farkli simiile
edilmis sOmiirii davraniglar arasinda bir gecis olmast
beklenmektedir. Avin enerjisi Denklem (26)’daki gibi
modellenmistir.

(25)

t

max _t

E = 2E,(1 — ) (26)

Burada E avin kagan enerjisini, E, enerjinin ilk durumunu, t
mevcut iterasyon sayisini, max _t maksimum iterasyon
sayisini temsil etmektedir. HSO’da E|, her iterasyonda (-1,1)
aralig1 arasinda rastgele degismektedir. E, degeri 0°dan -1’¢
distiigli zaman tavsan fiziksel olarak isaretlenirken, E
degeri 0’dan 1’¢ yiikseldigi zaman tavsan (av) gii¢leniyor
demektir. Dinamik kacis enerjisi E iterasyonlar sirasinda
azalan bir egilime sahiptir. Kagan enerji |E| = 1loldugunda
sahinler bir tavsanin yerini kesfetmek i¢in farkli bolgeleri
aramaktadir  dolayisiyla ~ HSO kesif  agsamasini
gergeklestirmektedir ve |E| < 1 oldugu zaman algoritma
sOmiiri asamast boyunca ¢oziimlerin komsulugundan
yararlanmaya ¢alismaktadir. Kisacasi |E| = 1 oldugu zaman
kesif asamasi |E| < 1 oldugu zaman ise somiirii asamasi
gerceklesmektedir. p esit kosullar altinda
degerlendirildiginde p = 0.5 oldugu durumlar basarili p <
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0.5 oldugu durum basarisiz oldugu anlamina gelmektedir.
Ayrica aveinin (tavsan) enerjisine bagli olarak sahinler |E| >
0.5) oldugunda yumusak [E| < 0.5) oldugunda sert bir
kusatma gerceklestirecektir. Yumusak kusatma denklemleri
asagidaki gibi formiile edilmistir.

X(t+1) = AX(0) — EVJ. Xrappic (®) — X (D) @7)
AX(t) = Xyappic(©) — X (1) (28)
J=2(1-rand) (29)

AX(t) sahin ve tavsanin pozisyonlari arasindaki farktir.
Tavsanin rastgele atlama gilicii J, rastgele bir say1
kullanilarak ¢izilmektedir. Sert kusatma denklemi Denklem
(30)’daki gibidir.

X(E+1) = Xrappe (8) — EJAX (0] (30)

p < 0.5 ve |E| = 0.5) oldugu durumlarda tavsan bagariyla
hiicum edebildiginden asamali hizli dalislarla yumusak
kusatma yapar. Sahin miimkiin olan en iyi dalist
segmektedir. Levy flight avin birbirini takip etmesinde
kullanilmaktadir. Dalisin iyi olup olmadigina karar vermek
icin de sahinin bir sonraki hareketi asagidaki denklemler
kullanilarak tahmin edilmektedir.

Y = Xrabbit(t) - El]-Xrabbit(t) - X(t)l (31)

Onceki dalis faydali degilse sahin Levy flight modelini
kullanarak dalis yapmaktadir. Kullandigt model Denklem
(32)’deki gibidir:

Z =Y +SxLF(D) (32)

Burada D problemin boyutudur ve S 1 x D boyutunda
rastgele bir vektordiir. Levy flight fonksiyonu (LF) Denklem
(33) kullanilarak hesaplanan yiik ucus fonksiyonudur.

r(1+,8)><sin(nz—ﬁ)
()l 7))

2

uxo

LF(x) = 0.001 x (33)

S
lvlP
Burada u ve v o ile 1 arasinda rastgele degerlerdir 8 1.5 olan
bir sabittir. Bu nedenle sahinlerin pozisyonlarini

giincellemek i¢in son strateji yumusak kusatma asamasi
Denklem (34) ile gergeklesmektedir.

Y, if F(Y) < F(X(1))

Z, if F(Z) < F(X(b)) (34)

X(t+1) = {
p < 0.5 ve |E| < 0.5 oldugu durumlarda tavsanin kagmak
icin yeterli enerji yoktur ve avi yakalamak ve dldiirmek i¢in
siirpriz saldiridan 6nce sert bir kusatma yapmaktadir. Burada
yumusak kusatma gibi Denklem (32) ve Denklem (34)
aynidir. Y degerinin hesaplanmasi farklidir. Y degerinin
denklemi Denklem (35)’teki gibi hesaplanmaktadir.

Y = Xrappic (6) = ElJ- Xrappic (£) — X (O]
HSO’nun sézde kodlar1 Algoritma 4°te gosterilmistir.

(3%)
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Algoritma 4. HSO’nun sozde kodu
Sahinlerin baslangi¢ popiilasyonunun ayarlanmasi
X(i=12,..,n)
while (t < maksimum iterasyon sayist)
Her bir arama ajaninin uygunluk degerini hesapla

Xrappie 1avin en iyi konum olarak ayarla
for her bir arama ajani
E, ve j parametrelerini giincelle
Denklem (26)’da kullanilan E degerini giincelle
if (|E| = 1)
Denklem (24)’i kullanarak konum vektoriinii
giincelle
end if
if (|E| <1)
if (p = 0.5 ve |[E[] = 0.5)
Denklem (27)’yi kullanarak konum
vektoriinil giincelle
else if (p = 0.5 ve |E| < 0.5)
Denklem (30)’u kullanarak konum
vektoriinii giincelle
else if (p < 0.5 ve |E| = 0.5)
Denklem (34)’1i kullanarak konum
vektoriinii giincelle
elseif (p < 0.5 ve |E| < 0.5)
Denklem (34)’1 kullanarak konum vektoriinii
giincelle
end if
end if
t=t+1
end while
return X, qppit

Arsimet Optimizasyon Algoritmasi (AOA)

Hashim ve arkadaslar1 [53] fizik kanunu olan Arsimet
Prensibinden ilham alarak yeni bir metasezgisel algoritma
onermiglerdir. Kismen veya suya batirilmis bir nesneye
yukart dogru uygulanan kaldirma kuvveti ilkesinden yola
¢ikarak  olusturulmustur. Diger popiilasyon tabanl
metasezgisel algoritmalar gibi, AOA da rastgele hacimler,
yogunluklar ve ivmelerle nesnelerin ilk popiilasyonu (aday
¢oziimler) ile arama siirecini baglatmaktadir. Bu asamada,
her nesne ayni zamanda sivi i¢indeki rastgele konumu ile
baslatilir.  Baslangi¢  popiilasyonunun  uygunlugunu
degerlendirdikten sonra, AOA, sonlandirma kosulu
saglanana kadar caligir. Her iterasyonda AOA, her nesnenin
yogunlugunu ve hacmini gilincellemektedir. Nesnenin
ivmesi, herhangi bir komsu nesneyle c¢arpismasinin
durumuna gore giincellenmektedir. Giincellenen yogunluk,
hacim, ivme bir nesnenin yeni konumunu belirlemektedir.
Nesnelerin yogunluk ve hacimlerinin giincelleme denklemi
Denklem (36)’da verilmistir.
deni“'l:denfﬂ'andx(denbest—denf) (36)
volf*1=voll +rand x(volpese—voll)

Burada deny,.s; Ve v0ly.s, simdiye kadar bulunan en iyi
nesneye iligkin yogunluk ve hacim, rand esit olarak
dagitilmis rastgele sayidir. Nesneler arasinda g¢arpisma
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meydana gelmektedir ve bir siire sonra nesneler denge
durumuna ulagmaya c¢aligmaktadir. Aramayi1 kesiften
sOmiiriiye doniigtiiren transfer operatorii TF nin yardimiyla
AOA’ya entegre edilmektedir. TF’nin formiilii Denklem
(37)’de verilmistir.

TF = exp (t—max _t)

max _t

@37)

Burada TF 1’e ulasana kadar zamanla kademeli olarak
artmaktadir. t iterasyon sayisii max _t maksimum
iterasyon sayinit temsil etmektedir. Benzer sekilde
yogunlugu azaltic1 faktér olan d, kiireselden yerel aramada
AOA’ya yardimc1 olmaktadir. Formiilii Denklem (38)’deki
gibidir.

dt+l = exp (max _t—t) _ ( t )

max _t max _t

(38)
dt*1 dnceden belirlenmis umut verici bdlgede yakinsama
yetenegi vererek zamanla azalmaktadir. Bu degisken
AOA’da kesif ve somiirli arasindaki dengeyi saglamaya
calismaktadir. TF < 0.5 ise, nesneler arasinda g¢arpigma
meydana gelmektedir ve rastgele bir malzeme (m) segmek
gerekmektedir ve Denklem (39) kullanilarak nesnenin
ivmesi giincellenmektedir.
denpm+volymXaccm

t+1 —
t denttixvorftt

acc (39)
Burada den;, vol;, acc; i. nesnenin yogunlugu, hacmi ve
ivmesidir.  den,,, vol,,,acc,,  rastgele  malzemenin
yogunlugu, hacmi ve ivmesidir. TF > 0.5 ise, nesneler
arasinda c¢arpigma yoktur ve Denklem (40) kullanilarak
nesnenin ivmesi giincellenmektedir.

denpest+V0lpestXaACChest

denf“xvoli“r1

accftt =

(40)
accyes: en iyi nesnenin ivmesidir. Denklem (41)’1 kullanarak
degisim yiizdesini hesaplamak i¢in ivmeyi normallestirmek
gerekmektedir.

t+
t+1 — ace;

i-norm — max(acc)-min (acc)

1 .
—min (acc
acc (acc)

(41)
Burada u vel normalizasyon araligidir ve 0.9 ve 0.1’¢
ayarlanmugtir. accf®},,., her nesnenin degistirecegi adim
yiizdesini belirlemektedir. i nesnesi kiiresel optimumdan
uzaksa hizlanma degeri yiiksek olacaktir. Yani nesne kesif
asamasinda olacaktir aksi takdirde somiirii asamasinda
olacaktir. BoOylece aramanin kesif agamasindan somiirii
asamasina nasil doniistiigii goriilmektedir. Normal durumda
ivme vektorii biiyiik bir degerle baslamaktadir ve zamanla
azalmaktadir. Bu sayede nesnelerin kiiresel en iyi ¢ozliime
dogru ilerlemesine ve ayni zamanda yerel ¢dziimlerden
uzaklagsmasina yardimct olmaktadir. TF < 0.5 (kesif
asamast) ise, i. Nesnenin bir sonraki iterasyondaki konumunu
giincelledigi denklem Denklem (42)’deki gibidir.

X d X (Xrand _Xit)
(42)
Burada C; sabiti 2 degerine esittir. TF > 0.5 (sémiirii

asamasi) ise, i. nesnenin bir sonraki iterasyondaki konumunu
giincelledigi denklem Denklem (43)’teki gibidir.

xdx (T X
(43)

t+1 _ yt t+1
X7 =X, + €, Xrand X acc;2;0rm

Xl_t+1 — Xlsest + F X CZ X rand X acc{j‘r%orm
t
Xpest — XL' )
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Burada C, sabiti 6 degerine esittir. T zamanla artmaktadir ve
transfer operatorii ile dogru orantilidir ve T = C5 X TF’dir.
T, [C3x0.3,1] araliginda zamanla artmaktadir ve
baslangicta en iyi konumdan belirli bir ylizde almaktadir.
Arama ilerledikge, en iyi konum ile mevcut konum
arasindaki farki azaltmak igin bu yiizde kademeli olarak
artmaktadir. Bu, kesif ve sOmiirii arasinda uygun bir
dengenin olusumunu saglamaktadir. F, Denklem (44)
kullanilarak hareket yoniinii degistiren isarettir.
Fe {+1, ifp<05

-1, if p> 05 (44)

Burada p = 2 X rand — C, ile hesaplanmaktadir. AOA’ nin
s6zde kodu Algoritma 5’te verilmistir.

Algoritma 5. AOA’nin s6zde kodu
Baslangi¢ popiilasyonunun ayarlanmasi X; (i =
1,2,..,n)
while (t < maksimum iterasyon sayist)
Her bir arama ajaninin uygunluk degerini hesapla
for her bir arama ajan
Denklem (36)’y1 kullanarak her nesnenin
yogunlugunu ve hacmini giincelle
Denklem (37) ve Denklem (38)’i kullanarak
transfer ve yogunluk azaltici faktorleri giincelle
if (TF <0.5)
Denklem (39)'u kullanarak ivmeyi giincelle ve
Denklem (41)'i kullanarak ivmeyi normallestir
Denklem (42)’yi kullanarak konumu giincelle
else
Denklem (40)"1 kullanarak ivmeyi giincelle ve
Denklem (41)'i kullanarak ivmeyi normallestir
Denklem (44)’i kullanarak yon bayragini

giincelle
Denklem (43)’i kullanarak konumu giincelle
end if
end for
t=t+1
end while
return en iyi uygunluk degeri

Deneysel Sonuclar

CMO, BOA, GKO, HSO
performansint analiz etmek igin IEEE Congress on
Evolutionary Computation (CEC) test fonksiyonlar1
secilmigtir [54]. CEC 2020 test fonksiyonlart unimodal,
multimodal, hibrit ve composition fonksiyonlarini i¢eren 10
test fonksiyonunu icermektedir. Unimodal fonksiyonlar,
algoritmanin yakinsama performansmin Olgiilmesi igin
kullanilirken; multimodal fonksiyonlar algoritmanin erken
yakmsama problemlerinin ve yerele takilma sorunun olup
olmadiginin degerlendirilmesinde kullanilmaktadir [55].
Hibrit ve composition fonksiyonlar ise ¢ok sayida yerel
optimuma sahip olan yerel optimumdan kaginma yetenegini
ve kesif ve somiirii arasindaki dengeyi degerlendirmek igin
kullanilmaktadir.

ve AOA yodntemlerinin
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Sekil 2. Bazi1 CEC2020 test fonksiyonlarinin iki boyutlu gériiniimii

Tablo 1. CEC2020 test fonksiyonlar1

No  Fonksiyon ad1 Fi"
Unimodal fonksiyon
F1 Shlﬁgd and Rotated Bent Cigar 100
fonksiyonu
Multimodal fonksiyon
2 Shlfte_d and Rotated Schwefel’s 1100
fonksiyonu
F3 Shlfte_d and Rotated Lunacek bi-Rastrigin 700
fonksiyonu
4 Expal?ded Rosenbrock’s plus Griewangk’s 1900
fonksiyonu
Hibrit fonksiyonlar
F5  Hibrit fonksiyon 1 (N = 3) 1700
F6  Hibrit fonksiyon 2 (N = 4) 1600
F7  Hibrit fonksiyon 3 (N = 5) 2100
Composition fonksiyonlar
F8  Composition fonksiyon 1 (N = 3) 2200
F9  Composition fonksiyon 2 (N = 4) 2400
F10 Composition fonksiyon 3 (N = 5) 2500
Tablo 1, CEC2020 test fonksiyonlarinin ozelliklerini

gostermektedir. Fi* fonksiyonun optimal global degerini
ifade etmektedir. Sekil 2, her bir problemin dogasinin

anlagilmasin1  kolaylagtirmak  igin ~ CEC2020  test
fonksiyonlarinin  iki  boyutlu  bir  gorsellestirmesini
sunmaktadir.

Yapilan tim deneyler Manisa Celal Bayar Universitesi
tarafindan lisanshi Matlab 2021a platformunda Windows 10
isletim sistemli 32 GB RAM ve CPU of Intel (R) core i9-
10900 k (3.7 GHz) islemcili bilgisayarda yapilmistir. Bu
calismada analiz edilen algoritmalarin parametreleri Tablo
2’de sunulmustur. Algoritmalarm kontrol parametrelerinin
cogu literatiirde kullanilan varsayilan degerlerdir. Esit
kosullar altinda adil bir degerlendirme yapabilmek adina
degerlendirme sayis1 1000, popiilasyon sayist 30 olarak
secilmistir. Algoritmalar tim deneylerde 20 kez
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calistirilmistir ve minimum, maksimum, ortalama ve standart
sapma degerlerinin sonuglari karsilagtirmali bir sekilde Tablo
3’te sunulmustur. Algoritmalarin CEC2020 test fonksiyonlar1
tizerindeki yakinsama performans: da algoritmalarin en iyi
degerlerine gore Sekil 3’te verilmistir.

Tablo 2. Karsilastirma yapilan algoritmalarin parametreleri

Algoritma Parametreler
CMO z =0.03
BOA Al =[2,0;a2 =[-2,-1];b=1
GKO a=1[2,0]
HSO EO e [-1,1]; =15
AOA C1=2,€2=6,u=091=0.1
Tablo 3 incelendiginde tiim test fonksiyonlarini

degerlendirmeye alirsak; ortalama deger bakimindan 10 test
fonksiyonunun 7’sinde AOA birinci sirada yer alirken 3 en
iyi ortalama sonugla AOA’y1 CMO takip etmektedir. BOA
ortalama degerde 10 test fonksiyonunun higbirinde en iyi
sonuca ulagamamistir. Minimum deger bakimindan
inceledigimiz zaman AOA ve CMO 10 test fonksiyonunun
5’inde en iyi sonuca ulagarak istiinliiklerini géstermislerdir.
Bu yontemleri GKO ve HSO 3 tanesinde en iyi sonucu
vererek takip etmektedir. BOA ise sadece 1 tanesinde en iyi
sonuca ulasabilmistir.

Unimodal fonksiyonlar algoritmalarin somiirti agamasimdaki
yeteneklerini arastirmak ig¢in  kullanilmistir.  Unimodal
fonksiyonlarda AOA tiim degerlendirme kriterlerinde en iyi
sonuca ulagmistir. Buna dayanarak unimodal fonksiyonlarda
AOA’nmn diger algoritmalara gore daha istiin oldugunu
sOyleyebiliriz.

Multimodal fonksiyonlar ¢ok sayida yerel optimuma sahip
oldugu i¢in ve unimodal fonksiyonlara kiyasla problemin
boyutu ile tasarim degiskenlerinin sayis1 katlanarak arttigi
icin kullanilmistir. Bu nedenle bu fonksiyonlar rekabetci
algoritmalarin  kesif kabiliyetini degerlendirmek ig¢in
kullaniglidir. Multimodal fonksiyonlarda minimum deger
agisindan kargilagtirma yaptigimizda CMO en iyi sonuca
ulagmstir.
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Tablo 3. CEC2020 test fonksiyonlarindan elde edilen sonuglar

Fonksiyon  Metrik CMO BOA GKO HSO AOA
Minimum 1.46E+03  4.77E+05 7.34E+03 3.01E+05  2.06E+02
F1 Maksimum 1.27E+04 3.43E+07 4.81E+08 1.99E+06  9.72E+03
Ortalama 8.17E+03 7.17E+06 4.53E+07 6.11E+05 2.64E+03
Standart sapma 3.59E+03  8.38E+06 1.34E+08 3.88E+05  2.81E+03
Minimum 1.35E+03  1.67E+03 1.12E+03 1.49E+03  1.29E+03
2 Maksimum 2.01E+03  2.69E+03 2.47E+03 2.70E+03  2.08E+03
Ortalama 1.65E+03  2.19E+03 1.56E+03  2.08E+03  1.66E+03
Standart sapma 2.01E+02  2.78E+02 2.59E+02 2.83E+02  1.97E+02
Minimum 7.16E+02  7.47E+02 7.17E+02 7.39E+02  7.19E+02
F3 Maksimum 7.43E+02  8.26E+02 7.48E+02 8.26E+02  8.09E+02
Ortalama 7.28E+02 7.86E+02 7.30E+02 7.88E+02  7.46E+02
Standart sapma 7.95E+00  2.26E+01 9.01E+00 2.29E+01  1.91E+01
Minimum 1.90E+03  1.90E+03 1.90E+03 1.90E+03  1.90E+03
Fa Maksimum 1.90E+03  1.91E+03 1.98E+03 1.92E+03  1.90E+03
Ortalama 1.90E+03  1.91E+03 1.91E+03 1.91E+03  1.90E+03
Standart sapma 4.21E-01 3.20E+00 1.77E+01 4.21E+00 5.25E-01
Minimum 1.72E+03  1.05E+04 2.36E+03 3.69E+03  2.12E+03
F5 Maksimum 1.92E+04  1.63E+06 5.63E+05 2.18E+05 8.55E+03
Ortalama 5.96E+03  2.31E+05 5.23E+04 4.95E+04  4.02E+03
Standart sapma 4.85E+03  3.80E+05 1.38E+05 6.10E+04  2.06E+03
Minimum 1.60E+03  1.60E+03 1.60E+03 1.60E+03  1.60E+03
F6 Maksimum 1.60E+03 1.62E+03 1.66E+03 1.63E+03  1.60E+03
Ortalama 1.60E+03  1.61E+03 1.62E+03 1.62E+03  1.60E+03
Standart sapma 2.63E-01 7.61E+00 2.28E+01 1.01E+01  2.46E-01
Minimum 2.12E+03  8.35E+03 3.01E+03 3.19E+03  2.20E+03
F7 Maksimum 2.47E+04 9.43E+05 1.91E+04 3.24E+04  4.05E+03
Ortalama 9.17E+03 1.28E+05 9.71E+03 1.20E+04  2.63E+03
Standart sapma 7.36E+03  1.94E+05 4.90E+03 9.15E+03  4.79E+02
Minimum 2.23E+03 2.23E+03 2.30E+03 2.26E+03  2.20E+03
F8 Maksimum 3.56E+03  4.10E+03 2.33E+03 3.74E+03  3.53E+03
Ortalama 2.38E+03  2.41E+03 2.31E+03 2.45E+03  2.31E+03
Standart sapma 2.84E+02  3.89E+02 8.47E+00 4.12E+02  2.81E+02
Minimum 2.74E+03  2.74E+03 2.73E+03 2.50E+03  2.48E+03
F9 Maksimum 2.78E+03 2.85E+03 2.77E+03 2.90E+03  2.81E+03
Ortalama 2.76E+03 2.78E+03 2.75E+03 2.76E+03  2.70E+03
Standart sapma 8.99E+00  2.65E+01 1.18E+01 1.15E+02  1.18E+02
Minimum 2.90E+03 2.91E+03 2.90E+03 2.61E+03 2.90E+03
F10 Maksimum 2.97E+03  3.04E+03 2.95E+03 2.95E+03  2.95E+03
Ortalama 2.93E+03  2.95E+03 2.93E+03 2.91E+03 2.93E+03
Standart sapma 2.65E+01  2.92E+01 1.78E+01 7.12E+01  1.97E+01
Ancak ortalama deger agisindan bir degerlendirme arasindaki dengeyi degerlendirmek i¢in kullanilmistir.

yaptigimiz zaman hem CMO hem de AOA’nin 3 multimodal
fonksiyonun 2’sinde en iyi sonuca ulastigini sdyleyebiliriz.
Buna dayanarak multimodal fonksiyonlarda CMO’nun
minimum degerde, CMO ve AOA’nin ortalama degerde diger
algoritmalara gore daha iistiin oldugu sonucuna varabiliriz.

Hibrit fonksiyonlar ¢ok sayida yerel optimuma sahip olan
yerel optimumdan kaginma yetenegini ve kesif ve somiirii
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Deneysel sonuclar incelendiginde minimum deger agisindan
karsilagtirma yaptigimizda CMO en iyi sonuca ulagmistir.
Ancak ortalama deger agismmdan Dbir degerlendirme
yaptigimiz zaman AOA 3 hibrit fonksiyonun tamaminda en
iyi sonuca ulagsmistir. Buna dayanarak hibrit fonksiyonlarda
CMO’nun minimum degerde, AOA’nin da ortalama degerde
diger algoritmalara gore daha iistiin oldugu sonucuna
varabiliriz.
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Sekil 3. CEC2020 test fonksiyonlarda karsilastirma yapilan yontemlerin yakinsama performansi

Composition fonksiyonlarda hibrit fonksiyonlar gibi ¢ok Sonuglar
sayida yerel optimuma sahip olan yerel optimumdan
kacinma yetenegini ve kesif ve somiirii arasindaki
dengeyi degerlendirmek i¢in kullanilmistir. Deneysel
sonuglar incelendiginde ortalama deger acisindan
karsilagtirdigimizda en iyi sonucu AOA’nin verdigini
sOyleyebiliriz.

Metasezgisel yontemler arasinda her problemde en iyi
performansi gosteren bir algoritma bulunmadigi icin
aragtirmacilar icin giincelligini korumaktadir. Bu yiizden
yeni yontemler Onerilmekte ve Onerilmeye devam
edecegi goziikmektedir. Onerilen yontemler ile paralel
bir sekilde yontemlerin uygulama alanlarinin ¢ogalmasi
da bu alanin popiilerligini olumlu yonde etkilemektedir.
Yapilan bu caligmada son yillarda dnerilen ve popiiler
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olan 5 farkli metasezgisel optimizasyon problemi
secilerek, optimizasyon problemlerinin
performanslarinin analiz edilmesinde literatiirde yer alan
CEC fonksiyonlarina uygulanmistir. CEC fonksiyonlari
arasindan CEC2020 test fonksiyonlarinda yer alan

metasezgisel optimizasyon algoritmalarinin  farkli
yeteneklerini gosterecek farkli tiirdeki problemler
secilmigtir. Deneysel olarak elde edilen sonuglar

yontemlerin performanslarinin problemin tiiriine gore
degisiklik olabilecegini gostermistir. Yapilan ¢aligmanin
sonucunda AOA, genel performans olarak en iyi
sonuglari elde ederken onu CMO izlemistir. Sonug olarak
arastirmacilar problemlerine gore optimizasyon yontemi

secerken elde edilen sonuglari gbz  Oniinde
bulundurmalar1 yani problemlerinin tiiriine gore en iyi
optimizasyon yontemini seg¢meleri gerekmektedir.

Bunlara ek olarak, diger gergek 6lgekli optimizasyon
problemlerini ¢6zmek icin farkli kaotik haritalar, ikili ve
¢ok amacli yetenekler eklenerek yontemlerin farkli
modifikasyonlari gergeklestirilebilir.
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Artan Internet tabanli teknolojilerin kullanin insanlara ve kurumlara énemli avantajlar saglamanin yani
sira bir takim dezavantajlart da beraberinde getirmistir. Bunlardan en 6nemlisi siber saldirilardir. Siber
saldirilarin ¢esitlenmesi ve artmasiyla, biiyiik miktarlara ulasan kritik verilerin silme, degistirilme, ifsa
edilme gibi eylemlere karsi korunmasi her gegen giin daha zor hale gelmektedir. Bu sebeple bilgi
sistemlerinin glivenliginin saglanmasi amagli gelistirilen araglardan biri olan Saldir1 Tespit Sistemleri gok
onemli yere sahip bir ¢alisma alani olmustur. Bu ¢aligmada, CSE-CIC-IDS2018 veri kiimesi tizerinde
literatiirde Onerilen cesitli Oznitelik se¢im yontemleri ve makine Ogrenmesi teknikleri kullanilarak,
oznitelik se¢iminin Saldir1 Tespit Sistemi basarim ve performanst tizerindeki etkisi incelenmistir. Orijinal
veri kiimesini temsil edebilecek en iyi alt kiimeyi belirlemek i¢in Ki-Kare Testi, Spearman‘in Siralama
Korelasyon Katsayist ve Ozyinelemeli Oznitelik Eliminasyonu yontemleri kullanilmistir. Yeni veri
kiimeleri Adaptif Yiikseltme, Karar Agaci, Lojistik Regresyon, Cok Katmanli Algilayici, Ekstra Agaglar,
Pasif-Agresif ve Gradyan Artirma makine o6grenmesi yontemleri ile smiflandirilarak performans
sonuglarmin karsilagtirmali bir analizi yapilmistir. Performanslarin objektif degerlendirilebilmesi i¢in K-
Fold kullanilmigtir. K-Fold isleminin hesaplama ve zaman yoniinden maliyetli olmasi sebebiyle
parallestirme uygulanarak islem siiresi diistiriilmistiir. Elde edilen deneysel sonuglara gore Ki-Kare Testi
ve Spearman’mn Siralama Korelasyon Katsayisi Oznitelik secim yontemleri veri boyutunun
indirgenmesinden dolay1 islem yiikiinii azaltarak islem siiresini %45 oraninda kisaltmis fakat hata oranini
strasiyla %14,46 ve %10,52 artirmustir. Ayrica, Ozyinelemeli Oznitelik Eliminasyonu yénteminin uygun
ayar parametreleri kullanildiginda, islem siiresini %38 oraninda kisaltmast ile birlikte sistemin hata oranini
da %2,95’e kadar dustirdigli goriilmustiir.

ARTICLE INFO

ABSTRACT

Article history:

Received 18 October 2021

The increasing use of the Internet-based technologies has brought along some disadvantages as well as
providing significant advantages to people and institutions. The most important of these disadvantages is
cyber-attacks. With the variety and increase of cyber-attacks, it becomes more and more difficult to protect
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Intrusion Detection Systems, one of the tools developed to ensure the security of information systems, has
become a very important study area. In this study, the effect of feature selection on Intrusion Detection
System performance and success, was investigated. The study was developed on the CSE-CIC-1DS2018
dataset by using various feature selection methods and machine learning techniques suggested in the
literature. Chi-Square Test, Spearman's Ranking Correlation Coefficient and Recursive Feature
Elimination methods were used to determine the best subset that could represent the original dataset. The
new datasets created with the features determined by each feature selection method were classified using
Adaptive Boosting, Decision Tree, Logistic Regression, Multilayer Perceptron, Extra Trees, Passive-
Aggressive and Gradient Boosting machine learning methods, and a comparative analysis of the obtained
performance results was made. K-Fold was used to evaluate the performances objectively. Since the K-
Fold process is costly in terms of computation and time, the processing time is reduced by applying
parallelization. According to the experimental results obtained, Chi-Square Test and Spearman's Ranking
Correlation Coefficient feature selection methods reduced the processing load due to the reduction of the
data size and shortened the processing time by 45%, but increased the error rate by 14.46% and 10.52%
respectively. On the other hand, it has been observed that the Recursive Feature Elimination method
reduces the processing time by 38% and the error rate of the system up to 2.95% when appropriate setting
parameters are used.
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Giris

Saldir1 tespit sistemleri (STS), ag giivenligi altyapisinda
yaygmn olarak kullanilan; anomali ve imza tabanh
saldirilar1 tespit ederek aglart korumak icin gelistirilmis
sistemlerdir. Saldir1 tespit yontemleri temelinde, STS’ler
iic kategoriye ayrilabilir: kotiiye kullanim, anomali ve
spesifikasyon tabanli [1]. Kotiye kullanim veya imza
tabanli bir STS, saldir1 6zellikleri ile dnceden depolanan
saldirt imzalar1 veya modelleri arasinda bir eslesme
arayarak saldirilar1 tespit edebilir ve bilinen saldirilart
tespit etmek icin uygundur; ancak yeni veya bilinmeyen
saldirilar1 tespit etme noktasinda zayif kalir. Anomali
tabanli STS’lerin saldir1 tespiti noktasindaki dayanagi,
saldir1 silirecinin normal kullanici davranisindan farkl
davraniglar iiretebilmesidir [2].

Ag1 veya sistemleri kotli amagli faaliyet veya politika
ihlalleri agisindan izleyen bir giivenlik teknolojisi olan
STS’ler, agda dolasan veri paketlerini izler ve siipheli
etkinlik algilandiginda alarm verir. STS’ler ¢ogunlukla
giivenlik duvarindan sonra, bir anahtara veya bir ag TAP
(Terminal Erisim Noktas1)’ye baglanir ve trafigin STS’ye
yayildigr (veya TAP araciligiyla gonderildigi) Inline
olmayan bir modda kullanilir. Bu agiklamalar
dogrultusunda Sekil 1 bir STS’nin internetteki varligini
gostermektedir.

Bir STS’nin saldirilart tespit etme noktasindaki kabiliyetini
gelistirmek icin 6grenme yetenekleri nedeniyle genellikle
makine Ogrenimi teknikleri kullanilir. Bu yiizden
¢aligmalar, 6zellikle en yiiksek dogruluk ve en diisiik yanlis
alarm oranlarinin belirlenmesi olmak {izere, sistemlerin
performansimni  iyilestirmek igin makine dgrenimi
yontemlerine odaklanmistir [1]. Son yillarda bu sistemler
izerinde karar agaci, rastgele orman, destek vektor
makinesi ve yapay sinir aglar1 gibi birgok makine 6grenimi
algoritmasi uygulanmis ve gesitli iyilestirmeler yapilmistir.
Bununla birlikte, her algoritmanm her tiirden saldiriy1
tespit etmede avantajlar1 ve dezavantajlari bulunabilir.
Literatiirde bulunan 6grenme algoritmalarinin her birinin
avantaji oldugu gibi dezavantaji da bulunur. Bazi
algoritmalar, yalnizca belirli saldir1 tiirlerini tespit etmede
yliksek oranda etkili olabilir [3]. Bu durumda bir saldirty1
yiksek basarim ile tespit ederken, Ogrenme yapisina
uymayan bir saldir1 ile karsilastiginda sorun yasanabilir.
Popiiler bir 6grenme algoritmasi olan Naive Bayes dengeli
veri kiimeleri ile ¢calistiginda ¢ok yiiksek bagarim oraninda
bir tespit yapabilmektedir ancak dengesiz bir veri
kiimesinde tespit orant %50’ nin altina diigmektedir.

STS’nin verimliligi, dogrudan 6grenme modeli ve veri
kiimesinin kalitesi ile iligkilidir. Birgok c¢aligma bilinen

eksiklikleri olan veri kiimelerine dayanmaktadir. Giincel
olmayan saldir1 trafigi, anonimlik (gizlilik veya etik
nedeniyle), simiile edilmis trafik (ger¢ek bir iiretim
agindan degil) ve trafik gesitliliginin olmamasi, bunlarla
sinirli olmamak iizere eksiklikler arasindadir [4].

Veri kiimesindeki 6znitelikler siniflandirma performansini
etkileyen en 6nemli unsurlardan biridir. Oznitelik say1sinin
az olmasi siniflarin diizgiin ayrisamamasina, fazla olmasi
ise egitim siiresinin artmasi, giiriiltiisi fazla olan
Ozniteliklerin dogruluk oranini diisiirmesi gibi problemlere
neden olabilmektedir. Bu nedenle egitim siiresini

azaltacak, veri kalitesini gelistirecek ve modelin bagarisini
artiracak orijinal veri kiimesini temsil edebilen yeterli
sekilde

sayida Ozniteligin  dogru bir belirlenmesi

gerekmektedir [5].

Sekil 1. Internette Saldir1 Tespit Sistemi

Calismada, 2018 yilinda hazirlanmig, saldir1 ¢esitliligi
yliksek, gercek ag trafigine sahip bir veri kiimesi olan CSE-
CIC-IDS2018 iizerinde literatiirde 6nerilen gesitli 6znitelik
secim yoOntemleri ve makine O&grenmesi teknikleri
kullanilarak performansli bir STS elde etme iizerinde
durulmustur. Modelin basarisini artirmak ve saldir tespit
sliresini azaltmak i¢in Oznitelikler Ki-Kare (Chi-Square)
Testi, Spearman ‘in Siralama Korelasyon Katsayist
(Spearman’s  Rank  Correlation  Coefficient) ve
Ozyinelemeli Oznitelik Eliminasyonu (Recursive Feature
Elimination) yontemleri uygulanarak incelenmis ve
belirlenmistir. Her bir yontem icin belirlenen 6znitelikler
ile olusturulmus yeni veri kiimesi Adaptif Yikseltme
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(AdaBoost), Karar Agaci (Decision Tree), Lojistik
Regresyon (Logistic Regression), Cok Katmanlh Algilayici
(Multi-Layer Perceptron), Ekstra Agaclar (Extra Trees),
Pasif-Agresif (Passive Aggressive) ve Gradyan Artirma
(Gradient Boosting) makine Ogrenmesi yontemleri ile

smiflandirilarak elde edilen performans sonuclarimin
kargilagtirmal1 bir analizi yapilmistir.
Makalede Oznitelik seciminin makine §grenmesi

yontemleri ile kullaniminin STS performansia etkisi
incelenmistir. Farkli algoritmalar ile gelistirilen STS
performansini  gérmek ve bu algoritmalar {izerinde
Oznitelik se¢imlerinin etkisini gostermek amaciyla bu
calismada c¢esitli makine Ogrenmesi ve Ozellik sec¢imi
yontemi irdelenmistir. Gelecek ¢aligmalarda Topluluk
(Ensemble) Ogrenmesi ile 6zellik secimi kullanilarak yeni
bir hibrit model onerileceginden ¢esitli algoritmalarin
basarimin1 gérmek daha verimli bir model olusturulmasi
icin 6nemlidir.

Elde edilen deneysel sonuglar incelendiginde Ki-Kare
(Chi-Square) Testi ve Spearman ‘in Siralama Korelasyon
Katsayisi 6znitelik se¢im ydntemleri, sistemin basarimini
diisiirmiis olsa da veri boyutunun indirgenmesinden dolay1
islem yiikiinii azaltmig ve islem siiresini kisaltmigtir. Diger
taraftan Ozyinelemeli Oznitelik Eliminasyonu ydnteminin
uygun ayar parametreleri kullanildiginda, islem siiresini
%38 oraninda kisaltmasi ile birlikte sistemin hata oranini
da %2,95 oraninda diislirdiigii gorilmistiir.

Literatiir Taramasi

Bir makine 6grenimi algoritmasinin performansi biiyiik
Olciide egitildigi veri kiimesine baghdir [6]. Makine
O0grenimi tabanli STS ile ilgili mevcut aragtirmalarin
¢ogunda, egitim DARPA, KDD Cup 99 ve NSL-KDD veri
kiimeleri ile gergeklestirilmistir. Ancak bazi aragtirmacilar
popiiler fakat giincelligini kaybetmis bu veri kiimelerinin
yeni ¢aligmalar i¢in kullanilmamasini 6nermistir [4, 6].

CSE-CIC-IDS2018, Kanada Siber Giivenlik Enstitiisii
(CIC) ve lletisim Giivenligi Kurumu (CSE) tarafindan
Amazon Web Servisleri LAN agimin bir boliimii {izerinden
toplanarak olusturulmustur [5]. Calismada kullanilan CSE-
CIC-IDS2018, CICIDS2017 veri kiimesinin giincel halidir
ve saldir gesitliligi yiliksek, bilinen en yeni saldir1 trafigi
veri kiimesidir. CICIDS2017, CSE-CIC-IDS2018 ve
popiiler diger veri kiimelerindeki anomali temelli saldir
tespitine yonelik bulgular1 bildiren bazi1 g¢aligmalar
sunlardir:

Sharafaldin ve arkadaglari, saldir1 tespiti i¢in olusturulan
veri kiimelerinin glincel saldirilar1  kapsamamasi,
kullanimlarinin =~ giivenli ~ olmamas1  ve  saldir
cesitliliklerinin yetersiz olmasi gibi sebepler dolayisiyla
CICIDS2017 veri kiimesini olusturmustur. Bu veri kiimesi
izerinde 6 farkli makine Ogrenimi  yontemi

kargilagtirilmistir; K-En Yakin Komsu, Rastgele Orman,
ID3, Adaptif Yiikseltme, Naive Bayes ve Karesel Ayrim
Analizi. %98 F1-Skoru ile ID3 algoritmasinin en yiiksek
basarimi gosterdigi bildirilmistir [7].

Wankhede ve Kshirsagar, belirli bir giinde yapilan DoS
saldirilarint tespit etmek i¢in CICIDS2017 veri kiimesi
iizerinde iki farkli makine Ogrenimi yOntemini
uygulamistir, bunlar; Rastgele Orman ve Yapay Sinir Ag1.
Ek olarak, veri kiimesinin farkli boliimlenmesinin saldir1
tespitinin basarisina yonelik etkisini incelemek amaciyla
egitim veri kiimesi %20-%80 arasinda boéliimlenerek
Rastgele Orman ve Cok Katmanli Algilayici
algoritmalarinin basarimlart karsilagtirilmistir.  %99,95
dogruluk orani ile Rastgele Orman y6nteminin en yiiksek
basarimi gosterdigi ve Rastgele Orman yontemi igin %50,
MLP yontemi i¢in %30 bolimlenmenin optimum oldugu
bildirilmistir [8].

Zhou ve Pezaros, CSE-CIC-IDS2018 wveri
kullanilarak egitilen bir modelin sifir giin (Zero-Day)
saldirilar1 tizerindeki basarimini incelemistir. Calismada
10-Katlamali1 Capraz Dogrulama yontemi ile altt makine
o0grenimi  smiflandiricist  karsilastinnlmistir;  Rastgele
Orman, Naive Bayes, Karar Agaci, Cok Katmanl
Algilayici, K-En Yakin Komsu ve Karesel Ayrim Analizi.
Denemeler her saldiri tipi i¢in normal trafik ile ikili
karsilagtirilarak yapilmigtir. Karar Agacinin en yiiksek
saldirt tespit dogrulugunu sergiledigi bildirilmistir [9].
Sonrasinda, egitim veri kiimesi tizerinde Normal ve Saldirt
olmak iizere etiketlemeler olusturulup model egitilmistir.
Test veri kiimesi i¢in 1 haftalik normal trafik ve 8 farkli
yeni saldirt trafigi olusturulmustur; ZeroAccess, DDoS
Bot’a Darkness, Google Doc Macadocs, Bitcoin Miner,
Drowor Worm, Nuclear Ransomware, False Content
Injection, Ponmocup Trojan. Calisma sonucunda Karar
Agac1 modeli kullanilarak %96 dogruluk orani ile saldir
tespiti yapilabildigi bildirilmistir.

kiimesi

Kanimozhi ve Jacob, CSE-CIC-IDS2018 veri kiimesindeki
Botnet saldirilarini tespit etmek igin Cok Katmanh
Algilayict yontemini uygulamistir. Caligmada, varsayilan
hiper-parametreler ile modelin asir1 uyum (overfitting)
durumuna  diigsmesi  sebebiyle  hiper  parametre
optimizasyonu yapilmis ve %99,97 dogruluk oranina
ulasilmigtir [10].

Yulianto ve arkadaslari, Adaptif Yikseltme tabanl
STS’nin performansini iyilestirmek i¢in CICIDS2017 veri
kiimesi iizerinde Temel Bilesen Analizi (Principal
Component  Analysis-PCA), Sentetik Azinhik Asir
Ornekleme (Synthetic Minority Oversampling Technique-
SMOTE) ve Topluluk Oznitelik Se¢imi (Ensemble Feature
Selection-EFS) yontemlerini kullanmigtir. Degerlendirme
sonuglari, %90,01 F1-Skoru ile SMOTE ve EFS
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yontemlerinin birlikte kullanimlarinin en iyi performans
iyilestirmesini sagladigini gostermistir [11].

Wani ve arkadaglari, Bulut Bilisgim Ortam1 izerinde Destek
Vektor Makineleri, Rastgele Orman ve Naive Bayes
yontemlerini kullanarak DDoS saldir1 tespiti yapmustir.
Caligma sonucunda, olusturulan yeni veri kiimesi
lizerinden 9 Oznitelik kullanilarak %99,80 F1-Skoru ile
Destek Vektor Makine ydnteminin en yiiksek bagsarimi
gosterdigi bildirilmigtir [12].

McKay ve arkadaslari, CICIDS2017 veri kiimesindeki
Botnet saldirilarini tespit etmek i¢in Rastgele Orman,
OneR, K-En Yakin Komsu, J48, Cok Katmanli Algilayici
ve NaiveBayes yontemlerini uygulamistir. Caligmada veri
kiimesi dengeli ve normal olmak iizere iki farkli sekilde
boliinmiistiir. Dengeli veri kiimesi kullanilarak egitilen
modellerin tiimii ile daha basarili sonuglar elde edilmistir.
%98,73 dogruluk orani ile J48 ydnteminin en yiiksek
basarimi gosterdigi bildirilmistir [13].

Kanimozhi ve Jacob, Botnet saldirilarinin tespiti i¢in CSE-
CIC-IDS2018 veri kiimesi iizerinde alt1 makine dgrenimi
smiflandiricisint kargilagtirmistir; K-En Yakin Komsu,
Naive Bayes, Destek Vektor Makinesi, Rastgele Orman,
Adaptif Yiikseltme ve Cok Katmanli Algilayici Agt
Performanslar kalibrasyon egrileri iizerinden
degerlendirilmistir. Kalibrasyon egrisi, mitkemmel egriye
en yakin olan siniflandiricinin MLP oldugu bildirilmistir
[14].

Ferrag ve Maglaras, Brute-Force, Web, DoS, DDoS,
Botnet ve Infilteration saldirilarini tespit etmek i¢in CSE-
CIC-IDS2018 wveri kiimesi iizerinde dort farkli makine
O0grenimi yontemi uygulamigtir, bunlar; Destek Vektor
Makinesi, Tekrarlayan Sinir Aglari, Evrisimsel Sinir
Aglari ve Rastgele Orman. Elde edilen en yiiksek dogruluk
oranlarmin sirastyla %92,19, %96,12, %96,18, %98,55,
%98,71 ve %96,23 oldugu bildirilmistir [15].

Pehlivanoglu ve arkadaslari, Tek Seviyeli ve iki Seviyeli
Hibrit Yontem olmak tizere iki farkli yontemin CSE-CIC-
IDS2018 veri kiimesi tizerinde saldir1 tespit basarisini test
etmistir. Caligmada Evrisimsel Sinir Agi, Rastgele Orman,
Hafif Gradyan Artirma, Evrigsimsel Rastgele Orman, Hafif
Gradyan Rastgele Orman ve Rastgele Orman-Rastgele
Orman makine O&grenimi yoOntemleri uygulanmistir.
Sonuglar, %98,00 dogruluk oran1 ve %86,00 makro F1-
Skoru ile Evrigsimsel Rastgele Orman hibrit modelinin en
iyi saldir1 tespitini yaptigini gostermistir [16].

Filho ve arkadaslari, CIC-DOS, CICIDS2017, CSE-CIC-
IDS2018 ve kendi olusturduklar1 veri kiimeleri tizerinde
DoS saldirilarinin tespiti i¢in Rastgele Orman makine
O6grenimi yontemini uygulamistir. Elde edilen F1-Skor
degerleri sirastyla %99,00, %99,00, %100,00 ve %99,00
ctkmugtir [17].

Zhou ve arkadaglari, CICIDS2017 wveri kiimesini
kullanarak yiiksek dogruluk orani ile performansli bir
sekilde saldir1 tespiti yapilabilmesi i¢in 6znitelik se¢imi ve
toplu 6grenme yontemlerini uygulamistir. Calismada,
Korelasyon Tabanli Oznitelik Secimi ve Yarasa
Algoritmasinin  (CFS-BA) faydalarin1 C4.5, Rastgele
Orman ve ForestPA’ya dayali bir topluluk siniflandiricisi
ile birlestiren yeni bir yontem &nerilmistir. Onerilen
yontemin %96,76 dogruluk orani ve %98,10 F1-Skoru ile
en yiksek basarimi gosterdigi bildirilmistir. Sonuglar, tek
smiflandiricinin - bulundugu  bireysel yaklagimlardan
onemli olgiide daha iyi performans gosterdigini ortaya
koymaktadir [18].

Fitni ve arkadaslari, ¢aligmalarinda her bir siniflandirma
algoritmasinin faydalarini biitiinlestiren oylama ad1 verilen
toplu 6grenme yaklasimini gergeklemistir. Toplu 6grenme
i¢in en uygun temel siniflandiricilar belirlemek amaciyla
CSE-CIC-IDS2018 wveri kiimesi iizerinde 7 farkli tek
smiflandirici ile karsilagtirmalar yapilmigtir. Karsilagtirma
sonuglarina gore bir topluluk modeli olusturulmustur.
Topluluk modeli igin segilen smiflandiricilar; Lojistik
Regresyon, Karar Agact ve Gradyan Artirma
yontemleridir. En 6nemli veri 6zniteliklerini belirlemek
icin Spearman korelasyon analizinden faydalanilmistir.
Sonuglar, 80 6znitelikten 23'iiniin se¢ildigini ve modelin su
basar1 oranlarini aldigmni gostermistir; Dogruluk %98,80;
Kesinlik %98,80; Duyarlilik %97,10 ve F1-Skor %97,90
[19].

2021 yilinda arastirmacilar Internet iizerinden verilen
hizmetlerin artmasi sonucunda ag altyapisinin siber
saldirilara daha fazla maruz kaldigini tespit ederek, ag
trafiginden yakalanan paket Ornekleri iizerinde DDoS
saldirllarint  tespit eden bir derin &grenme modeli
onermistir [20]. Calismada, CIC-DDo0S2019 veri kiimesi
iizerinde inceleme yapilmig ve popiiler bir derin 6grenme
yaklagimi olan Derin Sinir Aglari kullanilmistir. Derin
Sinir Aglarmin tercih edilmesinin sebebi egitildikce
kendini giincellemesi, 0znitelik ¢ikarma ve siniflandirma
islemlerini iceren katmanlara sahip olmasidir. Sonuglar, ag
trafigine yapilan saldirilarin %99,99 basar1 ile tespit
edildigini ve saldir tiirlerinin %94,57 dogruluk orani ile
smiflandirildigint gostermektedir.

Arslan, ¢alismasinda internet trafik verilerini daha kolay
islenebilir hale getirmek igin bir veri 6n igleme dnermis ve
makine Ogrenmesi teknikleri ile ag analizi yaparak
siniflandirmay1 hedeflemistir [21]. Onerdigi veri 6n isleme
trafik analiz siiresini 6nemli 6l¢iide kisaltmis ve basarim
oranint artirmigtir. Calismanin egitim ve testi i¢in gilincel
bir veri kiimesi olan CSE-CIC-IDS2018 tercih edilmistir.
Sonuglar, ikili smiflandirma i¢in Ekstra Agaclar
algoritmasi ile %99,0 ve ¢oklu siniflandirma igin Rastgele
Orman algoritmasi ile %98,5 bagarim orani elde edildigini
gostermektedir.
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Emhan ve Akin, anomali tespiti i¢in kullanilan makine
O0grenmesi algoritmalarinin daha verimli hale getirilmesini
saglamak {iizere bir calisma yapmistir [22]. Buna gore
filtreleme tabanli 6znitelik se¢imi yontemlerinin anomali
tabanli saldir1 tespit etmedeki basarisini gdsteren
arastirmalar gerceklenmeye caligilmigtir. Arastirmacilar
calismay1 gelistirmek icin popiiler bir saldirt tespit veri
kiimesi olan NSL-KDD veri kiimesini tercih etmistir.
Caligmada Oncelikle filtreleme tabanli Korelasyon Tabanli,
Simetrik Belirsizlik Katsayisi, Kazan¢ Orani, Bilgi
Kazanci, One-R, ve Ki-Kare Oznitelik Se¢imi yontemleri
ile veri kiimesinin boyutu azaltilmis ve 8 Oznitelik
secilmistir. Oznitelik seciminden sonra K-en yakin komsu
ve Rastgele Orman algoritmalari ile ayr1 ayr saldiri tespiti
gerceklestirilmistir. Calisma sonucunda Ki-Kare, Bilgi
Kazanci ve One-R ile 0Oznitelik secimi yapilmig veri
kiimesinde siniflandirma yapmanin en iyi sonucu verdigi
gorillmiistiir.

Onerilen Sistem

STS’ler ilerleyen teknoloji ile beraber, artan ihtiyaclar
dogrultusunda istekleri karsilamaya uygun olmalidir [23].
Hala gelismekte ve bir ¢ok arastirmaya konu olan Makine
Ogrenmesi bu anlamda basvurulan ysntemlerdendir [24].
STS’lerde bu yontemlerin kullanilmasinin amaci; sistemin,
hakkinda bilgisi olmadigi bir veriyi hizli ve yiiksek
dogruluk orani ile tahmin edebilmesidir [25].

STS’ler cogunlukla artan iglem siiresi ve diigiik tespit orant
ile sonuclanan ¢esitli alakasiz ve gereksiz Oznitelikler
iceren bilylik miktarda veriyle ilgilenir [26]. Bu nedenle
Oznitelik secimi, makine Ogrenimi tabanli STS’lerde
performans iyilestirmeleri elde etmek i¢in dnemlidir. Bu
yontem, dogruluk tespitini gelistirmek ve smiflandirma
egitim siiresini azaltmak i¢in en Onemli veri kiimesi
Ozniteliklerini segmek i¢in kullanilir [27].

Bu ¢alismada, dogru ve verimli siniflandirma sonuglarina
sahip bir STS elde etmek i¢in literatiirde Onerilen farkli
Oznitelik secim yoOntemleri ile gesitli makine 6grenmesi
tekniklerinin kullanilmasina odaklanilmigtir. STS igin
gelistirilen makine 6grenimi modeli yaklasimi Sekil 2°de
verilmistir. Model iki asamadan olusmaktadir; Veri 6n
isleme ve Tabakali 5-Katlamali Capraz Dogrulama. ilk
asamada veri temizleme ve doniistirme islemlerinden
sonra Oznitelik se¢cimi uygulanmig sonraki asamada elde
edilen yeni veri kiimesi iizerinde 5-Katlamali Capraz
Dogrulama kullanilarak secilen makine Ogrenmesi
modelleri uygulanmustir.

Veri 6n isleme asamasi, CSE-CIC-IDS2018 veri kiimesi
iizerinde; eksik Oznitelik degerlerinin tamamlanmasi,
hatal1 verinin diizeltilmesi, tutarsizliklarin saptanmasi ve
temizlenmesi, Ol¢eklendirme, normalizasyon ve c¢esitli
Oznitelik  secim  ydntemlerinin  uygulanmasindan
olugmaktadir. Veri kiimesinin oldukga fazla rnek icermesi
ve sadelik ihtiyaci sebebiyle, 6znitelik secim yontemleri
uygulanmadan veri kiimesi atak dagilimlar1 degismeyecek
sekilde %50 oraninda kii¢tiltiilmiistiir.

Uygulanan her bir 6znitelik se¢im yontemi i¢in, egitim veri
kiimesi ile Adaptif Yiikseltme (AdaBoost), Karar Agaci,

Lojistik Regresyon, Cok Katmanli Algilayici (MLP),
Ekstra Agaclar, Pasif-Agresif ve Gradyan Artirma makine
O6grenme algoritmalar1 kullanilarak olusturulan modeller
egitilmistir. Test veri kiimesi ile, olugturulan saldir1 tespit
modellerinin bir degerlendirmesi ve performanslarinin
karsilagtirmali analizi yapilmistir.

Performanslar Tabakali 5-Katlamali Capraz Dogrulama
(Stratified 5-Fold Cross Validation) teknigi kullanilarak
dogruluk (accuracy), kesinlik (precision), duyarlilik
(recall), F1-Skoru (F1-Score) ve hesaplama zamani
metrikleri iizerinden degerlendirilmistir. Kullanilan veri
kiimesi, dznitelik se¢im yontemleri ve modeller ile ilgili
bilgiler devam eden kisimda detaylandirilmistir.

Veri Kiimesi

Calismada Kanada Siber Giivenlik Enstitlisii (Canadian
Institute for Cybersecurity) ve iletisim Giivenligi Kurulusu
(Communications Security Establishment) is birligi ile
tiretilmis ve herkese kullanim imkéan1 sunulmus, giincel bir
veri kiimesi olan CSE-CIC-IDS2018 tercih edilmistir [27].

Veri kiimesinde BruteForce (Web, XSS, FTP, SSH),
Botnet, DoS (Hulk, SlowHTTPTest, GoldenEye,
Slowloris), DDoS (HOIC, LOIC-UDP, LOIC-HTTP),
Web saldirilar1 (SQL Injection) ve Aga igeriden sizma
(Infilteration) olmak tizere 6 tipte 14 farkli saldiri tird
(2,748,235 saldir1) vardir. CICFlowMeter-V3  [29]
kullanilarak elde edilen paketler ag trafik akiglarina
dondstirilmiis ve 80 6znitelik sunulmustur.

Veri On igleme *,

Veriyi yeniden
boyutiandirma
Alt Omekdeme
Ki-Kare Testi [ Sk
Ozellix Segimi Spearman’in
U var Siralama Korelasyon
g Katsayisi
Ozyinslemeli Ozslli
Sagimi
‘ Tabakal! 5-Katlamah Veri
i ( l—‘—l 7 [y ——
CE oot ver —
i3 \
)
L8
| g
1
[
[ L Siniflandincilan Pasiagrest
8 Deg ==

Sekil 2. Gelistirilen makine 6grenmesi modeli

Sekil 3, normal ve c¢esitli saldirt tiirlerinin  veri
kiimesindeki dagilimlarini, Sekil 4’de her etiket igin 6rnek
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dagilimlar1 gostermektedir. Her iki sekilde de Benign tipli
veri sayisinin oldukg¢a fazla oldugu goriilmektedir bu da
Yanlis Negatif sayisinin fazla olmasina sebep olacak ciddi
bir hata ile sonuclanabilir.

SQLInjection = 87

Infilteration | 161934

Dos/DDos [ 1918233

Brute Force [] 381790
Bot | 286101

senign I 13484708

0 5000000 10000000 15000000

Sekil 3. Etiket kategori dagilim1

SSH-Bruteforce || 187589
5QL Injection 87
Infilteration | 161934
FTP-BruteForce | 193360
DoS attacks-Slowloris 10990
DoS attacks-SlowHTTPTest | 139890
DoS attacks-Hulk [} 461912
DoS attacks-GoldenEye 41508
DDoS attacks-LOIC-HTTP [ 576191
DDOS attack-LOIC-UDP 1730
DDOS attack-HOIC B 686012
Brute Force -XS5 230
Brute Force -Web | 611
Bot | 286191

Benign 13484708

0 5000000 10000000 15000000

Sekil 4. Veri kiimesindeki etiket sayisi

Tablo 1 CSE-CIC-IDS2018 veri kiimesinde yer alan bazi
oznitelikler i¢in kisa agiklamalar igermektedir. Oznitelikler
ve ayrintili agiklamalar igin referans [27] incelenebilir.

Tablo 1. CSE-CIC-IDS2018 6znitelikler

Oznitelik Kisa Aciklama

Dst Port Hedef Baglanti Noktast

Totfwd/bwdpkts Ileri ve geri yonlerde toplam
paket sayisi

Fwd/bwdpkts Saniyedeki ileri/geri paket
sayisl

Flowduration Akis siiresi

Wl min éklsm aktif haleugelfneden

- once bosta kaldig1 siire

Oznitelik Secimi

Oznitelik ~ secimi, tahmine veya beklenen ¢ikt1
degiskenlerine katkida bulunabilecek 6nemli 6zniteliklerin
secilme siirecidir [4]. Oznitelik seciminde kullanilan
yontemler, istatistiksel bilgiye dayali olan filtreleme (filter)

yontemleri, Oznitelikler t{izerinde arama islemleri
gerceklestiren sarmal (wrapper) yontemler ve en iyi bolen
Olciitinii  bulmaya dayali olan gomiili (embedded)
yontemler olmak {izere genel olarak {i¢ grupta
toplanmaktadir [29].

Egitim ve test modelinde kullanilacak 6znitelikler 3 farkli
yontem uygulanarak belirlenmeye c¢alisilmistir; Ki-Kare
(Chi-Square) Testi, Spearman’mn Siralama Korelasyon
Katsayis1 (Spearman’s Rank Correlation Coefficient) ve
Ozyinelemeli Oznitelik Eliminasyonu (Recursive Feature
Elimination-RFE).

Ki-Kare istatistiksel testi, Oznitelikler ve cevap
degiskenleri arasindaki iligkinin giiclinii gostererek en iyi
Ozniteliklerin se¢imini kolaylastirir [30].

