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AMAC ve KAPSAM

Cukurova Universitesi Mihendislik Fakultesi Dergisi, yilda dort sayr olarak yayimlanan hakemli bilimsel
bir dergidir. Muhendislik alanindaki gelismeleri takip etmek, meslek kuruluslari ve bireylerin ulusal ve
uluslararas1 gelisimlerine katkida bulunmak ve bu alanlarda Tirkce bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Ttrkge/ingilizcedir. Daha 6nce baska bir yerde yayimlanmamis
tim &zglin ve guncel bilimsel arastirma ve uygulamalar: kapsayan makaleler kabul edilmektedir. Tim
mihendislik alanlar1 ile ilgili teorik/deneysel ve uygulamaya yonelik caligmalar Dergi’nin ilgi
alanindadir. Ceviri ve derleme makaleler kabul edilmemektedir. “Arastirma ve uygulama iceren
makaleleri” yayinlamaktadir.

AIM and SCOPE

Journal of the Engineering Faculty of Cukurova University is a peer-reviewed scientific journal which is
currently published quarterly. The journal is published to follow the developments in the field of
engineering, to contribute to the national and international development of professional organizations and
individuals, and to create a Turkish resource in these areas. The language of the journal is Turkish/
English. All original and up to date scientific research and applications articles that have not been
published elsewhere are accepted. Theoretical/experimental and practical studies related to all
engineering fields are in the scope of the Journal. Translation and compilation articles are not accepted.
The journal publishes “articles of research and practice”.
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Oz

Bu c¢alismada, Watts tipi nikel banyosunda Ni-B alasim anayapili ve TiB, mikro parcacik takviyeli
kompozit kaplama, paslanmaz celik altlik {izerine depolanmistir. Elde edilen kompozit kaplamanin
ozellikleri saf nikel ve Ni-B alagim kaplamalar ile mukayese edilerek incelenmistir. Takviye pargaciklarin
etkisini belirlemek amaciyla kristal yapi, mikrosertlik, morfoloji ve asmmma dayanimi analizleri
yapilmustir. Elde edilen sonuglara gore takviye pargaciklarin, saf nikel ve Ni-B alasimina gore kristal yap1
iizerinde degisime neden oldugu gorillmiistiir. Ayrica mikro TiB, pargaciklar sertlikte de artigsa sebep
olmustur. Pargaciklar mikro sertlikte, paslanmaz gelige gore %225, saf nikele gore %115 civarinda artisa
sebep olurken, Ni-B alasimma kiyasla yaklasik %60 civarinda bir artigla sonuglanmistir. Kompozit
kaplamanin morfolojisinin de diger kaplamalardan oldukga farkli oldugu, fakat genel olarak diizgiin bir
yiizeye sahip oldugu goriilmiistiir. Ayrica, kompozit kaplamanin asinma dayaniminin saf nikel ve Ni-B
alasim kaplamalarina kiyasla daha iyi oldugu analiz sonuglarindan anlagilmstir.

Anahtar Kelimeler: Elektrodepolama, Kompozit kaplama, Mikrosertlik, Asinma, Ni-B alagim

Investigation of Crystal Structure and Mechanical Properties of Electrochemically
Deposited Ni-B/TiB, Composite Coatings

Abstract

In this study, Ni-B alloy mainstructure and TiB, micro particle supported composite coating was
deposited in a Watts type nickel bath on a stainless steel substrate. The properties of the composite

“Sorumlu (Corresponding author) yazar: Abdulkadir YASAR, ayasar@cu.edu.tr
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Elektrokimyasal Depolama Yontemi ile AISI 304 Celigi Yiizeyine Biriktirilen Ni-BITiB, Kompozit
Kaplamalarin Kristal Yapi ve Bazi Mekanik Ozelliklerinin Incelenmesi

coating obtained were compared with pure nickel and Ni-B alloy coatings. Crystal structure,
microhardness, morphology and wear resistance analysis were executed in order to determine the effect of
reinforcement particles. According to the results, it was seen that reinforcement particles cause changes
on the crystal structure compared to pure nickel and Ni-B alloy. In addition, micro TiB, particles caused
an increase in hardness. The particles resulted in an increase in micro hardness of about 225% compared
to stainless steel and about 115% compared to pure nickel, while it resulted in an increase of about 60%
compared to the Ni-B alloy. It has been observed that the morphology of the composite coating was also
quite different from other coatings, but has a generally smooth surface. In addition, it was understood
from the analysis results that the wear resistance of the composite coating was better compared to the pure

nickel and Ni-B alloy coatings.

Keywords: Electrodeposition, Composite coating, Microhardness, Wear, Ni-B alloy

1. GIRIS

Yiiksek mekanik dayaniklilik, iyi korozyon direnci
ve maliyet etkinligi gibi olumlu &zellikleri
nedeniyle, miihendislik tasarimi nikel ve nikel
alasimli kaplamalar yaklasik yiizyildir endiistride
kullanilmaktadir [1-3]. Nikel esash kaplamalar,
her sanayi sektdriiniin 6zel ihtiyag ve talepleri
dogrultusunda gelistirilmeye devam etmektedir.
Ornegin, Ni-B kaplamalar otomotiv, havacilik ve
kimya  mihendisligi  sektorlerinin  yiiksek
korozyon, mekanik ve tribolojik direng talepleri
icin kullanilabilmektedir [3-6]. Elektrolitik ve
elektriksiz depolama teknikleri uygulama kolayligi
ve cesitliligi nedeniyle endiistride en ¢ok tercih
edilen tekniklerdir. Yiiksek sicakliklara ve pH
degerlerine ihtiya¢ duyulmasi ve bu parametrelerin
elektriksiz  biriktirme i¢in titiz bir sekilde
uygulanmast  zorunlulugu nedeniyle, elektro-
depolama metodu Ni-B kaplamalarin biriktirilmesi

icin daha uygun goriinmektedir [6-8].

Elektro-depolama metodunun tercih sebepleri
arasinda; hizli yapilabilmesi, diisik maliyetli
olmasi, kolay iiretilmesi, safligiin yiiksek olmas,
iiretim parametrelerinin genis bir aralikta kontrol
edilebilmesi, tekrar lretilebilirligi ve 1s1l isleme
ihtiyag duyulmamasi gibi ozellikleri
bulunmaktadir [9,10]. Alagim kaplamalardan
mekanik Ozellikler agisindan belli bir seviyeye
kadar olumlu sonuglar alinabilmektedir, fakat
seramik partikiillerle giiclendirilmis kompozit
kaplamalar, daha iyi Ozellikler elde etmek icin

umut verici bir ilerleme olarak goriilmektedir [11].

848

Metal veya alasim ana yapiya iyi dagilmis
partikiiller sadece mekanik Ozellikleri (sertlik,
asimmma direnci) ve kimyasal kararliligi (korozyon
direnci, termal kararhilik) gelistirmekle kalmaz,
ayni zamanda potansiyel uygulamalarmi da
genisletmektedir [12]. Son yillarda Ni-B alagimli
kompozit kaplamalarla ilgili bircok c¢alisma
yapildig1r goriilmektedir. Bu c¢aligmalara Al,O3
[11], hBN [3,13], SiC [14], V,0s ve ZrO, [15],
TI,0; [16], AIN [17], elmas [18], TiC [19], YSZ
[20], Si3N, [21] 6rnek olarak verilebilir.

Titanyum diboriir (TiB;) yiiksek erime noktasi
(2980 °C), yiksek sertlik (3350 Hv), disik
elektrik direnci (9 Q cm), yilksek korozyon
direnci, yiiksek islanabilirlik, daha iyi 1s1l sok
direncine sahiptir. Ayrica, yiiksek mekanik ve
asimnma direnci TiB,’ iin {stiin 6zelliklerindendir.
Bu nedenle, tiirbin kanatlari, yanma odalari,
kimyasal reaktor kaplari, kesici takimlar ve pompa
carklart gibi bircok uygulamalarda uygun bir
kaplama malzemesidir [22-24]. Bu iistiin
ozelliklere sahip TiB, pargaciklarinin kendisini
birgok sektdrde ispat etmis Ni-B alagim ana yapi
ile birlikte imal edilmesiyle ortaya c¢ikacak
kompozit kaplamanin o6zelliklerinin belirlenmesi
hem bu alana yenilikler getirecek ve hem de
onemli katkilar sunacaktir. Bu g¢aligmada, Ni-B
alasim ana yapt malzemesi, mikro boyuttaki
titanyum diboriir pargaciklari ile desteklenerek
kompozit kaplama elde edilmistir. Ana yapiya
ilave edilen bu sert seramik partikiillerin mekanik
ve kristal yap1 6zelliklerini nasil etkiledigi ile ilgili
cesitli analizler yapigsmstir.
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2. MATERYAL VE METOT

Kaplamalar AISI 304 paslanmaz c¢elik altlik
iizerine elektrokimyasal depolama metodu ile
geleneksel Watts tipi nikel banyosunda imal
edilmistir. Elektrokimyasal calismalarin timii CH
instruments 608E model elektrokimyasal analiz
cihazi ile gergeklestirilmistir. Katot olarak 4 cm’
alana sahip paslanmaz c¢elik kullanilirken, anot
olarak  platin  malzemeli tel bir g¢ubuk
kullanilmustir. Geleneksel 3 elektrotlu sistemde
referans elektrot olarak doygun kalomel elektrot
(SCE) kullanilmigtir. Katot, anot ve referans
elektrotlar kaplama banyosu icine dikey olarak
yerlestirilmislerdir ve aralarinda yaklagik olarak
3’er cm bosluk birakilmistir.

Kaplama islemine baglanmadan Once paslanmaz
gelik altliklar bir dizi hazirlik isleminden
gecirilmistir. Once 4 cm?® alana sahip kaplama
yapilacak paslanmaz c¢elik yiizeyi kalindan inceye
dogru zimpara kagitlar1 ile zimparalanmigtir. Daha
sonra %10 oraninda hidroklorik asit (HCI) ile
karigtirilmis saf su iginde 1-2 dakika siiresince
daglama islemine tabi tutulmus ve miiteakiben saf
su ile durulanarak oda sicakliginda kurumaya
birakilmustir.

Kaplama banyosunda nikel kaynagi olarak nikel
stilfat hekza hidrat (NiSO4.6H,0) ve nikel kloriir
hekza hidrat (NiCl,.6H,0), bor kaynagi olarak
trimetilamin boran kompleksi (TMAB)
kullanilmistir. Kompozit kaplama elde etmek igin
banyo i¢ine 2-5 pm boyutunda titanyum diboriir
(TiB,) toz parcaciklart ilave edilmistir. Ayrica
elektrokimyasal banyoya yiizey aktiflestirici olarak
sodyum dodesil siilfat (SDS) ve tane kiiciiltiicii
ajan olarak ise sakarin ilave edilmistir. Bunlara
ilaveten pH diizenleyici ve kompleks yapici ajan
olarak borik asit (HsBO3) elektrolite belli oranda

eklenmistir.  Tim  depolama  islemlerinde
50 mA/cm? akim yogunlugu ve pH 4 degeri
kullanilmigtir.  Banyo sicakligt ise 43+1 °C
civarlarinda  sabit  tutulmaya  calistlmustir.

Depolama siiresi ise 60 dk olarak sabitlenmistir.

Kompozit kaplama banyosunda olast pargacik
topaklanmalarini 6nlemek amaciyla, depolama
oncesi 30 dk ultrasonik karistirma yapilmistir. Bu
islem Hielscher UP 200S marka ve model
ultrasonik karistirma cihazi ile gerceklestirilmis ve
gevrim degeri 1, genlik degeri ise %70 olarak
ayarlanmistir  (~22 kHz). Ayrica, kompozit
kaplama depolanirken banyo manyetik karistirici
ile 200-300 dev/dk degerinde karistirma islemine
tabi tutulmustur. Cizelge 1°de elektrolit bilesenleri
ve  depolama  parametreleri  6zet  olarak
sunulmustur. Ayrica, Cizelge 1’de kullanilan biitiin
kimyasal maddelerin yanlarinda saflik dereceleri
de belirtilmigtir. Depolama sonrasinda numuneler
saf su ile durulanmis ve oda sicakliginda kurumaya
brrakilmigtir. Mikro boyuttaki TiB, pargaciklarin
toz boyutu 6l¢iimleri Malvern Mastersizer 3000 tip
cihaz kullanilarak gergeklestirilmistir. Olympus
BX51 marka ve model cihaz ile de optik
mikroskop goriintiileri elde edilmistir. Mikro
sertlik Olgtimlerinde ise Future-TECH FM-700e
marka ve model cihaz kullanilmistir. Asinma
deneyleri i¢in Turkyus marka POD&HT&WT
model  (Tirkiye) asinma  analizi  cihazi
kullanilmustir.

Uretilen saf nikel, Ni-B ve Ni-B/TiB, kaplamalarin
kristal yapilarinin karakterize edilebilmesi igin
numunelerin XRD desenleri elde edilmistir. X 1511
kirmimm desenleri elde edilirken 26=0-100°
araliginda, 40 kV ve 30 mA degerlerinde CuK,
radyasyonu iireten PANalytical marka, Empyrean
model XRD cihazi kullanilmistir (\=1.5418 A).

Cizelge 1. Banyo bilesenleri ve depolama parametreleri

Banyo bilesenleri Gorevi Miktari
NiSO,.6H,0 (Nikel siilfat hekza hidrat) %99,99 Nikel kaynagi 240 g/l
NiCl,. 6H,0 (Nikel kloriir hekza hidrat) %98 Nikel kaynagi 45 g/l
H3BO; (Borik asit) %99,5 Kompleks yapici 30 g/l
Trimetilamin boran kompleks (TMAB) %97 Bor kaynagi 3¢/
Titanyum diboriir tozu (TiB,) %99 mikro boyutta Takviye pargacik 5/l

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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Cizelge 1 (Devam)

Sodyum dodesil siilfat (SDS) %99 Yiizey aktiflestirici 0,5 g/l
Sakarin %98 Tane kiigtiltiicti 2 g/l
Depolama parametreleri Degeri
Akim yogunlugu 50 mA/cm®
pH 4
Sicaklik 43+] °C
Siire 60 dk
Banyo karistirma hiz1 200-300 rpm
Depolama Oncesi ultrasonik karigtirma 30 dk

3. BULGULAR VE TARTISMA

3.1. Mikro Boyutlu TiB, Takviye Parcaciklarin
Karakterizasyonu

Mikro boyuttaki TiB, pargaciklari i¢in, tozlarin
tedarik edildigi firmanin verdigi toz boyutu 2-5 um
araligindadir. Mikro boyutlu takviye pargaciklarin
toz boyutu 6l¢iimii sonucu elde edilen grafikler
Sekil 1°de sunulmustur. Sekil 1’deki veriler
incelendiginde toz boyutlarinin yaklasik 2,4 um ile
14 pum araliginda degisen boyutlarda oldugu
goriilmektedir ve parcaciklarin yaklasik %50’sinin
toz boyutunun 5 pm’dan daha diisik degerlerde
oldugu goriilmektedir

Mikron boyutlu tozlarda topaklanma ve birbirine
yapisma gibi nedenlerden dolayr 14 pm’a varan
Olciide toz boyutlari elde edildigi ifade edilebilir.

Hacim (%)

= Ortalama TiB, (Histogram)

Toplam clekalti dagilimi

Bunun yaninda sekilde verilen grafik analiz
edildiginde 10 pm’dan biiyiik tozlarin miktarinin,
toplam toz miktarina goére ¢ok daha az oldugu
anlagilmaktadir.

Mikro tozlar i¢in firmanin verdigi toz boyutu
2-5 um araligindadir. Sekil 1’de mikro boyutlu
pargaciklarin toz boyutu Olglimii sonucu elde
edilen grafikler verilmistir. Sekil 1°deki olgiim
sonuglart incelendiginde toz boyutlarinin yaklasik
2.4 pm ile 14 pm arasinda degistigi goriilmektedir
ve parcaciklarin yaklagik yarisinin toz boyutunun
5 pm’dan daha kiiciik oldugu goriilmektedir.
Mikron boyutlu tozlarda topaklanma sonucu
14 pm’a varan odl¢iide toz boyutlari elde edildigi
sOylenebilir. Fakat sekildeki grafik incelendiginde
10 pum’dan biyik tozlarin miktarinin ¢ok az
oldugu goriilmektedir.

—150

(soldaki siitun)

Toplam hacim (%)

(sagdaki stitun)

Dx (10) (sm)
239

OrtalamaTiB, 416 495

Olgii (um)

100 150

Dx (20) (km)  Dx (30) (um) Dx (40) (wm) Dx (50) (um) Dx (60) (um) Dx (70) (um) Dx (80) (um) Dx (90) (um)
3,36 3 77 98

5,80 6,77 8,02 1 14,0

Sekil 1. Mikro boyutlu TiB, pargaciklarin toz boyutu 6l¢iim sonuglari
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Mikro boyuttaki TiB, takviye pargaciklara ait
XRD kirinim  deseni  Sekil 2’de verilmistir.
44,2 derece civarinda goriilen (101), en siddetli
ana pik olmak iizere, bu pike (001), (100), (002),
(110), (102), (111), (200), (201) ve (112) pikleri
eslik etmektedir. Takviye parcacik olarak
kullandigimiz bu TiB, mikro tozlara ait XRD
kirimim deseninin, literatirde TiB, kullanilan
calismalarda elde edilen XRD desenleri ile uyumlu
oldugu  goriilmektedir ~ [24-29].  Ayrica,
Cizelge 2’de TiB, tozlarina ait XRD deseninden
elde edilen parametreler verilmistir. TiB, tozlarn
tane biiytikliigi 70,8 nm olarak hesaplanmistir.
Sekil 2’de mikro boyutlu TiB, takviye parcaciklara
ait XRD kirmim sunulmustur. En siddetli pik, yani
ana pik 44,2 derece civarinda goriilen (101) olarak
goze carpmaktadir, bu pike (001), (100), (002),
(110), (102), (111), (200), (201) ve (112) pikleri

literatiirde diger c¢aligmalarda kullanilan TiB,
pargaciklara ait XRD desenleri ile uyumlu oldugu
goriilmektedir [28,30-34]. TiB, pargaciklarin
ortalama tane biiyiikliigii Debye Scherrer denklemi
[35] ile hesaplanmis ve 70,8 nm olarak elde
edilmistir.

80000
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O‘.Jg NN i)
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eslik etmektedir. Calismamizda ana yapiyr destek  Sekil 2. Mikro boyuttaki TiB, takviye
amaglt parcacik olarak kullandigimiz bu TiB, pargaciklarin XRD kirinim deseni
mikro tozlara ait XRD kirmim deseni grafiginin,
Cizelge 2. TiB, takviye parcaciklarin XRD deseninden elde edilen parametreler
Numune 20 (derece) FWHM-p Ortalama kristal tane Mikrogerilim-g Ez)iflollflasvyo_lg
(radyan) biiyiikligii-D (nm) 9 y g(l:] ml_lzg)“
TiB; tozu 445 0,00221 70,8 1,35x10° 0,2x10°
3.2. Depolama Banyolarimin potansiyelinde  bir  miktar artiy  oldugu

Kronopotansiyometri Analizleri

Kronopotansiyometri grafikleri
degisiminin zamanin bir fonksiyonu olarak
kaydedildigi egrilerdir. Elde ettigimiz
kaplamalarda sabit akim uygulandigindan dolayi,
depolama esnasinda potansiyel stirekli
degismektedir. Depolama yapmamiza imkan veren
elektrokimyasal cihaz, sabit akimi hassas bir
sekilde saglayabilmek i¢in anlik olarak potansiyel
degerini diizenlemektedir. Kaplamanin yapildig:
elektrolitin cinsine ve ihtiva ettigi bilesenlere gore
bu grafikler farkli seyirler izleyebilmektedirler.
Depolama zamani 3600 saniyedir. Sekil 3’te
Ni-B/TiB, kompozit kaplama ve Kkarsilagtirma
amaciyla saf nikel ve Ni-B alasim kaplamalara ait
kronopotansiyometri  grafikleri ~ bir  arada
sunulmugtur. Saf nikel depolanma potansiyeli
-1.3 'V civarlarinda gergeklesmistir. Banyoya
TMAB ilave edilmesiyle birlikte depolama

potansiyel

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

gozlenmektedir. Fakat depolama sonlarina dogru
Ni-B  alasim ve saf nikelin  depolama
potansiyellerinin birbirine yakin seyir izledikleri
goriilmektedir. Elektrokimyasal banyoya mikro
boyuttaki TiB, pargaciklarinin ilave edilmesiyle
birlikte depolama potansiyelinde 6nce ciddi bir
artis oldugu, daha sonra bir miktar salinimla
azalarak 1500. saniyeden sonra yatay bir seyir
izledigi anlagilmaktadir. Depolama baslangicinda
-2.2 V civarlarindan, azala azala -1.6 V civarlarina
kadar gerilemistir. Kompozit kaplama banyosunda
saf nikel ve Ni-B alagim kaplama banyolarina
kiyasla nispeten daha yiiksek bir depolama
potansiyeli ile  depolanmanin  gergeklestigi
goriilmektedir. Banyoya ilave edilen pargaciklarin
elektrolitin direncinde bir miktar yiikselmeye
sebep olmasinda Otiirii, potansiyel artisina neden
oldugu diistiniilmektedir. Ayrica, siiritklenme yolu
ile tasmman TiB, pargaciklarinin  ortamda
bulunmasindan kaynaklanan bu potansiyel artisi,
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parcaciklarin ana yapi ile birlikte kompozit olarak

depolandiginin da Onemli bir verisi olarak
goriilebilir.
-1.0
12
_ -l4 M
-
216 "
187 —— Saf nikel
S —— Ni-B alagim
- ——Ni-B/TiB; kompozit
2.2

0 500 1000 1500 2000 2500 3000 3500 4000

Zaman /s
Sekil 3. Kaplama banyolarinin
kronopotansiyometri grafikleri

3.3. Kaplamalarin Kristal Yap1 Analizleri

Numunelerin ortalama kristal tane boyutu (D),
mikrogerilim (¢) ve dislokasyon yogunlugu ()
degerleri hesaplanirken asagida verilen
formiillerden faydalanilmigtir [30-36] (Esitlik 1).

D 0,944
pcosé

@

(1) numarali Debye-Scherrer denkleminde A:
X-1s51m1  dalga boyu, B: ilgili pikin @ yarn
maksimumdaki genigliginin radyan cinsinden
degeri (FWHM), 0: ise ilgili pikin Bragg yansima

agisidir [36] (Esitlik 1).

B
&= 2
4tan g @)
2) numarali denklem, mikrogerilim
hesaplanmasinda kullanilmustir [30] (Esitlik 2).
1
°Tpr @

(3) numarali denklem, dislokasyon yogunlugu
hesaplanmasinda  kullanilmistir.  Burada D:
ortalama kristal tane boyunu ifade etmektedir [30,

33-35].

852

Sekil 4’te Ni-B/TiB, kompozit kaplamayla birlikte
mukayese amaciyla saf nikel ve Ni-B alasgim
kaplamalarin XRD desenleri bir arada verilmistir.
Saf nikelin XRD deseni incelendiginde 52°
civarlarinda goriilen (200) piki ana pik olmak
iizere, bunun yaninda (111), (220), (311) ve (222)
nikele 6zgii piklerinin de XRD desenine yansidigi
goriilmektedir. (220), (311) ve (222) piklerinin
(200) ve (111) piklerine gore cok daha diisiik
siddetlerde oldugu ifade edilebilir.

Ni-B alasgimimin XRD desenine goz attigimizda,
bor atomlarinin kafes yapisina dahil olmasi ile
birlikte 44,3° civarlarindaki nikele 6zgii (111) piki
haricinde diger tiim piklerin kayboldugu
goriilmektedir. Ayrica, bu pikin siddetinin de saf
nikele nazaran epeyi bir miktar azaldig
anlasilmaktadir. Elektrodepolanmig saf nikel ve
Ni-B alasim kaplamalarla ilgili literatirde de
benzer XRD sonuglari elde edildigi goriilmektedir

[37-41]. Banyoya mikro boyutta  TiB,
parcaciklarin ilave edilmesi ile elde edilen
kompozit kaplamanin XRD desenini
inceledigimizde nikele 0Ozgii piklerin tekrar

goriiniir hale geldigini soyleyebiliriz. En dikkat
gekici fark ise (111) wve (200) piklerinde
goriilmektedir. Bu piklerin siddetleri saf nikele
oranla ciddi miktarda azalmistir ve en siddetli ana
pik kompozit kaplama i¢in (111) pikidir. Kompozit
kaplamada (111) pikinin siddeti saf nikele gore
azalmig goriiniirken, Ni-B alagim kaplamaya gore
artmig goriinmektedir. Ana yapiya bor atomlarinin
ilavesinin XRD pik yiiksekliklerinde azalmaya
sebep oldugunu, yani yapiyr kristalli yapidan
amorfa dogru degistirdigini ifade edebiliriz. Fakat
TiB, pargaciklarinin ana yapiya dahil olmast ile
birlikte, bor atomlarmin kristal yapi tizerindeki
etkisini azaltarak, tekrar XRD piklerinde artisa
sebep oldugu ifade edilebilir.

Literatiirde Ni-B ana fazi ile birlikte ¢aligilan diger
takviye seramik pargaciklarda da benzer sonuglar
elde edildigi goriilmektedir [11,13,15]. Kompozit
kaplamada (200) piki ise saf nikele gore ciddi
miktarda azalmistir, Ni-B kaplamada ise zaten bu
pik hi¢ goriinmemektedir.
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Cizelge 3’te saf nikel, Ni-B alasim ve Ni-B/TiB,
kompozit kaplamalarin XRD desenlerinden elde
edilen parametreler verilmistir. Bu degerler
hesaplanirken en yiiksek siddete sahip XRD pikine
ait degerler lizerinden hesaplamalar yapigmistir. En
onemli parametrelerden biri de ortalama kristal
tane biyiikligiidiir. Saf nikelin kristal tane boyu
42,6 nm civarlarinda hesaplanirken, Ni-B i¢in bu
deger cok ciddi derecede azalmis ve 8,7 nm
civarlarinda hesaplanmistir. Bor elementinin nikel
ana fazini kristalli bir yapidan, amorf bir yapiya
doniistiirdiigiinii daha Once belirtmistik. Ayni
zamanda  bor elementi ile  alasimlama,
mikrogerilim  ve  dislokasyon  yogunlugu
degerlerinde de saf nikele kiyasla artisa neden
olmustur. Bor elementinin nikel ylizey merkezli
kiibik (YMK) kristal kafes yapist iginde ara yerleri
isgal etmesiyle birlikte, nanokristalli Ni-B
alasimlarin, Ni YMK yapisi i¢inde bor atomlarini
ihtiva eden kat1 bir ¢ozelti oldugunu sdyleyebiliriz.
Yapidaki bu degisimin  mikrogerilim  ve
dislokasyon yogunlugu degerlerinde artisa sebep
oldugunu ifade etmek miimkiindiir [38].
Anayapimin TiB, parcaciklarla takviye edilmesi,
ortalama kristal tane biiyiikliigiinde bir miktar
artisa sebep olmus ve Ni-B/TiB, kompozit
kaplama i¢in bu deger 13,8 nm civarlarinda

hesaplanmistir. Bu sonuca goére mikro TiB,;
parcaciklarin ana yapi igerisinde Ni-B alasim ile
kiyas edildiginde kristallesmeyi destekledigini
ifade edebiliriz. Fakat saf nikele gore halen ¢ok
daha diisiik miktarda bir tane boyutu degeri elde
edildigi gortilmektedir. Kompozit kaplama icin
mikrogerilim ve dislokasyon yogunlugu degerleri
Ni-B alagimmna goére bir miktar azalmig oldugu
anlasilmaktadir. Bu durumda i¢ yapidaki gerilimin

Ni-B alasimina gore biraz daha azaldidi
sOylenebilir.
Z |z
3 s = 8
2 a g &
7 < Z =
I Saf nikel 4 &
 Ni-B/TiB;
/N NiBalgm S ———
30 40 50 60 70 80 90 100

20 (derece)

Sekil 4. Ni-B/TiB, kompozit, Ni-B alasim ve saf
nikel kaplamalarin XRD desenleri

Cizelge 3. Saf nikel, Ni-B alasim ve Ni-B/TiB, kompozit kaplamalarin XRD desenlerinden elde edilen

parametreler

Numune 20 FWHM-B Ortalama kristal tane Mikrogerilim-e Dislokasyon
(derece) (radyan) bityiikliigii-D (hm) yogunlugu-5 (nm)
Saf nikel 51,8 0,00378 426 1,94x10° 0,551x10°°
Ni-B 443 0,01785 8,7 10,9x10° 13,2x10°
Ni-B/TiB, 44,4 0,01132 13,8 6,9x10° 5,2x10°°

3.4. Kaplamalarin Morfolojik Analizleri

Sekil 5 ve 6’da Ni-B/TiB, kompozit kaplama ve
mukayese amaciyla saf nikel ve Ni-B alagim
kaplamalarin ~ optik  mikroskop  goriintiileri
verilmistir. Sekil 5’teki goriintiiler 200 biiylitme
oraninda, Sekil 6’daki goriintiiler ise 500 biiyiitme
oraninda elde edilmigtir. Genel olarak i¢ farkli
kaplamanin da gayet diizgiin bir yiizeye sahip
oldugu soylenebilir. Fakat yiizeye daha yakindan
bakildiginda saf nikel kaplamanin, diger

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

kaplamalara kiyasla daha piiriizlii bir morfolojiye
sahip oldugu goriilmektedir. Ni-B alagim ve Ni-
B/TiB, kompozit kaplamanin yiizey goriinimii saf
nikel kaplamadan ¢ok farkli gériinmektedir. Ni-B
alasim ve kompozit kaplamanin yiizeyinde dairesel
sekilli yapilarin ¢ok daha yogun oldugu
anlasilmaktadir. Saf nikel kaplamada ise yiikselti
farkliliklarindan ~ kaynaklanan, belirsiz ~ sekilli
birtakim yapilardan olusmus piramidal sekilli bir
ylizey goriiniimii oldugu goriilmektedir.
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Sekil 5. Kaplamalarin optik mikroskop goriintiileri a) saf nikel, b) Ni-B alagim, ¢) Ni-B/TiB, kompozit
(200 biiylitme oraninda)

Sekil 6. Kaplamalarin optik mikroskop goriintiileri a) saf nikel, b Ni-B alagim, c¢) Ni-B/TiB, kompozit
(500 biiylitme oraninda)
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3.5. Kaplamalarin Mikrosertlik Analizi

Mikro sertlik degerlerinin 6lglimiinde 500 g’lik
yiikk numune iizerine 10 s boyunca uygulanmistr.
En az 10 farkli noktadan numune {izerinde
Olcimler almmis ve bu O&lgiimlerin  aritmetik
ortalamast  almarak mikro  sertlik  degeri
bulunmustur. Ortalamadan asir1 derecede sapan
mikro  sertlik degerleri numunenin  genel
ortalamasina katilmamustir. Sekil 7°de Ni-B/TiB,
kompozit kaplamayla birlikte karsilagtirma
amaciyla paslanmaz gelik altlik, saf nikel ve Ni-B
alasim kaplamanin mikrosertlik 6l¢iim sonuglari
bir arada verilmistir. Paslanmaz ¢elik altligin
sertligi 200 Hv civarlarinda olgiiliirken, saf nikelin
sertlik degeri ise 300 Hv civarlarinda 6l¢iilmiistiir.

800

2 600
=
4
%
3 400
200
0 N e =
= Bl g AE
g2 2 Bz £8
S5 05 4% A4F
£ 7 a
Sekil 7. Althk ve kaplamalarmm  mikrosertlik
degerleri
Saf nikelin bor atomlar1 ile alagimlanmasi

neticesinde elde edilen Ni-B alasim kaplamanin
sertligi ise 400 Hv civarlarinda 6l¢iilmiistiir. Ni-B
alagim ana yapmin TiB,; ile takviye edilmesi ile
elde edilen kompozit kaplamanin sertligi ise 650
Hv civarlarinda elde edilmistir. Bu durumda
takviye parcaciklarla destek islemi sertlikte
paslanmaz celige gore %225, saf nikele gore %115
civarinda artisa sebep olurken, Ni-B alagimina
kiyasla yaklastk %60 civarinda bir artigla
sonug¢lanmustir. Sertlikteki bu artis, Ni-B alasimina
parcacik takviyesi sebebiyle olup bu durum,
literatiirde ~ Orowan  dispersiyon  sertlesmesi
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mekanizmasi ile agiklanmaktadir. Sert
parcaciklarin yap1 i¢indeki varligi ¢izgi kusurlari
(dislokasyon) hareketlerini engellemektedir ve

cizgi  kusurlari  pimleme etkisi, dagilmis
parcaciklarin dayanimini arttirma etkisine sebep
olmaktadir. Hareket yoriingesinde  bulunan

parcaciklarin yanindan gegen bir ¢izgi kusuru igin
kritik sart, parcaciklar arasinda bir yarim daire
seklinde kendisini biikmesidir. Sonrasinda c¢izgi
kusuru ilerlemekte ve ¢izgi kusuru digimiini
geride birakmaktadir. Dolayisiyla, ¢oziinmeyen
parcaciklarin yapida bulunmasi, ¢izgi kusuru
pimleme etkisine sebep olmakta ve bdylece
dayanim ve sertlikte artis meydana gelmektedir

[11].
3.6. Kaplamalarin Asinma Analizleri

Saf nikel ve Ni-B/TiB, kompozit kaplamalarin
asinma davraniglarini incelemek amaciyla 2 N yiik
altinda ve 0,25 m/s hizinda gerceklestirilmistir. 1z
capt 10 mm olarak ayarlanmis, deney oda
sicakliginda gergeklestirilmis ve siiresi 400 s ile
sinirlandirilmistir. Asmnma  analizinde — disk
iizerinde bilye (ball on disk) yontemi kullanilmis
ve karst malzeme olarak, yani bilye olarak 6 mm
capinda paslanmaz celik tercih edilmistir. Ni-B
alasim kaplama agir1 i¢ gerginlikten dolay1 altliga
tutunamadigr i¢in aginma analizi yapilamamuistir.
Elde edilen biitin Ni-B alasim  numune
kaplamalarda ¢atlaklar, pullanmalar, kavlama ve
kivrilmalar dolayisiyla dengeli bir zemin elde
edilememistir.

Sekil 8’de saf nikel ve Ni-B/TiB, kompozit
kaplamlarin  silirtinme  katsayis1  grafikleri
verilmigtir. Sekil 9’da ise numunelerin asinma
deneyi sonrasi elde edilen aginma izlerinin optik
mikroskop goriintiileri verilmistir. Cizelge 4’te ise
asinma analizinden elde edilen veriler 6zet olarak
sunulmustur. Siirtiinme katsayis1 grafikleri ve
Cizelge 4’te verilen ortalama siirtiinme katsayisi
verileri beraber degerlendirildiginde kompozit
kaplamanin saf nikele gore daha diisiik siirtinme
katsayis1 degerleri sergiledigi goriilmektedir. Saf
nikel i¢in ortalama siirtiinme katsayist degeri 0,227
elde edilirken, kompozit kaplama i¢in bu deger
0,187 elde edilmistir. Kompozit kaplamanin TiB,
pargaciklar: ile desteklenmesi sertligi artirmis ve
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artan sertlige ilaveten, ana yap1 igerisindeki
takviye parcaciklarinda katkisiyla  siirtiinme
katsayisinda bir miktar azalmaya sebep olmus
olabilir. Sekil 8 a’da verilen grafikte deney siiresi
boyunca saf nikelin siirtiinme katsayis1 grafigi
genel olarak kompozit kaplamaya kiyasla daha az
salimimli bir seyir izlemektedir. Ayni sekilde b’de
gosterilen kompozit kaplamaya ait grafikte ilk
baglarda siirtiinme katsayisi ¢ok diisiik degerlerle
baglamis ve ilerleyen siirelerle birlikte yiizeydeki
kaygan tabakalarin deforme olmasina miiteakip
artis gostermistir. Siirtiinme katsayisi
grafiklerindeki bu  yiiksek salimml  seyir,
aginmanin yapisma ve kayma (stick-slip) hareketi
yaparak gerceklestigi izlenimini vermektedir.
Yapisma esnasinda siirtiinme katsayis1 once belli
bir maksimum degere kadar artis goOstermekte,
miiteakiben kopmayla birlikte ise siirtiinme
katsayisinda ani diisis meydana gelmektedir

Sekil 9’da verilen asinma izleri incelendiginde
kompozit kaplamanin saf nikele oranla daha dar
bir aginma izine sahip oldugu anlasilmaktadir. Saf
nikelin aginma iz genigligi yaklasik olarak 400 um
civarlarindayken, kompozit kaplamanin aginma izi
genigligi ise 280 um civarlarinda ol¢iilmiistiir.
Asmnma deneyi parametreleri ve asinma iz
genigliginden elde edilen aginma hacim kaybi1 (V)
degerleri Cizelge 4’te verilmistir. Bu degerler
asmma iz genisligi ve bazi deney parametrelerini

esas alan asagidaki  verilen  formiilden

hesaplanmistir [44] (Esitlik 4).
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Sekil 8. Siirtiinme katsayis1 grafikleri a) saf nikel kaplama, b) Ni-B/TiB, kompozit kaplama

Saf nikel i¢in asinma hacim kaybi1 0,04636 mm?®

olarak hesaplanirken, kompozit kaplama igin
aginma hacim kaybt 0,01915 mm® olarak
hesaplanmistir.  Sekil 9’daki asmmma  izleri

incelendiginde saf nikel igin plastik deformasyon
aginma mekanizmasinin (adesiv) hakim oldugu
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goriilmektedir. Bunun yam1 sira  kompozit
kaplamada ise mikro ¢izilme aginma mekanizmasi
seklinde ifade edebilecegimiz abrasiv asinma
tirtinin  hakim oldugu ifade edilebilir. Asinma
esnasinda kopan sert pargaciklar iki metal arasinda
kalarak kazima etkisi gdstermekte ve abraziv
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aginmaya sebep olabilmektedir. Abrasiv aginmada  sekilde asinan yiizeylerde mikron boyutunda
keskin ve sert pargaciklar malzeme ylizeyinden  gizikler olusabilmektedir [45].
mikron seviyesinde talas kaldirabilmektedir. Bu

Saf nikel Ni-B/TiB, kompozit
Sekil 9. Saf nikel ve Ni-B/TiB, kompozit kaplamalarin aginma izi optik mikroskop goriintiileri (sirasiyla
yukardan asagiya 100, 200, 500 ve 1000 biiyiitme oranlarinda)
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Cizelge 4. Saf nikel ve Ni-B/TiB, kompozit
kaplamalarin aginma analizi verileri

Asinma iz Asln.ma Ortalama
c e hacim .
Numune genisligi surtilnme
(w, mm) kayb13 katsayis1
' (V, mm°)
Saf nikel ~0,4 0,04636 0,227
Ni-
B/TiB, ~0,28 0,01915 0,187
kompozit
4. SONUCLAR
Geleneksel elektrodepolama metoduyla Ni-B

alastm ana yapili ve mikro boyutta TiB,
pargaciklari ile takviyeli kompozit kaplama elde
edilmis ve yine ayni metotla {iretilen saf nikel ve
Ni-B alagim kaplamalar ile mukayese edilmistir.
Kronopotansiyometri grafiklerine gore elektrolite
pargaciklarin  ilave edilmesi sabit akimda
depolanan banyoda potansiyel artisina sebep
olmugtur. Saf nikelin bor ile desteklenmesi
ortalama kristal tane boyutunu ciddi miktarda
azaltirken, takviye parcaciklar tane boyutu
degerinin tekrar artis gostermesine sebep olmustur.
Elde edilen kaplamalarin morfolojileri birbirinden
farkli goriinmekle birlikte, genel olarak piiriizsiiz
diizgiin yiizeyli kaplamalar elde edilmistir. TiB,
pargaciklarla takviye iglemi mikro sertlikte
paslanmaz celige gore %225, saf nikele gore %115
civarinda artisa sebep olurken, Ni-B alagimina
kiyasla yaklasik %60 civarinda bir artisla
sonu¢lanmistir. Asinma analiz sonuglarina gore
kompozit kaplamanin saf nikele gore asinma
hacim kaybinda yaklasik %50 civarinda bir azalma
s6z konusudur. Ayrica, saf nikelin siirtiinme
katsayis1 0,227 olarak elde edilirken, kompozit
kaplamanin siirtinme katsayis1 0,187 olarak elde
edilmigtir.

5. TESEKKUR

Bu calisma, Cukurova Universitesi Bilimsel
Arastirma Projeleri birimi tarafindan
desteklenmistir. (Proje ID: 12868)
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Oz

Tekstil sektoriinde gevreye duyarl: {iriinlere talebin artmasi dogal liflere ve dolayisiyla hayvansal liflere
olan ilgiyi artirmigtir. Ancak hayvansal lifler ihtiyaci karsilama oranlarmin diisiik olmasi sebebiyle
oldukca pahali olup tekstil sektoriinde genellikle diisiik oranlarda diger liflerle karisim halde
kullanilmaktadir. Giysi konforu, son yillarda olduk¢a dnemli bir kavram haline gelmis ve konforu yiiksek
giysiler ¢cok daha fazla tercih edilmeye baslanmigtir. Kumaslarin 1sil davramig 6zelliklerinin, giysi
konforunu etkiledigi bilinmektedir. Bu calismada hayvansal lif igeren kumaslarin 1s1l sogurganlik
Ozelliklerinin yani dokunma yolu ile kullaniciya verdigi sicak veya soguk hissini ifade eden 1s1l tusesinin
ortaya koyulmasi amaglanmustir. Caligma sonuglar1 kumaglarda 1s1l sogurganligin; 1sil iletkenlik, lif cinsi
ve siklik, gramaj, kalinlik gibi kumag yap1 parametrelerinden etkilendigini ortaya koymustur.

Anahtar Kelimeler: Hayvansal lif, Viskon lifi, Giysi konforu, Isil sogurganlik (termal efiizyon), Kumas
yap1 parametreleri

A Research on Thermal Effusivity of Blend Fabrics with Animal Fibers

Abstract

The increase in the demand for environmentally friendly products in the textile sector has enhanced the
interest in natural fibers and therefore animal fibers. However, animal fibers are quite expensive due to
their low rate of meeting the needs, and they are generally used in low ratios in the textile industry as a
mixture with other fibers. Clothing comfort has become a very important concept in recent years and
clothes with high comfort have begun to be preferred more and more. It is known that thermal behavior
properties of fabrics affect clothing comfort. In this study, it is aimed to reveal the thermal absorptivity
(thermal effusivity) properties of fabrics containing animal fiber, that is, the thermal touch, which
expresses the warm or cold feeling it gives to the user by touch. The results of the study showed that the
thermal effusivity of the fabrics is affected by thermal conductivity, fiber type and fabric structure
parameters such as density, weight, and thickness.

Keywords: Animal fibers, Viscose fiber, Clothing comfort, Thermal absorptivity (thermal effusivity),
Fabric structure parameters
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1. GIRIS

Tekstil sektorii kullanilan lifler agisindan son
derece zengin olup bitkisel ve hayvansal icerikli
dogal lifler ile rejenere veya sentez yoluyla elde
edilen yapay lifler olmak iizere birgok lif cesidi
bulunmaktadir.

Son yillarda ¢evreye duyarli {iriinlere talebin
artmasi dogal liflere olan ilgiyi artirmistir. Ancak
dogal liflerin kullanim orani iiretim kapasiteleriyle
smirlidir  ve bitkisel liflerle kiyaslandiginda
hayvansal liflerin ihtiyac1 karsilama oranlari
olduk¢a diistiktir. Bu nedenle hayvansal lifler
oldukca pahali olup liiks lifler sinifina girmektedir.
Tekstil sektoriinde de genellikle diisiik oranlarda
diger liflerle karisim halde kullanimlar1 yaygindir.

Hayvansal liflerin temel yapi tasi protein olup
hafiflik, yumusak tuse, sicak tutma, kolay
titiilenebilirlik gibi olumlu o6zellikleri nedeniyle
tercih edilirler [1].

Belli basl hayvansal lifler; yiin, ipek, tiftik kasmir,
angora ve deve soyu lifleri olup bunlardan ipek lifi
salg1 kokenli iken digerleri deride meydana gelen
liflerdir.

Giysi konforu, son yillarda olduk¢a onemli bir
kavram haline gelmis ve konforu yiiksek giysiler
¢ok daha fazla tercih edilmeye baslanmistir.

Aragtirmacilar  tarafindan  giysi  konforunun;
viicudun termal dengesi ile yakindan ilgili oldugu
ve lif-iplik 6zellikleri, kumas yap1 parametreleri ve
terbiye islemlerinin 1s1l konfor o6zelliklerini
etkileyen faktorler oldugu belirtilmistir [2-11].

Hayvansal liflerin en onemli ozelliklerinden 1s1
tutma yetenegi, 1sil oOzellik oldugu igin giysi
konforu ile dogrudan iligkilidir.

Ute ve arkadaslar1 [12] ¢aligmalarinda dogal renkli
pamuk ile angora tavsani lifini karistirarak elde
ettikleri ipliklerle bir yiizii %100 renkli pamuk
olan diger yiizii ise dogal renkli pamuk/angora
karigiml ¢ift yilizlii 6rme kumaglar iiretmislerdir.
Elde edilen ipliklerde tiiyliiliik ve mukavemetin
arttigini, diizglinsiizliigiin azaldigini, diger yandan
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tiretilen kumaslarda angora oraninin artmasiyla su
buhari gecirgenliginin diistigiinii ve ancak ytiksek
1s1l Ozellikleri nedeniyle angora orami yiiksek
karigim ipliklerin tercih edilebilecegini
belirtmiglerdir.

Ute ve arkadaslar1 [13] bir diger calismalarinda,
farkli  karigim  oranlarinda  yiin/pamuk  ve
ipek/pamuk karisimli ipliklerden {iiretilmis siiprem
o6rme kumaslarm i¢ giysilik olarak kullanimini
konfor o&zellikleri agisindan  aragtirmiglardir.
Calisma sonucunda, kumaglarda yiin lif oranmi
arttikga yalitim Ozelliklerinin 1iyilestigini, ipek
karisgimli - kumaglarin  ise  yiiksek su buhari
gecirgenligi, 1s1l sogurganlik ve su emicilik
ozellikleri ile terlemenin yogun olarak ortaya
ciktigi  yogun aktivite kosullar1 icin uygun
oldugunu ortaya koymuslardir.

Oglak¢ioglu ve arkadaglari [14] tarafindan yapilan
calismada, ring ve open-end iplik egirme
sistemleriyle {iretilmis pamuk/angora karigimli
iplikler oriilerek elde edilen siiprem kumaslarin 1sil
konfor 6zellikleri incelenmistir. Caligma sonuglari
karisimdaki angora miktarmin arttirilmast ile 1sil
konfor &zelliklerinin azaldigini, ring egirme ile
tiretilen kumasin tusesinin ve 1s1 yalittminin open-
end egirme ile dretilen kumastan daha {istiin
oldugunu gostermistir.

Mumcu ve arkadaglar1 [15] yaptiklar1 ¢alisma ile
ring ve vortex egirme sistemlerinde viskon lifi ile
karisgim halde yiin ve kasmir liflerini farkl
oranlarda kullanmak suretiyle Ne 30 iplikler
tiretmis ve bu ipliklerle tretilen kumaslarin hava
gegirgenligi ve boncuklanma direncini
aragtirmiglardir. Arastirma sonuglari; iplik egirme
sistemi, lif tipi ve karigim oranlarimin kumas
performans: iizerine onemli oranda etki ettigini
ortaya koymustur.

Malzemelerin 1s1l konfor ozelliklerinin
degerlendirilmesinde 1s1l iletkenlik ve 1sil
sogurganlik  Olglimleri olduk¢a Onemli yer
tutmaktadir. Isil iletkenlik (L), birim kalinlikta
malzemeden, 1 Kelvin sicaklik farkliliginda gegen
1s1 miktar1 [9] iken 1s1l sogurganlik, malzemenin
cevresi ile termal enerji aligverisi yapma
yetenegidir ve malzemelerin sogukluk veya
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sicaklik hissini ifade eden yari kalitatif 6l¢iimdiir
[16] (Esitlik 1).

Isil sogurganlik (e) = \/(kpcp) @
Formiilde;

A-1s1l iletkenlik

p- yogunluk

Cp- Ozgiil 151 kapasitesi

p.cp- hacimsel 1s1 kapasitesi

Isil eflizyon, kullanim amacma uygun olarak
tekstil malzemelerinin se¢imi ve kalitesi agisindan

Seval UYANIK

dikkate alinmasi1 gereken ve nihai olarak {irlin
performansini etkileyen bir 6zellik olup diisiik 1s1l
efiizyona sahip malzemeler daha sicak, daha
yiiksek 1s1l eflizyona sahip malzemeler daha soguk
hissedilir [17].

Cesitli tekstil tiriinlerinin efiizyon degerleri Sekil
I’de gosterilmigtir. Sekle gore 1s1l sogurganlik
degeri > 200 — 280 Ws"4m?K olan malzemeler
‘soguk’ hissi, eflizyon degeri < 65 - 100
Ws"4/m?K olan malzemeler ise ‘tlik’ hissi veren
malzemeler olarak simiflandirilmaktadir [17].

3 200 \ 0 ok
e

Isil Sogurganlik (Termal Efiizyon) Birimi: W s¥2 / m2K

Sekil 1. Cesitli tekstil tirtiinlerinde 1s1l sogurganlik degerleri [17]

Bu calisma kapsaminda ise dnceki ¢aligsmalardan
farkli olarak hayvansal lif igeren karisim ipliklerle
oriilen sliprem kumaslarda 1sil iletkenlik ve
efiizyon (sogurganlik) ozellikleri, hayvansal lif
icermeyen siiprem kumas ile karsilagtirmal1 olarak
incelenmis ve hayvansal lif cinsi ve oraninin
belirtilen 1s11  Gzellikler iizerine  etkilerinin
belirlenmesi amaglanmisgtir.

Hayvansal lif igeren kumaslarin 1sil sogurganlik
kapasitesinin yani dokunma yolu ile kullaniciya
verdigi sicak veya soguk hissini ifade eden 1s1l tuge
Ozelliginin ortaya koyulmasi agisindan mevcut
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calismanin  literatiire katki saglayacagt on

goriilmektedir.

2. MATERYAL VE METOT

Calisma kapsaminda ilk asamada, ana lif olarak
viskon (CV) ile hayvansal lif bileseni olarak yiin
(WO) ve kasmir lifleri (WS) kullanilmak suretiyle
farkli karigim oranlarinda Ne 30 numara iplikler
Murata Vortex (MVS) egirme sisteminde
tretilmigtir. Cizelge 1’de elde edilen ipliklerin
ozellikleri verilmistir.
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Ikinci asamada elde edilen iplikler Faycon CKM
01-S laboratuvar tipi, makine inceligi 18 igne/ing
(E18) olan yuvarlak 6rgii makinesinde orilmiistiir.
Orgii kumaslarin yapisal ozellikleri olan sira-

cubuk sikliklari, gramaj ve kalinlik degerleri
sirastyla ilgili standartlara [18-20] gore belirlenmis
olup kumas numunelerinin yapisal o6zellikleri
Cizelge 2’de verilmistir.

Cizelge 1. Iplik 6zellikleri

Diizgiinsiizlik | Inceyer | Kaln yer Neps Tiyliiliik | Uzama | Mukavemet
%CV -50% +50% +200% H % cN/tex

%100 CV 12,74 3,30 11,70 5,00 3,99 11,26 14,65
%90/10 CV/WO 13,91 20,00 25,60 38,10 4,37 9,10 12,01
%80/20 CV/WO 14,30 25,60 31,30 17,50 4,48 7,49 10,91
%90/10 CV/WS 13,52 14,40 11,30 10,00 4,33 9,00 12,18
%80/20 CV/WS 15,94 63,30 147,50 273,30 4,93 8,14 10,78
Cizelge 2. Yapisal kumag 6zellikleri
Kumas cinsi Ilmek sira Ilmek cubuk ilmgk yogunllzlgu* Gramzaj Kalinhk

sayisr/cm (cpc) sayisi/cm (wpc) ilmek/cm g/m mm
%100 CV 14,67 9,00 132,03 100,30 0,47
%90/10 CV/WO 16,50 9,00 148,50 107,13 0,48
%80/20 CV/WO 17,33 9,17 158,92 109,90 0,50
%90/10 CV/WS 16,10 9,00 144,90 101,92 0,53
%80/20 CV/WS 17,50 9,40 164,50 105,14 0,56
(*Ilmek yogunlugu = cpc x wpc)
Elde edilen kumaglarim 1s11 iletkenlik ve

sogurganlik degerleri, C-Therm-TCI cihaz1 ile
ASTM D7984-16 standardima gore [21] tespit

edilmistir. Her bir numune igin 5’er Ol¢im
yapilmis ve sonuglarin ortalama degerleri
Cizelge 3’te verilmistir.

Calisma sonuglarinin istatistiksel olarak
degerlendirilmesi amaciyla SPSS 21 paket
programi yardimiyla %95 giiven araliginda
ANOVA ve Pearson Kkorelasyon testleri
uygulanmistir.

test cihazi

Cizelge 3. Kumaslarin 1s1l sogurganlik ve iletkenlik sonuglari

Isil Sogurganhk | Isil iletkenlik | Ortam Sicakh@ T | Delta T VO
WA(s)/m’K (W/mK) (9 (°C) (mV)
%100 CV 24 0,040 20,73 1,47 2.450,03
%90/10 CV/WO 130 0,070 20,71 1,35 2.449,24
%80/20 CV/WO 131 0,070 20,89 1,35 2.449,70
%90/10 CV/WS 136 0,073 20,68 1,35 2.449,27
%80/20 CV/WS 128 0,070 21,01 1,35 2.449,74
864 C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021




3. BULGULAR VE TARTISMA

Sekil 3’te verilen grafikten 1s1l iletkenlik sonuglari
incelendiginde; saf viskon kumasin 1s1l iletkenlik
degerinin hayvansal lif igeren kumaslardan diisiik
oldugu, diger hayvansal lif igeren kumaslarin ise
ayni iletkenlik degerine sahip iken sadece %10
kasmir igeren kumasin biraz daha yiiksek
iletkenlige sahip oldugu goriilmektedir.

Cizelge 4’te verilen ANOVA  sonuglar
(Pwo=0,296; pws=0,126) hayvansal liflerin 1s1l
iletkenlik tizerinde fark yaratmadigini gosterirken
Cizelge 5°te verilen Pearson korelasyon sonuglari
(r=-0,697"") viskon oram ile 1s1l iletkenlik arasinda
ters yonlii ve kuvvetli bir iliski oldugunu, viskonun
artmasiyla iletkenlik degerinin azaldigini ortaya
koymustur.

Kumas yapisal parametreleri agisindan ANOVA
sonuglart  (p=0,009) ilmek yogunlugunun 1sil
iletkenlik tizerinde etkili oldugunu gostermistir.
Pearson korelasyon sonuglari (I’:O,561**; r:0,479*;
r=0,431") ilmek yogunlugu, gramaj ve kalinlik
parametreleri ile 1sil iletkenlik arasinda pozitf
yonlii ve orta kuvvetli iligkilerin oldugunu ve bu
parametrelerin degerlerinin artmasiyla iletkenlik
degerinin de arttigini ifade etmektedir.