Spearman'in  Siralama Korelasyon Katsayisi, yiiksek
korelasyonlu 6znitelikleri tanimlamak igin kullanilir [32].

Ozyinelemeli Oznitelik Eliminasyonu (RFE), en zayif
Ozniteligi (veya Oznitelikleri) belirtilen 6znitelik sayisina
ulagilana kadar 6zyinelemeli olarak ortadan kaldirarak,
orijinal veri kiimesini temsil edebilecek en iyi alt kiimenin
belirlenmesini saglar.

Belirtilen ii¢ yontem i¢in CSE-CIC-IDS2018 veri
kiimesindeki her bir 06zelligin puan hesaplamalari
yapilmigtir. Yapilan puan hesaplamalari sonucunda esigi
gegen Oznitelikler ile siniflandiricilar lizerinde performans
karsilagtirmalart yapilmustir.

Ki-Kare Testi, Spearman’in Korelasyon Siralama
Katsayis1 ve RFE yontemleri uygulanarak sirasiyla 31, 25
ve 40 Oznitelik belirlenmistir. Belirlenen 6znitelikler ile
olusturulan yeni veri kiimeleri gesitli makine 6grenimi
algoritmalar1 kullanilarak siniflandirilmistir. Belirlenen
Oznitelikler ile ilgili tim detaylar Uygulama ve Basarimlar
boliimiinde yer almaktadir.

Sonuglar, sistem basariminin Ki-Kare testi ve Spearman’in
korelasyon analizi uygulandiginda diistiigiinii, RFE
yontemi uygulandiginda ise arttigini goéstermistir. En
yiiksek basarimi veren model %98,76 dogruluk orani ile
Ekstra Agaglar modeline ait olsa da siire metrigi dikkate
alindiginda sirastyla %98,65 ve %95,15 dogruluk oranlar1
ile Karar Agaci ve Lojistik Regresyon modelleri de 6n
plana ¢ikmigtir.

Kullanilan Makine Ogrenmesi Yaklasimlari

Bu kisimda ¢alismada kullanilan makine 6grenmesi
yaklagimlarindan bahsedilmistir.

Karar Agaci Algoritmasi (DT), smiflandirma ve regresyon
icin kullanilan parametrik olmayan denetimli bir 6grenme
yontemidir. Amag, veri Ozniteliklerinden ¢ikarilan basit
karar kurallarin1 &grenerek, hedef degiskenin degerinin
tahmin edildigi bir model olusturmaktir.

Adaptif  Yiikseltme Algoritmast (ADA), “Adaptive
Boosting” yaklasiminin kisaltmasi olan AdaBoost, prestijli
Godel odiiliine layik goriilmiis ilk basarili boosting
algoritmasidir.  Amag, siniflandirma  problemlerine
odaklanarak bir takim zayif simiflandiricilart giiclii olana
doniistiirmektir. Algoritmada baslangicta her bir 6rnek igin
esit bir dagilim ile baglanir ve siniflandirma performansina
gore en 1yi zayif siniflandirici bulunur. Ardindan agirliklar
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giincellenerek yanlis siiflandirilan 6rneklere odaklanilir.
Boylelikle belirli sayidaki iterasyon sonucunda en giiclii
zaylf siniflandiricilar bir araya getirilerek giiclii bir
siniflandirici olusturulur ve simiflandirma basarisi arttirilir
[32, 33].

Lojistik Regresyon (LR), bagimli degiskeni ikili (binary)
yapida olan veri kiimeleri iizerinde uygulanan bir
regresyon analizidir. Diger tiim regresyon analizlerinde
oldugu gibi, lojistik regresyon da bir tahmin analizidir. Bu
tiir analizlerde temel amag bagimli ve bagimsiz degiskenler
arasindaki iligkiyi, en az degisken ile en iyi uyuma sahip
olacak bi¢imde tanimlayabilen, kabul edilebilir bir model
kurmaktir [34].

Ekstra Agaglar (ET), Rastgele Orman siniflandiricisinin
farkli bir versiyonudur. Rastgele orman metodunda oldugu
gibi veri kiimesinin kopyalar1 kullanilarak model egitilir,
ancak diiglimlerin dallara ayrilma asamasinda karar kriteri
kullanarak optimum ayrilmay1 yapmak yerine rastgele
dallanma yoluna gidilir. Bu metot, baz1 veri analizi
problemlerinin ¢oziimiinde karmagikligt ve islem yiikiinii
azaltmasina ragmen yliksek giirtiltii barindiran biiytik veri
kiimelerinin analizinde performansi diisiiktiir. Istatistiksel
acidan degerlendirildiginde bu yontem genellikle bias
artisina sebep olurken varyansi diisiiriir [35].

Pasif-Agresif (PA) Algoritmalar, c¢evrimi¢i Ggrenme
algoritmalaridir. Genellikle biiyiik 6lgekli veriler igin
kullanilir. Tiim egitim veri kiimesinin bir anda kullanildig1
toplu  Ogrenmenin  aksine  ¢evrimi¢i  Ogrenme
algoritmalarinda, giris verileri sirayla gelir ve model adim
adim giincellenir [34].

Cok Katmanli Algilayicilar (MLP), glinimiizde birgok
problemin ¢oziimiinde kullanilmaktadir. Bugiin 6zellikle
smiflandirma islemlerinde en ¢ok kullanilan yontemlerin
basinda gelmektedir. MLP’ de Delta 6grenme kurali
denilen bir &grenme yontemini kullanilmaktadir. Bu
kuralin amaci; agin istenen ¢ikti ile tirettigi ¢ikti arasindaki
hatayr minimum yapmaktir. MLP’ler; girdi katmani, gizli
katmanlar ve ¢ikti katmani olmak iizere 3 katmandan
olusmaktadir. Bilgiler girdi katmanindan aga tanitilir, gizli
katmanlardan ¢ikti katmanina ulasir ve ¢ikti katmanindan
dis dinyaya aktarilir. MLP’lerde; egiticili 6grenme
yontemi kullanilmaktadir. Aga hem o6rnekler hem de bu
orneklerden olusturulmasi gereken ¢iktilar sunulmaktadir.
Ag; drneklere bakarak problem uzayinda bir ¢dziim iiretir,
bu genellemeye bagli olarak gelecek yeni drnekler i¢in de
¢Oziim iiretebilmektedir [37].

Gradyan Arturma Algoritmast (GB), siniflandirma ve
regresyon icin kullanilan denetimli bir makine 6grenme
yontemidir. Adaptif Yikseltme algoritmasina benzer
sekilde, zayif  smiflandirma  modellerinin  bir
kombinasyonu, genellikle bir karar agaci, modeli
olugturulur. Bu yontem, her adimda yinelemeli olarak
kayip fonksiyonunu en iyi azaltan yeni bir karar agaci
ekleyerek, yiliksek tahmin dogruluguna sahip giiglii bir
siiflandirici elde etmeyi amaglar.

Gelistirilen sistemde “scikit-learn” kiitiiphanesi igerisinde
yer alan siiflandiricilar diger caligmalar ile karsilagtirma
yapilabilmesi adina  varsayilan  parametreler ile
kullanilmistir.

Degerlendirme Metrikleri

Makine o6grenimi siniflandiricilarmin  performanslarini
degerlendirmek i¢in yaygin olarak birkag dl¢iim kullanilir.
Onerilen modeli degerlendirmek igin asagidaki performans
Olciitleri kullanilmistir [37]:

Denklemlerdeki TP, FP, TN ve FN sirastyla dogru pozitif,
yanlis pozitif, dogru negatif ve yanlis negatifi temsil
etmektedir.

Dogruluk (Accuracy); Dogru sekilde smiflandirilan

orneklerin toplam 6rnek sayisina oranidir.

TP + TF @)
TP + TF + FP + FN

Dogruluk =

Kesinlik (Precision); Dogru siniflandirilmis pozitif 6rnek
sayisinin, toplam pozitif tahminlenmis 6rnek sayisina
oranidir.

TP 2)

Kesinlik = m

Duyarlilik (Recall); Dogru siniflandirilmis pozitif 6rnek
sayisinin, toplam pozitif 6rnek sayisina oranidir.

TP 3)

Duyarllllk = TP+—FN

Kesinlik ve duyarlilik dlgiitleri tek basina anlamli bir
kargilagtirma sonucu ¢ikarmamiz igin yeterli degildir.
Kesinlik, Tip 2 Hata (False Negative) degerini, duyarlilik
ise Tip 1 Hata (False Positive) degerini dikkate almaz. Bu
sebeple, her iki 6l¢iitiin beraber degerlendirildigi tiim hata
maliyetlerini igeren F1-Skor tamimlanmistir. F1-Skor,
kesinlik ve duyarliligin harmonik ortalamasidir.

2 x Kesinlik * Duyarlilik 4)
Kesinlik + Duyarlilik

F1 — Skor =

Uygulama ve Basarimlar

Onerilen sistemi gergeklemek igin Python programlama
dili, makine 6grenimi ile veri isleme araglarindan Sklearn
[38], Numpy [39] ve Pandas [40] kiitiiphaneleri ile birlikte
kullanmilmistir.  Asagidakiler  degerlendirmeler  igin
kullanilan 64-bit Microsoft Windows isletim sistemli
bilgisayara ait teknik 6zelliklerdir:

e CPU: Intel Core i7-7700K @ 4.2 GHz
e RAM:32GB

Veri Onisleme

Veri kiimesinden CICFlowMeter-V3 ile oznitelikler
¢ikarilmig ve Flow ID, Source IP, Source Port, Destination
IP ve Destination Port oznitelikleri veri kiimesinden
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silinmistir. Ek olarak bir saldir1 i¢in saldir1 zamani bilgisi
onemsiz oldugundan ve saldir1 zamaninin saldir1 durumu
veya tipi ile herhangi bir iliskisi bulunmadigindan
Timestamp o6zniteligi de veri kiimesinden silinmistir.
Hatalart 6nlemek igin ‘Infinity” ve ‘NaN’ degerleri uygun
degerler ile degistirilmistir. InitFwd Win Byts ve InitBwd
Win Bytes siitunlart bazi  6rneklerde -1 degerini
icermektedir. Bu sebeple InitFfwd Win BytsNeg ve
InitBwd Win BytsNeg seklinde iki yeni siitun
olugturulmustur. Olugturulan siitunlara orijinal 6znitelikler
g6z oniine almarak; -1 degerini iceren veri ile
karsilagtiginda 1, aksi durumda O degerleri atanmistir. Son
olarak veri 6l¢eklendirilmis ardindan normalize edilmistir.

Veri kiimesinde 16.232.943 adet veri oldugundan sadelik
ihtiyaci ve hesaplama siiresinin azaltilmasi a¢isindan Near-
Miss alt 6rnekleme algoritmasi kullanilarak veri kiimesi
%50 oraninda kiiciiltiilmiistiir. Bu kiigiiltme sadece veri
sayisi lizerinde yapilmis 6znitelik sayisinda herhangi bir
degisiklik yapilmamistir. Veri kiimesi %350 oraninda
kiiglildiikten sonra veri sayist 8.116.473 olmustur.
Kiigiiltme islemi, en yakin {i¢ azinlik sinifi 6rnegine
minimum ortalama mesafeye sahip ¢ogunluk simif
ornekleri lizerinden eleme yapilarak, atak dagilimlari ve
orijinal veri kiimesi ile elde edilen dogruluk ve F1-Skor
degerleri yaklasik esit olacak sekilde yapilmigtir. Tablo 2
ve Tablo 3 orijinal ve kiiciiltiilmiis veri kiimesi i¢in
Dogruluk, F1-Skor ve Siire degerlerinin karsilagtirmalarini
icermektedir.

Tablo 2. Lojistik regresyon tabanli 5-katlamali ¢capraz
dogrulama sonuglari

Veri kiimesi Dogruluk (%) | F1-Skor (%) | Siire (dk)
Orijinal 95,13 90,80 14,50
Kiigiiltiilmis 95,15 90,79 08,05

Tablo 3. Karar agaclar1 tabanli 5-katlamali ¢apraz
dogrulama sonuglari

Veri kiimesi | Dogruluk (%) | F1-Skor (%) | Siire (dk)
Orijinal 98,75 97,33 78,29
Kigtltilmig | 98,65 97,34 4930

Sekil 5 kiigtltiilmiis veri kiimesindeki her etiket i¢in atak
dagilimlarin1 gostermektedir. Calismanin bundan sonraki
kisminda kii¢iiltiilmiis veri kiimesi ile islem yapilmistir.

8000000

7000000 6742354

6000000
5000000
4000000
3000000
2000000
959117

1000000

143096 190895 80067 a

Benign Bot Brute Force Do5/DDoS  Infilteration SQL Injection

Sekil 5. Etiket kategori dagilimi

‘Label’ slitunu verinin hangi saldiri tiiriinde oldugunu
gostermektedir. Bu siitun ikili siniflandirmaya uygun
olacak sekilde sayisallagtirilmigtir. Tablo 4  veri
kiimesindeki normal ve kotii amaglt ag trafik yiizdesini
gostermektedir.

Tablo 4. Normal ve kot amagh ag trafik yiizdesi

Say1 Yiizde (%)
Normal 6.742.354 83,07
Saldin 1.374.119 16,93
Oznitelik Secimi

Capraz dogrulama isleminin hesaplama ve zaman
yoniinden maliyetli olmasi sebebiyle joblib kiitiiphanesi
kullanilarak ¢ok-g¢ekirdekli paralellestirme (multi-core
parallelism) uygulanmis, ¢aligma zamani diisiirilmiistiir.
Makine Ogrenmesi modellerinin veri kiimesinde bulunan
tim Oznitelikler ile calistirilmast sonucu elde edilen
dogruluk degeri basarimlart ve iglem siireleri Tablo 5 de
gosterilmektedir. Elde edilen sonuglar agac¢ tabanli
algoritmalarin ~ basarimlarinin yiiksek oldugunu
gostermektedir. En yiiksek dogruluk degeri 98,74 ile
Ekstra Agaglar modeline aittir. Dogruluk degeri ve islem
stiresi birlikte degerlendirildiginde Karar Agaci ve Lojistik
Regresyon modellerinin de 6n plana ¢iktig1 goriilmektedir.

Tablo 5. Tiim 6znitelikler ile model bagarimlari

Model Dogruluk (%) Hata (%) Siire (dk)
ET 98,74 1,26 20,53

GB 98,70 1,30 157,55

DT 98,65 1,35 14,04

ADA 97,73 2,27 35,36

MLP 97,66 2,34 270,38

LR 95,15 4,85 3,09

PA 91,82 8,18 1,58
Sekil 6 verilen algoritmalarm tim Ozniteliklerle

calistirilmast sonucu olusan dogruluk ve hata oranlarinin
degerlerini gostermektedir. Bu degerler incelendiginde en
optimum sonucu Ekstra Agaclar algoritmasinin sagladigi
goriilmektedir.
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pastagrest SR
ojstkRegresyon S
Cok katmanh Alglayic |GG
naapt ke SR
GradyanArtina - ST
elsts s S

86 88 90 92 94 96 98 100 102

B Dofruluk (%) W Hata Orami (%)

Sekil 6. Tiim &znitelikler ile ulasilan dogruluk ve
hata orani

STS i¢in en uygun veri yapisi ve igerigini belirlemek i¢in
oznitelik se¢im yontemlerinin sonuglart kargilagtirilmustir.
Oznitelikler 3 yaklasim ile belirlenmistir.

1. Her bir Ozniteligin puam
uygulanarak  hesaplanmis,
oznitelikler kaldirilmigtir.

testi
puanlt

Ki-Kare
diisiik

2. Yiiksek korelasyona sahip 6znitelikler Spearman
korelasyon analizi ile belirlenerek kaldirtlmistir.

3. Ozyinelemeli Oznitelik Eliminasyonu ile, tiim
Oznitelikler siralanarak en zayif Oznitelikler
belirtilen oznitelik sayisina ulagilincaya kadar
kaldirilmgtir.

Ki-Kare test sonuglar1 Tablo 6’da sunulmustur. Tablodaki
hiicreler modelde kullanilacak yiiksek puanli 6znitelikleri
gostermektedir.

Tablo 6. Ki-Kare 6znitelik se¢imi

Omitelik ismi  |Puan | OZMitelik Puan
Ismi
FlowDuration 6,37 Bwd IAT Max 6,07
TotBwdPkts 5,92 BwdPkts/s 5,52
TotLenBwdPkts | 5,69 PktLenMin 5,06
FwdPktLenMax | 7,21 PktLenMax 9,00
FwdPktLenMin 6,15 PktLenMean 6,16
FwdPktLenStd 8,00 PktLenStd 7,52
BwdPkiLenMax | 6,36 Down/UpRatio 9,23
BwdPktLenMin 7,96 Pkt Size Avg 6,27
BwdPktLenStd 6,74 SubflowBwdPkts 5,92
Flow IAT Mean 6,38 SubflowBwdByts 5,69
Flow IAT Std 6,31 FwdAct Data Pkts 5,80
Flow IAT Min 6,38 Active Std 9,82
Fwd IAT Tot 6,37 ldleMean 5,16

Fwd IAT Mean 6,38 IdleMin 8,39

Fwd IAT Std 735 | MMitbwd Win 5,84
BytsNeg

Fwd IAT Min 6,38

Tablo 7 belirlenen Oznitelikler ile modellerin dogruluk
deger karsilastirmalarini igermektedir. Sonuclar agac
tabanli algoritmalarin basarimlarinin yiiksek oldugunu
fakat tiim Ozniteliklerle elde edilen sonuglar ile
kargilagtirildiginda dogruluk degerlerinin az miktarda
distiigiinii  gostermektedir. Ek olarak, veri boyutunun
indirgenmesi islem yiikiinii azalttigindan dolay1 islem
stiresi kisalmugtir.

Tablo 7. Ki-Kare 6znitelik se¢im yontemi ile model
bagarimlari

Model Dogruluk (%) Hata (%) |Siire (dk)
ET 98,61 1,39 16,26

DT 98,33 1,67 3,39

GB 98,33 1,67 75,55
ADA 96,99 3,01 16,43
MLP 96,41 3,59 239,29
LR 84,30 1,57 1,06

PA 77,36 22,64 0,25

Sekil 7 verilen algoritmalarin Ki-Kare 6znitelik se¢imi ile
belirlenen Oznitelikler kullanilarak galistirilmasi sonucu
olusan dogruluk ve hata oranlarinin degerlerini
gostermektedir. Sekil 6’ya benzer olarak en basarili
algoritmanin Ekstra Agaclar oldugu gériilmiistiir.

pasit-Agresit s
Lojistik Regresyon [N

Cok Katmanh Alglayc: - [ SEEs
Adaptif Yiikseltme [
Gradyan At S
Karar g S
fisra Aactr G

0 20 40 60 80 100 120

mDogruluk (%) mHata (%)

Sekil 7. Ki-Kare 6zellik se¢imi ile ulagilan dogruluk
ve hata orani

Spearman korelasyon analizine ait sonuglar Tablo 8’de
gosterilmektedir. Bu c¢aligmada, yiiksek korelasyonlari
belirlemek i¢in 0,8 esik degeri kullanilmistir. Uygulama
sonras1 77 dznitelik igerisinden 25 6znitelik belirlenmistir.
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Tablo 8. Spearman’in siralama korelasyon katsay1si
Oznitelik se¢imi

Oznitelik ismi Oznitelik ismi
1 Protocol 14 | CWE FlagCount
2 | TotFwdPkts 15 | Down/UpRatio
3 FwdPktLenMin 16 | FwdByts/b Avg
4 FlowPkts/s 17 | FwdPkts/b Avg
5 Fwd PSH Flags 18 | FwdBIk Rate Avg
6 Bwd PSH Flags 19 | BwdByts/b Avg
7 Fwd URG Flags 20 | BwdPkts/b Avg
8 Bwd URG Flags 21 | BwdBIk Rate Avg
9 | BwdPkts/s 22 | Active Mean
10 |FIN FlagCnt 23 | Active Std
11 |RST FlagCnt 24 |ldleMean
12 |PSH FlagCnt 25 | InitFwd Win BytsNeg
13 | URG FlagCnt

Tablo 9 belirlenen Oznitelikler ile modellerin dogruluk
deger karsilagtirmalarini icermektedir. Sonuglar agag
tabanli modellerin islem siiresi ve dogruluk degerleri
yonlerinden Ki-Kare testine ait sonuglara kiyasla daha
basarili oldugunu gostermektedir. Uygulanan her iki
Oznitelik se¢cim yontemi tiim Oznitelikler ile elde edilen
sonuglar ile karsilastirildiginda islem siiresi yoniinden
olumlu bir etki olustursa da dogruluk degerlerinde bir artig
olusturmamustir.  Ozellikle lineer modellerin basarimi
dismistiir.

Tablo 9. Spearman’in siralama korelasyon katsayist
Oznitelik se¢im yontemi ile model bagarimlari

Model Dogruluk (%) Hata (%) |Siire (dk)
ET 98,69 1,31 12,10

DT 98,42 1,58 1,32

GB 98,35 1,65 28,23
ADA 97,20 2,80 7,53

MLP 95,94 4,06 194,53
PA 85,07 14,93 0,18

LR 81,27 187 0,53

Sekil 8 wverilen algoritmalarin Spearman’in Siralama
Korelasyon  Katsayis1  ile  secilen  Ozniteliklerle
calistirilmast sonucu olusan dogruluk ve hata oranlarinin
degerlerini gostermektedir. 25 6znitelik ile ¢aligan makine
O0grenmesi  algoritmalarmin  hata  oranlarmin  tiim
Oznitelikler kullanilarak elde edilenlere gére daha ytiksek
oldugu goriilmektedir.

Lojistik Regresyon

Pasif-Agresif

Cok Katmanh Algilayici

Adaptif Yilkseltme

Gradyan Artirma 5

Karar Agac | s

Ekstra Agaglar 1

o

20 40 60 80 100 120

M Dogruluk (%) ® Hata (%)

Sekil 8. Spearman’m siralama korelasyon katsayisi
Ozellik se¢imi ile ulagilan dogruluk ve hata orani

RFE yonteminde ilk asama tim Oznitelik kiimesinin
kullanilarak bir model olusturulmasi ve her 6znitelik i¢in
bir 6nem puaninin hesaplanmasidir. Sonraki asamada en az
Onem puanina sahip 6znitelikler ortadan kaldirilarak model
yeniden olusturulur ve 6nem puanlari tekrar hesaplanir. Bu
islem 6znitelik kiimesinde istenilen sayida dznitelik kalana
kadar devam ettirilir. Dolayisiyla, se¢im sonunda istenilen
Oznitelik alt kiimesi bir ayar parametresidir.

Bu yontemde belirlenmesi gereken bir diger parametre ise
Ozniteliklerin 6nem puanlarinin belirlenecegi makine
6grenme yontemidir. Tiim 6znitelikler ile elde edilen Karar
Agact model basariminin dogruluk ve siire metrikleri
yoniinden diger modellere kiyasla daha basarili olmasi
sebebiyle 6nem puanlarinin belirlenmesinde kullanilacak
makine Ogrenimi yontemi Karar Agaci olarak
belirlenmistir. Model basarimlari 60, 50, 40 ve 30 6znitelik
sayisi igin incelenmis ve 40 Oznitelik sayisinin model
basarimini artirdigt ve islem siiresini azalttig1 tespit

edilmistir. ~ Tablo 10 Ozyinelemeli  Oznitelik

Eliminasyonuna ait sonuglar1 géstermektedir.

Tablo 10. Ozyinelemeli 6znitelik eliminasyonu
Oznitelik ismi Oznitelik ismi

1 Protocol 21 |Bwd IAT Min

2 FlowDuration 22 | FwdHeaderLen

3 FwdPktLenMax 23 | BwdHeaderLen

4 | FwdPktLenMean 24 | FwdPkts/s

5 FwdPktLenStd 25 | BwdPkts/s

6 BwdPktLenMax 26 | PktLenMax

7 BwdPktLenStd 27 | PktLenStd

8 FlowByts/s 28 | RST FlagCnt

9 FlowPkts/s 29 | PSH FlagCnt

10 |Flow IAT Mean 30 | ACK FlagCnt

11 |Flow IAT Max 31 |URG FlagCnt
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12 | Flow IAT Min 32 | ECE FlagCnt metrik olabileceginden kesinlik, duyarlilik, F1-Skor
degerleri de incelenmistir. Tablo 12 tiim Oznitelikleri
13 |Fwd IAT Tot 33 | Pkt Size Avg kullanilarak elde edilen basarimlart icermektedir.
14 | Fwd IAT Mean 34 | BwdSeg Size Avg Tablo 12. Tim oznitelikler - kesinlik, duyarlilik, F1-skor
15 |Fwd IAT Max 35 | FwdAct Data Pkis degerleri
16 |Fwd IAT Min 36 | FwdSeg Size Min Model | Kesinlik (%) |Duyarhlik (%) F1-Skor (%)
17 |Bwd IAT Tot 37 | Active Max ADA 96,44 94,47 95,42
18 | Bwd IAT Mean 38 | Active Min DT 97,40 97,28 97,34
19 |Bwd IAT Std 39 |ldleMin LR 89,35 92,42 90,79
20 |Bwd IAT Max 40 | InitBwd Win BytsNeg MLP 95,36 96,04 95,61
Tablo 11 belirlenen éznitelikler ile modellerin dogruluk ~ ET 97,82 97,19 97,50
deger karsilagtirmalarint icermektedir. PA 90,07 87.46 9047
GB 98,51 96,32 97,38

Tablo 11. RFE yontemi ile model basarimlari

Model Dogruluk (%) Hata (%) | Siire (dk)
ET 98,76 1,24 8,19

GB 98,71 1,29 117,04
DT 98,65 1,35 6,34
ADA 97,77 2,23 24,24
MLP 97,77 2,23 177,19
LR 95,15 4,85 1,20

PA 94,77 5,23 0,35

Sekil 9 verilen algoritmalarin RFE yontemi ile segilen
oOzniteliklerle ¢aligtirilmasi sonucu olusan dogruluk ve hata
oranlarinin degerlerini gostermektedir. Bu tabloya gore
RFE uygulanmis veri kiimesi ile ¢alisan makine 6grenmesi
algoritmalarinin hata oran1 diismiis veya sabit kalmistir.

Pasif-Agresif

Lojistik Regresyon

Cok Katmanl Algilayici
Adaptif Yiikseltme
Karar Afaci

Gradyan Artirma

I

Ekstra Agaglar

9

=1

93 94 95 96 97 98 99 100 101

mDogruluk (%) mHata (%)

Sekil 9. RFE ile 6zellik se¢imi ile ulasilan dogruluk
ve hata orani

Tablo 11 de yer alan sonuglar ve tiim O6zniteliklerle elde
edilen sonuclar dogruluk ve siire metrikleri {izerinden
karsilastirildiginda  6zyinelemeli  sistemin  basarimi
artirdig1 goriilmiistiir. Ancak yalnizca dogruluk orani CSE-
CIC-IDS2018 gibi dengesiz bir veri kiimesinde yaniltici bir

Tablo 13 RFE yontemi ile belirlenen 6znitelikleri igeren
veri kiimesine ait sonuglar1 gostermektedir.

Tablo 13. RFE yontemi ile belirlenen 6znitelikler —
kesinlik, duyarlilik, F1-skor degerleri

Model |Kesinlik (%) |Duyarhlik (%) F1-Skor (%)
ADA 96,58 94,49 95,50
DT 97,40 97,28 97,34
LR 89,35 92,41 90,79
MLP 95,51 95,80 95,68
ET 97,86 97,21 97,53
PA 87,03 86,19 79,62
GB 98,52 96,34 97,39

Elde edilen sonuglar, RFE yontemi kullanildiginda Pasif-
Agresif smiflandirma modelinin dogruluk degerlerinin
artigim1  fakat saldirt  tespit basarisinin - diistiigiini
gostermistir. Diger modeller i¢in kesinlik ve duyarlilik
degerlerinin genel olarak iyilestigi, dogruluk degeriyle
birlikte saldir1 tespit basarisinin da arttigi goriilmistiir.
Kesinlik ve duyarlilik metrikleri tek baslarina model
basarimimi degerlendirme igin yeterli metrikler degildir.
Kesinlik False Negative (normal trafik olarak yanlis
niteleme) degerini, duyarlilik ise False Positive (saldir
olarak yanlis niteleme) degerini dikkate almaz. Bu yiizden
F1-Skor metrigi model basariminin degerlendirilmesi i¢in
en anlamli Sl¢iim yontemidir. En yiiksek dogruluk ve
saldir1 tespit bagarimi1 Ekstra Agaclar modeline ait olsa da
stire metrigi dikkate alindiginda 98,65 orani ile Karar
Agaci modelinin daha basarili oldugu sdylenebilir.

Sonug¢ ve Gelecek Calismalar

Bu ¢alismada CSE-CIC-IDS2018 veri kiimesi tizerinde
farkli 6znitelik se¢im yontemleri kullanilarak cesitli STS
modelleri gelistirilmistir. Ki-Kare Testi, Spearman’in
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Siralama Korelasyon Katsayisi ve Ozyinelemeli Oznitelik
Eliminasyonu (RFE) olmak iizere 3 farkli 6znitelik secim
yontemi kullanilarak elde edilen yeni veri kiimelerinin,
orijinal boyuttaki veri kiimesi ile karsilastirilmast igin
Adaptif Yiikseltme, Karar Agaci, Lojistik Regresyon, Cok
Katmanli Algilayici, Ekstra Agaglar, Pasif-Agresif ve
Gradyan Artirma smiflandirma algoritmalar1
kullanilmistir.  Tiim deneylerin Tabakali 5-Katlamali
Capraz Dogrulama ile gerceklestirilmesi sebebiyle olusan
hesaplama ve  zaman  maliyeti  ¢ok-cekirdekli
paralellestirme  (multi-core parallelism) uygulanarak
distrialmiistir. Ki-Kare istatistiksel testi ve Spearman
korelasyon analizi uygulanarak olusturulan yeni veri
kiimeleri ile elde edilen model basarimlarinda, aga¢ tabanli
yontemlerin basarimlarinin %97°nin iizerinde oldugu
goriilmektedir. Spearman korelasyon analizine ait sonuglar
agac tabanli modellerin islem siiresi ve dogruluk degerleri
yonlerinden Ki-Kare testine ait sonuglara kiyasla daha
basarili oldugunu goéstermektedir. Uygulanan her iki
Oznitelik se¢cim yontemi tiim Oznitelikler ile elde edilen
sonuglar ile karsilastirildiginda islem siiresi yoniinden
olumlu bir etki olustursa da dogruluk degerlerinde bir artig
olusturmamustir.  Ozellikle lineer modellerin  basarimi
diismiistiir. RFE yontemi kullanilarak elde edilen sonuglar
diger iki yontemdeki gibi dogruluk ve siire metrikleri
yonlerinden incelendiginde tiim modeller igin sistemin
basariminin arttig1 goriilmiistiir.

Bu asamada yalnizca dogruluk oran1 CSE-CIC-1DS2018
gibi dengesiz bir veri kiimesinde yaniltict bir metrik
olabileceginden kesinlik, duyarlilik, F1-Skor degerleri de
incelenmistir. Elde edilen sonuglar, RFE yontemi
kullanildiginda Pasif-Agresif smiflandirma modelinin
dogruluk degerlerinin arttigin1  fakat saldir1 tespit
basarisinin diistiigiinii gostermistir. Diger modeller igin
dogruluk degeriyle birlikte saldir1 tespit basarisinin da
arttigr goriilmiistiir. En yiiksek dogruluk ve saldiri tespit
basarim1 %98,76 orani ile Ekstra Agaclar modeline ait olsa
da siire metrigi dikkate alindiginda %98,65 orani ile Karar
Agaci ve %95,15 orani ile Lojistik Regresyon modelleri de
on plana c¢ikmaktadir. Bu baglamda, dogru ayar
parametreleri ile kullanilan RFE 6znitelik se¢im yontemi
ile makine Ogrenimi tabanli STS’lerin basarim ve
performanslarnin  artirabilecegi  goriilmiistiir.  ileriki
caligmalarda, -saldir1  tespitinin  bagsariminin  ve
performansimin artirilmast amagli- bir makine 6grenimi
yonteminin tahmin performansindan ziyade, birden fazla
makine 6grenimi yonteminin tahminlerini birlestiren toplu
bir 6grenme modeli 6nerilmesi ve 6nerilen modelin Derin
Ogrenme yaklasimlar1 kullanilarak karsilagtirmali  bir
analizinin yapilmasi planlanmaktadir.
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Artificial Neural Networks with numerous parameters are tremendously powerful machine learning
systems. Nonetheless, overfitting is a crucial problem in such networks. Maximizing the model accuracy
and minimizing the amount of loss is significant in reducing in-class differences and maintaining
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with the Wine dataset were investigated by Dropout, AlfaDropout, GausianDropout, Batch
normalization, Layer normalization, Activity normalization, L1 and L2 regularization methods and the
change in loss function the combination with these methods. Combinations that performed well were
examined on different datasets using the same model. The binary cross-entropy loss function was used as
a performance measurement metric. According to the results, the Layer and Activity regularization

combination showed better training and testing performance compared to other combinations.
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Introduction

In order to make predictions about test data in machine
learning applications, a model is created according to the
patterns obtained from the training data. Two things can be
mentioned as a result of this process: underfitting and
overfitting. As a result of the poor design of the model and
the optimization process, the problem is called underfitting
cannot model the training data and cannot generalize for
new data that the model has not seen before. The fact that
the model is not strong enough regularized more than
necessary and not trained for enough time causes the
network to not learn the relevant inferences from the
training data as much as necessary. This situation can
cause high errors in both training and test datasets. If the
generated model is trained for too long, a higher error rate
will likely occur in the test dataset, even though the
training dataset has a low error rate[1]. This raises the
possibility of overfitting in the model. One of the ways to
avoid the overfitting problem is to use more training data.

However, this is not possible in some cases, so using
regularization  techniques is a good solution.
Regularization prevents the model from learning a more
complex or flexible model by adjusting the coefficient
estimates towards zero for the case of overfitting and
underfitting the data. In this study, the issue of overfitting
is discussed. Regularization layers such as data
augmentation[2], Dropout[3] and batch normalization[4],
group normalization[5], Layer normalization[6], Instance
Normalization[7] methods are used to prevent the
overfitting problem. In addition, the methods such as drop-
connect[8 ], maxout[ 9], Lasso [10], and weight
normalization[11] are also used to prevent overfitting
problems. However, these methods, which have high
network resilience and can fail in low data applications,
cannot take benefit of input invariants. Data augmentation,
an effective technique to increase the amount and variety
of data, is used to create more data from existing data by
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applying various transformations (rotations and adding
Gaussian noise) to the original data set and teaching a
model about invariance in the data field. However, a
successful augmentation process for one data set may not
be as successful for a different data set. At the same time,
data augmentation, which is widely used in practice,
increases the computational cost and may not be
completely effective in some medical applications such as
tumour identification [12]. Despite being trained on large
datasets such as ImageNet [13] or datasets containing
millions of labelled images, deep network models are still
susceptible to overfitting, even with little success in
transfer learning[14]. Since deep neural networks do not
tend to generalize with a few examples, the problem of
overfitting may become inevitable for tasks in new fields.

In this study, the regularization methods used to
prevent overfitting and their combinations were compared.
The effects on the model performance of binary
combinations of these methods were investigated. Wine
dataset[15], The MNIST database of handwritten
digits[16], the Fashion-MNIST datasets[17] and
Cifar10[18] were used in the studies.

The main contribution of this study is as follows:

. To compare the effect of each regularization
method on the model in terms of the loss function.

» To contribute to the literature on the relative
importance of different regularization methods and their
impact on the model performances.

*  To show the effect of combinations of different
regularization methods on the model performance.

The remainder of this article is organized as follows: Part
two is the proposed method, Part three is the evaluation
and discussion of the experimental studies and the results
obtained. Chapter four contains conclusions.

Related works

In deep neural networks [19], which are arduous to train
and used in many computer vision tasks, appropriate
model initiation strategies and regularization are used for
rapid training [20]. Batch normalization is one of the
normalization methods that improve deep learning
performance. This method, which accelerates the training
time, ensures that the normalization effects are not lost
during training and that the models approach the minimum
loss point, perform well in large batch sizes. Unlike batch
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normalization, Layer normalization, which normalizes
each feature to zero mean and unit variance, uses the same
training and test times calculation. Unlike activation-based
normalization methods, weight-based normalization is
commonly used to avoid overfitting issues. This method,
which adds an independent parameter to the cost function
in which the model performance is measured, in other
words, imposes constraints on the weights, forces the
weights to take small values and tries to avoid the problem
of overfitting. Some researchers have increased the
number of samples in their datasets to avoid the overfitting
problem. [21]. Early stopping [22] for kernel boosting
algorithms, early stopping for least squares regression
[23], and strong convex problems [24] are parts of
optimization and normalization that have been studied to
reduce the overfitting problem. There are also studies
examining the gap in generalization ability in complex
networks [25]. Dropout, one of the methods that reduce
the overfitting problem and increase the performance of
deep networks, is a widely used stochastic normalization
technique. This method randomly removes units from the
network to avoid memorization in training data.
Cutout[26] is other methods used to prevent overfitting
problem.

Material and methods

Convolutional Neural Network

Convolutional Neural Networks (CNN) [27], which is
used in many computer vision applications, is one of the
deep learning approaches in which multiple layers are
trained  Automatic  diagnosis  of  cardiovascular
disorders[28] and Detection of unregistered electric
distribution transformers in agricultural fields [29] are
Works using CNN. CNN, which effectively reduces the
number of Artificial Neural Network (ANN) parameters,
has revolutionized many areas from image processing to
voice recognition. In CNN, a part of deep learning, data
features become more discreet when the input data spread
to more advanced layers. In image classification, the CNN
can detect edges in the first layer, simpler shapes in the
second layer, and higher-level features in the next layers.
Different layers have different tasks in CNN, which
consists of convolutional layers, pooling layers, and fully
connected layers. Figure 1 shows a general CNN
architecture for image classification.
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Figure 1.General CNN architecture

Here, convolutional layers and pooling layers extract deep
features from the input data and transfer them to fully
connected layers to prevent the image from going to
artificial neural networks and ensure that the system gives
accurate and fast results. Fully connected layers transmit
these properties to the output layer. Network training in
CNN consists of two stages, a forward stage and a
backward stage. In the first stage, the input image is
represented by the weights and biases in each layer and the
forecast output is used to calculate the loss cost value. In
the second step, the value of the gradients of each
parameter is calculated backwards with the chain rule, and
the value of all parameters is updated used for the next
step. This process ends after both steps have been repeated
enough and the network training is completed.

Convolutional layers: This layer performs feature
extraction using various kernels. There are two basic
operations to perform the convolution step. The first of
these steps, the linear convolution process, uses kernels to
extract features. This convolution operation, whose
fundamental purpose is to reduce the size of the input
image, is represented as stated in Equation (1). Let f(t) and
g(t) be two functions of t. The convolution of f(t) and g(t)
is also a function of t, denoted by (f = g)(t), and is defined
by the relation

(f*9)(®) = [ f(Tg(t —T)dT (1)

In the second step, the Rectified Linear Unit (RELU)
improves the nonlinearity in the network. The output of
this process is shown in Equation (2).

f(x) = maks(0,x) (2

Pooling layers: This layer, which is used to reduce the
size of feature maps and network parameters, generally
uses different pooling strategies such as average pooling
and max pooling. The feature map is made into a one-
dimensional column in these layers and transmitted to the
neural network.

Fully-connected layers: This layer, which works like a
traditional neural network and contains about 90% of the
parameters in CNN, is also known as a particular hidden
layer. This layer allows the neural network to be
transmitted to a vector.

Overfitting problem and
techniques

regularization

Introducing many parameters in deep learning, which can
create deeper architectures to learn more discrete
information, can cause overfitting problems. In this
problem, the models contain too many terms or use too

complex approaches. It would be more practical to
distinguish between problems overfitting caused by using
a more flexible model than it should be and overfitting
caused by using models with irrelevant components. For
example, using a more flexible model will add complexity
with lower performance than the simple model when used
on a dataset that fits the linear model. Using estimators
without helpful functionality wastes resources and
increases the likelihood of creating undetected estimation
errors in the database. Because when using regression at
different times to make predictions, it is necessary to
measure and record these estimators so that the values in
the model can be changed. This can lead to the loss of
valuable properties. The ability of one user's results to be
copied by another user is effective in portable models. For
example, the one-predictive linear regression model that
establishes a relationship with the model is portable.
Because anyone can apply this model to their data,
however, some non-portable models can only be produced
by reusing the software data of the user modeling it [30].
For all these reasons, overfitting is undesirable. Recently,
many regularization techniques have emerged to prevent
overfitting problems. These:

Dropout and DropConnect: During each training, it
resets the output of each neuron in the selected layer with a
certain probability to avoid complexity on the data and
contribute to the improvement of generalization ability.
This technique prevents the co-adaptation of feature
sensors in the network. Fully-connected layers are
effective in editing, but this effect is reduced in
convolutional layers. Convolutional layers have fewer
parameters and require less regularization than fully
connected layers. DropConnect is a well-known technique
that randomly drops weights.

XX
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Figure 2. Applying dropout to the neural network
(a)Standard Neural Network (b)After applying dropout

Data augmentation: It is the acquisition of new data by
applying various transformations of existing data such as
horizontal and vertical translation, scaling, squeezing, and
horizontal shearing without creating additional costs.

Cutout: It is a simple regularization technique for CNNSs.
It augments the dataset with partially closed versions of
existing samples. This technique forces models to take
more consideration of the exact image context. The main
difference between the cutout and other dropout
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techniques is that neurons are dropped at the input stage
instead of layers.

Batch normalization: It changes the input distribution of
the hidden layer during training and transforms the input
distribution into a standard distribution with a mean of 0
and a variance of 1. Batch normalization enlarges the
gradient and helps to eliminate gradient problems. Thus,
the convergence of the neural network is faster, and the
training takes place in a shorter time. Let Pk be input and
Yk output in a mini-batch, k € [1, 2, ..., K]. Here a mini-
batch average pg is calculated as:

tp = £5K Py ©
Variance ¢% is calculated as stated in Equation (4).
0f = XK1 (P — 1p)? @)
The normalization value of the input (P}) is:

P =" (5)
og+0

Here 0 is a small positive number. The mini-batch output
value is Yk:

Yo =cP,+a (6)

It is calculated as Here, ¢ and o parameters are the
parameters that can be learned by backpropagation. Layer
normalization: It was designed to overcome the
disadvantages of batch normalization. With RELU, whose
outputs can change a lot, changes in one layer output can
cause changes in the next layer inputs. This “covariate
shift” problem can be reduced by fixing the mean and the
variance of the total inputs in each layer. A layer
normalization is calculated on all hidden neurons in the
same layer (See Equation (7)).

u=o3h B @

Here B;, denotes the collected inputs, and T denotes the
number of hidden neurons in a layer.

o = \[%zzﬂ(ﬁ;l W) ®)

The main difference between Equation 7 and 8 is that all
hidden neurons in a layer share the same terms (i1 and o)
in this normalization technique. Unlike batch
normalization, it does not impose any restrictions on the
size of a mini-batch.

Weight normalization: In this normalization inspired by
batch normalization, the weights are re-parameterized,
thus improving the optimization problem. Here, the
computation of each neuron is treated as a weighted sum
of its input features.

y=9(w.x+b) 9

Here, X is an n-dimensional vector of input features, y is
neuron output, 9(.) is nonlinearity, w is weight, and b is
biased. The neural network is trained on each neuron's w,
b parameters, and the weight vector is re-parameterized to
speed up the optimization convergence.

d
w=—

TN f (10)

Here f represents the parameter vector, and d is the scalar
parameter.

L2 regularization: The main purpose of this technique is
to combine the term regularization with an irregular target.

L;(w) = L) + W3

Loy = Ym=1Ln ( Xaow, v, B))

(11)
(12)

Here L, denotes the loss value. In this technique, the
weights are forced to reduce.

L1 regularization: This technique, which aims to prevent
the overfitting problem by converging the parameters
towards 0, destroys the importance of some features.

Dataset

In this study, L2 regularization [31], L1 regularization
[32], Dropout, GausianDropout, AlphaDropout, Batch
normalization, and Layer normalization regularization
methods and their combinations have been used. These
methods are frequently used to prevent the overfitting
problem. These methods were added to the created base
model separately. Their effects on the data set were
examined, and the pairwise combinations were compared.
The effects of these methods were investigated with the
binary cross-entropy loss function. The data set was used
as 75 % training set and 15% validation set. In other
words, the training set contains 5522 data, and the
validation set contains 975 data. The data set consists of
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two classes. L1 normalization was added to each layer of
the created base model, and training was carried out. At
the end of the training, the effect of the base model and the
model with normalization added was examined. This
situation has been meticulously examined separately for
other normalization methods. The best performing binary
combination of normalization techniques on The MNIST
database of handwritten digits, the Fashion-MNIST
datasets, and Cifar10 datasets was investigated.

Experimental results and discussion

The simplest way to avoid the overfitting problem is to
reduce the size of the created model. The size of the model
is determined by the number of parameters that can learn
(depending on the number of layers of the model and the
number of neurons in the layers). In deep learning

applications, since the number of learnable parameters
determines the capacity of the model, the model with more
parameters means that it has more memory capacity. This
situation causes the created model to adapt to the training
data and not make correct predictions on the test data. On
the contrary, if the memory capacity of the created model
is limited, the learning process will be troublesome, and
the model will have difficulty adapting to the training set.

For this reason, it is necessary to provide a balance (base
model) between too much capacity (large model) and less
capacity (small model). In experimental studies, three
different models were created to understand how to train
the model with the appropriate number of epochs, ensure
the balance to avoid overfitting in the training set, and
provide a better model performance. The created models
are named as the large, base, and small models.
Information about these models is given in Table 1.

Tablel. Details of the models created

Model  number of layers Optimizer Loss Activation Epoch Batch size

Small 4 Adam Binary crosentropy Relu 20 512
Base 16 Adam Binary crosentropy Relu 20 512
Big 512 Adam Binary crosentropy Relu 20 512

These models were trained on the training dataset, and the
amount of loss in this process was examined. Figure 3
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Figure 3. The amount of loss in the training data set of the models created

Overfitting occurs later than the base model created in a
low-capacity network (small model). After the overfit
situation occurs, the model performance decreases more
slowly than the base model (see Figure 3(b)). On the other
hand, overfitting in the large-capacity network has
occurred almost from the beginning of the training. In the
large-capacity network, the amount of loss approaches
zero very quickly. In a large-capacity network, the training

data can be modeled more quickly, but this may increase
the possibility of overfitting the model. In other words,
while a low loss occurs in the training data set, this loss
rate may increase in the validation set (see Figure 3(a)).
Various normalization techniques were applied to the base
model created to prevent the overfitting problem, and the
training was carried out. The graph of losses during
training for each technique is shown in Figure 4
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Figure 4. Comparison of normalization methods with the base model

The most common way to prevent overfitting is to add a
normalization method called weight normalization to the
base model, which allows the weights to take lower
values by placing constraints on the network. As a result,
the amount of loss in the training and validation data set is
seen in Figure 4 (e) (f). Although both base and
normalized models had the same number of parameters,
both normalization techniques were more resistant to

overfitting than the base model. The same is true for other
normalization techniques. When normalization techniques
are applied, the losses between the training and validation
set are reduced, thus increasing the model's accuracy.
When these techniques are applied individually to the
base model, they significantly reduce overfitting. In the
case of using binary combinations of these techniques in
this study, the loss during training is shown in Figure 5.
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Figure 5. Loss amount of binary combinations of normalization methods

As can be seen in Figure 5, although the Binary
Normalization methods used to prevent the problem of
overfitting in the model, the Activity (L1-L2) and
AlphaDropout pair showed good performance when used
alone but did not show the same performance when used
together (see Figure 5 (a)). However, when looking at
Figure 5(c), the opposite situation is seen. If the binary

combinations of normalization methods are applied to the
model, Layer+Activity performs better than other
combinations. The amount of loss during training in this
pair is much lower in the case of dual-use, considering the
individual use cases. The effect of the Layer+Activity
pair, which performed well in the wine dataset, on
different datasets is shown in Figure 6.
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Figure 6. The effect of Layer-Activity combination on different dataset

As shown in Figure 6, the methods used to prevent
overfitting can show different effects on different
datasets, even though the same model is used. When both
Layer and Activity normalization techniques are used
alone in the wine dataset, the amount of loss during
training decreases (see Figure (g), (h)). Likewise, binary
reduces the amount of loss in the same dataset (see Figure
5(e)). However, it is seen that the amount of loss in the
training set does not decrease in the case of using
different data sets of the created model (see Figure 6).
The methods used to prevent overfitting are mentioned in
section 2.2, and in this study, the effect of combinations
of these methods on the loss function in the model is
explained. In addition, the effect of the normalization
combination, which performs better than the other
combinations, on different data sets is explained.
Normalization combinations made on different datasets
may not achieve the same in every dataset.

Conclusion

In this study, different normalization methods and the
effect of combinations of these methods on model
performance were investigated to prevent overfitting. At
the same time, the effect of the better-determined
combination on different data sets was also examined. In
this context, the use of normalization methods separately
or in combination to prevent overfitting can reduce the
loss during training. In the study, the Layer-Activity
normalization method significantly increases the model
performance when compared to other combinations.
However, the methods used to prevent overfitting may
have different effects in different data sets.
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Migren, beyindeki sinir ve kan damarlarinda meydana gelen degisimler sonucunda ortaya ¢ikan siddetli
bir bas agrist hastaligidir. Migren hastaliginin biyomedikal cihazlarla teshisine dair bir yontem heniiz
gelistirilmemistir ancak literatiirii inceledigimizde EEG sinyalleri kullanilarak migren hastaliginin teshisi
ile ilgili birgok ¢alismanin yapildigini gérmekteyiz.

Bu calismada 18 migren hastasi ve 21 kontrol grubundan olusan 39 katilimeinin EEG verileri kullanilmis
olup, alinan EEG kayitlarmin Senkrosikistirma Doniisimii (SSD) ile zaman-frekans bilgileri elde
edilmistir. Litreartiir incelendiginde beynin belirli b6lge ve kanallarinda migren hastaliginin etkili oldugu
goriilmiis ve beynin bu bolgelerine (F1, P7, PS, T7, C5, TP7, CPS5, FP1, Fz, Cz, T8, C6) kanallarinin
denk geldigi gozlemlenmistir.

SSD, segili kanallar ve tim kanallara uygulandiktan sonra olusan veri kiimelerine; medyan, ortalama,
standart sapma, basiklik, entropi ve carpiklik iglemleri uygulanarak o6zellik vektorii elde edilmistir.
Ozellik vektorii elde edilen veriler %25 test ve %75 egitim verisi olacak sekilde Destek Vektdr
Makinalar1 (DVM), K En Yakin Komsu (KNN), Naive Bayes (NB) ve Karar Agaglari (KA)
smiflandirma yontemlerine uygulanip sonuglar karsilastirilmistir.
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* Sorumlu Yazar

Migraine is a severe headache disease that occurs as a result of changes in the nerves and blood vessels
in the brain. A method for the diagnosis of migraine disease with biomedical devices has not been
developed yet, but when we examine the literature, we see that many studies have been carried out on the
diagnosis of migraine disease using EEG signals.

In this study, EEG data of 39 participants, consisting of 18 migraine patients and 21 control groups,
were used, and time-frequency information was obtained by Synchrosqueezing Transformation (SST) of
the EEG recordings. When the literature was examined, it was observed that migraine disease was
effective in certain regions and channels of the brain, and it was observed that the channels of the brain
(F1, P7,P5, T7, C5, TP7, CP5, FP1, Fz, Cz, T8, C6) correspond to these regions of the brain.

The obtained feature vector were applied to the Support Vector Machines (SVM), K Nearest Neighbor
(KNN), Naive Bayes (NB) and Decision Trees (KA) classification methods, as 25% test and 75%
training data, and the results were compared.




DUJE (Dicle University Journal of Engineering) 12:5 (2021) Sayfa 767-774

Giris

Migren, en yaygin bas agrisi ¢esitlerinden biri olup insan
hayatin1 kismen de olsa zorlastiran bir beyin hastaligidir.
Migren hastaligini tetikleyen (asir1 1518a maruz kalma, ag
kalma, hava kirliligi ve hava degisimi, stres vb.) bircok
etken bulunmaktadir. Kesin bir migren teshisi yontemi
heniiz yetkililer tarafindan kabul edilmemis olmasina
kargin, Uluslararast Bas Agrisi Dernegi (International
Headache  Society-IHS)  kistaslar1  ile  teshis
edilebilmektedir [1]. Literatiirde otomatik migren teshisi
ile ilgili birgok g¢aligma bulunmaktadir[2,3,4]. Migren
hastaliginin  teshisinde bircok biyomedikal cihaz
kullanilsa da; hem verilerin elde edinimindeki kolaylik,
hem de agrisiz bir yontem olmasindan kaynakli olarak
Elektroensefalografi (EEG) daha ¢ok tercih edilmektedir.
EEG isaretleri genis bir frekans araligina sahip olmasina
ragmen yaygin olarak 0.3 — 30 Hz araligindaki sinyaller
incelenmektedir.  Literatiir incelendiginde  migren
hastaliginda delta (0.3-4Hz) ve teta (4-8Hz) bantlarimin
aktif oldugu gozlenmis ve ¢alismada bu bantlar
kullanilmigtir[5,6,7]. Ayrica beynin parietal, oksipital,
temporal,  frontal bolgeleri ve uluslararast 10-20
standardina gore T3-T5 kanallarinda daha anlamli veriler
elde edildigi yapilan caligmalarda goriilmiis ve bu
bolgeler karsilastirildiginda yaklasik olarak (F1, P7, PS5,
T7, C5, TP7, CP5, FP1, Fz, Cz, T8, C6) kanallarina denk
geldigi belirlenmis ve bu kanallarin yerlesimi Sekil 1°de
gosterilmistir[2,8,9,10]. Delta ve teta bandi elde edilen
EEG verilerine SSD ve (medyan, ortalama, standart
sapma, basiklik, entropi ve g¢arpiklik) gibi istatistiksel
islemler uygulanarak Ozellik vektorii elde edilmis ve
DVM, KNN, NB ve KA smiflandirma algoritmalari ile
smiflandirma iglemi yapilmigtir. Calismanin akis semasi
Sekil 2°de gosterilmistir.

Sekil 1. Segilen kanallarin konumlarinim gosterilmesi
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Saglikli ve Migren Hastas
Farkli iki Gruptan Alman
EEG Veriler

-

Filtreleme ve Alt Bantlara
Ayirma

.

Senkro Sikigtuma
Yénteminin Uygulanm asi ve
Ozellik Cikarimi

-

Smtlandima Yéntemlerinin
Uygulanm ast

-

Sekil 2. Caligmanin akis semast

Materyal ve Metot
Veriler

Bu c¢alismada kullanilan veriler Carnegic Mellon
Universitesinden 18 yetigkin migren hastasi (ortalama
yasg 27.6; dagilim 19-54 yas; 12 kadin ve 6 erkek ) ile 21,
yas ve cinsiyet uyumlu bas agrisiz kontrol (ortalama yas
27.9; dagilim 19-54 yas 12 kadin ve 9 erkek) grubundan
alindi. Kontrol grubu yalnizca kendi bildirimlerine gore;
bas agrilar1 yoksa ve hi¢ bas agrist cekmemigse veya orta
derecede agridan daha az olan seyrek bas agrilar1 varsa
ve bu agrilarla ortaya ¢ikan duyusal rahatsizliklar1 yoksa
dahil edilmistir.

Migrenli gruptan 12 katilimer aurali migren ve 6
katilimct aurasiz migren olarak adlandirilan Uluslararasi
Bas Agrist Dernegi’nin kriterlerini  karsilamaktadir.
Katilimcilarin higbirine migren disinda noérolojik veya
psikolojik teshis konulmamis, dnceden ciddi bir kafa
travmasi veya sarsinti gecirmemistir. Katilimcilarin
isitme ve gorme konusunda sikayetleri bulunmamakta ve
bunlarla alakali herhangi bir tedavi gormemislerdir.
Katilimeillarm EEG  kayitlarnnt 512 Hz  6rnekleme
frekansiyla 24 bitlik bir A/D donistiiriicii kullanilarak
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128 kanalli BioSemiActiveTwo sistemi ile hareketsiz
halde alimmustir[11]. Caligmada kullanilan veriler
katilimcilara herhangi bir uyartim verilmeden dinlenme
durumunda alinan EEG kayitlaridir.

Senkrosikistirma Doniisiimii

Senkrosikigtirma Doniigiimii (SSD), duragan olmayan
sinyallerin  yerellesmis zaman-frekans gdsterimini
olusturmak igin  Siirekli Dalgacik Doniigiimiine
uygulanan bir ileri islem teknigidir[12]. Siirekli dalgacik
doniigiimii, dalgacik diye adlandirilan zaman-frekans
filtrelerinin  ilerlemesi ile s6z konusu osilasyon
bilesenlerini algilayan gdsterim tabanl bir yontem iken,
Senkrosikistirma  doniisiimii, degisen
osilasyonlara sahip bir sinyali bilesenlerine ayirmay1
hedefler[13]. x(t) bir sinyal olmak iizere SSD’nin genel
formu asagidaki formiil ile verilir.

zamanla

X()= 2k x (D) e(®) (1)

Burada e(t) giriltiyii temsil etmekte, x;, (b)=
A (t)cosg,, () ise zamana gore genligi ve frekansi
degisen bilesenleri gostermekte olup, genlik faktorii
Ag(t) ve anlik frekans olan ¢ (t)’nin tiim k degerleri

icin bulunmasi gerekmektedir.

SSD ii¢ adimda gergeklesmektedir. Ilk olarak x(t)’nin
stirekli dalgacik doniistimii W, (a,b) hesaplanir.

1o
W,(ab) = [a 2¢ (%)x(t)dt @)
Ikinci asamada W,(a,b) kullanilarak anlik frekanslar
w,(a,b) bulunur.

aw(a,b)
ab

we(ab) = —iW(a,b)™" (3)

Uciincii asama ise Reassignment Method (Yeniden
Atama Metodu) sikistirtlmast  igin  kestirimin
kullanildigr asamadir. Bu islemler sonucundan sinyalin
SSD’si T, (w,b) bulunur. SSD tersinir bir yontem olup,
T, biliniyorsa ‘x’ bulunabilir [14].

ile

T(w, b) = X ay:|wy(ag,b)—w,| <
= W(awb)a* A, (4)

Calismada uygulanan SSD yonteminde Morlet dalgacik
doniisimi kullanidmistir.  Analitik bir dalgacik olan
Morlet dalgacig1, jeofizik¢i Jean Morlet’in Gabor
doniisimiinii  Grossman ile birlikte degistirrerek
kullanmas1 sonucu ortaya ¢ikmistir[15]. Morlet dalgacik
fonksiyonu (5) denkleminde verilmistir:

m(x) = m/*exp (icx)exp (— x2_2) (5)

(5)’de ¢, sabit uzaysal frekanstir ve 5 ya da 6 almur.
Morlet dalgacigi ortogonal degildir, Olgeklendirme
fonksiyonu yoktur.
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Uluslararast  10-20 standardina gore yerlestirilmis
elektrotlardan C5 kanalindan elde edilmis migren hastasi
ve saglikli kisilere ait EEG kaydinin SSD uygulanmis
zaman-frekans grafigi Sekil 3-5’te ilk 10 ile 60 saniye ve
tim kayit siiresini kapsayan 382 saniyelik bdliimleri
gosterilmistir.

(a): Sagikii Birey C5 kanali Delts bandi D

{b): Migren Hastasi C5 kanaii Deita bandi SSD

Sekil 3. (a) Saglikli ve (b) Migren hastasma ait 10
saniyelik EEG wverilerinin SSD uygulanmis zaman-
frekans grafigi

(a): Sagkii Biroy C5 kanaii Delta bandi SSD

(b): Migren Hastasi CS kanall Dolta bandi SSD

Frekans (Hz)

15 2 2% ) s @ s )
Zaman sn)

Sekil 4. (a) Saglikli ve (b) Migren hastasma ait 60
saniyelik EEG verilerinin SSD uygulanmis zaman-
frekans grafigi

(a): Sagiiki Birey CS kanali Delta bandi SSD

{b): Migren Hastasi CS kanali Delta bandi SSD

Frokans (Hz)

ait 382
saniyelik EEG verilerinin SSD uygulanmigs zaman-
frekans grafigi

Sekil 5. (a) Saglikli ve (b) Migren hastasma
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Destek Vektor Makinalar

DVM, denetimli 6grenme yontemi olup oldukga etkili ve
basit bir algoritmadir. Temelde istatistiksel ogrenme
teorisi ve yapisal risk minimizasyonuna dayanmaktadir.

DVM algoritmasinda siniflandirma islemi nesnelerin -1
ve 1 olarak etiketlenmesine dayanir. DVM, siniflandirma
icin bir diizlemde bulunan iki grup arasinda bir smir
cizerek wverileri iki gruba ayiwrmaya calisir. Bu sinir
cizgisi iki gruba en uzak mesafede olmalidir. Sekil 6°da
gosterildigi gibi pozitif ve negatif verileri birbirinden
ayiran bir asirt diizlem olsun. Bu diizlem {izerindeki
noktalar wx+b=0 denklemini saglayacaktir. Burada w
asir1 diizleme olan normal ve |b|/||w|| asirt diizleme olan
dik uzakliktir. Asir1 diizleme en yakin pozitif ve negatif
veriler arasindaki mesafeye ayirici asint  diizlemin
“tolerans™1 dersek, DVM bu toleransin en yiiksek oldugu
bir agir1 diizlemi bulmaya calisir [16].

DVM

Sekil 6. DVM asir1 diizlemin belirlenmesi

Bu diizlemin bulunmasi i¢in iki veri kiimesine de yakin
ve birbirine paralel iki sinir ¢izgisi ¢izilir. Bu iki smir
cizgisine paralel ve esit mesafede ortak sinir ¢izgisi
gizilerek veriler smiflandirilir. Sekil 6°daki diizlemde her
bir noktanin tanim1 (6)’daki denklemle yapilabilir

D={(x;c)l (x; ERP,c; € {-11}}L; (6)

DVM algoritmasi kullanilirken rbf ¢ekirdegi ve 1.0 trade
off degeri secilerek smiflandirma islemi yapilmustir.

K En Yakin Komsu Algoritmasi

KNN algoritmasi, mevcut durumlart saklayip bir
benzerlik Olgiisiine gore yeni durumlart smiflandiran
basit bir algoritmadir. Algoritma temel olarak
smiflandirilacak verinin komsulartyla olan mesafesine
bakip en uygun etiket ile smiflandirma islemini
yapmaktadir. Kendisine en yakin olan smifi belirlemek
icin bir k degiskeni kullanan algoritma sonuglari bu k
degiskenine gore tahmin eder.
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Sekil 7. KNN siniflandirma algoritmasi

Sekil 7°’de gorildigi tizere KNN  smiflandirma
algoritmasi, bilinmeyen veriyi belirlenmis komsu
sayisina gore kendisine en yakin verileri segerek komsu
sayis1 yuksek cikan sinifa ait olduguna karar verir. k
komsu sayist deneme yanilma yoluyla belirlenmekle
beraber, esit sayida komsu sayisi g¢ikmasmin Oniine
gegebilmek igin tek sayr olmasi gerekmektedir. KNN
siiflandirma algoritmasinda uzaklik hesaplamalari igin
genellikle 3 tip uzaklik fonksiyonu kullanilmaktadir.
Bunlar;

. Euclidean Uzaklig1
. Manhattan Uzaklig1
. Minkowski Uzaklig1’dur.

Euclidean = [¥¥ . (x; — ¥;)? ()

£ 1% = il ®)
Minkowski = (T ([x; — y:DDY? (9)

Uzaklik fonksiyonlarinin matematiksel ifadeleri ise (7) —

(9) denklemlerinde verilmistir. Calismada KNN

algoritmasinda komsuluk sayisi {i¢ uzaklik fonksiyonu
ise Minkowski kullanilmustir.

Manhattan =

Naive Bayes

Bayes teoremine dayanan NB siniflandirma yontemi
mevcut smiflanmis durumdaki 6rnek verileri kullanarak
yeni bir verinin mevcut smiflardan herhangi birine ait
olma olasiligini  hesaplar. NB smiflandiricisinda
nitelikler birbirinden bagimsiz, Ornekler hepsi ayni
derece Oneme sahip ve bir Ozelligin degeri baska bir
ozellik degeri hakkinda bilgi igermez [17].

NB siniflandiricisinin matematiksel gosterimi asagida
gosterildigi gibidir:
POIX) =

Burada y sartlar Dbelirtilmedigini gosteren smif
degiskendir. X parametresi Ozellikleri temsil eder. x =
(%1, X2, X3, ..., X)) olsun X’i (10) denkleminde yerine
yazarsak;

rX1y)p(»)

p(X) (10)

_ p(X1|Y)p(X2[Y)...pCnly)P () (11)

) )

P(Y|x1, X2, X3, ..
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Veri kiimesinde tiim girisler igin payda degismez bu
yiizden payda ¢ikarilip orantililik uygulanabilir.

p(ylxllele' L Xn)(X) P(Y) H?:l P(xlly) (12)

Sinif degiskeni y bu durumda sadece iki sonuca sahiptir.
Smiflandiricinin ¢ok degiskenli olabilecegi durumlarda y
sinift maksimum olasilikla bulunmasi gerekmektedir.

Y = argmax, P(y) [Ti, P(x:]y) (13)

Yukaridaki denklem kullanilarak verilen smifi elde
edebiliriz. NB simiflandirma  gesitleri, Multinomial,
Bernoulli ve Gauss yontemleri olup ¢aligmada NB Gauss
yontemi kullanilmistir.

Karar Agaglan

KA, kolay yorumu ve anlasilabilirligi agisindan
siniflandirma ve tahmin igin siklikla kullanilan bir
yontemdir. KA teknigi siniflama yaparken 6grenme ve
siniflandirma  olmak {izere iki basamakli islem
yapmaktadir. ilk basamak olan dgrenme basamaginda
onceden bilinen bir egitim seti model olusturmak i¢in
siniflandirma algoritmasi tarafindan analiz edilir. Ikinci
basamakta ise 6grenme basamagida olusturan modelin
daha once gormedigi test verileri kullanilarak KA’nin
dogrulugu belirlenir. Eger dogruluk kabul edilebilir
oranda ise kurallar yeni verilerin siniflandirilmasi
amaciyla kullanilir[18].

KA’da wveri setindeki hangi alanlarin hangi sirada
kullanilacagimi belirlemede en yaygm olarak Entropi
Olctimii kullanilmaktadir. Entropi degeri ne kadar bilyiik
ise ortaya cikan sonuglar da o oranda belirsiz ve kararsiz
olur.

M
BClA) = ) Pl

[- 2 pleilak,j) loga p(cila, )| (14)
(14) denkleminde;

E(C|Ay) = Ay alanin siniflandirma ozelliginin Entropi
olgtisii,

p(ax.j) = a; alaninin j degerinde olma olasiligt,

p(c; |ax.j) = a; alani j. Degerindeyken smif degerinin c;
olma olasilig1,

M= a;, alaninin igerdigi degerlerin sayisi; j=1,2,..., My,
N = farkli siniflarin sayisi; i =1,2,...,N,
K = alanlarin sayis;; k= 1,2,....K.

Eger bir S kiimesindeki elemanlar1 kategorik olarak Cj,
Cy, Cs,... C; smiflarma aynstirilirlarsa, S kiimesindeki
bir elemanin smifin1 belirlemek igin gereken bilgi
asagidaki formiille hesaplanmakatadir:

1(S)=-(p1 10g; (p1) + p210g;(p2) +...+p; logz (py)) (15)
Bu formiilde p;, C; smifina ayrilma olasiligidir.

Entropi denklemi asagidaki sekilde de ifade edilebilir:

E(A) = XL, %I (S) (16)
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Bu durumda A alami kullanilarak yapilacak dallanma
isleminde, bilgi kazanci (17) formiiliiyle
hesaplanmaktadir.

G(A) = I(S)~E(A) (17)

KA, bir diiglimii alt diiglimlere bolmeye karar vermek
icin birden fazla algoritma kullanir. Alt diigiimler
olusturulduk¢a homojenligide artar. Algoritma se¢imi
degiskenlerin tipine gore degismekte olup en sik
kullanilan algoritmalar; ID3, C4.5, C5.0 ve CART olarak
siralanabilir.  Bu ¢aligmada KA  smiflandiricist
kullanilirken agag¢ olugturma parametresi olarak Entropi
secilmisgtir.

ID3 Algoritmasi

KA yapisini olusturan birgok algoritmanin en iyilerinden
biri olan ID3 (lterative Dichotomiser 3) algoritmasi,
Entropi’den  faydalanarak  smiflandirma  islemini
gerceklestirir. Bu algoritma yinelemeli bir yapiya sahip
olup sadece kategorik wverilerle c¢alismaktadir. 1D3
algoritmasi 3 adimui esas alir: (C egitim kiimesi)

1. Admm: Eger C’deki biitiin kayitlar ayni sinif iiyesi ise,
smifin adinda bir diigiim olusturulur ve algoritma
sonlanir, degilse bir test niteligi segilerek karar diigiimii
olusturulur.

2. Adim: C kiimesi, karar diigiimiine gore alt kiimelere
ayrilir: Cy, €y, Cs,... Cp,

3. Adim: Algoritma her bir C; kiimesine 6zyinelemeli bir
sekilde uygulanir.

C4.5 ve C5.0 Algoritmalar:

C4.5 algoritmasi KA algoritmalarindan en yaygin olarak
kullanilan ID3 algoritmasmin gelistirilmis halidir. C5.0
algoritmasi1 ise C4.5 algoritmasmnm gelistirilmis hali
olup, ozellikle biiyiik veri setleri i¢in kullanilmaktadir.
Dogrulugu arttirmak i¢in  boosting algoritmasini
kullandigindan boosting agaglari olarak da bilinmektedir.
C5.0 algoritmas1 C4.5 algoritmasina gore hafizayir daha
verimli kullanarak daha hizli sonu¢ vermektedir. Ayrica
C4.5 algoritmasina gore daha diizgiin KA elde etmemizi
saglamaktadir.

CART Algoritmasi

Siniflandirma ve regresyon problemlerinde bir ¢6ziim
olarak kullanilabilen CART algoritmasi hem sayisal hem
de nominal veri tiirlerini, girdi ve kestirimsel degisken
olarak alabilmektedir. Bu algoritmada KA, ikili olarak
Ozyinelemeli bigimde bdliinen bir yapiya sahiptir.
Dallanma kriteri olarak Gini indeksini kullanip siirekli
boliinerek biiylimektedir. Boliinmenin
gergeklesmeyecegi durumda, ugtan koke budama islemi
yapilir. Olasi en basarili KA, her budama islemi
sonrasinda test verisi ile degerlendirilip tespit edilmeye
calisilir [19].

Sonuglar

Calismada EEG verileri oncelikle migren hastaliginin
etkili oldugu bolgelere denk gelen (F1, P7, P5, T7, C5,
TP7, CP5, FP1, Fz, Cz, T8, C6) kanallar ile tiim
kanallar1 kapsayacak sekilde iki gruba ayrilmistir ve bu
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gruplarda kendi i¢cinde migren hastasi ve saglikli olmak
iizere iki gruba ayrilmistir. Daha sonra bu veriler alt
bantlara ayrigtirilarak delta ve teta bantlari islenmek
iizere secilmistir. Secilen alt bant verilerinin SSD
doniigtimii ile zaman-frekans bilgisi elde edilmis ve
istatistiksel igslemler uygulanarak her iki grupta ayr1 ayri
olmak tiizere her bir birey igin Ozellik vektorii elde
edilmigstir. Elde edilen 6zellik vektorleri %25 test ve
%75 egitim verisi olacak sekilde siniflandiricilarin
girisine uygulanmistir. DVM, KNN, NB ve KA

Tahmin
Hasta | Saghkh | Toplam
Hasta 5 1 6
Gecek
Saghkh 0 4 4
Toplam 5 5

Tablo 7. Segili kanallar KA siniflandirma sonug tablosu

smiflandirma algoritmalar1 araciligiyla siniflandirilan KA o F1-
Tar 5 . ot oh Kesinlik ~ Duyarhlik Dayanak
verilerin sonuglar1 Tablo 1-16°de gosterilmistir. Smiflandiricist Skor
Tablo 1. Se¢ili kanallar DVM smiflandirma sonug M'gren,HaStas' 1 0.83 0.91 6
tablosu Saghkh 0.8 1 0.89 4
Dogruluk 0.90 10
DVM . F1- Makro Ortalama 0.90 0.92 0.90 10
Simflandimesy €SNk Duyarhk o/ - Dayanak Agirlikh Ortalama 0,92 0.90 0.90 10
Migren Hastasi 1 1 1 6 o . .
Saghkl 1 1 1 4 Tablo 8. Segili kanallar KA smiflandirmasi hata matrisi
Dogruluk 1 10 Tahmin
Makro Ortalama 1 1 1 10
Agirlikli Ortalama 1 1 1 10 Hasta | Saghkh | Toplam
o Hasta 5 1 6
Tablo 2. Secili kanallar DVM simiflandirmasi hata Gegek
: Toplam 5 5
Tahmin
Hasta | Saghkh | Toplam
Gecek Hasta 6 0 6 Tablo 9. Tim kanallar DVM smiflandirma sonug
ece
Saglikh 0 4 4 tablosu
Toplam 6 4 DVM - F1-
- Suniflandiricist Kesinlik ~ Duyarhlik Skor Dayanak
Tablo 3. Se¢ili kanallar KNN simiflandirma sonug Migren Hastas: 083 083 0.83 6
tablosu sagliki 0.75 0.75 0.75 4
Dogruluk 0.80 10
St ﬂlzl’:l(;\l‘nc]s] Kesinlik ~ Duyarhlik S'T(:t)_r Dayanak Makro Ortalama 0.79 0.79 0.79 10
Agirhkh Ortalama 0.80 0.80 0.80 10
Migren Hastasi 1 0.83 0.91 6
Saghkli 08 1 0.89 4 Tablo 10. Tim kanallar DVM smiflandirmas1 hata
Dogruluk 0.90 10 matrisi
Makro Ortalama 0.90 0.92 0.90 10 -
Agirhkh Ortalama 0.92 0.90 0.90 10 Tahmin
.. Hasta | Saghkh | Toplam
Tablo 4. Secili kanallar KNN siniflandirmasi hata £ P
ici Hasta 5 1 6
matrisi Gecek
- Saghkh 1 3 4
Tahmin
Toplam 6 4
Hasta | Saghkh | Toplam
Hasta 5 1 6 Tablo 11. Tim kanallar KNN smiflandirma sonug
Gecek
Saghkh 0 4 4 tablosu
Toplam 5 5 KNN - )
Simiflandiricist Kesinlik ~ Duyarhlik F1-Skor Dayanak
Tablo 5. Segili kanallar NB siniflandirma sonug tablosu Migren Hastasi 0.80 0.67 0.73 6
NB F1- Saghkh 0.60 0.75 0.67 4
Simflandiricis: Kesinlik  Duyarlhihik Skor Dayanak Dogruluk 0.70 10
Migren Hastas! 1 0.83 0.91 5 Makro Ortalama 0.70 0.71 0.70 10
saglikh 08 1 0.89 4 Agirhkh Ortalama 0.72 0.70 0.70 10
Dogruluk 0.90 10 .
Makro Ortalama 0.90 0.92 0.90 10 Tatt)lp_lZ. Tim kanallar KNN siniflandirmasi hata
. matrisi
ABirlikl 0.92 0.90 0.90 10
Ortalama

Tablo 6. Secili kanallar NB siniflandirmasi hata matrisi
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Tahmin
Hasta | Saghkh | Toplam
Hasta 4 2 6
Gecek
Saghkh 1 3 4
Toplam 5 5

Tablo 13. Tiim kanallar NB siniflandirma sonug tablosu.

NB F1-

Suniflandiricist Kesinlik  Duyarlihk Skor Dayanak
Migren Hastasi 0.86 1 0.92 6
Saglikh 1 0.75 0.86 4
Dogruluk 0.90 10
Makro Ortalama 0.93 0.88 0.89 10
Agirhkh Ortalama 0.91 0.90 0.90 10

Tablo 14. Tiim kanallar NB siniflandirmasi hata matrisi

Tahmin
Hasta | Saghkh | Toplam
Hasta 6 0 6
Gegek
Saghkh 1 5 4
Toplam 7 3

Tablo 15. Tim kanallar KA siniflandirma sonug
tablosu.

St ﬂ;:z‘mc]s] Kesinlik  Duyarhhk S'T&J_r Dayanak
Migren Hastasi 1 0.83 0.91 6
Saghkh 0.8 1 0.89 4
Dogruluk 0.90 10
Makro Ortalama 0.90 0.92 0.90 10
Agirlikh Ortalama 0.92 0.90 0.90 10

Tablo 16. Tim kanallar KA smiflandirmasi hata matrisi

Tahmin
Hasta | Saghkh | Toplam
Hasta 5 1 6
Gecek
Saghkh 0 4 4
Toplam 5 5

Tablo 1-16 incelendiginde DVM ve KNN smiflandirma
algoritmalarinda tiim kanallardan alinan verilerin
smiflandirilmasindan  elde edilen sonu¢ ile segili
kanallardan alinan verilerin smiflandirilmasindan elde
edilen sonuca kiyasla basari orami diismektedir. NB
siiflandiricisinda ise sonuglarin tiimii diisiis gostermese
de bazi parametrelerinde disiis goriilmekte olup KA
siiflandiricisinda ise herhangi bir degisiklik olmadig:
goriilmiistiir. Genel olarak incelendiginde ise DVM
smiflandiricisinin - migren hastaliginin  etkili oldugu
bolgelere denk gelen kanallarin segilmesiyle bu
kanallara uygulanmasinin sonucunda smiflandirma
basarisinin en yiiksek oldugu goriilmiistiir.
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Tartisma

Bu calismada EEG verilerinin SSD y6ntemiyle zaman-
frekans bilgisi elde edilip migren hastalig1 tespit
edilmeye calisilmigtir. Literatiir incelendiginde daha ¢ok
hastalara 4-6 Hz 1sik uyartimi1 verilerek EEG
sinyallerinde olusan degisiminden tespit edilmeye
calisildigr goriilmiistiir. Ancak bu calismada dinlenme

halindeki bireylerden aliman EEG kayitlar1 ile
smiflandirma  iglemi  yapilmistir.  Ayrica  dnceki
calismalarda migren hastalarinda beynin parietal,

oksipital, temporal, ve frontal bolgelerinde hastaligin
tespitinde anlamli veriler elde edildigi belirtilmis olsa da
kanallarm  belirlenmesiyle ilgili ¢ok calismaya
rastlanmamigtir. Bu c¢aligmada etkin olan kanallar
secebilmek icin ilgili bolgelere denk gelen kanallar
belirlenip smiflandirilmigtir. Ayrica tiim kanallarinda
birlikte siniflandirma islemi yapilip secilen kanallarin
sonuglariyla karsilagtirilmstir.
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Interpreting the human posture in human videos and pictures constitutes the most basic structure of human
posture prediction. A system is created that decides what the movement is and what purpose it is made by
evaluating pictures and videos. In this way, a structure has been created that determines and classifies
human movements as an automatic system. A mechanism of motional meaning contained in the created
system has been recognized in such away that the pattern is expressed. It is intended to take advantage of
these components by taking instant information. A result was obtained by primarily inferring instant still
images and eliminating time intervals that do not contain information range. A classification was made
according to their accuracy. Based on the location coordinates of the images and videos, it was tried to
determine how people might react in the neck stage. Thanks to the analysis performed through the joints
with optical flow calculation, motion information was obtained and classifications and analyses expressing
the power of motion were created. Motion information on the region determined in the image is determined
by the detection of joints, revealing the power generated by movement. The created histograms provide
ease of classification of motion. Based on the reliability of the descriptions, which include the concept of
the time in a sequential way with the detection of joints, it was desired to create a sliding classification
mechanism within the framework of these joints. As a result of this study, it was aimed to obtain a
functional structure that can recognize and understand the autonomous movement of stationary or moving
beings. An efficient structure has been created in terms of providing a useful and facilitating mechanism
by solving the problems in estimation.

Introduction

Human posture prediction is a very important step to
understand the actions of people in the video or pictures
discussed. The main action is to determine the locations of
the joints that make up the skeleton[1]. Determining,
perceiving and interpreting the human movements in the
human appearance is important in terms of making sense of
the images discussed in the videos. The multifaceted
content of human movements has made these studies more
important. The perception of human movements,
recognition of mimics, editing of videos, easy search of the
desired content in videos, and the common class created by
guessing provide great convenience. This class contains
large changes within the data[2]. Depending on these
changes, it has been tried to create a forecasting
environment in a challenging area. The discovery of smart
solutions for video, which is increasing today, increases the
need for human posture predictions[3].

It has been seen that a system that can analyze human
movements can help in obtaining the necessary
information[4]. Contrary to popular belief, estimation is
more difficult than expected. It differs from person to
person, although it is within certain periods, including the
natural behaviors that people do without realizing it.

The positive or negative effects of factors such as light,
environment and clothing also greatly affect the estimation.
There are great differences even between movements
belonging to the same person in the same class. Perceiving
and interpreting these movements and classifying them is
difficult and complex, contrary to what it seems. Generally,
a system is formed by grouping people from top to bottom.
Structures that can be estimated are used in applications
where various video and camera images are available online
and offline, as well as pictures[5].

Monitoring  vehicles from cameras in public
transportation such as subway, detection of criminals or
suspects from security cameras on streets and avenues,
detection of thieves from cameras at home or in companies
can be given examples to online applications. On the other
hand, detection of the movements of the athletes in the
close-up areas from the cameras in various competitions,
detection of the movements of the reporters and people in
the news, looking at the details of the performances of the
actors who took part in the concerts and various shows can
be accepted as offline applications[6].
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Situations expressing the concept of motion are called
primitive. Primitive actions constitute actions. Movement
activities occur when actions form a meaningful and
interpretive whole.

In human motion detection studies, extracting images
from videos and classifying the corresponding movements
are generally fundamental. It is based on how the system
works as a whole by extracting features from the images and
then creating a classification obtained from these features.
In classification, both internal and external variations are
among the factors that directly affect the correct conclusion
in estimation. The most difficult and restrictive studies in
motion recognition are camera movement and dynamics
with unwanted movements[7].

Disappearance of certain or all parts of the human body
in the image, the change of camera angle and the focus area
are the most basic factors that can make estimation difficult.

Situations such as timing, motion start and end can make
a difference in every situation, as well as adversely affect
the generalization situation in motion recognition, make
classification difficult. The temporal dimension is the
biggest problem, even if everything else is well and there
are no problems[8]. It is aimed to increase the success
percentage by creating a label of the movement class and
making widespread classification in performing the actions
in the definition category at low, medium and high
levels[9]. Figure 1 shows the skeleton prediction model in
different postures.

Figure 1. Guessing pose figures [37]

In this study, it is aimed to establish a systematic detection
of key points in the mechanism created for body estimation,
to find a wide range of joints, to detect these points, to
determine how to eliminate the errors seen and to predict
instantaneous movements in a systematic way. In the
mechanism, which was carried out on a piece-based basis,
a focal point window was created in each joint frame,
ensuring that factors such as background influence at a
minimum level and the resulting error rate in estimation was
kept  lower  compared to  other  methods.
With the help of deep learning , the system , which was
maintained as 7 layers, was started. The biggest advantage
in these methods is that by focusing only on the content of
the image, the desired image was obtained and that image
is estimated. This neural network was used to detect each
joint and joint regressor. Graphic models were used for the
formulation system. Human posture positions was

strengthened when a high-resolution mechanism was
created with the detection of interactions between joints by
graphic modeling. These approaches have been found to
perform well in appearance and in estimating moments of
difference. Evaluation of the datasets, with the help of the
python software used in the study and the opencv library,
results based on human posture estimations were obtained.
The football matches, which was in the domain of the data
set, were based on the goal moments of Cristiano Ronaldo.
The time intervals at the time of the goal were included in
these images. Estimating through these intervals yielded
highly successful results. The efficiency of the estimation
system was measured by using snapshots according to the
right, left and rear views. In Python, it is aimed to make a
prediction mechanism of data sets in accordance with the
prediction created by the deep learning model. With this
method, it was deemed appropriate to use a deep learning
system model to identify key points in the body and connect
the joints. When the body parts are used with window
openings, the skeleton mechanism has been made
independent of the background.

The following sections were described in the article,
respectively: In the Introduction section, the study in the
article was explained. Material and Methods used in the
study were explained in the Material and Methods section.
In the Method part, it was determined how the estimation
mechanism will be finalized section by section. In the
Results and Discussion section, the results obtained in the
study were given. In the conclusion part, the data on the
accuracy of the study was shared and the efficiency of the
study is shown.

Material and Methods

In this study, snapshots in videos and pictures available
to the public are used. Data set is consisted of images belong
to football matches and human prediction is made in the
python software. When the images were examined, the
movements of the people were made sense. While
estimating, joint points were numbered first. Then, these
joints were combined with their key points and the
prediction results were finalized as skeletons.

Method

The current methodology consists of several steps. The
estimation mechanism is created by determining the
silhouettes with Euclidean extensions and forming them
gradually.

Determining the edge points and detecting the joints by
utilizing the optical flow properties is the most effective
method in general.

A motional signification mechanism in the created
system is recognized in such a way that the pattern is
expressed. It is aimed to take advantage of these
components by taking instant information. A result is
obtained by eliminating the time intervals that do not
contain information by firstly extracting the snapshots. A
classification was made according to the accuracy margins.
It has been tried to determine how people can react in the
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next stage, based on the location coordinates in the pictures
and videos[10].

Figure 2. Joint data conversion to RGB image [6]

Before specifying the location coordinates, image
analysis was done with RGB. The schematic representation
of this analysis is given in figure 2.

When the matrix coordinates shown in Figure 3 are
determined, it is possible to form part inferences. With
simultaneous joins of pairwise matches with keypoint tags,
all joints are grouped at once. The created part is called
pose[11]. After the key points are detected, the connections
of the joints are transferred to the multi-layer sensors.
Common configurations are learned, sample data sets are
created according to these configurations.

‘Convolutional neural network
1

Convolution layer Fully connected layer

Feature
height

Figure 3. Convolutional neural network (CNN) structure
[32]

In convolutional neural networks, an adequate
understanding of the image is provided with multiple
sensors. Reducing the number of parameters and at the same
time minimizing the learning time improves the estimation
process. The decrease in the number of data is important in
terms of estimation speed.

Key points in the human body consist of 135 points in
real time for the body, face, hands, feet. The number of key
points in the study used was 17 as shown in Figure 4. These
key points consist of nose, right and left eyes, ears,
shoulders, elbows, wrists, hips, knees, ankles. In Figure 4,
the skeletal mechanism is formed as a result of the
combined structure of the edge pairs between the key
points[12].

Figure 4. Key points identification and estimation

methodology [35]

Human joint detection based on images is an example
of symbolizing flexible modeling parts. Mixture modeling
created to model joints is created with a flexible structure.
Capturing is performed by establishing a relationship
between the positions in the parts. After determining the
relationship between the joints, templates are created[13].

3D KEYPOINTS AND THEIR SPECIFICATION

0 — Bottom torso 9 — Neck base

1— Left hip 10 — Center head

2 — Left knee 11 — Right shoulder
3 — Left foot 12 — Right elbow

4 — Right hip 13 — Right hand

5 — Right knee 14 — Left shoulder
6 — Right foot 15— Left elbow

7 — Center torso 16 — Left hand

8 — Upper torso

Figure 5. 3D Key Points [36]

In Figure 5, an efficient optimization joint is formed by
afforestation. Everything about joints that appear local is
based on spatial relations and the relations of formation of
these joints.
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i) Receiving video footage

The data containing the instant video recognition system
is as in Figure 6. For this system, it measures the quality of
the motion class by estimating the data of the new
sequences in the data set containing the images.
Categorizing the data determines the quality of the
prediction by determining the class of motion prediction
made.

Figure 6. Snapshot recognition dataset in football dataset

ii) Gesture recognition based on conditions

The first stage of the study is to remove the background
outside the focused image in the images taken from the
video inputs and to collect the necessary information to
bring the area of interest to the foreground.

Then, the motion class is determined by filtering with the
optical flow mechanism. Estimation is made by finding the
key points in the gradient pattern joints, which are ordered
from light to dark. Class is formed due to the differences in
the human posture, the way the movements are made, the
movement of the camera, the lighting, and the differences
in the perspective effect. The abundance of information
from its diversity provides a great advantage for this
classification. Once accepted as input to an image, the
direction of encoder motion is outlined by inferring
convolution block features as a contraction. An
architectural result is created thanks to the regressors
connected to the coordinates. First of all, instead of coding
the key points directly, it first creates a pose frame in that
region[14]. The flow chart of the study is shown in figure 7.

Video input

u =
Interest Inference

0

Optical Flow Power Shapes

Obtaining snapshots to
be considered

Finding key points of images

0 |::> to use for prediction

0

Classification with the Help of
a Floating Window in Time

Finding the mation class by
estimating

="

0

Motion Class Determination

Figure 7. Estimation system structure diagram
iii) Area of Interest Inference

The portion of the video shapshot containing the human
body silhouette is of interest to the estimation. The main
factor in the inference focuses on the human body,
regardless of the background. Converting color data to gray
is the next step.

gray level value = [0.299 0.587 0.114] + [RGB]"T (1)

The region is accepted by combining the key points
with the analysis of the coordinates of a part of the human
body as a result of background subtraction. Background
extraction, ambient light, brightness, external factors are
minimized.
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The biggest factor in taking the bounding boxes as a
basis in the pose mechanism is that focusing on the human
body to be estimated will leave the difficulties behind and
make the estimation easier. In this system, background
difficulties seem to have a minimal effect. Area of interest
extraction with temporal windows is shown in Figure 8.

Figure 8. Extraction of interest in the data as a result of the
analysis

iv) Optical Flow Power Shapes

The main purpose of the optical flow is to determine the
strength of the joint parts in motion by performing the
filtering process, instead of only detecting the direction of
movement of the human body. Thus, the filtering process
led to the disappearance of the information necessary for the
prediction and ensured the protection of the necessary data.
The pattern is created by combining the edge information
of the moving images. When feature extraction is provided
using the pattern, it provides an environment for the
histogram that examines the transition features. It is
obtained that the brightness in the image does not change
depending on the temporal flow and does not change with
time for each image[15].

Using the Hom-Schunk method, it is obtained (2) that
the brightness in the image does not change depending on
the temporal flow, and for each image, depending on the

(%, y, z) coordinates at time t.

=0 @

The chain rule is applied after applying optical flow to
the snapshot in the data set as in (3).

() @)+ (@) @)+ @=0 @

(u, v) shows the change in (x, y) coordinates in these
diagrams.(4)

(@) =w(@)=v @

By arranging these inferences, the expression 5 is
obtained.

Ix)*u+Iy)*v+I(t)=0 (5)

The inferences obtained above are not used alone on the
properties of optical flow. Considering that the neighboring
pixels of the base pixels will have similar flow movements,
(X, y) coordinate components are included in the fluency
constraint to form the solution of the system.

B+ () £+ ()= ©

In order to obtain optical flux values, minimum
brightness and fluency constraints are required. It is
required to have zero error for normal time. However, a
brightness error occurs. To solve this, equation 7 is used in
the background.

e? =[] (a?e?(0) +£2(0))d()d(¥) ™

Optical flow powers were calculated by calculating the
change in any direction in the coordinate plane by finding
the amount of change with the method used. The edge
features are determined more clearly, and the clear view of
the human body posture is obtained without being
dependent on the environment (8).

e? = (u? + vz)é (8)

v) Ordered Directional Gradients

After the optical flow power is determined, the part
containing the motion information consists of these
gradients. Extraction of the edge features of the human body
in the image is obtained. Inferences were made with the
HOG method. The HOG method finds out by recognizing
the human body.
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vi) Motion Class Determination

If HOG is used, when n windows are arranged, a
successful analysis containing time and motion information
in 81xn size is created. The HOG descriptor is very
important in terms of the movements of the 81xn size
descriptors, which are obtained by successful and highly
ordered direction gradients, in the n-dimensional time
window in 81xn size descriptors lined up one after the other.
The system includes the concepts of time and motion[16].
Based on the speed concept of the real-time system, k-NN
neighborhood is used. When using nearest neighbors ,
identifiers are generated and the nearest neighbors to the
joints are identified to find key points [17]. When it captures
similar features, it finds the closest option. The distance (m)
between the data to be trained for the nearest neighbor (p)
and the items to be classified (q) is calculated and the target
is found.

((p1 = q1)* + (p2 — q2)* + -+ (pm — qm))"(1/2) =

(mx(i = D(pi — q)*)/(1/2) ©

The 81xn size identifiers show continuity in the motion
detection part depending on the tags. With RGB and HOG
ease of use motion detection, posture estimation is
created[18].

Results and Discussion

The algorithms used in this study helped to solve the
human pose estimation problem. The data set was collected
from the videos of football matches, and consisted of
Cristiano Ronaldo’s image when he scored a goal. Tree
modeling method was used and the area of interest is
inferred. After the area of interest extraction, the parts called
part poses were determined and the coordinates were
determined. As a result of these stages, the joints are
determined. Classification of joints by combining them
revealed clearer results. Thus, limb points are provided.
Each key point has a combination of right, left, up and
down. The resulting system is the skeletal mechanism.
When the systematic prediction is taken as 17 key points in
the exposure mechanism, it was seen that the data in direct
video images showed the best accuracy. The N-solid
kinematic skeleton model has brought the forecasting
quality to the highest level with the pipe system.
Classification has been simplified. Ambient light,
brightness in the snapshot and external factors are
minimized. The concept of time was kept within the
framework of importance and allowed the emergence of a
successful mechanism. Cristiano Ronaldo's goal moments
in the data set were examined from many angles, and it was
determined in which positions he scored with the key point
detection. In order to increase the accuracy in data sets, the
accuracy level has reached a successful level thanks to the
RGB camera when the common information is labeled in
detail and matched.

It has been observed that the RGB camera does not decrease
the estimation accuracy. It has been observed that more
accurate results are obtained when ear and eye detection is
performed in data sets with specific movements. As the
angle of the camera changed, the accuracy of the estimation
result decreased with the decrease in key points. It has
gained speed thanks to convolutional neural networks and
the prediction mechanism has gained functionality with a
minimum data set.

Conclusion

The Openpose system is aimed to realize a real-time
system for 17 key points, with a total of 135 key points in
the whole body in the images. Openpose has open-sourced
the work in the library repository, enabling pipelines
between command line interfaces Python API and Unity
plugins and joints. Communities made easy with nvidia,
cuda, opencl, cpu support. All joint positions were found for
separation. It was determined which joints would come
together for the body parts. Peak information was included
for the (X, y) position. Quan Hua's deep learning model was
used as a database for this posture prediction[31].

Figure 9. Human Exposure Estimation Results
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Real/Estimation | Front Right | Left | Back
View View | View | View

0 92.7 78.4 77.3 79.7
1 90.6 725 73.6 73.6
2 91.3 73.7 74.8 75.3
3 89.5 79.5 78.5 78.5
4 87.6 7.4 79.5 74.6
5 90.2 735 91.7 91.2
6 89.3 90.4 70.3 88.3
7 90.5 79.4 934 91.6
8 89.6 91.2 90.6 87.5
9 90.9 70.2 92.8 86.8
10 89.9 89.9 85.4 89.5
11 90.3 75.4 92.4 91.3
12 89.6 90.1 711 88.2
13 90.7 74.1 90.6 88.9
14 89.8 90.8 72.0 87.8
15 911 81.2 93.2 92.3
16 90.1 91.2 70.7 89.2

Figure 10. Estimation Accuracy Rates

The table shown in Figure 10 contains the accuracy
results of the estimation mechanism. Considering the key
points in the data used, four positions was taken as a basis:
front, back, right and left. By identifying 0-4 key points,
other parts of the body was passed. Left body parts show
less accuracy in right view, while right body parts show less
accuracy in left view. In the rear view model, the key points
covering the eyes and nose are less accurate.
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measurement, on an application. Strain gages are used to precisely measure strain directly in a system. This
method is carried out to verify the numerical and analytical calculations performed or to record the strain
data generated during the active duty of a system and to investigate the fatigue damage. In particular,
verifying numerical calculations in the strength-material recovery optimizations of mass-produced systems
contributes to the development of the system. In this study, strain measurement using strain gage and strain
measurement technology is presented on an application. Information was given about strain gages. A full
bridge wheatstone bridge consisting of 4 linear gages was created on a prototype. The system was tested
with a load cell validation. Structural finite element analysis of the prototype and analytical calculation of
the fullbridge strain gage connection were performed. The results showed that the measurement with the

strain gauge differed 1.20% and 1.40% from the analytical and numerical results, respectively. Thus,
precision strain measurement technology was successfully presented in engineering systems.
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Introduction

Strain gages are used to measure the strain on an object
with high measurement accuracy and small dimensions.
Strain gages were invented by Edward E. Simmons and
Arthur C. Ruge in 1938 [1]. They are used successfully in
airplanes, especially in wing and landing gear, in heavy
equipments, especially in chassis and gears, bridges,
cranes, ships, automobiles, constructions etc. where stress
measurement is important. Strain gages are electrical
sensors. When a displacement occurs on the strain gauge,
there is a change in its electrical resistance and with this
change the amount of strain is measured. Stress value is
obtained by associating this strain value with material
properties. Today, there are gages developed for different
materials and different applications. The use of strain
measurement has increased in obtaining more durable
lighter structures, in verifying the theoretical strength
models of objects with complex geometry, in examining
products in field tests and in revealing safety conditions.
Strain measurement with strain gauges is carried out with
special amplifiers (data acquisition system). This
measurement requires many interrelated components and
application expertise, from the selection and positioning of

the strain gages to the visualization of the measurement
with software.

There are special strain gauges that are welded and screwed
to the surface, which are used for long-term stress
measurement, but the common one is to stick the strain
gauges to the surface to be measured strain. Strain gauges
are commercially available in linear, 0/45/90, 0/60/120, T
(0/90), shear format. Stress measurement in special
systems can be done easily by using these traditional
models together. There are many types and sizes of gauges
and strain gauges are selected from the catalogues for
application. The data acquisition system is selected
depending on how many gauges will be collected
simultaneously. Special software is also used to display
and save strain data from the data acquisition system [2].
Connections of the strain gauges and measurement
calculations are also a specialty. Strain measurement
configurations are quarter, half and full bridges.

There are some studies where strain gauges are used for
experimental stress measurement. Celik et al. [3] designed
a crane that could be mounted on a tractor. After producing
this crane, they attached strain gages to certain locations.
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They measured the strain at these locations with the HBM
840A using a 0/45/90 degree rosette and determined that
numerical calculations and strain gauge measurements
were compatible. Lisle et al. [4] measured the tension in
the teeth of internal gears using a strain gauge with a
wheatstone bridge connection and compared them with the
numerical results. In Whetstone bridge, compensation was
performed to eliminate the temperature effects. This
demonstrated that the stress measurement was performed
accurately on complex surfaces such as gears [5].
Moustabchir et al. [6] developed and validated an
experimental technique using strain gauges for the
determination of strain distribution in pressurized
cylindrical tanks. It has been determined that the
verification of numerical calculations with strain gauge
measurements will reduce the need for experimentation.
Yirdem et al. [7] performed a stress analysis on a plow
using a strain gauge. In their study, they used linear gagues
and analyzed the system by converting stress
measurements in different axes to von Mises stress. They
found that the obtained results were compatible with the
numerical solutions [8]. Ma et al. [9] measured stress with
astrain gauge in a bridge maintenance and test vehicle. The
tension in the system was recorded at the time of operation
by sticking the gage at a distance of 20 mm from the
welded area. Using this stress data, the fatigue calculation
of the system was also performed. Patil et al. [10]carried
out the experimental testing and analysis of the helical gear
using thegear dynamic stress test rig. Stress measurements
were performed on the gears with a strain gauge.
Experimental analysis was validated by finite element
contact analysis. Gao et al. [11] successfully measured the
stress on the pipe surface with a strain gauge in the bending
test of a pressure pipe. Lisle et al. [12] measured the stress
at the root of the tooth using a strain gauge. They used these
measurement results to validate numerical and analytical
solutions. They placed rosettes at three different locations
and measured for different gear calculation methods. They
found that the numerical and analytical results were
consistent with the strain gauge results. They found that
validation of numerical calculations was an effective
scientific method to reduce experimental requirements for
gears in the future. Almeida et al. [13] developed strain
gauge-based ring sensors to measure the dynamic forces
coming into the system in wind tunnel testing. They created
a full bridge wheatstone bridge circuit in these rings. Thus,
they improved the aerodynamic structure by precisely
measuring the stress in the system. Yunjiang Lou et al. [14]
performed strain gauge measurement and topology
optimization studies in their study. Wheatstone bridge was
used in the measurement. In 1843, British physicist Sir
Charles Wheatstone invented a bridge circuit to measure
electrical resistances. In this bridge circuit, known as the
Wheatstone bridge circuit, unknown resistors are
compared with well-defined resistors. The Wheatstone
bridge is well suited for measuring small changes in a

resistor and is therefore used to measure the change in
resistance in a strain gauge (SG) [1][15]. Studies with
detailed presentations on strain measurement with strain
gauge are limited. This study aimed to eliminate these
deficiencies both scientifically and industrially.

The aim of this study is to present the whole measurement
process with strain gauge, to create a full-bridge
wheatstone bridge on an application, to perform the stress
measurement in the system experimentally, and to
demonstrate the applicability of this method in scientific
and industrial studies with today's technology.
Measurements were made with strain gauges in a circular
hollow steel body. Measurement values were compared
with numerical and analytical calculations.

Strain Gages Technology

The gauges consist of carrier material (a), measuring grid
(b) and connections (c) (Fig. 1). The strain value is
calculated by precise measurement of the strain-related
resistance change in the measuring section. The
deformation is AL: Lo-L1, The strain is (€) = AL / Lo. The
stress (o) calculation can be made in linear elastic materials
by the strain value and the elastic modulus of the material.
Hooke's law in linear materials is calculated with the
formula ¢ = E.€. Stress can be measured bu using strain
gages for ductile and brittle materials up to the limit of
elasticity specified in the typical tensile tests seen in Fig. 2.

e /
/ ‘

===

g 7 I N\ L

0

Figure 1. Linear strain gauge.

Strain gauges are electrical sensors. The change in
resistance in strain gauges is precisely measured with a
wheatstone bridge. Depending on the measurement
requirement and precision, one or more strain gauges are
used at the measuring point. Quarter bridge using 1 linear
gage, half bridge using 2 linear gages, and wheatstone
bridge using 4 linear gages are called full bridges. In fact,
the circuit used for measurement is always complete. There
are four resistors in the system. Non-variable resistors are
complemented by fixed resistors. Quarter bridge, half
bridge and full bridge configurations are shown in Fig. 3.
For example, there are special sockets with developed
electronics for quarter-bridge measurement. The
connections of these sockets are made according to the data
sheet of the brand (Fig. 4).
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Figure 2. Steel stress-strain a) Characteristic of a brittle material b) Characteristic of a ductile material.

Figure 3. Wheatstone bridge circuits a) quarter bridge, b) half bridge, c) full bridge.

SG 120/ 350

Figure 4. Example of a quarter bridge measuring adapter.

In this study, Full bridge configuration is discussed. Data
acquisition system connection diagram of full bridge
wheatstone bridge is shown in Fig. 5. In order to avoid
confusion, the amplifier connection was made using a
special colored signal cable. When a force is applied to a
system to which strain gauges are attached, the change in
resistance values on all 4 gages can be precisely measured
with this system. In this connection consisting of 4 gages,
gages 1 and 3 are positioned in the direction of force, and
gages 2 and 4 are positioned at an angle of 90 degrees to
the force direction. Strain in the wheatstone bridge seen in
Fig. 5 is calculated with equations 1, 2 and 3. In equation

2, €= e1xv because the gage number 2 is 90 degrees
perpendicular to the force direction. v poisson's ratio is 0.3.

ey Measurement signal (+)
bk Excitation (-)
bu Excitation (+)
i Measurement signal (-)
e Cable shield
= Sense lead (+)
L/ Sense lead (-)

Figure 5. Wheatstone bridge data acquisition system
connection diagram.
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Experimental study

In this study, a circular part was modeled with CATIA for
measurement with a wheatstone bridge. This steel piece
with an outer diameter of 100 mm and an inner diameter of
80 mm and a height of 80 mm was produced. A full bridge
wheatstone bridge was designed using 4 linear gages
(Figure 6). Gages 1 and 3 were marked in such a way that
the gages 2 and 4 were 90 angled in the direction of force
and the gages were precisely positioned.

Gages 1 and 2 are shown in the Fig. 6. Gages 3 and 4 are
located at the back symmetrically. The cable connection of
the system is presented in Fig. 5. For the steel material,
linear gage HBM-LY61-6/350A, (Universal SG for stress
analysis) strain gauge series Y was selected. The
characteristics of this linear gage are: k: 2.01 (The k Factor
is the strain sensitivity of a strain gauge, k is the
proportionality factor between the relative change in
resistance AR/RO and the strain to be measured with €). The
transverse sensitivity rate of this gage is 0.3%. (The
transverse sensitivity is the ratio of the sensitivity of a
strain gauge transverse to the measuring grid direction to
its sensitivity in the measuring grid direction). Measuring
grid material of gage is constantan, carrier foil: polyimide.
Temperature response: ferrite steel (10.8 ppm/K), Nominal
resistance: 350 ohms, measuring grid length: 6 mm. HBM
-3133.0034 PVC-insulated ribbon cable was used for the
amplifier connection with the Wheatstone bridge. This
special cable consists of 6 leads, cross section per lead:
0.14 mm?, resistance: 0.131 Ohm/m, thermal resistance of
the cable is -10°C to +70°C. Solder terminal was used for
internal connection of strain gauge wheatstone bridge. The
surfaces to be bonded to the gage were created with 100
and 330 grid sandpapers, respectively, with a roughness of
approximately 6 pm. The surface was cleaned with
pomades and necessary tools. The gage was moved to the
desired position with a special tape. The gages were fixed
with HBM Z70 adhesive. In this bonding process, pressure
was applied on the gage with a finger for about 2 minutes.
Teflon film layer was used to prevent the finger from
sticking. Whether the gages adhered to the surface properly
or not was tested with a special conveyor belt. Resistance
was measured with an multimeter on the gage. Thus, it was

checked whether there was any damage to the gages or an
unexpected resistance value. The connections of the gages
were made in accordance with the scheme and cable colors
indicated in Fig. 4. It was prepared for measurement with
a sufficient length of 1-3133.0034 HBM brand cable socket
connection (Fig. 6) and connected to the Quantum HBM
MX840B data collection device. A compression load cell
with equal HSC-V 60t model calibration was used to
instantly measure the force applied to this Annular
application piece. This load cell is connected to the HBM
quantum MX840B device with the E-MDL-DAC ECI
analog board. With the CatmanEasy software compatible
with the HBM MX840B data acquisition system, both the
wheatstone bridge strain value and the force were
simultaneously measured and recorded. The application
ring and gage positions are shown in Fig 6.

Figure 6. Wheatstone bridge implementation piece.

A load was applied to the application piece with a 30-ton
compression device and an ALSA brand 30t compression
tester at a compression speed of Imm/min (Fig. 7). The
load value and instantaneous stress value were recorded.
Similar to Fig. 8, variable loading was applied to the piece,
on which wheatstone bridge was applied, with the
INSTRON 8501 device with a load capacity of 50 kN, and
the stress and force values were recorded.
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Figure 8. Force-strain measurement under variable loading.

Results and discussion

In this study, the details of the experimental stress analysis
performed with a full wheatstone bridge created with strain
gages are presented. Experiments of this application were
carried out successfully. Half-bridge and quarter-bridge
circuits are frequently used due to their ease of connection
and less gage requirement [16]. However, a full-bridge
circuit is the most suitable configuration for strain gauges.
It provides the highest sensitivity and the least error

component, and since the full bridge produces the highest
output, it is least affected by electrical noise [17]. For these
reasons, a full bridge should be used whenever possible.
The resistance of the gauges adhered to the system was
measured with an multimeter and their suitability for strain
measurement was determined. Cable checks were carried
out. As a result of the experiments carried out in the
laboratory, force-time (Fig. 9) force-strain graphs were
obtained for 30 tons of loading (Fig. 10). These graphs are
simultaneous.
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Stress measurement was carried out stepwise by keeping
the application piece with Wheatstone bridge connection
by increasing 5-50 kN and 5 kN increments for certain
periods of time. Strain and stress values of this
measurement are shown in Fig. 11-12. A strain of 22.95
MPa was measured for 50 kN. The stress measurement
steps shown in Fig. 12 show the continuity and stability of

the stress measurement [18]. These two graphs are created
simultaneously. In the finite element analysis solution
performed for the application part for a load of 50 kN, the
strain at the strain gauge position was obtained as 22.624
MPa (Fig. 13) [2]. This numerical result is very close to the
measured stress value. Stress values measured with
numerical results are 98.6% compatible.
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The fatigue behavior of the systems is calculated by
recording the experimental stress measurements under
variable loadings. Optimization processes are carried out
successfully with these data in aircraft, automobiles,
defense industry vehicles and generally construction
machines, which are planned to be mass-produced today

R

[4]1[19]]20][21][22]. In this study, strain and stress data
created by variable loadings on the application part were
precisely measured and recorded. In the loading simulation
seen in Fig. 14, the stress-time graph seen in Fig. 15 was
obtained simultaneously.
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In this study, stress measurement was successfully
performed with a wheatstone bridge configuration created
with linear gages [23]. Linear gauges have the ability to
measure in a single axis. If they are not attached to the force
axis on the object, an incorrect measurement is made. If the
force axis on an object changes during the operation of the
system, then the measurement is made with gages placed
at specific angles. It can be preferred in a special rosette

where linear gages are brought together [7]. 0/45/90 degree
rosette is seen in Fig. 16a. For the data acquisition system
connection, 3 quarter bridge wheatstone bridges are
required. . This means using the three channels of the data
acquisition system. Different size gages can be preferred
depending on the application (Fig. 16b). Multi-axis
measuring systems can also be created using existing
gauges, as shown in Fig. 16c. Strain gage stress
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measurement technology is an effective and efficient
method to verify numerical and theoretical solutions and to

detect the real stresses directly on the systems during
operation [24][25].

Figure 16. Strain gauge types and applications a) 0/45/90 rosette b) 1.5 mm grid linear gage c) 6 axis strain measurement

application.

Conclusion

In this study, strain measurement with strain gauge was
demonstrated in detail and successfully with an application
analytical and numerical results were determined 1.20%
and 1.40% differed with experimental measurement
results, respectively. The full bridge circuit is the optimal
configuration for strain gages. It provides the highest
precision and measurement with the fewest error
components and is less affected by electrical noise. Four
active strain gauges, two of them rotated by 90°. The
overall effect of the material on the basic strain
measurement is compensated due to the poisson's ratio for
the full bridge configuration. Normal strain is measured
independently of bending strain (bending is excluded),
Temperature effects are well compensated, High output
signal and excellent common mode rejection.

The most important conclusions drawn from this study can
be briefly presented for the use of strain gauge technology
as follows:

e The type of material to be measured, its
dimensions and the ambient temperature are
important in the selection of strain gauges.

e  The surface must be cleaned with chemicals and
an electrostatic structure must be created.

e Measurements can be made in the elastic region
of the material by strain gauges.

e Strain can be measured economically and
efficiently with 0.05% sensitivity in a short time
with the help of strain strain gauges.

e Universal data acquisition system (amplifier) can
measure both strain gauges and other sensor data
(0-10V, 4-20 mA) simultaneously.

e  Quarter, half, full bridge configurations should be
preferred according to measurement accuracy and
application.

e Especially in measuring the strength of prototypes
of mass-produced products with strain gauge
measurements, it is highly beneficial for systems
to be lighter and more durable.

e Continuous measurement can be performed with
strain gauge data collection devices for the early
detection of damage and accidents in the case of
systems operating on ships, airplanes and bridges.

e Strain gauges provide low cost and high
efficiency especially in prototype development
studies, verification of computer aided finite
element solutions, monitoring of the strength of
constructions, optimization studies.
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Delik i¢i tornalama islemi 6nceden delinmis veya dokiim yoluyla elde edilmis olan deliklerin belli 6l¢iilere
getirilmesiyle yapilan bir delik genisletme islemidir. Delik isleme, delik toleransi dairesellik ve ylizey
piiriizliiligi agisindan son derece dnemli ve hassas bir islemdir. Delik i¢i tornalama esnasinda istenilen
yiizey kalitesine kesme parametrelerinin yani sira kullanilan kesici ucun ve kullanilan delik isleme
barasinin dogrudan etkisi vardir. Bu caligmada; delik igi tornalama islemine yonelik yapilmis olan

caligmalar derlenmistir. Bulunan yayinlar, kullanilan delik isleme barasinin (malzemesi, boy/¢ap (L/D)
orani, soniimleme yontemleri) ve kesici ucun (malzemesi, geometrisi yarigap degeri, kaplamasi) islenen
yiizeyin puriizliligiine, delik geometrisine, takim asinmasina ve kesme kuvvetlerine etkisi agisindan tek
tek ele almmustir. Yapilan incelemeler sonucunda, malzemesi ¢elik olan delik isleme barasinin daha
ekonomik oldugu, karbiir delik isleme barasinin daha biiyiik L/D oranina sahip deliklerin islenmesinde
daha iyi oldugu, kullanimi olduk¢a yeni olan titresim soniimlemeli baralarin ise kesme kuvveti, yiizey
plriizliligi ve takim aginmasint 6nemli derecede azalttigr ileri siiriilmiistiir. Bununla birlikte, kullanilan
kesici uglarda ise, kii¢iik u¢ yaricapina ve pozitif kesme agilarma sahip olanlarin arzu edilen delik
geometrisi ve toleranslarin elde edilmesinde daha uygun oldugu, serbest ylizey ve krater agmmmalarinin
meydana geldigi, kaplamali uclarla yiizey piriizliligii ve aginma tizerinde daha iyi sonuglara ulasildig:
ifade edilmistir.

ABSTRACT

Internal turning is a hole enlargement process that is made by bringing pre-drilled or casting holes to
certain dimensions. Boring is an extremely important and precise process in terms of hole tolerance,
circularity and surface roughness. During internal turning besides cutting parameters, used cutting insert

Anahtar Kelimeler:

Delik isleme barasi, delik i¢i
tornalama, kesici ug, islenebilirlik,
yiizey piirizliligd, titresim
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* Sorumlu yazar

Giris orani da titresime neden olur. [2]. Daha biiyiik delik baras;
uzunlugu nedeniyle delik iglemede, takim titresimi, zayif
yiizey kalitesi, giriiltii olusumu, hizli takim asinmasi ve
takim tezgahim dmriiniin kisalmasi ile sonuglanan énemli
bir faktor olarak kabul edilir [3]. Delik igleme barasi ince ve
uzun oldugunda, deligin dogrulugunu ve ylizey kalitesini
azaltan asir1 statik sapmalara veya kendiliginden uyarilan
tirlama titresimine maruz kalir. Bu durum, kesici ucun daha
hizli aginmasina neden olur [4]. Delik i¢i tornalamada yiizey
plriizliligini, takim asmmasim kesme kuvvetlerini
titresimleri azaltmak, istenilen geometriyi elde etmek
amaciyla en uygun kesme parametreleriyle en uygun
islenebilirligin belirlenmesine yonelik farkli delik isleme

Delik i¢i tornalama islemi, onceden delinmis veya dokiim
yoluyla elde edilmis deliklerin, istenilen o6lgiiye
getirilmesiyle yapilan bir delik genisletme iglemidir. Delik
isleme baras1 genellikle bir ucu sabit diger ucu ise kesme
kuvvetlerine maruz kalan bir ¢ubuktur (Sekil 1). Isleme
sirasinda delik isleme barasi farkli yonlerde titresimlere
maruz kalir. Bu titresimler, 6nemli bir kalite parametresi
olan yiizey pirizliligini dogrudan etkiler. Yiizey
purizliligiini kontrol etmek icin delik isleme barasi
titresimlerini  kontrol etmek o6nemlidir. Titresimler,
kullanilan kesme parametrelerinin bir sonucudur [1]. Kesme
parametreleri disinda delik isleme barasinin boy/cap (L/D)
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barasi malzemeleri ve kesici uglar kullanilarak birgok
calismanin yapildig1 goriilmistiir.

Sekil 1. Delik i¢i tornalama islemi (delik barasi/kateri)

Genel itibari ile yapilmis olan ¢aligmalarda, L/D oranmin
yiizey purlizliligi ve dairesellik tizerinde etkili oldugu ileri
siriilmiistiir. Celik baranin kullanimi, kii¢iik delik boylar1
(L/D < 4) i¢in uygun olurken, biiylik delik boylarinda (L/D
> 4) karbiir baranin kullaniminin daha uygun olabilecegi,
ayrica karbiir baranin ¢elik baraya gore titresimi azalttigt
ifade edilmistir [5,6]. Kesici ucun da, titresim tizerinde etkili
oldugu; [7,8], titresim soniimlemeli (AVB: Anti Vibration
Bar) delik baralarinin titresimi 6nemli derecede azaltarak
delik i¢i ylizey puriizliliigini iyilestirdigi, karbiir baralara
gore daha uzun takim Smriine sahip oldugu, dolayist ile de
daha az maliyetli olabilecegi belirtilmistir [15]-[17].
Bununla birlikte incelenen calismalarda, farkli caplara,
malzemelere ve Ozelliklere sahip delik igleme baralar ile
farkli geometrilere, ug yaricaplarina ve malzemelerine sahip
kesici uglarin da kullanildigi goriilmiistiir. Bu makalede,
deliklerin tornalanarak islenmesine yonelik son 20 yila ait
yapilmis olan ¢alismalar bir araya toplanmigtir. Ulasilan tiim
makaleler, kullanilan delik barasi, kesici ug, islenen
malzeme, kesme parametreleri, gibi faktorler, agisindan tek
tek ele alimmustir. Sonug olarak belirlenen bu faktorlerin
islenen deliklerin yiizey piiriizliligli, geometrisi ve
toleranslar agisindan etkisi ortaya konmaya galisilmistir.