Numune kumaglarin 1si1l sogurganlik degerlerini
iceren Sekil 4’te verilen grafige gore %100 viskon
kumas hayvansal lif igeren kumaslardan ¢ok daha
diisiik sogurganlik degerine sahipken %10 kasmir
lifi iceren kumas diger yin ve kasmir liflerini
iceren kumaslardan biraz daha yiiksek sogurganlik
degerine sahiptir.

ANOVA sonuglarina (Cizelge 4) gore viskon lifi
(p=0,000) ile kumas yap1 parametrelerinden ilmek
yogunlugu (p=0,011), gramaj (p=0,002) ve kumas
yogunlugu (p-0.002), 1s1l sogurganlik iizerinde
etkili gdziikmektedir.

Pearson korelasyon sonuglart da viskon lifi
(r=-0,7197) ile 1s11 sogurganlik arasinda kuvvetli
ve ters yonlii bir iliski oldugunu diger taraftan
ilmek yogunlugu (r=0,564""), gramaj (r=0,513")
ve kalmlik (r=0,433") ile 1s1l sogurganlik arasinda
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orta kuvvetli ve pozitif yonli bir iligki isaret
etmektedir.

Malzemelerin 1s1l sogurganligi, formiil 1°de verilen
esitlikten goriildiigii iizere o malzemeye ait 1sil
iletkenlik, yogunluk ve 6zgiil 1s1 degerleriyle dogru
orantilidir. Sekil 3 ve 4 incelendiginde 1s1l
iletkenlik ve sogurganlik degerlerinin s6z konusu
ifadeyi destekler nitelikte oldugu ve iletkenlik
arttikca  sogurganligin  da  arttifn  agikga
goriilmektedir.

Ozgiil 1s1 degerlerinin pamuk lifinde 1,21 J/gK,
rayon liflerinde (viskon, modal vb.) 1,26 J/gK, yiin
lifinde 1,36 J/gK ve ipek lifinde 1,38 J/gK oldugu
bilinmektedir [3]. Buna goére hayvansal liflerin
0zgiil 1s1 degerlerinin seliilozik liflerinkinden daha
yiiksek olmasimin bir sonucu olarak hayvansal lif
iceren numune kumaslarda %100 viskon kumasa
gore daha yiiksek 1si1l sogurganlhik degerleri
g6zlenmistir.

Is1l sogurganligi etkileyen diger bir parametre olan
kumas yogunlugu, kumas yap1 Ozelliklerinin
bilesimidir ve her bir yapisal 6zellik yogunluga ve
dolayisiyla 1s11 sogurganliga tesir etmektedir.
Istatistiksel degerlendirmeler de ilmek yogunlugu,
gramaj ve kalinlik gibi yapisal parametrelerin 1sil
sogurganligr  etkiledigini ortaya koymustur.
Boylece kumasta yogunluk artisina neden olan
siklik (ilmek yogunlugu), gramaj ve kalinlik

degerlerindeki  artis  calisma  sonuglarinda
goriildiigli  gibi 1s1l  sogurganligin  artmasini
saglamustir.

Dokunsal his yani malzemeye el ile temasta
verdigi sicak veya soguk hissinin bir ifadesi olan
1s1l  sogurganlhik; kumasin gozeneklilik, ylizey
yapisi, temas yiizeyi ile de bagmtlidir [22].
Numune kumaslarin 1s1l  sogurganlik dlgiim
sonuglara gore Sekil 1 incelendiginde %100
viskon kumagin en diigiik deger ile hayvansal lif
iceren viskon kumaslara gore sicak hissi verdigi
diger tiim kumaslarin ise birbirine yakin degerler
ile 1lik hissi verdigi goriilmektedir. Sekil 1
acisindan degerlendirmede %100 viskon kumasin
seliilozik kokenli olmas1 nedeniyle pamuk ve keten
malzemelere yakin bir sekilde daha yiiksek 1sil
sogurganlik degerlerine sahip olmasi1 beklenirken

865



Hayvansal Lif Karisimli Kumaslarin Isil Tusesi Uzerine Bir Arastirma

calismada ¢ok daha diisiik deger gbzlenmistir. Bu
durumun, %100 viskon kumasin  ilmek
yogunlugunun ¢ok diisiik olmasi ve bunun sonucu
olarak gbozenek yogunlugunun yiiksek olmasindan
kaynaklandig: diisiiniilmektedir. Bagka bir ifadeyle
sikligin disiik olmasi kumas gdzenekleri arasinda
hava varliginin daha fazla olmasini ve bdylece 1s1l
sogurganlik degeri ¢ok diisiik olan havanin

(6 W\(s)m’kK) bulundugu viskon kumagin
sogurganlik degerini diislirdiigii anlasilmaktadir.
Hayvansal lifler agisindan ise yiin ve kagmir lifleri
iceren kumaglarin 1s1l sogurganlik degerlerinin
yakin olmasi, s6z konusu liflerin 1s1l sogurganlik
acisindan birbirlerinden pek farkli olmadigini
gostermistir.

0,08

0,06

0,04

Isil iletkenlik (WIm*K)

0,02

0,00

%100 CV %90/10 CVIWO

%80/20 CVIWO

%9010 CVIWS  %80/20 CVIWS

Sekil 3. Numune kumaglarin 1s1l iletkenlik sonuglart

140,000

120,000

100,000

80,000

60,000

Isil sodurganhik (W*/sim2*K)

40,000

20,000

%100 CV %90/10 CVIWO

%8020 CVIWO

%9010 CVIWS  %80/20 CVIWS

Sekil 4. Numune kumaslarin 1s1l sogurganlik sonuglari
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Cizelge 4. ANOVA sonuglari

Seval UYANIK

Degisken Isil iletkenlik Is1l Sogurganhk
F Anlamhhk F Anlamhhk

CcVv 217,556 0,000 396,180 0,000
WO 0,936 0,407 1,286 0,296
WS 2,827 0,081 2,280 0,126
Ilmek yogunlugu 4,683 0,009 4,495 0,011
Gramaj - - 432,724 0,002
Kalinlik 1,217 0,369 1,354 0,304
Yogunluk - 432,724 0,002
Cizelge 5. Pearson korelasyon sonuglari

Faktor Isil fletkenlik Isil Sogurganhk

cVv -0,697" -0,719"

WO 0,257 0,298

WS 0,363 0,342

ilmek yogunlugu 0,561~ 0,564~

Gramaj 0,479 0,513"

Kalinlik 0,431 0,433
Yogunluk -0,188 -0,176

**_ Korelasyon 0.01 diizeyinde anlamhidir (2-yonlii).
*. Korelasyon 0.05 diizeyinde anlamlidir (2-y6nli).

4. SONUCLAR

Caligmada hayvansal lif igeren kumaslarin termal
efiizyon (1s1l sogurganlik) kapasitesinin yani
dokunma yolu ile kullaniciya verdigi sicak veya
soguk hissini ifade eden 1s1l tuse 6zelliginin ortaya
koyulmasi amaglanmustir.

Calisma sonuglari kumaglarda 1si1l sogurganligin
(termal eflizyon) 1s1l iletkenlik, lif cinsi ve siklik,
gramaj, kalinlik gibi kumas yap1 parametrelerinden
etkilendigini kanitlamistir.

Ozellikle kumasta sikhifin  veya  gdzenek
yogunlugunun  bir ifadesi olan ilmek
yogunlugunun  diisiik  olmasi durumunda

gozeneklerde artan hava yogunlugunun etkisiyle
daha diisiik 1s1l sogurganlik ortaya c¢ikmustir.
Neticede disiik sikliga sahip %2100 viskon
kumasm daha disiik 1s1l sogurganlik degeri ile
hayvansal lif iceren viskon kumaslara gore daha
ik dokunma hissi verdigi, yiin ve kagmir lifleri
arasinda ise 1sil tuse agisindan fark olmadigi
belirlenmistir.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

5. TESEKKUR

Calisma kapsaminda iplik ve kumag numunelerinin
tiretilmesini gerceklestiren KARAFIBER
HOLDING’e ve termal testlerin yapilmasinda
destek veren Liberec Teknik Universitesi, Tekstil
Miihendisligi Fakiiltesi’nden Ladislav Nagy’ye
tesekkiirlerimi sunarim.

6. KAYNAKLAR

1. Mengiic, S.G., 2012. Bazi Ozel Hayvansal
Liflerden Elde Edilen Ipliklerden Uretilen
Kumaslarin Ozellikleri Uzerine Bir Arastirma.
Izmir, Bornova: Ege Universitesi Fen Bilimleri
Enstitiist, 312.

2. Li, Y., 2001. The Science of Clothing Comfort.
Textile Progress, 31(1/2), 64-77.

3. Marmarali, A., Donmez Kretzschmar, S.,
Ozdil, N., Giilsevin Oglak¢ioglu, N., 2006.
Giysilerde Isil Konforu Etkileyen Parametreler.
Tekstil ve Konfeksiyon, 16(4), 241-246.

4. Oglakcioglu, N., Marmarali, A., 2007. Thermal
Comfort Properties of Some Knitted Structures,

867



Hayvansal Lif Karisimli Kumaslarin Isil Tugesi Uzerine Bir Arastirma

Fibres & Textiles in Eastern Europe, 15(5-6),
64-65.

5. Oner, E., Okur, A., 2010. Materyal, Uretim
Teknolojisi ve Kumas Yapisinin Termal
Konfora Etkileri. Tekstil ve Miihendis, 17(80),
20-29.

6. Majumdar, A., Mukhopadhyay, S., Yadav, R.,
2010. Thermal Properties of Knitted Fabrics
Made from Cotton and Regenerated Bamboo
Cellulosic Fibres. International Journal of
Thermal Sciences, 49(10), 2042-2048.

7. Bilgi, M., Kalaoglu, F., 2010. The Effects of
Special ~ Finishing  Processes on the
Performance and Comfort of the Military
Garments. Tekstil ve Konfeksiyon, 20(4),
343-347.

8. Ertekin, G., Marmarali, A., 2011. Yuvarlak
Orme Sandvi¢ Kumaslarin Is;, Hava ve Su
Buhart Transfer Ozellikleri. Tekstil ve
Konfeksiyon, 21(4), 369-373.

9. Sampath, M.B., Aruputharaj, A., Senthilkumar,
M., Nalankilli, G., 2012. Analysis of Thermal
Comfort  Characteristics  of  Moisture
Management Finished Knitted Fabrics Made
from Different Yarns. Journal of Industrial
Textiles, 42(1), 19-33.

10.Gorjanc, D.S., Dimitrovski, K., Bizjak, M.,
2012. Thermal and Water Vapour Resistance
of the Elastic and Conventional Cotton Fabrics.
Textile Research Journal, 82(14), 1498-1506.

11.Uyanik, S., Kaynak, H.K., 2019. Pamuklu
Elastan Siiprem Kumaslarda Konfor ve
Boncuklanma Ozellikleri. Cukurova
Universitesi Mithendislik, Mimarlik Fakiiltesi
Derqgisi, 34(1), 13-22.

12.Ute, T.B., Oglak¢ioglu, N., Celik, P.,
Marmarali, A., Kadoglu, H., 2008. Dogal
Renkli Pamuk/Angora Tavsan Lifi
Karisimindan Uretilen Ipliklerin Ozellikleri ve
Orme Kumaslarin Isil Konforuna Etkileri
Uzerine Bir Arastirma. Tekstil ve Konfeksiyon,
18(3), 191-196.

13.Ute, T.B., Celik, P., Kadoglu, H., Uziimcii,
M.B., Ertekin, G., Marmarali, A., 2018. Farkli
Dogal Liflerin I¢ Giysilerde Kullaniminin
Konfor Ozellikleri Agisindan Arastirilmast.
Tekstil ve Miihendis, 25(112), 335-343.

14.Oglakcioglu, N., Celik, P., Ute, T.B,
Marmarali, A., 2009. Thermal Comfort

868

Properties of Angora Rabbit/cotton Fiber
Blended Knitted Fabrics. Textile Research
Journal, 79(10), 888-894.

15. Mumcu, H.S., Cakir, G., Yayla, O., Gil, F.,
Tektunali, S., Nohut, S., 2019. Hayvansal
Lifler Kullanilarak Olusturulan Kumaglarin
Performans Ozelliklerinin Incelenmesi. Ulusal
Cukurova Tekstil Kongresi-UCTEK’2019 26-
27 Eyliil 2019, Adana, TURKIYE

16. https://tr.esc.wiki/wiki/Thermal_inertia, Erisim
tarihi: 02.07.2021.

17. https://ctherm.com/products/tx-thermal-

effusivity-touch-tester/, Erisim tarihi:
12.08.2021.
18.TS EN 14971: 2013. Tekstil-Oriilmiis

Kumaslar-Birim Uzunluk ve Birim Alan
Basina Orgii Ilmegi Sayisinin Tayini.

19.TS EN 12127: 1999. Tekstil-Kumaslar-Kii¢iik
Numuneler Kullanarak Birim Alan Basina
Kiitlenin Tayini.

20.TS 7128 EN ISO 5084: 1998. Tekstil-Tekstil
ve Tekstil Mamullerinin Kalinlik Tayini.

21.ASTM D7984-16 Standard Test Method for
Measurement of Thermal Effusivity of Fabrics
Using a Modified Transient Plane Source
(MTPS) Instrument.

22.Mangat, A.E., Hes, L., Bajzik, V., Mazari, A,
2018. Thermal Absorptivity Model of Knitted
Rib Fabric and its Experimental Verification.
Autex Research Journal, 18(1), 20-27.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, 36(4), ss. 869-878, Aralik 2021
Cukurova University Journal of the Faculty of Engineering, 36(4), pp. 869-878, December 2021

Investigation of Sediment Deposition in Dam Reservoirs

Serife Pmar GUVEL"™ ORCID 0000-0002-3175-5938

General Directorate of State Hydraulic Works, 6" Regional Directorate, Adana
Gelis tarihi: 26.07.2021 Kabul tarihi: 10.12.2021

Anf sekli/ How to cite: GUVEL, S.P., (2021). Investigation of Sediment Deposition in Dam Reservoirs.
Cukurova Universitesi, Miihendislik Fakiiltesi Dergisi, 36(4), 869-878.

Abstract

The goal of this study is to investigate the water storage capacity changes in Geographic Information
System (GIS) environment due to sedimentation in Kozan Dam Reservoir by examining the local map of
the reservoir area and the bathymetric measurements in 2014 of the reservoir. Kozan Dam is operational
since 1972 and is located in Lower Ceyhan River Basin in Turkey. Reservoir storage capacity loss is
estimated by using GIS tools in digital environment and found as %88.7, %7.5 and %6.5 at minimum,
normal and maximum operation level of the reservoir respectively. The need for rehabilitation has arisen
in Kozan Irrigation Project in time. In terms of efficient use of water, it is necessary to monitor the
amount of water stored in Kozan Dam Reservoir which is used as a water resource of the irrigation
project in terms of providing expected performance.

Keywords: Reservoir sedimentation, Bathymetry, Water resources management

Baraj Rezervuarlarinda Sediment Birikiminin Incelenmesi
Oz

Bu ¢aligmanin amaci, Kozan Baraj rezervuarinda, rezervuar alaniin yerel haritasi ve 2014 yili batimetri
Olglimlerini kullanarak, katt madde birikiminden kaynaklanan rezervuar depolama kapasitesi degisimini
Cografi Bilgi Sistemi (CBS) ortaminda arastirmaktir. Kozan Baraji 1972°den beri isletme asamasindadir
ve Tiirkiye'de Asagi Ceyhan Nehir Havzasinda yer almaktadir. Rezervuar depolama kapasitesi kaybi,
sayisal ortamda CBS araglar kullanilarak tahmin edilmis ve rezervuarin minimum, normal ve maksimum
isletme seviyelerinde sirasiyla %88,7, %7,5 ve %6,5 olarak bulunmustur. Kozan Sulama Projesinde
zamanla rehabilitasyon ihtiyaci ortaya ¢ikmistir. Suyun verimli kullanilmasi1 ve beklenen performansin
saglanmasi agisindan, sulama projesinin su kaynagi olarak kullanilan Kozan Baraji’nda depolanan su
miktarinin izlenmesi gerekmektedir.

Anahtar Kelimeler: Rezervuarda sediment birikimi, Batimetri, Su kaynaklar1 yonetimi
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1. INTRODUCTION

Bathymetric surveys are conducted to detect
changes in bottom topography of oceans,
reservoirs, lakes, rivers and coastal areas [1-7].
The accuracy of underwater topography
measurements is important for constructing
harbour and coastal structures, transportation in
rivers and evaluation of monitoring activities in
reservoirs and lakes. Bathymetric maps are
prepared by making measurements depending on
the depth in order to determine the underwater
topography. There are various methods that are
used in bathymetry survey such as classical
methods, acoustic sonar measurement methods [8],
satellite-derived remote sensing techniques [9-13],
survey techniques using unmanned aerial vehicles
[14] and wunmanned surface vehicles [15].
Nowadays, traditional methods are replaced by
easy to use, labour and cost saving methods using
advanced devices.

The quantity and quality of water resources are
important in terms of benefiting from water
resources for various purposes such as irrigation,
energy, water supply, or flood control.
Meteorological, environmental and human impacts
in the scope of the effects on water management
strategies are examined in the search of solutions
to the problems caused. In this context, the
changes of the water volume stored in reservoirs of
dams that are constructed on rivers are regularly
monitored. In the literature, it is seen that GIS is
used in many research studies on the issues such as
irrigation [16-17], flood analysis [18-19], water
quality [20], groundwater [21-22], environmental
management, monitoring and evaluation works of
water-related parameters. In recent years, research
studies on one or more of the issues on reservoir
bathymetry survey methods, sediment transport,
sediment yield and reservoir sedimentation have
been seen in the literature [8,23-36]. Dadoria and
Tiwari (2016) presented a review study in the field
of sedimentation based on review of detailed study
of various researchers [37]. Adongo et al. (2019)
generated bathymetric TIN maps of 9 reservoirs in
Ghana interpolating depth points by using GIS
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tools for investigating reservoir sedimentation
[38]. Darama et al. (2019) analysed bathymetric
data of Hasanlar Dam Reservoir in GIS
environment with the aim of investigation of
reservoir sedimentation [39]. Giivel and Yurtal
(2020) investigated the changes in sediment
accumulation in Seyhan Dam Reservoir by using
historical hydrographic measurements [40].

In this study, it is aimed to investigate the effects
of sedimentation in Kozan Dam Reservoir on
water resources management studies by using
bathymetric-based data of the year 2014 in
comparison with local topography map of the
reservoir area before the dam constructed.

2. STUDY AREA

Kozan Dam reservoir area is selected as the study
area to investigate sediment threat on Kozan Dam
reservoir and sedimentation effects on operation
works of the dam. Kozan Dam was constructed in
the north of Kozan in Adana in the Lower Ceyhan
River Basin. The main stream branch of the dam is
Kilgen River and its tributary branches are
Kirksuyu Stream and Dalacak Stream. Kozan Dam
characteristics are given in Table 1 and the
location of Kozan Dam is shown in Figure 1.

Table 1. Kozan Dam characteristics

Characteristics Data
River Basin Ceyhan
River Kilgen
Type Rock fill
Date put into operation 1972
Purpose Irrigation
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Figure 1. The location of Kozan Dam in Turkey

3. MATERIAL AND METHOD

The topographic maps of the Kozan Dam reservoir
area prepared in 1962 and the bathymetric map of
Kozan Dam reservoir prepared in 2014 were
obtained from DSI archive. The topographic maps
were created by using aero photogrammetry
method. In order to digitize the maps obtaining the
reservoir area topography prepared in 1962, the
maps have been scanned and transferred into GIS
environment with referenced coordinates, the
elevation information on the maps has been added
to attribute table with integrating location
information. Digitized map of the reservoir area
before the construction of Kozan Dam is given in
Figure 2(a). Survey data of bathymetric
measurements of Kozan Dam reservoir in 2014
was carried out by photogrammetric method on the
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land side and by using echo-sounder on the water
side, the hydrographic map of the reservoir was
produced integrating both land side data and water
side data. Depth and location information of
bathymetric survey is integrated in the database
using tools of required software in preparing of
hydrographic maps, measured values can be
extracted to CAD/GIS software to create 3D
models and to assess outputs of geographic
analysis. Bathymetric map of 2014 in NCZ format
in GIS environment is given in Figure 2(b). In this
study, ArcGIS software was used to create and
evaluate digital models of the reservoir. Analysis
of the topography map versus the bathymetric
map, and creating digital surfaces were carried out
by using GIS. ArcGIS software was used to create
3D models of Kozan Dam reservoir and sediment
thickness map of the reservoir.
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Figure 2. (a) The digitized map of the reservoir area before the construction of Kozan Dam, (b) The
image of Kozan Dam reservoir bathymetric survey data of 2014

4. RESULTS AND DISCUSSION

The map of 1962 of the dam site and the
reservoir area was digitized by using ArcGIS;
TIN  (Triangular  Irregulated  Network)
interpolation method was used to create digital
model of the dam site and the reservoir area
before dam construction which is shown in
Figure 3 (a). Reservoir bathymetric survey data
of 2014 was used to create 3D model of Kozan
Dam reservoir of 2014 which is shown in Figure
3(b). Reservoir storage capacity at certain water
levels were calculated based on both two 3D
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models by using GIS tools. Volume-elevation
chart for two models were prepared to compare
the water volumes at certain levels. The
capacity loss between years provides the
information about sedimentation amount.

Volume-elevation curve of the Kozan Dam
reservoir is seen in Figure 4. Reservoir storage
capacity loss of the Kozan Dam reservoir at
minimum, normal and maximum operation level
of the reservoir is estimated as %88,7, %7,5 and
%6,5 respectively by using GIS analysis tools.
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The sub-basin area of Kirksuyu Stream is
approximately 4.8 times larger than the area of the
sub-basin of Dalacak Stream, therefore it has been
evaluated that the main source of sediment coming
to Kozan dam reservoir is Kirksuyu Stream sub-
basin.
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Sediment thickness map of Kozan Dam Reservoir
was obtained by comparing the dimensional
models of 1962 and 2014 in GIS environment
(Figure 5). The sediment thickness in front of the
dam body in the reservoir area is up to 18 meters.
The storage volume loss of %88.7 in dead volume
capacity; the analysis and calculation of the
revised storage volume of the reservoir compared
to the previous condition indicates the necessity of
the revision on operation-maintenance works
depending on not only water volume changes but
also the possibility of usability of water intake
structure of the dam body.

As seen in Figure 5, the bottom elevation of the
reservoir has been assessed to be decreased due to
erosion underwater on the left side of the dam
reservoir close to thalweg. Sediment accumulation
between 0-5 m and underwater erosion between
-5-0 m are seen in the central parts of the reservoir
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by examining the sediment thickness map between
2014 and 1962. It is seen that in the upstream
erosion occurred along the shoreline and there is
sediment accumulation in the middle parts.

Sediment accumulation in the area close to the
dam body has rised up to 15 meters by 2014. There
is no available data on erosion in the reservoir.
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Figure 5. Sediment thickness map of Kozan Dam Reservoir between 2014 and 1962

The cross-sections in the reservoir shows the
sediment accumulation and the elevation changes
between 2014 and 1962 (Figure 6). It is seen that
minimum ground topography elevation in front of
the dam body is 224 meters in 2014 as seen in the
cross-section A-A’ in Figure 6.a, so the operation
works of the dam has to be revised upon revised
volume-elevation-area chart. The cross-section B-
B’ shows the elevation changes caused by
transported sediment from sub-basin of Dalacak
Stream which is the tributary of Kilgen River.
Sediment accumulation in B-B’ cross-section
(Figure 6.b) is between 0-10 meters. Erosion effect
on the shoreline of the reservoir is seen at the
cross-section C-C’ (Figure 6.c), there’s no
available historical data records about the main
causes of erosion on this side. Sediment
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accumulation is also seen on this cross-section.
The cross-section D-D’ (Figure 6.d) shows the
elevation changes caused by coastal erosion in the
upstream.

Irrigation rehabilitation studies are carried out in
order to use water efficiently in cases where the
amount of water required for irrigation is
insufficient in irrigation projects or inadequate
efficiency from irrigation facilities. Kozan Dam
reservoir is the water resource of Kozan Irrigation
Project. The storage volume capacity of Kozan
Dam Reservoir and sedimentation impacts on the
dam body and the reservoir have to be monitored
regularly because of its effect on the operation
works of the irrigation project.
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5. CONCLUSION

Bathymetric surveys are carried out to map details
of ground topography in lakes, reservoirs and
oceans; integrated hardware and software
technology with high capacity is essential to
provide high resolution bathymetry data. The areal
sizes of reservoirs, climate factors and topography
of coastline of reservoirs are needed to be taken
into account in determining period and cost of
bathymetric surveys.

Sediment thickness map of Kozan Dam Reservoir
was prepared in GIS environment, then spatial and
temporal changes of sediment accumulation up to
2014 in Kozan Dam Reservoir was estimated.

Reservoir storage capacity is calculated by using
3D models in GIS environment and storage
capacity loss is estimated as %88.7, %7.5 and
%6.5 at minimum, normal and maximum
operation level of the reservoir respectively.

The analysis results of this study obtained by using
GIS tools will contribute future works on
investigation of sedimentation impacts on
operation works of the dam. The results will also
contribute next researches based on new
bathymetric survey data in the future.
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Oz

Bu caligmada, tekstil fabrikalarindan alinan pamuk ¢igidi kiispesi (PCK) ile biber fabrikalarindan alinan
kirmizi1 biber igleme atiklarindan (KB) enerji iiretim amaglh pelet elde edilmesi amaglanmistir. Elde edilen
peletlerin fiziksel ve kimyasal Ozellikleri ile beraber peletlerin mekanik ozellikleri, 1s1l ve yanma
ozellikleri belirlenmistir. Materyaller partikiil boyutuna getirilip farkli oranlarda 5 farkli karisim (%100
PCK, %75 PCK+%25 KB, %50 PCK+%50 KB, %25 PCK+%75 KB ve %100 KB) olusturulmustur.
Karigimlar 6 kW motor giicline sahip olan ve isleme kapasitesi 70-90 kg/h olan, dairesel siral1 delikli diiz
kaliplt laboratuvar tipi bir peletleme makinesi kullanilarak peletlenmistir. Peletlerin kalitesi ile ilgili
olarak pelet parca yogunlugu 994,06-1177,51 kg/m°, dikey basma gerilme direnci 165,01-319,82 N, nem
alma oram1 %20,06-23,25 ve kirllma direnci %99,04-99,71 degerleri arasinda bulunmustur. Peletlerin
diger ozellikleri ise kiil icerigi %14,38-%19,99, nem igerigi %6,58-%9,59, sabit karbon orant %13,57-
%21,27, ugucu madde icerigi ise %54,74-%61,86, toplam azot orant %3.80-%5.56, toplam karbon orant
%38,15-%41,71, st 1s1l degeri 13,01-%15,18 MJ/kg araliginda belirlenmistir. %100 PCK’den {iretilen
peletler; termogravimetrik analizler, nem alma orani hesaplamalari ve dikey sikistirma analizi
hesaplamalari neticesinde en iyi biyoyakit olarak belirlenmistir. Sonug olarak kirmizi biber isleme atiklari
ve pamuk ¢igidi kiispesinden enerji amagli pelet iiretimi yapilabilecegini gdstermistir.

Anahtar Kelimeler: Biyokiitle, Biyoyakit, Pamuk ¢igidi kiispesi, Kirmiz1 biber isleme atiklari, Peletleme
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Pellet Production for Biofuel from Cotton Cake and Red Pepper Processing Wastes
Abstract

In this study, aimed to obtain pellets for energy production from cotton seed meal (CCP) from textile
factories and red pepper processing wastes (RPPW) from pepper factories and Diameter, length, weight,
pellet particle density, fracture resistance, vertical compression resistance, moisture uptake resistance,
moisture content, ash content, volatile matter amounts, and thermogravimetric analysis were determined.
There resulting mixtures are 100% CCP, 75% CCP +25% RPPW, 50% CCP +50% RPPW, 25% CCP
+75% RPPW and 100% RPPW. The mixes obtained were pelleted using a circular row perforated flat die
laboratory pelletizing machine with a 6 kW motor power and a processing capacity of 70-90 kg/h.
Regarding the quality of the pellets, the pellet particle density was 994.06-1177.51 kg/m® the vertical
compression strength was 165.01-319.82 N, the moisture uptake resistance was 20.06-23.25% and the
fracture resistance was between 99.04-99.71%. Ash content of pellets was 14.38%-19.99%, moisture
content was 6.58%-9.59%, fixed carbon rate was 13.57%-21.27%, volatile matter content was 54.74%-
61.86%, total nitrogen content was 3.80% -5.56%, total carbon was 38.15%-41.71% and its higher
heating value was 13.01%-15.18 MJ/kg. Pellets produced from 100% PCK was determined as the best
biofuel as a result of thermogravimetric analysis, dehumidification rate calculations and vertical
compression analysis calculations As a result, red pepper processing waste and cotton seed meal are
suitable materials for energy pellet production.

Keywords: Biomass, Biofuel, Cotton seed meal, Red pepper processing waste, Pelleting

Biyokiitlenin  kullanilabilmesi i¢in  teknolojik
sorunlarin giderilmesi gerekmektedir [4]. Tarimsal
atiklarin yiiksek nem igerigine sahip olmalar1 ve
yogunluklarinin diigiik olmalar1 nedeniyle evlerde
ve endiistriyel alanlarda higbir islem gérmeden
direkt olarak kullanilmast hem ¢ok etkili
olmamakta hem de tasima, depolama gibi
asamalarinda ekonomik olmamaktadir. Bu sorunlar

1. GIRIS

Diinyadaki niifus artis1 ve teknolojinin gelisimi
neticesinde enerjiye olan gereksinim giinden giine
artmaktadir. Gelismekte olan ve gelismis iilkelerde
gerekli enerji ihtiyacinin kargilanmasi igin fosil
yakitlar kullanilmaktadir. Diinyada enerjiye olan
ihtiya¢ her yi1l %5 oraninda artmaktadir. Bu artig

neticesinde fosil kaynakli yakitlarin miktar1 da giin
gectikce biiyiik oranda azalmaktadir. Bu durum
yeni enerji kaynaklart arayislarini  ortaya
¢ikarmigtir.  Bu  anlamda  mevcut  enerji
kaynaklarina ek olarak son yillarda yenilenebilir
enerji kaynaklarina, ozellikle biyokiitle
kaynaklarindan enerji iretimi ile bu soruna
alternatif ¢ozlimler aranmaktadir [1]. Biyokiitle
enerjisi, ¢evre ile dost siirdiriilebilir enerji
dretimini ve ¢evre yOnetimini saglayan,
kalkinmay1 hedefleyen &zellikleri ile tiim diinyada
genis bir uygulama alani bulmustur. Bu bakimdan
Tirkiye’de de biyokiitlenin, enerji iiretiminde
degerlendirilmesi konusu 6nem kazanmistir [2].
Biyokiitlenin kullanilmasi ile fiiretilen enerjinin
kalkinmaya  yardimct olmast ve  Kyoto
protokoliiniin amaclar1 ile uyusmasi agisindan
oldukga 6nemlidir [3].
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biyokiitlenin  peletlenmesi  ile = daha aza
indirgenmektedir. Peletleme; daginik halde olan
biyokiitlenin yiiksek basingla sikistirilarak tasima
ve depolama agisindan daha kolay olan ve gevre
dostu biyokiitleye ¢evrilmesine denilmektedir [5].

Tiirkiye'de hem artan enerji ithal yikiiniin
azaltilmasi, hem de enerji ve c¢evre sorununa
stirdiiriilebilirlik ilkesi ile yaklasilmasi agisindan,
onemli bir potansiyeli bulunan yeni ve
yenilenebilir enerji kaynaklarinin kullanilmasi
onemlidir. Tarim ve tarima dayali sanayide dnemli
diizeyde biyokiitle materyalleri mevcuttur. Bu
materyaller biyoyakit amagli pelet elde edilmesi
icin kullanilabilir. Materyallerin peletlenmesi ile
hacimsel 1s1 degeri artar, tasima ve depolama
maliyetleri azalir, 1s11 6zellikleri iyilesir, atmosfere
salman parcacik emisyonlar1 azalir ve ayni
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boyut/sekilde daha iistiin ozelliklere sahip bir
biyoyakit elde edilebilir. Bitkisel atiklardan enerji
iretmek amaciyla etkin ve kolay bir sekilde
kullanabilmek i¢in uygulanacak ydntemlerden
birisi de bu atiklarin kurutulup, 6gitildiikten sonra
preslenerek pelet haline getirilmesidir [6].

Gliniimiizde Tiirkiye’de bazi sanayilerde tarimsal
ve  fabrika  atiklarindan  biiyikk  Olcekte
yararlanilamamaktadir.  Tiirkiye’de  biyokiitle
enerjisi kullanimmin 6niindeki ekonomik engeller
ile politika ve piyasa araglarinin yetersizligi gibi
nedenler sonucunda biyokiitle ve kat1 atik isleten
enerji tesislerinde 06zel sektér heniiz yeterli
diizeyde ilgi duymamaktadir. Tarimsal {iretim
neticesinde geriye kalan bitkisel artiklarin herhangi
bir yontemle degerlendirilmeyip yok edilmesi
ciddi diizeyde c¢evre kirliligini beraberinde
getirmekte ve ekonomik bir kayip olusturmaktadir.
Ortaya c¢ikan c¢evre kirliliginin ve ekonomik
kayiplarin 6niine gegebilmek igin atik sorunlarinda
peletleme yontemi uygun bir yontemdir [7].

Tarimsal ve tarima dayali sanayi atiklari, &zelikle

gelismekte olan {lkelerde enerji ihtiyacinin
karsilanabilmesi  i¢in  O6nemli  bir  kaynak
olusturmaktadir. Bir¢ok gelismis {ilkede kati

atiklar, biyokiitlenin peletlenmesi islemi ile yararli,
kullanilabilir ve ekonomik irlinlere
doniistirilmektedir [8].

Peletleme yontemi, daginik haldeki biyokiitlenin
kurutulup 6giitiilmesinin ardindan yiiksek basingta
sikistirilmasi ile yapilmaktadir. Pelet iiretiminde

odun talasi, zeytin kiispesi, misir kogani,
kirmizibiber isleme atiklari, kiraz ¢ekirdegi,
pamuk cigidi kiispesi gibi atiklar

kullanilabilmektedir. Elde edilen peletler, hacimsel
olarak ftiretiminde kullanilan organik atiklardan
daha az yer kaplamaktadir. Nem igerigi daha az
oldugu i¢in daha uzun siire depolanabilmekte ve
daha fazla 1s1 agiga ¢ikarmaktadir. Bununla birlikte
fosil kaynakli yakitlara goére daha ucuzdur.
Uretilen peletlerin dayamkhiliginin yiiksek olmast
ve kullaniciya saglam bir sekilde ulagmast oldukca
onemlidir. Dayanikliligi yiiksek olan peletlerin
taginmas1 ve depolanmasit daha kolay olmaktadir

[9].
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Kahramanmaras yoresi kirmizibiber ve pamuk
dretimi ile tanman bir bdlgedir. Kirmizibiber
isleme atiklar1 ile pamuk ¢igidi kiispesi
kullanilarak enerji amagh pelet iiretilmesi, yoreye,
iilkeye ekonomik ve gevresel korunma agisindan
onemli katkilar saglayabilecektir.

Bu c¢aligmanin temel amaci pamuk ¢igidi kiispesi
ve kirmizibiber isleme atiklarindan biyoyakit
amacl pelet elde edilmesidir.

Spesifik amaglari ise;

e Peletlerin  fiziksel ve kimyasal o6zelliklerini
(Nem, ugucu madde, sabit karbon, C, H, N, kiil,
tist 1s1l) belirlemek,

e Peletlerin  mekanik o6zelliklerini (dayaniklilik,
kirilma direnci, sikistirma direnci, nem alma
direnci) belirlemek,

o Peletlerin yanma karakteristiklerini belirlemektir.

2. ONCEKI CALISMALAR

Yilmaz (2014), baz1 tarimsal atiklarin peletlenmesi
ve pelet fiziksel 6zelliklerinin belirlenmesi iizerine
yapilan c¢alismada pamuk ve susam saplarinin
peletlenmesi islemi amaglanmistir. Calismada, ii¢
farkli nem igerigine sahip olan kurutulup
ogiitiilmiis haldeki pamuk ve susam saplar
kullamilmistir.  Peletlerin ~ sikistirma  direnci,
dayaniklilik direnci, gerilme direnci, kirilma
direnci ve nem alma direnci belirlenmistir.
Calismanin sonucunda, elde edilen silindirik
peletlerin ¢ap araligmin 8,1 mm ile 8,97 mm
arasinda degistigi belirlenmistir. Ayrica peletlerin
nem igeriginin arttikga yogunluklarinin da arttig
belirlenmis olup, hacim yogunlugunun 430-717
kg/m?, par¢a yogunlugunun ise 922-1368 kg/m?
degistigi belirlenmistir. Peletlerin, fiziksel testler
sonucunda olduk¢a dayanikli bir yapiya sahip
oldugu belirlenmistir [10].

Giirdil ve arkadaslar1 (2016), yaptiklar1 ¢calismada
findik zurufu atigim peletlemislerdir. Findik
zurufu atiklarmin 6gilitme inceligi 6 mm ve nem
icerigi %12 olarak belirlenmistir. Materyalin
geometrik ortalama ¢apt 1,64 mm olarak
hesaplanmustir. Peletleme islemi diiz kalipli 15 kW
giiciinde olan pelet makinesinde yapilmistir.
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Analizler sonucunda; pelet parca yogunlugu
1309,87 kg/m3, pelet dayaniklilik direnci %89,57,
nem igerigi degeri %11,54 olarak hesaplanmustir.
Yanma sonucu kil igerigi %7,19, baca gazi
emisyon degerleri sirasi ile CO 1383.67 ppm, CO,
90,90, O, %19,17, NO 121 ppm, NOy 61,67 ppm
oldugu goriilmistiir [11].

Dagtekin ve arkadaslart (2019), limon budama

atiklarindan ~ biyoyakit amacli  pelet elde
etmislerdir. Calismada peletlerin baca gaz
emisyonlar1 ve baz1  fiziksel  Ozellikleri
belirlenmistir.  Peletlerin ~ par¢ca  yogunlugu
1236,70 kg/m®, nem igerigi %10, mekanik
dayanikliligt %88, sertligi 2951 N olarak

bulunmustur [12].

Atay ve Ekinci (2020), giil yag isleme atiklar ile
kizilgam aga¢ kabugu ve linyit komiir tozu
kullanilarak pelet yapilmasi amaglanmistir. Daha
sonrasinda tiretilen peletlerin fiziksel, kimyasal ve
mekanik 6zelliklerinin belirlenmesi amaglanmustir.
Ogiitiilmiis olan yag giili damitma atiklari,
kizilgam agac¢ kabugu ve linyit komiir tozundan
altt farkli karisim elde edilmis ve 3 kW motor
giicline sahip ve dairesel sirali ve delikli diiz kalip
peletleme  makinesinde  peletleme  islemi
yapilmistir. Peletlere yapilan fiziksel, kimyasal,
mekanik ~ ve  termogravimetrik testlerinin
sonucunda, pelet karisimlarinda linyit komiir tozu
artttkga pelet parga yogunlugunun da arttig1
gozlenmistir. Ayrica termogravimetrik analiz
sonuglarinda linyit komiir tozunun fazla oldugu
karisimlarin daha yavas yandigi ancak yag giilii
damitma atigmin ve kizilgam aga¢ kabugunun
fazla oldugu karisimlarin daha hizli yandig
belirlenmistir. Peletlerin kirllma ve sikistirma gibi
direnglerinin arttirilmasi igin de peletleme islemi
sirasinda buhar uygulamasi yapilmasi gerektigi
belirlenmistir [9].

3. MATERYAL VE METOT

3.1. Materyal

Kahramanmaras Siitcii Tmam Universitesi Ziraat
Fakiiltesi Biyosistem Miihendisligi Boliimii

laboratuvarlarinda yiiriitilen bu ¢aligmada, enerji
amagcl peletler i¢in materyal olarak fabrikalardan
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aliman pamuk ¢igidi kispesi (Sekil 1) ve

kirmizibiber isleme atiklar1 (Sekil 2) kullanilmistir.
Pamuk ¢igidi kiispesi ve kirmizibiber isleme
atiklar1 kurutulmus ve ardindan sanayi tipi, elek
c¢apt 4 mm olan Ogiitiicli yardimiyla o6giitiilme
islemine tabi tutulmustur.

ekil 1. Pamuk (;igdi kiispesi (a) ve kurutulmus
hali (b)

Sekil 2. Kirmizibiber igleme atiklar1 (a) ve
kurutulmus hali (b)

Kurutulup o6giitillen materyaller, 6 kW motor
giicline sahip peletleme makinesinde
peletlenmistir. Peletleme makinesi dairesel sirali
delikli, boyut ayarlama diizenegine sahip olup
rediiktor donii sayist 96 d/d ve isleme kapasitesi
70-90 kg/h’dir (Sekil 3).

Sekil 3. Peletleme makinesi
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Cizelge 1. Pamuk ¢igidi kiispesi ve kirmizibiber isleme atiklarindan olusan karigimlar

Ulkii Fidan BASIBUYUK, Ali AYBEK, Serdar UCOK

Materyal Karigim-1 Karigim-2 Karigim-3 Karisim-4 Karigim-5

PCK %100 %75 %50 %25 %0

KB %0 %25 %50 %75 %100
Peletleme islemi igin kirmizibiber isleme atiklari  sabit karbon igerigi analizi, ASTMD 3172

(KB) ve pamuk ¢igidi kiispesinin (PCK) farkli
oranlarda karigtirlmast ile 5 farkli karigim
olusturulmustur (Cizelge 1).

Baslangi¢ nem oram1 %9 olan materyaller,
peletleme islemi i¢in her bir karigim tiri ayr
kaplara alinarak %35 sivi melas ile homojen bir
karigim olusturulmustur. Olusturulan bu karisim
bir kap yardimi ile peletleme makinesine
dokiilmistiir. Peletleme makinesinin deliklerinde
kesit giderek daralmis ve siirekli pelet c¢ikist
(Sekil 4) meydana gelmistir. Bu iglem her karisim
tirli i¢in tekrar edilmistir. Bir karigim tliriinden
digerine ge¢cmeden Once peletleme makinesi ve
delikleri temizlenmistir.

pelet 6rnekleri

3.1. Metot

Pelet par¢a yogunlugunun belirlenebilmesi igin her
karisim tiiriinden elde edilen peletler igerisinden
rastgele 40 adet sec¢ilmis ve her peletin ¢ap,
uzunluk ve kiitle degerleri ol¢iilmiistiir. Peletlerin
cap ve uzunluk degerleri 0,01 mm hassasiyetine
sahip dijital kumpas yardimuyla, kiitleleri ise 0,001
hassasiyeti olan hassas terazide yapilan tartma
islemi  sonucu  belirlenmistir.  Pelet parca
yogunlugu degeri kg/m? cinsinden hesaplanmistir.

Peletlerin; kiil igerigi analizi, TS ISO 1171
standard1 esas alinarak [13], nem igerigi degeri
ASTMD 3173 [14] standardina gore, ugucu madde
igerigi analizi, TS ISO 562 [15] standardina gore,
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standardina [16] gore, toplam karbon ve azot
icerigi analizleri AOAC (1990) [17] yOntemine
gore belirlenmistir.

Pelet kirilma direncini belirlemek igin, bes farkli
karisimin her birinden rastgele 4 adet sec¢ilmistir.
Segilen bu peletlerin kiitleleri 6l¢iiliip kaydedilmis
ve yaklasik 1,80 m yiikseklikten 4 defa sert zemine
birakilmistir. Daha sonra 3,15 mm delik ¢apina
sahip elek {izerinde elenmistir. Kiitle 6l¢timii tekrar
yapilmistir. Test sonrasi pelet agirliginin, test
oncesi pelet agirhigmma oranlanmast ile kirilma
direnci % olarak hesaplanmustir.

Peletlerin iist 1s1l degeri, Esitlik 1 kullanilarak
belirlenmistir (Baley and Blankenhorn, 1984).

HHV= 0,312FC+0,1534VC @
Burada;

HHV : Ust 1sil degeri (MJ/kg)
FC  : Sabit karbon igerigi (%)
VC : Ugucu madde igerigi (%)

Dikey sikistirma direnci igin her bir karisimdan
rastgele 3 adet pelet se¢ilmistir. Secilen peletler tek
tek sikistirma {initesine yerlestirilmis ve peletin
kirilmas1 gergeklesene kadar sabit oranlarla artan

sikistrma  kuvveti  uygulanmigtir.  Kirilma
gerceklestigi anda sikistirma islemi
durdurulmustur. Sikistrma direnci N olarak
Olclilmiis ve  hesaplanmasinda  Esitlik 2
kullanilmustir (Liu ve arkadaglari, 2014).

=2F

ox=2E @
Burada:

ox : Dikey sikistirma direnci (N)

F : Uygulanan maksimum kirilma kuvveti (N)
D : Pelet ¢ap1 (m)

| :Pelet uzunlugu (m)’dur.
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Bu testte her bir karigim icinden rastgele secilen
bes adet pelet, etiivde, 105 °C sicaklikta yaklasik
24 saat bekletilmis ve ilk kiitleleri olgiiliip
kaydedilmigtir. Daha sonra 27 °C sicaklikta ve
%90 nem igerigine sahip olan iklimlendirme

kabininde bekletilip son kiitleleri  Glgiiliip

kaydedilmistir. Nem alma direnci, Esitlik 3

yardimiyla % olarak hesaplanmistuir.

pa =D 4100 3)
mil

Burada;

Pa : Nem alma direnci (%)
mf : Peletlerin son kiitlesi ()
mi : Peletlerin ilk kiitlesi (g)’dur.

Peletlere ait yanma ozelliginin Dbelirlenmesi
amactyla termogravimetrik analizler yapilmistir.
Numunelerin termal analizleri azot atmosferinde
almmistir.  Toz haline getirilmis numuneler
seramik krozelere konularak 30-920 °C’ye kadar
10 °C/dakika’lik 1sitma oraminda analizler
yaptlmistir. Bes farkli karigimm her birinden
alman peletler i¢in uygulanan termogravimetrik
analizde anlik alman veriler bilgisayara
kaydedilmistir. Analiz bittikten sonra diferansiyel
termogravimetrik analiz (DTGA) ve
termogravimetrik analiz (TGA) sonuglar1 grafik
olarak verilmisti. TGA ve DTGA egrilerinin
yardimiyla peletlere ait kiitle kayip oranlari,
baslangi¢ bozunma sicakligi, maksimum bozunma
sicakligi ve final bozunma sicakligi belirlenmistir.
Arastirmada, tiim veriler 3 tekerriirli olarak
Olciilmiis ve ortalama degerler alinmistir. Bulunan
degerler sekil, cizelgelere aktarilarak ve istatistik
analizi yapilarak (SPPS One way anova, Tukey
testi) yorumlanmigtir.

4. BULGULAR VE TARTISMA

4.1. Peletlerin Kimyasal, Fiziksel ve Mekanik
Ozellikleri

Calismada ele alinan farkli oranlardaki peletlerin

kimyasal ve 1s1l Ozellikleri Cizelge 2’de
verilmistir.
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Elde edilen peletlerin kiil icerikleri %14,38-
%19,99 arasinda bulunmustur. Maksimum kiil
icerigi %100 PCK’da meydana gelirken
karisimlarda PCK orani artik¢a kiil orani artmistir.
Nem degerleri %6,58 - %9,59 arasinda belirlenmis
olup minimum (%6,58) %50 PCK + %50 KB
karisiminda, maksimum (%9,59) %75PCK + %25
KB karisiminda bulunmustur. Uygun nem igerigi
degerinin EN 14774-1 standardina gore [18] <10
olmas1 gerekmektedir. Bulunan nem igerigi
degerlerinin EN 14774-1 standardina uygun
oldugu tespit edilmistir.

Sabit karbon degerleri %13,57 - %21,27 arasinda
degismistir. Maksimum %100 KB’da olurken
minimum ise %100 PCK’de belirlenmistir.
Karisimlarda KB orani artikg¢a sabit karbonda artis
goriilmiistiir. Atay ve Ekinci (2020), tarafindan yag
giilii damitma atiklar1 (YGD), linyit komiir tozu
(LKT) ve kizilgam aga¢ kabugu (KAK) ile yapmis
oldugu aragtirmada sabit karbon degerlerinin
%13,09 - %32,49 arasinda oldugunu bildirmistir.
Sabit karbon degerleri yapilan bu calisma ile
benzer aralikta bulunmustur.

Ugucu madde igerigi %54,74 - %61,86 arasinda
degismistir. Minimum deger % 100 PCK’de
olurken maksimum deger %25 KB + %75 PCK
karisiminda  meydana  gelmistir.  Atay  ve
arkadaglar1  (2018) [19] tarafindan yapilan
calismada, LKT’nin %75 oraninda kullanildigt
kartisimin  ugucu madde igerigi degeri %43.8,
KAK’nin %75 oraninda oldugu karisimda ise
ucucu madde icerigi %68,5 olarak belirlenmistir.
Bulunan ugucu madde igerigi degerlerinin, Atay ve
arkadaglar1 (2018) tarafindan bulunan degerler ile
karsilastirilabilir diizeyde oldugu saptanmustir.

Olusturulan 5 farkli karisimdaki peletlerin karbon,
azot igerikleri ile st 1s1l degerleri hesaplanmustir.
Elde edilen peletlerin azot igerikleri incelendiginde
en yiiksek deger %100 KB’da %5,56 olarak
bulunurken en diisiik deger %100 PCK i¢in %3,80
olarak bulunmustur. Karbon igerigi
hesaplamalarinda en yiiksek deger %100 KB’da
%41,7 olurken en diisik deger %25 KB + %75
PCK %38,6 olarak bulunmstur. Hidrojen igerikleri
incelendiginde en yiiksek deger %7,10 ile %100
KB’dan olusan pelet 6rneginde bulunmustur. En
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disiik deger ise %6,14 ile %75 PCK + %2100
KB’dan olusan pelet 6rneginde bulunmustur.

Ust 1s11 degerlerinden yiiksek deger 15,18 MJ/kg
degeri ile %50 KB + %50 PCK’da olurken

Ulkii Fidan BASIBUYUK, Ali AYBEK, Serdar UCOK

minimum degeri ise 13,01 MJ/Kg degeri ile %100
PCK’da elde edilen  pelet orneginde
hesaplanmistir. Karisimda KB orani arttikga {ist
1s1l degerleri artmustir.

Cizelge 2. Farkli oranlardaki peletlerin kimyasal ve 1s1l 6zellikleri

0, [0) + [0) + [0) +
Pelet karisimlari A:(lé)o 0//2 ;2 I;(E;’K 0//(; 2% I;(B;)K 0//(; 272 I;(B;)K %100 PCK
Analizler %
Kiil igerigi 14,38 14,84 15,07 15,82 19,99
Nem igerigi 6,79 8,28 6,58 9,59 7,66
Sabit karbon 21,27 20,12 18,38 15,81 13,57
Ugucu madde 54,74 57,26 58,07 61,86 57,20
N 5,56 4,64 4,60 3,83 3,80
C 41,71 38,15 41,63 38,62 41,70
H 7,10 6,54 6,69 6,14 6,62
Enerji degeri (Mj/kg)
Ust 1s11 degeri 15,18 14,52 14,45 14,42 13,01

Farkli oranlardaki peletlere ait par¢a yogunlugu
degerleri ile cap, uzunluk ve kiitle degerleri
Cizelge 3’te verilmistir.

Elde edilen peletlerin ¢aplart 6,75-6,98 mm,
uzunluklart  24,84-34,48 mm, kitleleri ise
0,91-1,44 g arasinda oldugu tespit edilmistir.
Avrupa Pelet Konseyi tarafindan hazirlanan el
kitabinda belirtilen EN16127 [20] standardina gére
en uygun pelet capt 6-8 mm araliginda, pelet
uzunlugu ise 3,15-40 mm olarak verilmistir.
Bulunan ¢ap ve uzunluk degerlerinin EN16127
standardina uygun oldugu belirlenmistir. Arastirma
sonucunda pelet par¢a yogunlugu degerleri 994,06-
1177,51 kg/m® olarak belirlenmistir. PCK oram

artikca pelet parca yogunlugu artmistir. Karisimlar
arasi pelet parca yogunluklarinda 6nemli diizeyde
farklilk  bulunmustur  (P<0,05). Atay ve
arkadaglar1 (2018) [19] seftali gekirdegi ve linyit
komiir tozu kullanilarak iretilen peletlerin parca
yogunlugu degerlerinin 647-1059 kg/m? araliginda,
Koger ve arkadaglar1 (2018) [21] zeytin budama
atiklarinin peletleme yontemi ile degerlendirilmesi
calismasinda par¢a yogunlugu 981-1232 kg/m?
olarak belirlemiglerdir. Bulunan parga yogunlugu
degerlerinin Atay ve arkadaslar1 (2018) [19] ve
Koger ve arkadaslar1 (2018) [21] tarafindan
yapilan c¢aligmalardan elde edilen sonuglarla
benzer aralikta oldugu sdylenebilir.

Cizelge 3. Farkli oranlardaki peletlere ait parga yogunlugu degerleri ile ¢ap, uzunluk ve kiitle degerleri

Peletler Cap (mm) Kiitle () Uzunluk (mm) Pelet pa(fga/;/::;é""l"g“
%100 PCK 6,72 1,44 34,48 117751 a
%100 KB 6,80 0,91 24,84 994,06 e
%75PCK + %25KB 6,75 1,38 26,32 1121,37b
%50PCK + %50KB 6,98 1,08 26,32 1072,35¢
%25PCK + %75KB 6,82 1,26 32,88 1049,01d

Satir igerisinde ayni harfleri alan degerler arasinda istatiksel olarak anlamly bir fark yoktur (P<0,05).
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Peletlerin dikey sikistirma direnci, kirilma direnci,
nem alma orani Cizelge 4’te verilmistir.

Karisimlarda dikey sikistirma degerler 165,01-
319,82 N degerleri arasinda bulunmustur.
Maksimum deger %100 PCK’de olurken minimum
deger ise %100 KB’da olmustur. Karisimlarda
PCK oram artik¢a dikey sikistirma degeri artmistir.
Karigimlar arast dikey sikistirma direncinde
onemli diizeyde farklilik bulunmustur (P<0,05).
Peletlerin ~ dikey sikistirilmas:  ile  yapilan
arastirmalarda; Garsia- Maraver ve arkadaslar
2010 [22] Zeytin dali ve yapraklarindan elde
edilen peletlere uygulamasinda 40-220 N, Celma
ve arkadaslar1 (2010) [23] domates posasi peletleri
icin yapmus arastirmainda en yiiksek 88N olarak
belirlemistir. Hesaplanan sikistirma direnci Celma
ve ark. tarafindan bulunan sonuctan yiiksek,
Garsia-Maraver ve arkadaslar1 2010 tarafindan
bulunan sonug ile yakin oldugu saptanmigtir. Bu
calisma ile farkliligm  olmasinin  nedeni
materyallerdeki fiziksel ve kimyasal yapilarinin
farkli olmasindan kaynaklanabilir.