Materyal ve metot

Delik i¢i tornalama ¢alismalarinda kullanilan malzemeler,
delik isleme baralari, kesici uglar, L/D oranlari (delik isleme
barasi bo/cap oranlar1)) ve yoOntemler basliklar halinde
degerlendirilmistir.

Kullanilan Malzemeler

Delik i¢i tornalama ¢aligmalarinda, basta ¢elik malzemeler
olmak tizere aliiminyum, dokme demir ve toz metalurjisi
yontemi ile liretilen alagim malzeme kullanilmistir (Tablo 1).

Tablo 1. Delik i¢i tornalamada kullanilan malzemeler

AISI (316,1018,1026, 1030, 1040,

Celikler | 41 1050,4340,5200) EN32,C45

Sert malzemeler | AlSI 4340, AlSI52100

Aliiminyum | AA5754, Al7075
Dokme demir | ----
Alasim | M657BA12T

Badadhe ve arkadaglar1 AISI 1041 malzemeyi 16-20-25 mm
caplarinda c¢elik delik isleme baralar1 ile 1.2 mm ug
yarigapina sahip karbiir kesici uglarla delik i¢i tornalayarak
ylizey piirtizliliigiinii incelemislerdir. Arastirmacilar yiizey
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purizliligi tlzerinde en etkili parametrenin L/D oram
oldugunu belirtmislerdir [1]. Suyama ve arkadaslar1 53.6
HRC sertligindeki AISI 4340 geligini delik i¢i tornalamada
20 mm c¢apinda ¢elik ve karbiir delik isleme baralar1 ve 0.8
mm yarigapinda CBN kesici uglar kullanarak, takim
asmmasi yiizey plrtzIiligi ve titresimi incelemiglerdir.
Kesme igleminin kararli oldugu durumlarda (kiiciik L/D
oranlarinda)  yiizey  pirizliliiglinin  kesici  ucun
geometrisinden ve kesme parametrelerinden etkilendigini,
L/D oranm biiyiik oldugu durumlarda ise ¢elik baranin talas
kaldirmada kararsiz hale geldigini, karbiir baranin daha
biiyiik L/D orant ile kullanilabilecegini ileri stirmislerdir [5].

Kullanilan Delik i§leme Baralan

Incelenen delik isleme ¢aligmalarinda yaygin olarak gelik ve
karbiir baralar (Sekil 2.a, 2.b) kullamlmistir. Ozellikle son
yillara ait yayinlarda ise Ozel tasarlanmis cesitli titresim
soniimlemeli (AVB) baralarin da (Sekil 2.c) kullanildigt
goriilmektedir. Yapilmis olan deneysel ¢aligsmalarda,
islenecek deligin capmna ve boyuna gore, farkli boy ve
caplarda iiretilmis olan 0Ozel baralarin da kullanildig:
goriilmektedir (Tablo 2).

/ \i’/ }:?»

a) Celik Govdeli b) Karbiir Govdeli
Delik Barasi Delik Barasi

¢) Titresim Soniimlemeli
(AVB) Delik Barasi

Sekil 2. Delik I¢i Tornalamada Kullanilan Takim Tutucular

Tablo 2. Delik i¢i Tornalamada Kullanilan Delik Isleme
Baras1 Malzemeleri ve Caplari

Delik Isleme Baras1 Malzemesi | Takim Tutucu Capi (mm)

Celik delik isleme barasi 10-12-16-18-25

Karbiir delik isleme barasi 10-20-25

Titresim Soniimlemeli delik 25-32

isleme barasi (AVB)

Farkli malzemeler kullanilarak farkli &zelliklerle imal
edilmis delik baralarinin delik isleme tizerindeki etkilerinin
de farkli oldugu anlagilmaktadir. Ornegin, yapilan bir
calismada, 25 mm c¢apmda celik, karbiir ve titresim
soniimlemeli delik isleme baralar1 ile AISI 1040 malzeme
islenerek delik i¢i tornalamada kesme parametrelerinin
dairesellikten sapmaya etkisi arastirilmistir. Caligmanin
sonucunda, ilerleme hizinin, %23.92, kesme derinliginin
%21.21 ve bara baglama boyunun ise % 21.15 oranlarinda
dairesellikten sapmaya etkisi oldugu ifade edilmistir [6].

Kullanilan Kesici U¢lar

Incelenen ¢alismalarda yapilan delik ici tornalama
deneylerinde genellikle kesici ug olarak; farkli geometrilere
(ticgen, kare, vb), farkli acilara (pozitif-negatif) ve farkli u¢
yarigaplarina sahip, kaplamali/kaplamasiz kesici uglar
(insert) kullanilmistir (Tablo 3). Ornegin, bir delik igi
tornalamada AISI 1018 malzeme iizerinde VBGT kodlu
TiAl kapli 0.2 mm ve 0.4 mm ug yarigap degerlerine sahip
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karbiir uglar kullanilmis, ylizey piirtizliliigine etki eden
kesme parametreleri belirlenmeye c¢alisilmistir. Kiiciik ug
yarigapl kesici u¢ ve yiiksek pozitif kesme agisi, minimum
yiizey plriizlilligii vermistir [7]. Diger bir ¢aligmada ise,
SCMT kodlu ve 0.4 ve 0.8 mm ug yarigaplara sahip
kaplamali karbiir kesici uclarla 1slak ve kuru sartlarda delik
ici tornama deneyleri yapilarak elde edilen yiizey
plirtizliliigii incelenmistir. Diisiik ilerleme hizi ile biiytik ug
yarigapli kesici u¢ kullanildiginda, 1slak islemede yiizey
piriizliliigiinde %80'e varan iyilesmeler elde edilmistir [8].

Tablo 3. Delik i¢i Tornalamada Kullanilan Kesici Uglarin
Ozellikleri

Geometri Kod Agt Ug¢ Yaricapt Kaplama Malzeme
TNMG Negatif 0.8

&0
TCMT Pozitif 0.4 - Karbiir

80" CCGW Pozitif 0.8 TiCN+AI03 CBN
CNMG Negatif 0.8 Al203+Zr02 Karbiir
CCMT Pozitif 0.2-0.4-0.8 TiN Karbiir
DCGW Pozitif 0.4 TiN CBN

o DCGT Pozitif 0.2-0.4 0.6-0.8 - Karbiir
DCMT Pozitif 0.2-0.4 0.6-0.8 Karbiir
DNMG Negatif 0.4-0.8 Kaplamali Karbiir

a5

‘ VBGT Pozitif 0.2-0.4 TiAIN Karbiir

- SCMT Pozitif 0.4-0.8 TiN, Al20s Karbiir

BE‘ VYRR — 7 (Y I —

Kullanilan Kesme Parametreleri

Delik i¢i tornalama c¢alismalarinda kesme parametreleri
olarak; kesme hiz1 (V: m/dak) veya devir sayisi (S: dev/dak),
ilerleme (f: mm/dev), kesme derinligi (Ap: mm), delik baras1
boy/cap (L/D) orani veya baglama boyu (mm), titresim
soniimleme malzemeleri (celik, bakir, kursun, vb) gibi
birgok parametrenin kullanildigi goriilmektedir (Tablo 4).

Tablo 4. Kesme parametreleri deger araliklari

Kesme Hiz, ilerleme, Kesme derinligi, L/D
V (m/dak) f (mm) Ap (mm) orani
50-360 0.01-0.75 0.25-2 3-9

Bir ¢aligmada, 25 mm c¢apinda ¢elik malzemeden imal
edilmis bir delik barasi ve 0.4 mm ug yaricapinda TiN kaplh
DCMT kodlu CBN kesici ug¢ kullanilarak AISI52100
malzemesi islenmistir. Yapilan delik i¢i tornalama sonrasi
elde edilen delik i¢in ¢ap hatasi, dairesellik ve yiizey
plriizlilliigii incelenmistir. Calismada %62.84 ile ylizey
pliriizliligi acisindan en 6nemli faktdriin ilerleme oldugu
saptanmugtir [9].

Kullanilan Optimizasyon Yontemleri

Genelde, incelenen delik ici tornalama ¢aligmalarinda elde
edilen deney sonuglarmm degerlendirilmesinde Taguchi,
Varyans Analizi (ANOVA), Gri Iliskisel Analiz (GRA),
yapay sinir aglar1 (YSA), yiizey cevap metodu (RSM) gibi
optimizasyon yontemleri kullanilmistir.
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Taguchi Yontemi

Bilindigi gibi, Taguchi metodu, dikkate alinmayan kontrol
edilemeyen faktorlerin neden oldugu varyasyonlar1 kontrol
etmeyi saglar. Taguchi, bu faktorlere karsi kontrol
faktorlerinin  seviyelerinin performansini  dlgmek igin
objektif degerleri sinyal-giiriiltii (S/N) oranina doniistiiriir.
S/N orani, istenmeyen rastgele giiriiltii degeri i¢in istenen
sinyal orani olarak tanimlanir ve deney verilerinin kalite
ozelliklerini gdsterir. S/N orani olarak tanimlanan ii¢ farkli
islev vardir: Daha biiylik-Daha iyi (Larger is better), Daha
kiiciik-Daha iyi (Smaller is better), Nominal-Daha iyi
(Nominal is better). Taguchi metodunun kullanildig1 bir
calismada, AA5754 aliminyum alagiminin 1slak sartlarda
delik biyiiltme isleminde, kesme parametrelerinin (V,f ve
Ap), ylizey kalitesi etkisi incelenmistir. Deneyler Taguchi L9
ortagonal tasarim diizenine gore gerceklestirilmistir (Tablo
5). Cok yanithh Taguchi yaklagimi kullanilarak, minimum
yiizey pirizliliik degerlerinin 120 m/dak kesme hizi, 0.10
mm/dev ilerleme ve 0.75 mm kesme derinligi kosullarinda
gergeklestigi sonucuna ulasilmigtir [10].

Tablo 5. Taguchi L9 deney tasarimi [10]

DeneyNo |A|B|C|Ra |Rz Rqg
1 111 ]1]230[973 |274
2 1 12 |2 3421647 | 4.46
3 1 3|3 ]431]1784|547
4 2 |1]2[143]596 |1.67
5 2 |23 ]278]|13.09 ] 3.50
6 2 |3 ]1]301]11.70 ) 3.98
7 3113161522 |1.30
8 3 /2|1 ]250]11.08|3.01
9 3132 ]320]13.75]4.10

Varyans Analizi (ANOVA)

ANOVA, elde edilen veriler ile kullanilan parametreler
arasindaki iliskiyi belirlemeyi saglayan bir istatiksel
yontemdir. Yapilan deneysel g¢alismalarda arastirmacilar,
deney parametrelerin elde edilen deney sonuglari tizerindeki
% etki oranlarini belirlemek i¢in, varyans analizi (ANOVA)
yontemini tercih etmiglerdir. ANOVA kullanilarak yapilan
bir ¢aligmada, AISI 1040 malzemesi 0.4 mm ve 0.8 mm ug
yarigaplarina sahip kesici uglarla delik i¢i tornalanmuis, yiizey
purizliligi, titresim  ve  kaldirilan  talag  hacmi
degerlendirilmistir. Kesici ug¢ yarigapinin %45.81 oranla
titresimi etkileyen en Onemli parametre oldugu, ilerleme
hizinmn ise ylizey piiriizliligii Gizerinde %55.57 oranla ve
kaldirilan talag hacmi {izerinde ise %51.26 oranla en 6nemli
kesme parametresi oldugu tespit edilmistir [11].

Gri lliskisel Analiz Yontemi (GRA, Grey Relational
Analysis)

Bilindigi gibi Gri iliski Analizi (GRA) elde edilmis olan
verilerin i¢inden en uygun olanin belirlenmesine yonelik
kullanilan bir istatiksel metottur. Bu yontemde, elde edilen
veriler (dizi) ile kullanilan parametreler arasindaki iligki
belirlenmeye c¢aligilir. Bunun i¢in de ilk olarak deneysel
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veriler normallestirilir. Gri iliskisel analizde "biiyiilk daha
iyidir", "kligiik daha iyidir" ve ‘‘nominal daha iyidir”
modelleri kullanilarak optimum sonug elde edilir. GRA
yonteminin kullanildigi bir ¢aligmada, bakir soniimleyicili
bir delik barasi ile delik i¢i tornalama deneyleri yapilmistir.,
Taguchi yontemine gore deneylerin yapildigi caligmada;
GRA yontemi kullanarak 6l¢iilen kesme kuvvetleri ve takim
asimmasl i¢in optimizasyon gerceklestirilmistir. Daha Kiiclik
Daha lyidir (Smaller is better) modeline gore yapilan
analizde, en iyi kesme kuvveti 342.47N olarak ve en iyi
takim aginmasi da 0.24 mm olarak elde edilmistir [12].

Yapay Sinir Ag1 (YSA) Yontemi

YSA, insan beyninin sinir aglari taklit ederek gelistirilen
bir bilgisayar yazilimidir. YSA yonteminde, eldeki mevcut
verileri (kullanilan parametreler ile elde edilen sonuglar)
kullanarak 6grenen bir sistemin yeni verileri tahmin etmesi
saglanmaktadir. incelenen delik isleme ¢aligmalarinda elde
edilen deney sonuglari i¢cin YSA yonteminin de kullanildigt
goriilmiistiir. Yapilan bir caligmada, AISI 316 geligi delik ici
tornalanarak takim asinmasi, yiizey puriizliliigii ve titresim
incelenmistir. Deneylerde, DNMG 0.4 mm ve 0.8 mm ug
yarigapinda karbiir kesici uglar kullanilmigtir. Belirlenen
Y SA modelinin, egitimi i¢in elde edilen deney sonuglarindan
54 tanesi kullanilmig, 15 tanesi dogrulanmasi igin
kullanilmis ve 8 adet deney ile de test edilmistir. YSA’ nin,
takim titresimini, takim asinmasini yiizey purizliligiini
azaltmak i¢in uygun kesme parametrelerinin se¢iminde
yardimet olabildigi belirtilmistir [13].

Yiizey Yamt Yontemi Surface

Methodology)

(RSM-Response

Elde edilmis olan verilerin degerlendirilmesinde kullanilan
bir yontemdir (Yiizey yanit yontemi olarak bilinir). RSM
yonteminde, istatistiksel ve matematiksel teknikler birlikte
kullanilir. RSM, bir optimizasyon (en iyi duruma getirme)
teknigidir. Incelenen delik isleme ¢aligmalarinda, deneysel
verilerin degerlendirilmesinde RSM ydnteminin de tercih
edildigi goriilmiistiir. Ornegin, deneysel bir calismada, RSM
ile titresim ve yilizey pirizliligi degerlendirilmistir.
Yapilan ¢aligmada, 16 mm ¢apinda ¢elik bara ile 0.8 mm ug
yarigapinda CCMT kodlu karbiir uglar kullanilmistir.
Deneylerden elde edilen ylizey piiriizliliigi ve titresimler
incelenmistir. RSM yo6ntemi ile tahmin edilen optimum (en
uygun) titresim ve yiizey purizliligii i¢in dogrulama
deneyleri yapilmis ve yiizdelik hata oranlar1 hesaplanmustir.
Yiizey pirizliligi ve titresim i¢in yiizde hata araligi
sirastyla %-3 ila %3 ve %-6 ila %7 oldugu belirlenmistir
[14].

Arastirma ve bulgular

Delik i¢ci tornalama ile ilgili yapilan ¢alismalar
incelendiginde, titresim, ylizey piirizliligli, kesme
kuvvetleri, takim aginmasi, dairesellik, delik barasinin boy
cap orani (L/D orani) gibi kriterlerin 6nemli faktorler oldugu
gorilmistiir.
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Titresim ve Boyutsal
Dairesellik)

Dogruluk (Captan sapma,

Delik i¢i tornalama islemlerinde, kullanilan delik barasinin
capt kiiciik ve boyu uzun oldugunda, delik geometrisinin
bozuldugunu yiizey kalitesinin kdtiilestigini ve titregime
(tirlama) maruz  kalmmacagini  yapilan  c¢aligmalar
gostermektedir (Sekil 3). Dolayisi ile islenen delik icin arzu
edilen kalitenin (geometri, tolerans, piiriizliliik, vb) elde
edilebilmesi  igin titresimin  azaltilmasi  (s6niimlme)
gerekmektedir.  Genel olarak, titresim  soniimleme
yontemleri aktif ve pasif soniimleme olarak iki kategoriye
ayrilmistir. Aktif soniimleme igin, islenebilirlik sirasinda
gercek zamanl islem verileri elde edilir ve piezoelektrik
aktiiatorlerle (eyleyici) sinyallerin iiretilmesi igin analizler
yapilir. Pasif sonliimleme igin ise, titresim emiciler, titresim
damperleri, ayarli damperler ve pargacik soniimleme
islemleri kullanilabilir. Bunun yaninda, delik i¢i tornalama
yapilirken titresimi (tirlamay1) azaltmak ve boyutsal
dogrulugu (dairesellik) saglamak icin kullanilan kesme
parametrelerinin de optimizasyonunun o6nemli oldugu
gorilmiigtiir.

lﬂx[)

Borngbar -
Drmg ar N

Displacementu(xt)

a b
et A o ]

c
Sekil 3. a) Delik kateri deplasmani b) Dairesellik problemi
¢) Titresimli is pargasi yiizeyi
25 mm ¢apinda nanokompozit kaplamali ve kaplamasiz ¢elik
bara kullanilarak (L/D=5) yapilan bir ¢aligmada, mekaniksel
titresimler incelenmistir. Kaplanmis bara, isleme sirasinda
Olgiilen mutlak ses seviyesini yaklasik % 90 oraninda
azaltmis, yiizey piriizliligiini yaklagik 3-6 um'dan 2 um’a
kadar diistirmiistiir. [15]. Farkli viskoelastik soniimleme
malzemelerinin (PTFE, PVC, Butyl Rubber) kullanildigt
delik barasi ile yapilan bir bagka ¢alismada ise, soniimleme
malzemesinin  yilizey pirizliligii tlzerinde etkileri
aragtrmistir. 20 mm ¢apinda c¢elik bara ile yapilan
deneylerde yiizey piriizliliginin PTFE malzeme ile
yaklagik %25-30 oraninda azaldig1 belirtilmistir [16]. 20 mm
capinda ¢elik, karblir ve soniimlemeli bara kullanilarak
yapilan diger bir ¢alismada ise, karbiir baranin ¢elik baranin
yetersiz kaldigi durumlarda kullanilabilecegi onerilmistir.
Pargacik soniimleyicilerin ¢elik baralarin, titresimini
azalttigi ve daha biiylik L/D oranlarinda kullanilmasini
sagladig1 goriilmiistiir. Dolayist ile bu durum, soniimlii ¢elik
baralarin, karbiir baralara gore basit ve ucuz bir alternatif
olabilecegini  gostermistir. [17]. Delik  baralarinin
soniimlendirildigi bir calismada, 25 mm ¢apinda celik bara
8 mm c¢apinda delinerek igerisine farkli boyutlarda
soniimleme parcaciklar1 (FeC, Cu, Pb, CuZn, Ag, Cr)
yerlestirilmis ve delik igi tornalamada parcacik boyutu,
yogunluk ve sertligin yilizey piiriizliliigii tizerindeki etkisi
aragtirilmigtir (Sekil 4). Parcacik boyutu ne kadar kiiciik
olursa, soniimiin o kadar yiiksek olacagi, daha yiiksek
yogunluga sahip malzemeler tercih edilmesi gerektigi, sert
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pargaciklarin iyi bir séniimleme sagladigi ve yiizey kalitesini
iyilestirdigi belirtilmistir. Celik bilyeler, diger pargaciklara
kiyasla daha iyi ylizey kalitesi vermistir [18].
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(b)
a) Titresim Soniimlemeli delik isleme barasi
b) Kursun ve bakir partikiiller 18]

Sekil 4.

Bir c¢alismada ise, 20 mm g¢apinda g¢elik bara iizerine
soniimleme igin yapistirilan karbon fiber malzemesinin
titresimi azalttigi belirtilmistir. Soniimleme kullanilmayan
normal bir baranin frekansi, kesme hizi, ilerleme, kesme
derinligi ve takim uzunlugu arttikca artmis ve frekans
2225.32 Hz olarak elde edilmistir. Karbon fiber malzeme ile
sontimlendirilmis bir baranin olusturdugu frekans ise
1586.21 Hz'e diismiistiir [4]. 16 mm capinda ¢elik bara
tizerinde ¢esitli soniimleme malzemeleri (PU, PVC, Teflon)
kullanilarak yapilan ¢aligmada, Teflon séniimleme ile yiizey
puriizliilik degerinin % 33'e kadar, frekans degerinin % 13'e
kadar diistiigii tespit edilmistir [19]. 20 mm ¢apinda ¢elik
bara ve 0.8 mm yarigapinda kaplamali CBN kesici ug ile
AISI 4340 ¢eligini delik i¢i tornalayarak, hava destekli ve
hava desteksiz c¢elik ve kursun partikiillerin yiizey
plriizliligi iizerindeki etkilerinin incelendigi diger bir
calismada, kesme parametreleri, partikiil sikistirma orant,
partikiil malzemesi, partikiill boyutu degerlendirilmistir.
Calismada, delik barasi, 70 ve 120 mm boyutlarda
kullanilmistir. Hava akigh partikiil soniimleyici, 120 mm
boydaki bara i¢in, yiizey purizluligini yaklasik %60
oraninda azaltmistir. Hava akisinin, delik barasinin
kullanilan boyuna bagli oldugu, kursunla doldurulmus
baranin yiizey piiriizlilligiinii azaltmada daha etkili oldugu
ifade edilmistir [20]. Yapilan bir delik islemede tirlamay1
(kesici ucun yer degistirmesi) bastirmak ig¢in 12 mm
capindaki bir ¢elik bara, bakir ve kursun parcaciklarla
soniimlenmis ve aliiminyum malzemelerin delik igi
tornalanmasinda kullanilmistir  (Sekil 5). Calismanin
sonucunda, soniimlemeli baranin tirlamaya kars1 direncinin,
normal baradan daha biiyiik oldugu, titresimi yaklasik % 61
oraninda azalttif1 ve yiizey kalitesini de % 88 oraninda
iyilestirdigi belirlenmistir [21].
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(b) ylizey piiriizliligi — kesme derinligi grafigi

Sekil 5. Soniimlemeli (with particle damping) ve
soniimlemesiz (without particle damping) delik isleme
baralariyla elde edilen titresim ve ylizey piiriizliligi
grafikleri [21]

Delik barasit ile yapilan bazi c¢alismalarda, delik ici
konikliginin (delik baglangic c¢ap1 ile delik c¢ikis cap1
arasindaki  ol¢li  farki), ortaya  cikabileceginden
bahsedilmistir. Delik i¢i konikligin giderilmesinde ise,
ilerleme degerlerinin artirilmasinin yani sira L/D oraninin
diistiriilmesinin ~ etkili oldugu, kendinden soniimleme
Ozelligine sahip karbiir baralarin, delik isleme i¢in en iyi
secim olacagi belirtilmistir [22].
Takim asinmasi ve takim omrii

Delik i¢i tornalamada takim aginmasi ve takim &mri ile ilgili
cesitli galigmalar mevcuttur. Titresim sontimlemeli (tool
with copper damper — bakir soniimleyicili takim ) ve titresim
soniimlemesiz (tool without damper- soniimleyicisiz takim)
delik baralarinin takim sicaklign ve takim asmmast
iizerindeki etkilerinin deneysel olarak degerlendirildigi bir
¢alismada (Sekil 6), (number of trails: deney numarasi, tool
temperature: takim sicakligi) titresim séntiimleyicilerin, delik
barasinin kararliligini arttirdigi belirtilmistir. Delik barasinin
soniimleme kabiliyeti ve sertligi arttiginda takim
asmmasinin azaldigi, takim 6mriiniin uzadig1 belirtilmistir.
Sontimlemeli bara sicakligi (117.6 F), normal bara
sicakligia (170.2 F) gore daha diigiiktiir. Séntimlemeli bara
ile daha az ses ve daha uzun takim 6mrii elde edilmistir [23].

1so‘+H—./.—._x

—0—0—0—0—0— 00—

100
-4 Tool with Copper
50 damper

250

200

Tool temperature
(Faren Heat)

o ~i—Tool without damper

1 2 3 a4 S 6 7 8 9
Number of Trails
Sekil 6. Sontimlii ve soniimsiiz delik isleme baralarinin

deney numarasi kesici ug sicakligt grafigi [23]
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Bir ¢alismada, 20 mm ¢apinda ¢elik ve karbiir bara ve
CCGW geometriye sahip 0.8 mm yarigapinda CBN kesici
uclarla delik i¢i tornalamada titresim ve takim agmmast
incelenmistir. Delik barasi malzemesi takim Omriini
etkilemistir. Titresim yiiksek oldugunda, difiizyon etkili
asmmma mekanizmasi iken titresim en diisiik seviyedeyken
etkili aginma mekanizmasinin abrasiv aginma oldugu
goriilmiistiir. Karbiir baranin ¢elik baraya goére daha uzun
omiirlii oldugu, ¢elik baranin maruz kaldig: titresimin karbiir
baraya gore biraz daha yiiksek oldugu ve bunun da takim
omri tizerinde kiiglik bir etkiye neden oldugu belirtilmistir
[24]. 32 mm c¢apinda ¢elik bara ve 0.8 mm yarigapa sahip
DCMT kaplamasiz karbiir uglarla yapilan bir ¢alismada,
EN32 sertlestirilmis ¢elik malzeme delik i¢i tornalanarak
takim aginmasi ve yiizey piriizliligi incelenmistir.
Kaplamasiz karbiir kesici uglarda serbest yiizey asimmasi
meydana gelmistir. Celik bara igin kullanilan pargacik
soniimlemenin (Bbh=celik bilyelerle dolu i¢i bos delik
isleme Dbarasi, Bbs=normal soniimsiiz bara), takim
giiriiltiisiini 6nemli dl¢lide azalttigl, yiizey piiriizliligiini
iyilestirmede ve takim aginmasini azaltmada iyi bir etkiye
sahip oldugu belirtilmistir (Sekil 7) [25].
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Sekil 7. Deney numarasi serbest yiizey asinmasi grafigi
[25]

Toz metalurjisi ile elde edilen Fe—C—Cu-Ni-Mo alagimli
malzemenin, PCBN kesici uglarla islenerek ylizey
piiriizlilligiiniin incelendigi bir ¢alismada, kesme hizinin
takim asmmasmda en biyiik etkiye sahip oldugu
belirtilmistir. Kesme hizi artikga asinma tiplerinin, serbest
yilizey asimnmasi ve krater asinmasi olarak ortaya ¢iktig,
diisiik kesme hizinda asindirici ve orta kesme hizinda da
difiizyon gibi asinma mekanizmalarmin gorildigi ifade
edilmistir. Asinmanin artmasiyla da, yiizey piriizliliigiiniin
arttigi vurgulanmigtir [26].

Kesme kuvvetleri

Delik i¢i tornalamada, delik barasi, kesici u¢ ve kesme
parametreleri se¢imine gore kesme kuvvetleri farklilik
gostermektedir. Bununla  Dbirlikte, delik baralarinda
kullanilan soniimleyicilerin de kesme kuvvetleri iizerinde
etkili oldugu yapilan caligmalarda gériilmiistiir. Ornegin
yapilan bir caligmada, ¢elik bara iizerine monte edilen
soniimleyicinin (with impact damper) titresimi bastirarak
delik barasina dogal bir soniimleme yetenegi kazandirdigi,
elde edilen deneysel sonuglardan, titresim soniimlemeli delik
barasinin kesme kuvvetlerini etkili bir sekilde azalttig
(Cutting force — variable feed test, kesme kuvvetleri — farkl
ilerleme deneylerinde, Cutting force — variable speed test,
kesme Kkuvvetleri — farkli kesme hizi deneylerinde)
goriilmiistir (Sekil 8) [3].
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Sekil 8. a) kesme kuvveti — ilerleme grafigi
b) kesme kuvveti — kesme hiz1 grafigi [3]

Kesme kuvvetlerinin degerlendirildigi bir baska ¢alismada,
0.8 mm ug yarigapinda CNMG geometrili kesici uglar Al,O3
+Zr0O, ve ZrO, kaplama malzemeleriyle (coating maerial)
daldirma, dondiirme ve puskiirtme gibi ¢esitli kaplama
yontemleriyle (coating mathod) kaplanarak cesitli isleme
kosullarinda (lubricatioon system, yaglama kosullari kKuru,
gres yagi ve 1slak) delik i¢i tornalanarak kesme kuvvetleri ve
yiizey puriizliiliigii incelenmistir. Caligmada, daha iyi isleme
performans1 elde etmek igin, Kesici ucun, termal sprey
kaplama teknigi ile ¢ok katmanli TiO2+ZrO, olarak
kaplanmas1 gerektigi, ve sogutma sivisinin kullanilmasi
gerektigi ifade edilmistir. (Sekil 9) [27].

s CO3tING Material w====coating method Lubrication System
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Level of Parameters

Sekil 9. Kesme kuvvetleri igin S:N grafigi [27]
Delik Barasi1 Boy-Cap Orani (L/D orani) ve Tasma Orani

Delik i¢i tornalamada delik barasi se¢imi yapilirken
islenecek delik ¢ap1 ve uzunlugu dikkate alinmalidir. Delik
barast uzunlugunun (L) minimize edilmesi rijitlik, yiizey
kalitesi ve 6l¢ii hassasiyeti agisindan dnemlidir. Delik barast
uzunlugunu delik derinligi belirlemektedir. Bara ¢ap1
arttikca rijitlik artmaktadir ancak, talas tahliyesi ve radyal
hareketler agisindan delik igerisindeki boslugun da dikkate
alimmasi gerektiginden bara ¢ap1 agisindan bazi sinirlamalar
vardir. Rijitlik L/D orani ile tanimlanmaktadir. L/D oraninin
capt ve delik boyuna gore bu oranin belirlenmesi
gerekmektedir.
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Sekil 10. L/D orani ve rijitlik

Delik i¢i tornalamada L/D orami igin cesitli ¢alismalar
yapilmistir. Bara malzemelerinin ve L/D oraninin isleme
kararliligina etkisinin arastirildigi  bir ¢alismada, bara
malzemesi, kesici u¢ yarigapt ve is pargasi malzemesine
bagli olarak isleme kararlilig1 igin kritik L/D oranina bagl
model gelistirilmistir. Kritik oran (L/Dc), isleme kararliligini
saglayan maksimum en ve boy orani olarak tanimlanmistir.
C45 ve ERGAL malzemeler iizerinde farkli kesici ug
yarigaplarmin (re =0.2 - 0.4 - 0.8 - 1.2 - 1.6) ¢elik (standart
alloy steel bars) ve karbiir (high damping bars) baralar igin
ayrt ayri kritik L/D orani (L/D¢r) ve bara ¢api (bar diameter:
D) incelenmistir. Deneysel modele gore, bara ¢ap1 (D) sabit
iken kesici u¢ yarigapt 1.6 mm’den 0.2 mm’ye diistiigiinde
L/D kritik orani (L/D) arttig1 belirtilmistir. (cutting pressure
— malzeme kesme basinci) Takim malzemesine gore ise
kritik L/D oraninin karbiir takimda daha fazla arttig1 ifade
edilmistir (Sekil 11) [28].
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Sekil 11. ERGAL ve C45 malzemeler icin delik barasi
malzemesine delik ¢apina ve kesici ug yarigapina bagh
kritik L/D orani [28]

Delik i¢i tornalamada kararlilik analizi i¢in yeni bir olasilik
algoritmasimin sunuldugu bir ¢aligmada ise, delik isleme
barasi boyu (L) ile bara ¢ap1 (D) arasindaki maksimum oran
tahmin edilmistir. Onerilen yaklasim, deneysel olarak
dogrulanmistir. Deneylerde 10 ve 16 mm ¢aplarinda ¢elik ve
karbiir delik isleme baralar1 C45 ve A17075 malzemeler ve
DCMT kodlu 0.2-0.4-0.6-0.8 mm yarigaplarinda kesici uglar
kullanilmigtir.  Kararsizlik olasiliginin = %10'dan  kiigiik
oldugunda sistemin kararli olarak kabul edildigi
vurgulanmugtir [29].

Yiizey piiriizliiliigii
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Delik isleme calismalarinda, islenen yiizeyin piiriizliligiine
etki eden faktdrlerin belirlenmesine de ¢alistimistir. Ornegin,
16 mm capinda ¢elik delik isleme barast ve 0.2 mm ve 0.4
mm yarigaplara sahip CCMT kodlu TiN kaplamali karbiir
uclar kullanilarak delik i¢i tornalamada, soniimleme
pozisyonu, ilerleme, kesme derinligi ve kesici u¢ yarigapt
parametrelerinin ylzey piriizliligii tzerindeki etkileri
incelenmistir. Yiizey piiriizliliigic tizerinde en etkili
parametrenin kesici u¢ yarigap1 oldugu belirtilmistir. Kesici
u¢ yarigapt arttiginda yiizey plrtizliligi artmaktadir [30].
AISI 1030 diisiik karbon ¢eliginin delik i¢i tornalanmasinda
kesme sivisinin yiizey puriizliligii Gzerindeki etkisinin,
kesme hizi, ilerleme hiz1 ve takim ucu yarigap: gibi diger
kesme parametrelerine bagli olarak incelendigi bir
calismada, biiyiik u¢ yaricapr ve diisiik ilerleme orani ile
kullanilan kesme sivisinin, yilizey piiriizliligini % 80'e
kadar iyilestirdigi belirtilmistir. (Sekil 12) [8].

Surface Roughness

Feed Rate
(mmirev)

290

Cutting Speed (m/min)

Cutting with 0.4 mm nose radius

@)

Surface Roughness

0.3-dry
0.2-wet
0.2-dry
0.1-wet
0.1-dry

Feed Rate
(mmirev)
Cutting Speed (m/min)
Cutting with 0.8 min nose radius
(b)
Sekil 12. Yiizey puriizliliigi grafikleri
a) Ug radiisii 0,4 mm b) Ug radiisii 0,8 mm [8]

Incelenen bir baska ¢alismada, 10 mm ¢apinda ve 65 ve 95
mm boylarda ¢elik ve karbiir delik baralari, 0.4 ve 0.8 mm
yarigapinda kesici uglar kullanilarak AISI 1026 malzeme
islenmistir. Kullanilan tiim deney parametrelerinde kisa bara
uzunlugunun daha iyi ylizey piiriizliligi degerleri verdigi
belirtilmistir. Her iki delik isleme barasi i¢in de daha kiigiik
yaricapa sahip kesici ug¢ ile daha iyi yiizey piiriizliligu
degerinin elde edildigi ifade edilmistir [31]. Dokme demir
malzeme lizerinde kesme parametrelerinin  ylizey
puriizliilliigine etkisinin Taguchi metodu (L27) ile
belirlendigi bir ¢calismada ise, deney parametrelerin yiizey
puriizliiliigiine etkilerinin sirasiyla, kesme derinligi, ilerleme
ve kesme hizt seklinde oldugu belirtilmistir [32].
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Sonuc¢

Bu g¢aligmada, delik i¢i tornalamaya yonelik yapilmis
calismalar ele alinmistir. Ulagilabilen tiim yayinlar tek tek
incelenerek yapilan ¢alismalar ve elde edilen sonuglar bir
araya toplanmaya calisilmistir. Yapilan degerlendirmeler
sonucunda, elde edilen bulgularin, delik barasi ve kesici ug
iizerinden tasnif edilmesinin daha wuygun olacagi
goriilmiistiir.

Delik Barasi

Delik isleme operasyonlarinda kullanilan delik barasmin
L/D oranin oldukga etkili oldugu ortaya ¢ikmistir. Daha
kiigiik L/D oranlarina sahip ¢elik malzemeli delik baralarimin
olduk¢a yaygin kullanildig1 géralmistiir. Fakat artan L/D
oranlartyla celik malzemeli delik isleme baralarinin kararsiz
(titresimin arttig1) hale geldigi gorillmektedir. Karbiir
malzemeli delik igleme baralarinin daha uzun L/D orani ile
sorunsuz olarak kullanilabildigi belirlenmistir.
Nanokompozit malzeme ile kaplanmis ¢elik baralarinin,
kaplamasiz olanlarma gore delik isleme sirasinda olusan sesi
yaklasik %90 oraninda azalttig1 belirtilmistir. Vizkoelastik
malzemelerle takviye edilmis (PTFE) olan delik barasimin
ylizey purizliligini yaklasik %25-30 oraninda azalttigi
anlagilmistir.  Parcacik sontiimlii delik isleme baralart,
standart bir ¢elik malzemeli delik barasinin sorunlu oldugu
L/D oranlarina sahip deliklerin islenmesinde karbiir
baralarin yerine basit ve ucuz bir alternatif olabilecegini
gostermigtir. Parcacik soniimlemede parcacik boyutu ne
kadar kiigiik olursa, soniimlemenin o kadar yiiksek oldugu
vurgulanmistir. Yiiksek yogunluga sahip malzemelerin ve
sert pargaciklarin daha iyi soniimleme sagladigi ve islenen
ylizeyin kalitesini iyilestirdigi anlagilmigtir. Celik bilyelerle
yapilan soniimleme uygulamalarinin, diger sert pargaciklara
kiyasla daha iyi ylizey kalitesi ortaya koydugu ileri
stirilmistiir. Karbon fiberli delik isleme baralarmin delik
isleme esnasinda olusturdugu titresim frekansinin normal bir
delik barasina gore daha diisiik olustugu agiklanmistir.
Teflon soniimleme malzemesi ile takviye edilmis delik
baralarmin yiizey piriizlilik degerini %33'e kadar
diisiirebildigi ortaya konmustur. Aliiminyum malzemelerin,
pasif soniimleme yontemi ile takviye edilmis delik baralar1
ile islenmesinde titresim Seviyesini yaklasik % 61 azalttigini
ve dolayist ile de islenen yiizey kalitesini %88 arttirdigini
yapilan calismalar gostermistir. Delik islemede meydana
gelen konikligin L/D oranmin diisiiriilmesiyle biiyiik 6l¢tide
ortadan kaldirilabildigi belirtilmistir. Delik baralarinda
titresim soniimleyiciler kullanildiginda delik barasimin
soniimleme kabiliyetinin ve kararlihigin arttigi anlasiimstir.
Delik isleme baralarmin soniimleme kabiliyeti ve sertligi
artiginda  takim  asmmasmin  azaldigi  goriilmistiir.
Soniimlemeli delik baralar1 ile yapilan delik isleme
deneylerinde daha az ses ve daha uzun takim omrii elde
edildigi gortilmiistiir. Celik delik barasinin olusturdugu
titresimin karbiir delik barasina gore biraz daha yiiksek olugu
anlagilmistir. Pargacik sontimleme teknigi ile liretilmis delik
baralarinin  giirtiltiiyli  6nemli 6lciide azalttigi artan
sontiimlemenin de kesme kuvvetlerini etkili bir sekilde
azalttig1 ifade edilmistir.

800

Kesici u¢

Delik isleme operasyonlarinda kullanilan kesici ug
yarigapinin yiizey piiriizliligii tizerinde yiiksek etkiye sahip
olugunu yapilan deneysel calismalar gostermistir. Daha
kiiciik kesici u¢ yarigapt ve yiiksek pozitif egim agisi,
minimum ylizey pirizIliligli vermistir. Disiik ilerleme
hizlarinda biiyiik kesici u¢ yarigapi, islak islemede yiizey
puriizliliginde %80'c varan iyilesmeler saglanmistir. Sert
malzemelerin islenmesinde CBN kesici uglarla daha iyi
sonuglar elde edilmistir. Kesici u¢ yarigapr is parcasinin
titresim genligini etkileyen onemli parametredir. Baskin
aginma tipleri serbest ylizey aginmasi ve krater aginmasidir.
Kaplamasiz karbiir kesici uglarda serbest yiizey asinmasi
meydana gelmigtir. CBN uglarda serbest yiizey ve krater
asmnmast etkindir. Asmma mekanizmalart asindirict ve
diftizyondur. Sprey kaplama teknigi ile ¢ok katmanli (TiO>
+Zr0,) kaplanan kesici uglar 1slak isleme ortaminda daha
yiiksek kesme performansina sahiptir. Delik barasi ¢api sabit
iken kesici u¢ yarigapt azaldiginda sorunsuz olarak
kullanilabilen L/D oranimin da arttig1 goriilmiistiir. Kesici ug
yarigapi1 arttiginda artan titresim ile yiizey piiriizliiliiglintin de
arttigi belirtilmistir.

Etik kurul onay1 ve ¢ikar ¢catismasi beyani

“Hazirlanan makalede etik kurul izni alinmasina gerek
yoktur”

“Hazirlanan makalede herhangi bir kigi/kurum ile c¢ikar
¢atismasi bulunmamaktadir”
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Bu caligmada, bina dis duvarlarinda geleneksel 1s1 yalitim malzemesi yerine faz degistiren malzeme
(FDM) kullanilarak duvar kalinligi boyunca sicaklik dagilimi ANSYS’de sayisal olarak arastirilmistir.
Bu amag i¢in Elaz1g ilinin kis iklim sartlar1 goz oniinde bulundurularak giiney ve kuzeye bakan bir duvar
icin bes farkli duvar modeli ele alinmigtir. Belirlen bu duvar modelleri i¢in ilk once duvarm kalinligi
boyunca sicaklik dagilimlar1 hesaplanmis ve daha sonra ise 1s1l depolama kapasitelerini temsil eden faz
kaymast ve soniim oranlari tespit edilmistir. Sonug olarak ozellikle FDM’nin kullanilmasiyla duvar
icerisindeki sicaklik dalgalanmalariin oldukca fazla soniimlenerek birbirine yakin sicaklik degerlerinin
elde edildigi ve duvar icerisinde hemen hemen sabit kaldig1 goriilmiistiir. Ayrica maksimum faz kaymasi
ve minimum séniim orani agisindan en iyi duvar yapisinin FDM’nin dista oldugu durumda elde edildigi
gorilmustiir.
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* Sorumlu Yazar

In this study, temperature distributions through thicknesses of walls were investigated numerically in
ANSYS by using Phase Change Material (PCM) instead of conventional thermal insulation materials on
the building exterior walls. For this purpose, 5 different wall models were determined and analysed for
winter climatic conditions by considering the climate data of Elazig province. For these determined wall
models, firstly the temperature distributions through the thickness of the wall were calculated, and then
the time lag and decrement factors representing the thermal storage capacities were determined. As a
result, it is seen that temperature fluctuations in the wall was dampened considerably, especially with the
use of FDM, and temperature values close to each other are obtained and they remain almost constant
inside the wall. In addition, it was observed that the best wall structure in terms of maximum time lag
and minimum decrement factor was obtained when the FDM was outside.
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Giris

Glinimiizde artan niifus, sehirlesme, sanayilesme gibi
durumlar enerji ihtiyacinin artmasina neden olmaktadir.
Bu ihtiyaglardan dolay1 alternatif enerji kaynaklar1 bulma,
eldeki enerjiyi depolama ve kullanilan kaynaklarin
tasarrufu gibi konular iizerine daha ¢ok yogunlagmaya
baslanmustir.

Diinya da enerji ihtiyacinin %78’i fosil yakitlardan
kargilanmaktadir. Fosil yakitlarmn  gittikce azalmasi
gelecekte diinyanin enerji ihtiyaglarinin karsilanmasinda
zorluk cekilecegini gostermektedir. Ayrica fosil yakitlarin
dogaya zarar verdigi de unutulmamalidir. Tim bu
sebeplerden dolay1 farkli enerji kaynaklari arastirilmaya ve
eldeki enerjinin daha verimli kullanilmasi igin ¢aligmalar
devam etmektedir [1].

Bir isi daha az enerji ile yaparak enerji tasarrufu
yapilabilir. Binalarda kullanilan enerjinin biiyiik kismi
1sitma ve sogutma igin kullanilmaktadir. Bu enerjinin
verimli bir sekilde kullanilmasi 1s1 yalitimi ile saglanabilir.
Bu nedenle bina dis duvarlarinin  yalitilmasi
gerekmektedir. Yapilarda uygun yalittm malzemesinin
kullanilmasiyla enerji kayiplari azalacagindan 1sitma
tesisinin kurulum maliyeti de azalacaktir. Kurulum
maliyetleri ve 1s1 kayiplar1 nedeniyle harcanan gereksiz
enerji distintildiigiinde yalitimin ne kadar 6énemli oldugu
anlagilmis olur.

Binalarda isitma ve sogutma uygulamalarinda verimliligi
arttrmak  icin  faz  degistiren maddeler (FDM)
kullanilmaktadir. Faz Degistiren Maddeler (FDM) termal
enerjiyi gizli 1s1 seklinde depolayan maddelerdir ve FDM’
nin bina uygulamalarinda kullanimina tuz hidratlarmimn bir
binada kullanilmasi ile 1970 yilinda baglanmistir [2].

Yapilan literatiir arastirmasinda FDM’ler ile ilgili sayisal
ve deneysel olmak iizere birgok farkli uygulamayla
kargilagilmigtir. Bu konu ile ilgili olmak {izere yapilan
caligmalar incelendiginde Cevik [3] Tirkiye nin
glineydogusunda duvar yapisinin 1s1l verimini artirmak ve
1s1l yalitim alternatifi olusturmak amaciyla iki dzdes test
odasi insa etmistir. Test odalarindan birinin duvart FDM
doldurulmus polikarbonat malzeme ile kaplanmistir.
Deneyler sonucunda FDM ile kaplanan duvarin
kaplanmayana gore daha iyi 1s1 yalitim etkisi yaptigi
goriilmiistiir. Cirakman [4] faz degistiren maddeyi giiney
duvarda kullanarak trombe bir duvar tasarlamis ve bu
duvarin yillik performansini deneysel olarak incelemistir.
Kandasamy vd [5] faz degistiren malzeme uygulanmis bir
kompozit duvarm yil boyunca uygulanabilirligini
aragtirarak yaz ve kis aylarinda enerji tasarrufunun etkisi
ile i¢ ylizey sicakliklarindaki dalgalanmalar incelemisler.
Konuklu [6] Faz degistiren malzemeleri
mikrokapstilleyerek enerji depolama 6zelliginin binalarda
saglayacagl enerji tasarrufunu incelemistir. Sonuclar
uygulamanin; kis sartlarinda 1sitma igin %10-15 arasi ve
yaz sartlarinda sogutma igin %5-10 arasi verim sagladigini
gostermistir. Kurt [7] beton karigimlarinda faz degistiren
madde kullanarak dayanimi bozmadan 1si1l performansi

artirmay1 amaglamigtir. Bu amagla faz degisim sicakligi
23-26 °C olan 110 J/g gizli 1s1ya sahip parafin kullanmistir.
FDM kullanilan betonun kullanilmayana gére daha yiiksek
bir 1s1l performansa sahip oldugunu gostermistir. Mushtaq
vd [8] yalitim olarak faz degistiren malzeme kullanimini
deneysel olarak incelemigler. Bu calisma icin standart ve
FDM kullanilan iki ayr1 oda insa ederek Faz degistiren
malzeme olarak 44 °C erime sicakligina sahip olan parafin
kullanmiglar. Quanying vd [9] duvarlara farkli sekilde
yerlestirilmis  faz  degistiren = malzemelerin  termal
Ozelliklerini incelemek ic¢in parafin kullanilmistir. Faz
degistiren malzeme kullanilan duvar ile klasik beton duvar
karsilastirilmistir. Sonuglara gore dogrudan karistirma
yontemine nazaran laminasyon enterpolasyon yontemi ile
hazirlanan duvarda ki enerji tasarrufu daha iyi olmustur.
Bu yontem ile hazirlanan faz degisim malzemesinin gizli
1s1 depolama kapasitesi ve daha belirgin enerji tasarrufu
sagladig1 gortilmiistiir. Laminasyon yonteminin karmagik
ve uygulanabilirliginin zorlugu vurgulanmistir.  Orengiil
[10] yapilarin FDM igeren tavanin 1st yalitimma olan
etkisini deneysel olarak arastirmistir. Bu cercevede iki
Ozdes yapi insa etmistir. Yapilarin birinin tavani FDM
doldurulmus delikli tuglayla oriilmiistiir. Sonug¢ olarak
FDM kullanilan tavanin digerine gore daha iyi bir giinliik
1s1 yalitimi1 sagladigi saptanmigtir. Tokug [11] faz
degistiren malzemelerin 1s1l depolama amaciyla yeni nesil
bina malzemesi olarak kullanimmm enerji kazanimi
saglayacak bir yontem gelistirmesini amaglamigtir.
Kullanilan yontem ile elde edilen sonuglarda FDM ile
gelistirilen yap1 bilegenlerinin binalarda kullanimina
yardimcr  olabilecek veriler tartisilmis ve sonraki
¢aligmalar i¢in onerilerde bulunulmustur.

Yukarida goriildiigii gibi literatirde FDM kullanimiyla
ilgili ¢alismalarin ¢ogunun deneysel oldugu ve enerjinin
depolanarak ortamin 1sitilmasi amaglandigi goriilmektedir.
Bu c¢alismada ise bina dig duvarlarinda yalitim yerine
FDM kullaniminin etkisini arastirmak igin bes farkli duvar
yapist ele almarak ve kis sartlart g6z Oniinde
bulundurularak  duvar kalinligt boyunca sicaklik
dagilimlari, faz kaymasi ve soniim oranlar1 sayisal olarak
hesaplanmistir. Hesaplamalar giiney ve kuzey yonleri igin
ANSYS Fluent programi ile gerceklestirilmistir. Gergek
sartlara yakin bir analiz gerceklestirmek icin bina dis
ylizeyinin giin boyunca degisen giines 15inimi1 ve dis ortam
sicakliklarina maruz kaldig1 g6z ontinde
bulundurulmustur.

Matematiksel Metot

FDM iceren katmanli duvar Sekil 1’de gosterilmistir.
Duvarin i¢ ve dig yiizeylerinde 2 cm kalinhiginda siva
bulunmakta olup duvar 2 cm FDM ve toplam 20 cm
kalinliginda tugladan olusmaktadir. Tugla ve siva
katmanlar1 i¢in fiziki 6zelliklerin homojen oldugu ve
sicaklikla degismedigi kabul edilmistir. Duvar katmanlari
arasindaki temas direnci dikkate alinmamistir.

804



DUIJE (Dicle University Journal of Engineering) 12:5 (2021) Sayfa 803-810

"-.i.".1 T I 1
-::r\l‘ ..1 1] | ll 1 T
L T | | T ]
e - o
: F | u |
Dis Ortam 1 1 : _..[..J...,.J_ | IgOrtam
hgy= sabit T 11 1 11 | hi= sabit
To=@ § : I i "LT"I'T' T; = sabit
L1 | T G
1(t) | =
4 | I I I : 1
T T L1
o
x=0 =L

Sekil 1. FDM ile yalitilmis duvar modeli

Ortamin 1s1 kazan¢ ve kaybinin hesaplanabilmesi igin
duvarimn i¢ yiizey sicakligiin bilinmesi gerekir. Katmanl
diizlem duvarda sicaklik dagilimi asagida verilen gecici
rejimde bir boyutlu 1s1 iletiminin uygun sinir sartlart
kullanilarak ¢6ziilmesi ile elde edilmistir.

or  o'T

— = _2

ot ox 1)
a=k/pc o

Burada ? olup k duvar malzemesinin 1s1

iletkenligi P yogunluk ve c, 1s1 kapasitesidir. I¢ ve dis
ylizeydeki sinir sartlar1 asagidaki gibidir.

2)

—{@g (T ~T_,)
a x=0

x 3)

Burada T. esdeger ¢evre sicakligi olup dig ortam sicakligt
T, glines 1smmmi giddeti I, duvarin giines 1s1nim1 emiciligi
dve dig ortamin tasinim katsayist hy’a baglt olarak dik
duvar yiizeyleri i¢in agagidaki sekilde hesaplanmaktadir.

n=r,+ %
h

0 4)

FDM ‘nin kati-sivi ara ylizeyi igin asagidaki bagnti
kullanilmistir [12].

oS
k, %_ks % - pL—(t)
ox ox ot (5)

Yapilarin Faz Kaymasi ve Soniim Oranlar:

Siirekli degisen iklim kosullarinin etkisinde kalan dis
duvarlar, 1sitma/sogutma yiikiiniin azaltilmasinda 1sil kiitle
olarak rol oynarlar. Duvari olusturan katmanlarin konumu
ve termofiziksel ozellikleri, binanin 1s1l performansinin
belirlenmesinde 6nemli parametrelerdendir. Bu baglamda
faz kaymasi ve soniim orant binanin 1sil enerji
depolamasinda belirleyici rol oynamaktadir. Glinliik
sicaklik degisimlerinin yiiksek oldugu bolgelerde, faz
kaymas1 ve soniim oranlarinin belirlenmesi, enerji etkin
bina tasarimlarinda 1sitma yiikiiniin azaltilmasi igin
Snemlidir.

Sekil 2°de goriilduigii gibi siniizoidal sicaklik dalgasi, dis
ylizeyden i¢ yiizeye ulasincaya kadar gecen zaman, yani
esdeger dis sicakligin en yiiksek oldugu zaman ile i¢ yiizey
sicakliginin en yiiksek oldugu zaman arasindaki fark, faz
kaymasi1 olarak adlandirilir. Bu islem siiresince onun
genliginde meydana gelen kiiglilme miktari, baska bir
ifadeyle i¢ yiizey sicakligmm genliginin esdeger cevre
sicakliginin  genligine oran1 da, soéniim orani olarak
adlandirilmaktadir. Bu iki 6zellik, yapilarin 1s1 depolama
kapasitelerini hesaplamak i¢in ¢ok 6nemli bir kriterdir. Faz
kaymas1 matematiksel olarak asagidaki gibi ifade edilistir
[13].

(15 = tTdi(maX) —1 Te(max) ©)

Burada trgimax) i¢ yiizey sicakligmnin maksimum oldugu
zaman, trema iS€ esdeger dig sicakligin en yiiksek
degerine ulastigi zamani belirtmektedir. Sontim orani ise
matematiksel olarak genliklerin birbirine orani olup

_ Tdf (max) B T:J/ (mln)
T, (max) — T, (min)

(7
seklinde ifade edilir [13].
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Sekil 2. Faz kaymasi ve soniim orani sematik gosterimi [13].

Sayisal Yontem

Bu calismada, bina dis duvarlarinda yalitim yerine FDM
kullanilarak kis sartlar1 igin duvar kalinligi boyunca
sicaklik dagilimi sayisal olarak hesaplanmigstir. Analizler
giiney ve kuzey yonleri icin ANSYS Fluent programi ile
iki boyutlu ve zamana bagl olarak gergeklestirilmistir.
Program asamalar1 agagida siralanmistir;

1) Geometri: Bu asamada yalitimli ve yalitimsiz duvar
modellerinin ¢izimi yapilmistir. Yalitimsiz ve yalitimin
dista, igte ve ortada oldugu durumlar igin bes farkli model
tasarlanmigtir.

2) Ag yapisi (mesh): ANSYS programinda analizlerin
diizgtin bir sekilde yapilabilmesi i¢in duvar modelleri
tizerine ag yapilarinin atanmasi gerekmektedir. Ag yapisi
analizin dogru bir sekilde c¢oziilmesindeki en onemli
parametrelerden birisidir. Bu ¢aliyjmada kare seklinde ag
yapisi kullanilmigtir. Yalitimsiz duvar modelinde diigiim
sayist 4067, eleman sayist1 3808 olarak belirlenmistir.
Yalitimli duvar modellerinde ise diiglim sayis1 4014
eleman sayisi 3696 olarak belirlenmigtir. Yalitimsiz ve
yaliimm dista oldugu duvar modellerine ait ag yapist
Sekil 3° de gosterilmistir.

(@) (b)

Sekil 3. Ag yapilart (mesh): (a) Yalitimsiz duvar modeli
(b) Yalitimin dista oldugu duvar modeli

3) Coziim adimlari: Geometri ve ag yapist belirlenen
modeller i¢cin malzeme 6zellikleri, siir sartlari, iterasyon

ve yakinsama degerleri ile ¢6ziim metodlari bu asamada
programa girilmistir.

Analizlerde kullanilan FDM, siva, tugla ve camyliinii
malzemelerinin tablolarda belirtilen 6zellikleri girilmistir.

Smir sarti olarak i¢ ortamda kis sartlarinda 18 °C ve
tagmim katsayisi sabit 8 w/m?K, dis ortamda ise degisken
sicaklik sart1 ile tagmim katsayist 23 w/m2K olarak
belirlenmistir. Dig yiizey 24 saat boyunca degisen giines
isinim1 ve dis ortam sicakligina maruz kaldigi icin 24
farklt esdeger sicaklik degeri hesaplanmistir. Degisken
sicaklik sartmin programa uygulanabilmesi i¢in User
Defined Function (UDF) da kullanilmak icin bir C kodu
olusturulmustur. Bu kod sayesinde her bir saatin sicakligi
farkli olacak sekilde ardil gilinlerde tekrarli olacak sekilde
yazilmistir. Bu sayede birkag giin tist iiste her bir saatin
degeri kendi zamani geldiginde sinir sart1 olarak otomatik
uygulanmuistir.

Coziim metodu olarak basinca dayali SIMPLE segenegi
kullanilmigtir. Sistem bagslangi¢ sicakligi olarak 18 °C
olarak belirlenmistir. Yakinsama degeri olarak continuity
= 1e-03, x-y velocity = 1e-03 ve energy = le-06 olarak
girilmistir. iterasyon sayis1 1000 olup her 3600 saniyede
bir tim degerler kaydedilecek sekilde ayarlanmigtir.

Duvar Modellerinin Tanitilmasi

Bu calismanin ana amaci yalitim yerine FDM’nin
kullanilmasi ve mevcut yalitim ile kiyaslanmasidir. Daha
once ¢ok katmanli duvarlarin kalinliklar1 boyunca sicaklik
dagilimlar1 ANSYS’ de analiz edilmis ve 3 farkl yalitilmig
duvar yapist ele alinarak sicaklik dagilimlari yaz ve kis
sartlar1 i¢in hesaplanmistir [14]. Ancak bu ¢aligmada ise
FDM’ nin duvar yapisinda kullanimi ele alinmis ve
mevcut yalitim malzemesi ile kiyaslanmistir.

Bu amagla Sekil 4’de gosterilen bes farkli duvar modeli
belirlenerek ilk 6nce duvarin kalinligi boyunca sicaklik
dagilimlar: belirlenmis ve daha sonra ise 1si1l depolama
kapasitelerini temsil eden faz kaymasi ve soniim oranlari
belirlenmistir. Tiim duvar modelleri, igte ve dista 2 cm
kalinliginda siva ve toplam 20 cm kalinhiginda tugladan
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olugsmustur. Camyiinii yalitim malzemesi ve FDM’nin

kalinliklar1 ise 2 cm olarak belirlenmistir.
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Sekil 4. Duvar modelleri: (a) Yalitimsiz duvar modeli (b) Camyiiniiniin dista oldugu duvar modeli (c) FDM nin dista
oldugu duvar modeli (d) FDM 'nin ortada oldugu duvar modeli (e) FDM nin icte oldugu duvar modeli

Tasarlanan duvar modellerinin i¢ ve dis ortamlar1 belirli
simir sartlarina maruzdur. Kis sartlarinda i¢ ortam
sicakliginin sabit 180C oldugu ve tasinim katsayisinin 8
w/m?K oldugu kabul edilmektedir. Dig ortamda ise taginim
katsayisi sabit 23 w/m*K olarak kabul edilip sicakligin
degisken oldugu ve dig ortamin giines 1sinimina maruz
kaldig1 g6z 6niinde bulundurularak esdeger sicaklik

degerleri belirlenmistir. Bu sicakliklar 24 adet olup her bir
saat icin farkli degere sahiptirler. Farkli esdeger
sicakliklart bir kod yardimi ile programa tanimlanip
analizlerde kullanilmistir. Bu sayede gergek sartlara yakin
bir analiz yapilmistir.

Dis ortamdaki es deger cevre sicakliklari giiney ve
kuzey yonler ayr1 olacak sekilde sirastyla Tablo 1 ve 2’de
gosterilmistir.

Tablo 1. Giineye bakan duvarin esdeger cevre sicakliklari

t (saat) 1 2 3 4 5 6 7 8 9 10 11 12
Tes (°C) -3,10 |-345 | -3,55| -3,56 | -380 | 4 | 41| -1,63 4,20 7,96 10,27 | 11,17
t (saat) 13 14 15 16 17 18 19 20 21 22 23 24
Tes (°C) 10,97 { 10,06 | 7,10 | 2,87 |-0,20 | -1,2 | -1,9 | -2,16 | -2,15 | -2,34 | -2,69 | -2,81
Tablo 2. Kuzeye bakan duvarin esdeger ¢evre sicakliklari

t (saat) 1 2 3 4 5 6 7 8 9 10 11 12
Tes (°C) -3,10 |-3,44 | -3,55 |-3,569 | -3,80 |-4,00| -4,10 | -3,08 | -0,19 | 1,49 2,88 3,45
t (saat) 13 14 15 16 17 18 19 20 21 22 23 24
Tes (°C) 3,58 3,59 2,70 1,41 | -0,20 |-1,20] -1,90 | -2,16 -2,15 | -2,34 -2,69 -2,81
Analizlerde Kullanilan Malzemelerin

Termofiziksel Ozellikleri

Tablo 3. Kaprilik asitin termofiziksel 6zellikleri [15]

Bu c¢aligmada FDM olarak 16-18°C araliginda erime
ozelligine sahip kaprilik asit kullanilmigtir. FDM’ nin ve
duvar yapisinda kullanilan diger elemanlarin termofiziksel
ozellikleri ise sirastyla Tablo 3 ve 4’ de verilmistir.

Erime aralig1 16-18 °C

Gizli Is1 148,5 kJ/ kg
Kati halde 1s1 depolama kapasitesi | 981 kJ/kgK
Sivi halde 1s1 depolama kapasitesi | 901 kJ/kgK
Kati halde termal iletkenlik 0,23 W/mK
Sivi halde termal iletkenlik 0,149 W/mK
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Kati halde sabit yogunluk 2110 kg/m?
Sivi halde sabit yogunluk 1950 kg/m?
Tablo 4. Siva ve tuglanin termofiziksel 6zellikleri [16]
p (kg/m®) |cp (J/kgK) |k (W/mK)
Tugla 1800 840 0,62
Siva 1865 840 0,72
Cam ylinu 105 795 0.036

Sonuclar ve tartisma

Bu calismanin ana amaci yalitim yerine FDM’nin
kullanilmasi ve mevcut yalitim ile kiyaslanmasidir. Bu
amagla belirlenen duvar modelleri i¢in ilk 6nce duvarin
kalinlig1 boyunca sicaklik dagilimlar1 hesaplanmis ve daha
sonra ise 1s1l depolama kapasitelerini temsil eden faz
kaymasi ve soniim oranlari tespit edilmistir.

FDM’nin erime gerceklesen bdlgelerini gérebilmek igin
asagidaki sicaklik dagilimlari ¢izilmistir. Sekil 5 ve 6’da
sirastyla FDM ile distan yalitimli ve yalitimsiz duvar
modellerine ait belirli zamanlardaki sicaklik dagilimlari
verilmistir. FDM’li duvar modellerine ait sicaklik
degisimlerinde erime meydana geldigi zaman sicakliktaki
degisim sekillerde goriilmektedir. Bu degisimler diizenli
bir sekilde ilerleyen sicaklik dagiliminin erimenin
baglamastyla farkli bir hal almigtir. Yalhitimsiz ve
camyiinti ile yalitilmig duvar modellerinin sicaklik
dagilimlarinda erime ve katilasma olmadigindan boyle bir
durum goézlemlenmemistir.

20

Sicaklk (°C)

04:00
08:00
—¥— Saat= 12:00
—4— Saat= 16:00
—&— Saat= 20:00
=~ Saat= 24:00

—O— Saat=

004 009 014 019 024 026

Duvar Kalinligi (m)
a) Camytinii
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Sicaklik (°C)

Sekil 5. Yalitimsiz duvar modeline ait sicaklik dagilimi

Sekil 6. FDM ile distan yalitilmis duvar modeline ait
sicaklik dagilimi ve erime gerceklesen bolge

Elaz1g’n kig iklim sartlar1 dikkate alinarak giineye bakan
bes farkli duvar modeli icin zamana bagh sicaklik
degisimleri Sekil 7-9” da verilmistir.

Sicaklik (°C)
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Sekil 7. Yalitimsiz duvar modeli i¢in duvar kalinligi

boyunca zamana bagl sicaklik degisimi
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Sekil 8. Camyiinii ve FDM’ nin dista oldugu duvar modelleri igin duvar kalinligi boyunca zamana bagli sicaklik

degisimleri
16 16
141 14
12 1 12
10 1 10
‘8 8 O 8
< | o
=z 6 s 6
]
51 8
w 41 » 4
24 —— Saat= 04:00 2 —8— Saat= 04:00
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—4— Saat= 16:00 —4— Saat= 16:00
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a) FDM icte

0 0.02 0.07 0.12 0.14 0.19 0.24 0.26

Duvar Kalinligi (m)

b) FDM ortada

Sekil 9. FDM ’nin i¢te ve ortada oldugu duvar modelleri i¢in duvar kalimligi boyunca zamana bagli sicaklik degisimleri

Yalitimsiz duvar hari¢ diger tiim duvar modellerinde duvar
kalinlig1 26 cm’dir ve grafiklerde 4’er saatlik araliklarla
duvar kalinhig1 boyunca sicaklik dagilimlari goriilmektedir.
Yalitimsiz duvarda, duvarin kalmligi boyunca sicaklik
dalgalanmalarinin olduk¢a fazla oldugu goriilmektedir.
Grafiklere bakildiginda duvarin dis ylizeyinde minimum
sicaklik saat 4’te elde edilirken maksimum sicaklik saat
12’de elde edilmektedir. Bunun nedeni glineye bakan
duvarda maksimum giines 1smiminin 6glen saatinde elde
edilmesinden kaynaklanmaktadir. Ayrica duvarm dis
ylizeyinde yaklasik olarak -2°C ile 10°C arasinda sicaklik
dalgalanmast oldugu ve bu dalgalanmalarin duvarin dig
ylizeyinden i¢ ylizeyine dogru azaldigi goriilmektedir.
Ozellikle bu azalma yalitim malzemesi ve FDM’nin
uygulandig1 yerlerde daha belirgin olmustur. Burada amag
duvara yalittim veya FDM uygulanarak dis sicaklik
dalgalanmalarini soniimleyip i¢ yiizey yayilimini en aza
indirmektir.

Duvara camytinii yahtim uygulandiginda yalitim
tabakasmin etkisiyle sicaklik dalgalanmalarmin oldukga
azaldig1 goriilmektedir. Ancak duvara ayni kalinlikta FDM
yerlestirilerek bu azalmanin daha fazla oldugu
goriilmiistiir. Ozellikle FDM’nin kullaniimastyla duvar
icerisindeki  sicaklik  salimmlar1  olduk¢a  fazla
soniimlenerek birbirine yakin sicaklik degerleri elde
edilmis ve duvar igerisinde hemen hemen sabit kalmistir.
FDM’nin dista olmasi durumu igte ve ortada olmasina
gore en az sicaklik dalgalanmalarini oldugu goriilmiistiir.
Yani FDM’nin duvarin digmna yerlestirilmesi duvar
kalinligi boyunca sicaklik dalgalanmalarint en aza
indirdigi tespit edilmistir.

Cok katmanli duvar yapisinda katmanlarin yeri ve
kalinliginin faz kaymas: ve soniim orani iizerine etkisi
vardir. Duvarin 1s1 depolama kapasitesinin yiiksek olmasi,
faz kaymasini arttirirken séntim oranini ise kiigiiltiir. Faz

kaymasinin biiytik sontim oraninin kiigiik degerlerde
olmasi, i¢ mekan konforu ag¢isindan istenen bir durumdur.
Tablo 5°de giiney ve kuzeye bakan tiim duvar modellerine
ait faz kaymasi ve soniim orani degerleri yer almaktadir.
Tablodan da goriildiigti tizere FDM ile yalitilmis duvar
modellerine ait degerlerin yalitimsiz ve camyiinii ile
yalitilmis modellere gore 1s1 depolama kapasitesi agisindan
daha iyi oldugu goriilmektedir. Ayrica maksimum faz
kaymasi ve minimum soniim orani agisindan en iyi duvar
yapisinin FDM’nin dista oldugu durumda elde edilmistir.

Tablo 5. Kis sartlarinda giiney ve kuzeye bakan tiim
duvar modellerine ait faz kaymasi ve soniim orani
degerleri

Giliney Kuzey

Duvar yapisi Faz Sontim Faz Soniim

Kaymasi | Orani | Kaymas | Orani
Yalitimsiz 5 0,309 5 0,291
Camyiinii 6 0,12 6 0,211
FDM Dista 9 0,043 8 0,064
FDM icte 8 0,045 8 0,066
FDM Ortada 8 0,048 8 0,069
Sonuc¢

Bu ¢alismada Elazig iklim sartlarinda yalitim malzemesi
olarak faz degistiren malzeme kullanilarak kig sartlari igin
sicaklik dagilimlari, faz kaymasi ve séntim oranlart FDM’
nin farkli konumlart igin ANSYS’de sayisal olarak
arastirilmistir. Elde edilen sonuglar Cam yiini yalitim
malzemeli duvar ile kiyaslanmigtir.

Secilen FDM’nin uygun bir erime ve katilasma sicakligi
araliginda olmasi gerekmektedir. Bu yiizden bu ¢alismada
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faz degistiren malzeme olarak 16-18 °C araliginda eriyen
kaprilik asit kullanilmistir.

Sonug¢ olarak, yaz ve kig sartlarinda duvara FDM
uygulanarak dig sicaklik dalgalanmalar1 séniimlenip i¢
ylizeye yayiliminin en aza indirilmesi saglanmistir. Ayrica
duvara FDM uygulanarak duvarin 1s1  depolama
kapasitesinin (maksimum faz kaymasi ve minimum soniim
orani) arttig1 da goriilmiistiir.
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Giris

Giineydogu Anadolu Béolgesi jeolojisinin ana yapisini,
Arap ve Anadolu kitalarmin zaman boyutu icerisinde
goreceli hareketleri kontrol etmistir. Bu hareketlere bagh
olarak Arap kitas1 iizerinde gelisen algalip yiikselme
hareketleri de sedimantasyonu kontrol etmistir. “Neotetis
Okyanusunun Ge¢ Triyas'taki acilimi, Ge¢ Kretase’de
meydana gelen dalma-batma mekanizmasi ile kapanmaya
baslamas1 ve Miyosen’deki kita kita carpigsmasi ile
yitilmesi, sonrasinda meydana gelen denizel ve golsel
havzalar ile carpisma sonrasi volkanizma Giineydogu
Anadolu Bolgesi ve Dogu Anadolu Boélgesinin jeolojisini
sekillendiren en 6nemli jeolojik olaylardandir” [1]. Onceki
donemde asinmis olan Toros yiikselimi, Alt Eosen
denizinin kuzeye dogru biiylik transgresyonuyla genis
oranda kaplanmigtir. Orta Eosen-Oligosen doneminde
biitiin Giineydogu Anadolu Bdlgesi’nde siglasma olmus ve
devamli  karbonatlar ¢okelerek evaporitik ortamlar
gelismigtir. Alt-Orta Miyosen’de Arap kitasi ile Anadolu
kitasi arasindaki sikigma rejimi tekrar aktif hale gelmis ve
kuzey bolgelerde derin denizel tiirbiditik fasiyeste Lice
Formasyonu ¢o6kelirken platform alanina dogru Firat
resifal karbonatlar1 ¢okelmistir. Ust Miyosen baslarken
Toros kusagina ait Bitlis-Potiirge allokton birlikleri
yiikselimini tamamlamis, denizel etki giderek kaybolarak
karasal ¢okellerden olusan Selmo Formasyonu gelismistir
(Sekil 1).

Oyuktag Petrol Sahasi’ndan Siirt’e kadar olan bolgede,
Eosen-Oligosen ve Miyosen yasli evaporitli seviyeler,
ayrintili bir ¢aliyma yapilmazsa, aralarinda diskordans
olmasina ragmen yanlslkla tek bir birim gibi
algilanmakta; Miyosen istifi igerisinde bulunan ve
stratigrafik olarak iki farkli kiregtasi ayni birim olarak
yorumlanabilmektedir [2]. Miyosen dénemi boyunca Lice
havzas1 olarak da nitelendirilen ¢alisma alaninda Firat
Formasyonu bariyer resif olarak tamimlanmis, Lice
Formasyonu’nun  lagiin  eslenigi olan Kapikaya
Formasyonu ise Miyosen istifinin kiy1 fasiyesini temsil
eden Klastik ve evaporitik istiften olusmustur. Ayrica bu
alanda ylizlek veren birimlerin kuyu verileri ile de korele
edilerek bolgesel yorumlar yapildig:i Siyako vd., 2015
tarafindan belirtilmistir. Bolgede giivenlik problemleri
nedeniyle dnceden yapilmig paleontolojik ¢aligmalar yok
denecek kadar azdir. Caligmanin amaci, paleontolojik ve
sedimantolojik olarak Miyosen yasli Firat Formasyonu
karbonatlarindan yukarida deginilen 6zellikleriyle ayrilan
Eskigarzan Kiregtas: Uyesi’nin iri bentik foraminifer cins
ve tilirlerinin belirlenmesi, sedimantolojik incelemeleri, yas
konagmin  detaylt  degerlendirilmesi ve  bunlara
dayandirilarak ortam yorumunun yapilmasidir. Bu amag
dogrultusunda birimin harita alaninda bulunan doért ayri
lokasyondan yirmi 6rnek alinmig ve bunlardan da kirk adet
yonlii ince kesit yapilarak iri bentik foraminiferler
tanimlanmistir. Calisma ornekleri Cumhuriyet
Universitesi, Jeoloji Miihendisligi Béliimii Paleontoloji
laboratuvarinda depolanmaktadir.
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Sekil 1. A: Caligma alanmi bulduru haritasi (Okay ve Tiiysiiz 1999’dan degistirilerek alinmistir); B: Calisma alani jeoloji
haritasi (degistirilerek alinmistir [2]); C: Derge Deresi’nde Eskigarzan Uyesi’nin tipik kesitine bakis.

Bolgesel Jeoloji

Siirt-Kentalan bolgesi ve g¢evresinde goriilen stratigrafik
istif, daha 6nce Siyako vd. [3] tarafindan belirtildigi gibi
birbirlerinden bélgesel diskordanslarla ayrilan 4 donemden
olusmaktadir:

1.Dénem (Maastrihtiyen-Paleosen); bu doneme ait en yash
birim, Gerciis Antiklinali ¢ekirdeginde mostra veren
Maastrihtiyen yasli Garzan Formasyonu’dur. Tabani

goriilmeyen birim, ¢esitli fasiyeslerdeki si1g denizel
karbonatlardan olusur. Bu karbonatlar, dereceli olarak
Maastrihtiyen-Paleosen yasgli Germav Formasyonu’nun
pelajik seyl ve marn egemen, denizel litolojilere gecer.
Formasyon, zaman igerisinde iiste dogru regresif bir 6zellik
kazanir. Bazi alanlarda Germav’in iizerinde goriilen ve
Paleosen yasl denizel karbonatlardan olusan birim
Becirman Formasyonu olarak adlandirlmistir. S6zii edilen
regresyon sonucunda, yine Paleosen’e ait olan ve Antak
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veya Gerciis Formasyonu olarak adlandirilan fluviyal
litolojiler ¢okelmistir. Karasal birimlerle biten bu ¢dkelme
evresini, bolgesel bir aginma evresi izlemektedir.

2.Donem (Eosen-Oligosen) baglagicinda, Eosen’de gelisen
bir transgresyonla, taban klastikleri ve si1g denizel
karbonatlardan olusan Hoya Formasyonu ¢okelmistir.
Eosen sonu Oligosen baslarinda ise, bu denizin giderek
siglagsma ve kurumasiyla evaporitlerin yogunlukta oldugu
Germik Formasyonu geligir. Daha sonra, yeni bir yiikselme
ve aginma evresi goriliir.

3.Dénem (Miyosen): Asindirilmis yiizey {izerine, Erken
Miyosen’de yeni bir transgresyon baslar. Bu defa, yine bir
taban klastigi seviyesi olan Kapikaya Formasyonu’ndan
sonra, si1g bir karbonat platformunda Firat Formasyonu’nun
sedimantasyonu goriiliir. Daha {istte, Firat’la gecisli ve
kesiksiz bir sekilde yer alan ve birbiriyle yanal gegisli olan
iki ayr1 formasyon goriilmektedir: 1. Kismen derin denizel
Lice Formasyonu ve 2. Sig denizel-evaporitik-karasal
Kayabaglar Formasyonu. Orta-Ge¢ Miyosen’de ortamin
tedricen ve biitliniiyle karasal ortama doniismesi, fluviyal
fasiyeste olan Selmo Formasyonu’nun gelismesini saglar.
Boylece altta bir transgresyonla baslayan denizel donem,
iistte regresif olarak bu karasal ¢okelme ile sona erer.

4. Dénem (Pliyo-Kuvaterner): Stratigrafik olarak en iistte
ve agindirilmis yiizeyler iizerinde; Pliyosen yash fluviyal
Lahti Formasyonu, Kuvaterner’de ise bazalt, aliivyon
taragasi ve aliivyon birimleri bulunmaktadir.

Caligilan bolgede Oligosen yasli dolomit ve kumtasi katkili
evaporitlerden olusan Germik Formasyonu [4] iizerine
denizel bir transgresyonla Miyosen istifi gelmektedir.
Miyosen donemi, transgresif olarak bir taban klastigi ile
baslamakta, sig denizel Firat karbonatlarma gegmekte,

evaporitik Kayabaglar Formasyonu ile devam ekmekte ve
akarsu ¢okellerinden olugan Selmo Formasyonu ile son
bulmaktadir.  Kayabaglar =~ Formasyonu igerisinde
kirectaslarindan olusan merceksel Eskigarzan Uyesi
ayrilabilmektedir (Sekil 1,2).

Transgresyonun baglangicinda enerjinin yiiksek olmasma
bagli olarak kalinligr 30 metreye kadar ulasan bir taban
konglomeras: gelismigstir. Bu birimin c¢esitli adlamalari
bulunmasina ragmen en dogru tanimlama Keskin [5]
tarafindan Bagur Konglomeras1 olarak yapilmgtir.
Transgresyonun yavag oldugu bazi kesimlerde ¢ok incedir
veya hi¢ cokelmemistir [2]. Kiremit rengi, gri, kalin
tabakall, iri taneli kumtas1 ve ¢akiltaglarindan olusmaktadir.
Bu birim Siyako vd. [3] tarafindan Kapikaya Formasyonu
olarak adlandirilmis ve tarafimizdan da bu sekilde
benimsenmistir. Taban klastikleri iiste dogru dereceli olarak
s1g denizel kiregtaglarina gegmektedir. Firat Formasyonu
olarak adlandirilan [6] birim, yaygim olarak veya seritler
halinde haritalanmakta ve genellikle dayanimli olan
kirectas1 litolojisi nedeniyle sarp tepelerde goriilmektedir.
Calisilan alanda kalinligir 50 metreye kadar ¢ikmaktadir.
Cogunlukla yama resifi ve resif yakini fasiyes 6zellikleri de
olan s1g denizel karbonatlardan olusur, krem-bej renkli,
orta-cok kalm veya som tabakalidir. Kiregtaslar
mikroskopik olarak, biyoklastik tanetasi/istiftasi seklinde
tanimlanirlar.  Kiregtaglarmin  tipik  6zelligi  mercan
kolonileri ve kirmizi alglerin yanisira makro ve mikro
fosilleri de icermesidir [2].

Oyuktag Sahasi’ndan baglayarak Siirt’e kadar olan bolgede
mostra veren, altta Firat ve iistte Selmo Formasyonu ile
dereceli gegigli olan birim, ¢ok sig denizel, evaporitik ve
fluviyal bir ortam {iriintidiir. Birimin toplam kalinlig1 200-
400 metre kadardr.

Sekil 2. Yanarsu yakinlarindaki Eskigarzan Uyesi ve Kayabaglar Formasyonu’nun gériiniimii
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Bolgede karasal evrelerde zaman zaman deniz istilalari
olmus, marn ve seyllerin yani sira merceksel goriiniimde
(Sekil 2) s1g denizel kiregtasi seviyeleri de geliserek bunlar
ilk defa Bolgi [4] tarafindan Eskigarzan Kalkeri olarak
adlandirilmugtir.

Bu c¢aligmanin asil konusunu olusturan Eskigarzan
Kirectas1 Uyesi litolojik olarak Firat Formasyonu
kirectaslarma ¢ok benzemesine ragmen, tipik olarak hicbir
yerde taban klastigi gozlenmez. Mostrada kuzeybatida
Oyuktas Koyii'nden Giineydogu’da Kurtalan kuzeyine
kadar olan alanda bir serit seklinde, merceksel sekilde
haritalanmistir (Sekil 1,2). Birim s1§ denizel biyoklastik ve
sert-masif kiregtaglarindan olusur, beyaz-gri renkli, orta-
¢ok kalin veya som tabakalidir, bolgede kalinliklari 35
metreye kadar ulasir.

Kayabaglar Formasyonu ortamin biitiiniiyle karasal ortama
doniigmesi sonucunda tedricen Selmo Formasyonu’na [4]
geger. Fluviyal klastiklerden olusan bu birim ile Miyosen
istifi tamamlanmis olur ve daha iiste agisal diskordansli
olarak yine fluviyal ¢okellerden olusan Lahti Formasyonu
[4] gelir.

Eskigarzan Seri Ornekleri

Bu ornekler, 1/25.000 olgekli M 47-a2 paftasinda,
Yanarsu Koyt ile Kurtalan il¢esi arasinda yer alir. Yaklasik
kalmlig1 20-35 m arasinda degisen formasyonda dort ayri
noktadan 20 adet 6rnek alinmis olup, bunlardan da 40 adet
yonlii ince kesit tizerinde paleontolojik ¢aligmalar

yapilmistir. Araziden alinan ornekler sert kayalardan
olustugu icin sert kaya¢ Ornekleri oOncelikli olarak
laboratuvardaki Petrocat makinasma yerlestirilerek birkag
mm kalmlikta kesilmistir. Lam iizerine yapisacak ylizeyin
bir cam levha iizerinde agindiric1 demir tozlariyla piiriizleri
giderilmis olup benzer sekilde lamin yapisacak yiizeyi de
demir tozunda agindirilir. Isitic1 yardimiyla kanada balzami
ile 6rnek hava kalmayacak sekilde cama yapigtirilir. Kisa
bir miiddet soguma sonrasinda Ornekler inceltilir.
Mikroskop altinda incelenebilecek kalinliga getirmek icin
ise lama yapismis ornek, cam iizerinde ince demir tozlari ile
iyice agindirilir ve istenilen kalinlikta ince kesit alimi
saglanmis olur. Alinan 6rnekler harita tizerinde ancak bir
nokta olarak gosterebilecek mostralarda seri olarak
tabandan tavana dogru alinmigstir. Eskigarzan Kiregtast
Uyesi az veya ¢ok belirgin, kalin katmanli, bol fosilli, cok
sert kirikli ve catlakli, beyaz, gri veya pembemsi renkli
ozellikleriyle ayirt edilir.

EG-1: 38.042955D; 41.551990K: Yanarsu Kdoyii yaklasik
500m batisinda mermer ocagini da igine alan bu kesitin (20-
25m) mikroskobik incelemelerinde tabandan itibaren bol
fosilli, az intraklast taneli ve yer yer demiroksit kalntilart
oldugu gozlenmistir. Dunham (1962) siniflamasina gore
istiftast  niteliginde olan kaya¢ mikrit ve sparit

baglayicilidir. Fosil igerigi %70-80, sparit baglayici %15-
20 ve mikrit baglayicit %10-15 civarindadir. Fosil igerigi
acisindan oldukga zengin porselen kalker ve hiyalin kalker
bentik foraminiferler, kirmizi alg, yesil alg, ekinit, bryzoa
ve mercan igerir (Sekil 3).

Sekil 3. EG-1 karbonat mikrofasiyesi (A: alg; s: sparit baglayici)

EG-2: 38.033260D; 41.575624K: Yanarsu Kdoyii yaklagik
1,5 km dogusunda yer alan kesitin (30-32m) mikroskobik
incelemelerinde tabandan itibaren bol fosilli, bol algli,
sparit ve mikrit baglayicidan olustugu gozlenmistir. Fosil
igerigi %75-85, sparit baglayict %10-15 ve mikrit baglayici

%5-10 civarindadir. Dunham (1962) smiflamasina gore
kayag istiftast niteligindedir. Ince kesitler foraminifer
icerigi olarak Soritid formlarin yam sira Textularid ve
Miliolidal formlar agisindan zengindir. Yesil alglerden
ziyade kirmizi algler baskinlik kurar (Sekil 4).

815



DUJE (Dicle University Journal of Engineering) 12:5 (2021) Page 811-820

Sekil 4. EG-2 karbonat mikrofasiyesi (m: mikrit baglayici; s: sparit baglayici; F: fosil)

EG-3: 38.019505D; 41.606977K: Kapikaya Koyii 200 m
giineyinde yer alan kesitin (30-35m) mikroskobik
incelemelerinde tabandan itibaren bol fosilli, bol kirmizi
algli, az sparit ve daha ¢ok mikrit baglayicidan olustugu
gozlenmistir. Fosil igerigi %75-85, sparit baglayici %15-20
ve mikrit baglayici %5 civarindadir. Mikrit baglayici

genellikle ikincil olarak ince ¢atlaklarin igerisinde gozlenir.
Dunham (1962) smiflamasina gore tanetasi kategorisinde
tammlanan kayacta 6zellikle hiyalin kavkili Operculina
formlar1 ve kirmizi alglerin bollugu olduk¢a dikkat
gekicidir (Sekil 5).

Sekil 5. EG-3 karbonat mikrofasiyesi (I:

EG-4. 37.986558D; 41.706580K: Kurtalan ¢imento
fabrikas1 2500 m kuzeyindeki Derge Dere kuzey yamacinda
alman kesitin mikroskobik incelemelerinde tabandan
itibaren bol fosilli, bol kirmiz1 algli ve daha ¢ok mikrit
baglayicidan olustugu goézlenmistir. Fosil igerigi %60-65

intraklast; s: sparit baglayici; F: fosil)

sparit baglayic1 %5 ve mikrit baglayici %35 civarmdadir.
Demiroksit kalintilar1 bu kesitte daha fazladir ve kayag
istiftagin1 karakterize eder. Soritid formlar ve alglerin
baskinlig1 daha fazladir (Sekil 6).
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Sekil 6. EG-4 karbonat mikrofasiyesi (D: demiroksit; s: sparit baglayici; m: mikrit baglayici; F: fosil)

Ortamsal Yorum

“Oligo-Miyosen boyunca, Akdeniz bdlgesi ve Orta Dogu
genellikle daha biiyiik bentik ve planktonik foraminiferler
acisindan zengin, si1g deniz ¢okellerinin birikmesiyle
karakterize edilmistir” [7].

Cogu bentik organizmanin goreceli olarak sig sularda ve
sakin ortamlarda yasadig1 bilinmektedir. Bolgede yayilim

L7 N g | R 4 a8

gosteren Miyosen karbonatlar1 da porselen-hiyalin kavkili
foraminiferler ve kirmizi algler bakimindan zenginligi ile
tipiktir. Hauerinid tiirlerden Sivasina egribucakenssis,
Sivasina batmanensis ve Soritid tiirlerden Cyclorbiculina
minima, Androsina diyarbakirensis oldukea si1g, korunakli
ve lagiinel ortamlar1 karakterize ederler [8] (Sekil 7).

Sekil 7. Miyosen karbonatlarindan tanimlanan foraminifer tiirleri: A, B. Androsina diyarbakirensis; C, D. Sivasina
batmanensis; E, J. Sivasina egribucakensis; F, G. Praebullalveolina curdica; H, I, . Cyclorbiculina minima.
(6l¢ek:1000pum)

S1g ortamlardan daha derin ortamlara dogru foraminifer
kavki yapisindaki degisimleri gézlemlemek miimkiindiir
[9]. Amphistegina ve Operculina fotik bolgenin tabani veya
cevresinde yaygin olarak birlikte yasayabilirler. Soritid
formlardan bazilar1 ve Operculina’lar Oligo-Miyosen

doneminde enerjinin diisiik oldugu yumusak zeminlerde
yasamlarini siirdirmiislerdir [9].  Giincel iri bentik
foraminiferler iizerinde yapilan ¢aligmada Operculina’nin
kalin kavkili ve siki sarilimli olanlar1 s1§ derinliklerinde
(20-40 m derinlikte) yasarken, ince kavkili ve gevsek
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sarilimli olanlar1 euphotic zonda (120 m) baskin oldugu
gozlenmistir [10]. Operculina ve Miogypsinoides gibi
hiyalin kavkili formlar fotik zonun daha derin kisimlarini-
orta ramp ve orta 1s1k kosullarii isaret eder [11].
Amphisteginidlerin ise genel olarak tuzluluk toleransi
disiik ve yiiksek enerjili ortamlarda, 30 metreden sig
derinliklerde [12] yasadiklart bilinmektedir (Sekil 8).

i R

Porselen kavkili biiyiik bentik foraminiferler fotik bolgenin
ist kismida karbonat platformlar1 gelistirirler [13].
Kirmiz: algler de fotik bolge ¢okellerinden kaydedilen en
bol bilesenlerden biridirler [14]. Genel olarak ise birimin
diisiik-orta enerjili, normal tuzluluktaki s1g denizel karbonat
ortamlarini yansitmaktadir.

Sekil 8. Miyosen karbonatlarindan tanimlanan foraminifer tiirleri: A. Amphistegina cf. targioni; B, C. Miogypsinoides
sp.; D. Sphaerogypsina sp.; E, F. Elphidium cf. crispum; G. Rotalia sp.; H. Victoriella sp.; I, I. Operculina sp.; J. Alg.
(6lgek:1000um)

Tartisma ve Sonuclar

Caligilan alan ve ¢evresinde Miyosen donemi boyunca
Neotetis Okyanusu aktif kita kenarinda yer almaktadir.
Bu nedenle, Neotetisin kapanma siirecinin izlerini
stratigrafik ve paleontolojik olarak goézlemlemek
miimkiindiir. Eskigarzan Kirectas1 Uyesi litolojik
benzerlik nedeniyle Firat Formasyonu’nun
kiregtaslartyla karigtirilmaktadir. Bolgenin petrol tiretimi
icin Onemi goz Oniine alindiginda stratigrafinin dogru bir
sekilde ortaya konmasinin 6nemi de ortaya ¢ikmaktadir.
Eskigarzan Uyesi’nin kaya-stratigrafik olarak Firat
Formasyonu’nun altinda yer alan Kayabaglar
Formasyonu igerisinde merceksel olarak bulundugu
arazide ¢ok net gozlenmekle beraber jeolojik haritada da
gosterilmistir.  Ayrica bolgesel olarak  belirtmek
gerekirse, Firat Formasyonu’ndan sonra, Lice-Kulp
civarinda Miyosen bindirmesinin dneyinde gelisen ve
Lice i¢ ¢ukuru olarak adlandirilan [15-16] dar bir kusakta
derin denizel tiirbiditik fasiyeste Lice Formasyonu
¢okelirken, ayn1 donemde dogu ve giineydoguya
gidildik¢e Oyuktas-Kurtalan-Siirt bolgesinde evaporitik-
s1g denizel-karasal bir ortamda Kayabaglar Formasyonu
ve Eskigarzan Uyesi gelismistir. Siirt ve cevresindeki
Miyosen yash Eskigarzan karbonatlarinda tanimlanan

formlar ayrica bircok bolgenin de stratigrafik ve
paleontolojik olgekte korelasyonunun saglanmasinda
olduk¢a onem arz eder. Tiirkiye ve Diinya geneline
baktigimizda farklt bolgelerde yapilan calismalarda
benzer foraminifer ve alg topluluklarinin, benzer
¢okelme ortamlarini karakterize ettigi gozlenmistir. [17-
8-18], benzer toplulugu Erken Miyosen’de Tiirkiye’de;
[19-20], Miyosen’de Iran’da; [21] Miyosen’de
Umman’da benzer topluluklardan bahsetmislerdir.

Tim kesit boyunca porselen kalker ve hiyalin kavkilt
bentik foraminiferlerin yani sira yesil ve kirmizi alglerin
baskinligiyla birimin yas konag1 Miyosen’i isaret eder.

Eskigarzan Uyesi’'nin taban seviyesindeki baskin
faunasini genis, yasst ve porselen kalker kavkili
Androsina, Sivasina, Praebullalveolina, Cyclorbiculina
cins ve tiirleriyle birlikte yesil alglerin varlig1 olusturur.
Bu formlar daha s1g, sakin ve diisiik enerjili ve korunakli
ortamin gdstergeleridir. Ust kesimlere dogru ise baskin
faunasini genis, iri ve delikli hiyalin kavkili Operculina,
Amphistegina, Miogypsinoides ve Elphidium, Rotalia
cins ve tiirlerinin yan1 sira kirmizi algler olusturur. Bu
formlar ise biraz daha derin ve calkantili ortamlari isaret
eder. Bu veriler 1s181inda bolgedeki Miyosen yash bu
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karbonatlarin sedimantolojik ve paleontolojik olarak
incelenmesiyle birimin normal tuzlulukta olan sig ve
korunakli bir lagiin ortaminda ¢dkeldigi sonucuna
varilabilir.
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Androsina diyarbakirensis, Sirel, Ozgen-Erdem ve
Sinanoglu, 2020

Androsina diyarbakirensis, Sirel vd., 2020, PI. V, figs. 1-
9.

Tanim: Kavki flabelliform ve bilyiik olup, kavki capi
yaklagik 2,5mm’dir. Kavki diger archaiasinid formlarda
oldugu gibi porselen kalkerdir.

Cyclorbiculina minima, Sirel, Ozgen-Erdem ve
Sinanoglu, 2020

Cyclorbiculina minima, Sirel vd., 2020, PI. VI, figs. 1-7.

Tanim: Kavki kiigiik, ince, diskoidal sekilli ve kavki
duvart porselen kalkerdir. Kiiresel ilk locayr 4-5 tur
planispiral-involiit sarilim takip eder.

Sivasina batmanensis, Ozgen-Erdem ve

Sinanoglu, 2020
Dendritina sp. Betzler vd., 1997, p. 212, Fig. 3a-e.

Sirel,

Sivasina batmanensis, Sirel vd., 2020, p. 4, Fig. 1-9.

Tanim: Kavki merceksi, biiyiik ve siskin olup, kavki cap1
1,25-2,1 mm arasindadir. Localar1 daha uzun ve daha
biiyiiktiir. Kavki duvart deliksiz ve porselen kalkerdir.

Sivasina egribucakensis, Sirel and Ozgen-Erdem,
2013

Dendritina rangi d’Orbigny, Amirsahkarami et al., 2010,
p. 81, pl. 2, Fig. 2.

Sivasina egribucakensis Sirel and Ozgen-Erdem, 2013,
p. 96, pl. 1V, Figs. 1-14; pl. V, Figs. 1-10; pl. VI, Figs.
1-6; Fig 6 G, H.

Dendritina cf. rangi d’Orbigny, Gedik, 2014, p. 98, pl.
9, Figs. 6-8.

Tanim: Kavki biiyiik ve siskin olup, kavki ¢ap1 0,66-0,9
mm arasindadir. Kavki duvari deliksiz ve porselen
kalkerdir. Sartlim erken evrede planisripal-involiit,
yetskim evrede ise planispiral-evoliittiir.
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Praebullalveolina curdica (Reichel, 1936-37)

Borelis melo (Fichtel and Moll) curdica (Reichel),
Robert et al., 2006, pl. 1, Figs. 4, 5.

Borelis curdica (Reichel), Yazdi-Moghadam et al., 2018,
p. 236, Fig. 11.

Praebullalveolina curdica, Sirel, Ozgen-Erdem ve
Sinanoglu, 2020, Fig. 4A-C; PL. I, figs. 1-10; PL. 11, figs.
1-6.

Tanim: Kavki kiiciik ve kiiresel olup, ekvatoryal ¢ap 0,6-
1,1 mm arasindadir. Tk loca oldukga kiigiiktiir (0,07-0,08
mm). Eksenel kesitlerde localar kalin septalar ile
boliinerek, 6zellikler tanimlamalarda 6nemli nir gosterge
olan Y-shape’ yapisini olustururlar. Kavki duvari
deliksiz ve porselen kalkerdir.

Elphidium crispum (Linnaeus 1758)

Elphidium crispum (Linnaeus), Hottinger, Reiss and
Langer, 2001, p. 28, pl. 10, Figs. 4,5, 6 and 7.

Elphidium crispum (Linnaeus), Yazdi-Moghadam et al.,
2021, Fig 11, e, f.

Tanim: Kavki hiyalin kalker olup, kiiresel ve kiiciik bir
ilk locaya sahiptir. Siitur ¢izgileri olduk¢a kavislidir.
Kavki dikey kanallarla bolinmiistiir.
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Ulkemizdeki deprem gercegi ve siirekli artan enerji maliyetleri, insaat teknolojilerinin siirekli olarak
gelismesine neden olmaktadir. Bu gelismelerin basinda hafif yapt malzemelerinin iiretilmesi ve gesitli
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oldukga fazla kullanilmaya baslanmis, giiniimiizde de kullanim orani giderek artmaktadir. Bu ¢aligmada
daha 6nce hafif yap1 malzemesi olarak kullanilmayan Canakkale-Ayvacik yoresi volkanik tiif agregasi
(ufalanip belirli boyutlarda smiflandirilan) ve genlestirilmis perlit kullanilarak, hafif blok iretilmeye
calisilmistir. Bu amagla farkli regeteler kullanilarak (farkli tane boyutu ve ¢imento orani) iiretilen hafif
blok numunelerinin 7, 14 ve 28 giinliik birim hacim agirlik (BHA), basing dayanimi (BD) ve kapiler su
emme (KSE) gibi teknik ozelliklerde meydana gelen degisimler incelenmistir. Elde edilen analiz sonuglari
(BHA: 1208 kg/m®, BD: 11,80 MPa, KSE:1,11 kg/m?dak®®) standartlarda olmasi gereken degerler ile
karsilagtirllmig, Canakkale-Ayvacik yoresi volkanik tif agregalarmimn hafif yapi malzemesi olarak
kullanilabilecegi belirlenmistir.
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* Sorumlu Yazar

The fact of earthquakes in our country and the ever-increasing energy costs cause the continuous
development of construction technologies. At the beginning of these developments is the production of
lightweight building materials and the continuous improvement of their various technical properties. Due
to its features such as reducing the dead load of the building, heat and sound insulation, natural lightweight
aggregates have been used quite a lot in the last quarter century, and today the usage rate is increasing
gradually. In this study, light blocks were tried to be produced by using volcanic tuff aggregate (crushed
and classified) from Canakkale-Ayvacik region, which was not used as a lightweight building material
before. For this purpose, changes in technical properties such as unit volume weight (BHA), compressive
strength (BD) and capillary water absorption (KSE) of light block samples produced using different recipes
were investigated during the curing periods of 7, 14 and 28 days. The analysis results (BHA: 1208 kg/m?,
BD: 11,80 MPa, KSE:1,11 kg/m?dak®®) obtained were compared with the values that should be in the
standards, and it was determined that the volcanic tuff aggregates from Canakkale-Ayvacik region could
be used as light construction material.




DUJE (Dicle University Journal of Engineering) 12:5 (2021) Sayfa 821-828

Giris

Deprem yiikiinli azaltmasi, hem ses hem de 1s1 yalitiminda
iistiin 6zelliklerinin bulunmasi, yangina karsi direng, estetik
ozellikleri, enerji maliyetlerindeki artis ve yasal
diizenlemelerin yalitimi1 zorunlu hale getirmesini hafif yap1
malzemelerinin  ingaat  sektdriinde  yaygin  olarak
kullanilmasinin sebepleri olarak siralayabiliriz [1],[2]. Hafif
yap1 malzemeleri, binanin 6lii yiikiinii azaltmasindan dolayi,
bina hafiflemekte (daha giivenli hale gelmekte), binanin
tagtyict sistem elemanlarmin kesitlerinde meydana gelen
kiigilme ise maliyetlerin 6nemli oranda azalmasina neden
olmaktadir [3]-[8]. Yiiksek 1sil performansa ve mekanik
dayanima sahip olan hafif yapt malzemeleri hem enerji
verimliligini saglarken hem de daha az yakit kullanilmasi
nedeniyle ¢evrenin daha az kirlenmesine neden olmaktadir
[9]. Hafif yapt malzemesi iiretiminde volkanik tiif [4],
volkanik ciruf [10],[11], pomza [4]-[8],[10],[12]-[16],
diyatomit [1],[13], vermikulit, ignimbirit [16],[17], perlit ve
genlestirilmig perlit [2],[9],[18], genlestirilmis kil [10],[17]
gibi dogal ve genlestirilmis polistiren sert kopiik (EPS) gibi
sentetik [2],[9],[19] malzemeler de kullanilmaktadir. Hafif
yaplt malzemelerinin birim hacim agiliklarimin 2000
kg/m¥den kiigiik olmasi gerekmektedir [6],[13]. Kaliteli
hafif agregalarda su emme oraninin %15’in altinda olmas1 ve
basing dayaniminin ise en az 5 MPa olmasi gerekmektedir
[20].

Volkanik tiif, volkanik piiskiirme boyunca kraterden disar1
c¢ikan, konsolide olmus volkankiilii veya volkan tozundan
olusan kayaglardir. Volkanik tif, bazi kil ve mineral
parcalarmin yanmis ve kavrulmus halde havaya firladigi ve
ylizeye diislip karisarak depolandigi zaman olusmaktadir
[4],[21]. Volkanik tiifler genellikle ¢ok diisiik birim hacim
agirhgma, ¢ok yiiksek poroziteye ve ¢ok fazla sekil
degistirme yetenegine sahiptir. Tif ortalama 1300 °C’de
erimekte, 760 °C’nin altinda herhangi bir degisime
ugramamaktadir. Dogal nem orani diisiik, sertligi 5,5-6
arasinda, basing mukavemeti ise 95-130 kg/m? arasindadir
[4]. Tifler, genelde pembe ve beyaz olarak ayrilabilmekte,
beyaz tiifler genellikle tiiflii yapmin i¢ine gdmiilmiis kiigiik
metamorfik kaya¢ pargalar olan fenokristaller iken pembe
tiiflerde ise gogunlukla tiiflii yapinin igine gomilmiis biiyiik
metamorfik pargalar olan fenokristllerden olusurlar [21]. Tuf
agregalarmin ana bileseni SiO’dir, Si ile birlikte Al>O3
varligindaki artis puzolanik aktiviteyi ve dolayisiyla basing
dayaniminin artigina neden olmaktadir [4].

Cesitli dogal ve sentetik agregalar ile hafif yapr malzemesi
iiretilmesine yonelik yapilmig caligmalar ve elde edilen
sonuglar asagida dzetlenmistir.

[4]’de Afyonkarahisar tiifii ve Isparta pomzasini kullanarak 4
farkli kalipta hafif beton iiretilmesine yonelik ¢alisma
yapmis, ayni zamanda farkli ¢imento miktarlarinda elde
edilen iiriinlerin basing dayanimi, birim hacim agirlik ve 1s1l
iletkenlik  ozelliklerini standartlarda belirtilen testleri
uygulayarak belirlemisdir. [10] da Isparta-Karakaya, Isparta-
Gelincik, Kayseri, Nevsehir pomzast ile Kula volkanik ciirufu
ve genlestirilmis kil numuneleri kullanilarak hafif yap:
malzemesi {iretilmeye calisilmistir. Elde edilen iiriinlerin
gesitli teknik Ozellikleri standartlarda belirtilen testler
uygulanarak belirlenmeye ¢aligilmis, en diisiik birim hacim
agirligin Kayseri pomzasi ile en yiiksek birim hacim agirligin
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Kula volkanik ciirufu ile elde edildigi tespit edilmistir.
[11]’de hafif beton iiretmek amaciyla Elazig-Yenikoy
volkanik ciirufunu tek bagima ve kum ile belirli oranlarda
karistirarak kullanilmis, elde edilen iiriiniin 1s1l iletkenlik ve
basing dayanim  Ozelliklerini  belirlemek  amaciyla
standartlarda belirtilen testler uygulamistir. Test sonuclari
elde edilen {irtinlerin hafif yapi malzemesi oldugunu
gostermistir.

[12]’de farkli yorelerden elde edilen (Nevsehir-Gore,
Kayseri-Talas, izmir-Menderes) pomza agregalarindan hafif
yap1 malzemesi iiretmeye ¢aligmis, bu {i¢ ydre malzemelerini
farkli kombinasyonlarda karistirarak elde ettikleri iiriinlerin
teknik 6zellikleri incelemisdir. Uriinlerin teknik 6zelliklerinin
olusum sartlar1 ile de iliskili olduklar1 belirlenmisdir. [14]’de
hafif beton tiretmek amaciyla dogal Nevsehir pomza agregasi
ile sentetik EPS kullanilmis, elde ettikleri hafif betonun 1s1
iletkenlik, basing dayanimi ve ses yutuculuk gibi teknik
ozellikleri incelenmistir. Elde edilen sonuglar pomza ve EPS
kullanilarak hafif beton {iretilebilecegini gdstermistir.
Aragtirmacilar yaptiklart bu c¢aligmada, biiyiik kaliplar
kullanarak elde ettikleri triinleri, istedikleri ebatlarda daire
testere ile kesebildiklerini belirtmislerdir. [5]’de hafif beton
iiretmek amaciyla Isparta-Golciik pomzasi ile g¢imentoya
farkli oranlarda silis dumami ilave edilmis, elde edilen
tirlinlerin birim hacim agirlik, basing dayanimi ve ultrases
gecis hizlart standartlarda belirtilen testler uygulanarak
belirlenmistir. Artan silis dumani miktar1 teknik 6zelliklerde
pozitif etkiler gosterdigi tespit edilmistir. [15]°de Isparta
yoresi pomzasi kullanarak hafif bélme panel duvar iiretmeye
calisilmig, bu amacla farkli oranlarda ¢imento ve katki
maddesinin basing dayanimi iizerine etkilerini incelenmisdir.
Cimento ve katki orani arttik¢a elde edilen iiriiniin basing
dayaniminda belirgin artiglar elde edilirken, birim hacim
agrlikta ise belirgin artiglarin oldugu tespit edilmistir. [6]’da
Isparta, Kayseri, Nevsehir ve Karaman yodresi pomza
agregalarmi1  hafif yapit malzemesi iretmek amaciyla
kullanilmis, elde edilen iriinlerin standartlarda belirtilen
basing dayanimi, 1s1 iletkenligi, ses yututuculugu ve ses
iletimi gibi ozellikleri farkli ebatlarda {iretilen beton
numuneleri {izerinde test edilmistir. Teknik Ozelliklerin
pomza olusum sartlarindan etkilendigi belirlenmistir. [7]’de
Tekirdag-Corlu kumu ile Kayseri-Talas pomzasimi farklt
oranlarda karigtirarak hafif beton iiretilmis, elde edilen
iriiniin yangin etkisi sonrasinda gesitli teknik ozelliklerde
meydana gelen degisimler incelenmistir. Pomza miktarinin
artist yangina karsi dayanimda belirgin artiglara neden
olurken, beton ylizeyinde olusan sicaklikta da belirgin
azaliglarm olustugunu belirtilmistir. [8]’de Van-Ergis-
Kocapmar pomza agregasi kullanarak hafif yap1 malzemesi
iiretilmesine yonelik calismada, farkli kiir uygulamalarmin
elde edilen malzemelerde su emme ve 1s1 iletkenligi iizerine
etkileri incelenmigdir. 28 giin boyunca giinde 3 kere yapilan
sulama iglemi sonucunda elde edilen iriinlerin su emme
oraninda belirgin bir azalma meydana gelirken, 1sil
iletkenlikte az da olsa bir iyilesmenin oldugu tespit edilmistir.

[1]’de hafif beton iiretmek amaciyla Afyonkarahisar
diyatomit numuneleri kullanilmis, farkli ¢gimento oranlarmin
elde edilen iiriinlerin birim hacim agirlik, basin¢ dayanimi ve
1s1l iletkenlik Ozelliklerinde meydana gelen degisimler
incelenmisdir. Cimento  miktarindaki artigin ~ basing
dayaniminda olumlu yonde etki ettigi, birim hacim agirlikta
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ise olumsuz yonde etki ettigi belirlenmisdir. [13]’de hafif ve
yar1 hafif beton liretmek amaciyla Isparta-Atabey agregasi,
Golciik pomzasi ve Kegiborlu diyatomitlerini belirli oranlara
karistirilmis ve elde edilen {iriinlerin teknik 6zelliklerinin
standartlarda  belirtilen  sinir  degerleri  karsilayip
karsilamadiklari tespit edilmistir.

[177’de hafif yap1 malzemesi iiretmek igin Aksaray
ignimbiriti kullanilmis, farkli tane boyutlarindaki agrega ile
farkli ¢imento oranlari kullanarak, elde edilen iiriinlerin
standartlarda belirtilen degerleri karsilayip karsilamadiklari
tespit edilmistir. [16]’da Nevsehir pomzasini tek bagma ve
ignimbirit ile belirli oranlarda karistirarak hafif yap1
malzemesi tiretilmis, elde edilen {iriinlerin birim hacim agirlik
ve basing dayanimlarinda meydana gelen degisim
incelenmistir. Pomza agregasina ignimbirit ilavesi ile basing
dayaniminda 6nemli oranda iyilesme meydana gelirken,
birim hacim agirlikta belirgin bir artisin oldugu belirlenmistir.

[18]’de hafif beton iiretiminde hafif agrega olan perlit ve
genlestirilmis perliti ayr1 ayri kullanilmis ve elde edilen
iiriinlerin birim hacim agirlik, su emme ve basing dayanim
ozelliklerindeki degisimler incelenmisdir. Genlestirilmis
perlit kullanimi1 birim hacim agirlikta 6nemli oranda
azalamalarin olmasina neden olurken, hem su emme hem de
basing dayaniminda negatif etkilerinin oldugu belirlenmistir.
[2’de hafif yapt malzemesi iiretmek amactyla Izmir
Etimaden tarafindan iiretilen genlestirilmis perlit, sentetik
CMC malzemesi ve komiir tozu kullanilmis, elde edilen
iiriinlerin standartlara uygunluklar gesitli testler uygulanarak
belirlenmistir. [9]’da hafif yap1 malzemesi elde etmek i¢in
dogal agrega olan pomza ve genlestirilmig perlit ile birlikte
lastik parcalar1 kullanilmis, elde edilen {iriinlerin ¢esitli teknik
Ozellikleri  standartlarda  belirtilen testler kullanarak
belirlemeye calisilmisdir. Yazarlar ayn1 zamanda {iriinlerin
teknik ozelliklerini yapay sinir aglar1 teknigini kullanarak
tahmin edilebilecegini belirlenmislerdir.

[3]’de hafif tastyict yapt malzemesi iiretmek amaciyla farkl
¢imento oranlarinda Alman kdkenli genlestirilmis kil ve kum
belirli oranlarda karigtirilarak kullanilmis, elde edilen tiriiniin
tastyict Ozelliklilerinin belirlenmesi amaciyla standartlarda
belirtilen testler uygulanmistir. Elde edilen iiriinlerin tasiyict
ozellikte oldugu belirlenmisdir.

[19]’da hafif al¢1 blok iiretmek amaciyla Sivas yoresi jibs
numunesi, sentetk EPS malzemesi ve pomza agregasini farkli
kombinasyonlarda karigtirilarak kullanilmigtir. Elde edilen
iiriinlerin kuru yogunluk, basing dayanim, su emme ve 1sil
iletkenli Ozelliklerin standart test yontemleri kullanarak
belirlenmisdir.

Bu caligmada, iizerinde pek ¢aligma yapilmamis olan
Canakkale Ayvacik Akgin yoresi dogal volkanik tif
agregasinin  hafif yapt malzemesi (hafif blok) olarak
kullanilabilirligi arastirilmigtir. Bu amagla farkli boyut
gruplarindaki (0-2 mm ve 2-4 mm) agregalar farkli oranlarda
kullanilmis, bununla beraber farkli ¢imento oranlarinin (%28-
38) Birim Hacim Agirlik (BHA), Kapiler Su Emme (KSE) ve
Basing Dayanimlarindaki (BD) etkileri incelenmis, elde
edilen iriinlerin standartlar1  karsilayip karsilamadig:
irdelenmistir.
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Malzeme ve Yéntem

Malzeme

Deneysel calismalarda kullanilan volkanik tiif agregasi
Canakkale iline bagli Ayvacik ilgesinin yaklasik 13 km
kuzey-dogusunda bulunan Akg¢in kdyii yakinlarinda aktif
olarak c¢alisan 6zel bir firmaya ait ocaktan almmuistir. Dogal
agregalarm alindigi sahanin yer bulduru haritas1 Sekil 1°de
verilmistir.

Sekil 1. Yer bulduru haritast (googlemap)

Alman temsili numunelerin tiivenan, boyutu kiigiiltiildiikten
ve boyut gruplarina ayrildiktan (0-2 mm ve 2-4 mm) sonraki
halleri ile genlestirilmis perlit numunesi Sekil 2’de
verilmistir. Ocaktan alinan numuneler Kiitahya Dumlupimar
Universitesi Maden Miihendisligi Laboratuvarina getirilmis,
ceneli kirici yardimi ile ufalanan agrega numunesi boyut
dagiliminin belirlenmesi amaciyla elek analizine tabi
tutulmustur. Elek analiz sonuglar1 Sekil 3°de, kimyasal analiz
sonuglari ise Tablo 1°de verilmistir.

Sekil 2. a-Parga, b-0-2 mm, c-2-4 mm volkanik tif ve d-
genlestirilmis perlit goriintiileri

Tablo 1. Calismada kullanilan numunelerin kimyasal analiz

sonuglari

Igerik %
SiO; 65,22
AlO3 16,03
TiO; 0,22
Fe203 1,75
CaO 1,8
MgO 2,7
Na,O 1,97
K20 3,4
K.K 6,43
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Sekil 3. Ufalama isleminden sonraki groniilometrik dagilim

Ufalama islemi sonucu elde edilen {iirliniin groniilometrik
dagilimi Sekil 3’de verilmistir (TS 1114). Hafif blok tiretmek
amaciyla dogal agrega 0-2 ve 2-4 mm boyut gruplarina
ayrilmistir. Tablo 2°de ufalama igleminden sonra elde edilen
numunelerin 0-2 ve 2-4 mm boyut araligindaki miktarlari ve
Ozgiil agirliklar1 verilmistir. Hafif blok {iretim asamasinda
Gen-Per firmasindan temin edilen genlestirilmis perlit %1
seviyelerinde kullanilmustir.

Tablo 2. 0-2 ve 2-4 mm agrega 6zgiil agirliklari

Tane boyutu (mm) Ozgiil Agirlik (kg/m?®)
Tiif Agregast (0-2 mm) 756
Tif Agregasi (2-4 mm) 1197
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Sekil 4. Biga Yarimadasi’nda gozlenen ana kaya gruplari ve
¢alisma alani [22]

Sekil 4’de Biga Yarimadasi’nda gozlenen ana kaya gruplari
ve ¢alisma alan1 goriilmektedir. Biga yarimadasi, KD-GB
yonli tektonik unsurlart barmdiran bir yapiya sahiptir.
Yarimadanin temelini Ge¢ Karbonifer-Erken Triyas yash
Kazdag Metamorfitleri olusturmaktadir. Bu kayaglarin
iizerinde tektonik olarak yerlesmis arkozik kumtaglari,
grovaklar, bazaltik kayaglar, tiifler, aglomeralar ve
kiregtaglarindan olusan Geg¢ Permiyen-Erken-Orta Triyas
yasli Karakaya Kompleksi ve metamorfizma gegirmis
epiklastik-piroklastik kokenli litolojilerden ve bunlari kesen
metagranodiyoritlerden olusan Triyas yasli Kalabak Birimine
ait kayaclar bulunmaktadir. Geg¢ Kretase’de ofiyolitik
kayaclardan olusan bir melanj gelmistir. Bolgede Tersiyer,
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Orta Eosen neritik kiregtaglart ve bunlarin {izerine uyumlu
olarak gelen volkanik ara katkilt Ge¢ Eosen tiirbiditleriyle
baslar. Oligossen sonunda Biga Yarimadasinda onemli bir
yikkselme ve asinma evresi olmig ve yarimadanin
giineyindeki Orta Eosen-Oligosen istifi tiimilyle agmmustir.
Bolgede Erken-Orta Miyosen’de volkanik kayaclarla es yasl
bitimli seyl, silttagi, kumtagi, tif ve komiirden olusan
tortullar meydana gelmistir. Oligosen-Miyosen doneminde
kalkalkalen magmatizma bolgeyi etkilemis, ayrica andezit,
dasit, riyolit ve asidik tiifler genis alanlara yayilmistir. Biga
Yarimadasinda volkanizmaya bagli olarak Ge¢ Oligasen-
Erken Miyosen araliginda olusmus, genellikle granodiyoritik
bilesimli s1g sokulumarin varlig1 bilinmektedir. Tersiyer’de
gerilme tektonigiyle sekillenen havzalarda genellikle karasal
tortullar yogun bir volkanizma esliginde olusmustur. Geg
Miyosen volkanizmasi sonlanirken, fluviyal klastikler Biga
Yarimadasii kuzeyinde ¢okelmistir. Pliyo-Kuvaterner’de
Biga Yarimadasinda cakiltagi, kumtasi ve seyl bilesimli
fluviyal cokeller ile golsel karbonatlar olusmus ve az
miktarda alkali bazaltik volkanizma meydana gelmistir [22].

Deneysel ¢alismalarda hafif blok iiretiminde CimSa markalt
Cem 1l 42,5 R beyaz ¢imento kullanilmistir. Kullanilan
¢imentonun kimyasal bilesimi Tablo 3’de ve ¢esitli 6zellikleri
Tablo 4’de verilmistir.