Peletlerin kirilma direnci degerleri %99,04-%99,71
araliginda bulunmustur. Maksimum kirilma direnci
%50 PCK+%50 KB’da olurken, minimum ise
%100 PCK’de meydana gelmistir. Karigimlar arasi
kirllma direncinde onemli diizeyde farklilik
bulunmamigtir (P<0,05). Kirilma direnci degerleri
ile yapilan c¢alismalarda; Yilmaz, (2014) [10]
tarimsal atiklarin peletlenmesi ve peletlerin fiziksel
ozelliklerinin belirlenmesindeki kirilma direncini
%99,26-%99,99, Bilgin ve arkadaslar1 (2015) [24]
findik zurufunun peletlenmesi ve pelet fiziksel

Ozelliklerinin  belirlenmesi  iizerine  yaptigi
aragtirmada pelet kirilma direncini %99,60 olarak
belirlemistir. Yapilan bu c¢aligma literatiir ile
karsilagtirildiginda elde edilen degerler benzer
aralikta oldugu tespit edilmistir.

Peletlerin taginma veya depolama siireci boyunca
nemin yogun oldugu ortamlarda bulundurulmasi
peletlerin kalitesini ve dayanimini olumsuz ydnde
etkilemektedir [25]. Yiiksek miktarda neme maruz
kalan peletler kolayca kirilmakta ve toz
olusmaktadir. Bu gibi durumlarla karsilagilmamasi
icin peletler i¢cin uygun nem kosulunda tasima
veya depolanmasi saglanmalidir. Elde edilen 5
farkll karisimdan nem alma orant
%20,06 - %23,55 degerleri arasisinda bulunmustur.
Maksimum nem alma oran1 %100 KB’da olurken
minimum ise %100 PCK’de meydana gelmistir.
Karisimlarda KB orani artikga nem alma oraninda
artma olusmustur. Karigimlar arasi nem alma
oraninda onemli diizeyde farklilik bulunmustur
(P<0,05). Peletlerinin nem alma orani ile yapilan
diger ¢alismalarda; Alparslan ve arkadaglar1 (2018)
[26] karanfil bitkisine ait biyokiitle atiklarinin
peletlenmesinde  parga  boyutunun etkisinin
aragtirmasinda nem alma oranm %18-%20
araliginda, Yilmaz, (2018) [27] musir saplarimin
peletlenmesi ¢aligmasinda nem alma oranini
%11,53 olarak belirlemiglerdir. Bu durumda
bulunan nem alma direngleri Alparslan ve
arkadaglar1 (2018) tarafindan yiiriitiilen ¢alismada
bulunan degere yakin, Yilmaz, (2018) [22]
tarafindan yapilan ¢alismada hesaplanan degerden
ise yiliksek oldugu tespit edilmistir. Bu farkliligin
olmast materyallerin farkli olmasindan
kaynaklanabilir.

Cizelge 4. Farkli oranlardaki peletlerin dikey sikigtirma direnci, kirllma direnci, nem alma orani

Peletler Dikey sikistirma direnci (%) | Kirilma direnci (%) | Nem alma oram (%)
%100 PCK 319,82a 99,04 a 20,06 e
%75PCK+%25KB 27541 b 99,55a 20,55d
%50PCK+%50KB 209,41 c 99,71a 21,43 ¢
%25PCK+%75KB 183,61 d 99,55 a 21,99 b
%100 KB 165,01 e 99,15a 23,25a

Satir igerisinde aym harfleri alan degerler arasinda istatiksel olarak anlamh bir fark yoktur (P<0,05).
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4.2. Peletlere Uygulanan Termogravimetrik
Analizler

Peletlerin yanma karakteristiklerinin
belirlenmesinde kullanilan en iyi ydontemlerden bir
tanesi termogravimetrik analiz (TGA) yontemidir.
Diferansiyel termogravimetrik analiz (DTGA) ise
kimyasal tepkimenin sonucunda ortaya c¢ikan
enerji degisimini belirlemek i¢in kullamilan bir
yontemdir [9]. Farkli oranlarda KB ve PCK igeren
peletlerin, 30-1000 °C sicaklik araliginda ve
10 °C/dak. artig hizi neticesinde olusan tiim
karigim tiirlerine ait peletlerin TGA bozunma
egrilerine Sekil 5°de, tim karisim tiirlerine ait
peletlerin DTGA bozunma egrilerine ise Sekil 6°da
yer verilmigtir. Ayrica Cizelge 5’de baslangic
bozunma sicakhigr (T;), maksimum bozunma
sicakligt (Tmax) ve final bozunma sicakhigi (Ty)
verilmigtir.

Pelet 6rneklerinin TG egrilerinde 6nemli 6lgiide 2
kiitle kaybinin meydana geldigi tespit edilmistir.
Ik kiitle kaybt 100 °C sicakhikta suyun
buharlasmasi ile gergeklesmis olmakla birlikte
maksimum su kiitlesi kaybi, yaklasik %9 ile %100
PCK’dan olusan pelet 6rneginde gerceklesmistir.
Bu deger %100 KB’dan olusan pelet i¢in yaklasik
%6, diger karisim oranlarindan olusan peletler icin
yaklasik %8 olarak hesaplanmistir. Elde edilen
peletlerin 900°C’de maksimum kiitle kayiplarinin
sirast ile %75 PCK+%25 KB igin %77,8, %100
PCK ic¢in %78, %100 KB igin %79,6, %50
KB + %50 PCK i¢in %80,9 ve %75 KB + %25
PCK igin %83,1 oldugu belirlenmistir (Sekil 5-6).

Ik bozunma sicakliklart %100 KB’dan olusan
pelet icin 152 °C, %100 PCK’dan olusan pelet i¢in
158 °C, %75 PCK + %25 KB’dan olusan pelet i¢in
118 °C, %75 KB + %25 PCK’dan olusan pelet i¢in
121 °C ve %50 KB + %50 PCK’dan olusan pelet
icin 143 °C’de gergeklesmistir (Sekil 5-6,
Cizelge 5).

Maksimum bozunma sicakliklart %100 KB’dan
olusan pelet igin 323 °C, %100 PCK’dan olusan

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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pelet icin 310 °C, %75 PCK + %25 KB’dan olusan
pelet i¢cin 325 °C, %75 KB + %25 PCK’dan olusan
pelet i¢in 315 °C ve %50 KB + %50 PCK’dan
olusan pelet icin 305 °C gergeklestigi tespit
edilmistir (Sekil 5-6, Cizelge 5).

Elde edilen peletlerde final bozunma sicakliklari,
%100 KB’dan olusturulan pelet i¢in 554 °C, %100
PCK’dan olusturulan pelet icin 500 °C, %75
PCK + %25 KB’dan olusturulan pelet i¢in 461 °C,
%75 KB + %25 PCK karigimindan olusturulan
pelet icin 510 °C ve %50 KB + %50 PCK
karisimindan olusturulan pelet igin 517 °C olarak
hesaplanmigtir (Sekil 5-6, Cizelge 5).

Ikinci kiitle kayip oranlari ie 3,5-5,5 %/dk arasinda
degigmistir. Numunelerin minimum kiitle kayip
oraninin %100 KB’da 3,5 %/dk, maksimum kiitle
kayip orami ise %100 PCK’da 5,5 %/dk olarak
bulunmustur (Sekil 5-6, Cizelge 5). Karigimlar
arasi kiitle kayip oraninda 6nemli diizeyde farklilik
bulunmustur (P<0,05). Atay ve Ekinci (2020)
tarafindan yapilan g¢alismada ikinci kiitle kayip
oranlar1 1,43 ile 2,83 %dk araliginda bulunmustur
ve PCK ve KB karigimlar1 kullanilarak yapilan
calismada ki ikinci kiitle kayip oranlart ile
karsilagtiridiginda bulunan degerlerin Atay ve
Ekinci (2020) [9] tarafindan yapilan caligmada
bulunan degerlerden yiiksek oldugu sonucuna
vartlmistir.

Yapilan analizler neticesinde pamuk ¢igidi kiispesi
atiklarinin  yogunlukta oldugu peletlerde yanma
islemi daha itidalli sekilde ger¢eklesmistir.

Kirmizibiber igleme atiklarinin yogunlukta oldugu
peletlerde yanma islemi daha hizli sekilde
gergeklesmigtir.  Wang (2008) [28] tarafindan
yapilan c¢aligmada kiitle kayip oranmin diisiik ve
son tepe sicakliginin yiiksek oldugu durumlarda
isleminin daha mutedil gerceklestigi
belirtilmistir. Buna gore, karisimlarda PCK’nin
yogunlugunun arttirilmasiyla yanma
artacagi soylenebilir.

yanma

kalitesi
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Sekil 6. Tiim peletlerin DTGA egrileri

Cizelge 5. Kullanilan peletlerin baslangic bozunma, maksimum bozunma ve final bozunma sicakligi ile
maksimum kiitle kayip oranlar

Peletler Ti (°O) T max (°C) T: (°O) Maksimum kiitle kayip oram (%/dk)
%100 KB 152 323 554 3,5d
%100 PCK 158 310 500 5,5a
%75PCK+%25KB 118 325 461 5,2b
%75KB+%25PCK 121 315 510 4,2¢
%50KB+%50PCK 143 305 517 5,1b

Satir igerisinde aym harfleri alan degerler arasinda istatiksel olarak anlaml bir fark yoktur (P<0,05).
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5. SONUCLAR VE ONERILER

Farkli

oranlarda karigtiran peletlerde yapilan

6lciim ve degerlendirmelerden elde edilen sonuglar
asagida siralanmistir.

Peletlerin kiitle, uzunluk ve c¢ap Ol¢timleri
yapilmis ve bu sonuglarin Avrupa Pelet
Konseyi’'nce belirlenen standartlara uygun
oldugu tespit edilmistir.

Karigimlarda PCK orani artikga kil orani
artmistir.

Bulunan nem igerigi degerlerinin EN 4774-1
standardina uygun oldugu tespit edilmistir.
PCK oram1 artikca pelet parga yogunlugu
artmisgtir.

Karisimlarda PCK  oram
sikistirma degeri artmistir
Karigimlarda KB oranit artikga nem alma
oraninda artma olusmustur.

Karigimlarda kiitle kayip oranlarinda PCK
orani artik¢a artma gézlemlenmistir

Yapilan  termogravimetrik  analizler ve
diferansiyel termogravimetrik analizler eticesi
pamuk ¢igidi kiispesinin yogunlukta oldugu
peletlerde yanma isleminin daha itidalli sekilde
gerceklesmistir. Ancak kirmizibiber igleme
atiklarinin  yogunlukta oldugu peletlerde ise
yanma isleminin daha hizli gergeklestigi
saptanmistir.

%100 PCK’den iiretilen peletler;
termogravimetrik analizler, nem alma orani
hesaplamalari, dikey  sikistrma  analizi
hesaplamalar1  neticesinde incelenmis ve
kullannom i¢in uygun olacagi sonucuna
varilmgtir.

artikca  dikey

Bu ¢aligma ile ilgili su dnerilerde bulunulabilir.

Kirmizibiber ve pamuk ¢igidi kiispesi isleme
atilarinin peletlenerek yakit olarak kullanilmasi
verimlilikleri arttirabilirir.

Kirmizibiber isleme atiklar1 ve pamuk ¢igidi
kiispesi pelet tiretimi i¢cin uygun materyallerdir.
Pelet iiretiminde tarimsal atiklarin kullanilmasi
ile ¢evre kirliligi azaltilabilir.

Tiirkiye’de kirmizibiber ve pamuk {iretiminin
onemli diizeyde olmasindan dolayr pelet

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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iretiminde bu materyallerden elde edilecek
atiklar kullanilabilir.

Tiirkiye’de yetisen diger tarim {irlinlerini pelet
dretimi konusunda denemek, elde edilecek
enerjinin  {iretim  oranlarin1  belirlemek
veritabaninin giiclenmesine katki saglayabilir.

Gelecekte yapilacak calismalarda iiretilen
peletler, nem igeriginin yiiksek oldugu
ortamlarda muhafaza edilmemelidir. Eger

muhafaza edilir ise bu durum kiitle artigina
sebep olabilecek ve pelet Kkalitesi olumsuz
etkilenebilecektir.
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Oz

Bu calismada in-situ yontemi ile Al matriste NbB, partikiil takviyeli kompozitler iiretilmistir. Farkli
oranlarda partikiil takviyesinin ve {iretim siiresinin kompozitler {izerindeki etkileri incelenmistir. Olugan
partikiiller, boyutlar1 ve dagilimlar1 incelenmis, tane boyutu ve sertlige etkisi belirlenmigtir. Yapilan
calismalar neticesinde partikiil olusumunda karistirma siiresinin kullanilan alagim orani gibi dnemli
oldugu belirlenmis ve en iyi degerler 1,5 saat karistirma sonucu olusan %3,75 NbB; ilaveli kompozitte
elde edilmistir. Bu kompozitte tane boyutu 112 pm seviyelerine inmistir ve sertlik 306,4 MPa olmustur.

Anahtar Kelimeler: Aliiminyum, Boriir, Tane inceltici, Dokiim, Kompozit

Production and Properties of AI/NbB; In-situ Composite

Abstract

In this study, NbB, particle reinforced composites in Al matrix were produced by in-situ method. The
effects of particle reinforcement at different ratios and production time on composites were investigated.
The size and spatial distribution of the formed particles were examined, and the effect on grain size and
hardness was determined. As a result of the studies, it was determined that the mixing time is as important
as the alloying ratio in the formation of particles, and the best values were obtained in the 3.75% NbB,
added composite, which was formed after 1.5 hours of mixing. In this composite, the grain size was
reduced to 112 um and the hardness was 306.4 MPa.

Keywords: Aluminium, Boride, Grain refiner, Casting, Composite
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1. GIRIS

Aliminyum matrisli kompozitler, yiiksek 06zgiil
mukavemetleri ve rijitlikleri, yiiksek sertlik ve
asinma direnci gibi matristen kaynakli ve
takviyenin tiirline bagl olarak ¢esitli avantajlara
sahiptir [1-4]. Bu sebeple metal matrisli
kompozitler igerisinde 6nemli bir yer tutmakta ve
ilgili ¢ok sayida arastirma yapilmaktadir.
Aliminyum bazli bir matrise TiB, (titanyum
diboriir) [5], SiC (silisyum karbiir) [6] ve Al,O3
(aliiminyum oksit) [7,8] gibi yiiksek mukavemetli
ve rijit seramik partikiillerin eklenmesi benzersiz
bir mukavemet, sertlik, aginma direnci ve yiiksek
sicaklik kararliligt kombinasyonu sunar. Bu
takviyeler arasinda iyi ara yilizey, mekanik
ozellikler ve iiretim yontemlerinin bilinmesi gibi
cesitli avantajlart dolayist ile TiB, takviyesi ile
iretilen Al kompozitler 6n plana
¢tkmaktadir  ve gesitli  ¢aligmalar
yapilmigtir [9-11]. Bunun yanisira gosterdigi iyi
arayiizey iliskisi ile ince bir es eksenli mikro yap1
olusumunu destekleyen TiB,, on yillardir
aliminyum endiistrisinde tane inceltici olarak
yaygin bir sekilde kullanilmaktadir [12].

matrisli
lizerine

Al alasimlari i¢in kullanilabilecek Nb, V, Zr, Ta,
W, Mo, Ce gibi elementler potansiyel tane inceltici
alasim elementleri olmasina ragmen, yaygin tane
inceltici titanyum-bor master alasimlardir [13].
Aliiminyum silisyum alagimlarinda ise Ti-B tane
incelticilerinin ~ yeterince etkili olmadig1
bilinmektedir. Arastirmacilar agirlikga %3'ten
fazla silisyum igeren AlSi alagimlarinda Al-5Ti-1B
tane inceltici alasimin  etkilerinin  bertaraf
edildigini (Si poisoning) gostermistir [14]. Son
zamanlarda yapilan ¢alismalar ise NbB, ilavesinin
de Al alagimlarinda (6zellikle Al-Si) iyi bir
cekirdekleyici oldugunu gostermistir [15]. Nb, Ti
bazli intermetalikler ile benzer kafes parametreleri
iceren bazi intermetalik (NbB,, Al3Nb) yapilar
olusturur. Bu nedenle, a-Al fazi ile iyi bir kafes
eslesmesi  beklenir, bu da ¢ekirdeklenmeyi
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arttirmak i¢in ¢ok 6nemlidir [16]. Bununla birlikte
Nb, Ti'dan daha diisiik biiyiime kisitlama faktoriine
sahiptir [16].

Gecis metali  boridi  olan NbB,, yiksek
sicakliklarda bile korunan yiiksek sertlik ve iyi
aginma direnci sergiler. Ayrica, NbB, metal matris
kompozit olarak iiretilen kesme aletleri, aginmaya
dayanikli pargalar, yiiksek sicaklik yapisal
malzemeler igin potansiyel bir malzemedir [17].
Ayrica NbB, partikiil takviyeli Al
kompozitler TM yontemi ile de denenmis ve
basarili sonuglar alinmigtir [18].

matrisli

Metal matris kompozitler matrise TM yonteminde
oldugu gibi kati fazda veya sivi fazda {iiretim
olarak iki farkli sekilde sentezlenebilir. Sivi fazda
iretim cesitli avantajlarinin yam sira, matristeki
takviyenin termodinamik dengesizligi, zayif
matris-takviye ara yiizii, takviye parcaciklarinin
homojen olmayan dagilimi gibi gesitli problemlere
sebep olabilmektedir. Bu sorunlarin iistesinden
gelmek  igcin  arastirmacilar  kompozitlerin
iretiminde in-situ (yerinde) yontemini
kullanmaktadirlar [19]. Bu yontemde partikiiller
dogrudan matrise katilmayip, matris igerisinde
stire¢ boyunca kendiliginden olugmasi saglanir. In-
situ TiB, partikill takviyeli Al metal matris
kompozitler, Ti ve B tozlar1 [10] kullanilarak veya
erimis aliminyuma K,TiF, ve KBF; tuzlan
eklenerek [11] eriyik reaksiyon yontemleriyle
iiretilebilmektedir. Ote yandan, yerinde takviye
yapmak, uygun bir reaksiyonun kullanilmasini
gerektirir, bu nedenle yerinde takviye secimi,
dogrudan katilan (ex-situ) takviyelerden ¢ok daha
stnirhidir.

Literatiirde in-situ teknigiyle iiretilen NbB,
partikiil takviyeli Al matris kompozitler ile ilgili
TM yontemi ile Al-12Si-xNbB, kompozitler
iretmis fakat sivi fazda in-situ iretim ile ilgili
yeterli c¢aligma bulunmamaktadir [18]. Bu
calismada, in-situ yontemi ile geleneksel dokiim
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teknigi kullanilarak farkli oranlarda NbB, partikiil
takviyeli ticari safliktaki aliminyum matrisli
kompozitler iiretilmistir. Uretim parametrelerinin
kompozitler iizerindeki etkileri; kompozisyon,
mikroyapisal, fiziksel ve mekanik o6zellikler
acisindan incelenmistir.

2. MATERYAL VE METOT

Alasimlar rezistansh firinda 1sitilan grafit potalar
icerisinde ergitilmis ve 30 mm c¢apinda silindir
seklinde dokiim saglayan 40 mm duvar kalinligina
sahip kokil kaliba dokiimi geleneksel dokiim
yontemi ile gergeklestirilmistir. Atmosferik nem
ana hidrojen kaynagi olabileceginden, -erimis
aliminyum ile temas halinde kullanilan tiim aletler
kullanimdan o6nce kurutulmustur. Dokiim Oncesi
pota ve kalp yiizeyleri bor nitriir ile kaplanmig ve
karistirma islemi igin reaksiyona girmeyecek
seramik ¢ubuk kullanilmigtir. Matris malzemesi
olarak ticari safliktaki Aliiminyum (ag. %99,5),
partikiil olusumu icin ag. %5 B igeren ve ag. %3,9
Nb igeren iki farkli Al alasim
kullanilmistir. Master alagimlarin optik mikroyapi
gorintiileri Sekil 1 ve 2°de verilmistir. Nb master
alasimi genel olarak ortalama 5-40 pm AINb;, fazi
barindirirken B kaynagi olarak kullanilan master
alasim ortalama 10 pm boyutunda AIB;, fazim
icermektedir. Bunun yanisira B master alasimi
iretiminden kaynakli olarak potasyum ve flor
igeren fazlar da icermektedir.

master

Eriyigin agirt 1sitilmasi, hidrojen emilimini 6nemli
Olciide artiracaktir. Erimig aliiminyum yiizeyindeki
aliminyum oksit filmi sivi metale gaz girisini
siirlasa  da  karistirma  ve dokme sirasinda
tiirbiilans, bu oksit kabugunu kiracak ve hidrojen
emilim oranimi artiracaktir. Bu sebeple bekleme
stiresinin miimkiin olduk¢a kisa tutulmasi avantaj
saglayacagindan bekleme siiresi 1 ve 1,5 saat
olarak belirlenmistir ve ergiyik, reaktif olmayan
seramik cubuk ile her 10 dakikada bir
karistirilmastir.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

\\ - 20 um}l

Sekil 1. %3,9 Nb igeren master alasiminin
mikroyap1 goriintiisii

mikroyap1 goriintiileri

Dokiim sicakligi tane boyutu iizerinde dnemli bir
etkiye sahiptir ve dokiim sicakligimin diismesi ile
alagimlarinin tane boyutu azalmaktadir. Bununla

birlikte, DiSabatino ve arkadaslar1 tarafindan
yapilan c¢alismada gosterildigi gibi, dokiim
sicakhigr  akigkanligi  etkileyen en Onemli

parametrelerden biridir ve azalan dokiim sicakligi
viskoziteyi olumsuz etkilemektedir [20]. Bu
nedenlerden  dolayr  kompozit  iiretimindeki
bekleme sicakligi 850 °C ve dokiim sicaklig
720 °C olarak belirlenmistir. Tiim ¢alismada
sogutma oranmi sabit tutarak, partikiil ilavelerin
tane boyutu iizerindeki etkisi belirlenmistir. Bu
amagla aynm1 katilasma kosullarmi korumak igin
kalip sicakhign dokiimden énce daima 250 °C’ye
ayarlanmstir.
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Nb:B oram1 NbAl; ve AIB, gibi fazlan
olugturmamasi i¢in literatiir [21,22] ve On
caligmalar dogrultusunda agirlikga 4:1 olacak
sekilde kullanilmigtir. Master alagimlar matris
icerisinde agrilik¢a %3,75 ve %2,5 oraninda NbB,

Cizelge 1. Uretilen alasimlar ve iiretim parametreleri

olusacak  sekilde iki farkli kompozisyon
tretilmigtir. Bu iretim esnasinda karigtirma
stirelerinin etkisini belirlemek igin iki farkli siire
secilmistir. Kompozisyonlar ve diger parametreler
Cizelge 1’de verilmistir.

Alasim tiirii Kompozisyon (% ag.) Karistirma siiresi (h) Karistirma sicakhigi ("C)
Al Al+3,75 NbB, 1 850
A2 Al+3,75 NbB, 1,5 850
Bl Al+2,5 NbB, 1 850
B2 Al+2,5 NbB, 15 850

Dokillen kompozitler her birinde kalibin ayni
bolgesine denk gelen noktadan kesilerek analiz ve
test numuneleri hazirlanmistir. 1200 p’ye kadar
kademeli zimparalama ve 0,3 um kolloidal silika
ile parlatma islemi sonrast dogrudan mikroyap1
incelemeleri yapilmistir. Tane boyutu analizi igin
ise numuneler Per klorik asit (HCIO4) (20 ml) ve
asetik asit (CH3;COOH) (80 ml) karigimi ile
elektrolitik olarak daglanmis yapilmis ve Carl
Zeiss Axioskop 2 MAT optik mikroskobunda
polarize 151k altinda goriintiilenmistir. Bu sekilde
alman bes farkli goOriintii {izerinden Imagel
programui yardimiyla lineer ¢izgi tane sinir1 kesisim
metodu (Abrams Intercept method ASTM E 112)
ile ortalama tane boyutlart (¢ap) hesaplamasi
yapilmistir.

Sertlik degerleri partikiillerin tam {izerinden
olmayacak sekilde 10 farkli noktadan Buhler
mikro sertlik cihazi ile 6l¢lilmiistiir. Numunelerde
bulunan fazlar Carl Zeiss Ultra Plus Gemini Fesem
cihazt ile incelenmis ve enerji daginim
spektroskopisi  (EDS) analizleri  yapilmistir.
Partikiil boyut Ol¢iimii de taramali elektron
mikroskopu  (SEM)  goriintiileri  {izerinden
yapilmistir.

3. BULGULAR VE TARTISMA

Bir saat karigtirma sonrasi tretilen ag. %3,75
oraninda NbB, iceren kompozitlerin SEM
gorintiileri  Sekil 3°te verilmistir. Mikroyapida
olusan partikiillerin tam homojen dagilim
gostermemekle birlikte tane sinirlar ile de sinirh
kalmadig1 goriilmektedir. Artan NbB, miktar1 ile
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mikroyapida bulunan partikiiller daha homojen bir
dagilim sergilemektedir. Bu durum genel manada
takviye faz

gostermektedir.

miktarinin  yetersiz  oldugunu

‘Zapm

ekil 3. A2 kompozitin genel Oriiniisii ve olusan
p g g
partikiillerin nokta EDS analizleri

Cizelge 2. Nokta EDS analiz degerleri.

Atomca oran (%)
Spektrum Al Nb B (@) F
1 458 | 22,12 | 66,95 | 546 | 0,89
2 3,61 | 1995 | 67,81 | 6,94 | 1,69
3 3,04 | 21,00 | 68,12 | 6,86 | 0,98
4 1,35 | 2225 | 68,16 | 7,21 | 1,03
5 27,14 | 0,06 | 11,72 | 32,32 | 28,76

Sekil 3 iizerinde verilen biiyilitme goriintiisiinde
olusan partikiiller ve bazi noktalarin EDS analizleri
goriilmektedir.  Cizelge 2’de verilen analiz
degerlerinde olusan partikiillerin NbB;, oldugunu
dogrulamaktadir.  Matriste ise B master
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alagimindan gelen (KBF, tuzundan) F ve
iretimden kaynakli O elementleri goriilmektedir.
Bunun yanisira mikroyapmin bazi boélgelerinde
NbB,’e doniismemis fazlar goriilmektedir. A2
alagimina ait mikroyap1 detay goriintiisii ve bu faz
iizerinden alinan ¢izgi EDS analizi Sekil 4’te
verilmigtir.

Mass-%

] A
501 —o0

] -F
404 K

LI AN M MA
T T

20 40 60 80 100

Point number

TRy T
St WIS e S
Sekil 4. A2 mikroyap1 goriintiisii ve ¢izgi EDS
analizi

Sekil 4’te verilen ¢izgi analizinde goriildiigi gibi
mikro yapida NbB;’e donlismemis faz Nb ve Al
elementleri icermektedir. Verilen analiz degerinin
agirlikca oldugu hesaba katildiginda bu fazin e—
faz1 (NbAl3) oldugu anlagilmaktadir [22]. Diger
yandan F ve O oraninin matriste belirgin sekilde
artmasi matrisin bu elementleri kalinti olarak
barindirdigini géstermektedir. Ayrica B miktart da
¢ — fazinda lokal olarak artis gostermektedir. Bu
fazin B elementi ¢6zme miktarinin yaklasik at. %1
civarinda oldugu literatiirde dalga boyu daginim
spektroskopisi (WDS) ve EDS analizleri ile ortaya
konulmustur [22].

NbB, partikiillerin detayl goriintiileri

incelendiginde bazilarinda dis kabuk ve i¢ kisim
arasinda gorsel olarak konsantrasyon farki oldugu

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

goriilmektedir. Sekil 5°te verilen EDS map
analizinde bu durum goriilmektedir. Matriste genel
olarak Al ve F elementleri ve partikiile yakin
bolgelerde B goriilmekte iken partikiiller Nb ve B
elementleri igcermektedir. Bazi partikillerin dis
cevresinde ise matristen bir miktar gegislerin
oldugu goriilmektedir. Bu bdlgeler matris ve
partikiil gecisinde olusan o— fazina benzemektedir.
Bu faz literatirde Nb-Al-B (at. %55-35-10)

oraninda elementler igerdigi belirtilmistir [22].

Sekil kompozit 1kr0 goriintiisti  ve
EDS alan tarama analizi

Kompozit igerisinde olusan partikiiller mikroyap1
incelemelerinde agik¢a belirtilmistir. Bu partikiil
olusumlarinin bir diger avantaji ise tane inceltme
etkisidir. Yapilan ¢aligmalar Nb-B ilavesinin Al
alagimlarindaki tane inceltici etkiyi agik¢a ortaya
koymaktadir [15,16]. Bunun yaninda diger yaygin
kullanilan Ti-B ilavesi de dahil tane inceltme
mekanizmasinin  tam  bir aciklamasi  halen
yapilamamistir. Ancak Mohanty ve Gruzleski [23]
yaptig1 ¢alismada Ti ilavesinin olmadig1 ¢ozeltide
boriirlerin tane sinirlarina itildigi ve tane inceltici
bir etki yapmadigini gostermektedir. Bu ¢aligmada
iretilen kompozitlerde ise olusan partikiillerin tane
siirlart ile kisith kalmadigr goriilmektedir. Bu
durumun tane inceltme etkisi iizerine olumlu bir
etki yapacagi agiktir ki katilagma iglemi sirasinda
her bir NbB, partikiili bir tane c¢ekirdegi
olusturmayacaktir. Kalan NbB; partikiillerinin ise
tane sinirlarina itilmek yerine katilagma sirasinda
ilerleyen sivi-kati arayiizii tarafindan yutuldugu
anlasilmaktadir. Hazirlanan kompozitlerin 6rnek
tane boyutlar1 Sekil 6’da verilmistir.
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Sekil 6. A2 genel ve detay tane boyut goriintiisii

Sekil 6’da verilen goriintiller incelendiginde
tanelerin es eksenel ve tane boyutlarinin genel
olarak benzer dagilim sergiledigi goriilmektedir.
Kompozitler arasinda ise belirgin bir fark
gorilmemistir. Yapilan tane boyut dlglimlerinin
ortalamasi ve bu degerlere karsilik gelen ASTM
tane boyutlar1 Sekil 7°de verilmistir.

128 4 {7771 ortalama Tane Boyutu| | 4
B ASTM tane boyutu

124 3.2

120 - u

7
7
7 Z
7

Ortalama tane ¢api (um)
ASTM tane boyutu

B1
Kompozitler

Sekil 7. Kompozitlerin tane boyutlari
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Sekil 7°de aynmi kosullarda tiretilmis takviyesiz saf
Al’'un tane boyutu verilmemistir fakat ortalama
1300 um olarak belirlenmistir. Bu durum Nb-B
ilavesinin etkisini acik¢a ortaya koymus tane
boyutlar1 ortalama 1/10 seviyesinin altina
diigmiistiir. Alagimlar kendi arasinda
kiyaslandiginda ise alasim miktar1 yiiksek olan Al
ve A2 alasimlarinda digerlerine kiyasla tane
boyutlarinin daha kii¢iik oldugu goriilmektedir.
Maxwell ve Hellawell, birim hacim bagina tane
sayisinin, birim hacim basma partikiil sayisiyla
arttigini, ancak bu artigin kritik bir degere kadar
oldugunu ve bu noktanin 6tesinde bir doygunluga
ulagtigmi  gostermistir.  Bu  kritik  degerinin
Otesinde, eklenen partikiillerin giiclii
cekirdeklenme yerleri olarak hareket etmedigini
gOstermistir [24]. Bu ¢alismada kullanilan master
alasim oranlarinda kompozitlerin  doygunluga
ulasmadigmi  gostermektedir. Diger yandan
iretimdeki  karigtirma  siiresi gdz  Oniinde
tutuldugunda ise A tipi alagimlarda fark daha az
olmak iizere 1,5 saat karistirilan alagimlarda 1 saat
karigtirilanlara gore ortalama daha ince tane
boyutlart 6l¢iilmiistir. Yine benzer ¢alismaya [24]
paralel olarak artan karistirma siiresi ile reaksiyon
stiresi de artmakta ve bir miktar daha homojen
dagilim saglanabilmektedir. Bu durumda birim
hacimdeki homojen dagilimin daha dengeli
saglandigi ve tane inceltmeye bir miktar daha katki
sagladig1 goriilmektedir. Bunun yanisira karistirma
stirelerine bagli reaksiyon siiresinin olusan NbB,
partikiil boyutuna etkisini belirlemek i¢in alagim
icerisinde olugsan NbB; partikiil boyutlar1 6l¢iilmiis
ve dagilimlar Sekil 8’de verilmistir.

40

= A1
354 A2
A B1
30 B2
—~ 25
=
8 20
@
X
SRER
w
10
5
04
T T T T
0 1 2 3 4 5

Partikdl capi (um)
Sekil 8. Partikiil boyut dagilimlar: ve Gauss fit
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Ortalama  partikil ~ boyutlar1  (Sekil  9)
incelendiginde ilk belirgin fark artan karistirma
stireleri ile ortalama partikiil boyutlar1 her iki
kompozisyonda da artmugtir. Diger yandan
kompozisyon  farkinin  belirgin = bir  etki
olusturmadig1 da goriilmektedir. Sekil 8’de verilen
partikiil boyut dagiliminda da tiim kompozitler
arasinda belirgin bir fark gdriilmemektedir. En
fazla tekrarlanan partikiil boyutu ortalama boyuta
benzer degerlerdedir.

Partikiil boyutunun mekanik &zelliklere etkisi
lizerine ¢esitli ¢alismalar yapilmistir ve iyi bir
matris-partikiil ara yiizii olmasi durumunda
genellikle takviye partikiil boyutunun
azaltilmasinin mekanik 6zelliklerde bir iyilesmeye
yol agmasi beklenir [25]. Yapilan mikro yap1
incelemelerinde olusan NbB, partikiillerin Al
matris ile reaksiyona girerek matris-takviye
arasinda farkli bir fazin olusmadig1 goriilmektedir.
Bu durumda yapida olusan partikiil boyutunda
azalmanin genel manada mekanik oOzelliklere
olumlu bir katki yapmasi beklenen bir durumdur.

6

M Ortalama ® Minimum A Maksimum
5 A
= o A
£ 4
= A
Q.
83
=
=
IS 1.89
o 2 1.8
S 1.73 17 =
14
® o - @
0 T T T T
A1 A2 B1 B2
Kompozitler

Sekil 9. Ortalama partikiil boyutlar

Tane boyutundaki kiigiilmenin akma dayanim
tizerindeki  etkisi Hall-Petch  denklemi ile
aciklanmistir [26]. Bu durumda yapilan alagim
ilavesi ile hem partikiil mukavemetlendirmesi hem
de tane inceltme etkileri ile alagimlarin
mukavemetinin artmasi beklenen bir sonugtur.
Alasimlardan o6lgiilen ortalama mikro sertlik
degerleri alt ve {ist degerlerle birlikte Sekil 10’da
verilmigtir.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

340 4

320
300 -
280
= 260
o T
S0
=
= 2201
(]
0 200
180 4
160
140 4 /
120 -ledesgrs, 1 f -
A1 A2 B1 B2

Kompozitler

Sekil 10. Alasimlarin mikro sertlik degerleri

Alasimlarmm  sertlik  degerleri  incelendiginde
literatiirde verilen saf Al’a gore belirgin bir artis
goriilmemistir. Bu durumun temel sebebi ise mikro
sertlik yontemi kullanimidir. Sertlik artisina sebep
olabilecek temel faktorler Al ve Nb-B arsinda bir
kat1 ¢ozelti olusmadigi hesaba katildiginda tane
boyutu ve NbB, partikiiller ve bir miktar kalinti
Nb’ca zengin ikincil fazlar sayilabilir. Fakat
Olgiimler mikro seviyede yapildigindan dolay1
temel belirleyici faktor yapidaki partikiillerdir.
Bununla birlikte 6lgiilen sertlik degerlerinin
Sekil 7°de verilen ortalama tane boyutlari ile de

ters iliskili olarak degistigi goriilmektedir.
4. SONUCLAR

Yapilan mikroyap1 incelemeleri ve EDS analizleri
sonucunda saf Al igerisinde master alagimlar
kullanarak in-situ kompozitin olustugu
goriilmistiir. 1 ve 1,5 saat bekleme siirelerinin her
ikisinde de NbB, partikiil olusumu gerceklesmis
uzun bekleme siiresinde olusan partikiillerin
ortalama boyutunun bir miktar daha fazla oldugu
belirlenmistir. Agirlikca %2,5 ve %3,75 olan iki
farkli oranda alasim ilavesinde de iretim
gerceklesirken yiiksek miktardaki ilavede olusan
partikiil miktar1 daha fazla ve dagilimin daha
homojen oldugu goriilmiistiir.

Mekanik ozellikleri gelistirmek igin iretilen

kompozitler igerisinde olusan partikiiller ile
alagimin tane boyutunun ciddi Olgiilerde diistigi
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belirlenmistir. Bu durumun kompozitin mekanik
ozelliklerine ilave fayda saglayacagi agiktir.
Yapilan mikro sertlik O6l¢iimlerinde de sertlik
degerlerinin tane boyutu ile dogrudan iliskili

olarak degistigi belirlenmistir.
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Abstract

In this investigation, a numerical study about the turbulence intensity effect on the time-dependent flow
structure around a circular cylinder employing k-o based Detached Eddy Simulation (DES) turbulence
model was performed at sub-critical Reynolds number of Re=5x10°. According to the numerical analyses,
the length of recirculation region reduces as the level of turbulence intensity augments. While the
normalized length of recirculation region after the cylinder, L/D is measured as 1.225 at turbulence
intensity of Tu=0.8%, it reduces to the value of Ly/D =1.0822 at turbulence intensity of Tu=7%.
Furthermore, the location of peak negative pressure coefficient moves in downstream direction by
increasing turbulence intensity. The drag coefficient, Cp was observed to increase when turbulence
intensity increases from Tu=0.8% to 7% and 12%. Thus, it was concluded that the level of turbulence
intensity is effective on changing the flow characteristics and aerodynamics of a circular cylinder.

Keywords: Bluff body, Subcritical Reynolds number, Turbulence intensity, Turbulence model, Unsteady
flow

Tiirbiilans Siddetinin Dairesel Bir Silindir Uzerinde Olusan Akis Yapisina ve
Aerodinamigine Etkisi

Oz

Bu arastirmada, kritik alti Reynolds sayisinin, Re=5x10° oldugu durumda k-o tabanli DES tiirbiilans
modeli kullanilarak tiirblilans siddetinin dairesel bir silindir etrafindaki zamana baglh akig yapisi
iizerindeki etkisi hakkinda sayisal bir ¢aligma yapilmistir. Sayisal analizlere gore, tiirbiilans siddeti
arttikca ayrilmig akis bolgesinin uzunlugu azalmaktadir. Silindirin arka bolgesinde olusan ayrilmis akis
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bolgesinin uzunlugu, L silindirin ¢ap1, D ile boyutsuzlastirilmis ve bu deger, Ly/D tiirbiilans siddetinin
Tu=%0,8 oldugu durumda L¢/D =1,225 olarak Ol¢iiliirken, tiirbiilans siddetinin Tu=%7 oldugu durumda
Ly/D =1,0822 degerine azalmustir. Ayrica silindir yiizeyinde mutlak negatif basing katsayisinin maksimum
oldugu nokta, tiirbiilans siddeti arttik¢a silindir arka bdlgesinde olusan durma noktasina yaklagmustir.
Tiirbiilans siddetinin, Tu=%0,8 oldugunu durumdan Tu=%7 ve %12 oldugu durumlara arttirildiginda,
striikleme katsayisinin, Cp arttiglr gézlemlenmistir. Buradan tiirbiilans siddeti seviyesinin dairesel bir
silindir etrafinda olusan akis karakteristigi ve aecrodinamigi tizerinde etkili oldugu sonucuna varilmstir.

Anahtar Kelimeler: Kiit cisim, Kritik altt Reynolds sayisi, Tiirbiilans siddeti, Tiirbiilans modeli,

Kararsiz akig

1. INTRODUCTION

The cylinder is the most commonly used geometry
for the investigations of bluff body aerodynamics
and the flow around a cylinder is encountered in
many engineering applications [1]. The flow
around the cylinder has been experimentally
studied by many researchers and its physics has
been revealed for Reynolds number within various
ranges. When the instantaneous flow pattern
around the cylinder is examined, it has been shown
that the vortex shedding and fluctuating flow
structure takes place after the fluid flow separates
from the cylinder surface. The periodic shed of
vortices and high-level fluctuations in the wake
region may cause problems such as noise and
vibration [2,3]. The time-averaged flow structure
around the cylinder are composed of two counter
rotating vortices in the wake flow region and a
separation point. As stated by Najafi et al. [4] the
drag coefficient, Cp and length of the wake region
differ in the literature due to the factors such as
blockage ratio, turbulence intensity of the free-
stream flow, and surface roughness for the same
Reynolds number. In addition to the experimental
studies, numerical studies investigating flow
structure the flow structure around bluff bodies has
been increasing. Mannini et al. [5] compared the
flow structure around a rectangular cross section
by using numerical method of Unsteady Reynolds
Averaged Navier-Stokes (URANS) and Detached
Eddy Simulation (DES) turbulence models at
Reynolds number, Re=21600. According to the
results, DES always provides results closer to the
experimental studies and while URANS gave a
partially good results when the edge ratios of
rectangle were 5:1, neither 2D nor 3D URANS
simulations could give as accurate results as 3D
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DES at edge ratios of rectangle, 1:5. You and
Kwon [6] investigated the flow structure around a
circular cylinder by using Spalarat-Almaras (S-A)
model, Spalarat-Almaras (S-A) based DES model
and k-o SST based Scale-Adaptive Simulation
(SAS) model at Reynolds number, Re=3x10°.
They revealed that when the destruction term was
activated in the DES turbulence model, and the
specific dissipation rate was increased in the SAS
model, the more accurate results are obtained
compared to the RANS model simulations. Uzun
and Hussaini [7] carried out Delayed Detached
Eddy Simulation (DDES) to investigate the flow
behavior around tandem cylinders. In this study,
133 million grid points are performed to assess the
sensitivity of the estimations to grid resolution.
They stated that DDES results are rather in good
agreement with experimental ones. The time-
averaged streamline pattern from DDES
simulation supply a proof that the separation point
of the boundary layer is similar to the one that
acquired with PIV experiments. Travin et al. [8]
studied DES past a circular cylinder with laminar
separation at Re=50x10° and with turbulent
separation at Re=140x10° and 3x10°. According to
them, the results are more accurate with DES
turbulence  model compared to the URANS
turbulence model for laminar separation cases. But
the accuracy level of URANS and LES is very
close to the each other for turbulent separation
case. The Zhao et al. [9] performed a numerical
investigation about the flow behavior around a
circular cylinder with k-o shear stress transport
(SST) based DES turbulence model to investigate
massively separated flow. According to the
authors, most mean values are not delicate to the
resolution and length the spanwise. A difference
was observed between the severity of estimated

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



pressure distributions throughout the surface of the
cylinder acquired in this study and some
experimental  studies. Zhao et al. [10]
comprehensively studied the flow structure past a
circular cylinder with DES turbulence model at
Reynolds number, Re=3900. In this study the
impacts of the spanwise lengths, grid resolutions
and numerical schemes are discussed. They
revealed that very coarse and fine grids weaken the
performance of DES model. According to them,
for the steady flow pattern, while second order
schemes are sufficiently effective, the higher-order
model are necessitated for the time-independent
flow characteristics. Karasu [11], used different
models of turbulence to determine the unsteady
flow structure around the cylinder at Re=5000. He
showed that LES and DES models gave very close
results in experimental study in all parameters
examined comparing with URANS models.
Norberg and Sunden [12] experimentally
investigated the influence of the turbulence
intensity and Reynolds number on the flow
structure past a circular cylinder at Reynolds
number within the range of 2x10* and 3x10° and
turbulence intensities in free-stream flow as 0.1%
and 0.4%. They pointed out that pressure forces
increase when the turbulence intensity gets higher
for Reynolds number smaller than, 10°, while
reverse effect was detected for higher Reynolds
numbers. According to authors, the impacts of
Reynolds number and turbulence intensity on the
root mean square of pressure coefficient at
subcritical regime are very significant, but this
effect attenuates by increasing Reynolds numbers.
It was noticed that the turbulence intensity does
not depend on the blockage ratio. Furthermore,
when the turbulence intensity increases from 0.1%
to 0.4%, the Strouhal number was detected to
reduce for Reynolds number smaller than 10°
whereas the Strouhal number increases with
increasing turbulence intensity at greater Reynolds
numbers. The flow transition regime moves
upstream of the cylinder by increase in Reynolds
number and/or turbulence intensity [13-14]. In the
investigation of Ahn et al. [15], the time-
independent heat transfer characteristics of a
circular cylinder has been comprehensively studied
by numerical model as a function of turbulence
intensity of free-stream flow and Reynolds number
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According to authors, the frequencies of
fluctuations were observed to almost uniform over
the whole periphery of cylinder surface. As
estimated, the value of heat transfer coefficient
augments when the turbulence intensity of free-
stream flow gets higher. The authors pointed out
that the magnitude of the Strouhal number is
independent of the value of the turbulence
intensity and it only slightly changes with
Reynolds number. Smith and Kuethe [16] carried
out flow analysis at the cylinder’s stagnation point
in cross flow. They revealed that there is a direct
proportion eddy viscosity and turbulence intensity.
Sunden [17] analytically studied the influence of
turbulence intensity and length scale of turbulence
on the boundary layer model to investigate
turbulence effects in steady flow with a main
emphasis on stagnation point. According to them,
for a given scale, the Nusselt number was detected

to go up with increase in the value of TuRe™.

The aim of the present study is to numerically
study the effect of a turbulence intensity of free-
stream flow on the flow characteristics around a
circular cylinder such as drag coefficient, Cp,
pressure distribution, time-averaged streamline and
velocity patterns at Reynolds number, Re=5x10%,

2. MATERIAL VE METHOD

2.1. Flow Configuration and Numerical Setup

The description of the essential geometrical and
flow parameters for the flow on a circular cylinder
is demonstrated in Figure 1 where 0° and 180°
denotes front and rear stagnation points,
respectively. The flow shown here is from left to
the right and the angle, 6 is measured in
downstream direction, from front stagnation point
to rear stagnation point. Here F shows the location
of foci and it is the center of vortices. S is the
saddle point that displays the position in the flow
region where the velocity of fluid flow is zero. S
also represents the reattachment point. L, is the
separation length where the distance between rear
stagnation point and saddle point, S. The
separation length, L, is normalized with the
cylinder diameter, D.
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Figure 1. The description of the essential geometrical and flow parameters for the flow on a circular

cylinder

In all numerical simulations, O type grid structure
created using GAMBIT software was utilized. The
sizes of the flow field were demonstrated in Figure
2 in terms of the cylinder diameter, D (not to
scale). The diameter of the outer cylinder forming
the entire flow field is 50D, and the thickness of
the flow field is given as 71D along z-axis. Figure 3
a and b demonstrates the general view of the mesh
structure and mesh structure around the cylinder,
respectively. The diameter of the cylinder is
divided into 200 parts and the y-axis in the region
outside of the cylinder is divided into 150 parts,
the mesh around the cylinder has become denser, it
has been opened regularly towards the inlet and
outlet. The thickness of the IID given to the
cylinder was divided into 48 equal parts. As stated
by Sidebottom et al. [18], the thickness and
number of nodes in the z-axis is sufficient to
model the flow.

There are 1479800 nodes in the mesh structure.
Surface velocity in the first half of the outer
cylinder inlet, surface pressure outlet on the other
half and both surfaces of the outer cylinder was
chosen as symmetry. In order to show mesh
independency, the numerical simulations have
been made with four different mesh structures
which each one includes different number of
nodes. Figure 4 shows the drag coefficient, Cp
values with four different mesh structures. As seen
in Figure 4, the difference between drag
coefficient, Cp values are very low for four
different generated mesh structures. After
approximately 1.2x10° number of nodes, the drag
coefficient, Cp values does not almost change, so
that reason the mesh structure with 1479800 nodes

904

is chosen for the numerical simulation of 3D flow
past a circular cylinder.

The numerical solutions were carried out with a
computer with two E3-1240 v5 processors and 32
GB RAM using ANSYS FLUENT 18.1 software
with finite volume method. During the simulations
with DES model, for pressure and velocity
coupling the PISO (Pressure-Implicit with
Splitting of Operators), for pressure discretization
the PRESTO algorithm has been utilized. Limited
central differences are used for pressure
discretization and second order formulation is used
for time-dependent solutions. The minimum
orthogonal quality of the generated mesh structure
is 0.995.

All solutions were carried out at Reynolds number,
Re=5x10°% The time step size, 4r was adjusted as
At=5%x10" s and thus CFL number was kept below
one. In this study, same method was applied with
Karasu [11]. Flow characteristics and force
coefficients on the cylinder depend on many
parameters such as Reynolds number, blockage
ratio, turbulence intensity of free-stream flow and
surface roughness at the cylinder. Therefore, the
drag coefficient obtained in this study are
consistent with the experimental studies of Najafi
et al. [4] and Durhasan et al. [19] performed at
similar  Reynolds number and turbulence
intensities. In this study, the flow characteristics
was obtained with PIV method in water channel,
and the drag forces was measured in the wind
tunnel. Reynolds number, drag coefficient and
Strouhal number was calculated based on the

Equations of 1, 2 and 3 respectively.
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In these equations, p is the density of the fluid, U
is the free-stream flow velocity, D is the diameter
of the cylinder, p is the dynamic viscosity of the
fluid, Fp is the drag force, A is the frontal area of
the cylinder which is the multiplication of length,
L and diameter of the cylinder, D, A=LD, f is the
dominant frequency acquired from lift coefficient.

~- 50D

-

Figure 2. The sizes of flow field in terms of the cylinder diameter, D

2.2. Detached Eddy Simulation

Turbulence Modeling

(DES)

The k-0 equations are given in Equations 4-11;

8k+6(ujk) Bkt 0
o e O PReta

(vrav) ok
v+ vy o

oo , o(uw) o2 8 o)
§+5_,J(j_YS - B(D2+a_xj [(v-&—amvt) e_xj] +(1-F1)Cka (5)

in which, G"=min(G, ¢,p k) and G=v,S°. F, is a
blending that is described as
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- 4y arg =mi k500v) _dagok
F,=tanh(arg,),arg,=min[max (ﬁ*wy,yzw), CD*kU,yz] (6)
in which  CD",,=max (CDy,,10"") and
CD,,=2q, iﬁ—k@ The whole constant in

o 0x, 0x, (4)
transports equations are acquired by blending
function;

ﬂ:F1ﬂ1+(]'F1)ﬂ2 (7)

where gpresents a, f and Y in the k- and o-
equations. The eddy viscosity is described as
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alk
Vi= max(a;, b;SFy) ®)
in which S is the strain rate described as

S= ZSUSU and Sij_E 0Xj

blending function determined as

ou; .
+a—z{) and F, is the other

F,= tanh(argzz) , arg,=max (2 % , SOOV)

o 9)
The whole constants utilized in this study are the
identical with the investigation of Menter et al.

[20].
2.2.1. DES Moaodification
As stated by Menter et al. [20], the k-equation is

altered by adding a production coefficient Fpgs to
the dissipation term

ok  O(uk ~ ¥ 0 ok
ng(a—ij):G -B kC‘)FDES+0_xj [(V“lkVt) a] (10)
where Fpgs is described as

L,
Fpps=max (CDE‘SA (1-Fs).1) (11)

in which L, is the calculated turbulent length scale,
L=VK/(B ®) and A is the grid size, A=3/AxAyAz is
the, Cpes is the DES constant which is equal to
0.61 herein. Fs can be F, or F,, F, is utilized in this
investigation.

Figure3. a) The general view of the mesh
structure b) Mesh structure around the
cylinder
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Figure 4. Drag coefficient values, Cp for four
different mesh structures with different

number of nodes

3. RESULTS AND DISCUSSION

Figure 5 demonstrates the effect of turbulence
intensity on the time-averaged streamline pattern
around the circular cylinder. As seen in Figure 5,
when the turbulence intensity increases the length
of recirculation region decreases. For instance,
while the normalized length of recirculation region
after the cylinder, Ly/D is measured as 1.225 at
turbulence intensity of Tu=0.8%, it reduces to the
value of Ly/D =1.0822 at turbulence intensity of
Tu=7%. The dimensionless wake length attenuates
to the value of Ly/D=0.8542 when turbulence
intensity increases from Tu=7% to 12%.
Furthermore, the location of saddle point, S moves
in upstream direction toward the rear stagnation
point of the cylinder by increasing turbulence
intensity. For example, while the saddle point, S
takes place at location of X/D=1.725 at turbulence
intensity, Tu=0.8% it occurs at dimensionless
distances, X/D=1.56 and 1.365 at Tu=7% and 12%
respectively. Additionally, the extent of focal
points, F; and F, gets smaller by increasing
turbulence intensity. As inferred from Figure 5, the
distance between focal points, F; and F, is not
remarkably affected by the increase in turbulence
intensity. Actually, this distance is correlated with
the drag coefficient on the cylinder surface. Drag
coefficient attenuates when the distance between
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focal points get smaller. The formation of small
circulation bubbles, B; and B, takes place on the
cylinder surface as seen in Figure 1. The extent of
these bubbles, B; and B, reduces by increasing

Ilyas KARASU, Sergen TUMSE

turbulence intensity. Furthermore, the formation of
these bubbles, B; and B, moves towards the rear
stagnation point of the cylinder by increasing
turbulence intensity.

 Tu=12%),

1
-0.5 0 0.5

15 2 25

Figure 5. The effect of turbulence intensity on the time-averaged streamline pattern around the cylinder

Figure 6 shows the effect of turbulence intensity
on the time-averaged streamwise velocity
distribution around the cylinder. The time-
averaged streamwise velocity, u is normalized with
the free-stream velocity, U. As observed from the
Figure 6, the extent of wake region in horizontal
direction behind the cylinder gets smaller by
increasing turbulence intensity which can also
revealed from the streamline pattern in Figure 5.
But the size of this region remains unchanged in
vertical direction. The increasing turbulence
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intensity caused the absolute magnitude of peak
negative and positive velocities to be higher.
Furthermore, the size of maximum peak negative
velocity clusters grows up when turbulence
intensity increased from Tu=0.8% to 12%. The
increased turbulence intensity induced narrower
wake region and higher absolute magnitudes of
positive and negative velocities can be attributed to
the higher momentum of fluid flow at higher
turbulence intensities.
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As inferred from Table 1, the drag coefficient, Cp
gets higher when turbulence intensity increases
from Tu=0.8% to 7% and 12%. For instance, the
drag coefficient, Cp increases from 1.039 to 1.128
as turbulence intensity goes up from Tu=0.8% to
12%. But this increase is not much since the drag
coefficient grows by 8% while turbulence intensity
increases by 15 times. The drag increase can be
attributed to the turbulence intensity induced
increase in friction and pressure over the surface of
the cylinder as concluded from mean pressure and
shear stress distribution on the cylinder surface.
When the turbulence intensity increases, the more
fluid molecules hit the cylinder surface and thus
the friction between cylinder surface and fluid
molecules increases causing higher drag
coefficients, Cp. The increase in the drag
coefficient with turbulence intensity was also
reported in the investigation of Norberg [21]. In
this study, the drag coefficient, Cp was found to

increase from 0.98 to 1.03 when turbulence
intensity alters from 0.1% to 1.4% at Reynolds
number, Re=3x10% Furthermore, as noticed, the
value of drag coefficient, Cp in the study of
Norberg [21] at turbulence intensity of Tu=1.4% is
nearly same with the current study at Tu=0.8%.