Tablo 3. Deneysel c¢alismalarda kullanilan ¢imentonun
kimyasal bilesimi

Bilesenler Degerler (%)
CaO 60-67
SiO, 17-25
Al,O3 3-8
Fe,03 0,5-6,0
MgO 0,1-0,4
Na,O+K,0 0,2-1,3
SO3 1,0-3,0
Kizdirma Kayb1 1,0-2,0
Coziinmeyen Kalinti 1,0-2,0

Tablo 4. Deneysel ¢aligmalarda kullanilan ¢gimentonun ¢esitli
ozellikleri (TS EN 197-1 CEM 11 42.5R)

Ozellikler Degerler
SOs3 3.15
Coziinmeyen Kalint1 (%) 0.66
Kizdirma Kaybi(%) 2.05
Priz Baslangici(dak.) 150
Incelik (cm?/g) 3450
2 Giinliikk Basing Dayanimi1 (MPa) 25
28 Giinliik Basing Dayanimi (MPa) 48

Hafif blok iiretilmesi sirasinda agrega ve c¢imentonun
istenilen etkilesimi gostermesi igin Kiitahya Dumlupiar
Universitesi Evliya Celebi Yerleskesi cesme suyu
kullanilmistir. Cimento-su karisim orani olduk¢a dénemli bir
durumdur, ayn1 oranda 6nemli olan bir diger durum ise tane
boyut dagilimidir. Karigima fazla su ilave edilmesi,
numunelerin gekil almasinda sorunlara neden olurken, ¢cokme
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olarak tarif edilen durumun olmasina da neden

olabilmektedir.

Elde edilen karisimlarin Birim Hacim Agirlik (BHA), Basing
Dayanimi ve Kapiler Su Emme 6zelliklerinin standartlarda
(TS EN 1015-10, TS EN 1015-11 ve TS EN 1015-18)
belirtildigi sekilde test edilebilmesi igin 5x5x5 cm ve
10x10x10 cm’lik ahsap kaliplar kullanilmistir.

Yontem

Hafif Blok elde etmek amaciyla 0-2 ve 2-4 mm
boyutlarindaki agregalar agirlik¢a %60 ve %40 oranlarinda
karigtirtlmistir. %1 oraninda genlestirilmis perlit ilave
edilmigtir. 2 farkli seri olusturulacak sekilde karistirilmistir. 1
seride %60 0-2 mm agrega ile %40 2-4 mm agrega, 2 seride
%40 0-2 mm agrega ile %60 2-4 mm agrega karigtirilmistir
(Tablo 5 ve 6). Karigimlarda %28-38 oraninda ¢imento ilave
edilerek 6 farkli regete hazirlanmustir.

Tablo 5. Hafif blok 1. Seri karigim oranlari

1.1 12 13 14 15 16
Bilesenler Agirlik (%)
0-2mm %60 42,6 414 402 39 37,8 36,6
2-4mm %40 284 276 26,8 26 252 244
P. CIMENTO 28 30 32 34 36 38
G. Perlit 1 1 1 1 1 1
Toplam 100 100 100 100 100 100
Tablo 6. Hafif beton 2. Seri karisim oranlari
21 22 23 24 25 26
Bilesenler Agirlik (%)
0-2mm %40 426 414 40,2 39 378 36,6
2-4mm %60 284 276 268 26 252 244
P. CIMENTO 28 30 32 34 36 38
G. Perlit 1 1 1 1 1 1
Toplam 100 100 100 100 100 100

Hafif blok humunelerinde hesaplamalar sonucu su-gimento
orani belirlenerek farkli karigimlar elde edilmis, 5x5x5 cm ve
10x10x10 cm ebatlarindaki kaliplara dokiilmiis kalip
ylizeyleri mala ile diizeltilmistir. Numunelerin yapismamasi
icin yaglanan kaliplarda 24 saat bekletilen numuneler,
dikkatli bir sekilde cikartilmistir (Sekil 3). Kaliplardan
cikarilan numuneler 7, 14 ve 21 giinliik kiir siireleri i¢in
laboratuvar kosullarinda oda sicakliginda bekletilmistir. Elde
edilen hafif betonlarin birim hacim agirlik [23] (TS EN 1015-
10), kapiler su emme [24] (TS EN 1015-18) ve basing
dayanim testleri [25] (TS EN 1015-11) ilgili standartlara
uygun olarak gergeklestirilmistir. Her bir test igin 4 adet
numune kullanilmig ve elde edilen sonuglarin ortalamalart
almmigtir.
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Sekil 5. Farkli tane boyutu ve ¢gimento miktarlarinda iiretilen
hafif blok numuneleri

Sonuclar
Birim Hacim Agirhk

Farkli tane boyutu ve ¢imento oranlarinda karistirilarak elde
edilen hafif blok numunelerinin SBB 1 ve SBB 2 seri igin 7,
14 ve 21 giinliik kiir siiresinden sonra olusan birim hacim
degerleri Sekil 6 ve 7°de verilmistir.

11 1.2 13 1.4 1.5 16

H7.glin W14 gin

1400
1350
1300
1250
& 1200
1150

1100

Birim Hacim Agirlik (kg/m3)

1050

1000
28.glin

Sekil 6. Hafif blok 1. Seri karisimlarindan elde edilen
numunelerin BHA degisimi

21 2.2 2.3 2.4 2.5 2.6

m7.glin ®m14 gin

1400

1350

1300

1250

1200

1150

1100

Birim Hacim Agirlik (kg/m3)

1050

1000
28. giin

Sekil 7. Hafif blok 2. Seri karisgimlarindan elde edilen
numunelerin BHA degisimi

Hafif blok elemanlarmin BHA degerlendirmesi, blok
elemanlarinin etiiv kuru durumunda biiriit kuru birim agirhik
ve net kuru birim hacim agirlik olarak tanimlanmaktadir.
Hafif blok numunelerine TS EN 1015-10 standardina uygun
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olarak BHA testleri uygulanmigtir. Artan ¢imento miktari
elde edilen hafif bloklarm BHA degerlerinde diizenli bir
artisin olmadigi, belirli oranlarda dalgalanmalarin oldugu
belirlenmistir. 1 serisinde kullanilan 0-2 mm tane
boyutundaki malzeme miktar1 daha fazla olmasi, BHA
degerlerinin 2 serisine gore daha yiiksek oldugu
goriilmektedir. 1 serisinde kiir siiresi arttikca tiim ¢imento
oranlarinda BHA’da belirgin bir azalma séz konusudur.
Cimento orani artisina bagh olarak 1 serisinde sadece %32
cimento oraninda tim kiir siirelerinde BHA degerlerinde
belirgin bir azalma goézlemlenirken, diger ¢imento
oranlarinda diizenli bir degisim meydana geldigi
goriilmiistiir. 7 glinlik kiir siiresinde BHA degerleri 1260-
1296 kg/m? arasinda iken 14 giinliik kiir siiresinde 1217-1219
kg/m?, 28 giinliik kiir siiresinde 1122-1201 kg/m?® degerleri
arasinda kaldig1, ¢imento oran1 artist BHA degerlerinde sinirlt
seviyelerde artisa neden olmustur. 2 serisinde kullanilan 2-4
mm iri boyutlu malzeme miktar1 BHA degerlerinde goreceli
olarak daha diigiik degerlerin elde edilmesine neden olmusgtur.
7 giinliik kiir siiresinde 1120-1284 kg/m®, 14 giinliik kiir
siiresinde 1103-1249 kg/m?, 28 giinliik kiir siiresinde ise
1088-1208 kg/m? arasinda degerler elde edilmistir.

Hafif blok numunelerinin BHA degerleri karsilastirildiginda
hafif yapt malzemesi igin gerekli olan <2000 kg/m3
degerinden olduk¢a diisik BHA’lar elde edilmistir. Hafif
blok numunelerine ilave edilen genlestirilmis perlit BHA
degerlerinde belirgin bir azalmanin meydana gelmesine
neden olmustur.

Basin¢ Dayanim

Farkli tane boyutu ve ¢imento oranlarinda karistirilarak elde
edilen hafif blok numunelerinin 1 ve 2 serileri i¢in 7, 14 ve
21 giinlik kiir siiresinden sonra olugsan basing dayanim
degerleri Sekil 8 ve 9°da verilmistir.

12
10
g

6

4 I I |
o I I I
11 12 13 14 15 16

28 giin

Basing Dayanim (MPa)

[N]

m7.giin 14. giin

Sekil 8. Hafif blok 1. Seri karigimlarindan elde edilen
numunelerin basing dayanim degisimi
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12

10

0 I I I I | I
21 22 23 24 25 26

28. gun

Basing Dayanim (MPa)
= (=2}

[N]

m7.gln 14. glin

Sekil 9. Hafif blok 2. Seri karigimlarindan elde edilen
numunelerin basing dayanim degigimi

Hafif blok iiretiminde hem ¢imento miktarindaki artis hem de
kiir sitiresindeki artig, basing dayanim degerlerinden diizenli
bir artisin meydana gelmesine neden olmustur. Hafif blok
iretiminde kullanilan hafif agregalarin artan ¢imento
miktarina gore degigsiminde ilave edilen genlestirilmis perlit,
basmng dayanimlar1 {izerinde Onemli etkiler ortaya
cikarmaktadir. Genlestirilmis perlit ilavesi BHA degerlerinde
olumlu etkiler gosterirken, basmng dayanim degerlerinin
belirgin bir sekilde azalmasina neden olmaktadir. 1 serisinde
7 giinliik kiir siiresinde 2,79-7,43 MPa, 14 ginliik kiir
stiresinde 2,47-9,11 MPa ve 28 giinliik kiir siiresinde 4,96-
11,16 MPa arasinda basing dayanim degerleri elde edilmistir.
2 serisinde 7 giinliik kiir siiresinde 2,48-5,67 MPa, 14 giinliik
kiir siiresinde 3,71-8,86 MPa ve 14 giinliik kiir siiresinde 4,9-
11,80 MPa araliginda basing dayanim degerleri elde
edilmistir. Ince taneli agrega miktarinin 1 serisinde daha fazla
olmasmna ragmen elde edilen basing dayanimlarinda da
belirgin azalma olmas1 dikkat c¢ekicidir, bu durumun
genlestirilmis perlitten kaynaklandig: diistiniilmektedir.

Kapiler Su Emme

Yap1 malzemelerinin igine giren su, yapt malzemesinin nem
ile birlikte 1s1 dengesinin de bozulmasima, biiziilme ve sisme
gibi hacimsel deformasyonlara neden olmaktadir. Olusan bu
deformasyonlar zamanla malzeme biinyesinde mikro
catlaklarin olusmasma akabinde ise bu ¢atlaklardan daha
fazla suyun girerek hareket etmesine neden olmaktadir. Yap1
malzemesi igerisine dogrudan veya dolayli olarak giren su,
yapilarda hasarlara, kiiflenmeye ve yiizey bozulmalarina
neden olmaktadir [26]. Son olarak farkli tane boyutu ve
¢imento oranlarinda karigtirilarak elde edilen hafif blok
numunelerinin 1 ve 2 serileri i¢in kapiler su emme degerleri
ilgili standartta belirtildigi (TS EN 1015-18) gibi sadece 28
giinliik kiir stiresinde bekletilmis numunelere yapilmis ve
elde edilen sonuglar Tablo 7 ve 8’de verilmistir.

Tablo 7. 1 serisi hafif blok numunelerinin kapiler su emme
test sonuglari

Numune No Kapiler Su Emme
kg/(m?.dak®®)
1.1 0,99
1.2 1,08
13 1,02
14 1,12
15 1,15
1.6 1,19
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Tablo 8. 2 serisi hafif blok numunelerinin kapiler su emme
test sonuglari

Numune No Kapiler Su Emme
kg/(m>.dak®®)
2.1 0,98
2.2 0,98
2.3 1,17
2.4 1,12
2.5 1,03
2.6 1,11

Hafif blok numunelerinin artan ¢imento miktarma bagl
olarak kapiler su emme degerleri incelendiginde, ¢imento
miktarindaki artig cok azda olsa kapiler su emme degerlerinde
bir artisin oldugu gozlemlenmistir. Bu durum hafif blok
tiretilmesi sirasinda kullanilan genlestirilmis perlitin blok dis
ylizeyi ile i¢ yiizeyi arasindaki baglantinin ¢ok sinirli
seviyelerde kalmasindan ileri gelmektedir.

Tartisma

Elde edilen sonuglar toplu olarak degerlendirildiginde hafif
blok iiretimden elde edilen en iyi sonuglar Cizelge 9’da
verilmistir. Tablo 9 incelendiginde artan ¢imento miktari
BHA degerlerinde siirekli olarak bir artisin meydana
gelmesine neden olurken, basing dayanim degerlerinde de
belirgin bir artis elde edilmistir. Literatiirden farkli olarak
artan ¢imento miktarinda ¢ok az da olsa su emme oranlarinda
bir artisin oldugu goriilmiistiir. Genlestirilmis perlit elde
edilen hafif blok numunelerinin 6zellikleri {izerinde belirgin
bir etki ettigi goriilmektedir.

Tablo 9. 2 seri hafif blok numunelerin 28 giinliik kiir
stiresindeki test sonuglar1

Numune 28. Giin 28. Giin Basing Kapiler Su
No BHA Dayanimi Emme
(kg/m®) (MPa) kg/(m?.dak®®)
2.1 1088,04 4,90 0,98
2.2 1127,78 5,98 0,98
2.3 114415 6,40 1,17
2.4 1169,3 6,34 1,12
2.5 121711 9,34 1,03
2.6 1208,58 11,80 1,11

Hafif blok numunelerinin hafif yap1 malzemesi olabilmesi
igin gerekli olan 2000 kg/m® birim hacim agirlik degerinin
cok altinda degerler elde edilmis, TS EN 13055 standardinda
belirtilen 1100 kg/m® degerine ¢ok yakin degerler elde
edildigi goriilmektedir. Volkanik tiif numunelerinin sikisma
Ozelliginin yiiksek olmasi1 [4], ve genlestirilmis perlit
kullanimi1 bu sinir degerin iistiine ¢ikilma sebebi sayilabilir.
Basing dayanim degerleri standartlarda >5 MPa’dan biiyiik
olmasi gerektigi belirtilmektedir. Elde edilen {iriinlerin basing
dayanim degerleri incelendiginden sadece 1.1 numunesinin
5MPa dan daha diisiik oldugu goriilmektedir. Diger tiim
karigimlar standartlarda belirtilen degerleri karsilamaktadir.
Son olarak {tretilen hafif yapt malzemelerinin kapiler su
emme oranlarmin olduk¢a diisiikk seviyelerde oldugu
goriilmektedir.
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Tim sonuglar degerlendirildiginde, Canakkale-Ayvacik
yoresine ait volkanik tiif agregasi hafif yap1 malzemesi olarak
kullanilabilecegi belirlenmistir. Y&re hammaddeleri tizerinde
daha genis kapsamli c¢aligmalarm yapilmasi, yore
hammaddelerinin iilke ekonomisine kazandirilmasi agisinda
onem arz etmektedir. Bu ¢alisma Canakkale-Ayvacik
volkanik tif agregasinin hafif yapt malzemesi olarak
kullanilabilirliginin arastirildigr ilk caligma niteligindedir.
Bagka arastirmacilarin yore ile ilgilenmesinin Oniiniin
acilmasi agisindan da dnemlidir.

“Hazirlanan makalede etik kurul izni alimmmasina gerek
yoktur”

“Hazirlanan makalede herhangi bir kisi/kurum ile ¢ikar
¢atismasi bulunmamaktadir”

Yazarlarin katkilart
Kiligaltan, Caligma konsepti ve tasarim, Veri toplama

Demir, Calisma konsepti ve tasarim, Verilerin analizi ve
yorumlanmasi, Taslagin olusturulmasi, Revizyon
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OZET

Diyarbakir Suri¢i Bolgesi kentin tarihi yap1 stokunun yer aldigi bir yerlesim merkezidir. Hoca Ahmet (Ayn
Minare) Cami, Surici bélgesinin batisinda yer almaktadir. Ozel vakif miilkiyetinde bulunan camide, giiniimiize
kadar kapsamli restorasyon ve onarim ¢alismasi yapilmamus olup, farkli yapisal sorunlar bulunmaktadir. Bununla
beraber cemaatin yapmis oldugu niteliksiz ve basit miidahaleler nedeniyle yapisal sorunlar artmig, bu sorunlar
gegici ¢oziimlerle giderilmeye galisiimistir. Camide 6l¢lim 6ncesi mevcut sorunlar gézlemsel olarak fotograflarla
belgelenerek kayit altina alinmistir. Cami duvarlarinda aks kaymasi, kismi ¢atlaklar ile zeminde kot diizensizlikleri
oldugu ve bu sorunlarin caminin sekizgen formlu minaresinde bulundugu goriilmiistiir. Kasim 2020 yilinda
jeofizik uzmanlari tarafindan georadar (GPR) 6lgtimleri yapilarak, camideki yapisal sorunlar arastirilmistir. Bu
Olgiimlerde yeralt1 boslugu/bosluklart kaynagi/kaynaklarinin, zemin/duvarda meydana gelen deformasyonlar ve
zemin alti yiizey kiriklarinin boyutlari, geometrik davranis bigimleri ve zemin/yap: stratigrafik degisimlerinin
tespiti amaciyla jeofizik etiitleri yapilmistir. Elde edilen radargram® gériintiileri bilgisayar ortaminda filtrelenerek,
mevcut sorunlar (gatak, kirik, bosluk, ¢okme vh.) plan iizerine isaretlenmistir. Inceleme alami boyunca zeminde
bosluk, ¢okme, gociik deformasyonlari, duvarlarda kirik ve ¢atlak hasarlari gibi bircok anomali yapisi tespit
edilmistir. Yapilan 6l¢iimler sonucunda, Hoca Ahmet (Ayn Minare) Cami’de yapilan tespitlerle, bu ve benzer
durumdaki tarihi yapilarda gergeklestirilecek restorasyon, onarim ve gii¢lendirme uygulamalarma katki
saglayacak Oneriler sunulmustur.
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ABSTRACT

Diyarbakir Suri¢i Region is an important settlement center where the historical building stock of the city is located.
Hodja Ahmet (Ayn Minaret) mosque is one of the historical mosques located in the south-west of the Surigi
Region. The mosque, which is owned by a private foundation, has not undergone extensive restoration and repair
work until today, and it has structural problems. Hodja Ahmet (Ayn Minaret) structural problems have increased
due to the unqualified and simple interventions of the congregation in the mosque, and these problems have been
tried to be solved with temporary solutions. Before the measurements were made in the mosque, field studies were
carried out, existing problems were determined observationally, documented with photographs, and recorded. It
has been observed that there are axis shifts, partial cracks and level irregularities on the floor of the mosque walls
and that these. problems are also present in the octagonal minaret of the mosque. The radargram images obtained
as a result of the measurements were filtered in the computer environment and the existing problems (cracks,
fractures, gaps, collapses, etc.) were marked on the plan. During the measurements, the work area was divided
into different locations and GPR sections were taken in the form of line / profile at these locations. The penetration
depths are set to be different in each location, 4.00 meters on the walls and 20 meters on the ground. Throughout
the study area, many anomaly structures such as voids, collapse, dent deformations on the ground, fractures and
crack damages on the walls have been detected.

As a result of the measurements made, with the determinations made using Hodja Ahmet (Ayn Minaret) Georadar,
suggestions that will contribute to the restoration, repair and strengthening applications to be carried out in this
mosque and historical structures in similar conditions were presented.
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Giris

Tarihi yapilar, bulunduklar1 kentlerin sosyal ve
kiiltiirel ~ gelisimine  katki  sunan  mimari
miraslaridir. Kentlerin tarihi dokusu, genellikle
kale, cami, kilise, geleneksel ev, han, hamam,
koprii vb. birgok anitsal ve geleneksel yapi
tiirlerinden olusmaktadir.

Diyarbakir Surici Bolgesi kentin tarihi yapilarin
yer aldig1 sosyal ve kiiltiirel yagsamin aktif olarak
stirdiirtildiigii canli bir yerlesim merkezidir.

Suri¢i Bolgesinde giiniimiize ulasan farkl
donemlerde insa edilmis (7yy-16 yy) bircok cami
bulunmaktadir. Bélgenin kuzeybatisinda besinci
haremi serif olarak kabul edilen Ulu Cami ile
Nebi Cami, Iskender Pasa Cami, Melik Ahmet
Pasa Cami, kuzeyde Hz. Silleyman Cami,
kuzeydogusunda, Nasuh Pasa Cami, Fatih Pasa
(Kursunlu Cami), giineyde Seyh Mutahhar Cami
ve Dort ayakli Minare, Hiisrev Pasa Cami,
giineybatida Behram Pasa Cami, Lala Kasim
Pasa (Lale Bey) Cami, Hoca Ahmet (Ayn
Minare) Cami bunu olusturan en Onemli
yapilardandir. Bircogu ibadete agik camilerin
bazilarinda zaman i¢inde olusan yapisal sorunlari
kismi restorasyon calismalariyla giderilmistir.
Ancak, kamu miilkiyetinde olmayan camilerde
ise bu sorunlar cemaat ya da hayirseverler
tarafindan basit miidahalelere ve uzman
goriisiine dayanmayan c¢oziimlerle giderilmeye
caligilmastir.

Hoca Ahmet (Ayn Minare) Cami 6zel vakif
(Hoca Ahmed Cami-i Serifi  Vakfi)'
miilkiyetinde olup, yapisal sorunlari ile varliginm
siirdiirmeye ¢alismaktadir.

Tarihi yapilardaki yapisal sorunlarin
belirlenmesi amaciyla son yillarda tahribatsiz
Ol¢iim yontemleri yaygin olarak kullanilmaya
baslanmistir. Georadar (GPR) yontemi, yapiya
zarar vermeyen, zemin ve duvarlarda distan
goriinmeyen hasarlarin tespitinde kullanilan

tahribatsiz uygulanan jeofizik yontemlerinden
biridir.

1 Vakiflar Genel Midiirliigi Arsivi, Akmaz, 2019

Ozellikle tarihi yapilarda tahribatsiz
yontemlerinden biri olan georadar uygulamasi
gerek zeminde ve gerekse tiim yap1 Ozelinde
hasarlarin belirlenmesi amaciyla
kullanilmaktadir. Yapilarin duvar ve
zeminlerindeki hasar ve bozulmalar tahribatsiz
goriintiileme  teknikleri  kullanilarak  tespit
edilebilmektedir. Yiiksek ¢oziiniirliikli ekipman,
veri toplama, isleme ve modelleme tekniklerinin
gelistirilmesi, jeofizik yontemlerin uygulama
kapsamini artirmistir [2].

Bu c¢alismada, Hoca Ahmet (Ayn Minare)
Camide mevcut yapisal sorunlar gorsel
analizlerle incelenip, aletsel Ol¢limlerle
desteklenmistir.  Distan  gozlemlenemeyen
(catlak, kirik, ¢okme, vb.) hasarlarin georadar
(GPR) olgtimleriyle zemin ve duvar taramalari
yapilmigtir. Cami ¢evresinde bir¢ok yapinin
bulunmasi  nedeniyle  georadar  (GPR)
taramalarinda farkli profil boyutlar1 segilerek
Olciimler yapilmistir.

Uzman jeofizik miihendisleri tarafindan yapilan
Olgtimler ve taramalar sonucunda radargramlar
cikartilarak, yapisal sorunlarin neden oldugu
deformasyon bolgeleri kayit altina alinmigtir

Georadar (GPR) taramalarmin yapildigi Hoca
Ahmet (Ayn Minare) Camide duvarlarda aks
kaymasi, catlak, kirik, zeminde ¢okme, zemin
suyuna bagli bosalmalar belirlenmistir.

Georadar (GPR) olglimleri sonucu tespit edilen
sorunlara yonelik Oneriler sunularak, c¢aligma
tamamlanmustir.

Hoca Ahmet (Ayn Minare) Cami’nin Surici
Bolgesindeki konumu ve mimari 6zellikleri

Hoca Ahmet (Ayn Minare) Cami, Surigi
Bolgesinin giineybatisinda, Ali Pasa
Mahallesinde yer almaktadir. Yapinin kuzey
yoniinde Binici Sokak ile dogu yoniinde llgaz
Sokaktan saglanan iki girisi bulunmaktadir
(Sekil 1, Sekil 2).
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Sekil 2. Hoca Ahmet Paga Caminin Sur¢i Bolgesindeki
konumu [3]

Kaynaklara gore 1498 yilinda insa edilen yap:
harim, son cemaat yeri, avluda betonarme
sekizgen sadirvan, gasilhane, hela, depo ve

govdesi sekizgen formlu minareden
olusmaktadir [4] [5] (Sekil 3).

Sekil 3. Hoca Ahmet Pagsa Cami minareden goériiniimii ve
kuzey cephesi (2021)

Caminin avlusuna llgaz sokaktan girilmektedir.
Yigma yapim teknigiyle insa edilen cami ters T
plan diizenindedir. Camide ana yapim malzemesi

olarak bazalt tas kullanilmistir. Caminin kuzey
dogusunda gasilhane, hela, depo ve minare
bulunmaktadir.

Avluya bakan kuzey cephesinde bulunan {i¢ adet
sivri kemerli siitunlarla tasitilan son cemaat yeri,
metal dogramalarla kapatilmistir. Caminin harim
besik

dogu batt dogrultusunda tonozla

gecilmistir (Sekil 4).

Sekil 4. Hoca Ahmet (Ayn Minare) Cami Plan ve Dogu
Cephesi [6]

Daha once tonoz ortiilii oldugu kaynaklarda?
belirtilen son cemaat yerinde, {ist 6rtii betonarme
olarak degistirilmistir. Son cemaat yerindeki
kemerlerin bir ucu duvara sabitlenmis gergi
cubuklar1 bulunmaktadir. Son cemaat yerine avlu
kotundan diiz girilmekte olup, girisin dogu ve
bat1 yoniindeki zemini yaklasik 30 cm’lik zemini
sap doseme ile yiikseltilmigtir. Son cemaat
yerinden alcak bir kapiyla harime girilmektedir.

Harim, ii¢ bolime ayrilmakta olup, girisin
karsisinda yarim sekizgen formlu mihrap yer
almaktadir. Harimin dogu ve bati zemin
dosemesi yiikseltilmis, iist Ortiisiinde besik ve
capraz tonoz birlestirilmistir.

Harimin dogusundaki bolim, sivri kemer ve
besik tonozla gegilmistir. Bu boliimde yuvarlak,
bati boliimiinde ise sivri kemerler igerisinde
dikdortgen pencereler yer almaktadir. Mihrabin
kose duvarlarinda diiz lentolu dortgen formlu
pencereler bulunmaktadir. Pencerelerin
altlarinda nisler vardir.

Harim duvarlarinin tiimii siva ile kapatilmistir.
Harim désemesinin yiikseltilmesi ile pencereler

2 g Akmaz, Bilgi¢. “Diyarbakir Hoca Ahmed (Ayni Minare) Camii

Restorasyon Onerisi” Dicle Universitesi
Fen Bilimleri Enstitiisti, Yayimlanmamus Yiiksek Lisans Tezi. Diyarbakur.
2019.
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zeminden yaklasik 15 cm ylikseklikte kalmistir.
Mihrabmn bulundugu bolim, sivri kemerle {ist
ortiisii, capraz tonoz ve besik tonozla geg¢ilmistir.
Harim zemininde kot diizensizlikleri bulunmakta
olup, déseme hal1 ile kaplanmistir (Sekil 5).

Sekil 5. Hoca Ahmet (Ayn Minare) Cami harimin girisi
ve i¢ alanlar (2021)

Hoca Ahmet (Ayn Minare) camide tespit
edilen yapisal sorunlar

Hoca Ahmet (Ayn Minare) Cami Surigi
Bolgesinin giiney bati diliminde yer almakta
olup, giinlimiizde aktif olarak kullanilmaktadir.
Hoca Ahmed Cami-i Serifi Vakfi miilkiyetine ait
camide giinlimiize kadar kapsamli onarim ve
restorasyon yapilmamastir.

Yigma yapim teknigiyle insa edilmis yapiya
zaman i¢inde basit ve niteliksiz miidahaleler
yapilarak, kismi olarak yapim sistemi
degistirilmistir. Besik tonozlu ve ¢apraz tonozla
birlesimi saglanan {st Ortliniin timii beton
malzemeyle kapatilarak yapida diizensiz yiik
aktarimlar1 olusmustur. Bazalt tas malzemeyle
yapilmis bingi taglarinin bulundugu son cemaat
yerinin tst Ortiisti, harim {ist oOrtlistiniin devami
olarak betonarme malzeme ile degistirilmistir
(Sekil 6).

Sekil 6. Hoca Ahmet (Ayn Minare) Camide son cemaat
yerinde silme {istlerine eklenen beton doseme

Son cemaat yerinin {ist Ortiisiiniin beton malzeme
ile degistirilmesi ile cephe duvarlarinda kismen
ayrisma ve har¢ kayiplar1 olusmustur. Ayrica
yalittmin eksik ve yetersiz kaldig: iist ortiiden

kaynaklanan nem problemleri bulunmaktadir. Bu
sorun harim boliimiinin  timiinde devam
etmektedir. Stva ve boyali harim ve son cemaat
yeri duvarlarinda nemlenmeye bagli kabarmalar
mevcuttur.

Harimin dogu ve bati bdoliimlerindeki
zeminlerde, oturmalara bagli olustugu diistiniilen
ve sonradan yiikseltilmis dosemede kismi kot
diizensizlikleri bulunmaktadir.

Harimin giineyindeki i¢ ve dis duvarlarinda aks
kaymast mevcuttur. Aks kaymasinin bulundugu
duvarlarin bulundugu zeminde, yer yer ¢cokmeler
oldugu gorilmistiir. Ayrica sokak cephe
duvarlarinda, har¢ kaybina bagl ayrismalar
mevcut olup, daha cok pencere kenarlarinda
yogunlagsmistir (Sekil 7).

Sekil 7. Hoca Ahmet Cami giiney cephe duvarinda, aks
kaymasi, har¢ kaybi1 ve ayrigsma hasarlari

Caminin kuzeydogusunda bulunan hela, depo,
boliimleri sonradan tugla ve betonarme malzeme
kullanilarak tlimiiyle degistirilmistir. Bu
boliimlerde, 1slak hacimlerden kaynaklanan
yalitim ve nem problemleri bulunmaktadir.

Caminin kuzeydogusunda bulunan, govdesi
bazalt tastan sekizgen formda yapilmis
minarenin petek bolimiinde har¢ kayiplarina
bagli ayrismalar mevcuttur. Minarenin, tugla
malzeme ile tamamlanan kiilah bdliimiinde siva
kayiplar1 ve nem problemleri olugsmustur. Ayrica
Minarenin i¢ merdiven basamaklarinda kirik ve
catlak seklinde malzeme kayiplart oldugu
gorilmistiir (Sekil 8)
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Sekil 8.Hoca Ahmet Cami minaresinde harg kaybi ve
ayrigsmaya bagli olusan yapisal sorunlar

Hoca Ahmet Camide yapilan georadar (GPR)
olciimleri ve degerlendirmeleri

Hoca Ahmet (Ayn Minare) Camide yapisal
sorunlarin tespiti i¢in zemin ve duvarlarda
georadar (GPR) taramalar1 yapilmistir. Yapilan
duvar ve zeminlerdeki georadar (GPR)
taramalarinda Python-3 GPR cihazi
kullanilmigtir. Python-3 GPR, 6zellikle derin
anketler (olumlu zeminde 65 metreye kadar) i¢in
kullanilan tek bir operatdr tarafindan taginan bir
taginabilir dijital yeralt1 radaridur.

Georadar (GPR) 6l¢iim ¢alismalarinda veri islem
basamaklari izlenerek, bu islemler i¢in Reflex W
[6] (programi kullanilmistir (Sekil 9)

Sekil 9.Zond Ptyhon 3 GPR Mhz merkez anteni ve 1.6
Ghz ve diger agik antenlerinin sematik gdsterimi
[URL 3] [URL 4]

Hoca Ahmet (Ayn Minare) Camide yapilan
taramalarda, zemin yapisi, istif degisimleri,
jeolojik yap1, yer altindaki bosluk durumlari,
zemin/duvarlarda muhtemel kirik, catlaklarin
boyutlar1 ve geometrik davranis bigimleri
belirlenmeye calisilmistir.

Camide yapilan alan ¢aligmasinda, gorsel
arastirma ve aletsel tespitler yapilmistir. Jeofizik
uzmanlart  tarafindan  yapilan  georadar
taramalarinda, jeolojik formasyonlarin durumu,

3 Penetrasyon derinligi, elektromanyetik radyasyonun niifuz edebilecegi
bir malzemedeki derinliktir [URL 5]

degisimi, ¢evre kayaclarin Ozellikleri ile
elektromanyetik gecirgenliklerine gore
siiflandirmalar g6z 6niinde bulundurulmustur.

Georadar (GPR) taramalariin yapildigi ¢alisma
alani, farkli lokasyonlara ayrilarak, bu
lokasyonlarda hat/profil seklinde GPR kesitleri
alimmistir.  Penetrasyon®  derinlikleri  her
lokasyonda farkli olmak iizere en dar duvarda
2.00 metre, genis duvarlarda 4.00 metre,
zeminde en sig 10 metre en derin 20 metre
olacak sekilde ayarlanmistir. Calisma boyunca
100 Mhz ve 1.8 Ghz anten kullanilmistir.

Hoca Ahmet (Ayn Minare) Camide, georadar
(GPR) taramalar1 harim ve son cemaat yerinin
cephe duvarlari ile zemininde yapilmistir. Ayrica
avlu, minare ve sokak cephesindeki zemin kot
degisim nedenlerinin belirlendigi taramalar ile
zeminin mevcut durumlart ve yapisal sorunlar
tespit edilmistir.

Georadar Ol¢iimlerinin yapildigr bu caligmada
cami zemin ve duvarlarindaki muhtemel
deformasyonlarin yerleri, boyutlarinin
belirlenmesi amaclanmistir. Alan ¢alismasinda
gorsel olarak tespit edilen hasarlar, aletsel
taramalar ile hasar diizeyleri ve konumlar:
belirlenmistir.

Hoca Ahmet (Ayn Minare) Cami zeminde
yapilan georadar (GPR) taramalar

Hoca Ahmet (Ayn Minare) caminin harim, son
cemaat yeri, avlu ve islak hacimler ve minare
zemininde ayr1 taramalar yapilarak, zeminin
mevcut durumlari tespit edilmistir.

Georadar (GPR) 1 zemin taramalari

Hoca Ahmet (Ayn Minare) Cami harim
boliimiiniin, dogu yoniindeki zeminde 80.00
metre profil boyu ve 15.00 metre penetrasyon
derinligi secilerek taramalar yapilmistir.

Elde edilen radargram Kkesitlerinde zeminin
yaklagsik 2.50 metre kadar orta gevsek birim, 2.5—
10.00 metreler aras1 orta sert formasyon oldugu
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iki farkli seviye tespit edilmistir. Ayrica 7.50
metreden sonra zeminde birtakim orselenmelerin
oldugu, bu orselenmelerin zamanla gevseyen
zemin ve suya maruz Kkalan alanlardan
kaynaklandig1 yapilan hiz analizleri* sonucunda
belirlenmistir (Sekil 10, Sekil 11).

Sekil 10. Hoca Ahmet (Ayn Minare) Cami harimin dogu
yoniindeki zeminde yapilan georadar (GPR) taramalari
ve konumlart

] o ] E 2 5 = 3 [

Sekil 11. Hoca Ahmet (Ayn Minare) Cami harim
zeminindeki GPR 1 taramalar1 sonucu elde edilen
radargram kesiti

Georadar (GPR) 2 zemin taramalari

Harimin orta bdliimiindeki zeminde 40.00 metre
profil boyu ve 20.00 metre penetrasyon derinligi
secilen georadar (GPR) taramalar1 yapilmistir.
Elde edilen radargram kesitlerinde yaklasik 3,00
metreye kadar orta gevsek formasyon, 3.00-7.50
metreler orta sert formasyon oldugu iki farkl
seviye tespit edilmistir.  Yapilan taramalar
sonucunda profil boyunca istif degisimleri
disinda anomali yapisina rastlanmamistir (Sekil
12, Sekil 13).

“Hiz analizi: Derinligin fonksiyonu olarak hizi kullanarak yer radari
verisinden hiz analizi yapmak veri islem tespitlerinden biridir [8]

g v = e

Sekil 12. Hoca Ahmet (Ayn Minare) Cami harim orta
boliimiiniin zemindeki georadar (GPR) 2 taramalar1 ve
konumlar1

I EEEEEEEEEEEEEEEEEEEE R EE
Dvar o

Sekil 13. Hoca Ahmet (Ayn Minare) Cami harim
zeminindeki GPR 2 taramalar sonucu elde edilen
radargram kesiti

Georadar (GPR) 3 zemin taramalari

Harimin bati yoniindeki zeminde yapilan
georadar (GPR) taramalarinda, 100 metre profil
boyu, 15.00 metre penetrasyon derinligi
se¢ilmistir. Zeminin yaklastk 3.00 metre
derinliginde orta gevsek formasyon, 3.00-7.00
metre araliginda orta sert formasyon oldugu
gorilmiistiir.

Zeminin yaklagik 2.00-7.00 metre derinliginde
11.25-12.50 traces araliginda, bosluk anomali
yapist tespit edilmistir.

Taramalarda tespit edilen bosluk yapisi, yaklagik
0.13ns/ cm degerindeki hiz analizleriyle
dogrulanmistir. Stratigrafik degisim bolgeleri
radargram kesitlerinde isaretlenmistir. (Sekil 14,
Sekil 15).
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Sekil 14.Hoca Ahmet (Ayn Minare) Cami harimin bati
boliimii zemindeki georadar (GPR) 3 taramalar1 ve
konumlar1
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Sekil 15. Hoca Ahmet (Ayn Minare) Cami harim
zeminindeki GPR 3 tarama sonucu elde edilen radargram
kesiti

Georadar (GPR) 4 ve (GPR) 5 zemin taramalart

Harim ve son cemaat yeri zemininde yapilan
georadar (GPR) taramalarinda, 100.00 metre
profil boyu ve 20.00 metre penetrasyon derinligi
secilmistir.

Zeminin yaklagik 3,00 metre derinliginde orta
gevsek formasyon, 3.00-7.00 metre araliginda
orta sert formasyon oldugu diisiiniilen katmanlar
bulunmaktadir. Istif degisimlerinin belirlendigi
zeminde suya bagli deformasyonlarin olustugu
bolgeler tespit edilmistir (Sekil 16, Sekil 17).
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Sekil 16. Hoca Ahmet (Ayn Minare) cami son cemaat yeri
dogu boliimii zemini GPR 4, GPR 5 taramalar1 ve
konumlar1

5Su tablasi: Yer alt1 suyu seviyesi veya yer alt1 su tablasi iki zone
arasinda atmosfer basinci ile su basincinin esit oldugu yiizeydir [URL 6]

GPR5

Sekil 17. Hoca Ahmet (Ayn Minare) cami son cemaat yeri
dogu boliimii zemini GPR 4- GPR 5 tarama sonucu elde
edilen radargram kesiti

Georadar (GPR) 6- (GPR) 7- (GPR) 8 zemin
taramalart

Avlu zemini, ii¢ alana béliinerek oOlgtimler
yapilmig, profil boyu 80 metre, penetrasyon
derinligi 20 metre olarak segilmistir. Avlunun
zemininde, 3.00 metreye kadar orta gevsek
formasyon, 3.00 metre-7.00 metre araliginda orta
sert formasyon belirlenmistir.

Georadar taramalar1 sonucunda, elde edilen
radargram kesitlerinde GPR 6 olarak belirlenen
avlunun dogu bdliimiinde, sagilmalara bagh
dielektrik yapilarin olustugu goriilmiistiir.

GPR 7 taramalarinin yapildigi avlu zemininde
yaklasik 7.50-14.00 metre derinlikte, su etkisiyle
¢okmelerin olustugu tespit edilmistir.

Cami avlusunda GPR 8 taramalarinda kesit
boyunca hakim ve 12.50 metre derinlikte bir adet
su tablasinin® oldugu, bu tablanin su kanal
ozelligi tasidigr yapilan hiz analizleri ile
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dogrulanmistir. Hiz analizleri 3,3 (cm/ns) olarak

Sekil 18. Hoca Ahmet (Ayn Minare) cami avlu zemininde
yapilan GPR 6- GPR 7- GPR 8 taramalar1 ve konumlari

7 8 3% ® 4 2 B % 5 ¥ ©
Dance

GPR 6

T2 4 6 8 M DK KBEDD2MNSBNRHKBDLKESIRNHEBORHEEADDRE A
Decen

GPR 7

M5 K 55 KBS D DS B WS B BS 2

905 115 2 25 3 35 4 45 5 S5 6 65 7

358 45 9 95 N MS U US P 05 B BS K
Dt

GPR 8

Sekil 19. Hoca Ahmet (Ayn Minare) cami avlu zemininde
yapilan GPR 6- GPR 7- GPR 8 tarama sonucu elde edilen
radargram kesitleri

Georadar (GPR) 9 zemin taramalart

Caminin kuzeydogusundaki, WC ve minarenin
bulundugu alanda yapilan georadar (GPR)
taramalarinda 25 metre profil boyu, 20 metre
penetrasyon derinligi se¢ilmistir.

Islak hacimler (WC, depo vb.) ve minare
cevresinde, caminin tiimiinde tespit edilen 3.00
metreye kadar orta gevsek formasyon, 3.00-7.00
metrede orta sert formasyon olmak iizere iki ayr1
tabaka oldugu tespit edilmistir. 12.5-17.5
metreler arasinda istif degisimleri oldugu
belirlenmistir (Sekil 20, Sekil 21).

G@E 9

Sekil 20. Hoca Ahmet (Ayn Minare) Cami gasilhane ve
minare zemininde yapilan GPR 9 taramalar1 ve konumlar1

IR

s 6 7 & 3 ®» ®w R B ¥ & K U H B B A 2 B M 5
Dircen

Sekil 21. Hoca Ahmet (Ayn Minare) cami avlu zemininde
yapilan GPR 9 tarama sonucu elde edilen radargram
kesitleri

Georadar (GPR) 10 zemin taramalart

Harim boliimiiniin  gliney ve gilineydogu
duvarinda gorsel olarak tespit edilen aks
kaymasinin nedeninin belirlenmesi amaciyla,
llgaz Sokak zemininde georadar (GPR)
taramalar1 yapilmistir. Yapilan georadar (GPR)
taramalarinda 30 metre profil boyu 20 metre
penetrasyon derinligi se¢ilmistir.

Taramalar sonucunda elde edilen radargram
kesitlerinde, zeminin yaklasik 14-17 metre
araliginda bosluk anomalisi tespit edilmistir. Bu
yapinin bosluk oldugu yapilan hiz analizleri ile
yaklasik olarak 0.13 ns/cm deger ile
dogrulanmistir.

Cami harim duvarmin, i¢ ve dis boliimlerinde
goriilen aks kaymasinin, zemin taramalarinda
tespit edilen bosluga bagl oldugu goriilmiistiir.
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Ayrica bu bolimde, zeminde belirlenen su

sizintilarina bagh cokmeler oldugu
diistiniilmektedir (Sekil 22, Sekil 23).

Sekil 22. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinin bulundugu sokak
zemininde yapilan GPR 10 taramalar1 ve konumlar1

Sekil 23. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinin zemininde yapilan GPR
10 tarama sonucu elde edilen radargram kesitleri

Georadar (GPR) 1 duvar taramalart ve
konumlart

Harimin dogu duvarinda yapilan georadar (GPR)
taramalarinda 26.00 metre profil boyu ve 4.50
metre penetrasyon derinligi se¢ilmistir. Profilde
elde edilen radargram kesitlerinde, duvarda kirik
deformasyonlari tespit edilmistir.

Yaklasik olarak 0.50-4.00 metre derinlikte ve
50.00 ile 300 traces araliginda kirikli ve ¢atlakli
anomali yapilarinin oldugu yapilan hiz analizleri
ile dogrulanmistir (Hiz analizleri data prosesleri
aninda bakilabilen parametreler olup, radargram

kesitleri iizerinde gorsel formatta
gosterilemezler) [9] (Sekil 24, Sekil 25).
4 §

Sekil 24.Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim dogu duvarinda yapilan GPR 1 taramalar
ve konumlari

Sekil 25.Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim dogu duvarinda yapilan GPR1 taramalari
sonucu elde edilen radargram kesitleri

Georadar (GPR) 2 duvar taramalart ve
konumlari

Harim giliney duvarmin dogu yoniinde yapilan
georadar (GPR) taramalarinda 15.00 metre profil
boyu ve 4.00 metre penetrasyon derinligi
secilmistir. Profilde elde edilen radargram
kesitinde  duvarda ¢atlaklarin  bulundugu
goriilmiistiir. Ozellikle 1.50-2.00, derinlikte ve
3.50-4.00 metreler arasinda kiriklarin oldugu, bu
kiriklarin yapida kullanilan bazalt tas i¢indeki
muhtemel gaz bosluklar1 ile zeminde tespit
edilen bosluklarin (¢okme) etkisiyle olustugu
diistiniilmektedir (Sekil 26, Sekil 27).

Sekil 26. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinin dogu yoniindeki
duvarinda yapilan GPR 2 taramalar1 ve konumlar1

e e——
TR I T T e — |

Sekil 27.Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinin dogu yoniinde yapilan
GPR 2 taramalar1 sonucu elde edilen radargram kesitleri
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Georadar (GPR) 3 duvar taramalart ve
konumlart

Yarim sekizgen planli mihrabin yer aldig1 giliney
duvarinda yapilan georadar (GPR) taramalarinda
22.00 metre profil boyu ve 4.00 metre
penetrasyon derinligi se¢ilmistir.

Profilde elde edilen radargram Kkesitlerinde
yogun kirik formlari tespit edilmistir. Yaklasik
olarak 3.50-4.00 metre derinlikte ve 60.00 ile
240.00 traces araliginda kirikli anomali yapisi
oldugu, yapilan hiz analizleri ile dogrulanmistir
(Sekil 28, Sekil 29).

Sekil 28.Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinda yapilan GPR 3 taramalar
ve konumlari

Sekil 29. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giiney duvarinda yapilan GPR 3 taramalar
sonucu elde edilen radargram Kesitleri

Georadar (GPR) 4 duvar taramalart ve
konumlart

Cami harim bolimiiniin giineybati duvarinda
yapilan georadar (GPR) taramalarinda, 14.00
metre profil boyu ve 4.00 metre penetrasyon

derinligi  secilmistir. Profilde elde edilen
radargram kesitlerinde duvarda  kirik
deformasyonlar1  oldugu tespit edilmistir.

Yaklasik olarak 1.50- 2.00 metre derinlikte ve
60.00 ile 180 traces araliginda kirikli ve ¢atlakli

anomali yapilarin1 oldugu yapilan hiz analizleri
ile dogrulanmustir (Sekil 30, Sekil 31).

Sekil 30. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giineybat1 duvarinda yapilan GPR 4
taramalar1 ve konumlari

Sekil 31. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim giineybat1 duvarinda yapilan GPR 4
taramalar1 sonucu elde edilen radargram kesitleri

Georadar (GPR) 5 duvar taramalari ve
konumlari

Harim girisinin yer aldigi kuzey duvarinda
yapilan georadar (GPR) taramalarinda 15 metre
profil boyu 4 metre penetrasyon derinligi
se¢ilmistir.

Profilde elde edilen radargram Kkesitlerinde,
duvar yiizeyinde yaklagik 2.50-4.00 metre
derinlikte ve 150.00-300.00 traces araliginda
kirikli ve ¢atlakli anomali yapilarinin oldugu

yapilan hiz analizleri ile dogrulanmistir (Sekil
32, Sekil 33).

N

e =

Sekil 32. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim kuzey duvarinda yapilan GPR 5 taramalari
ve konumlari

838



DUMF Miihendislik Dergisi 12:5 (2021): pp. 829-840

Sekil 33. Hoca Ahmet (Ayn Minare) Cami aks kaymasi
bulunan harim kuzey duvarinda yapilan GPR 5 taramalar1
sonucu elde edilen radargram kesitleri

Sonuc ve Oneriler

Hoca Ahmet (Ayn Minare) camide meydana
gelen yapisal sorunlarin gorsel analizlerle tespiti
sonrast tahribatsiz yontemlerden biri olan
georadar (GPR) taramalar ile aletsel o6lgiimler
yapilmistir.

Alan c¢aligmasinin yapildigi bu ¢alismada,
Georadar (GPR) taramalar1 ile caminin
zemininde ¢O0kme, duvarlarinda catlak ve
kiriklarin yerleri ve boyutlar1 belirlenmistir.

Camide yapilan alan ¢aligmasinda gorsel olarak
tespit edilen hasarlarin zemin yapisina bagh
olustugu bu caligma ile netlestirilmistir.

Caminin zemin ve duvarlarindaki hasar ve
diizeylerinin georadar (GPR) taramalariyla tespit
edilmesi, c¢alismanin  hedefine ulasmasini
saglamistir.

Hoca Ahmet (Ayn Minare) Camide yapilan
georadar (GPR) taramalarinda, zemin igin
penetrasyon derinligi 20 metre, duvarlarda 4,00
metre alimmustir. Taramalar sonucu elde edilen
radargram kesitlerinde zeminde bosluk, su
tablasi, ¢cokme, duvarlarda ise catlak ve kirik
oldugu belirlenerek, tiim deformasyonlar
radargram kesitlerinde isaretlenmistir.

Hoca Ahmet (Ayn Minare) camide tahribatsiz
yontemlerden biri olan georadar (GPR)
taramalar1 ile cami zemini ve duvarlarindaki
hasar konumlar1 ve diizeyleri belirlenmistir.

Hoca Ahmet Cami avlusunda yapilan
taramalarda, zeminde GPR 9 bolgesinde,
yaklasik olarak 12,50 metre derinlikte, 20,00
metre uzunlugunda bir adet su tablasi oldugu ve
su tablasinin kismi ¢Okmelere yol agtig1
goriilmiistiir. Tespit edilen bu yapinin su kanali
ya da kanalizasyon sebekesine ait oldugu
diistiniilmektedir.

Camide ana malzeme olarak kullanilan bazalt
tas malzemenin kullanildig1 duvarlarda, mevcut
gaz  bosluklarina  baglhh  catlak, kirik
deformasyonlar olustugu tespit edilmistir.

Caminin Ilgaz sokakta giineydogu duvarinda
yapilan georadar (GPR)10 taramalarinda 2,00
metre derinlikte ve 2,00 metre ¢apinda bir adet
bosluk anomalisi tespit edilmistir. Taramalar
sonucunda tespit edilen anomali nedeniyle
caminin harim duvarinin bulundugu zeminde,

zaman i¢inde suyun etkisiyle c¢okmeler,
duvarlardaki  aks  kaymasmin  olustugu
gorilmiistiir.

Caminin 06zel vakif miilkiyetinde olmasi
nedeniyle kapsamli onarim veya
restorasyonlarinin yapilmamasi, mevcut
hasarlarin  zaman iginde artmasina neden

olmustur. Bu nedenle Hoca Ahmet (Ayn Minare)
cami ve benzeri yapilarin mevcut hasarlarinin

ivedilikle  giderilmesi  i¢cin  6zel  vakif
miilkiyetinden alinarak, kamulastirilmasi
saglanmalidir.

Caminin kapsamli rolove, restorasyon ve

restitiisyon ile bilimsel ve akademik etkinligi
olan uzmanlar tarafindan Onerilen giiclendirme
uygulamalarini iceren projeler hazirlanmalidir.

Camideki hasarlarin tahribatsiz yontemlerle
tespitinin yaninda uzmanlar tarafindan belirlenen
bolgelerde gozlem cukurlar agilarak, zeminin
fiziksel durumu tespit edilmelidir.

Zemin iyilestirme yontemlerinin  camide
uygulanmasi ve aks kaymasi olan ve gerekli tiim
duvarlar askiya alinarak, mevcut hasarlara
yonelik giiclendirme uygulamalar1 yapilmalidir.
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Bu calisma ile tarihi yapilardaki hasarlarin
tespitinde tahribatsiz yontemlerin
uygulanabilirligi ve giivenilirligi dogrulanmistir.
Bu nedenle tarihi yapilardaki hasarlarin tespiti
asamasinda bu tlir tahribatsiz yOntemlerle
arastirilmasi ve yayginlastirilmas: bu yapilarin
yasatilmasi ile stirdiiriilebilirligini arttiracaktir.

Yapilan alan ¢aligmasi sonrasinda, Hoca Ahmet
(Ayn Minare) Cami mevcut hasarlar1 gorsel ve
aletsel olarak tespit edilmis, cami igin rehber
niteligindeki ~ Oneriler  sunularak  c¢alisma
tamamlanmustir.

Tesekkiir

Bu calisma, 2019 yilinda Dicle Universitesi
Bilimsel Arastirma Projesi Koordinatorligii
tarafindan desteklenmis olan Mimarlik 19.008
no’lu “Diyarbakir Tarihi Iskender Pasa ve
Hoca Ahmet (Ayn Minare) Camilerinde
Zemine Bagh Olusan Tasiyict  Sistem
Sorunlarinin Georadar Yontemi ile Tespit
Edilmesi” baslikl1 arastirma projesi kapsaminda
iiretilmistir. Desteklerinden  dolayr DUBAP
Koordinatorliigiine tesekkiir ederiz.

Kaynaklar

[1] B.B. Demirci, “Yer Radar1 (GPR) Jeofizik Yontemi ve
Kullanildigi Alanlar” MTA Dogal Kaynaklar ve Ekonomi
Biilteni (14) pp.56. 2012.

[2] C. Tareco, H. Grangeia, M. Varum, M. Senos. A high
resolution GPR experiment to characterize the internal
structure of a damaged adobe wall. First Break, 27(8):79-
84. 2009.

[3] Diyarbakir Biiyiiksehir Belediyesi KAIP Plani
Uygulama Hiikiimleri Raporu 2012.

[4] O. C. Tuncer, “Diyarbakir Camileri” Diyarbakir
Biiyiiksehir Belediyesi Yaymnlar: Diyarbakir.pp.145. 1996

[5] 1. Yilmazgelik, “XIX. Yiizyilm ilk yarisinda Diyarbakir
(1790-1840)”, Tiirk Tarih Kurumu Yaywmlari, Ankara. s:58.
1995.

[6] E. Akmaz, Bilgi¢. “Diyarbakir Hoca Ahmed (Ayni
Minare) Camii restorasyon &nerisi” Dicle Universitesi Fen

Bilimleri Enstitiisti, Yayimlanmamug Yiiksek Lisans Tezi.
Diyarbakir. 2019.

[71 KJ., Sandmeier, “Reflexw 4.2 Manuel Book”.
Sandmeier Software, Zipser Strabe 1, D-76227 Karlsruhe,
Germany, 2003

[8] E. Candansayar. “Yer Radar1 (Ground Penetrating
Radar — GPR)” JFM409 Elektromanyetik yontemler ders
notu. Ankara Universitesi, Mithendislik Fakiiltesi, Jeofizik
Miihendisligi Boliimii. Ankara.2019.

[9] A. Anaran, Hoca Ahmet (Ayn) Minare cami zemin
duvar bazli yayimlanmamus jeofizik etiit raporu.2020.

Internet Kaynaklar

URL1.
https://commons.wikimedia.org/w/index.php?curid=781
8230 (Erisim Tarihi:24.05.2021)

URL2.
https://tr.wikipedia.org/wiki/Dosya:Diyarbakir in_Turke
y.svg (Erigim Tarihi:20.05.2021)

URL3.

Phthon-3 GPR. (Erisim Tarihi:21.05.2021).
RadarSystemsInc.Products.http://www.radsys.lv/en/prod
ucts-soft/products/prod/6

URL4
http://www.radsys.lv/en/index) (Erisim Tarihi:
25.05.2021)

URLS5.
https://www.netinbag.com/tr/science/what-is-
penetration-depth.htm (Erisim Tarihi: 18.05.2021)

URL 6 https://tr.wikipedia.org/wiki/ yeralti SUyu seviyesi
(Erigim Tarihi:25.05.2021).

840


https://commons.wikimedia.org/w/index.php?curid=7818230
https://commons.wikimedia.org/w/index.php?curid=7818230
https://tr.wikipedia.org/wiki/Dosya:Diyarbakir_in_Turkey.svg
https://tr.wikipedia.org/wiki/Dosya:Diyarbakir_in_Turkey.svg
http://www.radsys.lv/en/products-soft/products/prod/6
http://www.radsys.lv/en/products-soft/products/prod/6
http://www.radsys.lv/en/index
https://www.netinbag.com/tr/science/what-is-penetration-depth.htm
https://www.netinbag.com/tr/science/what-is-penetration-depth.htm
https://tr.wikipedia.org/wiki/%20yeraltı

DUJE (Dicle University Journal of Engineering) 12:5 (2021) Page 841-848

Dicle University
Journal of Engineering

https://dergipark.org.tr/tr/pub/dumf
duje.dicle.edu.tr

Research Article

Jaya algorithm for design optimization of planar steel frames

ibrahim Behram UGUR™, Sadik Ozgiir DEGERTEKIN?

1 Dicle University, Civil Engineering Department, behramugur@gmail.com, Orcid No: 0000-0002-0950-4876
2 Dicle University, Civil Engineering Department, sozgur@dicle.edu.tr, Orcid No 0000-0001-8885-6468

ARTICLE INFO

Article history:

Received 1 September 2021

Received in revised form 22 October 2021
Accepted 22 October 2021

Awvailable online 31 December 2021
Keywords:

ABSTRACT

An efficient metaheuristic optimization method called Jaya Algorithm (JA) has gained wide acceptance
among optimization researchers in various engineering problems recently. The main feature of JA is that
it does not use algorithm-specific parameters and has a very simple formulation based on the concept of
approaching the best solution and moving away from the worst solution. This study presents the JA
formulation for design optimization of planar steel frames under strength and displacement constraints.

The validity of JA is investigated by solving two benchmark design examples. The results demonstrated
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the superiority of JA over other state-of-the-art metaheuristic optimization methods in terms of optimized
weight, number of structural analyses and several statistical parameters.

Introduction

The metaheuristic optimization methods that mimic natural
phenomena has been implemented for solving different
design problems over the past three decades. A
metaheuristic could be defined as the process of an iterative
generation which sheds light on a heuristic by incorporating
smartly different concepts for exploration and exploitation
of the search space and achieving strategies in order to find
near-optimum solutions [1]. Exploration and exploitation
are the most significant concepts of finding the best solution
in all metaheuristic optimization methods. Exploration
provides generating diverse solutions in order to explore
search space on a global scale whereas exploitation focuses
on the search in a local region by exploiting the information.
The balance between exploration and exploitation allows to
identify regions containing high-quality solutions and move
away from previously explored regions that are far from
global optimum.

In the last two decades, the bio-inspired approaches
(Genetic algorithm (GA) [2], Particle swarm (PSO) [3], Ant
colony (ACO) [4], Honey bee mating (HBMO) [5],
Enhanced honey bee mating (EHBMO) [6], Whale
optimization algorithm (WOA) [7], Enhanced whale
optimization algorithm (EWOA) [8] etc.) and physic-
inspired approaches (Simulating annealing (SA) [9],
Harmony search (HS) [10], Big-bang big-crunch [11],

Colliding bodies (CBO) [12] etc.) have been proposed for
the optimization problems and extended by enhancing their
capabilities in optimization procedures such as the
convergence, time consumption and achieving the near-
global optima.