Table 2 demonstrates the impact of the turbulence
intensity on the root mean square (RMS) of lift
coefficient, C, of the cylinder. As seen in Table 2,
RMS of lift coefficient gets higher by increasing
turbulence intensity. For example, RMS of lift
coefficient increases from 0.236 to 0.417 when the
turbulence intensity grows from Tu=0.8% to 12%.
The reason of the increase in the RMS of lift
coefficient, C_ with turbulence intensity is the
enhancement of momentum transfer. The
increasing turbulence intensity augments the
momentum of fluid molecules in all flow regions
around the cylinder.

u/U: -03-0.1 0.1 0.3 0.5 0.7 09 1.1 1.3

Figure 6. The effect of turbulence intensity on the normalized time-averaged streamwise velocity, u/U

distributions around the cylinder
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Table 1. The influence of turbulence intensity on
the drag coefficient, Cp, of the cylinder

Turbulence intensity (%) | Drag coefficient,Cp
0.8 1.039
7 1.070
12 1.128

Table 2. The turbulence intensity effect on the
root mean square (RMS) of lift
coefficient, C_ of the cylinder

Turbulence intensity | RMS of lift coefficient,
(%) C
0.8 0.236
7 0.310
12 0.417

Figure 7 demonstrates the turbulence intensity
effect on the mean pressure coefficient, C,
distribution around the circular cylinder at
Reynolds number, Re=5x10%. Due to the quite
symmetrical pressure distribution around the
cylinder just a half of the circumferential
distribution (0° < ¢ < 180°) is demonstrated.
Figure 7 shows that the increasing turbulence
intensity have an effect on the decreasing peak
negative pressure coefficient. For instance, while
the peak negative pressure coefficient was
observed as -1.22, at turbulence intensity,
Tu=0.8%, it was observed as -1.30 and -1.36 when
the turbulence intensity was increased to Tu=7%
and 12% respectively. The increase in the peak
negative magnitude of pressure coefficient, C,
denotes the pressure induced drag increase which
will be discussed in following sections. In the
region of 0° < 6 < 60°, the mean pressure
coefficient distribution is almost identical for three
turbulence intensity value. So, in this region, the
mean pressure coefficient is independent from
turbulence intensity for this Reynolds number,
Re=5x10°. But for the region of 60° < 6§ < 120°,
the distribution of mean pressure coefficient
considerably alters by the increase in turbulence
intensity. Because in this region, the laminar
separation starts at different location on cylinder
surface at different turbulence intensities. As seen
in Figure 7, the location of peak negative pressure
coefficient moves in downstream direction by
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increasing turbulence intensity. For instance, at
turbulence intensity of Tu=0.8, the peak negative
magnitude of pressure coefficient is Cp=-1.222
occurs at location on cylinder surface 6=70.22°.
On the other hand, at turbulence intensity, Tu=7
the peak magnitude pressure coefficient C,=-1.30
takes place at position on cylinder surface of
6=72.02°. In Figure 7, the point where the C,
distribution over the cylinder surface becomes
straights denotes the separation location on the
cylinder surface. As observed, the point where C,
distribution becomes straights moves towards the
rear stagnation point by increasing turbulence
intensity. In other words, laminar separation over
the cylinder surface delayed by increasing
turbulence intensity which will be discussed in the
Figure 8. The distribution of mean pressure
coefficient, C, is consistent with the studies of [21-
24].

The turbulence intensity effect on the mean shear
Stress, Tmean distribution over the cylinder surface at
Reynolds number, Re=5x10° is demonstrated in
Figure 8. The shear stress distribution on the
cylinder surface is correlated to the friction
coefficient distribution, C; with a relation of
Cs = 21, /pU?. As observed from Figure 8, the
shear stress over the cylinder surface augments
with increasing turbulence intensities. The
increasing shear stress distribution with turbulence
intensity causes higher friction forces on the
cylinder surface. Thus, the friction induced drag
coefficient gets higher by increasing turbulence
intensity which will be discussed in the following
sections. In this figure, the points where the mean
shear stress, tmean thus friction coefficient, C; is
equal to zero denotes the laminar separation
location on the cylinder surface. As interpreted
from the Figure, the point where the mean shear
Stress, Tmean IS z€ro moves toward the rear
stagnation point of the cylinder, in other words
laminar separation on cylinder surface is delayed
by increasing turbulence intensity. The increased
mixing by increased turbulence intensity makes the
boundary layer to resist a higher adverse pressure
gradient and thus the separation is postponed by
increasing turbulence intensity.
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Figure 7. The effect of turbulence intensity on the mean pressure coefficient, C, distribution on the

cylinder surface
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Figure 8. The turbulence intensity effect on the mean shear stress, zyean distribution over the cylinder

910

surface

2000

1

1

1

1

C

1

Magnitud

800

600

400

200

000

800

600

400

200

100

150 200

Frequency (Hz)

Tu=0.8%
Tu=7% |+
Tu=12%

450

Figure 9. The turbulence intensity effect on the vortex shedding frequency on the cylinder

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



In fluid dynamics, adverse pressure gradient
happens as the static pressure gets higher in the
flow direction. Figure 9 demonstrates the effect of
turbulence intensity on the vortex shedding
frequency or Strouhal number on the circular
cylinder. As seen in Figure 9, the increasing
turbulence intensity does not have an effect on the
dominant peak vortex shedding frequency, f.
Because the dominant peak vortex shedding
frequency, f is equal to the 150 Hz for three
examined turbulence intensity case, Tu=0.8%, 7%
and 12% with corresponding Strouhal number of
St=0.205 based on the Equation 3. In this equation,
dominant peak vortex frequency, f is the 150 Hz,
the cylinder diameter, D is the 0.01 meter and free-
stream velocity, U is the 7.30 m/s thus the Strouhal
number, St equals to 0.205. The calculated
Strouhal number is very consistent to the ones
computed in the study of Norberg [21]. He was
observed the Strouhal number as St=0.213 and
0.209 at turbulence intensities of Tu=0.1% and
1.4%, respectively at Reynolds number, Re=3x10°.
Furthermore, Ahn et al. [15] stated that the
magnitude of the Strouhal number is independent
of the value of the turbulence intensity and it only
slightly changes with Reynolds number which is
consistent with the current study.

4. CONCLUSIONS

In this study, the impact of the turbulence intensity
on the flow structure of the circular cylinder was
numerically investigated at sub-critical Reynolds
number of Re=5x10° and turbulence intensities of
Tu=0.8%, 7% and 12%. The unsteady flow
structure was analyzed with k-o based DES
turbulence model in Ansys Fluent package
program. According to this study, the position of
saddle point, S approaches to the rear stagnation
point of the cylinder in upstream direction by
increasing turbulence intensity. For instance,
whereas the saddle point, S occurs at the
dimensionless location of X/D=1.725 at turbulence
intensity, Tu=0.8% it happens at dimensionless
locations, X/D=1.56 and 1.365 at Tu=7% and 12%
respectively. The increasing turbulence intensity
have an effect on the decreasing peak negative
pressure coefficient. For example, whereas the
peak negative pressure coefficient was detected as
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-1.22, at turbulence intensity, Tu=0.8%, it was
detected as -1.30 and -1.36 when the turbulence
intensity was raised to Tu=7% and 12%
respectively. The increase in the peak negative
magnitude of pressure coefficient, C, denotes the
increase in pressure induced drag. Furthermore, the
position of peak negative pressure coefficient
approaches to the rear stagnation point of the
cylinder by increasing turbulence intensity. The
increasing turbulence intensity caused the absolute
magnitude of peak negative and positive velocities
to be higher. The location in which the mean shear
Stress, Tmean IS ze€ro moves toward the rear
stagnation point of the cylinder, in other words
laminar separation on cylinder surface is delayed
by increasing turbulence intensity. The increased
mixing by increased turbulence intensity makes the
boundary layer to resist a higher adverse pressure
gradient and thus the separation is postponed by
increasing turbulence intensity. Finally, the drag
coefficient, Cp increases as turbulence intensity
gets higher from Tu=0.8% to 7% and 12%;
namely, it has been concluded that the drag
coefficient, Cp has raised from 1.039 to 1.128 as
turbulence intensity augments from Tu=0.8% to
12%.
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Abstract

In this study that aims to prevent the attrition of human resource which is so important for enterprises, as
well as to prevent the leave of employment which is the natural result of such attrition, employee attrition
and factors causing attrition are tried to be determined by predictive analytics approaches. The sample
dataset which contains 30 different attributes of 1470 employees was obtained for the analysis from a
database provided by IBM Watson Analytics. In the study, seven different machine learning algorithms
were used to evaluate the prediction achievements. The gain ratio approach was preferred in determining
the factors causing attrition. The key point of the study was to cope with the imbalanced data through
resampling with bootstrapping. Thereby, even in the blind test, prospering prediction performances
reaching up to 80% accuracy were achieved in robust specificity without sacrificing sensitivity.
Therewithal, the effective factors causing attrition were investigated in the study and it was concluded
that the first 20 attributes ranked according to their gain ratio were sufficient in explaining attrition.

Keywords: Employee attrition, Predictive analytics, Machine learning, Feature selection, Data mining

Calisan Yipranmasinin ve Yipranmaya Neden Olan Faktorlerin Tahmininde
Makine Ogrenimi Yaklasim

Oz

Isletmeler icin oldukca énemli olan insan kaynagmin yipranmasinin ve yipranmanin dogal sonucu olan
isten ayrilmanin 6niine ge¢mek amaciyla yapilan bu ¢alismada, yipranmaya neden olan faktorler tahmine
dayali analitik tekniklerinden biri olan makine Ogrenmesi yontemleri kullanilarak belirlenmeye
calistlmistir. Analiz i¢in drnek veri seti IBM sirketi Watson Analytics programi kapsaminda sunulan bir
veri tabanindan alinmistir. Veri seti, 1470 adet ¢alisanin 30 farkli 6zniteligini igermektedir. Calismada,
tahmin basarisin1 degerlendirmek amaciyla yedi farkli makine dgrenmesi algoritmasi kullanilmustir.
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Yipranmaya neden olan faktorlerin tespitinde ise kazang orani yaklagimi tercih edilmistir. Caligmanin kilit
noktasi, bootstrap teknigi ile yeniden 6rnekleme yapilarak smiflarin 6rnek sayilarinin dengelenmesidir.
Sonug olarak, yeniden Ornekleme ile makine Ogrenmesi yontemlerinin anlamli sonuglar vermesi
saglanmis ve tahmin dogruluk performansi, kor test yapilmasina ragmen %80’ler seviyesine ulasmustir.
Kazang orani ile yapilan dncelik siralamasinda ilk 20°de yer alan &zelligin, yipranmaya neden olan

oncelikli faktorler olabilecegi belirlenmistir.

Anahtar Kelimeler: Calisan yipranmasi, Tahmin analitikleri, Makine 6grenmesi, Oznitelik se¢imi, Veri

madenciligi

1. INTRODUCTION

Attrition in human resources represents the gradual
loss of employees. Employee attrition is an
undesirable condition for businesses due to the
costs involved. Employee attrition is one of the
most important problems affecting employees in
the sector [1]. Continuous employee turnover
prevents a collective database to be formed in the
enterprise. Furthermore, it reduces customer
satisfaction levels as the customers always
communicate with new staff. On the other hand,
this causes an undesirable condition for the
enterprise because the employees that quit their
jobs may take valuable information, which is a
competitive advantage, with them [2]. Therefore,
an enterprise must reduce employee attrition as
much as possible to maintain its relative
advantage. It is vital for an enterprise to find the
reasons that cause employee attrition and prevent
them [3]. However, employing intuitional methods
to this end can be difficult and time-consuming for
decision makers, since many factors, such as
employees’ demographic and working conditions,
must be considered. The use of analytical
approaches based on prediction can provide
administrators with a general idea regarding
employee resignation rates, thus ensuring optimal
human resource planning [4]. By determining the
factors that lead to attrition, administrators can
reduce the risk of resignations and take action to
preserve high-value talent.

Predictive analytics is a field of study in which
data is analyzed using numerical methods, such as
data mining, statistics, machine learning, and
artificial  intelligence, while also making
estimations about future events [5]. These methods
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are utilized in a number of sectors, including
human resources, banking, e-commerce, retail,
transportation, health and information technology
[6]. This study will examine several examples of
analytical methods based on prediction that are
applied in the field of human resources. Factors
that lead to attrition must be determined correctly
and precautions must be taken to eliminate them in
order to preserve valuable human resources.
Numerous studies have already been carried out
about the use of such analytical methods to
determine the factors that contribute to employee
attrition and estimating attrition rates.

In one such study, attrition trends were estimated
using k-nearest neighbor and artificial neural
network approaches by considering monthly
working hours and the number of years spent at the
company. The methods achieved prediction
performances of 94.32% and 88.83%, respectively
[7]. In another study, Alao and Adeyomo pre-
classified the personnel in accordance with
attrition groups [2]. This study used demographic
information and work records of 109 employees
who had resigned from a company operating in
Nigeria to determine the factors that led to
attrition. The authors developed a new predictive
model for estimating these factors based on the
results of rule clusters and decision tree models.
This model applied the repeated incremental
pruning technique, a machine learning method,
resulting in a classification accuracy rate of 61%.
Punnoose and Ajit also conducted a study that
examined the problem of employee attrition with
the use of machine learning methods. In that study,
the naive Bayes, random forest, support vector
machines and k-nearest neighbor methods were
used, yielding accuracy rates of 59%, 71%, 52%
and 50% respectively [8].
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In another study carried out to indicate that
employee attrition represents a critical problem for
enterprises (especially the resignation of key
personnel), the decision tree, logistic regression,
support vector machines, k-nearest neighbor,
random forest, and naive Bayes methods were
applied to human resource data. Results were then
analyzed by applying the feature selection method
to the data. The analysis proved that machine
learning methods can vyield beneficial results in
estimating employee attrition rates [9]. Celik,
meanwhile, compared the performance results of
these methods by using data mining techniques to
estimate attrition rates. A dataset, which was
provided by IBM and included 35 different
variables of 1,470 sample employees, was used in
the study, which employed decision trees and
support vector machines, yielding accuracy rates
of 84.09% and 91.36% respectively [10].

The study is aimed at estimating employee attrition
rates based on analytical approaches and
determining the factors that lead to attrition.
Results of this study demonstrate that resignation
probabilities can be estimated using numerical
methods in a rapid and successful manner, thus
allowing decision makers to take precautions and
reduce personnel turnover. The dataset, provided
by IBM Watson, includes demographic features
and information on the working conditions of
1,470 sample employees. Samples in the dataset
include 30 different attributes classified in
accordance with attrition conditions using the
Support  Vector Machine (SVM), Multilayer
Perceptron (MLP), Radial Basis Function (RBF),
Random Forest (RF), Bayes classifier (Bayes), k-
Nearest  Neighbor (kKNN) and Repeated
Incremental Pruning (JRip) algorithms. Sample
numbers of the classes were equalized without
changing the total sample number with the
resampling method, bootstrapping that is a method
used in data mining to balance datasets with a view
to increasing success rates. This study focuses on
effective factors in the prediction of employee
attrition rates. For this purpose, factors sorted in
terms of their effectiveness with the Gain Raito
(GR) approach were evaluated.
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2. MATERIAL AND METHOD

A dataset including information on the
demographic features and working conditions of
1,470 sample employees was used in this study
with the aim of estimating employee attrition rates.
This dataset, provided by IBM Watson, originally
includes 34 different independent variables
(attributes) as in categorical and continuous
structure. However, since four of the attributes
have the same values for all samples, they were
extracted from the data set. These attributes
constitute the independent variables of the data,
while dependent variables represent employee
attrition with binary classification.

Attributes of the data have values with different
scales and codes in accordance with their features.
It is a known fact that an attribute with high values
hinders the prediction performance of machine
learning methods due to suppressing the goal [11].
Therefore, in data mining studies, standardization
is sought by pre-processing data using different
methods. In the study, min-max normalization was
used for data scaling (Equation 1). The technique
has been preferred due to the fact that it yields
successful results in machine learning methods
[12,13].

X —X .
X — N min (1)

norm
Xinax ~ Xnin

In Equation 1, x,,., represents the normalized
value of x; data, while min and max indexes
represent the lowest and the highest value in data,
respectively.

Data may also have an imbalanced class
distribution, which can lead to bias in machine
learning applications and prevent systems from
functioning properly. Therefore, this study used
bootstrapping to increase the number of samples in
the smaller group. Meanwhile, synthetic data
production was not preferred in this study due to
the fact that the attributes of the dataset have
different structural properties, e.g. some of them
have a categorical structure. In synthetic data
production, new samples produced by statistical
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approaches or according to the values of
neighboring samples may result in a value which
does not exist among the current categories of the
attribute. Therefore, sampling with a replacement
was used while balancing the number of groups in
order to preserve the general features of the data.

Two different applications were used in this study.
In the first stage, sampled and non-sampled
datasets were classified with algorithms using
machine learning methods, such as the SVM,
MLP, RBF, RF, Bayes, kNN and JRip. In the
second stage, feature selection was carried out to
determine the factors that lead to employee
attrition. For this purpose, the attributes was
ranked by Gain Ratio approach and the effect of
these attributes were evaluated considering the
success of machine learning methods.

In the applications, the data was divided into two
sets in which two thirds was allocated for training
and one third was reserved for testing. The training
set was tested by applying 10-fold cross validation,
while blind testing classification was executed
with the test set. The group distributions of the
datasets are given in Table 1.

Table 1. Class distribution of the datasets

Cross Blind
Class Validation Testing
Attrition 163 74
Non-attrition 817 416
Total 980 490

The class distribution of the test set was preserved
for blind testing, which was carried out to ensure
the real success of the system. No resampling was
employed for the blind testing dataset.

2.1. Classification Methods

Seven well-known machine learning approaches
were employed for the classification in the
application phase of the study. The MLP model of
artificial neural networks, the Gaussian RBF
network, the non-linear SVMs, the Bayesian
network, the RF, the KNN and the JRip algorithms
were all used in this study due to their different
structural ~ properties.  All  methods  were
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implemented with the Weka software (version 3.8)
by using the default parameters for each
classifier, provided by the tool.

2.1.1. Multilayer Perceptron Neural Networks

Artificial neural networks, proposed in inspiration
by the human mind and the biological neural
system, represent one of the oldest and most
widespread machine learning methods — one which
has the ability to learn with the input data. An
artificial network has a structure with three or
more layers and interconnected processing units
(artificial neurons) connecting the consecutive
layers. Each connection in the network is
associated with a numerical weight. An artificial
neural network in a four-layer structure is shown in
Figure 1. In artificial neural networks, intermediate
layers are as hidden layers.

Figure 1. A simple four-layer artificial neural
network

In a multilayer feed-forward neural network
(multilayer perceptron), which is one of the
artificial neural network models, input samples
from the previous neurons are processed by
calculating their weighted sum (net) and are
transmitted to the next layer as an input via an
activation function as f(net) (Figure 2). Non-
linear functions, such as sigmoid or hyperbolic
tangents, are used as activation functions [14]. In
the last layer (the output layer), the number of
neurons are equal to the dimension of the output
vector and an output value (9) is formed for the
processed information from the previous layers.
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P Output to next
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net = z Wi X; f(net)
i

Figure 2. The general model of learning in ANN

weights, w;

RN/

The weights (w) are updated until the error arising
from the difference between the real output values
(y) and estimated output values (J) reaches
minimum [15]. This iterative modification, also
known as the training process of the system,
characterizes the learning ability of the artificial
network. For each input sample given with y € R*®
output vector, the error function (J) at each
iteration (t) is formulated as;

I =23 (k-5 @

The most common algorithm used for MLP
training is the backpropagation algorithm. In the
algorithm, the error function is minimized by
updating the weight of the layers with a gradient
descent approach (Equation 3).

@)

where, n represents the learning speed, while wy;
represents the weight that connects the k. neuron
of the layer to the j. neuron of the previous layer.

2.1.2. Radial Basis Function Networks

RBF networks are a type of feed-forward artificial
neural networks. Its difference from the MLP lies
in the fact that the radial basis activation functions
are used in the hidden layer and a non-linear
cluster analysis is conducted on the direct inputs of
the input layer [16]. Therefore, the hidden layer is
the most important component of the network.

Each neuron in the hidden layer represents a center
and a radial basis function form of the distance
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between the input samples, and these centers
constitute the activation function (@). The measure
of the distance of the input vector to the centers is
mostly calculated with the Euclidian norm (]].].).
A Gauss function is commonly preferred in the
literature as an activation function, given in
Equation 4 [17].

("X‘Cn")z

@ (x,c;)=exp = @)

where, X represents the input vector of the
network, o the width parameter and c; the radial
basis centers. Various methods are proposed in the
literature for the selection of the center vectors,
like selecting the center vectors among the
samples, allocating each sample as the center
vector or determining the center vectors by
unsupervised learning methods, such as k-means
and self-organizing maps [18].

Net values, calculated by using the weights
between two layers and the function outputs of the
hidden layer, give the output values as the learning
model as shown in Figure 2. Thereby, the output
(¥x) of an RBF network that has a hidden layer
with N neuron is found by;

Y = iij@j (xc) (®)

where, wy; represents the weight that connects the
k. neuron of the layer to the j. neuron of the hidden
layer.

2.1.3. Support Vector Machines

SVM is a machine learning algorithm which aims
to find the hyperplane with the maximum distance
to two classes [19]. This hyperplane (decision
boundary) is defined by (w,x;)+b =0 in a
linearly separable sample space that consists of
(x;,v),i = 1,2, ...,n data pair, which includes the
x; € R%input vectors and the class values
y; € {+1, —1} of the samples. In this equation, b is
the bias value and w is the weight vector (hormal
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for the hyperplane). The boundary points of two
classes that are at the maximum distance to the
hyperplane are referred to as support vectors
(Figure 3). The margin between the parallel
boundaries formed by the support vectors is
defined by 2/||w]||. In this regard, the most proper

N

1 -7
o

A

AY
(w,x)b=-1
Ay

hyperplane is obtained by maximizing the margin
between the boundaries subject to the linear
constraints of y;({w, x;) + b) = 1 [20].

Support Vectors

{w,x\+b=0

Figure 3. Decision boundary and support vectors of SVM

In real-world situations, datasets mostly contain
outlier observations that cause noise. Constraints
are released with a soft-margin approach that is
used for outlier points in the created margin or on
the wrong side of the margin [21]. According to
this, an optimal hyperplane with the largest margin
is achieved by minimizing the objective function
within the constraints of y;((w,x;)+ b) =1 —¢;
and &; > 0 (Equation 6).

. 1, 4
min,,, {§||W|| +C;§i} (6)

where, &; represents the outlier variables used for
calculating the error at the (x;,y;) point, while C
represents the correction parameter that controls
the balance between the margin maximization and
error minimization. The quadratic optimization
problem represented in Equation 6 is transformed
into a dual form via Lagrange multipliers
technique. Subsequently, it is simplified by using
Karush-Kuhn-Tracker  conditions [22]. The
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objective function transformed into dual form is
defined in Equation 7.

maxa,w,b {Zn:ai _%Zn:zn:aiaj Yi yj <Xi ' Xj >)} (7)

i-1 j=1

where, «a; represents the Lagrange multipliers and
is defined at the 0<o;<C interval. Furthermore,
according to Karush-Kuhn-Tracker condition,
there is a constraint for Equation 7 given
by Yt y,4;=0. In the course of solving the
problem, many «; take the values of zero, while all
training samples of a; > 0 are defined as support
vectors (Sv). According to this, the weight vector
(w™) for the best solution can be given as follows;

W= Zai YiX

ieDv

(®)

In cases where the data cannot be linearly
separated, SVM changes the data into a linearly-
separable form by carrying the input space to a
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higher dimensional space with the help of the
kernel function, K(x;,x) = @(x;)-@(x). The
decision function obtained by using the solution of
the objective function, along with the kernel trick,
is shown in Equation 9.

f (x) =sgn( v, K (x.,x)+b) ©)

The classification for each x value is conducted
via calculating the kernel function of x. One of the
most commonly used and successful kernel
functions is the RBF kernel [23].

2.1.4. Random Forest

Random Forest is an ensemble-learning algorithm
that has decision trees at its basis. In the ensemble-
learning approach, a single prediction model is
created by gathering more than one classifier. The
classifiers used in the RF are decision trees. These
decision trees combine and form the decision
forest [24].

In the RF approach, N number of sub-sample data
is created by using a bootstrap technique to grow
each tree in the forest. Two thirds of each sample
is used to create training data (in-bag), which is
needed to create the model. The remaining third is
then used to create a test set (out-of-bag/OOB),
which is used to measure the model’s performance.
Then, an unpruned classification or regression tree
is created for the in-bag dataset of each sub-sample
data by using the CART algorithm [25]. For this,
m number of random variables (m <p) is
selected out of all variables (p) at each node. The
most suitable one for branching out is determined
with information gain. The best cut-off value for
the variable is calculated using the Gini index, and
each node is split into two sub-branches (Equation
10). All these processes are conducted for all
nodes until a leaf node is achieved.

=S, TYT((3,7)/[T])

j=i

(10)

where, T represents the training dataset, S is the
class of the randomly selected sample and
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(f(S,T)/ITI) gives the probability of the selected
sample belonging to class S;.

At the end of the training, each branch of the tree
represent the parameters of the split function
determined in accordance with the x input vector,
while each leaf gives the distribution of the y
output variable. In RF, the independence of each
tree is ensured by randomly choosing a subset
from the training data. In the testing stage, each
sample of the OOB data goes through each tree
with respect to the split function and classified.
According to the classification results, an OOB
error rate is calculated for each tree in the forest,
and then each tree is endowed with an inversely
proportional weight in accordance with this error
rate [26]. Each decision tree votes in compliance
with its weight for the classification of each
sample in the dataset. All the prediction values
(votes) of the trees are gathered and the class that
gets the most votes is assigned to that sample.

2.1.5. Bayes Networks

The Bayes network is a machine learning method
that presents variables and the probabilistic
relationships of the variables with a directed
acyclic graph (DAG). The Bayes network is
considered as one of the strongest methods of
interpretation and inference, due to its ability to
graphically depict the complex relations between
variables while also numerically representing them
[27].

A Bayes network contains many nodes and edges
(arrows) that connect these nodes according to
their probabilistic relationships. In the network, the
nodes with arrows directed towards them are
called child nodes, while nodes with arrows
directed away from them are called parent nodes.
Nodes without children are leaf nodes and nodes
without parents are root nodes. Each node in the
network corresponds to a random variable
(attribute) and is associated with a conditional
probability distribution of the random variables
given as its parents. The directed edges between
the nodes represents a probabilistic dependency
between the variables. The variables without
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parents have a marginal probability distribution. A
Bayes network sample with five variables is shown
in Figure 4.

P(X,41X2)

P(Xs|X,)

Figure 4. The sample of a Bayesian network

Any variable in a Bayes network is independent of
all variables except its descendants, given its
parents [28]. Thus, the joint probability
distribution in a Bayes network is derived by the
chain rule;

P(Xl,...,Xd)=ﬁP(Xi|ebeveyn(Xi)) (11)

i=1

where, d represents the number of variables in the
network, while X; represents the random variables.

Learning in Bayes networks is conducted with the
prediction of the graphical structure of the network
and the parameters of the joint probability
distributions. The process of determining the
structure of the network, which is defined as
structural learning, includes the identification of
the variables and their relationships within the
model. Predictions can be performed by proper
inferences considering the optimum parameters
and the network structure, which are constructed as
a result of the learning process carried out with
many different algorithms [29].

2.1.6. k-Nearest Neighbor

First introduced by Fix and Hodges in 1951, the
‘nearest neighbor’ approach is one of the simplest
and oldest machine learning techniques that
depends on linear supervised pattern recognition
[30]. In this technique, the model is fed with a
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training set, and this training set is used to classify
objects. According to this, an unknown sample of
the prediction set is classified pursuant to the
majority class of its k nearest neighbor. The value
of k has a great effect on the accuracy of kNN, and
the optimum value of the parameter can be found
by using cross-validation during the adjustment of
the model [31].

2.1.7. Repeated Incremental Pruning

JRip, a rule based machine learning method, was
proposed by Cohen as an optimized version of the
IREP learning algorithm [32]. JRip applies the
Repeated Incremental Pruning to Produce Error
Reduction (RIPPER) technique which is a rule
learning in Java. The algorithmm is based on the
creation of a rule set that includes all positive
samples. In the algorithm, decision rules are
created in the form of IF-THEN statements for
each class of the training set and then pruned [33].

JRIP, initially, partitions the samples of the
training set into two subsets as growing and
pruning. Later, an initial rule set is produced from
the samples of the growing set using heuristic
methods. The overgrown rule set is then repeatedly
simplified by pruning any single condition or any
single rule. At each stage of the simplification, the
pruning which provides the greatest reduction in
error in the pruning set is performed. The
simplification ends when the error starts to
increase.

A rule set starts as an empty set and the rules are
gradually added to the rule set until the total
description length of the new rule set is d bits
larger than the smallest description length of the
previous rule set or there are no positive examples
left [34]. A rule is grown by adding conditions to
the rule until none of the negative samples are
covered i.e. until it achieves 100% accuracy.
During the growing process, all the values of each
attribute are tested and the condition that has the
highest information gain is selected. In the sequel,
JRip pruning either changes the place of the
individual conditions or reorganizes them with
reduced error pruning, in order to increase the
accuracy of the rules [33].
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2.2. Feature Selection

The Gain Ratio (GR) approach, used for ranking
attributes according to priorities in data mining,
was employed in feature selection. The GR
approach is widely used due to its suitability for
datasets with multi-valued attributes which have
many probable values [35]. It is an improved
extension of the information gain measure.

Information gain is a measure that gives the
amount of knowledge gained about a random
variable (Y) from another random variable (X) by
using the entropy model [36]. Entropy (H) is

defined as the measure of a system’s
unpredictability (Equation 12).
H(Y)==2p(y)log; (p(y)) (12)

yeY

The conditional entropy of Y given the value of
attribute X is shown as;

Irem ERSOZ KAYA, Oya KORKMAZ

performance of predictive models in such
problems. The widely preferred measures to
quantify the prediction power of the methods can
be given as sensitivity (Sens), specificity (Spec),
accuracy (Acc), receiver operating characteristic
(ROC), and area under ROC curve (AUC) values.
The AUC value is the area underneath the ROC
curve, in which the sensitivity (true positive rate)
is plotted in function of 1-Specificity (false
positive rate) for different threshold points of a
parameter. Acc, Sens and Spec indices are defined
by the following equations;

Accuracy( Acc) = TP+ FN (16)
TP+FP+TN +FN

. TP
Sensitivity(Sens) = —— 17
y( ) TP+ FN (17)

. TN
Specificity(Spec) = ————— 18
P ty( P ) TN +FP (18)

H(Y\X)==>p(x)> p(y\x)log, (p(y\x))(13)) where TP (true positive) is the number of correctly

xeX yeY

With reference to Equation 13, the information
gain and the GR are given in Equations 14 and 15,
respectively.

Information Gain=H(Y)-H(Y\X) (14)

_ Information Gain
H(X)

GR (15)

For the feature selection phase of the study, three
new datasets were created by selecting the first 20,
15 and 10 attributes ranked with GR. The machine
learning methods were then reapplied to the
reorganized datasets with the selected attributes.

2.3. Performance Assessment
Estimating employee attrition is a binary-

classification problem, and there are plenty of
measures that have been used to assess the
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classified positives; TN (true negative) is the
number of correctly classified negatives; FP (false
positive) is the number of incorrectly classified
positives; and FN (false negative) is the number of
incorrectly classified negatives. Accordingly,
sensitivity and specificity represent the fraction of
correctly identified samples as attrition and non-
attrition, respectively. Since all three measures are
critically affected by the relative frequency of the
target, they are not suitable for the isolated
evaluation [37]. A sensitivity of less than 50% but
a specificity of more than 80% demonstrates an
under-prediction of a predictor which has the
tendency of predicting non-attrition more than
attrition. Furthermore, the AUC is also biased
towards negative examples when data are
imbalanced with few positives relative to negatives
[38].

When the properties of the traditional measures are
considered, an unbiased measure is required for
evaluating an imbalanced data. Therefore,
probability excess (ProbEx) was proposed as an
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unbiased measure for evaluating the performance
of prediction by Yang et al. [39]. Probability
excess is independent of the relative class
frequencies by means of the evaluation of
sensitivity and specificity values in cooperatively
with sensitivity + specificity — 1, that can be
graphed by a plot of sensitivity versus specificity.
It is defined by the following equation;

TPAN -FPXFN_ (1)

ProbabilityExcess(ProbEx)=(_l_P FN)x(TN + FP)
+FN)x(TN +

The values of greater than 0.5 reveal an acceptable
prediction performance in probability excess
criteria. Here the value of 1 is also an indicator of a
perfect predictor.

3. RESULTS AND DISCUSSION

In this study, employee attrition was intended to
predict considering several factors and the factors
that are effective in the attrition were evaluated.
For this purpose, a dataset which was provided by
IBM including 30 attributes relating to the
demographic and working conditions of 1,470
employees was used in the study. In the research,
employee attrition was evaluated based on the
prediction results which was obtained by applying
seven different machine learning algorithms to the
dataset. To this end, firstly, the dataset was
partitioned into two parts as training and testing.
Next, 10-fold cross validation was applied to
training dataset to evaluate the prediction
performances. Finally, blind testing was executed
in order to validate the reliability of the prediction
success of the methods.

The implementation phase of the study was carried
out in two parts. In the first part, prediction
performances of the methods were obtained as a
result of the applications executed with sampled
and non-sampled datasets. In the second part,
feature selection was performed with the sampled
dataset. At this stage, the factors provoking
employee attrition were evaluated in terms of their
effects on the prediction success.
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3.1. Estimating Employee Attrition

In the application phase of the study, the raw state
of the normalized data was used. The prediction
performance of the machine learning methods was
appraised by the average results of the 10-fold
cross validation applied to the training set, and
later attested with blind testing. The results
obtained from the applications with the raw data
are presented in Table 2.

Table 2. The prediction performance results for
the raw training dataset

Cross Validation Blind Testing

Method Sens |Spec| Acc |AUC|Sens|Spec|Acc |AUC

SVM 0.33/0.98]0.87|0.66 |0.37|0.98|0.88| 0.67
MLP 0.42/0.91]0.83|0.77|0.51/0.94/0.87| 0.80
RBF 0.360.96]0.86|0.84|0.38/0.970.88| 0.80

RF 0.14]0.99]0.85/0.79]0.20{0.99|0.87| 0.81

Bayes [0.42|0.88]0.80/0.74]0.40/0.91|0.83/0.74
kNN 0.35/0.91]0.82|0.63|0.30/0.87(0.79/ 0.59
JRip 0.26/0.94]10.82|0.61 |0.28|0.95|0.85| 0.62

When the results reported in Table 2 are examined,
it can be seen that the Sens value is too low for all
methods, and the values reveal that employee
attrition was not successfully predicted. On the
other hand, the classification accuracy of non-
attrition state was reached over 90%. The situation
is called as the tendency of predicting non-attrition
i.e. under-prediction. The distribution of the
probEx values which are represented by red dots
on the triangular graph given in Figure 5 and
Figure 6 also show this situation. All of the red
dots are found on the left-hand side of both graphs.
This is due to the fact that the samples of attrition
are rather few compared to the other class. As is
known, imbalanced distribution of data results in
bias during the systems’ learning.

In the second part of the machine learning
applications, the runs were repeated on a recreated
training dataset in which the samples of the rare
class were increased via bootstrapping while the
blind testing data was preserved unchanged to
ensure the correct comparisons of the reliability of
the methods. The results are provided in Table 3.
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Table 3. The prediction performance results for
the resampled training dataset

Method Cross Validation Blind Testing
Sens|Spec| Acc |AUC |Sens|Spec| Acc |JAUC
SVM 0.87(0.780.82| 0.82 |0.73]0.76 |0.76| 0.75
MLP 0.94(0.92|0.93| 0.93 {0.61]0.83|0.80| 0.77
RBF 0.82(0.760.79| 0.87 |0.72]0.78 |0.77| 0.80

RF 0.97]0.9410.96| 0.99 |0.45]/0.92]0.85| 0.79

Bayes 0.70/0.70]0.70/ 0.80 |0.69]0.73|0.72| 0.74
kNN 0.97/0.89]0.93| 0.94 |0.46]0.80|0.75| 0.63
JRip 0.89/0.8210.85| 0.88 |0.70]0.70|0.70| 0.72

Irem ERSOZ KAYA, Oya KORKMAZ

The results of both cross validation and blind
testing show that elimination of the imbalance in
data distribution by resampling led to a
considerable increase in the success of attrition
state prediction. The probEx values of the
resampled data (blue dots) shown in both Figure 5
and Figure 6 verify the argument as well.

Probability
Excess

All residues
predicted as
non-attrition

Attrition/Non-attrition
predicted in correct

All residues
predicted as
attrition

proportion
Figure 5. The cross validation performance of the seven methods on both raw data (red dots) and

resampled data (blue dots)

Probability
Excess

All residues
predicted as
non-attrition

Attrition/Non-attrition
predicted in correct
proportion

All residues
predicted as
attrition

Figure 6. The blind testing performance of the seven methods on both raw data (red dots) and resampled

data (blue dots)
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Especially, in Figure 5 which shows the cross
validation performance of the methods, it can be
clearly seen that the blue dots are distributed over
the middle of the pyramid. This is due to the fact
that there is no great difference between the
sensitivity and specificity. This indicates that a
relatively balanced prediction accuracy has been
achieved on the cross-validation of the methods.

When the success rates of the methods’ blind
testing are evaluated, it is also observed that the
Sens value rise above 60% and more balanced
estimates are obtained in all methods except RF
and kNN (Figure 6). At this point, it was
determined that the Sens value of the RF method,
which has the highest Acc value at 85%, stayed
below 50%, thus failing to achieve a significant
estimation. The RBF and SVM are especially
notable in terms of their balanced prediction
performances among all the methods. With the
purpose of comparing the performance of the
seven machine learning methods in blind testing,
the ROC curve shown in Figure 7 was plotted.
When the curves in the figure are examined, it can
be seen that the RBF method has the highest
prediction success. The lowest prediction success
was obtained by using the KNN method.

1
- +KNN
) 0 SVM
051 A JRip
VRF
x RBF
+MLP
0
0 0,5 1
Figure 7.ROC  curve for blind testing

performance of the seven methods on
resampled data

Considering the similar prior studies, it is observed
that the prediction performance of machine
learning methods attains an accuracy of 95% [7,
10]. Similarly, in this study, the classification
performance achieved with 96% accuracy rate.
Moreover, it is of great importance to perform both
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a cross validation and blind testing to ensure
reliability of the prediction results. Acc results of
up to 88% were achieved in accordance with blind
testing, which was carried out to measure real
success. However, Sens and Spec values must also
be considered in the evaluation process. In order to
make a meaningful interpretation on the prediction
performance of the methods, these values should
be relatively close each other and over 50%.
Therefore, in the study, the sample number of the
rare class was increased by resampling in order to
provide a significant improvement in prediction
success. Thereby, successful results reaching up to
80% were achieved in robust specificity without
sacrificing sensitivity.

3.2. Determining Employee Attrition Factors

In the feature selection phase of the study, the
training and testing data were rearranged by
selecting the first 20, 15 and 10 attributes,
respectively, ranked according to their
discrimination capability with the GR approach. At
this stage, the resampled dataset which has a
balanced class distribution was used since it
enables to obtain significant results. The machine
learning methods were reapplied to the arranged
datasets with respect to the selected attributes in
order to investigate the factors that cause employee
attrition.

The first 20 attributes ranked by GR and taken into
account for the evaluation are as follows: monthly
income, job level, total working years, overtime,
stock option level, age, years with current
manager, job involvement, marital status, job role,
years at company, years in current role, education
field, work life balance, environment satisfaction,
job satisfaction, business travel, distance from
home, years since last promotion, and department.
Application results for the first 20, 15 and 10
attributes are given in Tables 4, 5 and 6,
respectively.

In the light of the results provided in the Table 4, it
can be said that the prediction accuracy of the
methods was preserved in general, while the Sens
values of the methods were increased at least 1%
except for MLP and Bayes (Table 4).
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Consequently, the balanced prediction results of
above 70% were achieved.

Table 4. The prediction performance results for
the datasets arranged with the first 20
attributes

Cross Validation Blind Testing

Method Sens|Spec| Acc |[AUC|Sens|Spec| Acc |[AUC

SVM 0.86]0.76/0.81|0.81 |0.74|0.74|0.74| 0.74

MLP 0.93]10.88/0.91]0.92 |0.61[0.78|0.76| 0.76

RBF 0.84]0.77/0.80| 0.86 |0.73]0.76|0.75| 0.80
RF 0.97]0.93/0.95[0.99 |0.50{0.91|0.85| 0.81
Bayes 0.70/0.70/0.70] 0.80 | 0.69[0.73|0.72]| 0.74
kNN 0.960.90/0.93]0.930.47|0.80|0.76| 0.64
JRip 0.90]0.79/0.84|0.87 10.73|0.69[0.70| 0.74

For the first 15 attributes with the highest GR,
similar to the first 20 attributes, the prediction
accuracy of the methods was preserved, however
there is a slight decrease in Sens values (Table 5).

Table 5. The prediction performance results for
the datasets arranged with the first 15
attributes

Method Cross Validation Blind Testing

Sens|Spec| Acc |AUC|Sens|Spec| Acc |AUC

SVM 10.78/0.78/0.78/0.78 |0.73|0.77 | 0.77 | 0.75
MLP 0.94/0.86|0.90/0.900.60|0.73|0.71|0.72
RBF 0.79/0.77/0.78 | 0.85/0.73 | 0.78 | 0.77 | 0.78

RF 0.97]0.91/0.94]0.990.47|0.91/0.84|0.79

Bayes |0.70/0.71/0.70/0.80|0.680.73|0.72|0.74
kNN 0.97/0.90/0.93]/0.94 /0.42/0.82|0.76 | 0.61
JRip 0.87/0.79/0.83/0.87 0.68 | 0.74|0.73 ] 0.72

Results of the application on the first 10 attributes
are provided in Table 6, where it is observed that
the prediction accuracy of employee attrition was
significantly decreased according to the situation
in which no attribute was selected.

Table 6. The prediction performance results for
the datasets arranged with the first 10
attributes

Cross Validation Blind Testin

Method Sens | Spec | Acc |AUC| Sens | Spec | Acc |AUC

SVM 0.72]0.81|0.77]0.77 |0.609| 0.79 | 0.76 | 0.69

MLP 0.83]0.81|0.82|0.85|0.61 |0.79|0.76 | 0.72

RBF 0.75]0.77|0.76 | 0.82 | 0.70 | 0.76 | 0.75 | 0.77

RF 0.97/0.90/0.94|0.98|0.410.88/0.81|0.74

Bayes 0.74/0.71/0.72|0.79| 0.65 | 0.73]0.72 | 0.74

kNN 0.46 10.81|0.75|0.64 |0.465|0.81 | 0.75 | 0.64

JRip 0.83]0.76{0.79/0.81 | 0.53 | 0.82 | 0.78 | 0.68
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When the results are evaluated in general, it can be
interpreted that the first 20 attributes have
adequate explanatory power in predicting the
attrition since the accuracy results of the methods
obtained with these attributes did not change
compared to those obtained without the selection
of the attributes, and even the prediction success of
the class which has the small sample size has
increased. On the other hand, when the attribute
number was reduced to 15, a slight decrease in
success values is observed. Accordingly, it is
possible to say that the five extracted features or
some of these are among the factors affecting
attrition.

When similar previous studies investigating factors
affecting employee attrition are examined, the
attributes similar to those found in this study
become prevalent. For example, in a study
conducted by Alduayj and Rajpoot, the most
influential factors in terms of attrition are sorted as
marital status, years with current manager, stock
option level, business travel, job role, job
involvement, job satisfaction and environment
satisfaction [40]. In another study in which different
machine learning methods were applied to the
dataset provided by IBM Watson in order to predict
employee attrition, it is found that job role is among
the dominant factors causing attrition [41]. In yet
another study using machine learning techniques,
the data collected from an insurance company was
evaluated and an attribute selection method was
applied to these data, which are grouped in three
categories: customer, product and vehicle. In
customer category, age and gender were determined
to be among the effective factors [42]. In a similar
study carried out with machine learning methods,
the five most affecting factors on attrition were
reported as overtime, monthly income, daily rate,
age, and total working years [43].

4. CONCLUSION

Employee attrition is an important problem in
today's business world. Because the personnel
turnover rate in enterprises is increasing as a
natural result of attrition. The leaving of such
personnel, who have been recruited as a result of a
great deal of endeavor and effort, causes the loss of
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cost and time for enterprises. In addition,
employee attrition negatively affects the career
success of managers and leads to an increase in the
number of occupational accidents caused by
recruited personnel. Therefore, it is very important
to predict attrition. Estimating the number of
personnel to leave the job, which will occur as a
natural consequence of attrition will help managers
to make human resource planning more accurately.
As managers make the human resources planning
more accurately, the businesses will become
sustainable and gain a competitive advantage.

It is a difficult and laborious process to determine
attrition through traditional research techniques. In
addition, the estimation performance can be low as
it is an evaluation with multiple factors. Therefore,
in the study, attrition and the factors that cause
attrition were intended to be determined by using
predictive analytical approaches. For this purpose,
seven different machine learning methods were
applied to the IBM Watson dataset containing the
demographic  characteristics and  working
conditions of 1470 employees and the predictive
success of the methods were evaluated by
comparing the results. Additionally, in order to
increase the predictive performance of the
methods, the class distribution in the dataset was
balanced with resampling by using the technique
of bootstrapping and the results were compared by
repeating the applications. Using the resampling
technique, the predictive success of the attrition
class which is less in the dataset was increased and
thus, in the blind test, balanced prediction
performances were obtained with an accuracy level
of 80%. Among the methods used, the most
successful ones were found to be RBF and SVM in
terms of balanced Sens and Spec values and high
success rates.

Later in the study, 30 features were ranked in
terms of explanatory power using the gain ratio
approach, and the application results obtained with
the first 20, 15, and 10 features were interpreted to
determine the factors that affect attrition. Based on
the prediction results, it was concluded that the
first 20 factors were sufficient in explaining
attrition. It was inferred that the determined factors
show similarities to those found in the studies in
the literature. In addition, despite blind testing was
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used in the study, comparatively more robust
results were obtained with high prediction
accuracy rates and  balanced  prediction
performances.

The difficulty of analyzing and interpreting big
data by end users, here managers, who lack
technical knowledge, raises the need to design
systems that allow clear and understandable
interpretation of the data rather than expressing it
in numbers. As a future work, a system comprising
of a combinatorial machine learning approach in
which several feature selection algorithms are
hierarchically included, could provide an increase
in success for determining the factors leading
attrition. Such a system that performs forecasting
with the successful machine learning methods
having preprocessed the data with bootstrapping in
the case of imbalanced distribution and determines
important factors by the feature selection methods
found by trying out different algorithms, would
provide support to human resources managers in
decision-making processes.

As a conclusion, it was shown that it is possible to
use machine learning techniques as a business
analytics, successfully. The study will benefit the
management and production of new generation
human resource policies in terms of predicting
employee attrition more accurately and more
easily, as well as providing information to help
reduce the staff turnover rate as a result of taking
measures to eliminate the factors causing attrition
by identifying them.
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Abstract

Local climate zones (LCZ), which are widely used in urban heat island studies, include climate-based
classification of the city to determine the climatic differences in the metropolitan area. Therefore,
mapping methods have been developed to visualise LCZ classes. Compared to the raster-based mapping
method, the vector-based mapping method, which makes a more precise and accurate evaluation, is not
widely used due to the difficulty in creating and obtaining a dataset. This study aims to implement a GIS-
based approach in creating a vector-based LCZ map in the example of Adana City, Turkey. The method
of the study consists of five steps: a) determination of classification criteria; b) mapping of each
classification criteria via Arc-GIS; c) creation of the decision tree for the creation of the LCZ map; d)
overlapping of the classification criteria in line with the decision tree; e) development of suggestions in
line with the findings. Vector-based LCZ classification has minimised the classification mistakes that
may arise from resolution and has enabled the creation of a highly accurate LCZ map. The LCZ map
obtained from the study is expected to be a base map in studies on urban climate studies and to guide
decision-makers.

Keywords: Vector-based, Local Climate Zone, Geographic Information System (GIS), Multi-Criteria
Decision Analysis (MCDA)

Yerel iklim Zonlariin CBS Ortaminda Vektor-Tabanh Haritalanmasi
Oz

Kentsel 1s1 adasi galismalarinda yaygin olarak kullamlan Yerel iklim Zonlar1 (YIZ) kentsel alanda
iklimsel farkliliklarin belirlenebilmesi i¢in kentin iklim temelli siniflanmasini igermektedir. Bu yilizden
YiIZ siniflarmi gorsellestirilmesi icin haritalama yontemleri gelistirilmistir. Manuel, raster ve vektor
tabanli olmak {izere ii¢ tiir haritalama yontemi bulunmasina ragmen hassas ve dogru degerlendirme yapan
vektor tabanli ydntem yaygin olarak kullanilmamaktadir. Bu yiizden ¢alismada vektdr tabanli YIZ haritast
tiretilmesinde CBS-tabanli bir yaklasimin Adana kenti 6rneginde gergeklestirilmesi amaglanmistir. Bu
dogrultuda ¢alismanin yontemi 5 basamaktan olusmaktadir. a) siniflama kriterlerinin belirlenmesi, b) her
bir smiflama kriterinin Arc-GIS aracilifi ile haritalanmasi, ¢) YIZ haritasimin olusturulmas: igin karar
agacinin olusturulmasi, d) karar agaci dogrultusunda smiflama kriterlerinin c¢akistirilmasi, e) bulgular
dogrultusunda &nerilerin gelistirilmesi. YIZ siniflarmin vektdr tabanli simiflanmasi, ¢oziiniirliikten
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kaynakli olabilecek siniflama hatalarini en aza indirgemis ve yiiksek dogruluga sahip YIZ haritasinin
olusturulmasim1 saglamustir. Calisma sonucunda elde edilen YIZ haritasinin kent iklimi ile ilgili
calismalarda altlik olabilmesi ve karar vericilere yol gdsterici olmasi beklenmektedir.

Anahtar Kelimeler: Vektor-tabanli, Yerel Iklim Zonlari, Cografi Bilgi Sistemleri (CBS), Cok Kriterli

Karar Analizleri (CKKA)

1. INTRODUCTION

Local Climate Zones (LCZ) define the region with
similar surface-air temperature distributions at 100
m - 10000 m on the horizontal scale [1]. The main
purpose of using this name is that the classes are
local/regional in scale, regional in climatic terms.
The land use/local climate classification system,
defined as the LCZ, uses observational data to
differentiate climate zones [2]. The definitions
were determined in line with the characteristics of
the areas that were similar in geometry and land
cover under climatic conditions with calm and
clear skies. To determine zones, there are 17
climate zones, divided into two groups as building
types (LCZ 1-10) and land cover types (LCZ A-
G), according to surface characteristics of urban
and rural areas (Figure 1). The LCZ classification
system is not designed to produce any maps but is
intended to classify the areas of constant or mobile
heat islands observed in urban or rural areas and to
standardise landscape units [3]. However, mapping
has been a good approach for visualising the LCZ
classes in the urban and rural areas, as the main
goal is to present landscape units.

There are three classification methods for mapping
local climate zones according to data sources and
analytical techniques. These are manual sampling,
remote sensing and geographic information
systems (GIS). A manual sample has not been
widely applied in urban areas, as it is time-
consuming and may lead to different results
depending on the person making the classification
[4,5]. Classification of satellite images in the
creation of LCZ maps by remote sensing is based
on object-based image analysis or supervised
pixel-based classification techniques [6]. This
method provides a fast and cost-effective LCZ
classification based on free-access LANDSAT
remote sensing images supported by NASA.
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On the other hand, the GIS method analyses a more
comprehensive data set than remote sensing and
manual sampling methods. According to the data
structure, there are two types of GIS methods:
raster-based and vector-based. The raster method is
a suitable method for classifying land surface
features and performing spatial analysis. In addition,
it has been successfully applied in many studies to
produce urban climate maps, urban morphology
maps and air circulation maps [7,8]. On the other
hand, the vector method is advantageous in terms of
defining the shapes of objects with their whole
boundaries. In previous LCZ mapping studies, the
vector method was generally used to obtain more
detailed results [9,10].

In line with these determinations, it is aimed to
implement the vector-based classification approach
of local climate zones in the example of Adana
city. It also aims to create a base map that can be
used in urban heat island studies by making a
detailed classification of Local Climate Zones.
LCZ have common surface characteristics that
vary from hundreds to thousands of meters
depending on local surface conditions. In the high-
density city of Adana, the surface conditions vary
considerably in short distances due to the complex
urban morphology. Therefore, this study has
emerged to make a detailed and precise
classification, the necessity of using the vector-
based GIS-based Multi-Criteria Decision Analysis
(MCDA) method for LCZ maps.

2. MATERIAL AND METHOD

2.1. Study Area
The city of Adana is located in the south of

Turkey, in the Eastern Mediterranean part of the
Mediterranean Region (Cukurova Region). Adana,
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the 6th most populated city in Turkey (37° 00'
north latitude and 35° 19' east longitude), is the
center of the Cukurova metropolitan area
(Figure 1). The study area consists of the four

Miige UNAL CILEK

neighbourhoods with the wurban settlement
(Seyhan, Cukurova, Yiiregir, Saricam) which
characterised by high development and settlements
region in Adana City.

Built types Definition

Land cover types Definition

I. Compact high-rise

Dense mix of tall buildings to tens of
stories. Few or no trees. Land cover

mostly paved. Concrete, steel, stone,
" and glass construction materials.

Dense mix of midrise buildings (3-9
stories). Few or no trees. Land cover
" mostly paved. Stone, brick, tile, and
concrete construction materials.

Dense mix of low-rise buildings (1-3
stories). Few or no trees. Land cover
mostly paved. Stone, brick, tile, and
concrete construction materials.

4. Open high-rise

¥

5. Open midrise

.

6. Open low-rise

Rl
S

7. Lightweight low-rise

Open arrangement of tall buildings to
tens of stories. Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

Open arrangement of midrise buildings
(3-9 stories). Abundance of pervious
land cover (low plants, scattered
trees). Concrete, steel, stone, and
glass construction materials.

'

Open arrangement of low-rise buildings
(1-3 stories). Abundance of pervious
land cover (low plants, scattered trees).
Wood, brick, stone, tile, and concrete
construction materials.

Dense mix of single-story buildings.
. Few or no trees. Land cover mostly
hard-packed. Lightweight construction
materials (e.g., wood, thatch,
corrugated metal).

Open arrangement of large low-rise
buildings (1-3 stories). Few or no
trees. Land cover mostly paved.
Steel, concrete, metal, and stone
construction materials.

9. Sparsely built
& & @
et

ouiie’

10. Heavy industry

Sparse arrangement of small or
medium-sized buildings in a natural
setting. Abundance of pervious land
cover (low plants, scattered trees).

Low-rise and midrise industrial struc-
tures (towers, tanks, stacks). Few or
no trees. Land cover mostly paved
or hard-packed. Metal, steel, and
concrete construction materials.

A. Dense trees Heavily wooded landscape of
deciduous and/or evergreen trees.

i Land cover mostly pervious (low
plants). Zone function is natural

| forest, tree cultivation, or urban park.

B. Scattered trees Lightly wooded landscape of

deciduous and/or evergreen trees.

Land cover mostly pervious (low

plants). Zone function is natural

forest, tree cultivation, or urban park.

C. Bush, scrub

Pt

o y
v b‘“":."", i'/

Open arrangement of bushes, shrubs,
and short, woody trees. Land cover
mostly pervious (bare soil or sand).
Zone function is natural scrubland or
agriculture.

D. Low plants Featureless landscape of grass or
herbaceous plants/crops. Few or
no trees. Zone function is natural

£ 11 grassland, agriculture, or urban park.

E. Bare rock or paved

i 4

F. Bare soil or sand
PR S
e

4

VARIABLE LAND COVER PROPERTIES

Featureless landscape of rock or
paved cover. Few or no trees or
plants. Zone function is natural desert
(rock) or urban transportation.

Featureless landscape of soil or sand
cover. FeW or no trees or plants.
Zone function is natural desert or
agriculture.

G. Water Large, open water bodies such as seas
and lakes, or small bodies such as

rivers, reservoirs, and lagoons.

Variable or ephemeral land cover properties that change
significantly with synoptic weather patterns, agricultural practices,
and/or seasonal cycles.
b. bare trees Leafless deciduous trees (e.g., winter).
Increased sky view factor. Reduced
albedo.

s. snow cover Snow cover >10 cm in depth. Low

admittance. High albedo.

d. dry ground Parched soil. Low admittance. Large

Bowen ratio. Increased albedo.

w. wet ground Waterlogged soil. High admittance.

Small Bowen ratio. Reduced albedo.

Figure 1. The classification of Local Climate Zone [2]
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Figure 2. Study area

The city is located in the Mediterranean climate
zone with hot summers and mild winters;
therefore, annual participation in outdoor activities
is longer. The city has a warm and temperate
climate, which can be named Csa according to the
Koppen-Geiger climate classification.

The average amount of precipitation is 625 mm.
Precipitation falls 51% in winter, 26% in spring,
18% in autumn, and 5% in summer. The coldest
month is January at an average of 9 °C, and the
warmest month is August at an average of 28 °C.
The hottest annual period, that is, the period when
the temperature does not fall below 21 °C, is quite
long. Again in this period, the average daily
relative humidity is above 65% [11].

The high agricultural potential of Adana City has
led to the city’s rapid development since the
1930s. City has been planned in the 1940s, but it
resulted in the revision of the plans to meet the
housing need of the increasing population [12].
Consequently, the city was formed as it is today.
The Adana City developed around the city’s
historical core with high density and low rise
building characteristics in the southern part of the
study area. However, today, the city consists of

932

open high-rise buildings in the northern part of the
study area.

2.2. Data

To determine LCZ classes of Adana City, data
were obtained from different institutions and
organisations. There are as follows:

* Adana City Environmental Plan (1:100.000),

» Adana Master Development Plan (1:25.000 and
1:50.000),

* Adana Implementation Development Plan
(1:1.000)
« and Adana base map including urban

development areas data.

Moreover, aerial photographs, Urban Atlas
data, and previous studies and reports are also
supplementary materials.

The software used in the study are:
e GlIS-based Arc-GIS software used for

performing spatial analyses, including the
classification of criteria and creating maps
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2.3. Method

The method of the study consists of five stages;

« Determination of classification criteria,
« Mapping of classification criteria,

» Developing the decision tree to determine LCZ
classes,

» Overlapping the classification criteria,

» Developing suggestions according to the

findings

Miige UNAL CILEK

a) Determination of classification criteria: In the
LCZ approach, which is dependent on the urban
morphology, many criteria were used in the
evaluation, but the main elements in the
determination of LCZ classes were the
characteristics of the settlement areas. These are
building height (BH), aspect ratio (building
height/street width- H/W), a pervious surface
fraction (PSF), and impervious surface fraction
(ISF). Each classification criteria has different
threshold values (Table 1), which creates separate
layers in determining LCZ classes.

Table 1. Values of geometric and surface cover properties of each LCZs type [2]

. Building Impervious | Pervious | Height of
. Sky view
Local Climate factor? Aspect ratio® surface surface surface | roughness
Zone (LCZ) (SVF) fraction® | fraction? fraction® | elementsf
(BSF) (ISF) (PSF) (m)
LCZ-1 0.2-04 > 2 40-60 40-60 <10 >25
LCZ-2 0.3-0.6 0.75-2 40-70 30-50 <20 10-25
clﬁ LCZ -3 0.2-0.6 0.75-1.5 40-70 20-50 <30 3-10
o LCZ -4 0.5-0.7 0.75-1.25 20-40 30-40 30-40 >25
i LCZ-5 0.5-0.8 0.3-0.75 2040 30-50 20-40 10-25
I: LCZ -6 0.6-0.9 0.3-0.75 20-40 20-50 30-60 3-10
5 LCZ -7 0.2-05 1-2 60-90 <20 <30 24
o0 LCZ-8 >0.7 0.1-0.3 30-50 40-50 <20 3-10
LCZ -9 >0.8 0.1-0.25 10-20 <20 60-80 3-10
LCZ -10 0.6-0.9 0.2-0.5 20-30 2040 40-50 5-15
e LCZ-A <0.4 >1 <10 <10 >90 3-30
L LCZ-B 0.5-0.8 0.25-0.75 <10 <10 >90 3-15
5 | LCcz-C 0.7-0.9 0.25-1.0 <10 <10 >90 <2
o & LCZ-D >0.9 <0.1 <10 <10 >90 <1
SF|[LCcZE >0.9 <0.1 <10 >90 <10 <0.25
5 LCZ-F >0.9 <0.1 <10 <10 >90 <0.25
LCZ -G >0.9 <0.1 <10 <10 >90 -
a Ratio of the amount of sky hemisphere visible from ground level to that of an unobstructed hemisphere
b Mean height-to-width ratio of street canyons (LCZs 1-7), building spacing (LCZs 8-10), and tree spacing
(LCZs A-G)
¢ Ratio of building plan area to total plan area (%)
d Ratio of impervious plan area (paved, rock) to total plan area (%
e Ratio of pervious plan area (bare soil, vegetation, water) to total plan area (%)
f Geometric average of building heights (LCZs 1-10) and tree/plant heights (LCZs A-F) (m)

b) Mapping the classification criteria:
Mathematical formulas were used to create maps
for each criterion in the GIS environment
(Table 2). To determine the class differences
within the layers in detail, the parcel boundaries in

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

the study area were taken into account. Maps for
each criterion were created by applying the
determined formulas for each parcel in the GIS
environment. Thus, more sensitive and accurate
LCZ classifications were obtained.
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Table 2. The definition of physical parameters and calculation methods used to classify local climate
zones (LCZs) [12]

PHYSICAL

DEFINITIONS

surface fraction
(%)

compact (BSF > 0.40) and open (0.10 < BSF < 0.40) LCZ classes in
an urban area. It is calculated by the ratio of the total building
footprint to the total parcel area, and the BSF of each polygon was
calculated for each parcel.

PARAMETERS EQUATION
BH - Y. (Bf xBfh)
One of the main parameters used for LZC classification is the n
BH-Building average building heights to determine high-rise, midrise, and low- . .
height (m) rise LCZ classes [5]. Therefore the mean building height was found BH- Building height
g by multiplying the number of floors and the average floor height (3 | Bf: The number of stories
m) and dividing it by the total number of buildings in a parcel. Bfh: Story elevation (3m)
n: The total number of building in a
parcel
BSF is the fraction of land surface covered with buildings [5,13,14]. BSF:Zi:‘ Bfa x 100
It is a crucial parameter employed to classify the built type (BSF > Pa
BSF-Building 0.10) and land cover type (BSF < 0.10) in addition to categorizing

BSF: Building surface fraction

Bfa: Building footprint area

n: The total number of building in a
parcel

Pa: Total parcel area

H/W-Aspect
ratio

The aspect ratio is one of the most challenging calculated
parameters because the building height and street width vary in the
same street [5,15]. Therefore, the aspect ratio was calculated for
each parcel. It is generally divided into two values: H/W < 0.75 and
H/W > 0.75. The mean aspect ratio was found using the mean
building height divided by the mean street width. The total street
width computed the average street width around the parcel divided
by the edge number of parcels.

Hw- oo
TSwW

H: Height

W: Width

BH: Building height
SG: Street width

PSF-Pervious
surface fraction
(%)

Waterbody and vegetated areas, which mitigates the urban heat
island effect by evaporation, described as a pervious surface in a
metropolitan area. The pervious surface fraction (PSF) is an
important parameter used to define LCZ classes at a local scale. PSF
is the percentage of pervious surfaces in a parcel area for this study.
The percentage of water bodies was determined using the planning
data, while remote sensing data decided the presence of vegetation
cover. To determine PSF, the Landsat data of the study area were
used to derive a Normalised Difference Vegetation Index (NDVI)
image calculated by the following equation.

NIR-Red

NPV QiR Red

According to the publication of NASA, NDVI values were assumed
to be vegetation > 0.2, water= 0.0, and 0 < impervious surface < 0.2
[5,13,16,17]. Therefore, the raster-based NDVI map was developed
to identify PSF and was converted into a vector-based plan.
Therefore, PSF was determined for each parcel in the study area.

i PSAI
I

P x 100

PSF: Pervious surface fraction
PSA: The area of pervious surface
Pa: Total parcel area

ISF-Impervious
surface fraction
(%)

The impervious surface fraction (ISF) in a parcel is defined as the
fraction of paved surface outside buildings [5,13,17,18]. ISF cannot
be calculated in a high-density city because its calculation requires
BSF and PSF values.

ISF=(1-(BSF+PSF)) x 100

ISF: Impervious surface fraction
PSF: Pervious surface fraction
BSF: Building surface fraction

Land use map

To classify the land use types of LCZ, the characteristic of land use
and land cover types for each parcel and polygons were identified.
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c) Developing a decision tree: In the study, a
decision tree was developed by considering the
threshold values determined for each criterion by
[2]. Although different values were determined for
each class, some classes have similar values in
terms of some properties. To decide the suitable

LCZ classes, the differences of other
characteristics take into account. Firstly, the
building types and land cover types were

distinguished by considering the BSF. Areas with
a building surface fraction value greater than 10%
represented building areas, while areas less than
10% represented land cover types. This distinction
constitutes the basic distinction of building types
and land cover types before the detailed
classification of LCZ classes. The threshold values
were decisive in determining building types (LCZ
1-10); on the other hand, urban atlas data was used
to classify the land cover classes (LCZ A-G).

\/ THE DECISION TREE OF LOCAL CLIMATE ZONE

BUILDING HEIGHT/ PERVIOUS SURFACE | IMPERVIOUS SURFACE | LOCAL CLIMATE ZONE ‘
LCZ)

STREET WIDTH
(BSF) (BH/SW)

BUILDING SURFACE
FRACTION

BUILDING SURFACE BUILDING HEIGHT
FRACTION (BH)

Compact

Miige UNAL CILEK

Secondly, building types were distinguished
according to building height by considering the
number of stories. Building heights are defined as
“high-rise” over 9 stories, “mid-rise” 3-9 stories,
and “low-rise” buildings lower than 3 stories.
Thirdly, the density of building were determined
with BSF. Areas with more than 40% structure
within an area are defined as “compact”, while
areas below 40% are defined as “open”. According
to the second and third steps of a decision tree,
compact high-rise LCZ 1, compact midrise LCZ 2,
open high-rise LCZ 4, and open midrise LCZ 5
were determined. However, building height and
BSF are not sufficient to determine other LCZ
classes with low-rise buildings. Therefore, these
LCZ classes were determined, taking into
consideration of other characteristics differences.
On the other hand, Urban Atlas data were used in
the classification of land cover types.

FRACTION FRACTION
(PSF) (ISF)

‘ (BSF)

04

ez
LCZ1
"\ Compact high-rise

<04

Compact

o  Lcza 'M’l
¥

Built type
‘ BSF>10 ™l

>0,4
Midrise
BH=3-9 stories

High-rise
BH>9 stories
Open

Open

Pl Open high-rise
LCZ2
" Compact midrise

<04

LCZ5 i
TP opnmitie g ‘u!

LCZ3
Compact low-rise

ISF>20

LCZ7

Compact
>04

&

ISF<20

Lightweight low-rise

BH SW =075 »————P‘ PSF<30
BH/SW <0.75 }-{

Low-rise
BH=1-3 stories

w0l
LCzZ8 L
o J =
Iy 93 ‘
LCZ9 (A
T\ Sparsely built I

Open
e H BH/SW <0,75

Openlowrise | fhe

Land Cover Type

\ LCZ6 st
PSF=30-60 = £
f

= o
LCZ8 yz
| Large low-rise o

BSF <10

| |
A

‘ Lczac \&#E
P Determined by urban | *
L—/ atlas data ‘

#@re 3. The decision tree of LCZ mapped in the GIS environment[TZ]
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d) Overlapping of layers: LCZ classes were
obtained by overlapping the classification criteria
through Arc-GIS in line with the first three steps of
the methodology.

3. RESULTS

To classify LCZ, firstly, the analysis was
performed for each building parcel in Adana City.
GIS-based vector method was preferred for easy,
precise, detailed, and comprehensive analysis of
LCZ classes. Secondly, the wvalues and
calculations. Secondly, the values and formulas
determined in the method of the study were taken
into account for the LCZ classifications. The
building height, aspect ratio, building surface
fraction, impermeable surface ratio, permeable
surface ratio, existing vegetation, and land cover
characteristics were defined for each building
parcel and maps were produced for each
classification criteria (Figure 4). Figure 4 shows
the following issue:

o Building height (BH): Areas without
buildings, such as roads, airports, agricultural
areas, green spaces etc., have a total percentage
of 37.2% in the study area. Low rise buildings
(1-3-storey), which form the predominant
building type of the city, have a large
proportion with 49.7% of the study area. High-
rise buildings (>9-storey) constitute 8.3% of
the north of the study area. Mid-rise facilities
(3-9-storey) located in the city center and the
city’s western parts include only 4.3% of the
area.

o Building surface fraction (BSF): BSF, firstly,
was used to distinguish the building types and
land cover types of LCZ in the study area.
Secondly, it was used to determine building
density divided into two groups, including
compact and open. Figure 4 shows that
building density in the city center (10.0%) is
generally compact, while the other building
areas constitute 36.8% of the study area.
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o Aspect ratio (H/W): BSF, aspect ratio and BH
affect the LCZ classification because of caused
different aspect ratios. Since there may be
different building heights on the same street,
each building parcel needs to be separately
calculated. In building types of LCZ, as the
canyon effect increases in the higher aspect
ratio, the canyon effect decreases in the lower
aspect ratio. Therefore, the canyon effects are
high in the high-rise building parcels in the
northern part of the study area. While the
canyon effect is decreased in low-rise building
parcels. The dominant aspect ratios in the other
parts of the study area are 0.30-0.50 and 0.50-
0.75, with a total of 36.2%.

o ISF and PSF: Although permeable and
impermeable surface fractions are similar to
each other in terms of classification values,
these values are not shown in contrast areas.
The permeable surface fraction (PSF) is
determined by the percentage of permeable
surfaces (bare soil, vegetation, etc.) in the total
size of the building parcel. While the
impervious  surface fraction (GSF) is
determined by the percentage of impervious
surfaces (asphalt, stone, concrete) except
building surface area in the total building
parcel area. The study is covered by building
area have a total percentage of 62.8%. Areas
without buildings such as roads, airports,
agricultural areas, green spaces etc., have a
total percentage of 37.2% in the study area.
However, all of these areas have not high
permeable surface fractions. Agricultural areas
have generally located the surrounding urban
settlements. As you move away from the city
center, the pervious surface fraction ratio
increases. In buildings area, green spaces
generally have higher pervious surface areas.
On the other hand, the compact building area,
which is located in the southern part of the
study area, has a higher impervious surface
fraction.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



Miige UNAL CILEK

Parcel Boundry

7

Building Height

N

= 3 L )

[ Water bodies o . I No building
M Buildings et ; : . [ 1-3 stories
[ Urban Green spaces i | 3
[1study area ; 3-9 stories

Parcel boundry A 4 ~ [ >10 stories

Building Surface Fraction Building Height / Street Width
A B e 3 ——— B

3 \ : [N 0.00 - 0.10 [N 0.75 - 1.25]
/I < %10 Land cover types S ; ¢ 1010 - 0.30 [ 1.25 - 2.00)
% 10 - % 40 Open built types J : 0-30 -0.50 I > 2.00

> %40 Compact built types ~os0- 0 75

Pervious Surface Fraction

. < %10 [ % 40 - % 60 v 7 : 1< %10 I % 40 - % 60|
I % 10 - % 20 [ % 60 - % 80 I ! h 1% 10 - % 20 I % 60 - % 80|

% 20 - % 30 MM % 80 - % 90 2 3 e L T % 20 - % 30 I % 80 - % 90|
% 30 - % 40 M > % 90 1 7 st 1 % 30 - % 40 NI > % 90

Figure 4. GIS-based map for LCZ indicators [12]
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As a result of overlaying the classification criteria
maps in the direction of the decision tree, the LCZ
map of Adana City was obtained (Figure 5). The
distribution of each LCZ class in the study area is
given in Table 3. While 46.8% of the study area is
composed of LCZ 1-10 building types, 53.2% is
LCZ A-G, which are land cover types. Although
all LCZ classes (except LCZ F) exist in the study
area, some classes are dominant. The city center,
where low-rise buildings are located, is generally
defined as LCZ 3 due to its compact building
pattern.

From the city center to the south, the building
pattern changes as the open low-rise LCZ 6 class.
In the north-northwest parts of the city, where
open high-rise buildings are located, the LCZ 4
class is dominant. In the areas between LCZ 4 and
the Seyhan Dam Lake, the areas with natural
vegetation are LCZ C. LCZ A, where areas with
dense vegetation are generally located around the
lake and river. In the northwestern part of the city,
it is defined as LCZ D, as there are usually
agricultural areas.

715000
1
 — A LN]‘_fL_\ \/
N
| ‘{z‘q
@3
N 9 Y
o | s
S |t
£ B
~ N
< \,
\
1§ /J‘f’
] J
L~ i \,"
¢ 4/
.‘“
\ <)
4 "[\
& ) ) II e S %
S ] e
& & N4
= ¥
b / 5
/
\\ S / /
wa & = J! /s
N\ 2 i =
e
2 [ O\ [SRV =
2~ C ~
3 | \ 4
g <
o 3 Ry s
J‘ é SR \ /'/{
N 7 e '
J 5 & "Lu/
; o [ ! (™9 AN "
w ﬁ'—‘ |/ y. \ 2 “._Local Climate Zone Classes
g / — > S B LCZ1 I LCZ4 1 LCZ7 MM LCZA [T LCZD;
s ra . Al \\ [ LCZ2 I LCZ5HMLCZ8 LCZB MM LCZE
g0 1 2 3 4 X | @\ )\ ELczsTiczommLcze [Lcze mLeze|
£ km 7oA N A )‘,n"\ N> | Lez1o
T T T T
Figure 5. Adana city local climate zone map
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Table 1. The distribution of Local Climate Zone classes
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BUILDING TYPES LAND COVER TYPES
LCZ Area Size Percentage LCZ Area Size Percentage
Classes (Ha) (%) Classes (Ha) (%)

1 59,72 0,2 A 2.051,36 7,0
2 69,16 0,2 B 684,51 2,3
3 2.654,29 9,1 C 185,08 0,6
4 2.261,40 7,8 D 8.372,45 28,7
5 1.298,61 4,5 E 4.025,70 13,8
6 5.686,18 19,5 F - -
7 15,36 0,1 G 214,18 0,7
8 358,92 1,2
9 655,50 2,2
10 584,58 2,0

Study area 29.176,06 100

4. CONCLUSION

Local Climate Zone studies are widely used in
urban heat island studies because they classify
according to the surface properties of cities. LCZ,
based on urban morphology, many studies have
used a raster-based method that depends on remote
sensing data and requires supervised classification
and verification [13,19-21]. However, in this
study, GIS-based analyses were performed to
perform  vector-based  classification.  The
advantages of vector-based LCZ classification can
be listed as follows:

e While raster-based methods require local
knowledge, the vector-based method is
advantageous in analysing and overlapping
LCZ criteria in the GIS environment.

e  While there are manual correction possibilities
for classes that may be faulty in vector-based
analysis, it is challenging to correct faulty
classes in raster-based analysis.

e Raster-based analyses have course resolution,
resulting in data loss and inclusion of different
classes of LCZ classes. On the other hand,
since the numerical data of the city are used
with coordinates in vector-based analyses, the
errors that may arise from the resolution are
minimised.

Because of these advantages, vector-based
analyses can be preferred for more precise urban

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

heat island studies or change analysis evaluations.
In addition, a large dataset and base data will be
obtained that can be a base map for urban climate
studies and guide decision-makers.
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Abstract

In this research, the effect of different matrix materials (epoxy and vinylester) on the mechanical
properties of Basalt, Jute, and Glass fiber-based hybrid composites were analyzed mechanically and
morphologically. The mechanical test results were achieved by the Tensile test and Vickers hardness test,
while morphologic images were obtained by Scanning Electron Microscopy. Basalt fiber fabric, Jute fiber
fabric, and Glass fiber fabrics of 86 gr/m? and 100 gr/m? were used as reinforcement elements, while
epoxy and vinylester were utilized as matrix materials. A vacuum assisted resin transfer molding method
was used as the production technique. In the results, it is given how the use of different reinforcement
element types and different matrix materials affects the mechanical properties of the produced composite
samples. Results show that the tensile strength of basalt fiber/glass fiber (100 gr/m?) reinforced with
epoxy is the highest in all of the produced composites. In terms of microhardness, the hardness value of
basalt fiber/glass fiber (100 gr/m?) reinforced epoxy composites have 1.39 times higher than basalt/glass
fiber (100 gr/m?) reinforced vinylester composites. Scanning electron microscopy (SEM) analysis was
utilized to examine the fiber rupture and fracture mode in hybrid composites. As a result of the analysis,
also it was observed SEM results support the mechanical test results.

Key Words: Matrix material, Glass fiber, Basalt fiber, Jute fiber, Mechanical properties

Cesitli Matris Malzemelerinin Bazalt/Jiit/Cam Elyaf Takviyeli Hibrit
Kompozitlerin Mekanik Ozelliklerine Etkisi

Oz

Bu aragtirmada, farkli matris malzemelerinin (epoksi ve vinilester) Bazalt, Jiit ve Cam elyaf esaslt hibrit
kompozitlerin mekanik o6zellikleri {izerindeki etkisi mekanik ve morfolojik olarak analiz edilmistir.
Cekme testi ve Vickers sertlik testi ile mekanik test sonuglari elde edilirken, Taramali Elektron
Mikroskobu ile morfolojik goriintiiler elde edildi. Takviye elemani olarak bazalt elyaf kumas, Jiit elyaf
kumag ve 86 gr/m? ve 100 gr/m?> cam elyaf kumaslar, matris malzemesi olarak epoksi ve vinylester
kullanilmistir. Uretim teknigi olarak vakum destekli recine transfer kaliplama yontemi kullanilmistir.

"Sorumlu yazar (Corresponding author): Berkay KARACOR, bkaracor@cu.edu.tr
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Sonuglarda, farkli takviye elemam tipleri ve farkli matris malzemelerinin kullanilmasinin firetilen

kompozit numunelerin mekanik 6zelliklerini

nasil etkiledigi

verilmistir. Sonuglar, epoksi ile

giiclendirilmis bazalt elyaf/cam elyafin (100 gr/m?) ¢ekme mukavemetinin {iretilen tiim kompozitler
icinde en yiiksek oldugunu gostermektedir. Mikrosertlik agisindan bazalt elyaf/cam elyaf (100 gr/m?)
takviyeli epoksi kompozitlerin sertlik degeri, bazalt/cam elyaf (100 gr/m?) takviyeli vinylester
kompozitlere gore 1,39 kat daha yiiksektir. Hibrit kompozitlerde fiber kopma ve kirilma modunu
incelemek icin taramali elektron mikroskobu (SEM) analizi kullanilmistir. Analiz sonucunda SEM
sonuglarinin da mekanik test sonuglarini destekledigi goriilmiistiir.

Anahtar Kelimeler: Matriks malzeme, Cam fiber, Bazalt fiber, Jiit fiber, Mekanik ozellikler

1. INTRODUCTION

Composite  materials, with their different
mechanical, physical, and chemical properties, are
among the materials whose use has recently
increased in advanced technology applications in
the fields of automotive, aerospace, construction,
medicine, and in many engineering fields [1]. In
modern advanced composite materials, with the
effect of the plastic age, fiber-reinforced varieties
have become one of the most important types in
terms of structure [1]. Natural fibers are examined
in three categories, depending on the source, as
animal, plant and mineral-based fibers. Examples
of common plant fibers encompass jute fibers, flax
fibers, banana fibers, bamboo fibers, sisal fibers,
kenaf fibers and coconut fibers, while animal-
based fibers contain wool from alpaca and chicken
feathers and silk from butterfly larvae and spiders.
Basalt fiber, which has lately achieved favor as
composite reinforcement, is one of the best-known
mineral fibers [2]. This mineral type fiber is
extruded from molten basalt rock, usually in
diameters between 13 um and 20 um. It is known
to be a versatile material and to operate in
temperature ranges from -200 °C to +600 °C [3-6].
The importance of basalt fibers is increasing
gradually as an alternative to glass fibers in
reinforcement elements in composite materials in
terms of ecological reliability, natural longevity,
and non-flammability. Besides, basalt fiber
composites are preferred over glass fibers in the
automotive industry where acids are used
extensively, as they are superior to the acid, alkali,
and vapor resistance properties of glass fibers with
their high chemical stability [3-6]. They are also
ideal materials for thermal and sound insulation of
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automobile interior and engine parts. Owing to its
superior combination of wear and heat resistance
in brake systems in vehicles, it has also replaced
asbestos [3-6]. Basalt fibers are materials that have
been used extensively in military applications
since their discovery and have the potential to
combine with other fibers for lightweight
structures  with affordable cost and good
mechanical properties. Basalt fiber is referred to as
lower priced and more environmentally friendly
compared to carbon fibers, with both the absence
of resource problems and the originality of the
production process, as it is obtained from basaltic
volcanic rocks. While basalt fiber is used to
reinforce thermoset polymers such as epoxy and
polyester, it shows good adherence with various
polymer matrices [7-8]. With its various
properties, basalt fibers are used in many areas as
friction and wear materials in automobiles,
corrosion resistance material in the chemical
industry, and reinforcement material in the
construction sector. It is widely used in
automotive, especially in the production of car
headliners and high temperature insulation of
automobile catalysts [9]. Jute, linen, wood, cotton,
bamboo, sisal and hemp from natural fibers are
used as reinforcements in polymeric matrices.
When all naturally obtained reinforcement
materials are examined, the availability of jute
fabrics in desired shapes and being cost effective
compared to others is an important potential for
future studies. Jute is made of vegetable fibers and
consists of cellulose units; its fibers are
biodegradable and recyclable. Among the natural
vegetable fibers, jute has relatively high tensile
strength and high production volume as well as
being an environmentally friendly material,
showing good thermal and acoustic insulation
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properties. However, the cellulose structure of jute
fibers is rich in hydroxyl groups and its
compatibility with polymeric matrices is not
strong. This disadvantageous situation is
eliminated by applying chemical or physical
modifications to the fiber surfaces, thereby
improving the interfacial bond of jute fibers with
polymeric materials [10-12]. Glass fibers are one
of the materials that have many applications in
various industrial sectors such as thermal and
electrical insulation, various sports equipment,
household goods. The properties of glass fiber
reinforced products such as the expected strength
in structural applications in automobiles and at the
regard of well interfacial matrix-fiber bond and
improved production methods have proven the use
of glass fibers in automotive structural parts. In
terms of production costs, the cost of glass fibers is
lower than carbon fibers. Moreover, the fact that
glass fiber is a strong and hard material would
provide a significant benefit in the cost and
strength of hybrid materials in hybridization
processes. It has been observed that hybrid
laminates made with glass/plant fiber are at the
forefront of features such as producing sustainable
materials, causing the least damage to the
environment during production and at the end of
their service life, having sufficient mechanical
resistance and an acceptable impact performance
[13-15]. In the literature, there are some studies on
the effect of different glass fibers on the
mechanical properties of hybrid composite
samples created with jute and basalt. There are
only a few studies in the literature that have
worked on hybrid composites made using glass
fibers of different weights per square meter, and
basalt, jute, and glass fiber reinforced composites
created using epoxy and vinylester resin. Sarasini
et al. [16] studied the effect of stacking sequence
on low-speed impact, bending, and acoustic
properties of epoxy composites hybridized using
basalt fibers and glass fibers. They utilized two
different stacking orders, intercalated and
sandwich-like. Flexural test results show that glass
fiber hybrid laminates have the highest flexural
strength, whereas basalt fiber laminates have the
lowest. Because of the stacking order, it has
emerged that the samples which were hybridized
with basalt and glass fiber intercalated hybrid
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laminates provide higher strength in comparison to
sandwich configuration. Gangappa and Kulkarni
[17] hybridized with polyester resin using basalt
and jute as reinforcement material. They examined
the effect of warp and weft direction and material
thickness on tensile and compressive strength. It
was understood that warp weaves valued both
tensile and compression strength higher than weft
weaves. It has been observed that the increase in
material thickness has a decreasing effect on
tensile strength and an increase in compression
strength values. Jusoh et al. [18] investigated how
the hybridization process and the pattern of these
fibers in composites formed with glass fiber,
basalt, jute, and flax fibers affect the bending
strength. In terms of hybridization, it was
understood that the glass/jute sandwich-like
structure showed optimum integration with E-glass
against other fibers produced in the research, and
the delamination mechanism did not occur due to
the presence of the glass layer in the fracture
analysis. Dhiman and Sharma [19] manufactured
jute and walnut shell filled jute/basalt hybrid
composites in different proportions and examined
their mechanical performance. The results show
that the addition of walnut shell filler (between 0%
and 15%) increases the tensile strength of
basalt/jute fiber composites by about 60%. Kishore
et al. [20] analyzed tribological properties in
samples made with basalt, jute, and jute/basalt
hybrid composite materials using graphene as
filling material. The specific wear rate and friction
coefficient were discovered to be the lowest with
the hybrid composite including 0.4% graphene by
weight. It was stated that the basalt fiber on the
contact surface provided a 53% improvement in
the friction coefficient and specific wear rate. In
another study using jute/basalt reinforced hybrid
composites, Kishore et al. [21] used graphene in
three different amounts (0.2%, 0.4% and 0.6%) as
a filler. 1t was observed that hybrid composites
with graphene-doped composites showed fewer
roughness values than composite without graphene
added. Fiore et al. [22] studied the effect of aging
on mechanical properties by producing jute and
jute/basalt hybrid composites with vacuum
infusion technique. The results of quasi static
bending tests and low velocity impact tests showed
that basalt fibers increased the durability of natural
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fiber composites and jute/basalt hybrid laminates
gave the best mechanical results. Surface treatment
applications are applied to increase the durability
effect of the fibers in composites made with
natural fibers and to exhibit a better interface bond
with the matrix [23]. Raajeskrishna et al. [24]
studied the strength of tensile and stiffness of
hybrid composites with and without surface
treatment, reinforced with glass fiber fabric and
basalt fabric with sandwich stacking sequence
configuration. They also confirmed their
experimental results with finite element analysis.
The fibers of the basalt fabric in the inner structure
and the glass fabric as the outer surface, treated
with HCI (hydrochloric acid), have the highest
tensile strength with 356.39 MPa, shows the
positive effect of the hybridization process and
surface treatment on the tensile strength. Fiore et
al. [25] surveyed the mechanical properties,
morphological properties and aging resistance of
jute and basalt reinforced bio-based epoxy
composites. They used jute and basalt fibers in
three different stacking sequences, and in the
analysis, interply hybrid composites reached better
values compared to jute lamina fiber composites
and turned out to be an important alternative for
outdoor applications. Sanchez-Galvez et al. [26]
studied the effect of different environmental
conditions on the high-speed impact performance
of basalt, glass/basalt, and carbon/basalt hybrid
composites. While the best performance was
observed for glass/basalt hybrid reinforcement
with a ballistic limit of 480 m/s, experimental
results were also confirmed by analytical results.
Jusoh et al. [27] analyzed the impact of shifting the
piling order of fabric layers on the low-speed
impact behavior of hybrid composites containing
glass woven fabric, basalt fabric, jute fabric, and
linen woven fabric in varying sequences within the
epoxy matrix. When the hybrid composite values
are examined, the results of the specific energy
absorption and indentation energy analysis are
mainly dependent on the high modulus and
strength value of the glass fiber rather than the low
features of the natural fibers. Esnaola [28] studied
the energy absorption ability of products created
by hybridizing glass fiber and basalt fiber with
polyester. The results obtained showed that among
the six different configurations and fiber strands
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used, the hybrid configuration where polyester was
used with E-glass and basalt fibers avoided
unstable  collapse  problems compared to
basalt/polyester hybrids. The object of this search
is to examine the main effects of using different
matrixes on the mechanical properties of hybrid
composites made of glass fiber fabric and jute
fabric with basalt fiber from mineral fibers and to
make the morphological analysis of the products
obtained.

2. MATERIAL AND METHODS
2.1. Material

Basalt, E-glass and Jute plain weave fabrics were
used as reinforcement materials. All reinforcement
materials were supplied by Kompozitshop, Turkey.
Table 1 gives the fabric parameters of this study.
The fabric samples are indicated in Figure 1.

Table 1. Properties of fabrics

. Thickness
Fabric We'gt]t of fabric Warp Weft
(gr/m?) (mm) (tex) (tex)
Basalt 280 0.2 = —
Jute 265 0.7 3125 312.5
Glass Fiber 86 0.06 34x1 12x12.5
Glass Fiber 100 0.08 22x1 24x2.8

Figure 1. Fabric samples a) Basalt fiber fabric
b) Jute fiber fabric c) Glass fiber fabric
86 gr/m?) d) Glass fiber fabric
(100 gr/m?)
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Epoxy resin (L160) with its related hardener
(LH160) and vinyl ester with its additives was
used as a matrix material. Table 2 and Table 3
indicates the technical properties of the resin
systems. While the mixing ratio of epoxy resin and

Table 2. Epoxy and hardener properties

Berkay KARACOR, Mustafa OZCANLI

hardener is 100:25+2 by weight as specified by the
manufacturer, the mixing ratio for vinyl ester resin
is Vinyl ester: cobalt: perox ratio of 1: 0.0004:
0.02 weight.

L160 Infusion epoxy LH160 Hardener
Operating temperature (° C) -60/+50 without heat treatment i
perating temperature -60/+80 by applying heat treatment
Process temperature (° C) +10/+50 -
Density (g/cm?) 1.13-1.17 0.96-1.0
Viscosity (mPas) 700-900 10-50
Refractor index 1.5480-1.5530 1.5200-1.5210
Amine value
(mgr KOH/gr) 550-650
Measurement Conditions 25°C 25°C
Table 3. Vinylester properties
Molding Laminate
Heat distortion temperature (°C) 137 -
Flexural strength (MPa) 130-140 132
Bending coefficient (MPa) 3400-4000 7400
Viscosity (mPas) 180-220
Tensile strength (MPa) 69-79 93
Barcol Hardness 42 50

In this study, twelve composite samples using a
different matrix and having various fabric stacking
sequences were produced. Reference codes for

Table 4. Codes of produced samples

fabric layers in composite samples are given in
Table 4.

Composite codes Fabric types

B Basalt fabric

J Jute fabric

G86 Glass Fiber fabric (86 gr/m?)
G100 Glass Fiber fabric (100 gr/m?)

JB Jute/Basalt Fiber hybrid composite

BG86

Basalt/Glass Fiber (86 gr/m?) hybrid composite

BG100

Basalt/Glass Fiber (100 gr/m?) hybrid composite

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

945



Effect of Various Matrix Materials on Mech. Prop. of Basalt/Jute/Glass fiber Reinf. Hybrid Comp.

After 60 °C curings at 1 hour, the composite
specimens were cut by the water jet machine to the
test dimensions specified in the standards.

2.2. Method

In order to produce jute, basalt, and glass fiber
fabric reinforced composite laminates, vacuum
assisted resin transfer molding was used. In this
method, a vacuum force is used to remove air from
the reinforcement material and allow the resin to
enter the preform. After making provision the
designated area by applying a release agent, the
fabrics were laid on the table and the layered fabric
was covered with peel ply, an infusion mesh, and a
vacuum bag. Sealing in the system was ensured by
sticking the vacuum sealing band around the
fabrics. A small hollow was also made in the
vacuum bag to allow the inlet and outlet pipes to
cross through. Then, in order to the suck the resin,
vacuum pump was turned on. The vacuum pump
was operated for about 2 hours (about 1 bar) and
was turned off when the excess resin flow stops.
The whole process was carried out at room
temperature (20 °C £2 °C) under 1 bar pressure
and the sample formed was left to cure for 24

hours.
v

Figure 2. Vacuum assisted resin transfer molding
process

2.2.1. Testing
2.2.1.1. Mechanical Testing

In this research, the mechanical properties were
interpreted in terms of the tensile strength of the
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produced composite samples. The tensile test was
done with reference to the ASTM D 3039 standard
using ALSA  Hydraulic  Test  Machine
(KOLUMAN Automotive Industry Laboratory)
and 2 mm/min is set as the cross-head speed on the
device with a 98000 kN load cell [29]. Beforehand
the test, the width and depth of the consecutive test
samples were measured and the values were
processed into the machine. Figure 3 indicates the
universal tensile testing machine. By the tensile
test; Tensile Strength, Elastic Modulus, Stress-
Strain diagram, and Elongation rate of hybrid
composites were calculated. After the five samples
were cut in the water jet in each configuration
created, the tests were performed and the

arithmetic averages of these 5 sample values were
taken and indicated in the results.

It 2§

I
Figure 3. Tensile testing machine

2.2.1.2. Hardness Test

Vickers hardness test, also called the 136-degree
diamond pyramid hardness test, is a micro
indentation test method used for materials. The
Vickers hardness number of the material is
determined by creating a square indentation, the
diagonals of which are measured, in the
indentation on the material. This value is obtained
directly from the Vickers hardness testing machine
[30]. Vickers hardness value was found by taking
an average of fifteen readings in different places in
each sample. AOB Lab product machine was used
to analyze the hardness test of samples according
to the ASTM E92-17 standard [31]. The Vickers
hardness test machine is shown in Figure 7.
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Figure 4. Hardness test machine
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2.2.1.3. Morphological Analysis

Scanning electron microscopy (SEM) method is
used to analyze the fiber morphology of the
materials and in this way, the fracture surface and
fiber-matrix interactions of the composites are
examined. The samples produced were observed
using the Scanning Electron Microscope (SEM)
FEI Quanta 650 Field Emission device at 100V-
30kV acceleration voltage. The magnification
capacity of the device is in the range of 6-
1.000.000 x times (Figure 5). The non-conductive
surfaces in the composites were overlaid with gold
with the help of the Q150R ES spray coating
device before being subjected to SEM. Generally,
a conductive gold layer was fixed to the metal
sample holder by surface evaporation by means of
an electrically conductive adhesive to prevent
electrostatic charging in the samples. Figure 6
shows the device used for the gold plating process.

Figure 5. SEM Analysis machine

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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3. RESULTS AND DISCUSSIONS
3.1. Mechanical Testing Analysis Results

Tensile test results are indicated in Figure 7,
Figure 8, and Figure 9. As shown in Figure 7, the
tensile strength value of JB with epoxy resin is
11.17% higher than JB with vinylester resin.
BG100 tensile strength value is the highest in
samples prepared with both epoxy and vinylester
resin. The difference between BG86 and BG100
tensile behavior is 1.6% for vinylester reinforced
composite and 0.5% for epoxy reinforced
composite samples. The results indicate that the
use of epoxy resin instead of vinylester in basalt
reinforced composite matrices increases the tensile

Figure 6. Gold plating process machine

strength. In one of the searches about diverse resin
usage [32], it is stated that the use of epoxy resin in
the composite structure formed by using vinylester
and epoxy resin with basalt fiber corresponds to a
29% increase in tensile strength. In another work
[17], tensile strength values of 153.87 MPa and
106.902 MPa in the warp direction were obtained
in the structure prepared in two different
thicknesses, using Basalt and Jute fabrics as
reinforcement elements and vinylester resin as
matrix element. Considering, BG86 samples, the
tensile strength of the samples made with epoxy
resin increased by 1246 % compared to
composites with vinylester resin. This increase was
not seen only in JB samples, which is thought to be
due to sequencing order.

100 334.39 336.22

= 350 297.318 302.42
E* 300
= 250 211.862
E‘n 200 179.122
g 150
; 100
2 50
=
@ 0
&= B BG86 BG100

= Vinlyester 211.862 297.318 302.42

u Epoxy 179.122 334.39 336.22

Composite samples
Figure 7. Tensile strength of produced samples
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Figure 8 indicates the elastic modulus of produced
composite samples. For instance, the difference of
elastic modulus of BG100 epoxy and vinylester
samples only 6.52%. This indicates that although
two different resins are used in the linear region, a
similar slope is observed, the curves diverge while
increasing the applied load and present different
tendencies. A similar trend is acceptable for BG86
epoxy and vinylester resin samples with a 12.8%

Berkay KARACOR, Mustafa OZCANLI

difference in elastic modulus. It is stated that this
difference is due to the chemical structure of
vinylester and epoxy resins, and that resin-fiber
compatibility is better between epoxy and fabrics.
In one of the researches about varied resin usage
[32], the use of epoxy resin caused a 13.6%
increase in elastic modulus compared to the use of
vinylester resin.

5000
4338.8 4550.2

g 4500 ' 4271.4
E 4000 3884.6
3
g 3500
o
€ 3000
o 2494.6
@ 2500 2243
[

2000

1500

1000

500

0
JB BG86 BG100
Composite samples
= Vinlyester = Epoxy
Figure 8. Elastic modulus of composite samples
Figure 9 indicates elongation at the break of samples. Since JB sample showed high

samples. Elongation at break is defined as the ratio
between the changing length of the material after
fracture and the initial length of the material. From
the results,

BG100 vinylester composite sample has the lowest
elongation at break among vinylester composite
samples. Since BG100 sample has the highest
tensile strength value, the amount of elongation
has taken the lowest value in parallel with this.

JB epoxy composite sample has the lowest
elongation value among the epoxy composite

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

compatibility with epoxy resin, and the elongation
values were not high.

Because, one of the advantages of using epoxy
resin is that it indicates low shrinkage during the
curing process, with less than 5% shrinkage
detected in epoxy resins, while up to 12% in
volume reduction was found in vinyl ester resins
[9]. This provides better mechanical properties in
structures using epoxy resin.
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Figure 9. Elongation of composite samples

3.2. Hardness Test Analysis Results

According to Vickers Hardness test results,
produced composite samples with epoxy resin
have higher hardness values than produced
samples with vinylester resin. When the results of
the JB sample are investigated, the hardness value

produced with epoxy resin is 80.7% higher than
the sample produced with vinylester resin. In the
results of BG86 and BG100, the hardness value of
samples using the epoxy resin is 64% and 39.9%
higher than with samples using the vinylester
resin, respectively.

Micro hardness test
< 194.1
% 200 158.54
b 145.35 '
2 150 138.69
@©
> 96.82
2 100 80.4 )
é = Vinylester
£ 0
S JB BG86 BG100
> Composites

Figure 10. Vickers hardness test results

By the time the fiber fabrics used were viewed, it
was understood that the hardness value of the
samples made with 86 gr/m? glass fiber fabric and
vinylester resin of the basalt fiber fabric was
approximately 1.2 times higher than the hybrid
composite sample made by the basalt fiber fabric
with jute fiber fabric. The hardness value of the
BG100 sample was found to be 1.43 times higher
than the BG86 sample as a result of the
comparison of the hardness value of the basalt

950

fiber fabric in hybrid composites produced with 86
gr/m*> and 100 gr/m? glass fiber fabrics using
vinylester resin. The difference between these
BG86 and BG100 is associated with the fact that
the mesh structure of the 100 gr/m? fabrics is more
dense and stronger than the 86 gr/m*> woven
fabrics. The higher hardness value of the samples
made with epoxy resin than the samples made with
vinylester resin can be attributed to the better
bonding of the chemical bonds of epoxy with fiber

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



fabrics. The long chain molecules and polar groups
in epoxy resin provide a stronger bond than the
structure in vinylester resin. In the Shore hardness
test performed in another study, the hardness value
of the sample with the BGB (Basalt-Glass-Basalt)
order was 36.6% higher than the hardness value of
the sample in the GBG (Glass-Basalt-Glass) order.
The difference in this hardness is due to the
hardness of basalt rocks [24].

3.3. SEM Analysis Results

Figures 11a—f shows the morphological structure
of the produced composites after the tensile test. In
samples with more voids appearing on the surface
as shown in Figure 1la-c, vinylester resin is the
matrix element. It is understood from the images
that the use of glass fiber instead of jute fiber
strengthens the structure even more. As seen in
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Figure 11d-f, less voids and more fiber breakage
occurred in the composite samples produced with
epoxy resin. This can be attributed to the improved
tensile properties of BG100 produced with epoxy
resin over other composites. In Figure 1le-f for
BG86 and BG100 samples, minimal matrix
cracking and less fiber splitting resulted in higher
tensile absorption while also giving the samples
high tensile strength values.

Because of the susceptible nature of the jute fiber,
it is seen that there is some fiber breakage and a
sharp cut in places due to the load on the surface of
JB composites. The semi-brittle nature of the glass
fiber and the fiber delamination and separation
when the load is applied bring basalt fibers to the
fore because they can withstand high tensile loads
[13].

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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Figure 11. SEM images of a) JB Vinylester b) BG86 Vinylester ¢) BG100 Vinylester d) JB Epoxy e€)
BG86 Epoxy f) BG100 Epoxy

4. CONCLUSION

The effects of hybridization and usage of different
matrix materials on basalt fiber fabric/jute fiber
fabric, basalt fiber fabric/glass fiber fabric (86
gr/m?), and basalt/glass fiber (100 gr/m2) on tensile
strength and hardness have been evaluated
experimentally. In general, the performance of
epoxy matrix reinforced composites was superior
to the vinylester reinforced composites. The results
obtained from tensile test, the tensile strength of
the composite material stacked with Basalt/Glass
fiber (100 gr/m?) array is higher than the
composites produced with epoxy matrix materials
stacked with Basalt/Jute fiber and Basalt/Glass
fiber array (86 gr/m?. When compared to
vinylester matrix composites BG100 with the
epoxy matrix is also the highest value among the
other sample specimens. Also, the use of epoxy
matrix in the BG86 sample was 12.46% compared
to the vinylester resin, and this rate was 11.17% in
the BG100 sample, and it was viewed that the
tensile strength increased with the use of the epoxy
matrix. According to the results of the applied
tests, it can be deduced that the stacking order
affects the tensile strength properties of hybrid
composites. The tensile strength of JB samples
with vinylester matrix is higher than that of JB
samples with epoxy matrix, which may be due to
the sequence difference. In terms  of
microhardness, BG100 with epoxy matrix usage is
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39.9% higher than with vinylester matrix usage.
This ratio is 64.05% for the BG86 sample and
80.78% for the JB sample. SEM shows
delamination, fiber breakage, and stretching under
tensile load with the use of epoxy and vinylester
resin in the samples. Morphological structure
examination is compatible with the mechanical
results in the study. In hybrid composite materials,
mechanical properties can be changed by changing
the stacking order or by using different matrixes.
In addition to this, more elaborated studies with
different resin and material parameters are needed
to take full benefit of the great strength and
hardness features of the various hybrid
configurations that can be formed with basalt, jute,
and glass fibers.
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Ozet

Yumusak zeminler {izerine insa edilen dolgularda zamana bagl konsolidasyon oturmalarmm dikkatli bir
sekilde incelenmesi gereklidir. Bu tiir zeminlerde konsolidasyon oturmalarini hizlandirmak igin kil zemin
icerisine prefabrik diisey drenler inga edilir. Bu ¢aligma kapsaminda, yumusak zeminler i¢ine insa edilen
diisey dren sistemlerinin farkli esleme yontemleri kullanilarak gergeklestirilen sayisal analizleri
arastirtlmistir. Sayisal analizlerin dogrulugu literatiirde yer alan biiyiik Slgekli konsolidometre deney
sonuglari ile karsilagtirilarak kontrol edilmistir. Deney diizenegi, Sonlu elemanlar yontemine dayanan
Plaxis 2D bilgisayar programi ile modellenmistir. Analizlerde farkli esleme yontemleri kullanilarak diisey
drenler eksenel simetrik kosullardan diizlem sekil degistirme kosullara doniistiiriilmiistiir. Modifiye cam
kili modeli kullamlarak gergeklestirilen analizler deneysel Olgiim sonuglari ile karsilastirilmis ve
aralarinda oldukea iyi bir uyum oldugu goriilmiistiir. Bu sonuglar, diisey dren sistemlerinin 2 boyutlu
kosullarda analiz edilebilmesi i¢in gelistirilen esleme yontemlerinin dogru sonug¢ verdigini ve bu tiir
miithendislik uygulamalarin analizlerinde tasarim milhendislerine &nemli kolayliklar saglayacagini
gostermistir.

Anahtar Kelimeler: Biiyiik dlgekli konsolidometre deneyi, Prefabrik diisey dren, Modifiye cam Kkili
modeli, Sayisal analiz
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Numerical Analysis of Prefabricated Vertical Drain with Different Matching
Methods

Abstract

Settlement problems arising from civil engineering structures built on soft soils should be carefully
examined. There are some soil improvement methods to solve settlement problems on such soils. One of
these methods is prefabricated vertical drains (PDD). Vertical drains are used to increase the
consolidation speed and shorten the start-up time of the construction. Within the scope of the study, it was
planned to compare the results of the laboratory and numerical analysis of vertical drain systems applied
in soft soils. The results of large-scale consolidometer experiments conducted in the laboratory were
obtained from a study in the literature. A series of analysis were performed for Modified Cam clay
(MCC) using different matching methods with the help of the Plaxis 2D computer program based on the
finite element method. As a result, it was understood that the analysis results were in a quality supporting
the experimental results. For this reason, it is suggested that the matching methods used in such
engineering applications will allow practical analysis using the two-dimensional finite element program.

Keywords: Large scale consolidometer test, Prefabricate vertical drain, Modify cam clay model,
Numerical analysis
1. GiRiS sekil degistirme kosullarina  donistiiriilmesi
gerekir. Hird ve arkadaslar1 [1], Indraratna and
Redana [2], Chai ve arkadaslar1 [3] eksenel
simetrik bir diisey drenin es deger diizlem sekil
degistirme kosullarina doniistiiriilmesi i¢in gesitli
yontemler gelistirmislerdir. Bu yontemlerde, diisey
drenler arasindaki aralik ve/veya diisey dren
etrafindaki zeminin permeabilitesi ayarlanarak
sonlu elemanlar modeli eksenel simetriden diizlem
sekil degistirme kosullarina doniistiirilmektedir.

Normal konsolide veya az asir1 konsolide killer
geoteknik miihendisliginde sorunlu zeminler
olarak tamimlanir. Bu 0Ozellikteki zeminler
yumusak Karekterde olup gerek kayma dayanimlari
gerekse de konsolidasyon oturmalari yoniinden
onemli miithendislik problemlere neden olabilir.
Ozellikle yumusak killerin permeabilitesinin diisiik
olmast ve vyiiksek sikigabilirlige sahip olmasi
nedeniyle konsolidasyon oturmalarinin
tamamlanmasi uzun yillar siirebilir. Bu durumda
bosluk suyu basinglarinin  hizli  bir sekilde
soniimlenmesini saglayarak konsolidasyon siiresini
kisaltmak i¢in kil zemin igerisine diisey drenler
inga edilir. Giiniimiizde gerek imalat kolaylign  deneysel sonuglari, ABAQUS yazilimi ile
gerekse de ekonomik olmasi nedeniyle geosentetik 2 boyutlu modelleyerek sonuglari
malzemeden iiretilen prefabrike diisey drenler karsilastirmiglardir. Bu ¢aligmada dolgu altinda Kil

Saowapakpiboon ve arkadaslar1 [4] tarafindan
gerceklestirilen ¢aligmada laboratuvar ortaminda
biiylik olgekli konsolidasyon diizeneginde diisey
dren davranisini incelemislerdir. Elde ettikleri

(PDD) yaygin sekilde kullaniimaktadir.