The structures should be designed by determining the
optimum cross-sectional areas so as not to exceed the
strength and displacement limits given in the relevant
specifications. Meanwhile, resource and time management
are some of the most challenging problems in structural
engineering; however, structural designers can overcome
these problems using metaheuristics to obtain the best
design in terms of cost and safety. Since frame structures
constitute the vast majority of the skeletal systems in
structural engineering, the design optimization (i.e.
optimum design) of planar steel frames is a common
selected issue as a benchmark problem to investigate the
efficiency of novel metaheuristics. Hence, various
optimization methods have been proposed for the design
optimization of steel frames under strength and
displacement constraints specified in design specifications.

Just to overview the literature published in the past two
decades, Camp et. al. [13] used the ant colony algorithm
(ACO) that is to simulate the ant behavior to structural
optimization of steel frames. Degertekin [14] utilized the
harmony search (HS) based on the concept of searching for
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the best harmony in musical improvisation. The efficiency
of HS was tested in the design optimization of planar steel
frames in comparison with the genetic algorithm and ant
colony optimization methods. In the study proposed by
Saka [15], structural optimization algorithms including GA,
SA and HS were reviewed and assessed comparing the
optimization results of a steel frame design example for
each method. Genetic algorithms, simulated annealing,
evolution strategies, particle swarm optimizer, tabu search,
ant colony optimization and harmony search are used for
optimum design of real size steel frames by Hasancebi et al.
[16]. Dogan and Saka [17] developed an optimum design
algorithm based on particle swarm optimizer for planar steel
frames. The superiority of the proposed algorithm was
verified by optimizing three steel frames in comparison to
SA and GA. An enhanced honey bee mating optimization
method (EHBMA) for the optimum design of side sway
steel frames was proposed by Maheri and Nerimani [6] in
order to overcome trapping local optima and extend the
search space of HBMO. The performance of the new
method was evaluated with four design examples. Kaveh
and Gaazan [8] proposed a new method called enhanced
whale optimization algorithm (EWOA) to enhance the
convergence speed and solution accuracy of the standard
whale optimization algorithm (WOA). The efficiency of the
EWOA was tested with four benchmark skeletal structures
and the results were compared to standard WOA and other
optimization methods. Carrero et. al. [18] implemented a
search group algorithm (SGA) to three steel frame examples
in order to investigate the efficiency of the method. The
results demonstrated that the proposed method achieved
competitive performance. Farshchin et. al. [19] applied a
school-based optimization (SBO) algorithm that is an
enhanced version of teaching-learning based optimization
(TLBO) including multiple classrooms and multiple
teachers for the optimum design of planar steel frames.

Most evolutionary and swarm-based intelligence
algorithms require algorithm-specific parameters for tuning
the optimization process. However, if the optimal parameter
values cannot be obtained, the computational cost or
convergence ability of the method will be adversely
affected. In order to overcome this drawback, Rao [20]
proposed a parameter-less evolutionary algorithm that has a
powerful search engine and can be easily implemented for
any optimization problem. The JA and its enhanced
versions with various strategies have been utilized in large-
scale real-life urban traffic light scheduling problems [21],
parameter estimating of battery models [22], cost
minimization of underground cable systems [23], structural
damage detection [24]. Besides, the JA was used also for
the optimum design of truss structures with both discrete
and continuous variables [25,26]. The satisfactory
performance of the JA in sizing optimization of truss
structures encouraged the authors to use JA in the structural
optimization of planar steel frames.

The main objective of this study is to minimize the weight
of planar steel frames with the design constraints of
American Institute of Steel Construction-Load and
Resistance Factor Design (AISC-LRFD) [27] by using the

JA. For this purpose, JA is applied to the design
optimization of the two planar frames utilized as the
classical benchmark problems in the literature.

The remaining parts of the study are organized as follows:
Section 2 recalls the discrete sizing optimization of planar
steel frames according to AISC-LRFD [27]. Section 3
outlines the main steps for the implementation of the JA.
Section 4 describes the benchmark problems and discusses
optimization results. Section 5 provides a brief conclusion
of the study.

Design optimization of planar steel frames

Design optimization is the one with the minimum weight
among the designs that satisfy the constraints. Cross-
sectional areas are selected as design variables in the
optimization problem. The objective of the optimization
problem is to minimize the weight of steel frames under
strength and displacement constraints by assigning the most
proper steel profiles in a ready section list. The formulation
of design optimization problem of planar frames can be
stated as:

Find AES:{ALAZ,..., Ai,....,Ancs}
to minimize
ng nm
W) = ZAkai Ly
k=1 i=1
k=12,..,ng =1,2,.,.nm )]
subject to gi(A) <0 j=1,2....nc

where A is the vector including the design variables (i.e.
member groups), S is the ready section list consists of steel
profiles, W(A) is the total weight of structure defined as an
object function, y; and L; are the material density and the
length of i-th member, A; is the cross-sectional area of the
i-th member, gj(A) denotes the design constraints including
strength and displacement constraints, nc is number of
design constraints, ng is number of member group (i.e.
design variables), nm is the number of members, ncs is the
number of discrete cross-sectional areas in the steel profile
list.

A penalty approach is utilized to distinguish the designs that
satisfy or not satisfy design constraints. Accordingly, the
penalized objective function is defined as follows:

Wy(4) = (1+ & X )% X W(4) @
Y =) max[0,g,(A)] 3)
j=1

where g;(A) is the maximum violation values for each
design constraint, n is the number of design constraints, w
represents the sum of the violated constraints. ¢; is the
penalty constant set to 1, &2 is the exponent of the penalty
function taken as 2. The penalty parameters allow the
objective function to approach in a feasible direction.
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Constraints used in design optimization of frames

The design optimization of steel frames is subjected to
displacement and strength constraints specified in the
AISC-LRFD [27]. Strength constraints are described as
following interaction equations expressed in AISC-LRFD
against both bending and axial forces:

e 0.2
T o =" )
g-(A)Z Pu +§<Mux + Mu)’)_1<0 ()
ot ¢an 9 ¢anx (prny B
P
if¢; <0.2 ®)
c'n
Pu Mux Muy
gsi(A) = + ( + -1<0
ot 2¢cpn ¢anx ¢any

where g ;(A) denotes the strength constraint for i-th
member, Py and P, represent the required axial strength and
the nominal axial strength for both compression and
tension; Myx and Mnx denote required flexural strength and
nominal flexural strength about the x-direction (major axis);
Myy and My are the required flexural strength and nominal
flexural strength about the y-direction (minor axis). It
should be noted that My,=0 for planar frames. ¢. is the axial
resistance factor and taken as 0.90 for tension and 0.85 for
compression; ¢y is the flexural resistance reduction factor
and taken as 0.90.

Lateral displacement and interstory drift constraints used in
this study could be defined as follows:

gd(A):iI_T—RSO (6)

d
Gisn(A) === R; <0 n=12..ns (7)

n

where g4 (A) and g;g ., (A) are the lateral displacement and
interstory drift constraints, Ar is the lateral displacement of
the top story, H is the total height of the steel frame, R is the
maximum displacement limit taken as 1/300, d, is the inter-
story drift of the n-th story, hyis the height of the n-th story.
ns is the number of stories. R, denotes the interstory limit
value specified as 1/300.

Jaya Algorithm (JA)

The JA recently developed optimization method is firstly
proposed by Rao [20]. The word “Jaya” originally means
“victory” in Sanskrit. The algorithm is based on the concept
that the solution obtained for a given optimization problem
should move toward the best solution and must avoid the
worst solution. The algorithm always tries to get closer to
success (i.e. reaching the best design) and then tries to avoid
failure (i.e. moving away from the worst design) [20]. The
most important feature of JA is not to have any algorithm-
specific parameters unlike other metaheuristic. The JA only

requires two standard control parameters which are the
population size (i.e. number of steel design in the
population) and maximum iteration number.

The implementation of JA is very simple and has only one
equation for modifying the designs. Ayt denotes the value of
the k-th design variable for the I-th design during the it-th
iteration, the JA modifies the Ax i as follows:

new. = Awpic + Tokic(Arpestic — |Arkic])

= Topit (Akworst.ic — | At

8
)()

where A", is the new design variable for the Ay ; ;¢, 71 k. i+ and
Ty ke are the randomly generated real numbers in the range
[0,1] for the k-th design variable at the it-th iteration. A pest it
is the k-th design variable of the best design at the it-th iteration
and Ay yorst i¢ 1 the k-th design variable of the worst design at
the itth iteration. The term 7y (A pescic — |Aruic|)
indicates the tendency of the solution to move closer to the best
solution, and the term =75 . ;¢ (A worst.ic — |Ax.ii¢|) indicates
the tendency of the solution to avoid the worst solution. It is
worth pointing out that the random numbers r; and r ensure
good exploration of the search space and the absolute value of
the candidate solution (|Axi]) considered in Eq. (8) further
enhances the exploration ability of the algorithm [20].

As mentioned earlier, JA has no algorithm-specific parameter
and only needs common control parameters as population size
(np) and maximum iteration number (itma). The optimization is
terminated when the maximum iteration number is exceeded.
However, each optimization run could find the best solution for
a different value of itn. Sensitivity analyses are required in
order to find the most appropriate itna Value in each design
example. Instead, the following formulation is implemented to
terminate the search process when it is satisfied:

STD[W, (A1), W, (4?), ... W, (A"P)]

ns S ECOT[
< 1 ) 9
i=1 %(Ai)

where STD stands for the standard deviation, W,,(A") is the
penalized objective function of i-th design in the
population, np is the population size, €., is the coefficient
of convergence tolerance taken as 10,

Implementation of JA for design optimization
of steel frames

In design optimization of steel frames, the JA is initialized
by randomly generated frame designs as the population
size np (i.e. number of frame designs) and the penalty
functions for each design are calculated by the results of
structural analysis. The penalized functions are calculated
at the rate of constraint violation. After that, the frame
design with the lowest penalized function value W, (47¢5")
and the highest penalized function value W,( A?°™) is
assigned to the best design and the worst design,
respectively. Design variables are modified using Eq. (8).
The new frame design is generated with modified design
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variables. The new penalized objective function W, ., (4)
is calculated. If the new penalized objective function value
is less than the previous one, (W, ye (A) < W, 1re (4)), the
new design is replaced with the previous one. Otherwise,
the previous design remains unchanged. This process is
repeated for each frame design in the population, and then
an iteration is completed. The optimization is terminated
when the Eq. (9) is satisfied. The best design without
constraint violation is reported as the optimum design.

The implementation of JA for design optimization of steel
frames is summarized below.

Step 1: Generate the initial population (i.e. steel frame
designs) Calculate the penalized objective
function values W, (A) for all frame designs in the
population using Egs. (1-7). Set the iteration
counter as it=0.

Step 2: Increase the iteration counter, it=it+1

Step 3: Determine the best and worst design of the
population.

Step 4: Modify design variables of a steel frame by using
Eg. (8) in the population. Obtain the new design
by modifying design variables (4™¢") and
calculate the penalized function value W, (A™*").

Step 5: If W,(AP*")<W,(A™®), replace the i-th new

design with the previous one, otherwise;
unchanged the previous design. Repeat steps 4
and 5 for each frame design stored in the
population.

Step 6: Terminate the optimization process if Eqg. (9) is
satisfied. Select the feasible design with the
lowest objective function as the final optimum
design. Otherwise, go to Step 2

Design Examples

To demonstrate the performance of JA, two benchmark frame
examples as follows: three-bay fifteen-story steel frame and a
three-bay twenty four-story steel frame are optimized according
to provisions of AISC-LRFD [27] and the results are compared
with other metaheuristic methods in the literature.

The JA was executed ten different times by using ten different
initial populations. The population size was set to 20 for all
examples. The statistical performance and robustness of
algorithms are assessed and reported in related tables. The best,
mean and worst weights for ten different runs are reported in the
tables. The standard deviation of ten runs and number of
structural analyses for the best design are also presented in
tables. The optimum design of each example reported in other
referenced studies was analysed using the given optimum steel
profiles in order to check their constraint violations. If detected,
the maximum violation percent of design constraints are
reported in the tables.

The main program included JA was coded in the MATLAB
R2017a [28], however; the structural analyses of steel frames
are performed by OPENSEES [29]. Therefore, optimum

design is carried out by constantly interacting with MATLAB
and OPENSEES.

Three-Bay Fifteen-Story Frame

Three-bay fifteen-story planar frame was optimized firstly by
Saka [15] using SA and GA according to AISC-LRFD [27].
The geometry and load conditions of the frame are shown in
Figure 1. The frame consists of 105 members divided into 12
design groups. Member grouping is considered as consecutive
three-story inner and outer columns form a distinct group, roof
and intermediate story beams constitute a distinct group. The
frame is subjected to gravity loading as well as wind loading
considering 45 m/s wind speed and 6 m frame spacing [15].
The modulus of elasticity is 200 KN/mm?. In this example, both
interstory drift and lateral displacement of the top story are
considered as displacement constraints and restricted to be
smaller than 1.17 cm and 17.67 cm, respectively.
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3 -] 8 3
29.76 kN 3 5 5
3 3] [ 3
2961 kN 5 5 5
3 ] 8 3
29.61 kN
2 2 .
4 g ] 4
28.86 kN 3 3 =
4 9 g 4
2919 kN 5 3 3
4 9 9 4
2919 kN 3 3 =
5 10 o 5
2841 kN 5 5 3
& ] 10 &
28.35 kN 5 = =
5 10 o 5
28.29 kN 5 5 5
B 1 11 [
2751 kN
2 2 2
[ 1 1 &
7.1
27T 10 kN 5 5 5
[ 11 11 [
26.TO kN 5 5 5
T 2 2 T
26.04 kN
2 2 Z
7 12 12 7
24 B4 kN
2 2 2
7 12 12 7
Eo T Tm— oo——
G0m 30m 6.0m
e

Figure 1. Three-bay fifteen-story frame

The optimum design results of JA and other methods in the
literature are reported in Table 1. JA obtained the best design
weighing of 34103 kg which is %8.71 lighter than the best
design obtained using PSO [17], %13.1 lighter than the SA and
%16.7 lighter than GA [15]. In addition, JA has found better a
design with less structural analysis with lower standard
deviation than the others. The maximum lateral displacement
and interstory drift are 13.18 cm and 1.16 cm, respectively.
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Besides, interaction ratio is 0.99 which means strength
constraints govern the optimization process. It should be noted
that the JA strictly satisfies the design constraints, however;
PSO [17] violated displacement constraint as shown in Table 1.

Table 1. Comparison of optimum designs for three-bay fifteen-
storey frame

Design GA SA PSO JA
variables [15] [15] [17] This
study
1 W21x50  W21x50  W6x9 W8x21
2 W24x55  W21x57  W21x44  W21x44
3 W10x39  W10x33  W10x33  W14x30
4 W14x53  WI10x39  WI10x33  W16x40
5 W14x53  WI2x53  WI14x53  W18x50
6 W14x68  WI16x67 W21x111 W24x68
7 W24x117 W24x104 W21x111 W24x104
8 W14x43  W10x39  W14x61  W8x28
9 W14x48  W14x48  W14x61  W14x43
10 W14x68  WI14x61  W24x76  W21x62
11 WI14x109 WI14x99  W27x94  'W30x90
12 WI16x100 WI14x99  W27x102 W30x108
Best 40949 39262 37360 34103
weight (kg)
NSA 25000 15500 7000 7870
Mean N/A N/A N/A 35381
weight (kg)
Worst N/A N/A N/A 37395
weight (kg)
SD N/A N/A N/A 1366
Max CV (%) None None 116 None

The design history graph of optimization using PSO [17]
and JA is plotted in Fig. 8. The convergence of JA is rather
satisfying in comparison with PSO [17].

50000 1

47000 A =——JA (This study)

—PSO [17]

44000 4

41000 1

38000 4

Weight (kg)

35000 +

32000

0 2000 4000 6000 8000 10000

Number of structural analyses

Figure 2. Comparison of convergence curves for the
three-bay fifteen-story frame

Three-Bay Twenty-Four Story Frame

The second benchmark example is the three-bay twenty-
four story frame consisting of 168 members that are
collected in 20 groups shown in Fig. 3. The frame was
originally designed by Davison and Adams [31], later
optimized by PSO [13], HS [14], SGA [18], HBMO and
EHBMO [6], WOA and EWOA [8] and SBO [19]. The
material modulus of elasticity is 29782 ksi (205340 MPa)
and the yield stress is taken as 33.4 ksi (230.3 MPa). All
members are considered unbraced along their lengths. For
each column, the effective length factor is calculated
according to equations proposed by Dumonteil [30] for
sway-permitted frames. The effective length factor of the
out-of-plane columns (K,) is considered as 1.0. The beam
member groups could be selected from W-shaped sections
in AISC standard profile list while the column members are
limited to W14 cross-sections. The member grouping
scheme is demonstrated in Fig. 3. Since all results in the
literature are reported in imperial units, same units are used
in here to prevent rounding errors. Table 2 lists results of
optimum designs including JA and other referenced
optimization methods.
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Figure 3. Three-bay twenty-four story frame
(1 ft=30.48 cm)
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Table 2. Comparison of optimum designs for three bay twenty four story frame

Design ACO HS SGA HBMO EHBMO WOA  EWOA  SBO JTﬁis
variables [13] [14] [18] [6] [6] [8] [8] [19] study
1 W30x90  W30x90 W24x68 WI10x22 W10x15 W30x90 W30x90 W30x90 W30x90
2 W8x18 W10x22  W21x55 W27x539 W36x256 W10x17 WI10x30 W8x18 W6x15
3 W24x55  WI18x40 W24x62 W8x21 W6x16 W21x62  W24x55 W21x48  W24x55
4 W8x21 WI12x16  WI12x87 W33x221 W27x146 W14x26 W6x8.5 W6x8.5  WI16%26
5 W14x145 W14x176 WI14x159 W14x145 W14x145 W14x109 W14x159 W14x152 W14x159
6 W14x132 W14x176 W14x145 W14x145 W14x120 W14x145 W14x99 W14x120 W14x120
7 W14x132 W14x132 W14x120 W14x68 W14x26 W14x109 W14x120 W14x109 W14x109
8 W14x132 W14x109 W14x99 W14x22 W14x26 W14x99 W14x74 W14x74  W14x74
9 W14x68 W14x82 WI14x68 W14x48 W14x53 WI14x53 WI14x74  W14x82 W14x82
10 W14x53  W14x74  WI14x48 W14x68 W14x99 Wl14x43 W14x43 W14x43 W14x38
11 W14x43  W14x34 WI14x48 W14x132 W14x159 WI14x34 WI14x30 W14x34 WI14x53
12 W14x43  W14x22  W14x34  W14x342 W14x30 W14x22 WI14x22 WI2x19 WI14x22
13 W14x145 W14x145 W14x109 W14x159 W14x145 W14x120 W14x90 W14x109 W14x90
14 W14x145 W14x132 W14x82 WI14x109 W14x26 W14x99 W14x120 W14x109 W14x109
15 W14x120 W14x109 W14x99 W14x99 W14x74 WI14x109 W14x90 W14x99 W14x90
16 W14x90  W14x82 WI14x109 W14x48 W14x26 WI14x82 WI14x99 W14x99 W14x90
17 W14x90  W14x61 WI14x90 W14x43 W14x26 WI14x90 WI14x68 W14x68 W14x61
18 W14x61 W14x48 W14x74  W14x53  W14x26 WI14x61 WI14x61 WI14x61 W14x61
19 W14x30 W14x30 W14x43  W14x176 W14x370 W14x38 W14x43 W14x34  WI14x22
20 W14x26  W14x22  W14x43  WI14x211 W14x109 W14x22 W14x22 W14x22 WI14x22
Best weight (Ib)* 220465 214860 194508 214848 188640 206520 203490 202422 202125
NSA 15500 13924 8010 2074 1826 19640 18820 14572 18732
Mean weight (Ib) 229555 222620 213545 N/A N/A 216475 208648 209560 207949.2
Worst weight (Ib)  N/A N/A N/A N/A N/A 243143 226019 N/A 216308.9
SD 4561 N/A 7027 N/A N/A N/A N/A 7052 4204
Max CV (%) None None 34 893 1766 None None None None
*1 1b=0.4536 kg

The JA has the best design weighing of 202125 Ib (91682 390000 -

kg) in comparison to all methods reported in the table. It ':

shoylc_i be n(_)ted tha_t the JA is.overall_the most efficient . P

optimizer Wlt.h _the lightest fea5|ble_de5|gq and th_e Iowe_st i o

standard deviation value. The maximum interaction ratio L

and interstory drift of the optimum design obtained by JA """ ]!, TooHshd

are 0.95 and 0.479 in (1.33 cm). Although SGA [18] and % \ EWOA R

EHBMO [6] found lighter designs weighing of 194508 Ib = 27000 | “\

(88227 kg) and 188640 Ib (85565 kg) respectively, these "“,_q

designs violate constraints at high rates as %34 and %1766. 230000 TN .

Fig. 4 illustrates the convergence history of JA and other

190000

algorithms to the optimum design. Despite the fact that
number of structural analyses required by JA is 18732, it
has the best performance in terms of convergence rate and
reaching the optimum design as seen in Fig 4.
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Conclusions

In this study, the standard JA was modified in order to
improve its performance. Two planar steel frames
previously  optimized by various metaheuristic
optimization methods are designed to demonstrate the
validity of JA. The results obtained by JA were compared
with those of other state-of-art metaheuristic optimization
methods. Remarkably, JA found the best design compared
to all methods in both examples and strictly satisfied the
design constraints. The statistical parameters obtained by
different runs of JA indicate that JA has better performance
than the other algorithms in terms of robustness,
convergence speed and feasibility.
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Turkish Straits -- Dardanelles and Bosphorus -- are one of the most important passages of maritime
transportation of the world. Connecting Black Sea countries to Mediterranean Sea and world, these natural
sea passages are not vital only for economy and security of Black Sea and Mediterranean countries but also
for the future of the region and world peace. They are one of the most dangerous and difficult to cruise
seaways with powerful streams, sharp routes and high traffic. The president of Turkey started in 2011 to a
disputed campaign --Canal Istanbul-- to bypass Bosphorus for shipping safety. Because of its size and
possible impacts on environment and international politics, the project is called as “Crazy Project”.
However, the main political dispute is around Montreux Convention, which regulates transits of merchant
and war vessels. Combined with Chinese Maritime Silkroad, Canal Istanbul sounds to have a potential to
influence world dynamics. Regarding available technical information, political views and international
legislations, this study reviews the Canal Istanbul Project in an integrated way of its economic,
environmental, engineering and socio-political impacts. Near and future results of the project on the
country’s and world’s maritime trade and politics are discussed from engineering, sociologic and political
perspectives. The project may have immense impacts on both Black Sea Countries and the countries wish
to use the straits and canals, especially on world leading powers. Amendment of Montreux Convention may
spark a wide scale international conflicts for regional transportation, maritime trades and naval forces.
Therefore, an international consensus should be established for any changes on the regulations related to

transits of both merchant and war vessels, for the safeguard of Turkish straits and Black Sea.

Introduction

Upon China’s being world’s economic leader in 2014 based
on purchasing power [1] and together with fluctuations on
global power balances, the importance of global waterways
has begun to increase, especially by the effects of Silk Road
Economic Belt and Maritime Silk Road initiatives which
has started by Chinese leader Xi Jinping in 2013. The first
practical step of these initiatives was Belt &Road Forum for
International Cooperation --21" Century’s Silk Road--.
This step brought together high-level authorities from many
countries including Turkey’s president Recep Tayyip
Erdogan, heads of states of Russia, Hungary, Mongolia and
Tajikistan.

On the success of these initiations one of the important roles
of Turkey’s political pose, regarding its geostrategic
location and historical connections. Vessel traffic of Asia
through Bab al Mandab and Suez Canal, oil tankers of
Hurmuz strait (Umman Bay), merchant and war vessels of
Gibraltar (Cebelitarik) Strait, ships of Black Sea and trades
via Caspian Sea intersect in the region. Such a geostrategic
importance keeps region dynamic as well as under stress.
However, the flaring dispute was not until Turkish
President declaration on Istanbul Strait on April 27, 2011.
His campaign was on constructing an artificial canal named
-- Canal Istanbul-- to bypass Bosphorus. Dividing Istanbul
into three parts with a main island isolated by Bosphorus

and Canal Istanbul, the project in fact aims a safe maritime
transportation along Bosphorus. In the strategic plan of
Turkey’s Ministry of Transportation and Infrastructure for
2019-2023, this aim was given as “to create an international
water way to reduce traffic in Bosphorus.” [2] The Project
is also expected to increase revenues from transits and
navigation through Turkish straits.

The canal draws large public controversy, reviving
periodically. One of the main discussions is economical
dimension of the project. It changes between 10 to 80 billion
USD, depending on facilities to be considered. if the project
will return its investment is unclear. The project has a
potential to generate a migration pressure on Istanbul with
0.5 to 1.5 million new habitants. During the construction
period, population of central Istanbul is to be stacked in a
narrow island.

Environmental concerns include but not limited with
million tons of rubble, losses of already limited farm and
green areas, contamination of fresh water resources,
unplanned increase in population, deformation of costal
zones and degradation of flora and fauna habitats.
Therefore, the critical question raised by opposition parties
is if it is worthy to trench the city from end to end at the cost
of million dollars so as to provide an alternative and safe
passage for transits through straits. The reactions around the
country are different, and people seems to be divided into



DUJE (Dicle University Journal of Engineering) 12:5 (2021) Page 849-863

two opposite opinions. Is it a vision to lead the country to
future or a ravage dividing Istanbul into three parts by
wasting billions of dollars for vain?

The main text regulating transit and navigation in Turkish
straits is Montreux Convention. It recognizes the freedom
of transits without any formality except some service
charges and taxes. It is still in force for 83 years, since the
date of its entry into force on December 11, 1936.
Therefore, diverting the navigation from a natural strait into
a narrow Canal subjected to a fee collection sounds a
problematic issue. In fact, Montreux Convention would
have been in force for 20 years after the registration of the
Convention in 1936. However, since no High Contracting
Party have given any notice of denunciation, it is still
continuing in force, and will be continuing in force until two
years after such notice shall have given. If Canal Istanbul
will prompt the contracting parties to give such any notice?

This study aims to review technical information, political
views and international legislations on economic,
environmental, socio-politic aspects of the Canal Istanbul
Project. Project’s future impacts on maritime transportation,
regional and international peace as well as on the safety of
Bosphorus and Istanbul is discussed. The project is also
evaluated regarding alternative routes from Aegean Sea to
Black Sea, considering Montreux Convention, which
comprises not only Bosphorus but also Dardanelles as well
as Black Sea.

Study Area

Istanbul & Straits --Bosphorus & Dardanelles—

Istanbul is the city at the intersection of two continents --
Asia and Europe--. Bosphorus is the passage dividing

Istanbul into two parts, connecting Black Sea to Aegean Sea
through Marmara Sea and Dardanelles. The length of the
strait is 30 km, the width is 700 m at the narrowest section
and 3600 m at the largest section. Its maximum depth is 120
m. There are three suspension bridges over Bosphorus,
which are 15 Temmuz Sehitler, Fatih Sultan Mehmet and
Yavuz Sultan Selim Bridges. There is a channel tunnel
under the Bosphorus, making possible to connect Beijing to
Londan. Bosphorus is the only passage to reach to
Mediterenian Sea and thus to oceans, for Black Sea
countries -- Ukraine, Romania, Bulgaria, Georgia and
Russia --

Dardanelles is the only passage connecting Mediterranean
Sea to Marmara Sea then to Black Sea. The largest
settlement along the coast of Dardanelles is Canakkale city
with a population of 540000. The length of Dardanelles is
61 km, and the width is 1.2 km at minimum and 7 km at
maximum. The deepest point of the strait is 103 m.

The population of Istanbul is 15.07 million and the largest
of Turkey, with the density approximately 2840
person/km?. Water resources of Istanbul fall short of the
water demand. Having clean-fresh water in the city is
getting more and more difficult, parallel to increase in
urbanization [3]. Table 1 shows available water resources
supplying water to the city. Sazlidere Dam, which is to be
removed by Canal Istanbul Project, supplies 3.3 % of the
water requirement. Waters of Terkos Lake, which is under
the risk of contamination by saline waters of the Canal,
supplies 8.6 % of water requirement. 65 percent of this
population lives in European side of the city while the only
35 % of fresh waters is available there [4].

Table 1. Fresh water resources of Istanbul
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Marmara Sea system is a semi closed sea system. Its surface
area is 11500 km2 and its maximum depth is 1270 m. Flow
regime of Marmara Sea is from the east to west, contrary to
circular type currents commonly seen on sea surfaces due
to Coriolis effect [5]. Reverse currents due to coastal
bathymetry and seasonal currents due to wind and pressure
changes are also observed [6].

The flow regime of Marmara Sea surface is uniform
because of high level Black Sea waters. Marmara Sea
surface and bottom are formed by different water masses.
The surface is sourced by Black Sea waters while the
bottom is sourced by Aegean Sea waters. Therefore,
salinity, temperature and dissolved oxygen are different in
these water masses [6,7]. Black Sea waters are of low
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salinity and high oxygen. It is 40 cm higher than Marmara
Sea. Thus, Black Sea waters flows from surface to Marmara
Sea and then to Aegean Sea [8]. Contrary, Aegean Sea
waters are of high salinity and low oxygen. It flows from
bottom to Marmara and then to Black Sea. Figure 1 depicts
annual mean flows in Marmara Sea. Data of [7] were used
to get the maps in the figure.
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Figure la. Sea currents of Marmara bottom (lower).

26°00°E 26"300°E 27°00'E 27300 28°00°E 28°300'E 29'00°E 29°300°E 30°00E

o

g
153
4
&
g
z
=4
2
¥
I
z
e
=
8
5
z
3
4
S
z
3
=3
o
&
<
&
s
2
{3}
=3
g
=
&
£
2
g

Figure 1b. Sea currents of Marmara; surface (upper).

Canal Istanbul

There were some draft ideas on connecting Black Sea and
Marmara Sea during Ottoman times and also that there was
a political promise of constructing such a channel during the
election of 1990’s Turkey. However, the declaration on
April 27, 2011 about Canal Istanbul was the first serious
suggestion presented to public opinion. The project was
named as “Crazy Project” by public, regarding size of
construction works, its constructability and its necessity [9].

Canal Istanbul bypasses Bosporus to provide a safe
shipping for transits. The strategic plan of Turkey for 2019
to 2023 explain this aim as “to create an international water
way in order to reduce the traffic along Bosphorus” [2]. Of
a great importance for safety and economy of the Black Sea
countries, Bosphorus is the main sea passage connecting
Mediterranean Sea to Black Sea. This makes the strategic
value of Canal Istanbul is more obvious [10]. Istanbul as
well as Bosphorus and Canal Istanbul is on a location

crossing continents so it is a natural part of a Silk Road, thus
one of main potential partners of Silk Road Economic Belt
and Maritime Silk Road Projects.

Vessels transiting Bosphorus are about 50000 in number
and 365 million tonnes in cargo weight. It is expected to
reach 65000 and 480 million tonnes in 2030, 95.000 and
800 million tonnes in 2050 and 115000 and 1000 million
tonnes in 2070 [11]. Total number of transits along
Bosphorus was around 3000 when Montreux Convention
was signed in 1936 during when the population of Istanbul
was approximately 800 thousand.

The number and tonnages of ships passing through
Bosphorus, Gelibolu and Suez along years are given in
Figure 2. Data is obtained from The Ministry of
Transportation [12] and Infrastructure, and from Suez Canal
Authority [13]. Regarding that today’s ship traffic is about
17000 for Suez Canal and 13500 for Panama Canal, one can
see that transits of Bosphorus are so high and risky as to
endanger the city of Istanbul, noting daily 2500 ferryboats
crossing these transits.

The Number of Ships Passing Through Straits
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Figure 2a. Number of ships passing through Bosphorus,
Dardanelles and Suez.
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Figure 2b. Tonnages of ships passing through
Bosphorus, Dardanelles and Suez.

Prepared by Ministry of Transport, Maritime Affairs and
Communication in 2017, the Preliminary Report For The
Environmental Impact Assessment of Canal Istanbul [11] is
the first concrete effort for the Canal. The report suggests
one out of the five alternative routes for Canal Istanbul. The
suggested site (Figure 3) encloses Avcilar, Kucukcekmece,
Basaksehir and Arnavutkoy districts.
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Figure 3. Canal Istanbul route map.

Black Sea entrance of Channel Istanbul is located between
Terkos Lake and Istanbul new airport. Following the
Sazlidere Dam, which is planned to be removed by the
project, the canal reaches to Kucukcekmece Lake and then
to Marmara Sea. The length of the canal is around 45 km,
the width is 250 m to 1000 m, changing along the route. The
depth of the canal is 25 m, allows container ships with
maximum dimensions of 145000 DWT, 275 m length, 48m
width and 17.2 m draft height, and allows oil tankers with
maximum dimensions of 120000 DWT, 340m length,
48.2m width and draft height 15m [11].

The project promises building of two new cities on both
sides of the Canal. It involves Kucukcekmece Marina,
Sazlidere Marina, Marmara container port and Karadeniz
container port. Six bridges or overpasses are planned along
the Canal. On the Black Sea side of the Canal in Catalca and
Arnavutkoy districts, two coastal zones are planned for
backfilling. Three groups of islands were initially planned
to be created on the Marmara Sea, using the rubbles of canal
excavation of 1.5 billion m3 and the bottom dredging of 115
million m3. Construction time was estimated as 5 years, in
addition to a preparation time for 1 year. It is assumed that
the canal would serve for 100 years [11].

Parallel to progress in planning processes, the project has
undergone important revisions. The Ministry of
Environment and Urbanization declared on October 2019
that the project would be realized with some revisions. With
respect to this new case, the preparation time increases to 2
years. Artificial islands and Sazlidere Marina are canceled,

due to economic and environmental concerns. 1.079 billion
m3 excavation work and 76.4 million m3 bottom dredging
are reported. The backfilling on the Black Sea side of the
Canal is 54.6 million m3. One of the two cites planned will
be built till 2023. The cities of total 453 million m2
comprises of 167 million m2 land parcels, 108 million m2
roads, 30 million m2 canal and 37 million m2 green areas.
The cost is revised up to 75 billion TL (12.74 billion $). 8
to 10 thousand people is planned to work on this huge
construction, spreading over an area 63.2 million m2 [9].
While the population to reside in these cities was reported
initially as 1.2 million in total, it was revised to 500
thousand to reduce negative impacts on environment. The
Minister of Environment and Urbanization stated that the
cities would be smart cities with low story buildings.

Canal Marmara

Despite the disputes over Canal Istanbul Project, Turkey
administration insists on Canal Istanbul, using his political
power. Such an action would mean that Montreux
convention may be opened into discussion in near years.
Ignoring weather, the project is really to be realized or the
convention is to be discussed, and without considering the
consequences that the future of the region does face, should
Canal Istanbul be constructed, it seems to trigger another
crazy action. This action might be a launch of new canal
project on Gallipoli --Canal Marmara-- which is to bypass
Dardanelles, as a next step of Canal Istanbul.
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Of course, such a second channel technically is not needed
and sounds an irrational action built upon a crazy action.
However, depending on the future of Montreux
Convention, Canal Marmara in addition to Canal Istanbul
will provide full control over navigation through straits. In
other words, Canal Istanbul alone does not provide a bypass
route for transits along straits, since Montreux Convention
encompasses not only Bosphorus but also Marmara Sea and
Dardanelles.

The number and tonnage of vessels transiting Dardanelles
for 2017 are 44615 and 823460636 gt, which are higher
than those transiting Bosphorus -- 42978 and 599324748
gt [12]. Of the width varying between 1.2 km and 7 km
along the 61 km length and the sparsely populated
settlements on both sides, Dardanelles imposes lesser risk
to navigation safety than Bosphorus. In fact, the number of
transits through the straits are getting lower along the years
while tonnages are increasing (Figure 4)
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In order to have a base to compare with Canal Istanbul
Project, four alternatives for Canal Marmara are examined
along Gallipoli. Alternatives are so selected as to keep the
route and earthworks minimum (Figure 5). Cross-sections
of these alternatives are given in Figure 6.

The alternatives are evaluated based on the length, area and
volume, using the same Canal size as Canal Istanbul.
Evaluation based on these parameters are comparably given
in Table 2.

Canal Marmara alternative 1 is the more convenient
alternative, based on the earthworks needed for the route.
Cross sectional views of Canal Marmara -- Canal Marmara
alternative 1 -- and Canal Istanbul --Canal Istanbul
Alternative 4, which is the approved route by Government-
- is given in Figure 7.
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Figure 4. Comparison of transits thought Turkish straits; (a) the number of ships, (b) tonnage.
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Table 2. Comparison of alternatives of Canal Marmara based on Canal Istanbul.
. Length Area Volume Areal ratio Volumetric ratio
No Canal Alternatives m) (m2) (m3) (%) %)
1 Canal Istanbul Alternative 4 43179 9427500 236858906 1 1
2 | Canal Marmara Alternative 1 6877 1521250 35162031 0.16 0.15
3 | Canal Marmara Alternative 2 7131 1583125 37914688 0.17 0.16
4 | Canal Marmara Alternative 3 8404 1828750 53642188 0.19 0.23
5 | Canal Marmara Alternative 4 9370 2048125 40628594 0.22 0.17
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Figure 7. Canal Istanbul vs Canal Marmara

Political & Economic Aspects of the Canal
Projects

World’s maritime transport rose 11 billion tons in 2018 [1],
before the pandemic of corona virus. This is over 80 % of
the world’s trade [14]. This importance on world’s
economy is well known so that international waterways
attract special consideration around world. From this point
of view, One Belt One Road project declared in 2013 to

revive the old-known “Silk Road” have heated discussions
on world’s economic balances and trades. One Belt One
Road Project -- Silk Road Economic Belt and Maritime Silk
Road initiatives-- are expected to reshape the international
trade and shipping industry, opening or upgrading
international trade routes. It is expected to spread on over 3
continents, 66 countries, 60% of the world’s population,
trillion dollars of gross domestic products and % of world
trades. Focusing maritime trades, Maritime Silk Road aims
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alternative cheaper sea routes for shipping products to/from
Central Europe from/to Central Asia, by changing the
pattern of global ownership and control of infrastructure to
facilitate new trade movements.

From this aspect and beyond, Canal Istanbul is at a highly
strategic location. Its geostrategic importance makes these
crazy actions more arguable, especially when historical,
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ethnic and religious roots of Turkey are considered. Its
location is inside a region connects Asia and South East
Asian countries to Europe and European countries to Asia
and Africa (Figure 8) via Bab al Mandab and Suez Canal,
Hurmuz Strait, Cebelitarik Strait, Don Volga Channel,
Dardanelles and Bosphorus (Figure 8)
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Figure 8. Geostrategic importance of straits -- Bosphorus and Dardanelles —

The waterway through Bosphorus and Dardanelles is the
only passage for transits between Black Sea and
Mediterranean Sea and thus overseas, with the numbers of
vessels transiting 41103 and 43999 and the volume of
transits 613088166 gt and 849140218 gt, respectively for
2018 [15]. Transits in addition to inner city ferryboats and
tours --2500 in a day-- between two sides of Istanbul --Asia
and Europe-- create massive traffic volume, risking the
safety of Istanbul. On this truth, the prime minister of the
time started a campaign for a Canal dividing the city second
time but with an artificial waterway. A majority of public
has called the campaign as The Crazy Project.

Launching the Campaign on Canal Istanbul on April 27,
2011, Turkey Prime Minister expressed the idea of building
anew canal that will safeguard Istanbul from ship accidents.
Creating new cities, harbors, marinas, the project has
arguably a great potential to contribute to the economy of
Istanbul as well as of Turkey. It has been receiving wide
public reactions in a short time. Its expected cost, its
feasibility, its state of regulatory compliance, its
environmental impacts have been being discussed by
people. Together with changing details depending on the
progress in the processes, the cost of the project is changing.
Contrary to initial estimations of 20 to 80 billion dollar
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argued by different organizations through media, The
Ministry of Environment an Urbanization declared on
October, 2019 that the cost of the project revised to 75
billion TL (12.74 billion $) from the previous declared cost
-- 60 billion TL--. (10.18 billion $). ldentification of the
extent of the project accounts for the difference between
cost estimations. 75 billion TL seems only for the Canal and
its facilities while constructing cites looks more beyond this
budget.

Revenue estimations for the project is also questionable.
Estimations runs up around 10 billion $ per year, while there
is a strong argument that any income from transits through
Canal Istanbul is not possible due to Montreux Convention.
Montreux imposes no charge or taxes to be levied by
Turkish authorities except for sanitary controls, light and
channel buoys and lifesaving services. Note that Montreux
allows charging a one-way fee for the services unless a
voyage takes no longer than six months.

There is no publicly available revenue data for Turkish
Straits. Nonetheless, average potential revenues from Canal
Istanbul, which is to bypass Bosphorus, and Canal
Marmara, which is to bypass Dardanelles, may be estimated
by means of shipping statistics. Accordingly, using the
numbers and tonnages of transits provided by The Ministry
of Transportation and Infrastructure and Suez Canal
Authority [12,13], revenue estimations were made for the
vessel traffic of 2017 --before the pandemic--. Revenues of
Bosphorus and Dardanelles were estimated based on the
service fees in accordance with Montreux Convention, for
different directions of navigation as well as for the
assumptions of Turkish and foreign flag vessels [16,17].

Revenue Estimations for Turkish Straights
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Figure 9. Revenue estimations for Turkish straits.

Figure 9 indicates that total maximum revenue for the
observed vessel traffic is possible for a Bosphorus Enter-
Bosphorus Exit Navigation. When calculations are
implemented for transits throughout the route of
Bosphorus-Marmara-Dardanelles, estimated revenues are
about 111 million $ for the assumption of Turkish flag
vessels and 247 million $ for the assumption of foreign flag
vessels, regarding a one-way traffic, which is allowed to
charge by Montreux Convention.

Contrary to transits through the straits --Bosporus and
Dardanelles--, Canal Istanbul as well as anticipated Canal

Marmara may apply different charges at international rates,
ignoring Montreux Convention based difficulties on
diverting the ship traffic of Bosphorus into Canal Istanbul
and the ship traffic of Dardanelles into Canal Marmara.
Based on the shipping statistics of Bosphorus and
Dardanelles [12,15] and using the tariff of Suez Canal for
transits [13], the potential revenue from the canals --Canal
Istanbul and Canal Marmara-- were calculated. Revenue of
Suez Canal was calculated based on the shipping statistics
and Tariff of Suez Canal [13,18]. Revenue estimations are
compared in Figure 10.
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Figure 10. Revenue estimations for transits through
Bosphorus-Marmara-Dardanelles.

Figure 10 shows potential revenues from the Canals, in
comparison with the straits. Estimated revenue for transits
through Canals (i.e. the route of Canal Istanbul, Marmara,
Canal Marmara) is 3.5 billion $, when Suez tariff is applied.
Contrary to one-way pricing applied for the straits, two
canal pricing and/or two-way pricing may theoretically be
applied for the Canals, so as to double and/or quadruple
charges of transits, if vessels could be diverted to the canals
instead of the straits. Provided that the target cost -- 75
billion TL (12.74 billion $) -- of The Ministry of
Transportation and Infrastructure is attained, Canal Istanbul
Project is likely to be profitable and return its investment in
several years. This would prompt a Canal on Gallipoli --
Canal Marmara-- which would cost only 15% of Canal
Istanbul. However, the provision of Montreux Convention
conditions the successes of all these economic scenarios.

Legal Aspect of Canal Istanbul

The regime of transits through Turkish Straits is regulated
by Montreux Convention, signed on July 1936. There is a
freedom of transit and navigation without any formalities,
charge or tax, in accordance with the convention [19].
However, there are some limitations for War ships during
peace and war times for Black Sea and Non-Black Sea
Powers.

For merchant vessels, in time of peace, a complete freedom
of transit and navigation in the straits is provided, by day
and by night, under any flag with any kind of cargo. The
only tax and charge to be levied by Turkish government are
for a) Sanitary control stations b) Lighthouses, light and
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channel buoys and c¢) Lifesaving services [19].
Accordingly, the total applicable charge for each ton of net
register tonnage is 0.075 Francs gold for sanitary control
stations, 0.42 Francs gold (below 800 tons) and 0.21 Francs
gold (above 800 tons) for lighthouses, light and channel
buoys and 0.1 Francs gold for life saving services [19].
These shall apply in respect of a return voyage through
straits --either only for a voyage of Dardanelles-Marmara-
Bosphorus or for a voyage of Bosphorus-Marmara-
Dardanelles.

Despite the fact that the charges above are in Francs gold, a
fixed exchange rate was applied for years [20]. Therefore,
the revenues of straits decreased dramatically. In 1983, as a
substitute of Francs gold -- 0.290322 g fine gold--, the
exchange rate between gold and USD --1 g gold =2.78
USD-- is used for charging transits, upon a secret
ministerial decision No. 6138. However, such a tariff could
be applied only with 75 % discount, as a result of
international political pressures [20]. Today’s value of 1g
fine gold is around 47.5 USD. This corresponds to 17 times
lost in revenue.

In time of war, If Turkey is belligerent, merchant vessels
not belonging to countries at war shall enjoy freedom of
transit and navigation unless assisting enemy [19].

For war vessels, in time of peace, light surface vessels,
minor war vessels and auxiliary vessels belonging both
Black Sea and non-Black Sea Powers have a freedom of
transit through straits without paying any taxes or charges,
provided that a prior notification is given to Turkish
Government by diplomatic channel 8 days earlier than a
transit for Black Sea Powers and 15 days earlier than a
transit for Black Sea Powers. Transits should begin daytime
[19]. Capital ships of black Sea powers with high tonnages
may pass through straits on condition of singly escorted not
more than two destroyers [19]. Submarines of these powers
must pass straits singly and, on the surface, and travel by
day [19]. Total tonnage of all foreign naval forces transiting
in straits shall not exceed 15000 tons and not comprise more
than 9 vessels [19]. Any aircraft carried on these vessels
shall not be used in no circumstance [19]. Total tonnage of
Non-Black Sea Powers in Black Sea shall not exceed 30000
tons. However, this limit shall be increased by the same
amount up to 45000 tons if the tonnage of the strongest fleet
in the Black Sea exceeds by at least 20000 tons the tonnage
of the strongest fleet in that sea at the date of signature.
Total tonnages of Non-Black Sea powers to be in Black Sea
shall be lower than two-thirds of this limit. War vessels of
Non-Black Sea Powers shall remain in Black Sea less than
21 days [19].

In time of war, If Turkey is not belligerent, warships have a
freedom of transit and navigation through straits, under the
same conditions as in time of peace. However, vessels of
belligerent powers shall not pass through straits. [19]. If
Turkey is belligerent, passage of warships is entirely left to
discretion of Turkish Government [19]. During an
imminent war threat, Turkey may also apply his decision on
passage [19].

For civil aircrafts, upon a prior notification, Turkish
government will indicate available air routes between Black
Sea and Mediterranean Sea, outside of the forbidden zones
to be established in straits [19].

The most controversial consequence of the convention
arises for non-riparian super powers of the world [21]. They
are not able to pass through straits due to the weight
limitations of the conventions. Especially, aircraft carriers,
submarines, and other high tonnage war vessels are not able
to use straits in accordance with the convention. The 21-day
time limitation is the other disputed issue for non-riparian
countries.

The convention intends to remain in force for 20 years,
however, the principle of the freedom of transit and
navigation is presumed to continue without limit of time. It
would and will continue in force until two years of any
notification of denunciation by contracting parties [19]. If
upon such a notification, Montreux Convention is
denounced in accordance with the provision of Article 28,
a conference needs to be assembled to conclude of new
Convention [19].

Environmental Impacts of the Project

By Turkish Government, the aim of Canal Istanbul Project
is defined as “An alternative Canal Project is planned to
protect historical structure of Bosphorus and human life” in
the Application Document for Environmental Impact
Assessment [11]. It is noted there that “Canal Istanbul
Project is not only a transportation project but also includes
harbors, marines, islands, coastal earthworks, coastal
structures, and others sub and super structures.”

The studies implemented by The Ministry of Transportation
and Infrastructure to estimate possible environmental
impacts of Canal Istanbul are summarized below [11].
These studies are primarily; for clarification of the
alignment of the route, determination of socio-economic
impacts of the project on logistics and transportation. Field
investigations consist of geologic, geo-seismic, hydro-
geologic, tsunamic, wave and earthquake related studies as
well as marine studies including currents, sediment,
temperature, salinity, turbidity and pollution. Model studies
consist of hydrodynamic, water quality, ground water and
sediment transportation studies.

Due to the fact that all these studies have been being
implemented, disputes over environmental concerns are
never ending. Argument of these concerns are mainly
related to Canal Istanbul’s impacts on hydrology, marine
ecology, agriculture, population and city life.

From the hydrologic view, Sazlidere Dam and Terkos
(Durusu) Lake are two important fresh water resources
laying on the route of the canal. Suppling 3.3% of water
requirement of Istanbul (10% of those of European-side),
Sazlidere Dam is planned to be completely removed by the
project. Suppling 3.3% of water requirement of Istanbul
(10% of European-side). Likewise, Terkos Lake is sensitive
to salination due to sea water to be diverted inside the Canal
Istanbul. It supplies 8.6% of water requirement of Istanbul
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(25 % of European-side). Groundwater resources are also
under the risk of salination. Once groundwater is beginning
to salinate due to the intrusion of sea waters, the process of
salination cannot be easily stopped. For such a case, the
degree of damage may not be estimated accurately even by
elaborative field and laboratory studies. Thereafter, next
generations may face a risk of loss their source of habitat.

Possible changes that Canal Istanbul may create on marine
environment is another problematic issue. Characteristics,
currents and level differences of the Black Sea and
Marmara Sea are main actors of marine problems.
Bosphorus conveys high nutrient, high oxygen, less saline
and high-level Black Sea surface waters to the surface of
Marmara, while there is a little amount of reverse bottom
flows, carrying low nutrient, low oxygen, high salinity and
low-level Marmara waters to Black Sea. Same behavior
might be expected for the new channel, bottom of which is
only 25 m below from sea surface and is very higher than
the bottom of Marmara and Black Seas. Flowing into
Marmara Sea, Black Sea surface waters are of high oxygen
and get saturated by the absorption of atmospheric oxygen.
However, it cannot pass down and mix into Marmara Sea’s
low level, high dense layer, which is originated from
Mediterranean Sea waters. Thus, a deposition of excess
amount of nutrient into Marmara Sea by Canal Istanbul
would bring production of microorganism, organic matter,
depletion of oxygen and finally organic decomposition and
demineralization. This process will be believed to lead the
low level high dense layer of Marmara to fully oxygen
depleted. Although there is little amount of bottom flows
pushed backward to Black Sea through Bosphorus and there
are some mixing between upper and lower layers of
Marmara Sea due to the water jet of Bosphorus, Canal
Istanbul would increase depression on Marmara Sea. It is
considered that Marmara would eventually have offensive
sewage-like odor. Nonetheless, it is not easy to estimate full
effects of Canal Istanbul flows into Kucukcekmece Lake,
Marmara Sea, Marmara currents and aquatic life.

The project will bring population growth around region,
creating a center of attraction. Considering high populated
impermeable land surface of Istanbul, it has a potential to
create a concrete jungle, if the processes cannot be managed
properly [22]. According to last declarations from the
Ministry of Environment and Urbanization, such a danger
is foreseen so that planned cites will be low story and less
populated (500 thousands which is far lower than the
previously declared 1.2 million). Nonetheless, new cities
mean new highways, bridges, impermeable areas and
degradation of agricultural areas and water basins.

The size of the construction is so high as to affect the city
life. The construction of the canal will divide European Site
of Istanbul into an isolated island and a peninsula. Heavy
traffic will continue around the construction over at least 4
years. 1 billion m3 earthwork is roughly 25000 trucks in a
day. Environmental impacts of such a traffic on emissions
of aerosols, fumes, noise, odour, dust etc. seems to be
extreme. Cancelation of earth fill islands seems reasonable
regarding construction pollution on Marmara Sea and
traffic to be created in highly populated Kucukcekmece.

Results and Discussion

Istanbul is in a strategic location connecting Black Sea to
international waterways through Cebelitarik (Gibraltar),
Suez and Bab EI Mendep. Istanbul is also in a key location
for Silk Road Economic Belt and Maritime Silk Road
initiatives, aiming to revive international trade from/to Asia
to/from Europe and world. Bosphorus, the strait diving
Istanbul into two parts --European and Anatolian sides --
controls maritime transportation of Black Sea. Dardanelles
is Turkey’s other important strait, providing passage for
vessels coming from Black Sea and going to Aegean Sea
and then Mediterranean Seas. Main problem bringing Canal
Istanbul into attention of Turkish Government is the safety
of Istanbul for ship transits. It is expected that Canal
Istanbul relieves the traffic on Bosphorus and protect
Istanbul from ship accidents, ensuring new facilities such as
harbors, marines, islands, coastal earthworks, coastal
structures and two smart cities.

From safety aspect, the project provides an alternative sea
passage between Black Sea and Marmara Sea. It keeps
Istanbul safe from ship accidents and returns its investment
in a several years, which sounds plausible. Building a new
and safe international sea passage would be a future vision
of the country, enhancing infrastructure via smart cities and
other facilities. However, complications originated from
international laws and conventions and potential
environmental impacts make things sophisticated.

Navigation through the straits is regulated by Montreux
Convention. Recognized by all contracting parties, the
convention stands upon the principle of freedom of transits
and navigation through the straits. The success of the Canal
Istanbul relies therefore on if ships can be diverted to Canal
Istanbul. The one way of doing this is denunciation or
amendment of Montreux Convention. If a denunciation
would be the case, a conference needs to be assembled to
conclude a new convention [19]. If a proposal for amending
some provisions of the convention would be suggested, it
should be done at the end of each five-year period from the
registration of the convection [19]. Montreux Convention
would remain in force for 20 years. However, it is still in
force since no High Contracting Party have given any notice
of denunciation [19]. On a conference to be assembled upon
such a notice, new problems may arise for the freedom of
transits of merchant and war vessels. It is possible to see
new parties willing to participate to this conference,
especially world’s leading powers of Non-Black Sea
countries. Negotiations therein may potentially create new
conflicts among leading Powers and Black Sea countries.
However, there is somehow always chance to find a
solution, with consents of all parties, if the negotiations can
be managed successfully.

The spokesman of Turkish presidency declared in
December 2019 that “Canal Istanbul is not a project to
revoke Montreux Convention. Straits are under the
Authorization of Turkey, in respect of Montreux
Convention and inside our geography”, however public
sensation on the future of the convention is still alive.
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Montreux Convention grants merchant vessels to enjoy
complete freedom of transit and navigation, except
merchant vessels of the countries that are not at war with
Turkey [19]. It allows charging them for some service fees,
only for one direction. It might be possible make an
adjustment for transits, by updating the value of French gold
to today’s rate (from its 1983’s value to Today’s value).
This will neither violate nor need denunciation or
amendment the convention, but increase 17 times of
revenues from transits. Montreux Convention have some
weight and time limitations for the transits of warships of
Non-Black Sea Powers [19]. Beyond these limits, during
peace, Turkey has no practical control over war vessels.
During war, if Turkey is belligerent, all vessels or, if else,
the vessels belonging to belligerent powers may not pass
through the straits, depending on Turkey’s consent [19].

In fact, Montreux Convention comprises all of Bosphorus,
Dardanelles and Black Sea, so that Canal Istanbul will not
provide a full maritime control over transits and navigation.
Strictly speaking, a one more canal on Gallipoli --Canal
Marmara-- is needed to have a maritime control over
transits along Aegean Sea to Black Sea. As long as
Montreux Convention is in force, the control provided only
by Canal Istanbul will be a Gallipoli bounded control, for
which  minimum criteria suggested by Montreux
Convention must be satisfied through the route of
Dardanelles-Marmara Sea- Bosphorus. Transits and
navigation above the limits of the convention may be then
diverted to Canal Istanbul. Therefore, Canal Istanbul may
primarily affect the time and somehow weight limitations
of foreign naval forces to be in Black Sea [19], since there
is a freedom of transit and navigation for merchant vessels
[19]. On the other hand, a full control above the limits of
Montreux Convention may be provided only by the route of
Canal Marmara- Marmara Sea-Black Sea, upon
construction of Canal Marmara as a next step of Canal
Istanbul.

If Montreux Convention will expire at the cost of
international conflicts, there will be no practical advantage
of such an artificial canal -- Canal Istanbul and Canal
Marmara--, on controlling transits and navigation, but on
reducing shipping traffics in the straits. On other hand, if
Montreux Convention will be in force after the construction
of Canal Istanbul and anticipated Canal Marmara, different
charges may then be applied for different routes. In such a
case, Dardanelles-Marmara Sea-Bosphorus would be
charged in accordance with Montreux but by an updated
exchange rate. Canal Marmara-Marmara Sea-Canal
Istanbul route (or Dardanelles-Marmara Sea- Canal Istanbul
route, if only Canal Istanbul is constructed) would charge
for lower rates than those of the updated Dardanelles-
Marmara Sea-Bosphorus rates, thus navigation may be
diverted to outside of Bosphorus and Dardanelles (or
outside of Bosphorus if only Canal Istanbul is constructed).
Canal Marmara may cost less than 15% of Canal Istanbul
and have potential to increase/double revenues form

transits, depending on the denunciation or amending of
Montreux Convention.

Considering all these uncertainties, possible scenarios for
the future of transits and navigation through Turkish straits
and prospective canals are summarized in Table 3, based on
control  over transits, investment, revenue, and
environmental impacts. Details on estimations and
assumptions are given in Section 3.

Evaluation of these scenarios assures that the success of the
project will be driven by political decisions on financial
model to be used, future of Montreux Convention and
environmental impacts of the project. President Erdogan
declared in his meeting on 27 December 2019 that Canal
Istanbul will be done, regardless of “if you want it or not!”
while the Mayor of Istanbul informed that Municipality of
Istanbul renounce the protocol of Canal Istanbul,
emphasizing if Canal? or Istanbul? Accordingly, Should
Canal Istanbul Project need to be constructed, its
environmental impacts must be minimized to leave a livable
city for next generations. Effective solutions should be
suggested especially for the sustainability of water
resources, the protection of aquatic and terrestrial life, the
prevention of farmland degradation and environmental
pollution. Population growth and traffic increase should be
kept limited.

Water resources on the historical peninsula is limited,
having clean fresh water is getting more difficult day by
day. Therefore, Canal Istanbul Project will bring a new
stress on City’s water demand, by removing Sazlidere Dam,
which supplies 10 % of the water requirement of the
European side of Istanbul, and by risking to salinate the
waters of Terkos Lake, which supplies 25 % of the water
requirement of the European side. 65 percent of Istanbul’s
population lives in Europe, but most of the closest fresh
water resources available is in Anatolia, specifically in
Melen Stream, 190 km far from the European side.

Changes of Marmara Sea’s surface and bottom currents
should be well studied, to protect aquatic life and sea
environment. The flows into or out of Marmara through
Canal or Canals should be examined so as to protect flora
and fauna and thus to keep ecological balance of Marmara
Sea. Exclusion of Marmara Islands from the Project will
reduce environmental pressures on Istanbul as well as the
cost of the project. Upgrade or development of new ports
may improve logistics.