Dolgular genellikle pratik ve basit olmasi
nedeniyle 2 boyutlu olarak diizlem sekil
degistirime kosullarda analiz edilir. Fakat dolgu
altina insa edilen PDD’ler, eksenel simetrik
kosullarda analiz edilmesi gerekir. Bu nedenle
dolgularin sayisal analizinde PDD’lerin diizlem
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zemin igerisine insa edilen PDD’lerin farkli esleme
yontemleri  kullanilarak Plaxis 2D  yazilim
kullanilarak  sayisal analizleri arastirilmustir.
Sayisal analizlerde zemin biinye modeli olarak
Modifiye Cam Kili (MCC) modeli kullamlarak
hesaplanan  oturmalar olglim  degerleri ile
karsilagtirilarak ~ farkli  esleme  ydntemlerinin
performansi arastirilmistir.
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2. MATERYAL VEMETOT

2.1. Biiyiik Ol¢ekli Konsolidasyon Deneyi

Diisey drenlerin killerde konsolidasyon
davranigina etkisini aragtirmak icin
Saowapakpiboon ve arkadaglar1 [4] tarafindan
laboratuvar ortaminda biiyiik oleekli
konsolidasyon diizenegi tasarlanmistir. Boylece
arazideki diisey dren davranigt laboratuvar
ortaminda  biiyiik  6lgekli  konsolidometre
kullanilarak modellenmesi hedeflenmistir.
Deneylerde  Bangkok’un  yaklastk 30 km
gineydogusunda  bulunan  ikinci = Bangkok
Uluslararas1 Havaalan1 (SBIA) bolgesinden temin
edilen yumusak karekterdeki kil zemin numuneler
kullanilmistir. Deney diizenegi ve resmi sirasiyla

diizenegi, i¢ ¢ap1 0,45 m ve yiiksekligi 0,95 m olan
silindirik bir hiicreden olusmaktadir. Ust ve alt
kaideler 40 mm kalinliginda PVC’den yapilmis ve
12 mm ¢apinda sekiz ¢elik ¢ubuk ile baglanmustir.
Piston yiikleme sistemi, 40 mm kalinliginda bir
piston ve dis capt 100 mm olan i¢i bos bir safttan
olusmaktadir. Yiikleme pistonunun tikanmasini
onlemek i¢in zemin numunesinin {istiine ve altina
geotekstil  malzeme  yerlestirilmistir.  Deney
sirasinda  bosluk suyu basincint  dlgmek i¢in
200 kPa kapasiteli 6l¢iim sistemi kil numunenin
orta bolgesine farkli derinliklere yerlestirilmistir.
Konsolidasyon sirasinda bosluk suyu basinglarini
izlemek i¢in bu 6l¢iim sistemi bir veri kaydediciye
baglanmistir [4] (Deney sistemi ile ilgili tiim
detaylar i¢in bakiniz = Saowapakpiboon ve
arkadaslari, 2011 [4])

Sekil 1 ve Sekil 2’de gosterilmistir. Deney
Hava 'y
Basinci
(— “Q’ring
= v /
Sabit ring {7
//
Kauguk :
Membran
b =
4 v
O a| &
° il K=
o) a o) =
Q) o 5 =
=
-
=
Kesit T
I Y R L T T I ST PELATR S P T y
L 0.45m 1
" b |

Sekil 1. Biiyiik 6l¢ekli konsolidometre deney sistemi [4]
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— )

Sekil 2. Biiyiik 6lgekli
diizenegi [4]

konsolidometre deney

2.2. Zemin Biinye Modeli

Sayisal analizlerde yumusak kil zemin davranisi
icin kritik durum teorisi gercevesinde gelistirilmis
olan Modifiye Cam Kili (MCC) modeli
kullanilmigtir. MCC modeli, kritik durum teorisi
cergevesinde gelistirilmis elasto-plastik davranigi
esas alan bir zemin btinye modelidir. MCC
modelinde kullanilan zemin model parametreleri
Cizelge 1’de verilmistir.

Cizelge 1. MCC model temel parametreleri

Parametre Aciklama

A Sikisma indeksi

K Sisme indeksi
€init Baslangi¢ bosluk orani

M p’- q tizerindeki kritik durum

¢izgisi tanjanti

Vur Possion orant

c Kohezyon (KN/m?)

@ Siirtiinme Agist (°)

v Dilatasyon Agisi (°)
Kxy Permeabilite kaysayisi (m/giin)

958

2.3. Diisey Drenlerin Sayisal Analizi

Son yillarda gelisen bilgisayar teknolojisine paralel
olarak geoteknik miihendisliginde daha gergekei
¢oziimler elde edebilmek igin sayisal yontemlerin
kullanimi  giin  gegtikge yayginlagmaktadir [5].
Sonlu  elemanlar yontemi, sayisal analiz
yontemlerinden en sistematik ve en etkin olanidir.
Bu ozelligiyle sonlu elemanlar yontemi, farkli
malzemelerden olusan ve karmagik geometriye
sahip geoteknik problemlerin  modellenmesine
olanak saglamaktadir. Ayrica bir eleman igin
yazilan denklem tiim sistem i¢in kullanilabilir ve
bu sayede siirekli bir ortam i¢in ele alinan kismi
difrenasiyel denklem takimima indirgenerek
¢oziilmektedir [6].

Bu ¢alismadaki sayisal analizlerde sonlu elemanlar
yontemine dayali bir yazilim olan PLAXIS (Finite
Element Code for Soil and Rock Analysis) [7]
paket programui kullanilmistir. PLAXIS, geoteknik
miihendisligindeki  stabilite ve deformasyon
problemlerinin analiz edilebimesi i¢in tasarlanmig
bir yazihmdir. ilk asamada laboratuvarda
gerceklestirilen  biiyiik  6lgekli  konsolidometre
deneyi PLAXIS programi ile modellenerek eksenel
simetrik kosullarda analiz edilmistir. Analizlerde
zamana bagli oturmalar MCC modeli ile
hesaplanmig ve elde edilen sonuglar deneysel
Olciim sonuglar1 ile Kkarsilagtirilarak analizlerin
dogrulugu ortaya konmustur. Ikinci asamada ise
silindirik geometriye sahip deney diizenegi ve
PDD eleman farkli esleme yontemleri ile diizlem
deformasyon kosullara donistiiriilerek  analiz
edilmistir. Bu analiz sonuglar1 6lgiim degerleri ile
karsilastirilarak esleme yontemlerinin ne kadar
giivenilir oldugu aragtirilmistir.

Dolgu altina insa edilen diisey drenlerin iKi
boyutlu kosullarda sonlu elemanlar yontemi ile
analiz edilmesi oldukga zordur. Ciinkii silindirik
geometriye sahip diisey drenlerin diizlem sekil
degistirme kosullara doniistiiriilmesi gerekir. Bu
tiir problemlerin ii¢ boyutlu analizinin yapilmasi
daha dogru bir yontemdir. Ancak ii¢ boyutlu
analizlerde ¢ok fazla islem gerektirmesi ve
bununla birlikte daha fazla zamana ihtiyag
duyulmasi  nedeniyle bu yaklasim pratik
uygulamalar igin ¢ok fazla tercih edilmemektedir.
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Bundan dolayi, diisey drenlerin iki boyutlu analizi
yapilirken uygun bir esleme yontemi ile diisey

drenlerin diizlem sekil degistirme kosullara
donistiiriilmesi gerekir [8].
Al - a Al a

Brselenmemis
Orselenmis bblge
Orselenmemis
Orselenmis bblge

Sekil 3. Birim hiicre modeli; eksenel simetrik
(solda), diizlem deformasyon (sagda) [8]

Literatiirde bu konuda oldukc¢a fazla arastirma
bulunmaktadir. Indraratna ve arkadaslar1 [2]
tarafindan Onerilen esleme yonteminde diisey
drenler i¢in eksenel simetrik geometriden diizlem
sekil degistirme kosullara donistirmede model
geometrisi korunarak esleme i¢in permeabilite
degerleri kullanilmustir (Esitlik 1-2).

d
n=-=% 1
q. M
k
Kip _ 0,67 @)
k, [In(n)-0,75]
Bu bagintida knp; diizlem sekil degistirme

kosullardaki permeabilite degeri, kn; zeminin dogal
yatay permeabilitesi, de; drenin etki bolgesinin gap1
ve dw; esdeger dren ¢apidir.

Hird ve arkadaglar1 [1] tarafindan Onerilen esleme
yonteminde birim hiicre yontemi kullanilarak
esleme icin permeabilitenin degismedigi kabul
edilir ve geometrik uygunluk asagidaki baginti ile
dikkate alinir (Esitlik 3).

SERRIOE

N

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

Yukaridaki bagintida, B; diizlem sekil degistirme
kosullarindaki birim hiicrenin genigliginin yarisi,
R; eksenel simetrik birim hiicrenin yarigapi, k;
zeminin dogal yatay permeabilitesi, ks; orselenmis
bolgedeki yatay permeabilitesi, rw: drenin yarigapi,
Is; orselenmis bolgenin yaricapidir.

1, 2B
) ‘ J o J
| | | |
Sekil 4. Birim hiicre modeli; eksenel simetrik
(solda), diizlem deformasyon (sagda) [2]

Hird ve arkadaglar1 [1] tarafindan Gnerilen baska
bir yontem ise, Indraratna ve Redana [2]
yontemine benzer bir yaklagimla model geometrisi
degistirilmeden esleme i¢in permeabilite degerleri
asagidaki  bagmti  yardimiyla  donistiiriiliir
(Permeabilite esleme yontemi) (Esitlik 4).

RECETRRaR

Burada Kpi; diizlem sekil degistirme kosullardaki
permeabilite  degeri, ka; eksenel  simetrik
kosullardaki permeabilite degeridir.

(4)

Chai ve arkadaglar1 [3] tarafindan ise disey
drenlerin etkisini modellemek i¢in basit bir esleme
yontemi gelistirilmistir. Diisey drenler ve zemin
davranisi esas almarak tim model homojen
kompozit bir malzemeye donistiirilmektedir.
Model geometrisi korunarak esleme igin diisey
permeabilite degerleri es deger diizlem sekil
degistirme  kosullara  asagidaki  bagintiyla
dontstiiriiliir (Basit yontem) (Esitlik 5 ve 6).
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Bu bagintida, I; diisey drenin boyu ve kye; esdeger
diisey permeabilite degeridir. Bu esleme
yonteminin en 6nemli kolaylig1 doniigiim yapildigi
takdirde modelde diisey drenleri tammlamaya
gerek duyulmadan diisey drenlerin etkisinin diisey
permeabiliteye yansitilmasidir.

2.4. Zemin Ozellikleri ve Deney Prosediirleri

Saowapakpiboon ve arkadaglar1 [4] tarafindan
laboratuvarda  gerceklestirilen  biiyilk  6lgekli
konsolidometre deneyinde kullanilan yumusak kil
zemine ait endeks ozellikler Cizelge 2’de
goriilmektedir. Konsolidometre deneyinde CeTeau
firmasi tarafindan iiretilen CT-D911 modeli PDD
malzemesi  kullamlmistir,. PDD  malzemenin
ozellikleri Cizelge 3’te 6zetlenmistir [4].

Cizelge 2. Yumusak Bangkok kilinin endeks
ozellikleri [4]

su icerigi likit limit degerinin {stiinde bir su
muhtevasinda hazirlanmis  ve mekanik bir
karigtiricida iyice karigtirilarak tabakalar halinde
konsolidometre igerisine yerlestirilmistir. Son
olarak 50 kPa’lik bir diisey ilave basing altinda
konsolide edilmistir. Bu esnada konsolidometrede
her iki yonde drenaja miisade edilerek Asaoka [9]
yontemine goére konsolidasyon derecesi %90’lara
ulasana kadar bekletilmistir. Bu sekilde hazirlanan
kil numunelerin kalinhigi yaklagik 0,7 m olarak
Olciilmistiir [4].

PDD malzeme, 81.9 mm genisliginde ve 18.2 mm
kalinliginda bir mini-mandrel (kesit alan1 44 mm
esdeger capa sahip) yardimiyla konsolidemetre
icerisindeki kil zemine itilerek yerlestirilmistir.
Ardidan konsolidasyon deneyi i¢in zemine diisey
yonde 100 kPa konsolidasyon basinct uygulanarak
zamana bagli oturmalar 6l¢iilmiistiir (ilave diisey
basmg artist 50 kPa). Konsolidasyon deneyi
sirasinda sadece iist ylizeyde drenaja izin verilmis
olup alt ylizey drenaja kapatilmistir [4].

Sayisal analizlerde kullanilan MCC zemin model
parametreleri laboratuvar deney sonuglarindan
belirlenmis olup Cizelge 4’te listelenmistir. PDD
elemana ait parametreler ise Cizelge 5’te

Fiziksel Ozellik Deger verilmistir. Bu tabloda listelenen ds degeri, model
Likit limit (%) 102,24 mfmdrehn kesit alaninin esdeger ¢apinin yaklasik
— iki katidir.
Plastik limit (%) 39,55
Su muhtevast (%) 112,69 Cizelge 4. MCC model parametreleri
Plastisite indeksi 62,69 Parametre Deger
Birim hacim agirhigi (kN/m®) 14,70 A 0,569
Ozgiil agirlik 2,66 K 0,052
. C Einit 2,29
Cizelge 3. CeTeau CT-D911 dreninin dzellikleri
[4] M 08
Agirlik (g/m) 78 Vur 0,3
Genislik, W(mm) 100 c 1 kN/m?
Kalmlik, tg (mm) 3,5 0 20,67°
. . . b g 0°
Zemin numuneleri konsolidometreye konulmadan
once siirtiinmeyi azaltmak i¢in konsolidometrenin kxy 9,0x10° m/giin
igerisi yaglanmigtir. Daha sonra zemin numuneleri, Kone 0,647
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Cizege 5. PDD konsolidasyonu i¢in parametreler [4]

Parametre Sembol | Deger
Dren ¢ap1 (m) dw 0,0268
Orselenmis bolge ¢ap1 (m) ds 0,087
kn’nin Ks’a orani kn/Ks 3
kn’nin ky’a orani kn/ky 15
ky’nin Ks’a orani kn/Ks 3
Sonlu elemanlar yodntemi, siirekli sistemlerin

matematiksel olarak tanimlanmasi ile olusan bir
¢ozlim yontemidir. Belirlenen bdlgenin eleman ad
verilen alt bolgelere ayrilmasi ve elemanlarin
diigiim noktalar1 (node) ile iliskilendirilerek ¢6ziim
bolgesi sonlu elemanlar agina doniistiirmesi, sonlu
elemanlar yontemini diger sayisal yontemlerde
ayiran en Onemli Ozelligidir [6]. Bu g¢alismada
sonlu eleman ag1 Plaxis 2D programinda Medium
Mesh (orta ag) segilerek olugturulmustur. Plaxis
2D programinda, sonlu elemanlar yontemine gore
yapilan analizde ilk asamada PDD’nin etkisini
modellemek i¢in eksenel simetrik kosullarda
analizler gerceklestirilmstir. Ikinci asamda ise
deney diizenegi diizlem sekil degistirme kosullara
3 farkli esleme yontemi ile doniistiiriilerek analiz
edilmistir. Modelde simir kosullari, alt sinir yer
degistirmelere iki yonde de izin verilmemektedir
(ux=uy=0). Sag ve sol kenarlar yatay yer
degistirmelere  izin  vermemektedir  (Ux=0)
(Sekil 5.a). Sag ve alt kenar drenaja kapatilmig ve
yer altt su seviyesi alt smirda tanimlanmigstir

(Sekil 5.b).

Tlg T —
W .
If 1

I Il

: | H

il Il

o e

a) Geometrik model b) Baslangi¢ kosullari

Sekil 5. Deneyin PLAXIS 2D  progaminda

modellenmesi
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3. BULGULAR VE TARTISMA

Sayisal analizlerde farkli esleme yontemleri ile
diizlem sekil degistirme kosullara doniistiiriilen
diisey drenlerin zamana bagli davranisi eksenel
simetrik  analiz ve deney sonuglari ile
karsilastirilmistir. Analizlerde kil zemin davranisi
icin elasto-plastik Modifiye Cam Kili (MCC)
modeli kullanilmistir.

Ik asamada eksenel simetrik geometriye sahip
deney diizenegi 2 boyutlu eksenel simetrik
kosullarda analiz edilerek deney sonuglari ile
karsilagtirilmistir (Sekil 6).

0,00

e Eksenel. ..

0,05 —O— Olgiim...

-0,10

Oturma (m)

-0,15
0 10 20 30 40 50 60

Zaman (giin)

Sekil 6. Deney verileri ile eksenel simetrik analiz
sonuglarinin karsilagtirilmasi

MCC zemin modeli ve eksenel simetrik kosullarda
analizde zamana bagli oturma degeri 50. giiniin
sonunda 100 mm olarak elde edilmistir. Ol¢iim
sonuglarinda 50. giiniin sonunda yaklasik 115 mm
olarak belirlenmistir. Deney ve analiz sonuglari
arasinda  olduk¢a iyi bir uyum oldugu
goriilmektedir. Bu sonuglardan diisey drenli
yumusak kilin konsolidasyon davraniginin MCC
model ile PLAXIS programinda basarili sekilde
modellendigi gorilmiistiir.

Sayisal analizlerin ikinci asamasinda ise eksenel
simetrik geometriye sahip deney diizenegi farkli
esleme yontemleri kullanilarak 2 boyutlu diizlem
sekil kosullara déniistiiriilmiistiir. Ik olarak diisey
drenler, Indraratna ve Redana [2] tarafindan
Onerilen esleme yontemine gore diizlem gerilme
kosullara doniistiiriilmiis ve analiz edilmistir. Deney
verileri ve bu esleme yontemi ile elde edilen analiz
sonuglar Sekil 7°de karsilagtirilmistir.
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—— Indraratna ve Redana

—0— Olgiim Degerleri

Oturma (m)
S 6 5 & 95
= = O O O
N ©O 0o O b~

IS}
it
SN

0 10 20 30 40 50 60
Zaman (giin)

Sekil 7. Indraratna ve Redana esleme yontemi
analiz sonuglar1

Indraratha ve Redana [2] tarafindan Onerilen
esleme yontemi ile 50. giiniin sonunda 110 mm
oturma degeri hesaplanmigtir. Deneysel Ol¢im
sonuglarina yakimligi ve uygunlugunun cok iyi
oldugu goriilmektedir. Daha sonra deney diizenegi

Hird ve arkadaglari [1] tarafindan Onerilen
permabilite ve geometri esleme yOntemleri
kullanilarak ~ diizlem deformasyon kosullara

doniistirilmustir. Sekil 8 ve 9’da Hird ve
arkadaslar1 [1] tarafindan onerilen permabilite ve
geometri esleme yontemleri kullanilarak elde
edilen analiz sonuglar1 goriilmektedir. Analiz
sonuglarinin deney verileri ile ¢ok iyi bir uyum
igerisinde oldugu goriilmektedir. Her iki esleme
yontemi de yaklasik ayni sonuglari vermektedir.
50. giiniin sonunda yaklagik 110 mm oturma degeri
elde edilmistir. Bu esleme yontemlerinin deney
verileri ile olan uyumlarindan dogru sonug verdigi
gorilmiistiir.

0,00 ¢
-0,02
-0,04
-0,06
-0,08
-0,10
-0,12
-0,14

Hird PE.
—O— Olgiim Degerleri

Oturma (m)

0 10 20 30 40 50 60

Zaman (giin)

Sekil 8. Hird permabilite esleme yontemi analiz
sonuglari
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0,00
£ -005
1]
£
2 -010
o
-0,15
0 10 20 30 40 50 60
Zaman (giin)
Sekil 9. Hird geometri esleme yontemi analiz

sonuglari

Son olarak deney diizenegi Chai ve arkadaslari [3]
tarafindan Onerilen esleme yontemi (basit yontem)
ile  dizlem  sekil degistirme  kosullara
dontistirtilmustir. Deney verileri ile analiz
sonuglar1 Sekil 10’da karsilastirilmigtir. Chai ve
arkadaglar1 [3] (basit yontem) tarafindan
gelistirilen yontem ile 50. giiniin sonunda 120 mm
oturma degeri hesaplanmistir. Bu yontem ile
hesaplanan zamana bagli oturmalarin Gl¢iim
sonuglarina uygunlugu iyi olmakla birlikte diger
yontemlerle kiyaslandiginda biraz uzak kalmistir.

0,00 ¢
-0,02
-0,04
-0,06
-0,08
-0,10
-0,12
-0,14

Oturma (m)

Zaman (giin)

Sekil 10. Chai (basit yontem) esleme yontemi
analiz sonuglar1

Sekil 11°de ise bu arastirma kapsaminda kullanilan
tim esleme yontemlerine ait sonuglar toplu olarak
deneysel Olglim sonuglart ile karsilagtirtlmistir.
Tim esleme yoOntemlerinin deney sonuglari ile
uyum igerisinde oldugu fakat Ol¢im sonuglarina
gore bir miktar farkliliklar goriilmektedir. Bunun
nedeni olarak esleme yOntemlerinde zemin
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davraniginin lineer elastik kabul edilmesi gibi baz1
basitlestirici kabullerin yapilmasi gosterilebilir.

000 € Hird PE.
-0,02 —e—Hird GE.
E 0.04 :_— ﬁ]r(]j?:iratna ve Redanal
g -0,06 —O— Olglim Degerleri
5 -0,08
S -0,10
-0,12
-0,14

Zaman (giin)

Sekil 11. MCC zemin modelinde
analizlerin sonuglari

yapilan

4. SONUCLAR

Bu calismada, yumusak Kil zeminlerde insa edilen
diisey dren sistemlerinin 2 boyutlu kosullarda
diizlem deformasyon kosullara doniistiiriilmesi i¢in
gelistirilen farkli esleme yontemlerinin
uygulanabilirligi deneysel o6l¢iim sonuglart ile
karsilastirilarak aragtirllmistir. Sayisal analizlerde
PLAXIS 2D V8.6 programi kullanilmistir. Diigey
drenlerin eksenel simetrik kosullardan diizlem
sekil degistirme kosullarina dondstiiriilmesi igin
Indraratna, Hird ve Chai tarafindan gelistirilen 3
farkli  yontem kullanilmigtir. Bu ydntemlerin
dogrulugunu aragtirmak i¢in Saowapakpiboon et
arkadaglar1 [4] tarafindan laboratuvar kosullarinda
gerceklestirilen biiyilk 6lgekli  konsolidometre
deney sonuglar1 kullamilmigtir. Elde edilen
sonuglar agagida sunulmustur.

Diisey drenli olarak gergeklestirilen biiyiik 6l¢ekli
laboratuvar deney sonuglari ile kiyaslandiginda ii¢
farkli esleme yontemi ile hesaplanan oturma-
zaman grafikleri ile deney sonuglarimin uyum
igerisinde oldugu goriilmiistiir. Deney sonuglaria
en yakin sonuclar1 veren egleme yOnteminin
Indraratna ve Redana yontemi oldugu goriilmustiir.
Chai yonteminde ise diger 2 esleme yOntemine
gbre uyum biraz daha uzak elde edilmistir. Fakat
Chai yonteminin ¢ok daha basit bir yontem olmast,
diisey drenlerin modellenmesine gerek olmamasi

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

nedeniyle uygulamada tasarimcilar i¢in daha ideal
bir yontemdir. Ayrica bu esleme yontemler
gelistirilirken zemin davranisi lineer elastik kabul
edilmektedir. MCC gibi elasto-plastik zemin
modeli kullanildiginda sonuglara &nemli  bir
etkisinin olmadig1 g6rilmiistiir.
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Abstract

In this study, the variations of yearly aerodynamic characteristics of horizontal axis wind turbines operating in
an installed wind power plant (WPP) in detail was revealed by means of the blade element momentum theory
and angular momentum theory. For this aim, five identical wind turbines of the three-bladed type having rated
power of 2 MW located in an installed wind farm in Hatay province of Turkey were selected. According to the
results obtained from horizontal axis wind turbines having rated power of P,=2 MW, annual average turbine
mechanical power output (P), power coefficient (Cp), free-stream wind speed (U.), and turbine rotor rotational
speed () were obtained as 672.68 kW, 30.80%, 8.49 m/sand 12.81 rpm, respectively. Moreover, annual average
axial flow induction factor (a), thrust coefficient (Cr), thrust force (T) and blade tip speed ratio (1) were calculated
as 0.10, 0.34, 75.18 kN and 6.57, respectively.

Keywords: Aerodynamic characteristics, Blade element momentum theories, Energy analysis
Kara Tipi Ticari Biiyiik Ol¢ekli Riizgar Tiirbininin Aerodinamik Analizi
Oz

Bu calismada, kurulu bir riizgar santralinde (RES) calisan yatay eksenli riizgar tiirbinlerinin yillik
aerodinamik ozelliklerinin degisimleri kanat elemani momentum teorisi ve agisal momentum teorisi
yardimiyla detayli olarak ortaya konmustur. Bu amagcla, Tiirkiye'nin Hatay ilinde kurulu bir riizgar
ciftliginde yer alan, anma giicii 2 MW olan {i¢ kanath tipte bes 6zdes rlizgar tiirbini secilmistir. Yatay
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eksenli riizgar tiirbinlerinden elde edilen sonuglara gore; anma giicii P=2 MW, yillik ortalama tiirbin
mekanik giic ¢ikis1 (P), gii¢ katsayis1 (Cp), serbest-akim riizgar hiz1 (U.) ve tiirbin rotor doniis hizi (Q)
degerleri, sirastyla, 672,68 kW, %30,80, 8,49 m/s ve 12,81 rpm olarak elde edilmistir. Ayrica, yillik
ortalama eksenel akig indiiksiyon faktorii (a), itme katsayisi (Cr), itme kuvveti (T) ve kanat ucu hiz orant
(}) degerleri, sirasiyla, 0,10, 0,34, 75,18 kN ve 6,57 olarak hesaplanmistir.

Anahtar Kelimeler: Aerodinamik karakteristikler, Kanat elemani momentum teorisi, Enerji analizi

1. INTRODUCTION

Energy is one of the most essential and
indispensable requirements of the present World.
Besides, energy unquestionably has a necessary
item in terms of the technological developments of
countries, economic  progress, and, most
importantly, withal in human life [1-2]. In recent
years, global energy demand which is developing in
parallel with the developing technology, population
growth, and rapid depletion of fossil fuels, has
demonstrated a significant increase [3-6]. The
increase in energy consumption is especially based
on some factors such as population growth, the
continuous improvement of the living standards,
and the industrialization of the developing
countries. By reaching the year 2030, a 21%
increase in the total energy demand is unfortunately
expected. Also nowadays, issues such as climate
change-related concerns, alternative  energy
production sources, greenhouse gas emissions and
reducing of the environmental other negative
impacts related to fossil fuels, have become the
most critical problems of the whole governments,
and in order to tackle these urgent problems directly
which occur recently, such topics are evaluated
within the scope of the leading responsibilities of
the World states.

The fact that energy generation, today, is not very
economical, the utilization of energy causing
negative environmental factors, and steadily
increasing energy demand of mankind have
effectuated some troubles in the sustainable energy
demand. Current demand for energy, when
evaluated in terms of a broad perspective such as
economic, environmental, climate and human
needs, it unfortunately becomes unsustainable. On
the other hand, in order to provide that CO;
emissions which occur during energy production

966

remain within the specified limits, prominence
should be given primarily to renewable energy
sources [7-8].

There is a functional relationship between wind
speed and power output considering the power
generation which is caused by the interaction that
occurred between the wind and the wind turbine,
and it is quite essential to handle wind turbine
aerodynamic parameters within this scope. The
forces that the wind acts on the rotor cause periodic
and fluctuating aerodynamic forces on the rotor.
These effects demonstrate an increase by means of
turbulence and dynamic influences [9]. Within this
scope, the specifications belonging to the
aerodynamic performance of the wind turbines in a
considered region are required to be well
understood. In the evaluation of aerodynamic
performances of wind turbines, sufficient
knowledge for average wind conditions, wind
turbulence and wind events, is needed. For a
considered region, within the scope of appropriate
wind turbine selection or its design, a detailed
evaluation of this information is essential. Besides,
within the scope of the declaration of the energy
efficiency of wind energy systems and their price
effectiveness, performance analysis is required. In
the context of providing proper level management
of wind turbines, obtaining their control and
operations, examining of optimum wind speed and
turbine aerodynamic characteristics are relatively
important. Accordingly, aerodynamic
characteristics belonging to the wind turbine are
pretty influential on the issues such as in the
evaluation of the turbine performance, in the
determination of preventive maintenance and
operating factors and on the optimizations of these
factors, in the constitution of cut-in and cut-out
functions, in the best supply of turbine management
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and administration, in the acquisition of the best
provision of the wind turbine propulsion, in the
forecastings belonging to power generation, and as
well in the determinations of system life [10-13].

Many studies are found in the literature regarding
the aerodynamic parameters of wind turbines [14-
23]. But, there is a limited number of related studies
considering the performance and aerodynamic
characteristics of commercial large-scale wind
turbines. Among them, Ilhan et al. [24] examined
the aerodynamic characteristics of 2 MW capacity
commercial large scale wind turbine. In this study,
they considered the measured data of an onshore
operating wind farm in Turkey. They conducted the
tip-speed ratio as 7.12 in the most productive wind
turbines. Besides, the maximum power coefficient
at the tip-speed ratio was reported to be 30%. On
the other hand, Bilgili and Yasar [25] performed a
study of efficiency analysis of a 2 MW horizontal
axis wind turbine operating in an onshore wind farm
in Turkey. In this study, they reported the maximum
power coefficient as 30%, maximum thrust force as
140 kN, and optimum tip-speed ratio as 7.
Furthermore, Cooney et al. [26] exhibited a
performance analysis on 850 kW of a commercial
large-scale wind turbine located in Ireland. Also in
this study, they proposed the conducted results can
be handled in the assessment of the future wind
farms projects in terms of economy and technical
feasibility. Sedaghat and Mirhosseini [27] studied
the aerodynamic investigation of a 300 kW
commercial wind turbine installed in Semnan
province. Wind turbine characteristics including
power coefficient, thrust coefficient, angle of
attack, drag and lift coefficients, angle of the
relative wind, axial and angular induction factors
were calculated in their study by the method of
blade element momentum theory. Taner [28]
performed an economic analysis of a wind power
plant located in the Cappadocia region of Turkey.
The escalation method of inflation was considered
in this study. Besides, it was determined that a 3
MW wind power plant can be constructed in this
region. The results also indicated that due to the
high-energy wind potential of this region, the
construction of an energy plant in this region could
be economical.
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In this study, by utilizing the blade element
momentum and angular momentum theories, the
aerodynamic characteristics of the horizontal axis
wind turbines located in an installed farm in Turkey
were investigated in detail. For this aim, the energy
analysis was performed in the examinations of the
turbine characteristic curves belonging to the
various aerodynamic parameters of operating wind
turbines in this existing wind farm. In the
calculation of wind turbine aerodynamic
characteristics, data belonging to the hub-height
wind speed (Up), atmospheric air temperature
(Tam), wind turbine mechanical output power (P),
and turbine rotor rotational speed (£2) were used. In
this regard, the aerodynamic parameters were
exposed corresponding to the free-stream wind
speed (Ux) values and these obtained real model
curves were compared with respect to the
manufacturer characteristic values which were
determined by the manufacturer company.

2. MATERIALS AND METHODS

Simple momentum theory was applied in
determining the aerodynamic characteristics of
horizontal axis wind turbines. Figure 1 shows the
energy interaction in the flow tube with the rotating
rotor, or in other words, with the disk in the wind.
As can be seen, the output power generated by the
wind turbine depends on the interaction between the
rotor and wind. In a continuous flow system, if the
principle of conservation of mass is applied,
Equations 1-2.

1)
)

Iillin =Ih:Ihout
pAin Uoo=pArotorUr0tor:pAwa

the equations above are obtained. Here, p is the air
density, A is the cross-sectional area, and U is the
speed of the wind. Also, symbols in and oo, rotor,
and w are used as subscripts to indicate the inlet area
of the stream tube at far upstream and the free-
stream wind speed, the cross-sectional area of the
rotor disc and hub-height wind speed, and exit area
of the stream tube at far wake and the wind speed at
far wake or also referred as dead zone wind speed,
respectively. If the momentum conservation theory
is applied in the flow tube as follows, equations

967



Aerodynamic Analysis of Onshore Commercial Large Scale Wind Turbine

demonstrated above are obtained. If the Bernoulli
equation is applied between upstream and
downstream cross-sections with the assumption that
the rotating disc in near-surface upstream and near-
surface downstream wind velocities are equal, in
this case, the following equations are obtained [9]
(Equations 3-7).

AM=T 3
AM=pA,, U%-pA, U2, 4
T=pAsstor Urotor (Use-Us) (5)
P 3 PUE =Py, 5 pUer ©)
Pt 3 PUS=Pigt 5 pULor %

When Equations (6) and (7) are combined, the
pressure drop across the rotor blade plane inlet and
outlet is obtained as follows:

_1 2 172
(Piu'Pid)_ 5 p (Uoc'Uw) (8)
Uw
Stream tube Urotor __-------------- --
- >
U > o -
Arotor ::
Ain Frotor :: Aw
atm| »> ] Patm
Ra M
,,,,,,,,,,,,,,,,,, -y
L
. —»|

inside the air flow tube

This difference in pressure obtained in Equation (8)
will result in a pushing force on the rotor blade
plane.

1
T= (Piu 'Pid)Arotor: 5 pArotor (UCZO_UEV) (9)

Taking together with Equations (5) and (9) for
thrust forces, the expression of hub-height wind
speed, Uroor depending on free-stream wind speed
(Us) and the wind speed at the far wake (Uw) is
obtained as follows, (Equations 10-11)
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Urotor (Uoo 'Uw): % (Ugo 'U\Z)v) (10)

1
Urotor: E (Uoo+Uw)

(11)
The axial flow induction factor (a) is expressed as
follows, depending on the hub-height wind speed
(Up) and the free-stream wind speed (U.),
(Equation 12)

Urolor

a=1 (12)

©

Knowing the free-stream wind speed (Usx); Urotor,
and Uy velocities are obtained in terms of axial flow
induction factor (a) by the following equations [9]
(Equations 13-14):

Urotor:UD :Uoo( 1 'a) (13)

U,=U,(1-2a) (14)
Besides, rotor shaft power (P) obtained by the
turbine due to the thrust force (T) and the airflow
can be calculated by the following equations
(Equations 15-16):

T=2pA o0 Ua(1-2) (15)

P=2pA, o Uza(1-a)’ (16)
The power coefficient (Cp), which expresses the
efficiency of the wind turbine, is given by Equations
(7) and (8), respectively, depending on the free-
stream wind speed (U.) or only on the axial flow
induction factor (a), (Equations 17-18)

C= P

» @an

I3
Epr Arotor

C,=4a(1-a)’ (18)
The maximum value of the power coefficient is
determined by calculating the value of the axial
flow induction factor, a=1/3 using Equation (19)
which is substituted at Equation (18) subsequently
to expose the value of the Betz limit demonstrated
in Equation (20) as follows,
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=2 —4(1-a) (1-32)=0 (19)

Cpmax=16/27=0.593 (20)
This value is known as the Betz limit and represents
the maximum efficiency that can be obtained from
a wind turbine. On the other hand, the thrust
coefficient (Cr) to be applied to the disc (rotor
blade) can be expressed by the following equations
[9] (Equations 21-22),

_ T
CT_ %pUgoArotor (21)
Cr=da(1-a) 22)

The differential torque origination on the rotor disc
will be equal to the rate of change of the angular
momentum of the air passing through the disc cross-
section (Equation 23),
8Q=pSA 010, Us(1-2)2Qa'r? (23)
Here, a' is the angular flow induction factor, Q is the
turbine rotor rotational speed, and r is the radial
radius of the rotor disc. The differential rotor shaft
power (6P), which forms on the rotor disc, can be
expressed by Equation (24) depending on the
differential of the term including torque origination
on the rotor disc, Q and turbine rotor rotational
speed, Q [9],

8P=58Q0 (24)

P=p3A,4U,,(1-2)2Q%a1> (25)
By taking Equations (16)-(25) together, Equation
(26) is structured as follows,
U2a(l-a)=Q%ar? (26)
At the end of the rotor disc, i.e., at the radius r=R,

the following equation can calculate the blade tip
speed ratio (1) (Equations 27),

A=Re

i 27)
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3. RESULTS AND DISCUSSIONS

In this study, data of horizontal axis wind turbines
located in wind farms in the Hatay province of
Turkey, was used [24]. The technical characteristics
of equivalent wind turbines are shown in Table 1.
The technical details of VESTAS V80-2.0MW type
wind turbines include rotor diameter (Drotor) 80 m,
the rotor swept area (Aqg) 5,027 m?, tower height 67
m, number of blades (n) 3, nominal turbine rotor
rotational speed (£) 16.7 rpm and turbine rated
power (Py) of 2,000 kW. The measured data for five
different turbines (T1, T2, T3, T4, and T5) were
taken for the considered year. The parameters
measured from each discrete turbine are the data of
the rotor blade plane including hub-height wind
speed (Up), atmospheric air temperature (Tam),
turbine mechanical output power (P), and turbine
rotor rotational speed (£2) on the rotor blade plane.

Table 1.The technical specifications of five
identical wind turbines located in WPP
Features of the wind turbines Feature
Rotor diameter (Drotor) 80m
Rotor swept area (Aq) 5.027 m?
Nominal turbine rotor rotational 16.70 rpm
speed
Rotor operating range 9-19 rpm
Number of blades (n) on the route 3
Hub height (tower height) 67 m
'The wind speed at which the
turbine blades begin to turn (cut-in 4mfs
wind speed)
The nominal wind speed of the 15 m/s
turbine
Turbine shutdown or cut-out wind
25 m/s
speed
Turbine rated power (Pr) 2.000 kW
'The working frequency and 50 Hz, 690 VV
\voltage of the alternator

Firstly, the daily mean values of the data for the four
aerodynamic parameters measured at intervals of 10
minutes were calculated, and the annual variations
of parameters related to these obtained averages
were exposed. Accordingly, based on the daily
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average values of the turbine mechanical output
powers (P) obtained from wind turbines having a
maximum power capacity of 2,000 kW (Py), it is
observed that power values reaching this value are
obtained in a minimal number of daily mean values.
While the daily average turbine mechanical output
power values obtained from the examined wind
turbines, during the year, demonstrate a variation
within a value range P=0.00 kW and P=1,991.75
kW, the annual mean wind turbine mechanical
output power (P) value obtained from all wind
turbines was calculated as P=672.68 kW. On the
other hand, while the daily mean hub-height wind
speeds (Up) on the rotor blade plane demonstrated
a variation in the value range between Up=0.56 m/s
and Up=17.68 m/s during the year, the annual
average hub-height wind speed (Up) was calculated
to be Up=7.73 m/s. Besides, the annual variation of
the daily average atmospheric air temperature (Tam)
values obtained from five turbines was also
analyzed. In this regards, the daily mean
atmospheric air temperature (Tam), throughout the
year, demonstrated a variation in the value range
between Tam=5.10 °C and Tam=31.27 °C, the annual
average atmospheric air temperature (Tam) Was
calculated to correspond Tam=19.36 °C. Although
the variations in the atmospheric air temperature
(Tam) do not immensely influence the turbine
performance and the wind turbine mechanical
output power (P), atmospheric air temperature
(Tam) is one of the crucial parameters among turbine
characteristics because the atmospheric air
temperature (Tam) causes the change of the density
of the air passing through the turbine rotor blades as
well as the mass flux.

The annual variations of the daily average wind
turbine rotor rotational speed (£2) values obtained
from five different wind turbines were examined.
While the daily mean wind turbine rotor rotational
speed values present a variation within the range of
0.00 rpm=<£0<16.70 rpm during the year, the annual
average wind turbine rotor rotational speed was
calculated to be ©=12.81 rpm. Additionally, it has
also been identified that the investigated wind
turbines operate at a nominal rotor rotational speed,
of ©=16.70 rpm, corresponding to a proportion of
approximately 45% of the year-round.
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The variation of the daily mean axial flow induction
factors (a) calculated for five wind turbines over the
considered year was also investigated. When this
situation is taken into account, it is seen that the
daily average axial flow induction factor (a) values
including all turbines demonstrate a variation
within the range of 0.00<a<0.27 during the
considered year, and the annual mean value of the
axial flow induction factor (a) of the wind turbines
was calculated as a=0.10. On the other hand, the
annual variation of the daily average turbine power
coefficients (Cp) was calculated for five wind
turbines in the concept of the energy analysis. While
the values belonging to the daily average turbine
power coefficient (Cp), demonstrates a variation
within the range of 0.00<C,<0.58 throughout the
considered year, the annual mean value of the
turbine power coefficients (Cp) was reported as
Cr=0.30.

The annual variations of the daily mean thrust
coefficient (Cr), thrust force (T), and blade tip speed
ratio (1) values belonging to five wind turbines were
studied based on the aerodynamic analyses. Based
on the obtained results; the daily mean thrust
coefficient (Cr) values, throughout the year,
demonstrated a variation with the range of
0.00<C<0.69, the daily mean thrust force (T)
values have a variation within the range of 0.00
kN<T<145.52 kN, and the daily mean blade tip
speed ratio (1) values presented a variation within
the range of 0.00<1<9.89. On the other hand, the
annual mean values belonging to five wind turbines
indicating at which daily value the related
aerodynamic characteristics throughout the year
correspond to, were calculated as C1=0.34, T=75.18
kN, and 1=6.57, respectively. As a result, the value
ranges expressed according to the minimum and
maximum values of the daily averages created over
the considered year using all turbine aerodynamic
characteristics obtained from five turbines and the
annual mean values of these aerodynamic
parameters are given in Table 2. To sum up, the
daily averages created along the year through the
utilization of all wind turbine aerodynamic
characteristics obtained over five wind turbines
coincide to which minimum and maximum values
of the aerodynamic parameter value ranges and
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annual mean values of these aerodynamic
parameters are given in this table.

The variations of the aerodynamic characteristics
obtained from wind turbines of WPP with respect to
the free-stream wind speed (U.) have also been
studied. Initially, variations of the values belonging
to the daily average wind turbine mechanical output
power (P) obtained from five wind turbines
presented dependent on the free-stream wind speed
(Us) are demonstrated in Figure 2. As the free-
stream wind speed reaches approximately U,=3
m/s, it has been identified that wind turbines
prominently started power generation and as well
has been identified that this power generation withal
increased in direct proportion with free-stream wind
speed (U.). It has been observed that wind turbines
started maximum power generation in case if free-
stream wind speed (U.) attained a nominal speed
value of approximately U.=15 m/s and as well has
been observed that power generation remained
approximately at a constant value exceeding this
speed value. On the other hand, the measured values
of the turbine mechanical output power (P) obtained
for the five wind turbines appear to be quite
compatible with each other, but these measured
values are reported to be smaller than the
manufacturer characteristic values determined by
the wind turbine manufacturing company. The
manufacturer characteristic values are shown to be
located along the manufacturer characteristic curve
(MCC). Besides, the alterations of the daily average
power coefficient (Cp) values obtained from five
wind turbines presented with respect to the free-
stream wind speed (U..) are exhibited in Figure 3. It
is possible to divide the Cp-U,, performance curve
into three regions within the specific free-stream
wind speed (U.) value ranges:

e Region 1: 3 m/s < U, < 5 m/s, region of
low wind speeds,

e Region 2: 5 m/s < U, < 10 m/s, region of
moderate wind speeds,

e Region 3: 10 m/s < U, <25 m/s, region of
high wind speeds.

The power coefficient (Cp) values of wind turbines

lessen in Region 1 having lower free-stream wind
speed (Ux) values and in Region 3 having higher
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free-stream wind speed (U.) values. For a given
free-stream wind speed, U.. value, rotor efficiency
is a function of the rotor rotation rate. Efficiency
decreases in the cases when the rotor rotates so
slowly.

Table 2. Minimum, maximum, and annual average
values of the turbine characteristics
depending on their daily averages along

the year
Characteristic| Unit | Min.| Max. Av.
Tatm °C |510| 31.27 19.36
Us m/s | 0.56 | 18.19 8.49
Up m/s | 0.56 | 17.68 7.73
Uw m/s | 0.01| 17.24 6.97
Q rpm | 0.00 | 16.70 12.81
P kw | 0.00 |1,991.75| 672.68
a - |000| 0.27 0.10
Cp - [0.00| 0.58 0.30
Cr - [0.00]| 0.69 0.34
T kN | 0.00 | 145.52 75.18
A - |0.00| 9.89 6.57

2.000

1.500 -+

1.000

Figure 2. Variation of daily average wind turbine
mechanical output power (P) values
depending on the free-stream wind speed
(Ux)

For a considered wind speed value, the rotor
efficiency is a function of wind turbine rotor
rotational speed (). In the case of the rotor to rotate
so slowly, a significant decline in the efficiency
originates, because in this case, the blades allow too
much air to pass through the rotor disc without
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contacting with blades. For example, if a theoretical
situation having the rotor rotating at very low
rotational speeds, however as well having the wind
approaching the rotor disc possessing quite high
speeds is taken into account: If such case
eventuates, depending to the circumstance of the
blades to rotate at very low speeds, a certain amount
of the air mass approaching the rotor can pass across
the disc without interacting with the rotor and thus
cannot transmit its energy to the blades. In the
opposite, i.e., in case of the rotor to rotate so
quickly, again, a drop in the efficiency occurs,
because, in this case withal, inside the rotor-blade
plane, the turbulence generated by one blade
incrementally negatively influences the following
blade. Namely, in a theoretical situation of the rotor
rotating at very high rotational speeds, however in
the same situation having wind approaching the
rotor to be so tardy, deviations may occur in the
flow pattern constituted as the wind beam passes
over the wind turbine. On account of depending to
the high rate of turbulence and also the vorticity
generations, losses in the energy may eventuate. In
either of these cases considered, the interaction
actualized between the rotor and the wind flow
cannot be in a sufficient quantity, and for this
reason, enough efficiency cannot be provided.
Consequently, in both of these cases withal,
generations of lower values of power coefficients
(Cp) are occurred.

0,60

0,45 4

0,30 -

0,15

0,00

Figure 3. Change of daily mean turbine power
coefficient (Cp) values based on free-
stream wind speed (Uw)
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On the other hand, at the Region 2, having moderate
free-stream wind speed (U.,) values, turbine power
coefficients (C,) reached maximum values by
exceeding Cy,=30%. However, under the nominal
free-stream wind speed value of U,=15 m/s in
which wind turbines actualize maximum turbine
mechanical output power (P), i.e., at the Region 3
involving high free-stream wind speed values, the
turbine power coefficient (Cp) values were
calculated as approximately C,=18%. Furthermore,
the turbine power coefficient (C,) values calculated
for five wind turbines were shown to be generally
slightly lower than the manufacturer characteristic
values determined by the turbine manufacturer.

Figures 4 and 5 respectively show the variations of
daily average axial flow induction factor (a) and
thrust coefficient (Cr) values presented with respect
to the free-stream wind speed (U.). As in the case
of the Cp-U. performance curve, it is possible to
distinguish also 3 regions considering a-U.. and Cr-
U. performance curves. At the value range
including the turbine power coefficient (Cp) to be
the highest and free-stream wind speed (U.) values
to have U.=5 m/s and U.=10 m/s extreme values
and defined as the 2" region, the mean axial flow
induction factor (a) and the average thrust
coefficient (Cr) values were found approximately to
be a=0.1 and C:=0.4, respectively. However,
considering the 3" region under the nominal free-
stream wind speed of U,.=15 m/s where the turbine
power is maximum, these cited values are
calculated approximately as a=0.05 and Cy=0.19,
respectively.

The variations of the daily average values of the
total thrust force (T) applied by the wind to the rotor
depending on the free-stream wind speed (U..) for
five wind turbines taken into account are shown in
Figure 6. The actual thrust force (T) values
calculated for the wind turbines are generally lower
than the values constituted by the manufacturer
characteristic thrust force curve expressed in terms
of the free-stream wind speed (U.) function.
Furthermore, according to Eq. (15) belonging to
thrust force (T), and because of this force to be
dependent to both "UZ" as well as “a(1-a)” terms:
A breaking point occurs at a definite free-stream
wind speed (U.) value in the function curve of
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thrust force (T) defined with respect to the free
stream wind speed (U.). For example, according to
the manufacturer characteristic thrust force (T)
values, at the U,,=12.01 m/s value of the free-stream
wind speed (U.), the thrust force reaches its
maximum value of T=169.36 kN. On the other
hand, for the considered T1, T2, T3, T4, and T5 wind
turbines, the values belonging to the measured
actual thrust force reach the maximum values of
T=144.85 kN, T=14150 kN, T=146.52 kN,
T=145.96 kN, and T=144.85 kN at a corresponding
free-stream wind speed of U,,=12.31 m/s, U,.=12.52
m/s, U,.=12.10 m/s, U,=12.96 m/s, and U,=13.23
m/s, respectively.

0,30

0,20

[=]

0,10 +

Figure 4. Alteration of daily mean axial flow
induction factor (a) values with respect
to the free-stream wind speed (U.)

0 5 10 15 20

Figure 5. Variation in daily mean thrust coefficient
(Cr) values with free-stream wind
speed (U.)
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Figure 6. Change in daily mean thrust force (T)
values in terms of free-stream wind
speed (Ux)

The expressions of the variations belonging to the
daily average blade tip speed ratios (1) calculated
for five wind turbines presented in terms of free-
stream wind speed (U..) are shown in Figure 7. It is
reported that in order to operate wind turbines at the
highest efficiency, their blade tip speed ratios are
supposed to be at the average of /=7.1 value. On the
other hand, the blade tip speed ratio corresponds to
an average value of 1=4.5, under the nominal free-
stream wind speed value of U,=15 m/s in which the
wind turbines attain their maximum power
generations. Besides, the expressions of the daily
average turbine rotor rotational speed (Q) values
obtained from five wind turbines presented in terms
of free-stream wind speed (U.) are demonstrated in
Figure 8. It is seen that values belonging to the
turbine rotor rotational speed, Q generally increase
with the increase of free-stream wind speed, U..
However, in a case when the free-stream wind
speed is U,=10 m/s, it is observed that values
belonging to the turbine rotor rotational speed (£2)
will have the characteristics to be unaltered.
Because, when this cited value is exceeded, turbine
rotor rotational speed, © generally remains at a
constant rotational speed value of approximately
0=16.30 rpm.
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Figure 7. Alteration of daily mean blade tip speed
ratio (A1) values depending on the free-
stream wind speed (U.)

Figure 8. Variation of daily average wind turbine
rotor rotational speed () values based
on the free-stream wind speed (U..)

4. CONCLUSIONS

In this study, the annual aerodynamic
characteristics based on their daily averages and
these daily average aerodynamic characteristics
determined according to the approaching wind
speed of five identical horizontal axis wind turbines
of 2 MW rated power operating in an installed wind
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farm in Hatay/Turkey region have been investigated
utilizing aerodynamic and energy analyses tools:

e In the analysis of the WPP, it is conducted that
horizontal axis wind turbines with turbine rated
power of P=2 MW generated annual mean
turbine mechanical output power of P=672.68
kW, under an annual mean power coefficient of
Cp=30.80%, under the annual mean free-stream
wind speed of U.=8.49 m/s, at the annual
average wind turbine rotor rotational speed of
0Q=12.81 rpm, at the annual average axial flow
induction factor of ¢=0.10 and the thrust
coefficient of Cr=0.34, possesses the annual
mean thrust force value of 7=75.18 kN, and
finally operates at annual average blade tip
speed ratio of A=6.57. Thus, the efficiency of the
five wind turbines in this WPP was also
concluded to be high.

e While wind turbine power coefficient reaches
the maximum value by exceeding C,=30% in
the case when the free-stream wind speed values
vary in the range between U,=5 m/s and U,=10
m/s, the average power coefficient value
belonging to all wind turbines in this WPP was
calculated to be about C,=18% under the
nominal free-stream wind speed value of U,=15
m/s at which the wind turbines generate
maximum power. Based on these conducted
outcomes, at the moderate values of free-stream
wind speed, higher turbine efficiencies were
reported to be obtained.

e The efficiency of a wind turbine is expressed by
the value of the power coefficient. Generally the
power coefficient is the function of the
approaching free-stream wind speed to the rotor
disc. However, considering the field operating
conditions, the power coefficient value of the
turbine is influenced also by the operating
conditions. To explain more clearly, while the
theoretical possible wind power that is to be
obtained by a wind turbine is limited by the Betz
limit as provided in Eq. (20); this value of
efficiency of 59.3% is also not possible to be
reached by real operating conditions. Namely,
when the ideal operating conditions are
considered, as demonstrated by the
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manufacturer curve located in the C,-U., figure,
maximum ideal power in the range of free-
stream wind speed of 5m/s < U, < 10 m/s
may only reach 45%. But the real operating
conditions, due to the many factors such as the
location of the wind turbine, the turbulence
influences of the wind, the wind direction, and
the unsteady characteristics of the wind stream
will certainly cause extra loss of the efficiency.
Namely, the operating power coefficient values
of the wind turbines will further decrease down
to a level of 30% or slightly more in the
operating range of 5m/s < U, < 10 m/s of
free-stream wind speed. Highest axial flow
induction factor (a) obtained in this range of
free-stream wind speed as demonstrated in a-U.,
performance curve, indicates the highest capture
of the wind energy, by the blades, that will be
converted to mechanical energy. This situation
is obtained in the above expressed range of free-
stream wind speed that causes highest wind
turbine efficiencies.

The mean axial flow induction factor (a) and the
average thrust coefficient (Cr) values belonging
to all wind turbines of this WPP were found to
correspond approximately to values of a=0.10
and C7r=0.40, respectively, presented within a
free-stream wind speed range varying from
U=5 m/s to U=10 m/s where the turbine
power coefficient (Cp) coincide to the highest
values. However, at the nominal free-stream
wind speed value of 15 m/s where the wind
turbine mechanical output power (P) is
maximum, these values were determined
approximately at the values of ¢=0.05 and
C7=0.19, respectively. The parameters of axial
flow induction factor, a and thrust coefficient,
Cr are the measure of the energy convertibility
and propulsion effectiveness of the blades. So, it
is reported that highest values of a and Cr were
obtained in parallel at the highest values of C, in
Region 2 of wind blowing magnitude.

The value of maximum thrust force obtained
from five wind turbines in WPP reaches
approximately 7=144 kN when the value
belonging to the free-stream wind speed is
approximately, U,, = 12.5 m/s. As in the case
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of power extraction from the blades, the
enhancement of the free-stream wind speed
results the increase of thrust force, 7 up to a
certain value of free-stream wind speed.
Besides, at the higher values of thrust force, the
blades cannot capture the flowing wind due to
high wind speed, which result the decrease of
blade propulsion. Consequently, the extracted
power values will remain at constant values over
a certain value of free-stream wind speed.

In order for the wind turbines of WPP to operate
at maximum efficiency, it is conducted that the
blade tip speed ratio must be at an average value
of 4=7.10 considering all wind turbines. On the
other hand, under the nominal free-stream wind
speed value of U.=15 m/s at which the wind
turbines of the farm reach maximum power
generation, the blade tip speed ratio corresponds
to an average value of 1=4.50.

Wind turbine rotor rotational speed (£)
increases with increasing free-stream wind
speed (Ux), but when the free-stream wind
speed is U,=10 m/s, the turbine rotor rotational
speed remains at a constant threshold value of
approximately 2=16.30 rpm, i.e., the access to
the nominal rotor rotational speed (£2) value is
provided in WPP. The threshold value of the
turbines is also explained based on the above
physics of wind power extraction phenomenon.

Although five identical wind turbines were
studied in the same wind farm, there is a
significant difference in terms of the values of
the aerodynamic parameters between them.
This is due to the wind farm being situated in the
valley containing many hills, crests, and
roughness. This topographic condition of the
wind farm influences the wind directions and
wind characteristics. Ultimately the unsteady
wind characteristics result gust effects that
negatively influence the performance in some of
the wind turbines. Whole studied aerodynamic
parameters are linked with each other, as
expressed throughout the article. For instance,
the power coefficient (Cp) is mainly dependent
to the axial flow induction factor (a), since this
aerodynamic parameter determines the amount
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of wind energy that is captured by the turbine
rotor blades, to be converted to mechanical
energy. So, it is expected that the trend of the a-
U., and Cp-U., curves will be the identical. The
study has already shown this situation.
Similarly, the analysis of Eq. (27) reveals that
the aerodynamic parameters such as the blade
tip speed ratio (1) and the rotor rotational speed
(Q) are also linked with each other. Namely, it
is clear that the negative influence occurred on
one of both parameters by the topographic
conditions will also result the other parameter
negatively. To give an example, at 2 m/s value
of free-stream wind speed, while wind turbine
T1 results a power coefficient value of
Cp=22.60%, wind turbine T2 results a power
coefficient value of C,=10.01%. On the other
hand, the value of manufacturer curve or its
trend, for C, parameter is identical for whole
identical wind turbines, on constant value of
free-stream wind speed. So, it is concluded that
the discrepancies resulted between the real
operating Cp values of five wind turbines have
been caused by the topographic conditions as
well as the wind directions and unsteady wind
characteristics.

e Under the utilization of these aerodynamic and
energy analyses tools; the values obtained from
all wind turbines at the characteristic model
curves in terms of aerodynamic context based
on the measured values were obtained at values
generally lower than the manufacturer
characteristic values identified by the wind
turbine manufacturer. Thus, it is concluded that
many factors including working medium of the
wind turbines, cut-in and cut-out functions, the
topography, the wear out problems of the
turbines, and malfunction periods of them
strongly influence the wind turbines to operate
at the highest efficiency.
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Abstract

An alternative oxygen sensor to conventional ZrO, based automotive oxygen sensors (COS) was
successfully manufactured. ZrO, nanoparticles were used as base material and nanofibers were fabricated
via electrospinning using polyvinyl alcohol and ZrO, solution (ZrO,+PVOH) to obtain active surface of
the sensor where the engine exhaust gas interacts and chemisorption reactions take place prior to
calcination process of nanofibers at 700 °C. Thanks to operating temperature control and high
surface/volume ratio of nanofibrous structure, the ZrO,+PVOH nanofibrous sensor demonstrated similar
performance with COS under increasing exhaust gas percentage (until 50-60%) along with increasing
operating temperature conditions. For ZrO,+PVOH nanofibrous sensor, maximum sensing performance
(R4/Re) of 7.24 was achieved at sensor operating temperature of 700 °C and exhaust gas concentration of
50% whereas it was 8.11 for EOS under same conditions. The ZrO,+PVOH nanofibrous sensor
performed acceptable performance throughout wider operating temperature range (270-900 °C) compared
to conventional COS. Though an average of 15% reduction in sensing performance was observed for
ZrO,+PVOH nanofibrous sensor, the promising results of this alternative oxygen sensor will be a good
guide for more comprehensive future works focusing on oxygen sensors with very rapid response-
recovery time and light-off capability.

Keywords: Oxygen sensor, Nanofiber, Electrospinning, ZrO, nanoparticles, Exhaust gas
ZrO; Nanolif Oksijen Sensoriiniin Performans Degerlendirmesi
Oz

ZrO, tabanli geleneksel otomotiv oksijen sensorlerine (GOS) alternatif bir oksijen sensorii basariyla
iiretilmistir. Egzoz gazlarimin temas edecegi ve kimyasal reaksiyonlarin baslayacag: sensor aktif yilizeyini
olusturmak icin, polivinil alkol ve ZrO,’den olusan ¢ozelti kullanilarak (ZrO,+#PVOH) elektroegirme
yontemiyle nanolifler elde edilmis ve sonrasinda bu lifler 700 °C sicaklikta kalsinasyon islemine tabi
tutulmustur. Islem sicakhigmin hassas kontrolii ve nanolif yapilarin yiiksek yiizey/hacim oranlari
sayesinde, artan egzoz gaz konsantrasyonlari (%50-60’a kadar) ve yiiksek calisma sicakligi sartlari
altinda, ZrO,+PVOH nanolif sensériin GOS’a yakin Sl¢lim performans: gosterdigi tespit edilmistir.

“Sorumlu (Corresponding author) yazar: Ozlem ERDEM YILMAZ, ozlemerdem@cu.edu.tr

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021 979



Performance Assessment of ZrO, Nanofibrous Oxygen Sensor

ZrO,+PVOH nanolif sensériin 700 °C galisma sicaklifi ve %50 egzoz gaz konsantrasyonunda maksimum
algilama performansi (R,/R¢) olan 7,241 gosterdigi, ayni sartlar altinda geleneksel oksijen sensoril i¢in
ise bu degerin 8,11 oldugu tespit edilmistir. Nanolif sensoriin genis bir egzoz gaz sicaklik araliginda
(270-900 °C), kabul edilebilir algilama sonuglar1 gosterdigi gozlemlenmistir. Elde edilen performans
degeri, GOS’a kiyasla ortalama %15 az olsa da, bu nanolif sensor, gelecekte iiretilecek daha kisa cevap-
toparlanma stiresine sahip ve hassas 6l¢iim yapabilen oksijen sensorleri i¢in umut vadetmektedir.

Anahtar Kelimeler: Oksijen sensorii, Nanolif, Elektroegirme, ZrO, nanopartikiil, Egzoz gazi

1. INTRODUCTION

For many years, sensors have been irrevocable
thanks to their wide usage area such as sensing
physical measures, detecting hazardous and
explosive gases for health and environmental
concerns as studied by many researchers: Mun
et.al. manufactured resistive-type lanthanum ferrite
oxygen sensor based on nanoparticle-assimilated
nanofiber architecture composing functional
powders by sol-gel and electrospinning methods.
The results demonstrate that powder formed using
mixing of two methods performed the highest
response time compared to that of sol-gel method.
[1]. Li et.al. carried out a review study focusing on
gas sensors based on semiconducting metaloxide
nanostructures (SMONS) with various mechanisms
including nanoparticles, nanowires, nanosheets,
nanorods, etc. The research depicts that in some
applications surface modification may be needed
for nanoparticle based gas sensors for high
sensitivity and metal ion doped SMONSs are
capable of adsorbing high amount of oxygen
molecules due to increased number of active sites
and more defects on the surfaces [2]. An
experimental study on NH; gas sensors has been
conducted by Hu etal. [3] that is related to
chemically reduced graphene oxide (rGO) based
gas sensors. The promising results offer that the
sensor response time is 1.4 times faster than that of
the conventional NH; sensors. Another study on
detection of volatile organic compounds (VOCs)
demonstrates that TisC,T, MXene gas sensors
performs quite effectiveness sensing 50-100 ppb
for VOC gases at room temperature surpassing the
best sensors known [4]. More related topics
including detection of hazardous gases, physical
measures and  precautions taken  against
environmental and health issues can be found
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elsewhere [5-10]. Among these, metal oxide
semiconductor sensors are renowned for their high
precision in gas detection under high temperature
conditions [11-14]. Oxygen sensors are to be
utilized in variety of fields such as fire prevention
systems [15], blood gas monitoring [16] and
oxygen concentrators [17]. Likewise, automotive
industry has been utilizing sensors as “sense
organs” in transportation vehicles i.e. detection of
pressure and temperature of intake air, motion
detection (crank, detonation, ABS, etc.), impact
(airbag sensors), fuel flowrate, altitude, park
assistance, steering angle, etc. [18-22].

Sensing mechanism of an oxygen sensor depends
on the voltage (Nernst voltage) generated by a
ZrO, electrochemical cell. At high temperatures
above 600 °C, oxygen ions form due to
dissociation of ZrO, making it a solid electrolyte
for oxygen. As DC current flows through a ZrO,
disc coated with porous electrodes, oxygen ions
from the atmosphere commence to be transported
on the disc and an amount of oxygen at the anode
is liberated proportional to the electrical charge
(Figure 1) [23-26].

Although these solid-state electrochemical oxygen
sensors have been well-known and have undergone
development processes, they have considerable
amount of drawbacks including low sensitivity to
fluctuations of oxygen partial pressure and low
diffusion rate of oxygen at the active layer of the
sensor impairing high sensitivity [1,27,28]. A
rational solution to this drawback is to present a
chemical sensor comprised of metal oxide doped
nanofibers fabricated via electrospinning process.
The gas detection of these conductometric sensors
are based on the very rapid electrical resistance
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change of the surface exposed to the target gas
thanks to their large SVR [1,29-31].

Electrospinning technique has always been in the
radar of researchers due to its versatility, cost-
effectiveness, high efficacy and simplicity in terms
of nanofibrous natural and synthetic polymer
fabrication. Briefly, electrospinning deals with
electrostatic forces to form fiber in submicron
range. Electric field, distance between feeding unit
and collector, feeding rate are influential on
morphology and diameter of the nanofibers in
electrospinning process [32-36]. Furthermore,
electrospinning is a good way of fabricating thin
film layers and in chemical sensors, thin film
production for sensor active surface provides
considerable amount of increase in sensing
efficiency since gas sensing performance is

O O2

02

Pt Exhaust gas

Ozlem ERDEM YILMAZ

associated  with  active surface electrical

conductivity [37-39].

This study aims to provide oxygen sensing
performance evaluation of a manufactured ZrO,
doped PVOH nanofibrous sensor under various
exhaust gas fractions and sensor working
temperatures in terms of sensing effectiveness
considering designated engine working parameters
and make a comparison to engine oxygen sensor

NZEZZ NS

Atmosphere

Heater

ir chamber 020202021

(EOS). Nonetheless, electrospun  nanofibers
underwent heat-treatment process (calcination) to
increase  the  sensing  effectiveness.  The
morphology, chemical composition  and
characterization of the ZrO, nanoparticles and
fabricated nanofibers were also presented.
v
7;1t0‘:-ce1'a111ic

(detection cell)

Figure 1. Schematic of a narrow-band conventional oxygen sensor [23]

2. MATERIALS & METHOD
2.1. Electrospinning Process

To prepare a homogenous polymeric solution,
polyvinyl alcohol (PVOH, M,~125000, 88%
hydrolyzed) in weight ratio of 5% was mixed with
distilled water to conduct dissolution process and
the mixture was maintained at 120 °C for 30 min.
In the subsequent stage, 0.5 g (2.5%) of ZrO,
nanoparticle powder (<100 nm, 99.5% purity,
Sigma-Aldrich, Inc.) was incorporated in the
PVOH solution and ultrasonicated for 5 h to
impede  probable  precipitations and no
agglomeration was observed even after 12 h of
polymeric solution preparation. The data relating
physical measures of the solution such as viscosity

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

(375 cP), electrical conductivity (3.59 mS/cm) and
surface tension (40 mN/m) were collected in
triplicate and averaged at a mean temperature of
25 °C. ZrO, nanoparticle powder weight above as-
mentioned value induced clogging in some parts of
the nozzle hampering fluent electrospinning
process.

Injection of the polymeric solution (PVOH+ZrO,,
injection rate of 0.1 mL/h) was carried out via a 10
mL syringe with 20-gauge nozzle towards the
collector (24 cm away from the nozzle) covered
with aluminum foil on which the fabricated
nanofibers form a web layer at a potential
difference of 22.5 kV (AC). The nanofibers were
firstly transferred to microscopic thin mica and
subsequent to calcination process, the nanofibers
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were blended with pure water in a weight ratio of
100:20 to form a paste to coat inner and outer side
of the ceramic tube [40]. The experiments were
conducted at relative humidity of 45-52% and
temperature of 24-28 °C (Figure 2).

Collector

- A 2 v

Nanofiber

High voltage
24cem

.
t Electric field

Feeding unit

PVOH+ZrO2
polymeric solution
Figure 2. Illustration of the
technique

electrospinning

2.2. Calcination Process (Nanofiber Heat Pre-
treatment)

Subsequent to electrospinning, the nanofiber layers
underwent calcination (annealing) process at about
700 °C in a furnace to eliminate impurities within
the nanofibers to increase the sensing performance.
The calcined as-spun fibers were wrapped onto the
outer (target gas side) and inner surface (reference
air side) of the ceramic tube to form the active
reaction surfaces (Figure 3).

sctrode

Outer electrodes
v Ceramic tube

@..

-

Inner electrode

Heater

Air chamber
(open to atmosphere)

Zr02 nanofibrous
active layers

Figure 3. Illustration of the nanofibrous sensor

2.3. Characterization of the Electrospun Fibers

As-spun nanofibers were firstly gold-coated in
vacuum ambient before SEM-EDX analyses to
observe  the structure and  morphology.
Subsequently, SEM images of the nanofibers were
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taken at 200000x magnification and in 500 nm
scale. Characteristic FT-IR peaks were also
analyzed to investigate fibers’ structural behaviors.

2.4. Experimental Set-up

The ceramic tube with interdigitated electrodes and
covered with calcined as-spun fibers was installed
in a well-sealed steel chamber. The exhaust gas
was sent to the chamber from an inline 4-cylinder,
3.9 liters, direct injection, turbocharged diesel test
engine with maximum power of 100 kW @2900
rpm and maximum torque of 370 Nm @1600 rpm.
The test engine comprises of a downpipe exhaust
system (no catalytic converter, EGR, DPF, AdBlue
system, etc.) with an electronically controllable
valve (ECV) installed to adjust exhaust gas flow
rate (Figure 4). Before each measurement, the test
engine was run for a while so as to reach engine
coolant regime temperature (about 70 °C) and all
measurement data were collected under the engine
working condition of 1750 rpm without engine
load to acquire similar exhaust gas temperature of
about 600-700 °C (denoted by “T” in the schematic
of the set-up) for each experimental trial. Upon
exposure of exhaust gas, a voltage (Nernst voltage)
was generated due to the partial pressure
difference of the oxygen in the air chamber (inner
side) and exhaust gas (outer side) thanks to the
electrolytic transporter behavior of ZrO, doped
nanofibrous surface until a stable level was
reached. This voltage informs about the surface
electrical resistance (read from the multimeter) and
defines response of the sensor (R.). The outer
surface of ZrO, doped PVOH nanofibrous sensor
was exposed to the atmosphere after each test until
procuring 90% change in resistance (R,) which is
also known as “recovery” of the sensor [10,29,41].
Thus, R./R. was considered as the sensor detection
performance throughout the study. Sensor
detection performance was observed by varying
sensor working temperature (from the sensor
heater) and exhaust gas percentage introduced into
the steel chamber through the ECV.
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Figure 4. Illustration of the experimental set-up

3. RESULTS AND DISCUSSION

3.1. Nanofiber Characterization

Figure 5a and Figure 5b demonstrate the uniform
and well-dispersed nanofiber structures of the
undoped PVOH and ZrO, doped PVOH
(polymeric solutions processed under electrostatic
forces. It was observed that ZrO, doped PVOH
nanofibers have smaller average diameters
(7348 nm) than those of the undoped PVOH
nanofibers (110+12 nm). This is attributed to
ionization of the solution due to the amount of
metal compound providing higher electrostatic
forces exerted on the polymer jet (increased

a4
By N

@)

- 500 nm (C)

whipping instability level) in the electrospinning
process, thus, thinner fibers [10,42]. To the SEM
image in Figure 5c, metaloxide in the ZrO, doped
PVOH nanofibers calcined at 700 °C is clearly
observed in bead form and nanofibers have high
endurance against high temperatures (e.g. high
exhaust gas temperatures). It is also seen in the
EDX graph that the chemical composition of the
structure decomposes from impurities at high
temperatures in the calcination process [10].
Aluminum peaks are due to accumulation of the
whipped fibers onto the aluminum foil and the rest
of the elements support the structure of the
fabricated nanofibers (Figure 5b).

(b)

12K

00 13 26

39 (d)

Figure 5. SEM images of the: (a) PVOH; (b) ZrO, doped PVOH; (c) ZrO, doped PVOH calcined at
700 °C; (d) EDX analysis of ZrO, doped PVOH
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FT-IR spectrums (Figure 6) show that O-H and C-
H peaks of PVOH are wide and flat at 3400 cm™
and 2900 cm™, respectively [43]. In general,
minimal shifts in PVOH may be observed in case
the polymeric solution contains ZrO, metal oxide.
Each metal has peculiar peaks in FTIR fingerprint
region and it is 640 cm™ for ZrO,. A band around
1500 cm™ is ascribed to Zr-O vibrations of t-ZrO,
[44].

100] ~ s
gg \/f PVOH \/\/l;\ /\/ U\/”'J
|
\j

5\ Y scenaren “’Ml /“N‘

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400
cm-1

Figure 6. FT-IR spectrums of PVOH and ZrO,
doped PVOH

3.2. Sensing Mechanism

Anion (oxygen) ion vacancies provide conduction
of oxygen ions through Zr* ions. Due to almost
zero electrical conductivity of stabilized zirconia at
low temperatures, these sensors are to operate at
minimum of 500 °C for applications. The platinum
catalyst coats the inner and outer surfaces of the
sensor to promote the electrochemical reactions as
shown in Equations (1) and (2) (see Figure 1) [45]:

0, + 4e” — 207 (air chamber) (1)
20% — 0, + 4e” (exhaust gas side) 2)
3.3. Sensing Performance

The working temperature of a zirconia oxygen
sensor is a paramount parameter for AFR
adjustment. In general, automotive zirconia
oxygen sensors remain inactive during a time
period after the cold start of the engine which is
defined as “light-off capability”. Within this
inactive time period (average of 15 s), the sensor
does not operate making a drawback in terms of
meeting emission standards especially for engine
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cold working conditions [26]. Figure 7 presents the
variation of the sensing performance of the sensor
manufactured using nanofibers calcined at 700 °C
with respect to working temperature of the sensor
at constant exhaust gas percentage of 50%, exhaust
temperature of 600-700 °C and engine speed of
1750 rpm. The ZrO, doped PVOH nanofibrous
sensor exhibits negligible Ra/Re values (no
response) until about 270 °C. As the temperature
continues to rise, chemisorption reactions
commence to accelerate and electron loss from the
active surface (outer surface) provides a gradual
reduction in surface electrical resistance (higher
R./Re). This phenomenon perpetuates until the
surface comes to saturation (no more reaction
between the active surface and the oxygen
molecules within the exhaust gas). However, it is
clearly seen from the Figure 7 that current zirconia
oxygen sensor (EOS) responds beginning from
310 °C of operating temperature which depicts that
the ZrO, doped PVOH nanofibrous sensor
performs an effective operation in wider time
period thanks to its larger SVR.

10 —s— Nanofibrous02 sensor - -w-- Engine 02 sensor

g @50% exhaust gas a

B

0 200 100 600 BOD 1000

Sensor operating temperature (C)
Figure 7. Sensing  performance  vs.
operating temperature

sensor

The variation of the sensors’ performances versus
exhaust gas percentage under constant operating
temperature is shown in Figure 8. The sensor
working temperature was maintained at 750 °C
since the best performances were obtained at about
this temperature value for both sensors in the
former stage of the study. The increment in
exhaust gas sent to the ZrO, doped PVOH
nanofibrous sensor yields more oxygen take place
in the chemical reaction, that is, more electron loss
of the active surface and lower electrical resistance
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(lower Rg). Reduction in electrical resistance
results in higher sensing performance and reaches
a stable value at about exhaust gas percentage of
50% showing that no more oxygen in the exhaust
gas reacts with the ZrO, doped PVOH nanofibrous
sensor due to saturation.

—&— Nanofibrous 02 sensor --m-- Engine 02 sensor

@600-700 C exhaust gas

RafRe

0 10 20 30 A 50 60
Exhaust gas (%)

Figure 8. Sensing performance vs. exhaust gas
percentage

4. CONCLUSIONS

An effective sensor has been designed and
manufactured thanks to ZrO, doped nanofibers
with high SVR. Increment of active surface area
provides more interaction of exhaust gases with
the sensor surface and higher effectiveness time
period. The nanofibers wrapped onto the ceramic
tube were fabricated via electrospinning which is a
simple and cost-effective  technique. The
effectiveness of the ZrO, doped PVOH
nanofibrous sensor reaches its maximum (7.24) at
sensor operating temperature of about 700 °C
which is 15% lower than that of EOS. Besides,
ZrO, doped PVOH nanofibrous sensor depicted
similar oxygen concentration measurement range
(0-60%). It was shown that sensor operating
temperature is paramount in oxygen sensing
performance and an average performance of
3.92 was obtained at under various sensor
operating temperatures. Furthermore, ZrO, doped
PVOH nanofibrous sensor depicted high
performance (average of 4.24) against increasing
exhaust gas percentages. This study presents
promising results in the context of oxygen
detection alternatively for ICEs with high precision
and can be a good guide for future works focusing
on oxygen sensors with very rapid response-
recovery time and light-off capability.
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Abstract

The cargo and transportation sector is growing day by day. Resources need to be managed more
efficiently in the face of growth in the sector and fast delivery demand in customer requests. Location
selection of cargo branches and route planning processes of cargo vehicles are important in order to
manage resources more efficiently. Geographic Information Systems (GIS) provide significant
advantages in site selection and route planning processes. Especially open source GIS data and GIS
software offer low cost and effective solutions. In this study, the branch locations of a cargo company in
Sehitkamil district of Gaziantep province were examined and the routes of the vehicles were analyzed in a
way to minimize time loss and fuel consumption. In this context, isochrone maps were produced over the
road network. The population numbers within these isochrone zones were calculated and vehicle liability
zones were determined according to the population data. Finally, the daily route planning of more than a
hundred cargoes, which are required to be delivered by cargo vehicles in one day, has been made.

Keywords: GIS, Open source GIS, Cargo and transportation, Isochrone maps

Acik Kaynak CBS ile Sehirici Kargo Istasyon Noktalarimin Optimizasyonu ve
Dagitim Planlamasi

Oz

Kargo ve tasimacilik sektorii her gecen giin daha da biiyiimektedir. Sektordeki biiyiime ve miisteri
isteklerindeki hizli teslimat talebi karsisinda kaynaklarin daha verimli yonetilmesi gerekmektedir.
Kaynaklarin daha verimli yonetilebilmesi i¢in kargo subelerinin yer se¢imi ve kargo araglarinin giizergah
planlama siirecleri dnem arz etmektedir. Yer secimi ve gilizergah planlama siirecinde Cografi Bilgi
Sistemleri (CBS) 6nemli avantajlar saglamaktadir. Ozellikle agik kaynak kodlu CBS verileri ve CBS
yazilimlar1 diigiik maliyetli ve etkin ¢oziimler sunmaktadir. Bu ¢aligmada Gaziantep ilinin Sehitkamil
ilgesinde bir kargo firmasiin sube yerleri irdelenmis ve araglara ait giizergahlar zaman kaybini ve yakit
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tilketimini en aza indirecek sekilde analiz edilmistir. Bu kapsamda yol agi lizerinden isochrone haritalar
iiretilmis. Bu isochrone bolgeleri igerisinde var olan niifus sayilari hesaplanmis ve niifus verilerine gore
ara¢ sorumluluk bolgeleri belirlenmistir. Son olarak ta kargo araglarmin bir giin igerisinde teslimat
yapmasi gereken yiiziin iizerinde kargonun giinliik rota planlamasi yapilmistir.

Keywords: CBS, A¢ik kaynak CBS, Kargo ve tasimacilik, Isochrone harita

1. INTRODUCTION

The increasing mobility of people represents
another constraint to successful delivering. E-
commerce brings changes to consumer behavior
and parcel delivery requirements in regard to
reliability, speed, mobility and proximity [1]. E-
commerce has increased in recent years and
reached its peak due to the pandemic for the last 2
years. According to the forecasts, the need for the
cargo sector will increase due to e-commerce and
other causes in the following years. Smart
transportation systems should be used due to
increasing needs and high demand for effective
resource management. Some important
components of smart transportation systems are
the site selection (location) of cargo stations and
daily route planning.

The most significant reason for applying network
analysis and route planning to transportation is that
businesses are interested in determining the best
routes to minimize cost and time [2, 3]. Logistic
problems are common to many industry segments;
thus, many applications for GIS in addressing or
supporting logistical problem solving can be cited

[4].

GIS can both model transportation networks, and
integrate the association of network characteristics
directly into a database. In this regard, finding the
fast routes for the delivery of fresh vegetables
takes into account different parameters as its
impedance [3]. Combining GIS and Decision
Support Systems provides us with the advantages
of both and allows a better modeling of the vehicle
routing problem which is also a spatial problem
[5]. The integration of logistical constraints is
inevitable in the context of sustainable
development, because it optimizes the exchange of

990

physical flows between the links and it helps to
resolve the localization problem [6].

In recent literature there are various successful
studies at related areas. Some of these studies are
shown in Table 1. Abousaeidi et al., 2016 [3] have
researched GIS based methods for determining
fastest delivery routes. Akter et al., 2018 [7] have
studied on, open source GIS tools for determining
freight activity patterns. Azaz, 2011 [4] has
investigated role of GIS in logistics and other
business sectors. Widoningram, 2015 [8] has
studied on GIS based approach for catchment and
service area analysis. Wong et al., 2020 [9] have
focused on sustainable freight transportation with
graph-theory based road connectivity assessment.
Yu et al, 2015 [10] have focused on
implementation of GIS based smart logistics.
Yiicel and Ulutag, 2009 [11] have studied site
selection of cargo stations with GIS and MCDM.
Chandro et al., 2019 [12] have studied freight
transportation planning with GIS based approach.
EL Raouini et al., 2018 [5] have studied freight
distribution and transportation planning with GIS
based approach. Chiquileri et al., 2019 [13] have
focused on GIS based solution for vehicle routing
problem. Kazhakmetov and Zakiev, 2020 [14]
aimed implementing GIS technologies for logistics
management.

Timely delivery of cargo and optimum
management of resources in urban cargo
transportation is an important problem concerning
spatial sciences. At this point, GIS has provided
effective tools from the past to the present. Today,
there are new generation open source data sets and
analysis programs that are highly efficient, easy to
use and economical. The main purpose of the
study is to make urban cargo transportation
processes more efficient with these new generation
systems. With the developed system, time and fuel
consumption were tried to be reduced.
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Table 1. Literature review
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Author(s)-Date

Subject, purpose or methodology

Abousaeidi et al., 2015

GIS based methods for determining fastest delivery routes

Akter et al., 2018

Open source GIS tools for determining freight activity patterns

Azaz, 2011

Investigated role of GIS in logistics and other business sectors

Widoningram, 2015

GIS based approach for catchment and service area analysis

Wong et al., 2020

Sustainable freight transportation with graph-theory based road
connectivity assessment

Yuetal., 2015

Implementation of GIS based smart logistics

Yiicel and Ulutag, 2010(?trh)

Site selection of cargo stations with GIS and MCDM

Chandro et al., 2019

Freight transportation planning with GIS based approach

EL Raouini et al., 2018
approach

Freight distribution and transportation planning with GIS based

Chiquileri et al., 2019

GIS based solution for vehicle routing problem

Kazhakmetov and Zakiev, 2020

Implementing GIS technologies for logistics management

2. MATERIAL AND METHODS

2.1. Study Area

Sehitkamil district of Gaziantep province was
chosen as the study area. Sehitkamil is a district of

Gaziantep Province of Turkey (Figure 1). Itis part
of Gaziantep Metropolitan Municipality. The

/ Mew Staton 3

tion 11
i Mew Station 2

New Station 1 gtavion §

district has an area of 1,268 km?. Population of the
district is 726,000 according to the 2015 census.
Gaziantep OSB, which is among the largest
organized industrial zones in Turkey, is located in
the district, as well as an intense urbanization and
housing area. The district has an intense activity in
terms of logistics and transportation activities, both
individually and institutionally.

Legend
CargoFirms
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2
= Google Traffic
(fiRaton 3
gon s
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Figure 1. Study area
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2.2. Data Used and Produced Within the Scope
of the Study

The geographical data used and produced within
the scope of the study are as follows. First of all,
the road network map of the study area was
provided to include width, traffic density and
direction information. The points belonging to the
cargo company were determined and entered into
the GIS environment. The building and population
data in the region were taken instantly from open
source data systems (OSM).

2.3. Determination of Optimum Location
Selection Methods, Efficiency Analysis of
Branch Locations

Choosing the right station point is one of the most
important components of cargo companies in their
urban distribution processes. The heterogeneous
distribution of stations without considering
population and traffic data will cause problems in

\ = |
AT | e tiom

‘..a:hnu ""'l
N “: _‘.“ :?' < ’ﬂ‘ e

resource management. There are different GIS-
based alternative methods for site selection.
Methods such as multi-criteria decision making,
service area layer, and accessibility analysis are
among the efficient ~methods frequently
encountered in the literature. In this study,
isochrone maps of each existing station were
created by creating a balance between the traffic
and population in the road network while choosing
the cargo stations location. An isochrone map in
geography and urban planning is a map that
depicts the area accessible from a point within a
certain time threshold [15]. Isochrone maps are
especially used to produce simultaneous driving
maps. Application areas has diversity such as
public transportation, cargo planning, address
accessibility, school shuttle-vehicle route planning,
hiking trip planning. There are different production
methods such as raw point layer, 2d interpolation,
Alpha shapes and convex hull. Figure 2 shows the
isochrone maps of each station.

Legend

. CargoFirms
&7 01
—— o 2

j&‘ ; isochrones
b W L 3min
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o Google Traffic

D1 2km
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Figure 2. Isochrone map of current and suggested stations in study area
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2.4. Determination of Responsibility Areas of
Vehicles

There are 6 to 8 vehicles on average at cargo
stations in Turkey, and each vehicle carries
approximately 100 goods during the day. During
the pandemic process, the number of urban goods
transported on a vehicle basis sometimes exceeded

Sevket BEDIROGLU

150. In such intense processes and in general use,
it is important to analyze the responsibility areas of
cargo vehicles correctly. In order to solve this
problem efficiently, the access zones of the cargo
vehicles at 5, 10 and 15 minutes distance and the
population values in these access zones are
calculated over open route service (Figure 3).

Station 1 Temporal Truck Driving Areas and Populations n Temporal Isochrone Areas

Accesible Population™
18890

61740

" | * Accesible Population

CargoFirms
P 1
2
stationtisochrone5
stationlisochrone10
stationlisochrone15

Google Traffic

-

Accasible Population
38811

= =

0 1 2km

Figure 3. Temporal access zones of stations and population in zones

2.5. Preparation of Detailed Distribution Plans
of Vehicles According to the Road
Network

At this stage, the most important problem is to
plan the distribution plan of cargoes, whose daily
geographical distribution consists of different
points, in a way that reduces time and fuel loss.
The daily cargo data is not in a static structure, but

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

in a dynamic structure data is updated every day.
The route that the cargo allocated to the vehicles
will follow during the day will significantly affect
the efficiency. In order to solve this critical
problem, network analyzes were made over the
road route and distribution plans were prepared
(Figure 4). In addition, the distance matrix was
calculated between the daily cargoes and the cargo
route.
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Legend
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Figure 4. Optimized daily cargo route

3. DISCUSSION AND RESULTS

The importance of the logistics cargo sector has
been increasing in recent years and the sector
continues to grow, especially with the pandemic
process. Factors such as the location of cargo
stations and the correct planning of the routes of
cargo vehicles have critical importance in the
process. The developed system and the rich
geographic analysis capabilities offered by the GIS
from the past to the present have further increased
its functionality. Today, using web-based GIS
systems that enable instant decision making
process makes significant contributions. At this
point, open source data, web services and open
source programs are in a position to make critical
contributions to the business world.

The isochrone maps produced with the developed
system and case studies provide significant
advantages over the classical buffer method in the
decision-making process. Thanks to isochrone
maps, alternatives that establish ideal correlations
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between population, road length and traffic density
parameters can be produced.

Open source data is changing business models
because it is available at any time. The selection of
the study area reduces the difficulties in the data
acquisition process in the analysis and decision-
making processes. On the other hand, although
some data have some deficiencies in terms of
reliability and verification, verification systems are
developed day by day and errors are reduced.

Finally, studies have shown that GIS is an
important tool for cargo companies that want to
reduce losses by making resource management
more efficient and increase customer satisfaction
by reducing time losses.
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Abstract

Medical signal processing is often used for analyzing and detecting diseases from bio-signals.
Segmentation, filtering, and noise removal are application examples in this area. The segmentation or
decomposition of signals is investigated in this study. Each branch of two band quadrature-mirror
orthogonal filter bank structure (analysis and synthesis parts are cascaded) is a half band Nyquist filter
when down-up samplers are removed. To perform partitioning, one branch of the filter bank was adapted
to a component of input signal to suppress the other element and filter out the target part of the signal.
This was done by obtaining the filter-tap weights, which minimize L, - norm of error at the output. This
goal was achieved by employing the exhaustive search method. The filter performance was tested for
three scenarios: filtering with and without down-up samplers and wavelet de-noising using one-level
decomposition. The comparison was done with Daubechies and Symlet filters. The approach was run and
tested for separating synthetically generated evoked potential from noise, and the results show that the
designed filter achieves lower total absolute error than the classical wavelet filters.

Keywords: Exhaustive search, Filter bank, Noise removal, Nyquist filter, Signal decomposition

Yarim Bant Nyquist Filtre ile Sinyallerin Ayristirilmasi ve Giiriiltiiniin
Giderilmesi Uzerine Bir Arastirma

Ozet

Medikal sinyal igsleme siklikla biyo-sinyalleri analiz etmek ve onlardan hastaliklarin tespitinde kullanilir.
Béliitleme, filtreleme ve griltii giderme bu alandaki uygulama 6rnekleridir. Bu ¢alismada sinyallerin
boliitlenmesi veya ayristirilmasi incelenmistir. Iki bantli ¢ceyrek ayna ortogonal filtre gatisina ait yapinin
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C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021 997



An Investigation on Decomposition of Signals and Noise Removal with a Half Band Nyquist Filter

her bir dali (analiz ve sentez boliimleri seri baglidir), asagi ve yukar1 drnekleyiciler ¢ikarildiginda yarim
bant Nyquist filtresidir. Ayristirma gergeklestirmek maksadiyla, stizge¢ ¢atistmin bir dali, isaretin bir
bilesenini bastirmak ve diger bilesenini elde etmek igin bir hedef isaretine uyarlanmistir. Bu islem ¢ikigta
L, - hata normunu en aza indiren filtre agirliklart elde edilerek yapilmistir. Bu hedefe, kapsamli arama
yontemi kullanilarak ulasilmistir. Filtre performansi ii¢ senaryo igin test edilmistir: asagi ve yukari
ornekleyiciler ile bunlar olmadan filtreleme ve tek seviyeli ayristirma kullanarak dalgacik giirtiltii
giderme. Onerilen yontemle elde edilen filtre, Daubechies ve Symlet filtreleri ile karsilastirilmustir.
Yaklagim yapay olarak olusturulan uyarilmis potansiyelini giiriiltiiden ayirmak icin calistirilmig ve test
edilmistir. Elde edilen sonuclar, tasarlanan filtrenin klasik dalgacik filtrelerinden daha diisiik toplam
mutlak hata sagladigini gostermistir.

Anahtar Kelimeler: Kapsamli arama, Stizge¢ ¢atis1, Giiriiltii giderme, Nyquist siizgeci, Sinyal ayrigtirma

1. INTRODUCTION

Biomedical signals are commonly used for
understanding functionality of the body and
diagnosis of diseases. These signals may contain
specific patterns such as QRS wave [1] in an
electrocardiogram (ECG) and evoked potential in
an electroencephalogram (EEG), which are vital
for analysis and diagnosis [2,3]. However, there
are different types of noises in biomedical signals,
which mask patterns, and they may cause mistakes
in diagnosing and analysis steps. For that reason,
researchers need to remove undesired parts of the
signal. So, filters are required to reduce noise. The
filter banks have received attention and frequently
employed in noise reduction.

A filter bank is a group of parallel low-pass, band-
pass and high-pass filters that separate the input
signal into multiple components, each one carrying
a single frequency sub band of the original signal
[4,5]. In the present work, we are going to benefit
from a two-channel filter bank [6]. The process of
decomposition performed by the filter bank is
called analysis. The reconstruction process is
named synthesis, meaning reconstitution of a
complete signal resulting from the filtering
process. The wavelet transform-based noise
cancellation methods are application of two band
filter banks and more successful than linear
filtering techniques [7,8]. In this study, we
considered a signal as a sum of two components:
base and background or noise. An orthogonal two
band filter-bank system embodying cascaded
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analysis and synthesis parts was employed, and
one branch was matched to the base signal so that
this connection filters out the base and other
branch separates the background signal from the
composite signal. So as to obtain the filter tap-
weights, which minimize L,-norm of error, the
best solution among the other results satisfying
perfectly  reconstruction  conditions of a
quadrature-mirror filter-bank (QMF) was chosen,
namely brute-force approach was used to find a
solution. The proposed technique has been
demonstrated by using a typical synthetic evoked
potential signal.

This study consists of seven parts. First part is
introduction which gives literature information for
comparison our study. In second and third ones
include the proposed method explanation and
method's mathematical model with its details. The
fourth and fifth ones consist experimental
procedure and result investigation. The last part of
before the reference is conclusion.

2. MATERIAL AND METHOD

Because the Nyquist filter is based on the filters of
a two-band filter bank system, the two-band filter
bank structure has been revisited.

2.1. Two Band Filter Bank
A two-band filter-bank system consisting of the

analysis and synthesis components is shown in
Figure 1.
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Analysis part of filter bank

Synthesis part of filter bank

|

- G(2)

/\B" .

G’(:)

Q—

Figure 1. A two band f|Iter bank with analysis and synthesis sections

The z-domain input-output relationship is as
follows.

Y(z):%T(z)X(z)+%A(z)X(-z) @)

In this equation
T(2)=H(2)H(2)+C@)GE) @

A(z)=H(-z)H(2)+G(-2)G(2) (3)

T(z) is named as transfer function, and A(z),will
be called aliasing contribution (part), excluding the
factor 4 in Equation (1). For orthogonal system
consisting of finite impulse response filters:

H(z)=z"H(z") 4)

G(z):z’NG(z’l) (%)

where N is the filter order. If the function and the
aliasing part are arranged according to this
selection,

T(2)=z"[H(2)HZ")*G(2)G(z™)] (6)

A(2)=z"[H(z)H@Z")+G(2)G(z")] ™

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

In addition, if G(z) is chosen as the quadrature
mirror of H(z) as described in the following, the
aliasing components disappears when N is odd,
thatis A(z) = 0.

G(z)=z"H(z%) (8)
Hence the transfer function becomes:

T(z)=z
P(z)

If P(z) = 2, a perfect reconstruction is obtained,
and the output turns into shifted version of the
input:

"P@) ©)

=H(z)H(@z™")+H(-z)H(-z*") (10)

Y (2)=z"X(2) (11)
Consequently, the perfect reconstruction condition
in z and time domains are as follows.

H(z)H(z*)+H(2)H(z)=2

(12)

N+1

k=1,2,—— 13
5 (13)

> (n)h(n-2K)=5(n)

More details about two-band quadrature filter bank
can be found in [2,3]. Set By (z) = 0in Figure 1;
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this equivalent to setting G(z) to zero in Equation
(6), Equation (7). This yield

Y(2)=32"H@)H(z")X@ (14)
where,

P,(z)=H(2)H(z")+H(-z)H(-z*) (15)
A (@)= H(2)He) ao

The term A;(2)X(-z)/2 in the right side of
Equation (14) is a residual aliasing.

2.2. Two Band Filter Bank Without Down and
Up Samplers

When down and up-samplers operations are
removed from analysis and synthesis procedure
(Figure 1) the aliasing term in Equation (1)
disappears and the input-output relation in z
domain becomes
Y (2)=T(2)X(2) (17)
By substituting Equation (9) in Equation (17), we
have

Y (2)=z"P(2)X(z) (18)
The perfectly reconstruction condition given in
Equation (13) remains valid in this case too.
However, the output becomes double of the input
in contradistinction of the previous situation:
Y (2)=2z2"X(2) (19)
As it has been done in the previous sub-section
setting By, (z) to 0 (equivalently G(z) = 0) yields
B, (2)=z"P,(2) X(2) (20)

It should be emphasized that there is no residual
aliasing energy since down and up-samplers were

1000

removed. P,(z) is a symmetric polynomial of z
and has only even powers of z. It should be noted
that P; (z) fulfils properties of a half band Nyquist
filter [9].

3. SIGNAL/PATTERN
DECOMPOSITION

Many signals, including medical ones can be
modelled as the sum of a pattern and background
(or clear signal plus noise) signals:
x(n)=p(n)+b(n) (21)
Here p(n) is the pattern; b(n) is the background
signal. Suppose this signal is applied to the filter
bank shown in Figure 1, and the pattern-energy
mostly resides in B;(z) and the background-
energy in B, (z). When B, (z) = 0, Y(z) becomes
a shifted version of the pattern if residual aliasing
is ignored. In this case, if H(z) is designed by
minimizing L,-norm of error between the filter
bank output and the pattern signal, a two-band
filter bank satisfying segmentation of the signal is
obtained. This issue is a constraint optimization
problem. It is described in the following.

If B,(z) =0, (Equation 14) output signal in time-
domain is

y(n) :%x(n+N)*h (n)*h(-n)
(22)
+%x(n+N)*(-1)” h(n)*h (-n)

and when there is no up-down sampling (Equation
20) it turns into

y(n)=x(n+N)*h(n)*h(-n) (23)
where = is the convolution operator. To suppress
noise signal and obtain a filter bank matched to the
pattern we employ following optimization
algorithm. Here Equation (25) is perfectly
reconstruction condition and Equation (26) is for

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



completely  suppressing  frequency at w =
nrad/s. This approach allows designing filter
H(z) by attaining minimum L;--norm of error
between the target and filtered signals L, -norm is
preferred instead of L,-norm for error calculation
and is used as objective function because it
produces a sparse solution and is robust against
outliers [10]. However, there can be a high-
frequency component  (fluctuations) in the
decomposed signal due to the aliasing component
which is not overthrown when standard form of
the filter bank is employed. Because Equation (24)
is not smooth, the derivative of it does not exist at
about its minimum, and therefore, a gradient-free
method should be adopted. y(n) is computed by
Equation (22), Equation (23).

o Slp(n)y(n) )
Subject to

S h(n(n20)= (k) @)
k=0,1,....(N+1)/2

() h(n)=0 )
3.1. Finding an Optimal Solution with

Exhaustive Search

To obtain as much as the best solution, the
exhaustive search approach was employed. The
exhaustive search (brute force method) is
straightforward, which try to calculate all possible
solutions and decides afterwards which one is the
best. This method is feasible generally for small-
scale problems, since the number of possibilities of
the system increases exponentially with the
number of dimensions. It has wide applicability
and is known for its simplicity. First, a set of (all

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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possible)  solutions satisfying the perfect
reconstruction conditions in Equation (25) and the
requirement in equation Equation (26) were
generated, and next objective function in Equation
(24) was computed for all solutions in this set. The
one satisfying minimum of Equation (24) was
chosen.

4. EXPERIMENTS

The technique suggested has been demonstrated on
an artificial evoked potential signal. Evoked
potentials (EPs) are types of bio-electrical signals
that are generated by the central nervous system
when human senses are excited by an external
stimulus. In order to demonstrate the proposed
algorithm a typical evoked potential signal was
generated synthetically. The time-interval and
sampling-rate were chosen to be 0.2 and 320 Hz
respectively. The extreme value of the signal was
normalized to be -1 since it was negative. This
clean EP signal is sketched in Figure 2. The
evoked potentials are usually contaminated by
heavy noise or responses to other activities of the
human body and are nearly impossible to detect
from a single trial. To resemble this reality a
normally distributed random noise with zero mean
and 0.01 variance was added to the pure EP signal.
The noisy EP is presented in Figure 2. The order of
the FIR filter was set to be seven. The filter
weights were obtained by using the exhaustive
search algorithm given. Because of non-linearity
and the number of equations is less than the
number of variables, there is more than one
solution of the systems of equations given in
Equation (25), Equation (26). Firstly, hundred
possible solutions of these equations were
computed numerically by randomly changing
initial values 100 times. Very likely, many
solutions coincided. Next, L,-norm of error
expressed in Equation (24) was computed for each
solution. The filter coefficients which achieve the
lowest absolute error was chosen as the optimal
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solution. Following filter specification, a new
noisy evoked potential was generated and filtered

by employing the structures given in Figure 3 and
4 to observe the effectiveness.

1 T T
|
0.5 - A /l l
A [ R \
nf H\J" d : \\ J L,ﬂ ;” ‘S_’,ﬂ f'\ J’ "»/ | A
- I RV VA Y e
E INREA T \#}\ NV N
= o5- I | \ J | \1 ’ i %j |
'l"‘f \%”" ’ || |
-4k Vir { |
| |/
| | V
-1.5 L \
0 0.05 0.1 0.15 0.2
Time (s)

Figure 2. Noisy and clean synthetic evoked potential

o

—» | H() H(z™)
Figure 3. Experiment 1
—>| H(z) > H(iz™YH |[—»
Figure 4. Experiment 2
—| Waveletde-noising |—p
Figure 5. Experiment 3
The wavelet de-noising was also applied. The 5 RESULTS

wavelet tree was a single two-band filter bank of
optimum filter weights. The soft thresholding
technique and universal threshold [11] were
utilized for removing noise from the signal. For
comparing performance of the best filter, Symlet,
and Daubechies wavelet filters of length eight

were also handled. The outcomes, in terms of Li-
norm of error, were finally reported.

1002

After the best filter-coefficients were obtained a
fresh noisy evoked potential was produced, and it
was filtered by utilizing the structures in Figure 3.

to evaluate performance of the approach. The
arrangements in Figure 3, Figure 4 and Figure 5
are referred to as E1 (Experiment 1),
E2 (Experiment 2) and E3 (Experiment 3)

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



respectively. And the optimal filters obtained for
El, E2, and E3 are denoted by F1 (Matched Filter
1), F2 (Matched Filter 2), and F3 (Matched Filter
3) accordingly.

Table 1.Best filter coefficients (C1, C2, ....C8) for
the three experiments

Cl | C2|C3|C4)|C5|Cb6 | CT | C8
F1/0.23|0.18 | 0.42 | 0.41 |-0.26| 0.49 | 0.30 |-0.38
F2| 0.48 | 0.32 | 0.41 |-0.36 |-0.04| 0.52 |-0.15| 0.22
F3[-0.19| 0.09 |-0.03| 0.30 | 0.68 |-0.21| 0.24 | 0.52
Table 2. Performance comparison

F1 F2 F3 SYM DB
E1| 0.183 | 0.259 | 0.187 | 0.184 | 0.194
E2| 0.367 | 0.299 | 0.362 | 0.458 | 0.458
E3| 0.194 | 0.255 | 0.192 | 0.182 | 0.195
The wavelet de-noising method serves as a

reference for the goodness of proposed approach.
For the sake of clarity in tables, Symlet filter is

lclal CETIN TAS, Sami ARICA

abbreviated as SYM and Daubechies filter as DB.
The weights of filters which achieve minimum
absolute error for each experiment are given in
Table 1. Notice that the best filter coefficients
change for each arrangement in Figure 3. The
efficiencies of custom, Symlet and Daubechies
filters, in terms of L;-norm of error, are provided
in Table 2. Figure 6 displays the magnitude and
phase spectra of the best filter of the experiment in
Figure 3. And Figure 7 illustrates outputs of the
structure in Figure 3.

The similarity between the matched (optimal) filter
and Symlet and Daubechies filters was measured
by employing correlation coefficient and cosine
similarity. These quantities are given in Table 3.
The upper number is the correlation coefficient,
and the bottom value is the cosine similarity in a
cell of this Table. It is obvious that the best
solutions obtained for three arrangements are quite
different than Symlet and Daubechies filters.

15 :

Magnitude (V/Hz)

N

0 1 2 3

Frequency (rad/s)
Figure 6. Magnitude and phase spectra of the matched filter of experiment 1.

6. CONCLUSIONS

Filter banks and wavelet-based applications can be
successfully used to solve noise suppression, and
decomposition problems in signal processing area.
In this study, a two-band quadrature-mirror
orthogonal filter bank structure, consisting of

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

analyses and synthesis sections, was used to
emphasize and extract one components of input
signal; one branch of the filter bank was adopted to
filter out a target signal. This was done by
minimizing L,-norm of error by utilizing brute-
force search technique at the output of the filter
bank system.
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Table 3. Performance comparison

F1 F2 F3
0.1636 -0.5861 0.3135
SYM 03765 | -0.1896 | 0.4851
DB 0.1828 0.1503 -0.2180
0.3871 0.3627 0.0865
05~ i 7/' )
0 DA /" AT
05 Y Nk
-1 \
g 05 X\
2 of ’ ¥ Y A
§ 05 / B v
,1 - S
05- ") 7\
04 S ,\‘ \‘L\ N
05-  ~ L WY
-1 n X i ’
0 0.05 0.1 0.15 0.2
Time (s)
Figure 7. Filter outputs. The above, mid and

bottom figures are outcomes of the
matched, Symlet and Daubechies

The approach was run and tested for a typical,
synthetically generated evoked potential signal

arising in an

electroencephalogram.  The

performances of designed filters were compared,
in terms of L,-norm of error, with two common
wavelet filters: Symlet and Daubechies. The
results show that the designed filters achieve lower
inaccuracy than the common wavelet filters.
Consequently, a filter specified by adopting the

proposed approach can be used for
decomposition or

signal

noise suppression as an

alternative to common wavelet filters.

7.
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Oz

Bu calismada, Hatay ili, Defne Ilgesi Harbiye Mahallesi Selaleler bdlgesinde bulunan sevlerin duraylihig:
degerlendirilmis ve bdlgenin heyelan riskinin azaltilmasi ile ilgili uygun ¢oziimlerin ortaya konulmasi
amaglanmistir. Calisma kapsaminda inceleme alaninda sondajlar, presiyometre deneyleri ve inklinometre
olgiimleri yapilmistir. inceleme alaninda sev duraylilik problemlerinin bulundugu bélgedeki litolojik
birimler siltli kil ve kiltagidir. Her birime ait kayma direnci parametreleri belirlenmis ve Slide 3D yazilim1
ile {i¢ boyutlu sev stabilite analizi yapilmistir. Sev stabilite analizlerinde, direk kesme deneyi, geri analiz
ve RocData ile olmak iizere ii¢ farkli yontem kullanilarak elde edilen kayma dayanim parametreleri ayri
ayr1 gdz oniinde bulundurulmus ve bu ii¢ farkli durum i¢in giivenlik katsayisi hesaplamalari yapilmustir.
Giivenlik katsayis1 hem statik durum hem de deprem durumu senaryolari igin hesaplanmustir. lk
senaryoda, direk kesme deneyinden elde edilen kiltasina ait parametreler kullanilmistir. Tkinci senaryoda,
RocData yazilinu ile elde edilen kiltasina ait parametreler kullanilmistir. Ugiincii senaryoda ise geri analiz
ile elde edilen kiltagina ait parametreler kullanilmistir. Tiim senaryolar degerlendirilmis ve geri analiz ile
elde edilen kiltagina ait kayma parametrelerinin bulundugu iigiincii senaryonun gergege en yakin kosullar
yansittig1 goriilmiistiir.

Anahtar Kelimeler: Hatay, Heyelan, Geri analiz, Sev stabilitesi, RocData

Assessment of Slope Instability on Waterfalls Region in terms of Engineering
Geology (Harbiye, Hatay)

Abstract

In this study, the stability of slopes located on Harbiye Waterfalls Region of Defne District (Hatay
Province) was evaluated and suitable solutions are aimed to reveal. Within the scope of study drillings,
pressure meter tests and inclinometer measurements were performed. With laboratory studies, the
physical and mechanical properties of soil and rock units were determined. Lithological units, in the study
area where slope stability problems exist, belong to lithological units are silty clay and claystone. There is
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filling material on these units. Shear strength parameters of each unit were determined, and three-
dimensional slope analysis was performed with Slide 3D software. The analyses were carried out in three
different scenarios. Both the static state and the earthquake state were calculated for each scenario. In the
first scenario, the claystone parameters obtained from the direct shear test were used. In the second
scenario, the claystone parameters obtained from RocData software were used. In the third scenario, the
claystone parameters obtained from the back analysis were used. All scenarios were evaluated, and it was
determined, in the third scenario, the claystone parameters that are obtained from the back analysis reflect

the actual conditions.

Keywords: Hatay, Land slide, Back analysis, Slope stability, RocData

1. GIRIS

Hatay Ili Defne ilgesi Harbiye Mahallesi sinirlar:
igerisinde bulunan, yaklasik 3000 yillik bir gegmisi
olan, binlerce yillik agaglarin bulundugu Selaleler
bolgesi dogal giizellikleri Hatay’in onde gelen
turizm bolgelerinden biridir (Sekil 1). Selale
Deresinin  aktigi vadinin yamaglar1 iizerinde
konutlar, restoranlar, oteller ve c¢esitli el sanat
atolyeleri bulunmaktadir. Vadinin dik bir vadi
olmasi, suyun varligi ve yamaglar {izerindeki yap1
yiikleriyle beraber heyelan potansiyelinin artmasi
sonucunda bu boélgenin dogal tarihi yapisinin
bozulma riski dogmus ve yer yer heyelanlar
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gelismig, buna karst birtakim onlemler alinmaya
calisilmis, ancak heyelan hareketi durdurulamamis
ve yerlesim alanlarini tehdit etmeye baglamistir.

Bu caligmada; selalelerin bulundugu bdlgenin
genel jeolojik durumunun incelenmesi,
duraysizliga neden olan faktérlerin ve kayma
mekanizmasinin tespit edilmesi, gegmis kaymalara
benzer  hareketlerin olup olmayacaginin
irdelenmesi,  heyelanlara  duyarli  alanlarin
belirlenmesi, bolgenin miihendislik jeolojisinin
yorumlanmasi ve sev stabilitesi ile ilgili alternatif
Onerilerin sunulmasi amaglanmigtir [1].

50 100 150 200
Metre)|

Sekil 1. Inceleme alan1 yer bulduru haritas1 (Google Earth’ten alinmustir)
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2. MATERYAL VE METOT
2.1. Materyal
2.1.1. Harbiye Heyelani

Calismanin konusunu olusturan heyelan kiltasi
agirlikli litolojilerden olusan Tepehan Formasyonu
icerisinde gergeklesmis olup kayan kiitle dolgu,
siltli kil ve kiltasi birimlerinden olugmaktadir.
Arazi gozlemleri sonucunda, gerceklesen kiitle
hareketinin tamamen dairesel bir kayma olmadigi
gozlenmis bu sebeple hesaplamalarda kayma sekli
dairesel olmayan kayma hareketi olarak
tanimlanmigtir (Sekil 2).

Sev kaymalarini1 dnlemek amaciyla daha dnce inga
edilen istinat duvari yapilarmin yeterli destegi
saglayamadigi gorilmiistiir. Yapilan gozlemlerde
istinat duvarlarmin insa edildigi yerlerde bazi
kayma hareketlerinin oldugu goézlemlenmistir.
Kiitle hareketinin genislemesi yoérede bulunan
yapilar1 tehdit etmekte olup, bu nedenle bazi
yapilar bosaltilmigtir (Sekil 3).

Sel 3. Bolgedeki kiitle hareketinden kaynakli,
bina duvarindaki gozlemlenen
deformasyon
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2.1.2. Calisma Alam Jeolojisi

Calisma  alaninda  yiiriitilen  ¢alismalarda
gbzlemlenen litolojik birimler siltli kil, kiltasi,
kiregtas1 ve travertenlerden olusmaktadir. Calisma
alani ve g¢evresinin jeolojisini Kalebogazi
Formasyonu, Okcular Formasyonu, Tepehan
Formasyonu ve giincel traverten ile Aliivyon
olusturmaktadir [2] (Sekil 4).