Smart cities to be constructed should be evaluated in unity
with the rest of the Istanbul so as to transform older
settlements. Without collaboration with Municipality of
Istanbul, such smart cities seem to be problematic to build.
They should be evaluated in a way to keep Istanbul green,
livable, accessible. Pollutions and heavy traffic driven by
the construction should be minimized and controlled.
Finance model of the construction is another problem that
needs to be solved.
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Table 3. Scenarios for the future of straits.
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Finally, the future of Canal Istanbul project should be
decided in a consensus. This would provide its success.
Such huge projects may take years and needs political
continuity and decisiveness to complete. In case of any
revision on Montreux Convention, an international
consensus should be provided without causing any
international conflict. The project should be financed in a

manner that may not waste public sources, so that an
appropriate financial model such as build-operate-transfer
and public private collaboration should be determined. All
processes should be elaborately inspected throughout the
project, regarding environmental concerns.

861



DUJE (Dicle University Journal of Engineering) 12:5 (2021) Page 849-863

Conclusion

80% of world trade is transported via waterways. Turkey is
in an important location for International ship traffic,
connecting Mediterranean Sea to Black Sea via the route of
Dardanelles, Marmara Sea and Bosphorus. Considered with
Chinese Marie Time Silkroad projects, Canal Istanbul
promises to influence World Dynamics.

Canal Istanbul Project envisages a Bosphorus that is safe for
transits and navigation. It aims to preserve historical and
cultural heritages of Istanbul, diverting navigation into the
Canal to relieve bilateral ferry traffic between two sides of
Istanbul. A series of ambiguities related with the content,
cost, revenue, environmental impacts, etc. are involved in
the declared parts of the project. When environmental
problems are ignored or considered to be somehow solved,
the main factor leading to Project’s goals is the return of
investment which is bounded with the control of transits and
navigation through the straits. Therefore, the success of the
project depends mainly on the future of Montreux
Convention which is the main regulatory text for ship traffic
on Dardanelles, Marmara Sea and Bosphorus. Forcing
navigation toward Canal Istanbul sounds impossible for
now, since it needs denouncement or amendment the
convention. Alternatively, a lower charge or fast service
may be applied in Canal Istanbul for an encouragement to
divert the navigation to the Canal. According to the
convention, Turkish authorities can levy only some service
charge and taxes for transits. However, updating the
exchange rate of French gold pegged to the USD in 1983
may be an option that will ensure the charges to increase
significantly without changing Montreux Convention, so
that a discount charge policy may then be applied for
transits through Canal Istanbul. Canal Marmara project
which is not on the agenda of the country may thereafter be
the further step of Canal Istanbul, allowing full maritime
control (over the limits of Montreux) over transits at the cost
of additional 15 % of Canal Istanbul.

Depending on the legislative process, contracting methods
and environmental policy to be followed, each possible
scenario on alternative routes to be created between Aegean
Sea and Black Sea will result in different national and
international consequences for the control of transits,
profitability of canals and sustainability of environmental.
From national perspective, two main difficulties emerge. 1)
the profitability of the project, which is directly connected
to any changes in legislative or administrative procedure
currently applied based on Montreux Convention, and 2)
environmental concerns that needs to be addressed by a
collaborative approach of Municipality of Istanbul and
Government. Financial model for construction should not
merely rely on public resources. Environmental concerns
should be evaluated comprehensively. Sustainability of
water resources, sea and terrestrial life should be provided,
while keeping the city livable and safe from the dangers of
ship transits.

From international perspective, the results of the project
may not be limited by not only Black Sea Countries, but
also other countries that wish to access to Black Sea via the

Straits or Canals, especially world leading powers. Any
changes in the Montreux Convention has a potential to
spark a wide scale international conflicts, related to
maritime trades and naval forces. Therefore, any
regulations related to the transits of both Merchant and war
vessels should be prepared by an international consensus,
keeping safeguard Turkish straits and intended Canals, and
leaving Black Sea in peace without triggering any conflicts
throughout region and the world.
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Topluma agik ve kapali alanlarda insanlarin rahat hareket edebilmeleri igin zemin kaplamalarinin kaymaz
ozellikte olmasi istenmektedir. Bu ¢aligma kapsaminda 7 farkli kamu kurumunda 5 farkli alanda (Giris,
Koridor, Oda, Merdiven, Lavabo) zemin kaplamalarinin kuru ve 1slak ortam dinamik siirtinme Kkatsayilart
DCOF (n) GMG 200 test cihazi kullanilarak DIN 51131:2014- 03, EN 13893 ile TS CEN/TS 16165 Ek- D
standartlarina gore Olglilmiistiir. Aritmetik ortalama ile elde edilen dinamik siirtiinme katsayist DCOF (p)
degerleri RapidMINER programinda K-Ortalamalar Yoéntemi kullanilarak gruplanmis, olusan kiime
gruplar sinir degerleri Karar Agaci Yontemi kullanilarak belirlenmistir. Sonuglar giiniimiizde Alman Kaza
Sigortas: Sisteminde kullanilan ve giincel DIN 51131:2014- 03, EN 13893 ve TS CEN/TS 16165 Ek- D
Standartlarinda gegcen Wuppertaler Tabelas1 kullanilarak degerlendirilmistir. Degerlendirme sonucu kamu
kurumlarina ait kaymazlik risk haritast ¢gikarilmis olup, en giivenli kurum K5 SGK kurumu olurken en
giivensiz kurum ise K3 Ana okulu olarak belirlenmistir. 7 farkli kamu kurumunda da zemin kaplamasi
olarak kullanilan seramik zemin kaplamalarimin siirtiinme katsayilarinin diigiik oldugu tespit edilmis ve bu
zemin kaplamalarinin dinamik siirtinme katsayisi yiiksek malzemelerle degistirilmesi veya gerekli
Onleyici ve koruyucu tedbirlerin alinmasi 6nerilmistir.
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* Sorumlu Yazar

Floor coverings are required to be non-slip so that people can move freely in public and closed areas.
Within the scope of this study, dry and wet environment Dynamic Friction Coefficients of floor coverings
DCOF () are measured in 5 different areas (Entrance, Corridor, Room, Staircase, Sink) in 7 different
public institutions by using GMG 200 test device according to DIN 51131:2014-03, EN 13893 and TS
CEN /TS 16165 Annex-D standards. The dynamic friction coefficient DCOF () values obtained with the
arithmetic mean were grouped by using the K-Means Method in the RapidMINER program, and the
boundary values of the cluster groups formed were determined by using the Decision Tree Method. The
results were evaluated using the Wuppertaler Signage which is currently used in the German Accident
Insurance System and is in the current DIN 51131:2014-03, EN 13893 and TS CEN/TS 16165 Annex-D
Standards. As a result of the evaluation, an anti-slip risk map of public institutions was drawn and the
safest institution was determined as K5 SGK institution, while the most unsafe institution was determined
as K3 Kindergarten. It has been determined that the friction coefficients of ceramic floor coverings, which
are used as floor coverings in 7 different public institutions, are low and it is recommended to replace these
floor coverings with materials with high dynamic friction coefficient or to take necessary preventive and
protective measures.
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Giris

Insaat sektoriinde farkl ortamlar icin farkl tiirde ve 6zellikte
cesitli zemin kaplamalar1 kullanilmaktadir.  Ozellikle
insanlarin siklikla hareket halinde bulunduklari alanlarin
zemin  kaplamalarinin  kaydirmaz  &zellikte  olmasi
gerekmektedir. Bu zeminler {izerinde meydana gelebilecek
kayma ve diisme kazalarinin o6nlenebilmesi icin tasarim
Oncesi zemin kaplamasi olarak kullanilacak malzemelerin
kayma risklerinin belirlenmesi son derece énemlidir.

Diinya ¢apinda yapilan arastirma istatistiklerine goére kayma
ve diismeler nedeniyle meydana gelen yaralanma vakalari
trafik kazalar1 sonucu meydana gelen yaralanma vakalarinin
ardindan ikinci sirada yer almaktadir. Meydana gelen her 5
kazadan biri kayma ve diigme sonucu meydana gelmektedir.
Amerika’daki kayma ve diisme vakalar1 incelendiginde yilda
ortalama 9 milyon vaka meydana gelirken, giinliik 25.000 kisi
kayma ve diisme vakalar1 nedeniyle yaralanmakta, 55 kisi
hayatin1 kaybetmektedir. Yaralanma vakalarmin %551 40
yasin Ustiindeki insanlarda, %35°i ¢ocuklarda goriilmektedir.
Is diinyasinda kayma ve diisme vakalar1 sonucu meydana
gelen maddi kaybin diinya ekonomisindeki pay1 110 Milyar
Euro iken iilkemizde bu kayip yilda 554 Milyon Euro’dur
[1].

SGK 2017 verilerine gore 2010 yilinda 5510 sayili kanunun
4-1/a maddesi kapsaminda aktif sigortast bulunan ¢aliganlarin
yasadigr 62.903 is kazasinin 8992’sini kayma ve diisme
vakalar1 olugturmaktadir [2].

Resmi Gazete *de 07 Temmuz 2015 tarihinde yayimlanarak
yiiriirlige giren 5378 sayili Engelliler Hakkinda Kanun ve
son yillarda ¢ikarilan yasa ve yonetmeliklerle birlikte zemin
kaplamalarinda kullanilacak malzemelerinin kuru, 1slak ve
egimli ortamlarda kaymaz Ozellikte olmasi istenmektedir.
Ayrica, Treticilerin son kullaniciya firlinlerinin  kaymaz
oOzelliklerini gosteren isaret veya siniflamalari bildirmeleri
zorunlu kilinmigtir. Bu nedenle ingaat ve mimari projelerde
kamu kurum ve kuruluslari basta olmak iizere 6zel sektor ve
belediyelerin bu mevzuata uymasi zorunlu hale getirilmistir

(3], [4]

Mevzuata aykir1 yapilan zemin kaplama tasarimlari sonrast
meydana gelen kayma ve diisme vakalari sonucunda olusan
kazalarda davalar acilmakta ve yiiksek miktarlarda
tazminatlar 6denmektedir.

2010 yilinda bir magazada diiserek yaralanan bir kisinin
tilketici mahkemesine agtig1 dava sonucu igyeri toplamda 8
bin 275 TL tazminat 6demek durumunda kalmistir [5].

2017 yilinda izmir’de calistig1 hastanede 1slak zeminde diisen
saglik calisan1 calistig1 ortamin giivenli olmadig1 gerekgesiyle
actig1 davay1 kazanarak tazminat almaya hak kazanmgtir [6].

2019 yilinda Izmir’de gezmeye gittigi aligveris merkezinde
islak  zemin nedeniyle kayip diisen spor egitmeninin
yaralanmasi nedeniyle ag¢tigi dava sonucu 12 bin 275 TL
tazminat kazanmistir [7].

Yeni ¢ikan kanun ve yonetmeliklere gore tiim 6zel ve Kamu
kurumlarinda kullanilan zemin kaplamalarinda meydana
gelen kayma ve diisme vakalarindan hukuken yoneticiler
sorumludur. Tiim Ozel ve Kamu kurumlarinda zemin
kaplamasi olarak kullanilan malzemelerin, kullanildiklari
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alanlarda 1slak ve kuru ortamlar igin kayma riskinin
belirlenerek  giivenlik  simiflandirmasinin ~ yapilmasi
kaymazlik risk haritasinin ¢ikarilmasi gerekmektedir. Bu tarz
binalar inga edilirken zeminlerde kullanilacak malzemelerin
1slak ve kuru ortamlar i¢in standart ve yonetmeliklere uygun
kaydirmaz ozellikte secilmesi ve bunun ic¢in yetkililerin
bilgilendirilmesi gerekir [8], [9].

Bu calismada, secilen 7 farkli kamu kurumundaki 5 farkli
alan i¢in GMG 200 test cihazi kullanilarak DIN 51131:2014-
03, EN 13893 ile TS CEN/TS 16165 Ek - D standartlarina
gore 1slak ve kuru ortam dinamik siirtiinme katsayist DCOF
() degerleri olgiilmiistiir. Islak ve kuru her iki ortam igin
Olgim  degerlerinin  aritmetik ortalamast  RapidMiner
programmda  K-Ortalamalar ~ Yontemi  kullamilarak
gruplanmis, olusan kiime gruplari sinir degerleri Karar Agact
Yontemi kullanilarak belirlenmigtir. Sonuglar giiniimiizde
Alman Kaza Sigortas1 Sisteminde kullanilan ve giincel DIN
51131:2014- 03, EN 13893 ve TS CEN/TS 16165 Ek - D
standartlarinda gegen Wuppertaler Tabelast kullanilarak
degerlendirilmistir.

Materyal ve Metot

Topluma agik ve kapali alanlarda, kamuya ait binalarda
zemin kaplamasi olarak farkli yiizey islemlerinde ve tiirde
seramik, mermer, laminat, dogal tag, PVC, cam, metal, granit
vb. malzemeler kullanilmaktadir.

Bu tarz malzemelerin tercih edilmesinde kaydirmazlik gibi
giivenlik unsurlar1 yerine estetik, parlaklik, giizellik vb.
Ozellikler 6n plana ¢ikmakta ve tercih nedeni olmaktadir.
Kaplama zeminlerde meydana gelebilecek kayma ve diisme
vakalarini ve olugabilecek hukuki sorunlari 6nleyebilmek i¢in
onceden zemin malzemelerinin 1slak ve kuru ortam kayma
risk degerlerinin belirlenmesi gerekmektedir [10].

Calisma kapsaminda 7 farkli kamu kurumunda bulunan 5
farkli alandaki (Giris, Koridor, Oda, Merdiven, Lavabo)
zemin kaplamalari igin kuru ve 1slak ortam dinamik siirtiinme
katsayilar1 DCOF (p) 6lgiilmiistiir. Olgiim yapilan kamu
kurumlar1 ve 6lgtim alanlari Tablo 1°de verilmistir.

Tablo 1. Olgiim yapilan kamu kurumlari ve dlgiim alanlar

Ol¢iim Yapilan Ol¢iim Ol¢iim Yapilan
Kurum Adi Yapilan Alan
Alanlar Zemin Ozelligi
K1 Okul Bej Mermer
K2 Kurum Girig Seramik
K3 Ana Okulu Koridor Serflor
K4 Ozel Hastane Oda Laminant
K5 SGK Merdiven PVC
K6 Universite Lavabo Karo tas1
K7 Ozel Hastane Granit
Yapay Granit
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GMG 200 Siirtiinme Katsayisi Ol¢iim Test Cihazi

Calisma kapsaminda 1slak ve kuru ortamlarda gergeklestirilen
Olciimler mobil tasmabilir 6zellikteki GMG 200 test cihazi
kullanilarak yapilmistir. Test cihazi1 DIN 51131:2014- 03, EN
13893 ile TS CEN/TS 16165 Ek - D standartlarma gore
caligmaktadir (Sekil 1).

Sekil 1. GMG 200 test cihazi

Test cihazi altindaki kaydirici kizaga pabug gorevi goren
farkli  Ozellikteki  malzemeler takilabilmektedir. Bu
malzemeler ortamda yiiriiylis i¢in kullanilan ayakkabi, terlik
vb. temsil etmektedir. Kaydiric1 kizak ve pabuglar cihaza
takildiktan sonra ortam kosullarina uyum saglamasi igin cihaz
30 dakika bekletilir. Daha sonra 6lgiim yapilacak yerde bes
adet &l¢iim tekrarlanir. Once kuru daha sonra 1slak dl¢iimler
yapilir. Her 6l¢iim sonunda pabuglar 320 numara zimpara ile
plakaya baski yapmadan esit sekilde ileri ve geri hareket
ettirilerek zimparalanir. Her ol¢lim oncesi bu islem
tekrarlanmaktadir.

Olgiimler hem 1slak hem de kuru ortamda yapilmakta olup,
test cihazi altinda bulunan serit ¢elik tel istenilen Ol¢ii
mesafesi kadar cekilir ve gerdirilir. Cihaz otomatik olarak
ilerler ve lgiim yapilir. Olgiimler bes defa tekrarlanir ve ilk
iki 6l¢iim kalibrasyon amacli oldugundan atilir kalan {ig
Olglimiin aritmetik ortalamasi cihaz tarafindan yapilarak
ekranda gosterilir [11], [12].

RapidMiner Program

RapidMiner, is zekasi, veri bilimi, makine 6grenmesi ve veri
madenciligi gibi ¢ok sayida islevin biinyesinde uyum
igerisinde ¢aligmasini saglayan, veriyi 6n islemeden ve diger
makine Ogrenme siireclerinden gegiren, raporlama ve
gorsellestirme yapabilen, uctan uca ¢oziimleme yapan bir
aragtir. Yazilim 2001 yilinda, YALE (Yet Another Learning
Environment) olarak duyurulmustur. Veri madenciligi,
makine Ogrenmesi vb. siireclerin hemen hemen tamamini
gergeklestirebilecek kabiliyettedir. Java dilinde yazilmis bir
programdir ve program icerisinde Java dili kullanarak kod
yazma imkan1 sunmaktadir. Ayrica Python, Weka veya R vb.
ortam ve diller ile entegre ¢aligabilmektedir [13].
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K-Ortalamalar Yontemi

K-Ortalamalar Y 6nteminde amag, verileri belirli 6zelliklerine
gore kiimelere ayirarak gruplamaktir. N tane veriden olusan
bir veri grubunu K adet kiimeye bélmekteki amag bolimleme
yolu ile elde edilen kiimelerin, kiime igerisinde birbirleriyle
olan benzerliklerini maksimum; diger kiimelerle olan
benzerliklerini minimum diizeye indirmektir.

Uygulama kolayligi nedeniyle K-Ortalamalar Yontemi
yaygin olarak kullanillan bir yontemdir. K verilerin
kiimelenecegi kiime sayismi belirtmektedir. K-Ortalamalar
Yonteminde itarasyonel sekilde devam eden tekrarh
bolimleme sayesinde verilerin bulundugu kiimeye olan
uzakliklar kiigiiliir, boylelikle yontem karesel hatanin en az
oldugu K adet kiimeyi bulmaya calisir. ik olarak her veri
kiimesinin merkez nokta veya ortalama degerini ifade eden
rastgele K adet nesne belirlenir. Geriye kalan nesneler,
ortalama kiime degerlerine bakilarak bu degerlere olan
uzakliklar1 g6z Oniine alinarak kendilerine en yakin benzer
kiimelere almir. Her bir kiime igin hesaplanan ortalama
degerle birlikte kiimeler igin yeni merkezler belirlenir ve
nesnelerin bu merkezlere olan uzakliklar tekrar incelenir. Bu
islem veriler stabil hale gelip baska bir degisiklik olmayana
kadar tekrarl1 bir sekilde devam eder.

K- Ortalamalar Yontemi temelde 4 asamada gergeklesir:
1. Kiimeler i¢in merkez tayin edilmesi

2. Merkez dist kalan veriler
hesaplanmast ve
kiimelendirilmesi

icin mesafelerin
mesafelerine gore yeniden

3. Kiimelendirme iglemi sonrasi yeni merkezlerin
belirlenmesi (veya eski merkezlerin yeni merkeze
kaydirilmast)

4. Kararlilik saglanana kadar (degisim olmama
durumu) 2. ve 3. adimlarin tekrar edilmesi [14].

Karar Agaci1 Yontemi

Tahmin ve siiflandirma iglemleri igin sikga kullanilan veri
madenciligi yontemlerinden biri de karar agaci yontemidir.
Kolay yorumlanabilmesi ve anlasilabilir olmasi1 agisindan
karar vericilere avantaj saglamaktadir [15]. Karar Agaci
Yonteminde biliylik miktardaki verileri kiigiik gruplara
bolmek icin basit karar verme adimlart uygulanir.
Gergeklestirilen her basarili bélme islemi sonrasinda veri
gruplart birbirlerine daha benzer olmaktadir [16]. Karar agact
bir tane kok diiglim ve girdiler alan i¢ diiglimlerden olusmus
¢ok yonelimli bir agagtir [17]. Bu yontemde veriler kokten
yapraklara dogru boliiniip ilerlenerek kazamim yontemine
gore agac olusturulur. ilk &nce veriler agacmn kokiinde
toplanmistir. Kazanim bilgi degerlerine bagli olarak degisken
secimi gerceklestirilir. Tekrarli devam eden algoritmanin
sonlanmasi i¢in dii§iim icerisinde mevcut tiim 6gelerin ayni
smifta yer almasi gerekir. Kalan degerlerin yalnizca bir
siiftan olmasi ya da sniflandirilacak herhangi bir degerin
kalmamasi durumunda tekrarli devam eden algoritma sona
erer ve aga¢ tamamlanmis olur [18].



JE (Dicle University Journal of Engineering) 12:5 (2021) Sayfa 865-873

Elde Edilen Verilerin Analizleri

Calisma kapsaminda, K1’den K7’ye kadar 7 farkli kamu
kurumunda, 5 farkli alanda (Giris, koridor, oda, merdiven,
lavabo) ve 2 farkli ortamda (kuru-islak) DIN 51131:2014 -
03, EN 13893 ve TS CEN/TS 16165 Ek-D standartlarina
gore ¢aligan mobil GMG 200 test cihazi kullanilarak dinamik
sirtinme  katsayist DCOF () degerleri 6l¢iilmiistiir
(Sekil 2).

Her alanda 5 olgiim gergeklestirilmis ve bu O6lglim
degerlerinin ilk 2 tanesi kalibrasyon ve uyum nedeniyle
degerlendirme dig1 birakilarak kalan 3 degerin aritmetik
ortalamasi alinmistir. Kuru ve 1slak ortamda 7 farkli kurum,
5 farkli alanda gergeklestirilen 3 6l¢lim igin toplamda 210
adet Olgim degeri elde edilmistir. Elde edilen aritmetik

ortalama degerleri RapidMiner programinda K-Ortalamalar
Yontemi kullanilarak gruplanmis, olusan kiime gruplari sinir
degerleri Karar Agact Yontemi kullanilarak belirlenmistir.
Sonuglar DIN 51131:2014 - 03, EN 13893 ve TS CEN/TS
16165 Ek - D Standartlarina gére Wuppertaler Tabelasi
kullanilarak degerlendirilmistir.

Sekil 2. GMG 200 Test cihazi ile yapilan kuru ve 1slak ortam
Ol¢timleri

Dinamik siirtiinme Katsayilarmin ~ degerlendirilmesinde
siklikla kullanilan Wuppertaller Tabelasinda belirtilen sinir
degerler i¢in Giivensiz, Sartli Giivenli, Giivenli ve Cok
Giivenli gibi degerlendirmeler bulunmaktadir (Tablo 2).

Tablo 2. Wuppertaler Tabelas1 Sinir Degerleri [19], [20].

Wuppertaler Tabelasi
Siirtinme Katsayist (1) | Degerlendirme
u>0.60 Cok Giivenli
0.45 < p <0.60 Giivenli
0.30 < u <0.45 Sartli Giivenli
u<0.30 Giivensiz

Kuru ortam dinamik siirtiinme katsayis1 6l¢iim degerlerinin
aritmetik ortalamalarmin degerlendirilmesi i¢cin Wupertaler
Tabelasinda degerlendirme derecesi olarak kullanilan
Giivensiz, Sartli Giivenli, Giivenli, Cok Giivenli durumlari
icin K degeri 4 secilmistir. RapidMiner programinda
K-Ortalamalar Yontemi kulllanilarak o6lciim degerlerinin
aritmetik ortalamalar1 program tarafindan cluster O, cluster 1,
cluster 2, cluster 3 olmak fiizere 4 kiimeye ayrilmistir.
Calismada cluster 0, cluster 1, cluster 2, cluster 3 ifadeleri
yerine bundan sonra sirasiyla Kiime 0, Kiime 1, Kiime 2,
Kiime 3 ifadeleri kullanilacaktir. RapidMiner programinda
K-Ortalamalar Yontemi ve Karar Agac1i Yontemi
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Kullanilarak program tarafindan olusturulan kiimeler ve sinir
degerleri Sekil 3’te goriilmektir.

ORTALAMA
> 0423 =0.423
ORTALAMA ORTALAMA
= 0.557 = 0.557 >0.335 =0335
cluster_1 cluster_2 cluster_0 cluster_3
I |

Sekil 3. Kuru Ortam icin Karar Agact ve Gruplanmis
Kiimeler

RapidMiner programinda K-Ortalamalar Yontemine gore
gruplanmis kuru ortam dinamik siirtinme katsayisi DCOF
(p) olctim degerleri aritmetik ortalamalari ile olugan kiime
gruplan i¢in Karar Agact Yontemi kullanilarak belirlenen
kiime sinir degerleri Tablo 3’te ve bu degerlerin Wuppertaler
Tabelasi ile karsilastirilmasi Tablo 4°te verilmistir.

Tablo 3. Kuru Ortam Igin Karar Agact Yoéntemi ile
belirlenen Sinir Degerleri

Karar Agaci1 Yontemi Kuru Ortam
Sinir Degerleri
Siirtiinme Katsayisi (1) | Degerlendirme
u> 0.557 Cok Giivenli
0.423 <u< 0.557 Giivenli
0.335 <u< 0.423 Sartli Glivenli
u<0.335 Giivensiz

RapidMiner programinda K-Ortalamalar Y6ntemi ve Karar
Agact Yontemi kullanilarak program tarafindan olusturulan
kiimeler incelendiginde 1slak ortamda 7 farkli kurum, 5
farkli alanda  gergeklestirilen  Gl¢iimlerin  aritmetik
ortalamalarindan olusan 35 dinamik siirtinme katsayisi
DCOF (pn) dlgiim degeri aritmetik ortalamasi i¢in:

Kiime 0’da 13 dinamik siirtiinme katsayis1t DCOF (p) dlgiim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agaci Yontemine gore 0.335 <u< 0.423 araliginda yer
almaktadir (Sartli Glivenli).

Kiime 1’de 6 dinamik siirtinme katsayis1t DCOF (p) olgtim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agact Yontemine gore p>0.557 olan degerler
olmaktadir (Cok Giivenli).

Kiime 2’de 9 dinamik siirtinme katsayis1t DCOF (p) 6lgim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agact Yontemine gore 0.423<u<0.56 araliginda yer
almaktadir (Giivenli).

Kiime 3’te 7 dinamik siirtiinme katsayis1t DCOF (p) 6lgtim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agact Yontemine gore u<0.335 olan degerler
olmaktadir (Giivensiz).
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Tablo 4. Kuru Ortam I¢in K-Ortalamalar Yéntemi Kiimeleri ve Karar Agac1 Yontemi Siir Degerlerinin Wuppertaler Tabelast

Degerleri ile Kiyasi
DCOF o
Kurum _— Zemin Olgﬁm . OrtaI};r-nalar Kz;;‘i‘;l;t?ngl?a Karflr Ag?a Wuppertaler
Ad1 Olgiim Ozelligi Degerleri Yontemi Kiime Smmr Yontemi Tabelas:
Alam Aritmetik Kiimeler Deger Arahi Degerlendirme | Degerlendirme
Ortalamasi
Giris Bej Mermer 0.37 Kiime 0 0.335 <u<0.423 Sarth Giivenli | Sartli Giivenli
Koridor Seramik 0.27 Kiime 3 p<0.335 Giivensiz Giivensiz
OKkluI Oda Serflor 0.61 Kiime 1 u>0.557 Cok Giivenli Cok Giivenli
Merdiven | Bej Mermer 0.29 Kiime 3 pn<0.335 Giivensiz Giivensiz
Lavabo Seramik 0.29 Kiime 3 pu<0.335 Guvensiz Giivensiz
Giris Seramik 0.33 Kiime 3 <0335 _
Koridor Seramik 0.50 Kiime 2 0.423 <p <0.557 Giivenli Giivenli
KL( r2um Oda Laminant 0.34 Kiime 0 0.335 <u<0.423 Sarth Giivenli | Sartlh Giivenli
Merdiven Seramik 0.53 Kiime 2 0.423 <p <0.557 Giivenli Giivenli
Lavabo | Seramik 0.57 Kiime 1 > 0.557 _
Girig Bej Mermer 0.38 Kiime 0 0.335 <u<0.423 Sarthi Giivenli | Sartli Giivenli
Koridor Pvc 0.60 Kiime 1 pu>0.557 Cok Giivenli Cok Giivenli
K3 Oda Laminant 0.26 Kiime 3 u<0.335 Guvensiz Giivensiz
Anaokulu | Merdiven | Bej Mermer 0.36 Kiime 0 0.335<u<0.423 Sarth Giivenli | Sartli Giivenli
Lavabo Seramik 0.40 Kiime 0 0.335<u<0.423 | Sartli Giivenli | Sarth Giivenli
Giris Seramik 0.34 Kiime 0 0.335<p<0.423 | Sarth Giivenli | Sarth Giivenli
,,K4 Koridor Pvc 0.64 Kiime 1 pu>0.557 Cok Giivenli Cok Giivenli
orel [ oda Pve 0.66 Kiime 1 1> 0.557 Cok Givenli | Cok Giivenli
Merdiven | Bej Mermer 0.58 Kiime 1 pw> 0.557
Lavabo Seramik 0.45 Kiime 2 0.423 <pn <0.557 Giivenli Giivenli
Giris Bej Mermer 0.46 Kiime 2 0.423 <p <0.557 Giivenli Giivenli
Koridor Pvc 0.51 Kiime 2 0.423 <pn <0.557 Giivenli Giivenli
o« | ©OGa | Lamimant | 030 | Kime3 035 Givensiz | Sarth Givenli
Merdiven | Bej Mermer 0.40 Kiime 0 0.335<u<0.423 | Sarth Giivenli | Sartli Giivenli
Lavabo Seramik 0.38 Kiime 0 0.335<p<0.423 | Sarth Giivenli | Sarth Giivenli
Giris Karo Tas1 0.37 Kiime 0 0.335<u<0.423 Sarth Giivenli | Sartli Giivenli
Koridor Karo Tas1 0.37 Kiime 0 0.335<u<0.423 | Sarth Giivenli | Sartli Giivenli
0 niwlfeisit e Oda Laminant 0.46 Kiime 2 0.423 < pn <0.557 Gilivenli Giivenli
Merdiven | Bej Mermer 0.54 Kiime 2 0.423 < <0.557 Giivenli Giivenli
Lavabo Seramik 0.34 Kiime 0 0.335<u<0.423 | Sartli Giivenli | Sartli Giivenli
Giris Yapay Granit 0.36 Kiime 0 0.335 <u<0.423 Sarth Giivenli | Sartli Giivenli
Koridor | Yapay Granit 0.31 Kiime 3 u<0.335 _
(")Kz7el Oda Pvc 0.50 Kiime 2 0.423 <pn <0.557 Giivenli Giivenli
Hastane | Merdiven Granit 0.46 Kiime 2 0.423 <pn <0.557 Giivenli Giivenli
Lavabo Seramik 0.39 Kiime 0 0.335<u=<0.423 | Sarth Glivenli | Sartl Giivenli
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Tablo 4. Incelendiginde:

Kuru ortam degerleri icin Karar Agact Yontemi smir
degerleri kullanilarak ~ yapilan degerlendirmenin
Wouppertaler Tabelas1 kullanilarak yapilan degerlendirme
ile % 85 oraninda uyumlu oldugu;

Sartli Giivenli ve Giivensiz degerlendirme sinir degerleri
icin Karar Agaci Yontemi sinir degerlerinin Wuppertaler
Tabelast sinir degerlerine gore daha giivenli tarafta kaldig
(Karar Agact Yontemine gore Giivensiz, Wuppertaler
Tabelasina gore Sartli Giivenli);

Giivenli ve Cok Giivenli degerlendirme sinir degerlerinde
Karar Agac1 Yontemi sinir degerleri giivenlik diizeyinin
Wuppertaler Tabelasina kiyasla biraz daha diisiik oldugu;

K1 okul binas1 koridor seramik kaplamasinin, merdiven bej
mermer kaplamasinin, lavabo seramik kaplamasinin hem
Karar Agaci Yontemi degerleri hem de Wuppertaler
Tabelasina gore kayma potansiyelinin yiiksek (Giivensiz)
oldugu;

K2 kurum giris seramik kaplamasinin Karar Agact Yontemi
degerine gore kayma potansiyelinin yiiksek (Giivensiz),
Wuppertaler Tabelasina goére sinir degerde (Sartli Giivenli)
oldugu;

K3 anaokulu oda laminant kaplamasinin hem Karar Agaci
Yontemi degerleri hem de Wuppertaler Tabelasina gore
kayma potansiyelinin yiiksek (Giivensiz) oldugu;

K5 SGK oda laminant kaplamasinin Karar Agact Yontemi
degerine gore kayma potansiyelinin yiiksek (Gilivensiz),
Wuppertaler Tabelasina gore siir degerde (Sartli Giivenli)
oldugu;

K7 6zel hastane koridor yapay granit kaplamasimin Karar
Agaci1 Yontemi degerine gére kayma potansiyelinin yiiksek
(Giivensiz), Wuppertaler Tabelasina goére smir degerde
(Sartlt Giivenli) oldugu; goriilmektedir.

Islak ortam dinamik siirtiinme katsayist 6l¢iim degerlerinin
aritmetik ortalamalarinin degerlendirilmesi i¢cin Wupertaler
Tabelasinda degerlendirme derecesi olarak kullanilan
Giivensiz, Sartli Giivenli, Giivenli, Cok Giivenli durumlari
icin K degeri 4 secilmistir. RapidMiner programinda
K-Ortalamalar Yontemi kulllanilarak Ol¢im degerlerinin
aritmetik ortalamalar1 program tarafindan cluster O, cluster
1, cluster 2, cluster 3 olmak iizere 4 kiimeye ayrilmstir.

K-Ortalamalar Yo6ntemi sonucu olusturulan kiimeler Karar
Agac1 Yontemi ile degerlendirildiginde smir degerleri
belirlenen kiime sayisi RapidMiner programinda Karar
Agaci Yontemi tarafindan 3 olarak (cluster O, cluster 1,
cluster 2) belirlenmis, program tarafindan cluster 3 kiimesi
cluster 1’e dahil edilmistir (Sekil 4).

870

ORTALAMA
>0.248 =0.248
cluster_2
ORTALAMA
=0.345 =0.345
cluster_1 cluster_0
E———

Sekil 4. Islak Ortam i¢in Karar Agact ve Gruplanmig
Kiimeler

RapidMiner programinda K-Ortalamalar Yontemine gore
gruplanmis 1slak ortam Dinamik siirtinme katsayist DCOF
() 6lgiim degerlerinin aritmetik ortalamalar1 ile olusan
kiime gruplart igin Karar Agact Yontemi kullanilarak
belirlenen kiime sinir degerleri  Tablo 5’te ve bu degerlerin
Wuppertaler Tabelas1 ile karsilastirilmas:i Tablo 6’da
verilmistir.

Tablo 5. Islak Ortam Igin Karar Agact Yontemi ile
belirlenen Sinir Degerleri

Karar Agaci Yontemi Islak Ortam
Simir Degerleri
Siirtiinme Katsayisi () | Degerlendirme
u>0.345 Gilivenli
0.248 <u< 0.345 Sarth Giivenli
u<0.248 Gilivensiz

RapidMiner programinda K-Ortalamalar Y6ntemi ve Karar
Agaci Yontemi kullanilarak program tarafindan olusturulan
kiimeler incelendiginde 1slak ortamda 7 farkli kurum, 5
farkli alanda gergeklestirilen Ol¢limlerin  aritmetik
ortalamalarindan olusan 35 dinamik siirtiinme katsayisi
DCOF (p) 6lgtim degeri aritmetik ortalamast i¢in:

Kime 0’da 19 Dinamik siirtinme katsayisi DCOF (p)
Ol¢iim degeri aritmetik ortalamasi kiimelenmekte ve bu
degerler Karar Agact Yontemine gore 0.248<u<0.345
araliginda yer almaktadir (Sartli Giivenli).

Kiime 1°de 7 Dinamik siirtiinme katsayis1 DCOF (u) 6l¢iim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agact Yontemine gore p>0.345 olan degerler
olmaktadir. Kiime 1’de bulunan 7 degerden 1 tanesi
program tarafindan Kiime 3’ten Kiime 1’e dahil edilmistir
(Giivenli).

Kiime 2’de 9 Dinamik siirtiinme katsayist DCOF (p) 6l¢iim
degeri aritmetik ortalamasi kiimelenmekte ve bu degerler
Karar Agac1 Yoéntemine gore p<0.248 olan olmaktadur.
(Giivensiz).
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Tablo 6. Islak Ortam I¢in K-Ortalamalar Yontemi Kiimeleri ve Karar Agac1 Yontemi Sinir Degerlerinin Wuppertaler Tabelast

Degerleri ile Kiyast
DCOF o
Kurum _— Zemin (")!cﬁm . Ortalz:nalar Ka;;‘;;t?ng:cl Kar.‘f‘r Agi.m Wuppertaler
Adi Olciim Ozelligi De_gerle_rl Yontemi Kiime Smur vYonten.n :l"abela§1
Alani Aritmetik Kiimeler Degier Aralif Degerlendirme | Degerlendirme
Ortalamasi
Giris | Bej Mermer 0.43 Kiime 1 > 0.345 _
K1 Koridor Seramik 0.21 Kiime 2 u<0.248 Giivensiz Giivensiz
Okul Oda Serflor 0.33 Kiime 0 | 0248 <u<0.345 | Sarth Giivenli | Sarth Giivenli
Merdiven | Bej Mermer 0.51 Kiime 3 Kiime_ 1 Giivenli Giivenli
pu>0.248
Lavabo Seramik 0.22 Kiime 2 p<0.248 Giivensiz Giivensiz
Giris Seramik 0.23 Kiime 2 p<0.248 Giivensiz Giivensiz
K2 Koridor Seramik 0.22 Kiime 2 p<0.248 Giivensiz Giivensiz
Kurum Oda Laminant 0.32 Kiime 0 0.248 <u<0.345 | Sarth Giivenli | Sartli Giivenli
Merdiven Seramik 0.31 Kiime 0 0.248 <u<0.35 | Sartli Giivenli | Sartli Giivenli
Lavabo Seramik 0.32 Kiime 0 0.248 <u<0.35 | Sartli Giivenli | Sarth Giivenli
Giris Bej Mermer 0.34 Kime 0 | 0.248<u<0.345 | Sartli Giivenli | Sarth Giivenli
Koridor Pvc 0.28 Kiime O 0.248 <u<0.345
K3 Oda Laminant 0.23 Kiime 2 u<0.248
Anaokulu | Merdiven | Bej Mermer 0.27 Kiime 0 0.248 <u< 0.345
Lavabo Seramik 0.26 Kiime 0 0.248 <u< 0.345
Giris Seramik 0.18 Kiime 2 p<0.248
,!<4 Koridor Pvc 0.39 Kiime 1 pu>0.345 ‘
Hfj;;'ne Oda Pvc 0.34 Kiime0 | 0.248<u<0.345 | sarth Giivenli | Sarth Giivenli
Merdiven | Bej Mermer 0.17 Kiime 2 u<0.248 Giivensiz Giivensiz
Lavabo Seramik 0.19 Kiime 2 p<0.248 Giivensiz Giivensiz
Giris Bej Mermer 0.42 Kiime 1 p>0.345 _I
K5 Koridor Pvc 0.32 Kiime 0 0.248 <u<0.345 | Sarth Giivenli | Sartli Giivenli
SGK Oda Laminant 0.22 Kiime 2 u<0.248 Giivensiz Giivensiz
Merdiven | Bej Mermer 0.35 Kiime 1 > 0.345 ‘
Lavabo Seramik 0.30 Kiime 0 0.248 <u< 0.35
Giris Karo Tas1 0.36 Kiime 1 p>0.345 ‘
K6 Koridor Karo Tas1 0.34 Kiime 0 0.248 <u<0.345 | Sartli Giivenli | Sartl Giivenli
Universite Oda Laminant 0.31 Kiime 0 0.248 <u<0.345 | Sartli Giivenli | Sartl Giivenli
Merdiven | Bej Mermer 0.29 Kiime 0 0.248 <u<0.345 ‘
Lavabo Seramik 0.27 Kiime 0 0.248 <u< 0.345 ‘
Giris | Yapay Granit 0.28 Kiime 0 | 0.248 <u< 0.345 ‘
Koridor | Yapay Granit 0.27 Kiime O 0.248 <u<0.345 ‘
('!)<zz,1 Oda Pve 0.41 Kiime 1 > 0.345 |
Hastane | Merdiven Granit 0.32 Kiime 0 | 0.248 <u< 0.345
Lavabo Seramik 0.29 Kiime 0 | 0.248 <u<0.345 ‘
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Tablo 6. incelendiginde:

Islak ortam degerleri igin, Karar Agact Yontemi sinir
degerleri  kullanilarak  yapilan degerlendirmenin
Wuppertaler Tabelas1 kullanilarak yapilan degerlendirme
ile % 60 oraninda uyumlu oldugu;

K1 okul binasi koridor seramik kaplamasinin ve lavabo
seramik kaplamasimin hem Karar Agact Yontemi degerleri
hem de Wuppertaler Tabelasina gére kayma potansiyelinin
yiiksek (Giivensiz) oldugu;

K2 kurum giris seramik kaplamasmin ve koridor seramik
kaplamasinin hem Karar Agaci Yontemi degerleri hem de
Wuppertaler Tabelasina gore kayma potansiyelinin yiiksek
(Giivensiz) oldugu;

K3 anaokulu oda laminant kaplamasinin, hem Karar Agact
Yontemi degerleri hem de Wuppertaler Tabelasina gore
kayma potansiyelinin yiiksek (Giivensiz) oldugu;

K3 anaokulu koridor PVC kaplamasinin, merdiven bej
mermer kaplamasinin, lavabo seramik kaplamasinin Karar
Agac1 Yontemi degerine gore sinir degerde (Sartli Giivenli),
Wuppertaler Tabelasina gore kayma potansiyelinin ytliksek
(Giivensiz) oldugu;

K4 6zel hastane girig seramik kaplamasinin, merdiven bej
mermer kaplamasinin, lavabo seramik kaplamasinin hem
Karar Agact Yontemi degerleri hem de Wuppertaler
Tabelasia gore kayma potansiyelinin yliksek (Giivensiz)
oldugu;

K5 SGK oda laminant kaplamasinin hem Karar Agaci
Yontemi degerleri hem de Wuppertaler Tabelasina gore
kayma potansiyelinin yiiksek (Giivensiz) oldugu;

K6 tiniversite merdiven bej mermer kaplamasimin ve lavabo
seramik kaplamasimin Karar Agaci Yontemi degerine gore
sinir degerde (Sartli Giivenli), Wuppertaler Tabelasina gore
kayma potansiyelinin yiiksek (Giivensiz) oldugu;

K7 6zel hastane giris yapay granit kaplamasinin, koridor
yapay granit kaplamasinin, lavabo seramik kaplamasinin
Karar Agaci Yontemi degerine gore sinir degerde (Sarth
Giivenli),  Wuppertaler ~ Tabelasmma  gére  kayma
potansiyelinin yiiksek (Giivensiz) oldugu goriilmektedir.

Tablo 4. ve Tablo 6. beraber incelendiginde K1 okul giris
bej mermer kaplamasi ve merdiven bej mermer kaplamasi
icin yapilan Olgtimlerde kuru ortam dinamik siirtiinme
katsayis1 degerlerinin aritmetik ortalamasinin islak ortam
dinamik siirtinme katsayis1  degerlerinin  aritmetik
ortalamasindan  beklenilenin  aksine  daha  diisiik
olciildiigii goriilmektedir. Calisma alaninda gergeklestirilen
Olgtimlerde goriilen bu fark, zemin kaplamas: ylizeyinde
olugan kum ve toz pargaciklariin kuru ortamda kaymay1
arttiricr etki ile dinamik siirtiinme katsayisini diislirmesi,
1slak ortamda ise meydana gelen vakum etkisinin kaymay1
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azaltici etki ile dinamik siirtiinme katsayisini arttirmas ile
gerceklestigi seklinde agiklanabilir.

Calisma yapilan kamu kurumlarinin genelinde, zemin
kaplamasi olarak kullanilan seramik malzemelerin kayma
risk potansiyelinin yiiksek oldugu goriilmektedir. Kayma
risk potansiyeli yoniinden en riskli kurum incelenen 5
mahalden 4 iin de kayma riski bulunan anaokulu iken en
giivenli kurum incelenen 5 mahalden 1’inde kayma riski
bulunan K5 SGK olarak belirlenmistir.

Sonuc:

7 farkli kamu kurumu ve 5 farkli alanda 1slak ve kuru
ortamlarda gergeklestirilen Slgiimler sonrasi elde edilen
dinamik siirtlinme katsayis1 6lgiim degerlerinin aritmetik
ortalamalar1 RapidMiner programinda K-Ortalamalar ve
Karar Agac1 yontemleri beraber kullanilarak kiimelenmistir.
Kime smir degerleri ve bu degerlere karsilik gelen
(Giivensiz, Sartli Giivenli, Giivenli, Cok Giivenli) araliklar,

Kuru ortam igin:

e > 0.557 Cok Giivenli,

o 0.423 <u< 0.557 Giivenli,

e 0.335<u<0.423 Sarth Giivenli,
e u<0.335 Giivensiz,

Islak Ortam I¢in:

e 1> 0.345 Giivenli,
o 0.248 <u<0.345 Sarth Giivenli,
e 1<0.248 Giivensiz,

olarak belirlenmistir.

Yapilan calismada kuru ortam degerleri i¢in Karar Agaci
Y ontemi smir  degerleri kullanilarak ~ yapilan
degerlendirmenin ~ Wuppertaler Tabelas1 kullanilarak
yapilan degerlendirme ile % 85 oraninda uyumlu oldugu
belirlenmistir. Sartli Giivenli ve Giivensiz degerlendirme
sinir degerleri i¢in Karar Agact Yontemi sinir degerlerinin
Wuppertaler Tabelast sinir degerlerine gore daha giivenli
tarafta kaldigr (Karar Agaci Yontemine gore Giivensiz,
Wuppertaler Tabelasina gore Sartli Giivenli) ve Giivenli ve
Cok Giivenli degerlendirme sinir degerlerinde Karar Agact
Yontemi siir degerleri giivenlik diizeyinin Wuppertaler
Tabelasina kiyasla biraz daha diisiik oldugu (Karar Agact
Y ontemine gére Giivenli, Wuppertaler Tabelasina gére Cok
Giivenli) goriilmiistiir.

Yine aym sekilde Islak ortam degerleri igin, Karar Agaci
Yontemi sinir degerleri kullanilarak yapilan
degerlendirmenin  Wuppertaler Tabelas1  kullanilarak
yapilan degerlendirme ile % 60 oraninda uyumlu oldugu
belirlenmistir.

Calisma neticesinde RapidMiner, Weka, Knime, Orrange
vb. veri madenciligi programlarinin Insaat Miihendisligi
alaninda yapilan teknik ve akademik c¢aligmalar sirasinda
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elde edilen verilerin gruplanmasi ve degerlendirilmesinde
kullanilabilecegi degerlendirilmektedir.

Inceleme yapilan kamu kurumlarina ait zemin
kaplamalarinin ¢ogunlugunun kayma giivenligi konusunda
sinir degerde oldugu tespit edilmistir. Kamu kurumlari
icerisinde kayma giivenligi konusunda en giivenli kurum
K5 SGK olurken, en giivensiz kurum K3 Anaokulu ’dur.
Yapilan incelemelerde kamu kurumlarinda zemin
kaplamasi olarak kullanilan seramik malzemelerin dinamik
siirtiinme katsayisi DCOF (p) degerlerinin diisiikk oldugu
tespit edilmistir. Bu nedenle kuru ve 1slak ortamlarda
kullanilan mevcut zemin kaplamalar iizerinde ya gerekli
giivenlik  Onlemlerinin  alimmas1 ya da bu zemin
kaplamalarinin dinamik siirtinme katsayisi DCOF (p)
degerleri yiiksek zemin kaplamalar1 ile degistirilmesi
onerilmektedir.

Sonug¢ olarak, tilkemizde son doénemde ¢ikan yasa,
yonetmelik ve standartlar ¢ergevesinde tiim kamu kurum ve
ozel sektorlerde 6zellikle 1slak ortamlarda kullanilan zemin
kaplamalarinin kaymaz 6zellikte olmasi istenmektedir. Bu
nedenler mevcut ve yeni yapilacak alanlarda zemin
kaplamalarinin  kuru  ve 1slak ortamda kayma
potansiyellerinin belirlenmesi ve giivenlik siniflamalarinin
yapilmas1 son derece énemlidir. Ozellikle biiyiik ¢alisma
alanlarinda zemin kaplamalarinin kuru ve islak ortamda
kayma risklerinin belirlenerek kaymazlik risk haritasinin
cikarilmast ve giivenlik smiflamasinin yapilarak hem
insanlarin giivenli hareket edebilmeleri hem de Is Saghgi ve
Giivenligi agisindan son derece dnemlidir.
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Sustainable waste management is becoming more and more important in the construction industry due to
increasing waste costs as well as environmental effects. As a result of increasing level of wastes and
environmental damage, the use of these wastes has become the focus for beneficial construction activities
and sustainable industrial applications. This study presents experimental results on the effect of industrial
wastes on the performance of cementitious mixtures. The scope of this study, therefore, was to assess the
effect of waste aluminium on physical and mechanical properties of cement based mixtures prepared in
different compositions. Consistency, bulk density, porosity, absorption, flexural and compressive strength
tests were carried out on mixtures produced by using waste aluminium aggregates in different percentages
instead of fine aggregate. Results showed that mixtures prepared with 4% aluminium aggregates had the
highest water absorption and porosity. With the addition of %1 lathe waste, it was observed that the
flexural behavior of mortar was maximum and the optimum percentage for flexural strength was noted. In
addition, when mixtures produced with the same percentage of aluminium were compared, the amount of
binder played a significant role on both compressive and flexural strength. Results have shown that to
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incorporate aluminium into mixtures can be a suitable solution for recycling in industrial applications.

Introduction

In recent years, the standard of living, which has improved
considerably with economic development, has led to a sharp
increase in industrial wastes that emerged as a big social
problem [1]. Over the years, increased amount of waste in
the world has created a serious threat to ecology and this
situation encourages reuse by recycling of waste in concrete

2.

At this point, sustainable techniques should be created to
reuse these wastes [3]. Among these techniques, the use of
metal wastes as aggregates in civil engineering applications
and in cement based products can be considered as an
alternative [4]. Concrete, a composite material, was known
for its advantages such as its formability, compressive
strength and durability against environmental conditions
[5]. The most serious disadvantage of concrete was its very
low tensile strength [6]. For this reason, in concrete
structures, cracks might develop and those caused a
decrease in their strength proceedingly [7]. Manufacturers
offered hundreds of fiber types that differ in geometric
shape, size, diameter and surface finish [8]. However, due
to the environmental damage caused by the production of
these fibers, there has been an increasing interest in
incorporating recycled waste fibers into concrete recently.

Belferrag et al. [9] investigated effects of waste metal fibers
on the durability of concrete due to its economic and
environmental advantages. With the addition of waste
metal, it was concluded that compressive strength increased
by 30.7% compared to plain concrete [10]. It was explained
by Kalpana and Tayu [11] that very high tensile strength
was achieved with a 45% increase in 1% steel waste
compared to plain concrete, and brittle fracture was
prevented even in low volume steel wastes. Aluminum
chips are one of metal industry wastes [12, 13]. It is
important for sustainability to evaluate these wastes as
fibers or aggregates in mixtures, even in small volumes
[14].

In this study, effects of partial reuse of waste aluminum as
aggregate replacement in mortar mixtures were investigated
in order to reduce the environmental impact caused by the
disposal of waste metals.

Material and Method

CEM 1-42.5R Portland Cement was used in the preparation
of mixtures and specific gravitiy of cement was found to be
3.11. Three different types of aggregates were used as fine
aggregates: aluminum (A1), river sand (A2) and crushed
sand (A3). The general view of materials used in the
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mixture was given in Figure 1. Gradation curves of fine
aggregates were given in Figure 2.

Fresh mixtures prepared were poured into prism molds
having 40x40x160 mm sizes. Fresh mixtures were removed
from their molds after 24 hours and left to the curing process
at 22°C standard temperature. In order to compare
engineering  properties of mixtures in different
compositions, unit weight, consistency, oven-dry and
saturated surface-dry bulk densities, apparent porosity,
water absorption, compressive and flexural strength of
mixtures were calculated by taking average values of three
mortars for each mixture.
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Figure 2. Gradation curve of fine aggregates

Table 1. Constituents ratios of mixtures

Mixtures Water Cement Aggregates (by volume)
(kg/m3) (kg/m3) Al A2 A3

(%) %) (%)

Mx1 222 467 4 60 36
Mx2 235 500 4 60 36
Mx3 188 400 1 - 99

Results and Discussion
Physical properties

Figures 1 and 2 showed test results for the determination of
fresh properties on mixtures. Mx3 mixture containing
minimum aluminum percentage showed the highest unit
weight value. Unit weight of fresh Mx1 mixture containing
4% aluminum was calculated as 2236 kg/m?. Due to the
relatively lower specific gravity of aluminum than other
aggregates, mixtures containing aluminum showed lower
unit weight.

In mixtures with the same water/cement ratio, it could be
said that the increased percentage of aluminum increased
the workability. Mx2 mixture containing 4% aluminum had
the highest spread diameter of 110.5 mm. Minimum
workability value was observed in Mx3 (105 mm) mixture.
This situation could be explained by the relatively lower
water requirement of aluminum added to mixtures as metal
waste aggregate, compared to crushed or river aggregate.
As a result, the consistency increased with increasing metal
percentage.
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Figure 1. Unit weight values of fresh mixtures
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Figure 2. Consistency of fresh mixtures

Figures 3 and 4 show oven-dry and saturated surface dry
bulk density values. In all mixtures, Mx3 showed the
highest bulk density values, while Mx1 gave the lowest bulk
density values. In the study carried out by Tebbal and
Rahmouni [15], it was determined that mixture density
decreased by approximately 25% with the addition of 7.5%
aluminum according to the weight of the sand and this was
attributed to the reaction of alkali solution and aluminum
metal in the paste.

As a result of this study, as the percentage of aluminum in
mixtures decreased, values of OD and SSD bulk density
increased. This was due to the lower density of aluminum
material compared to that of other fine aggregate in this
study. In addition, it can be said that there is a decrease in
bulk densities due to the high porosity created by aluminum
in the form of sawdust in mixture. It was observed by
Kogkal et al. [16] that the addition of aluminum particles
led to a reduction in strength and bulk density due to
entrained air into mixtures.

Figure 5 and Figure 6 showed the porosity and water
absorption values of the hardened mixtures. The limited
pore connectivity of concrete meant low porosity and low
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water absorption [17]. Water absorption percentage of
concrete was expressed as the ratio of the mass of water
absorbed by mixture to mass of oven-dried mixture [18].
Aluminum, which are used as substitutes for fine aggregate
in this study, can also be considered as hybrid fiber material
in different sizes. It was reported that fibers increased total
porosity by affecting the air content of mixtures, resulting
in lower density and thermal conductivity [19]. Mx3
mixture had the lowest water absorption and apparent
porosity values. It was observed by Anike et al. [20] that
metal fiber-reinforced recycled aggregate concrete and
metal fiber-reinforced blended aggregate concrete had 49%
and 8.8% higher absorptions, respectively, compared to
control concrete. Void content, which explains entrapped
macroporosity, was reported to increase with the addition of
fibers [21, 22]. This was attributed to defects in the
interfacial bond between fibers and the other components of
Portland cement concrete resulting from the fiber addition
[23]. It was thought that low interfacial adhesion would lead
materials to move away from each other and thus increase
porosity and decrease density [24]. Mx1 mixture with
aluminum percentage of 4% had the highest water
absorption of 10.2% and apparent porosity of 18.1%. This
situation can be explained by the fact that due to geometric
properties of aluminum, the higher percentage of use of
aluminum in mixtures increases porosity of mixtures. It was
concluded that a more compact structure could be created
with the use of optimum percentage of aluminum.
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Mechanical Properties

Compressive strength results were presented in Figure 7.
Mx3 mixture showed the highest compressive strength with
21.9 MPa, while Mx1 mixture (20.9 MPa) gave the lowest
compressive strength. It was observed that compressive
strength of mixtures to which aluminum was added at
different volumetric percentages decreased [25]. In terms of
strength and water absorption resistance, the best
performance was obtained at two different waste
percentages, 1% and 5% aluminum, respectively [26]. It
was determined that the use of aluminum waste with a
maximum size of 4.74 mm in cement-based mixtures by
replacing them with sand sharply reduces compressive
strength [27]. According to results, it was concluded that
both the amount of binder and types of aggregate play a very
important role on mechanical properties of mixtures. It was
observed by Poorsaheli et al. [28] that hybrid fibers could
increase flexural strength by up to 28%, but had no
significant effect on compressive strength. Li et al. [29]
reported that micro steel fibers in improving compressive
strength of concrete were more effective than long steel
fibers. In addition, the higher percentage of shorter fibers in
concrete mix, the better workability was achieved [30].

Flexural strength values were given in Figure 8. The reason
for the improvement in flexural behavior through the
presence of fibers is bridging in crack zone and preventing
crack propagation [31, 32]. Improved properties such as
increased load carrying capacity, energy absorption and
toughness were due to the increased energy demand for
propagation of the crack thanks to the bridging effect of
fibers [33, 34]. Today, although various fiber types are
produced according to material type, size and shape, costs
of these fibers increase the economic burden of construction
sector [35]. In addition, other important consequences of
fiber production are the rapid destruction of natural
resources and increased emissions [36]. As a result, recent
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research aims to increase the use of different types of
recycled fiber as an alternative to these commercial fibers.
Metal wastes used in this study can be considered as an
additive material that undertakes the task of bridging cracks
in mixture. Straight and smooth fibers resist pull-out mainly
by adhesion, while hooked-end fibers offer additional
mechanical strength [37]. Therefore, more energy is
required to deform fibers of the second type mentioned [38-
40]. However, it was reported by Kim et al. [41] that highly
curved steel fibers with a curvature above 0.04 mm
negatively affect tensile performance due to poor fiber
distribution and excessive matrix damage.

Main advantages of using fiber-like additives are better
interlocking mortar matrix and increased flexural strength
of mixtures resulting in a non-brittle and ductile fracture
[42]. Results of research by Niu [43] showed that mixtures
prepared with 0.5% medium (13 mm) and 1.5% long (20
mm) fibers gave better flexural behavior compared to other
mixtures. The highest flexural strength was shown by Mx3
mixture containing 1% aluminum. This result contrasts with
previous studies that have reported the increasing flexural
strength with the increase of fiber content [44]. Therefore,
it was concluded that there was an optimum percentage of
aluminum to be added to mixtures. Furthermore, when Mx1
and Mx3 mixtures were compared, it was concluded that
Mx3 mixture containing only crushed sand and aluminum
aggregates showed better results than Mx1 mixture. In the
study by Elinwa and Mbadike [45], it was reported that the
optimum replacement value for compressive and flexural
strengths was 10%. An increase in strength, as expected,
was observed with the decrease of water-cement ratio for all
mixtures. However, it is clear that the actual performance of
mixtures depends on the cement dosage, the water-cement
ratio and the percentage of aluminum as fine aggregate. As
a result, based on the obtained strength values, it can be
recommended to use both 1% and 4% aluminum content for
structural and non-structural applications.
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Conclusions

e Mx1 mixture containing 4% aluminum showed the
lowest compressive strength of 20.9 MPa.

e Mx3 mixture produced by using combination of crushed
sand and aluminum as fine aggregate gave the best
flexural strength of 3.4 MPa.

o Bulk density values increased as the percentage of
aluminum in mixtures decreased.

e Mx3 mixture containing 1% aluminum was found to
have the most desirable properties in terms of water
absorption and apparent porosity.
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