Siltli kil birimi; kahverengi renkli, kati-gcok kat1
kivamli, yer yer kumlu, yiiksek plastisitelidir.
Kayma hareketlerinin gerceklestigi sevlerde ve
sondajlarin yapildig1 bolgelerde gozlemlenen bu
litolojik birim Tepehan Formasyonuna aittir.
Inceleme alaninda bazi derinliklerde bu birimin
icinde marn seviyeleri gozlemlenmis fakat
litolojiye bakildiginda cogunlukla yiizeye yakin
kisimlarda ayrismaya bagli olarak siltli kil
biriminin, derinlerde ise kiltasi-marn yer yer
kumtaginin hakim oldugu belirlenmistir.

Kiltast birimi; grimsi mavi renkli, ayrismamis-az
ayrismis, bozunmamig-az bozunmus, kirikli-cok
catlakli, c¢ok zayif dayanimhidir. Kayma
hareketlerini gergeklestigi sevlerde ve sondajlarin
yapildig1 bolgelerde gbzlemlenen bu litolojik birim
Tepehan Formasyonuna aittir. Arazi gozlemlerinde
bu birime ait tabakalar gdzlemlenememis bu
sebeple egim dogrultu Olglimii yapilamamustir.
Ancak sondaj  derinliklerinin  Kkorelasyonu
sonucunda bu birimin birkag derece egimli
cogunlukla yataya yakin tabakali oldugu
goriilmektedir.

Calisma alani c¢evresinde izlenen diger birim,
kirectagi; grimsi-beyaz renkli, orta derecede
ayrismis-¢ok ayrigsmis, az bozunmus, kirikli-cok
catlakli, yiiksek dayanimlidir. Bdlgede hem
Kalebogazi hem de Okgular Formasyonuna ait
kiregtaslar1 bulunmaktadir [2].

Traverten birimi ise; Harbiye dolaylarinda yaklagik
5 km?lik bir alanda yayilm gosterir. Genellikle
acik kahverengimsi krem renkte, ¢ok bosluklu, bol
bitki kalintist icerir. Kuvaterner seri igerisinde yer
almaktadir.
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Sekil 4. Caligma alan1  ve g¢evresinin jeoloji
haritasi ([2]’den yararlanilmistir)

Sekil 5. yakindan

Tepehan
gorunimu

Formasyonunun

2.2. Metot

Yiiriitillen bu caligsma; literatiir ¢calismalari, arazi

calismalari, laboratuvar c¢alismalar1 ve biiro
caligmalar1  olmak  ilizere = dort  asamada
1008

gergeklestirilmigtir.  Bu  ¢alisma  kapsaminda;
Akademi  Jeolojik  Jeoteknik  Etiit  Proje
Miihendislik Miisavirlik Insaat Sanayi Ticaret
Limited Sirketi ve Giir Miihendislik Jeoteknik
Sondaj Harita Insaat Makine Taahhiit Sanayi
Ticaret Limited Sirketi tarafindan jeoteknik amacla
yapilan sondajlardan ve inklinometre
okumalarindan yararlanilmigtir [3].

2.2.1. Literatiir Calismalari

Arazi ¢aligmast Oncesinde ¢aligma alani ve yakin
cevresiyle ilgili literatiir arastirmasi yapilmig olup
caligma alani ve yakin gevresiyle ilgili yapilan
tezler ve makaleler incelenmis, bolgede yapilmis
arazi ve laboratuvar caligmalar1 elde edilmistir.
Calisma alant ve yakin c¢evresini igeren jeoloji
haritalarindan yararlanilarak boélge hakkinda on
bilgiler edinilmistir. Arazi ve biiro ¢aligmalarinda
kullanilmak tizere inceleme alaninin 1/2000 6lgekli
topografik sayisal haritas1 Hatay Biiyiiksehir
Belediyesi’nden temin edilmistir.

2.2.2. Arazi Cahsmalar:

Saha galigmalar1 kapsaminda inceleme alanindaki
zeminlerin ve kayalarin mithendislik 6zelliklerinin
belirlenmesi amaciyla Jeolojik ve Jeoteknik Etiit
Raporu kapsaminda 45-50 m arasinda degisen 8
adet sondaj kuyusu, bu ¢aliyma kapsaminda ise 12
m derinliginde 1 adet presiyometre kuyusu
acilmustir. Presiyometre caligmalarinda 4 farkl
seviyede Olclimler yapilmistir. Ayrica 8 adet
sondaj kuyusundan 6 tanesi inklinometre
calismalarinda kullanilmigtir.

2.2.3. Sondajlar

Inceleme alaninda yer alan zemin ve kaya
birimlerinin bilesimlerini, kalinliklarini, litolojik,
fiziksel ve mekanik oOzelliklerini belirlemek ve
yeralti suyu durumuyla ilgili bilgi edinmek
amaciyla sev tepesinde sondaj kuyular1 agilmistir
(Sekil 6). Sondaj kuyularinin lokasyon plani Sekil
7’de sunulmustur. Sev yamacinin kayma tehlikesi
yiiksek oldugundan ve kayan kiitleye ulagimin sarp
arazi kosullar1 yliziinden elverisli olmamasi
sebebiyle kayan kiitle sondajlarda kesilememistir.
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Sekil 7. Sondaj kuyularinin lokasyon plani
2.2.4. Laboratuvar Calhismalari

Sondaj calismalarindan elde edilen zemin ve kaya
numuneleri Akademi Jeolojik Jeoteknik Etiid Proje
Miih. Ins. San. Tic. Ltd. Sti.’ye ait laboratuvara
gonderilmistir. Laboratuvar ¢aligmalariyla zemin
ve kaya birimlerin fiziksel ve mekanik
Ozelliklerinin belirlenmesi amaglanmigtir. Sondaj
calismalar1 ile elde edilen zemin ve kaya
numunelerinden litolojik birimleri en uygun
sekilde ayiklanmis ve bunlarin {izerinde uygun
deneyler yapilmistir. Bu kapsamda 58 adet karot
13 adet SPT ve 2 adet Orselenmemis numune
laboratuvar deneylerine tabi tutulmustur.

2.2.5. Biiro Cahsmalar:

Biiro c¢alismalar1 kapsaminda sev analizinde
kullanilacak parametrelerin laboratuvar sonuglari,
arazi gozlemleri ve RocData (versiyon 2017)
bilgisayar yazilimi kullanilarak belirlenmis olup ii¢
boyutlu sev stabilite analizlerinde kullanilmustir.
Analiz ¢alismalar1 Slide 2D (versiyon 2018) ve
Slide 3D (versiyon 2017) bilgisayar yazilimlar1 ile
yapilmistir. Geri analiz yontemi ile sev ile ilgili
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parametreler elde edilmistir. Ayrica arazi
¢alismalarindan elde edilen veriler
degerlendirilmig olup arazide alinan inklinometre
Olciimleri  ile  sevlerin  hareket  durumu

incelenmistir.
3. ARASTIRMA BULGULARI

3.1. inceleme Alam Jeolojisi

Sev analizi yapilacak bolgenin yeralt1 jeolojisi
incelendiginde sev hesaplamalarina dahil olan
birimlerin kil agirlikli oldugu (siltli kil, kiltagi gibi
birimler) goriilmektedir. Ayrica sevde 6-7 metre
araligindaki derinliklerde yeralti suyu bulunmasi,
kiltas1 birimi ve altindaki tiim birimlerin suya
doygun  oldugunu  gostermektedir.  Sondaj
caligmalarindan yola ¢ikilarak, ¢alisma alani ve
gevresinin yeralti jeolojisini temsil eden jeolojik
kesitler hazirlanmistir. Sondaj kuyulart arasi kesit
Sekil 8’de sev kesiti Sekil 9’da sunulmustur.
Inceleme alaninda 0,3 ile 4,5 metre arasinda
degisen kalinliklarda dolgu malzemesi
bulunmaktadir. Inceleme alanminda gozlemlenen
siltli kil biriminin kalinlig1 1,2-6,0 metre arasinda
degismektedir. Kiltagi birimi ise tiim kuyularda
siltli kil biriminden sonra gozlemlenmis ve kuyu
sonlarina kadar devamlilik gostermistir.

SK-1(A)  A-A'KESITI  SK-5(A)
GB KD
(m) (m)
250.00—— —-250.00
DOLGU
o : r““i SILTLIKIL
§ 220.00*_; = 3 xu TASI
D =T
>~ 210.00—+4= =210,
200.00—= =200.00
190.00F =-190.00
0+00.00 YATAY MESAFE (m) 0+63.89
Sekil 8. Kuyular aras1 jeolojik kesit
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Sekil 9. Kayma yonii boyunca alinan jeolojik kesit
3.2. inklinometre Ol¢iimleri

Arazide yapilmig olan inklinometre caligmalari
sonucunda ESK-4 kuyusunda ilk 4 metrelik
derinlikte 0,6 mm’ye kadar bir deplasman
Ol¢lilmiistir. En yiiksek ol¢iim SK-2 kuyusunda
yapilmis olup 45 m derinlikte deplasman miktari
10 mm olarak ol¢iilmiistiir. inklinometre 6lgtimleri
degerlendirildiginde bolgede hareketin  halen
devam ettigi anlagilmaktadir. Ancak derinlerde
meydana gelen bu hareket sadece bir kuyuda
Olglildiigii i¢in derinlerde mevcut olabilecek bir
kayma yiizeyinin varligi hakkinda destekleyici
bilgilere ulagilamamustir.

3.3. Sev Analizinde Kullamilacak
Parametrelerin Secimi

Kisa donem duraylilik analizlerinde kullanilacak
parametreler drenajsiz dayanim parametreleri olup
uzun donem duraylilik analizlerinde kullanilacak
parametreler ise efektif dayanim parametreleridir.
Bu ¢alismaya konu olan inceleme alaninda analiz
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edilecek sevin tepesine ani bir yiikleme
yapilmayacagindan zemin igerisinde bulunan su
zamanla drene olmaktadir. Bu sebeple uzun dénem
duraylilik analizleri yapilmast ve suya doygun
birimlere ait sev analizinde kullanilacak
parametrelerin  efektif  parametreler  olmasi
gerekmektedir.

Eger bir sevde kayma gerceklesmis ise o sev ile
ilgili rezidiiel dayanim parametreleri kullanilir.
Rezidiiel dayanim parametreleri hem direk kesme
deneyi hem de geriye doniik sev analiziyle tespit
edilebilmektedir [4]. Ayrica RocData yazilimi ile
parametreler elde edilmis ve bu parametrelerle de
analizler yapilmistir.

RocData ile kiltasina ait kohezyon ve igsel
sirtinme acist elde edebilmek icin giincel
numunelerden 20 adet tek eksenli basing dayanimi
degerinin ortalamasi alinarak RocData igin qyn
degeri elde edilmis ve 58 adet dogal birim hacim
agirlik degerinin ortalamasi almmistir. Boylece
girdi parametreleri qun= 3,3 MPa ve yn=
17,9 kN/m® olarak hesaplanmistir. Hoek Brown
siiflandirmas1 igin jeolojik dayanim indeksi
degeri kullanilmis ve litolojik birim RocData
yazilimindan kiltas olarak se¢ilmistir (Cizelge 1).

Geri analiz hesaplamalarinda tiim litolojik birimler
icin Mohr-Coulomb yenilme zarfi tanimlanmustir.
Kiltaginin  rezidiiel dayanim parametrelerine
ulasabilmek i¢in hedef birim olarak kiltas1 birimi
secilmis  diger birimlerin  degerleri  sabit
birakilmistir. Geri analizde hesaplanacak kohezyon
deger araligt 0-80 kPa ve igsel siirtiinme agist
deger araligi 0-60° olarak secilmis ve parametre
hesab1 i¢in probabilistik (olasiliksal) yontem
kullanilmistir. Kayma tiirii dairesel olmayan (non-
circular) olarak segilmis ve kayma yiizeyi adedi=1
olarak secilmistir. Elde edilen dagilim grafiginde,
geri analiz i¢in tamimlanan kohezyon ve igsel
sirtinme agis1  deger araliginda 5000 adet
parametre ¢ifti hesaplanmis ve bunlarin arasindan
giivenlik katsayisi yaklasik olarak 1’e esit olan
96 adet parametre ¢ifti belirlenmistir (Sekil 10).
Geri analizle elde edilen kohezyon-igsel siirtiinme
acis1 grafiginden regresyon ¢izgisine yakin olan bir
deger cifti secilmistir (Cizelge 2).
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Inceleme alanindaki dolgu malzemenin kohezyon
(c), igsel siirtiinme agis1 (¢) ve elastisite modiilii
[5] degerlerinin tayini igin presiyometre deneyi
sonuglarindan faydalanilmistir [6]. Orselenmemis
numuneler iizerinde, Tepehan Formasyonuna ait
silti kil  biriminin  makaslama  dayamim
parametrelerinin belirlenmesi amaciyla ii¢ eksenli
basing deneyi ve zemindeki normal gerilmelerin
hesaplanabilmesi amaciyla dogal birim hacim
agirlik  (y,) deneyi yapilmistir. Kiltagma ait

Cizelge 1. RocData girdi parametreleri

Mehmet DUYAN, Sedat TURKMEN

dayanmim parametreleri ise direk kesme deneyi, geri
analiz ve RocData ile olmak iizere 3 farkh
yontemle elde edilmistir. Sevlere yakin yapilarin
yap1 yukii tammlanmis ve AFAD, Afet ve Acil
Durum Yonetimi Bagkanligi, Deprem Dairesi
Bagkanlig1 tarafindan hazirlanan Tiirkiye Deprem
Tehlike Haritasindan elde edilen pik yiizey ivmesi
(PGA) 0,4 olup, maksimum yer ivmesinin yarisi
sismik yiik katsayis1 olarak alinmigtir (Cizelge 2).

Ortalama tek eksenli basing dayanimi (qy,) 3,3 MPa
Ortalama dogal birim hacim agirlik (y,) 17,9 kN/m°
Jeolojik dayanim indeksi (GSI) 54
Kiltagina ait RocData yazilimi tarafindan tamimli | mi 4

bazi degerler MR 250

Sev yiiksekligi 50 m
Yenilme kriteri Mohr-Coulomb

Highlighted Data = Factor of Safety - spencer Range >=0.99 to <=1.01 (96 points)

Kiltas: : Cohesion (kN/m2)
S
S

70

60

50

40

30

20

10

Kiltas: : Phi (deg)

A Primary Data

Highlighted Data

Correlation Coefficient=-0.966572, alpha=72.7021, beta=-1.00704 (Highlighted Data Only)

Regression Line

Sekil 10. Geri analiz sonucunda elde edilen parametre ¢iftlerine ait grafik

Cizelge 2. Sev analizinde kullanilacak parametreler

Dolgu | Siltli kil | Kiltag: direk kesme Kiltast Kiltasi
rocdata geri analiz
¢ (kPa) 118,9 62,9 20,47 115 43
b () 58 75 21,6 26 35
v (KN/m°) 18 178 17,9 17,9 17,9
Ru 0 0 0,54 0,54 0,54
Sismik yiik katsayisi 0,2 (kayma yoniinde, yatay)
Yapu yiikii (KN/m?) 20
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3.4. Sevin Kayma Mekanizmasi1 ve
Analiz Yontemi Secimi

Uygun

Bu calismada Slide sev analiz yazilimlarinda en
dogru sonuglar1 veren yontemlerden biri olan
Spencer yontemi [7,8] kullamlmistir. Inceleme
alaninda, kayan kiitle ve civarinda yapilan
gozlemler sonucunda gerceklesen kaymalarin hem
zemin hem kaya tiirii birimlerde gerceklestigi
tespit edilmistir. Kayma diizleminin zeminlerde
dairesel sekilde, kaya biriminde ise dairesel
olmayan bir sekilde devam ettigi gozlemlenmistir.
Sevdeki hareket kompleks kayma seklinde oldugu
icin ve pratik olmasi agisindan hizli bir sekilde
¢oziimlemeler  yapilabilmesi  i¢in  Spencer
yonteminin uygun olacag diisiiniilmiistiir.

3.4.1. U¢ Boyutlu Sev Stabilite Analizi

Slide 3D, limit denge yoOntemi kullanarak ii¢
boyutlu sev stabilite analizi yapan bir yazilimdir.
Calismada “Slide 3D” olarak adlandirilan yazilim
kullanilmustir. Slide 2D’de analizlerde kullanilan
diizlemsel kesitlerde sadece iki boyutlu modelleme
ile analiz yapilabilirken Slide 3D ile ii¢ boyutlu
olarak kompleks bir sev geometrisi kolaylikla
analiz  edilebilmektedir.  Ayrica Slide 3D
yazilimimin giicli geometri modelleme ve veri
yorumlama 6zelligi sayesinde kullanici dostu olup
hizli bir sekilde analizler yapilabilmektedir. Slide
2D yazilimmda kayma yiizeyinin stabilite
analizlerinde  kullanilabilen  Bishop, Janbu,
Spencer, Sarma, Morgenstern-Price (GLE) [8, 9]
vb. gibi yaygin limit denge metotlar1 da Slide 3D
yaziliminda kullanilabilmektedir. Kayan kiitle
cevresi arasindaki makaslama direnci iki boyutlu
analizlerde ihmal edilmesine ragmen ii¢ boyutlu
analizlerde makaslama direnci hesaba
katilmaktadir. Slide 3D yazilimi ayni1 Slide 2D gibi
limit denge analiz yontemlerini kullandigt igin
kayan kiitleler dilimler halinde ¢dziimlenir. Slide
3D arazi modeli iizerinde litolojik birimlerin
olusturulmasi i¢in yazilima sondaj kuyularinin
yerleri ve birimlerin  kalinliklar1  girilerek
korelasyon yapilmasi1 yeterlidir. Slide 3D
yazillminda analiz yapilan boélgenin dort ayri
pencerede farkli acilardan goriiniimii ekranda ayn
anda goriintiillenir (Sekil 11). Boylece farkli
acilardan kayan kiitle ve sev ¢evresi rahatlikla
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incelenebilmektedir. Ayrica modellenen sevler her
acidan kolaylikla goriintiilenebildiginden destek

sistemleri ve yap1 yiikleri rahatlikla
uygulanabilmektedir.
L] L] - i
— ®
| L

ekil 11. Slide 3D yazilimindan 6rnek bir ekran
Y

Sev stabilite analizlerinde sevin durumu giivenlik
katsayis1 (GK)’nin 1’den biiyiik, 1°den kiiglik veya
I’e esit olmasina gore degerlendirilmistir.
Giivenlik  katsayist  1’den  biiylk  oldugu
durumlarda sev durayli olarak degerlendirilmistir.

Sev analizinde kullanilan parametreler farkli
yontemlerle elde edilmistir. Bu parametreler direk
kesme deneyi, geri analiz ve RocData yazilimi ile
ii¢ farkli sekillerde elde edilmistir. Parametrelerin
elde edilme sekillerine gore farkli senaryolar
tizerinde durulmustur. Her bir senaryoda kiltasina
ait makaslama dayanim parametreleri farkli
degerler almaktadir. Sev durayliliginin tespitinde
once her bir senaryo i¢in statik durum ele alinarak
analiz yapilmis daha sonra her bir senaryonun
deprem durumunda gosterecegi davranis hesaba
katilarak analiz yapilmustir. Kiltaginin suya doygun
oldugu kabul edilerek 3 adet statik durum analizi
ve 3 adet deprem durumu analizi olmak {izere
toplam 6 adet analiz yapilmistir. Olusturulan g
boyutlu arazi modelinde ¢aligma alani civarinda

veri toplanan ve problemli olan bdlge
sinirlandirilmis  olup  analizler bu  bélgeye
yogunlastirtlmigtir. Elde  edilen  giivenlik

katsayilar1 Cizelge 3’te verilmistir.

Elde edilen sonuglara gore sev stabilitesi ile ilgi
ortaya konan {i¢ farkli senaryo degerlendirildiginde
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direk kesme deney sonuglarinin kullanildigi 1.
senaryoda elde edilen sonuglarin  araziyi
yansitmayacak kadar diisiik oldugu goriilmektedir.
Direk kesme deneyinde yalnizca bir numuneye
dayanarak analiz yapildigindan elde edilen
sonuglarin giivenirliligi diisiiktiir. 2. senaryoda
ampirik yontemleri kullanan RocData yazilim ile
elde edilen parametreler ise tim diger
senaryolardan daha yiiksek giivenlik katsayilarinin
hesaplanmasina sebep olmustur. 3. senaryoda geri
analiz ile elde edilen parametreler ile hesaplamalar

Cizelge 3. U boyutlu sev analizi sonuglar

Mehmet DUYAN, Sedat TURKMEN

yapilmig ve 1. senaryo ile 2. senaryo degerlerinin
arasinda degerler elde edilmistir. Geri analiz
yonteminin kullanildigi senaryoda elde edilen
sonuglar diger senaryolarla elde edilen degerlerin
arasinda degerler oldugundan ayrica geri analizle
elde edilen parametrelerin daha oOnce kayma
hareketi gergeklesen bir sev i¢in kullanilmasinin
daha dogru olacagindan 3. senaryo iyilestirmeler
ve Oneriler i¢in baz almmustir. Arazide
gerceklesecek kaymalarin 3. senaryodaki gibi
olacagi kabul edilmistir.

Statik durum i¢in giivenlik Deprem durumu i¢in giivenlik
katsayilari katsayilari
Direk kesme deneyi 0,45 0,37
RocData yazilimi 1,28 1,00
Geri analiz 0,88 0,67
3. senaryoda; Slide3D yazilimina girilen yamacin durayli olmadifi sonucuna ulasiimustir.

parametreler Cizelge 2’de verilmistir. ilk 6nce
statik durum analizi yapilmis daha sonra da sismik
yiikk katsayisi eklenerek deprem kosullu analiz
yapilmistir, Statik durumda en diisik GK=0,88
olarak hesaplanmis deprem durumunda ise en
diisik GK =0,672 olarak hesaplanmistir. Her iki
durumda da elde edilen giivenlik katsayilarinin
I’den kii¢iik olmasi nedeniyle ii¢iincii senaryoda

Statik durumda beklenen kaymanin seve yakin
olan yapmin Oniinden itibaren gergeklesecegi
goriilmektedir (Sekil 12). Deprem durumunda ise
beklenen kaymanin seve yakin olan yapinin hemen
hemen yarisint igine aldigi ve sev tepesinde
bulunan mevcut fore kaziklar sayesinde
genisliginin sinirlandigr goriilmektedir (Sekil 13).

Sekil 12. Geri analizden elde edilen girdi parametreleri kullanilip statik durumdaki kayma hareketi
sonuglarmi gosteren Slide3D ile olusturulmus ii¢ boyutlu model (senaryo 3). Her bir model
farkli perspektiflerden potansiyel kayma alanini (koyu kahverengi kiitle) gostermektedir

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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Sekil 13. Geri analizden elde edilen girdi parametreleri kullanilip deprem durumundaki kayma hareketi
sonuglarmi gosteren Slide3D ile olusturulmus {i¢ boyutlu model (senaryo 3). Her bir model
farkli perspektiflerden potansiyel kayma alanini (koyu kahverengi kiitle) gdstermektedir

3.5. Sev lIyilestirme Yontemleri

Calisma kapsaminda iyilestirme yontemi olarak
fore kaziklar Onerilmistir. Slide3D  yazilimi
kullanilarak  ii¢  boyutlu analizlerle farkli
boyutlarda ve farkli sayida fore kazik uygulamalari
analiz edilmis ve en uygun ve ekonomik tasarim
degerlendirilmistir. Elde edilen analiz sonucunda
Onerilen tasarimda fore kaziklar 25 ile 35 metre
araliginda degisen uzunluklara sahip toplamda 175
adettir. Uygulanacak fore kaziklar 3 sira halinde
denenmis ve  sevin  farkli  noktalarinda
konumlandirilmistir (Sekil 14). Bu senaryoda ilk
sira sev tepesinde 35 metre uzunlugunda 30 adet
betonarme fore kazik varsayilmustir. ikinci sira
yaklasik sev ortasinda olup 30 metre uzunlugunda
60 adet betonarme fore kaziktan olusmaktadir.
Uciincii sira sev topuguna yakin olup 25 metre
uzunlugunda 85 adet betonarme fore kaziktan
olusmaktadir. Tiim fore kaziklarin ¢ap1 140 cm ve
merkezden merkeze kazik araliklart 160 cm ve
kesme dayanimlari 2500 kN olarak almmustir.
Iyilestirme ¢aligmalari kapsaminda onlarca senaryo
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denenmis olup en ideal sonuglarin 3 sira fore kazik
calismasiyla elde edildigi goriilmiistiir. Ayrica
sevin tepesinde eski kaziklar gibi iki sira fore kazik
uygulanmaya c¢aligmis ancak yapi yiklerinden
dolay1 eklenen bu yeni iki sira fore kazik verimli
olmamistir (Sekil 15, 16).

Denenen bu tasarimda statik durumda en diisiik
GK degeri 0,880’den 1,366’ya yiikselmistir.
Deprem durumunda ise en diisik GK 0,672°den
1,064’e  yiikselmistir  (Cizelge 4). Boylece
iyilestirme sonucunda statik durumda onceden
durayli olmayan sev durayli hale getirilmistir.
Limit denge prensibine gore deprem durumundaki
giivenlik katsayisi 1’den biiyiik oldugu i¢in sevin
durayli oldugu tanimlanmistir. Ancak deprem
kosulunda elde edilen bu giivenlik katsayisi bire
yakin oldugu i¢in deprem durumunda sevin
durumu  kritiktir. Calisma kapsaminda yapilan
iyilestirme ¢alismast mutlak bir ¢éziim degildir
alternatif iyilestirmelerle ve sev iizerindeki yapi
yiiklerinin azaltilmasiyla bu giivenlik katsayisi
arttirtlabilir.
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Sekil 14. Sevin tg¢ farkli bolgesine (tepe, orta ve topuga yakin bolgelere) uygulanacak sekilde onerilen

fore kaziklarin (sar1 renkli hatlar) arazideki konumlari

Cizelge 4. Iyilestirme sonucu elde edilen giivenlik katsayilart

Giivenlik sayisi

Onerilen iyilestirme -
Statik durum

Deprem durumu

Pasif kazik ile iyilestirme 1,37

1,06

.

Sekil 15. Geri analizden elde edilen girdi parametreleri kullanilarak olusturulmus statik durumdaki
kayma hareketini gosteren modelin fore kazik iyilestirmesi sonrasindaki durumunu gdsteren
Slide3D ile olusturulmus ii¢ boyutlu sev modeli (senaryo 3)

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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Sekil 16. Geri analizden elde edilen girdi parametreleri kullanilarak olusturulmus deprem durumundaki
kayma hareketini gosteren modelin fore kazik iyilestirmesi sonrasindaki durumunu gdsteren
Slide3D ile olusturulmus ii¢ boyutlu sev modeli (senaryo 3)

4. TARTISMA VE SONUCLAR

Bu c¢alismada Hatay ili Defne ilgesi Harbiye
mahallesinde yer alan Selaleler bdlgesindeki
sevlerin durumu miihendislik jeolojisi agisindan
incelenmis,  sevlerin  stabilite  problemleri
arastirilmig, bilgisayar yazilimlar1 (Slide 2018 ve
Slide3 2017) ile ¢oziimlemeler yapilmis ve elde
edilen veriler yardimiyla 6nerilerde bulunulmustur.

Saha g¢alismalar1 kapsaminda inceleme alanindaki
zeminlerin ve kayalarin miihendislik 6zelliklerinin
belirlenmesi amaciyla Jeolojik ve Jeoteknik Etiit
Raporu kapsaminda [3], 45-50 m arasinda degisen
8 adet sondaj kuyusu, bu ¢aligma kapsaminda ise
12 m derinliginde 1 adet presiyometre kuyusu
acilmistir. Presiyometre c¢alismalarinda 4 farkli
seviyede oOlglimler yapilmistir. Ayrica 8 adet
sondaj kuyusundan 6 tanesi inklinometre
calismalarinda kullanilmustir.

1016

Inceleme alaninda yapilan sondajlarda 0,30-4,5m
kalinliginda dolgu malzeme, 1,2-6,0m kalinliginda
siltli kil ve bu birimleri takiben kuyu sonlarina
kadar devamlilik  gosteren  kiltasi  birimi
gdzlemlenmistir. Sondajlarda gdzlemlenen
litolojik birimler Tepehan Formasyonu igerisinde
yer almaktadir. Ayrica inceleme alani ve civarinda
yapilan  jeolojik  ¢alismalarda  Kalebogazi
Formasyonuna ait kirectasi birimi ile Okgular
Formasyonuna ait kiregtas1 birimine ve Kuvaterner
yaslh Traverten birimine rastlanilmistir.

Arazide yapilmis olan inklinometre c¢alismalar
sonucunda ESK-4 kuyusunda ilk 4 metrelik
derinlikte 0,6 mm’ye kadar bir deplasman
Olciilmiistiir. En yiiksek 6l¢iim SK-2 kuyusunda
yapilmis olup 45 m derinlikte deplasman miktari
10 mm olarak 6l¢iilmiistiir. inklinometre Slgiimleri
degerlendirildiginde bolgede hareketin  halen
devam ettigi anlasilmaktadir. Ancak derinlerde
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meydana gelen bu hareket sadece bir kuyuda
Olciildiigii i¢in derinlerde mevcut olabilecek bir
kayma yiizeyinin varligi hakkinda destekleyici
bilgilere ulagilamamustir.

Arazi ve laboratuvar deneylerinden elde edilen sev
parametreleri Dolgu malzeme i¢in C=118,9 kPa,
¢=58° siltli kil ig¢in C=62,9 kPa, ¢=7,5°
seklindedir. Geri analizlerden elde edilen ve sev
analizinde kullanilacak kiltas1 parametreleri ise
Cgerianaliz=43 kPa, ¢gerianaliz=35° seklindedir.
Kiltast birimin tamamen suya doygun oldugu
kabul edilmis ve bosluk suyu basinci dolgu i¢in
Ru=0, siltli kil i¢in Ru=0 ve Kiltas1 i¢in Ru=0,54
olarak hesaplanmustir. Birimlere ait ortalama dogal
birim hacim agirlik degerleri kullanilmis olup bu
degerler dolgu igin yn=18 kN/m® siltli kil icin
yn=17,8 kN/m3 ve kiltast i¢in yn=17,9 kN/m®
seklindedir.

Stabilite analizleri, sev parametrelerinin elde
edilme yontemlerine gore 3 farkli senaryoda hem
statik kosullarda hem de depremli kosullarda
yaptlmigtir. 1. senaryoda arazi ve laboratuvar
deneylerinden elde edilen parametreler, 2.
senaryoda RocData ile elde edilen parametreler ve
3. senaryoda ise geri analizlerden elde edilen
parametreler kullanilmigtir.  Tim  analizlerde
Spencer Yontemi kullanilarak dairesel olmayan
kayma yiizeyleri iizerinden GK (gilivenlik
katsayisi) hesaplamalari yapilmistir. 1. Senaryoda
statik durumda en diisik GK = 0,453 olarak
hesaplanmis deprem durumunda ise en diisiik
GK= 0,339 olarak hesaplanmis olup GK <1 oldugu
i¢in duraysizlik s6z konusudur. 2. senaryoda statik
durumda en diisiik GK=1,284 olarak hesaplanmis
deprem durumunda ise en disik GK = 1,005
olarak hesaplanmis olup statik durumda GK<I1
oldugu i¢in duraysizlik deprem durumunda GK=1
oldugu i¢in limit denge s6z konusudur. 3.
senaryoda statik durumda en diisik GK=0,880
olarak hesaplanmis deprem durumunda ise en
diisik GK=0,672 olarak hesaplanmig olup GK<I
oldugu icin duraysizlik s6z konusudur. RocData
yazilimi ampirik esitlikler ile hesaplamalar
yapmakta olup verdigi degerler yiikksek ¢ikmustir.
Bir adet direk kesme deneyi kullanilarak yapilan
analizde deney sayisinin az olmasi sebebiyle
sonuclarin  giivenilirligi  diisliktiir. Geri analiz
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yonteminin kullanildig1 senaryoda elde edilen
sonuglar diger senaryolarla elde edilen degerlerin
arasinda degerler oldugundan ayrica geri analizle
elde edilen parametrelerin daha oOnce kayma
hareketi gergeklesen bir sev igin kullanilmasi daha
dogru olacagindan 3. senaryo, iyilestirmeler ve
Oneriler i¢in baz alinmistir. Arazide gergeklesecek
kaymalarin 3. senaryodaki gibi olacagi kabul
edilmistir.

Sev iyilestirme yontemlerinden pasif kazik
yontemi kullanilmistir. Fore kaziklar 3 sira halinde
Onerilmis ve  sevin  farkli  noktalarinda
konumlandirlmustir. Ilk sira sev tepesinde olup 35
metre uzunlugunda 30 adet betonarme fore
kaziktan olusmaktadir. ikinci sira yaklasik sev
ortasinda olup 30 metre uzunlugunda 60 adet
betonarme fore kaziktan olusmaktadir. Uglincii sira
sev topuguna yakin olup 25 metre uzunlugunda 85
adet betonarme fore kaziktan olugmaktadir. Fore
kaziklar 140 cm ¢apta ve merkezden merkeze 160
cm aralikli olup gibi kaziklarin kesme dayanimlari
2500 kN olarak almmustir. lyilestirme sonrasi
statik durumda en diisik GK degeri 0,880’den
1,366’ya yiikselmis deprem durumunda ise en

digik GK 0,672’den 1,064’c¢ yiikselmistir.
Iyilestirme sonrast GK>1  degerleri elde
edildiginden duraysiz olan sevde stabilite

saglanmistir. Limit denge prensibine gore deprem
durumundaki giivenlik katsayisi 1’den biiyiik
oldugu i¢in sevin duraylt oldugu tanimlanmistir.
Ancak deprem kosulunda elde edilen bu giivenlik
katsayist  bire yakin oldugu i¢in deprem
durumunda sevin durumu kritiktir. Makale
kapsaminda yapilan iyilestirme g¢aligmasi mutlak
bir ¢oziim olmayip alternatif iyilestirmelerle ve sev

tizerindeki yap1 yiiklerinin azaltilmasiyla bu
giivenlik  katsayis1  arttirilabilir.  Inceleme
alanindaki problemli sevlerin jeolojisi
incelendiginde killi birimlerin hakim oldugu

goriilmektedir. Bu killi birimlerin biinyesindeki
suyun drene olma siiresi uzun oldugundan bosluk
suyu  basinci  stabilite  i¢cin  problemler
yaratmaktadir.  Inceleme  alamnin  selaleler
bolgesinde olmasi  sebebiyle devamli su
varligindan  kaynaklt  problemlerin  mevcut
olacagindan sevler iizerinden drenaj aglarinin
olusturulmasi onerilmektedir.
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Ozet

Elektrik enerji tesisleri, deprem tehlikesinden dolay1 hasar gérme olasilig1 yiiksek kritik altyapilardan bir
tanesidir.  Sanayilesmenin yogun oldugu Marmara bdolgesinde ¢ok sayida elektrik enerji tesisleri
bulunmaktadir. Bu ¢alisma kapsaminda acik kaynakli OpenQuake yazilimi kullanilarak, Marmara bolgesi
i¢in olasiliksal deprem tehlike analizi gergeklestirilmistir. Deprem tehlike analizinde, SHARE projesi ,2013
Avrupa-Akdeniz sismik tehlike modelinde tanimlanan (ESHM13) kaynak ve yerel zemin etkileri mantik
agact modelleri ile dikkate alinmigtir. Caligma kapsaminda, Marmara bolgesinde yer alan tipik bir enerji
uretim tesisi olan Bandirma-I Dogalgaz kombine ¢evrim santrali deprem tehlikesi analizi
gerceklestirilmistir. Elde edilen sonuglar, 2018-TBDY ve 2007-DBYBHY yonetmeliklerinde bulunan
tasarim spektrumlari ile karsilastirilmigtir. S6z konusu tesiste, kritik yap1 olan santral kontrol binasi igin
farkli zemin durumu ve farkli hasargdrebilirlik fonksiyonlarinin dikkate alindigt deprem risk
degerlendirmesi yapilmistir. Marmara bolgesinde meydana gelebilecek olast deprem yer hareketi sonucu,
dikkate alinan tesisin maruz kalacagi risklerin tespiti ve bu risklerin azaltilmasina yonelik faaliyetlerin
gelistirilebilmesi i¢in son derece kullanisli olan kayip egrileri elde edilmistir.

Anahtar kelimeler: Olasiliksal deprem tehlike ve risk analizi, Dogalgaz kombine ¢evrim santrali,
Kirilganlik fonksiyonlari, Hasargorebilirlik fonksiyonlari

*Sorumlu yazar (Corresponding author): A. Can ZULFIKAR, aczulfikar@gtu.edu.tr
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Investigation of Different Vulnerability Functions in Earthquake Risk Assessment
of Critical Energy Facilities

Abstract

Electrical energy facilities are one of the critical infrastructures with a high probability of being damaged
due to earthquake hazard. There are many electrical energy facilities in the Marmara region, where
industrialization is intense. Within the scope of this study, probabilistic earthquake hazard analysis for the
Marmara region was carried out using open source OpenQuake software. In the earthquake hazard analysis,
source, and local ground effects as defined in the SHARE project, 2013 “Euro-Mediterranean seismic
hazard model (ESHM13)” were considered together with the logic tree models. Within the scope of the
study, the earthquake hazard analysis of Bandirma-1 Natural Gas combined cycle power plant, which is a
typical power generation facility in the Marmara region, was carried out and the results were compared
with the Turkish earthquake codes (TSC-2007 and TBDY-2018) design spectra. The earthquake risk
assessment was carried out for the power plant control building, which is the critical structure in the facility
in question, considering different soil conditions and different vulnerability functions. As a result of
possible earthquake ground motions that may occur in the Marmara region, loss curves have been obtained,
which are extremely useful for the determination of the potential risks that the considered facility will be
exposed to and for the development of risk mitigation activities

Keywords: Probabilisitc seismic hazard and risk assessment, Natural gas combined cycle power plant,
Fragility functions, Vulnerability functions
1. GiRiS iizerinde dogrudan etkisi oldugu gorilmektedir.

Geemis depremlerden sonra yapilan saha

Giiniimiizde, tiim toplumlarin enerjiye olan talebi calismalarinda, elektrik sebekelerinde olusan yerel

hizla artmaktadir. Buna paralel olarak elektrik
tilketimi ihtiyact da yiikselmektedir. Tiim modern
ve kritik altyapt sistemlerinin bagimli hale geldigi
elektrik tiretimi ve dagitimi en 6nemli ve stratejik
unsurlardan biri haline gelmistir. Bu nedenle,
elektrik dretimi ve dagitiminin afet durumlari dahil
her kosulda devamlilig1 ¢ok 6nemli bir gerekliliktir.
Elektrik enerji tesisleri, deprem tehlikesinden
dolay1 hasar gorme olasiligi yiiksek kritik
altyapilardan bir tanesidir. Bu sistemler, iiretim
tesisleri, iletim ve dagitim ag1 seklinde 3 ana baghik
altinda toplanmaktadir. Bu 3 ana smifin herhangi
bir alt elemaninda olusacak hasar, tiim sistemin
aksamasma sebep olabilmektedir [1,2]. Bu
sistemlerde olusacak aksakliklar, modern hayatin
stirdiiriilebilmesi, acil servisler ve  gesitli
altyapilarin  iglevselliginin devamliliginda son
derece kritik bir role sahiptir. Elektrik enerji
tesisinin, bulundugu bolgedeki ticari ve endiistriyel
faaliyetlerin siirekliligi icin baslica ihtiyaclardan
olmasindan dolayi, ekonomik ve sosyal hayat
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hasarlardan dolay: iiretim ve dagitimda aksamalar
oldugu ve tamirat/bakim siiresi boyunca bu
aksakliklarin ilgili bolgelerde devam edebildigi
gOrilmiistiir.

11 Mart 2011 yilinda Japonya’da meydana gelen
Mw 9,0 biiyiikligiindeki Tohoku depremi sonucu
iki onemli elektrik {iretim tesisinde agir hasarlarin
olustugu rapor edilmektedir. S6z konusu hasarlarin
giderilip, elektrik {iretiminin tekrar saglanmasi i¢in
yapilan 6 gilinlik yenileme ¢alismalarmin
sonucunda tesisin %90 dolaylarinda faaliyete
gegmesi  saglanmigtir [3]. Yeni Zelanda’nin
Christchurch sehrinde meydana gelen 4 Eyliil 2010,
Mw 7,1 Darfield (Canterbury), 22 Subat 2011, Mw
6,3 Christchurch ve 13 Haziran 2011, Mw 6,0
Christchurch depremleri sonucu, transformatorler
aracilig ile gerilimin ytliksek formdan algak forma
doniistiirtildigl, elektrik iletim ve dagitimin
yapildig1 salt sahasinda bulunan; 220 kV CVT,
66 kV trafo porselen busingleri, porselen mesnet
izolatdrlerinde, kesicilerde, pantograf ayiricilarda
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ve kontrol binasinda bulunan ekipmanlarda
(mekanik-elektrik aksan ve muhteviyat) hafif ve
orta hasarlar tespit edilmistir. S6z konusu tesislerin,
3 deprem ayr1 ayri dikkate alindiginda, hemen
depremlerden sonraki 6 saatten daha kisa bir siirede
yeniden faaliyete gegirilmesi saglanmustir [4-7].
4 Nisan 2010, Mw 7,2 Meksika depremi sonucu,
San Diego Gaz ve Elektrik (SDG & E) Trafo
Merkezi’nde bulunan baralarin mesnet
baglantilarinda, porselen parafudurda, trafo
porselen businglerinde ve normal ayiricilarda
hasarlar meydana gelmistir. S6z konusu tesis i¢in
kritik elemanlarin tespit edilmesi ve alternatif
giiclendirme c¢aligmalar1 arastirilmistir [8]. M.
Shinozuka ve arkadaglarn [9] tarafindan Los
Angeles Department of Water and Power’s
(LADWP’s) elektrik enerji tesisi i¢in yapilan
calismada, 47 deprem senaryosu dikkate alinarak
elde edilen risk egrileri ile ekonomik parametreler
arasinda iliski kurulmustur. Benzer sekilde

literatiirde, elektrik enerji tesislerinin sismik hasar
gorebilirlik degerlendirmesi i¢in yapilmis farkli
yontem ve yaklagimlarin dikkate alindigi ¢alismalar
mevcuttur [10-14].

Seki 1. EnerjiSA Bandirma-I dogalgz kombine
¢evrim santrali

Sekil 1’de goriilen EnerjiSA Bandirma-I Dogalgaz
Kombine Cevrim Santrali, Balikesir’in Bandirma
ilgesinde bulunmaktadir. 936 MW kurulu giice
sahip olan santral her biri 304,29 MW kapasiteli iki
gaz tiirbinine, 500 ton/saat buhar kapasiteli iki 1s1
geri kazanimli buhar jeneratoriine ve 327,6 MW
kapasiteli bir buhar tiirbinine sahiptir. Santral,
Marmara Denizi’'ne yakin konumlandirilmistir ve
deniz suyu 54.000 m%/saat miktar1 ile sogutma
amacli kullanilmaktadir. Santralin ulusal elektrik
sebekesine baglantis1 380 kV salt sahasi iizerinden
“Bursa DGKCS” ve “Karabiga” Yiiksek Gerilim
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hatlart  ilizerinden gerceklesmektedir.  Ayrica
dogalgaz santralinin i¢ ihtiyacini kargilamak {izere
3,45 MW giiciinde bir hidroelektrik santral de
devreye almmmistir. Santralin yillik ortalama enerji
tiretim kapasitesi 7,9 TWh’dir.

Bu calisma kapsaminda, iiretim kapasitesi ve
bilesenlerinin detayl olarak agiklandigi “EnerjiSA
Uretim Bandirma-1 Dogalgaz Kombine Cevrim
Santrali” i¢in sismik tehlike analizi, s6z konusu
alanimin tektonik yapisi, depremselligi ve sismik
kaynak bolgelemesi g6z Oniine alnarak, agik
kaynakli  bir program olan  OpenQuake
platformunda gerceklestirilmistir. Operasyonun ve
tretimin devamliliginin saglanabilmesi i¢in en
o6nemli yapilardan biri olan kontrol binasina ait mali
kayip degerlendirilmesinde, olasiliksal sismik risk
degerlendirilmesi, “Kirtlganlik Egrileri” araciligt
ile yapisal hasari ele alarak degerlendirilmistir. Bu
degerlendirmeler 1s18inda 3 farkl hasargorebilirlik
egrisi kullanilarak ¢esitli deprem senaryolarinda
kontrol binasinda olusabilecek olasiliksal hasar
maliyetleri hesaplanmistir. Farkli hasargorebilirlik
fonksiyonlarindan elde edilen ekonomik kayiplar
ayrt ayri degerlendirilmistir. Yapilan ¢aligmalar,
deprem sonrasi eylem planlarinin gelistirilebilmesi,
risk degerlendirme ve azaltma ¢aligmalari, santralin
reasiirans degerlendirmesi i¢in son derece 6nemli
sonuglar vermistir.

2. MATERYAL VE YONTEM

Depremlerin neden oldugu yikici etkilerin
azaltilmast i¢in sismik risk degerlendirmesi ve
kayip tahmini temel 6n kogsuldur [15]. Bu analizleri
gerceklestirmek igin, gilivenilir bir sismik tehlike
modeline, kapsamli bir yap1 envanter modeline
ihtiya¢ duyulmakta ve bir dizi kirilganlik ve kayip
fonksiyonlarin1 kullanmak gerekmektedir [15].
Sismik risk degerlendirilmesi sonucunda, kayip
oranlarinin dagilimi veya kauiplarin agsma olasilig1
hesaplanmaktadir.

Kiiresel Deprem Modeli (GEM), diinya capinda
deprem riskini hesaplamay1 amaglamaktadir [16].
Bu amaca yonelik sismik tehlike ve risk
degerlendirmesi igin acik kaynakli OpenQuake

yazilmim  gelistirmistir.  OpenQuake projesi,
Kiiresel Deprem Modelinin (GEM-
1021
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http://www.globalquakemodel.org) [17] bir pargasi
olarak baglatilmistir. Bu yazilim, hedef bir bolge
icin senaryo bazli veya olasiliksal sismik tehlike
analizi sonucunda olusabilecek fiziki ve sosyo-
ekonomik kayiplart hesaplayabilen bir dizi
hesaplayicidan  olusur.  OpenQuake, Python
programlama dilinde yazilmis ac¢ik kaynakli,
deprem tehlike ve riskini modellemek, arastirmak
ve yonetmek icin entegre bir ortam sunacak olan

web tabanli bir sismik degerlendirme platformudur
[16].

Sismik  tehlikenin  belirlenmesinde  bdlgenin
tektonik yapisi, deprem olusumlari ve yerel zemin
sartlar1 hesaba katilmaktadir. Bolgeye ait sismik
veriler ile bolgede kullamlabilecek yer hareketi
tahmin denklemleri, olasiliksal tehlike analizi
modelini olusturmaktadir. Deterministitk veya
olasiliksal deprem tehlike analizlerinden elde edilen
sonuglara bagli olarak sismik risk degerlendirilmesi
yapilabilmektedir.

Olasiliksal Sismik Tehlike Degerlendirmesinin
(OSTA-Probabilistic Seismic Hazard Assessment -
PSHA) temel bilesenleri; deprem kaynak(lar)inin
tanimlanmasi, her bir kaynak i¢in deprem olusum
karakteristikleri ve yer hareketleri tahmin
denklemleridir. Bu temel bilesenler, belirli bir
bolgedeki farkli yer hareketi parametrelerinin
astlmasi thtimalini elde etmek tizere olasiliga dayali
bir modele sayisal olarak entegre edilir [18].
Olasiliksal sismik tehlike analizi, tehlikenin
olasiliklt bir tamimina dayali olarak, tek bir varlik
icin kaylp olasiligi ve kayip istatistiklerinin
hesaplanmasini saglamaktadir [16]. Bu
hesaplayicinin ~ ¢iktisi, Ornegin  risk azaltma
¢abalarinin onceliklendirilmesi i¢in kullanilabilen,
farkli yerlerdeki varliklar arasinda karsilagtirmali
risk  degerlendirmesi  ig¢in  kullanilmaktadir.
OpenQuake platformunda yapilan tehlike analizi
sonucunda tehlike egrileri, spektrumlar ve tehlike
haritalar1 elde edilirken, risk analizi sonucunda
kayljp ve hasar dagilimi hesaplanmaktadir.
OpenQuake platformu, sismik tehlike ve riskin
hesaplanmasi i¢in diinyadaki ¢esitli kurumlar ve
aragtirma projeleri tarafindan test edilmektedir.
(Avrupa Komisyonu tarafindan finanse edilen
SHARE projesinde, www.share-eu.org'da Avrupa
igin tehlikenin hesaplanmasi gibi) [16]. Sekil 2 ile
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olasilikli sismik tehlikeye bagli olasilikli sismik risk
analizi akis semas1 gosterilmistir.
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Sekil 2. Klasik olasilikli sismik tehlikeye dayali
deprem risk hesab1 akis semasi

OpenQuake, Klasik OSTA tabanli  hasar
hesaplayicisi, varligin belirli bir siire icinde hasar
dagilimin1 vermek igin, varligin bulundugu yerde
sismik tehlike egrisi ile bir varlik i¢in ayr1 veya
stirekli hasar durumu kirilganlik fonksiyonlarim
sayisal entegrasyon yoluyla birlestirir. Siirekli
kirllganlik  fonksiyonlari, lognormal dagilimin
kiimtilatif dagilim fonksiyonu ile hesaplanmaktadir.

Sismik kirilganlik ve kayip model degerlendirmesi,
olasiliksal sismik riskin degerlendirilmesinde
o6nemli bir adimdir [15]. Kirilganlik, bir dizi sismik
yogunluk 6l¢iim seviyesine (PGA,Sa) karsilik gelen
hasar sinir durumunu asma olasiligt olarak
tamimlanir. Bir kirilganlik modeli ortalama ve
standart sapma ile temsil edilen, lognormal
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dagilimli  bir fonksiyondur. Risk analizinde,
kirtlganlik modeli, hasar dagilimini hesaplamada
kullanilmaktadir. Ayrica, kirtlganlik modelleri,
belirlenmis  sonu¢ modelleriyle  kullanilarak
hasargorebilirlik egrisi elde etmede
kullanilmaktadir. Kirillganlik modelleri, ayrik
noktalarla ya da devamli fonksiyon olarak
tanimlanabilmektedir.

Sismik yogunluk boyunca kayip oraninin olasilikli
dagilimi, kayip fonksiyonlariyla tanimlanmaktadir.
Hasargorebilirlik egrisi, yapida olusan hasarin
oranini ifade ederken, kirilganlik egrileri dikkate
aldigimiz herhangi bir hasar durumunun asilma
olasiligi1 ifade eder. Hasargorebilirlik egrileri;
kirtlganlik  egrilerinin  sonu¢  modelleriyle
(consequence models) birlikte kullanilmasiyla elde
edilebilmektedir [16]. OpenQuake platfromunun
mevcut slirimiinde ayrik olarak tanimlanan kayip
fonksiyonlari, 6liimler veya onarim maliyetleri gibi
olabilecek kayiplari dogrudan modellemek icin
kullanilir [15]. Sismik yogunluk seviyesine (PGA,
PGV, Sa) denk gelen ortalama kayip orani ve bu
orana ait varyasyon katsayist kullanilarak olasilikli
dagilim olarak OpenQuake platformunda kayip
egrileri tanimlanabilmektedir.

Bu calismada, acik kaynakli bir program olan
OpenQuake ile ¢alisma bdlgesinin, tektonik yapisi,
depremselligi ve sismik kaynak bolgelemesi goz
ontine alinarak, Bandirma-I DGKCS kontrol binasi
icin olasiliklt sismik tehlike analizi gergeklestirildi.
Deprem tehlike analizi sonuglari kullanilarak, hedef
yapida kayip degerlendirilmesinde, olasiliksal
sismik risk analizi gergeklestirilmistir. Sismik risk
degerlendirilmesinde, ti¢ farkli hasargorebilirlik
fonksiyonu kullanilarak kayiplar hesaplanmustir.

Calisma kapsaminda, sahaya &zel olasiliksal
deprem tehlike analizi yapilmis, elde edilen
spektrum, DBYBHY 2007 [19] ve TBDY2018 [20]
tasarim spektrumlariyla karsilagtirilmigtir. Tasarim
ivme veri setinin belirlenmesinde, sahaya 06zel
tehlike analizi spektrumlari kullanilmigtir. Gerek
zemin ve gerekse yakin fay etkilerini goz Oniine
alarak belirlenmis olan sahaya o6zgii, %5 soniimlii
spektrum egrileri ile 2018 Tiirkiye Bina Deprem
Yonetmeligi kapsaminda yer alan tasarim esasli,
yatay davranis spektrumlari 475 ve 2475 yillik
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ortalama tekrarlanma periyotlari icin
hesaplanmigtir. TBDY2018 [20]’¢ goére deprem
diizeyleri tekrarlanma periyoduna gore;

» DD-1=50 yilda asilma olasilig1 %2 (tekrarlanma
periyodu 2475 yil) olan deprem yer hareketi
diizeyi

» DD-2=50 yida asilma olasiigt %10
(tekrarlanma periyodu 475 yil) olan deprem yer
hareketi diizeyi

» DD-3=50 yida asilma olasiligt %50
(tekrarlanma periyodu 72 yil) olan deprem yer
hareketi diizeyi

+ DD-4=50 wyilda asilma olasilign %68
(tekrarlanma periyodu 43 yil) olan deprem yer
hareketi diizeyi

olarak smiflandirilmistir. Sekil 3‘te TBDY2018
tasarim  spektrumu  gosterilmistir.  Spektrum
detaylar TBDY2018 [20], 2.bolimde
anlatilmaktadir.

S,e(T)

)

Ds |

Spi

0.4Sps

I, T, 10 7 4
Sekil 3. TBDY 2018 [20] - %5 sontimlii yatay
elastik tasarim ivme spektrumu [20]

3. BULGULAR VE TARTISMA

3.1. Marmara Bolgesi Deprem Tehlike Analizi

OpenQuake platformunda, risk hesap akis semasi
olarak senaryoya dayali risk analizi, klasik olasilikl1
risk analizi ve(veya) olaya bagl olasilikli risk
analizi bulunmaktadir. OpenQuake platformunda,
Marmara boélgesi ve Bandirma-I DGKCS kontrol
binasinin bulundugu konum i¢in olasiliksal deprem
tehlike analizi hesab1 gergeklestirildi. Calisma
kapsaminda, SHARE  projesinde =~ ESHM13
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modelinde [21] tamimlanan, alan kaynak, c¢izgi
kaynak ve arka plan kaynak modelleri dikkate
almmistir. Sismik tehlikeyi tanimlamak igin yer
hareketi tahmin denklemleri (YHDT) olarak
Chiou&Youngs (2008) [22] modeli kullanilmstir.
50 willik siire icin sismik tehlike analizleri
gerceklestirildi. Zemin bagimli ve zemin bagimsiz
olmak ftizere iki farkli olasiliksal sismik tehlike
analizi gerceklestirildi. Zemin bagimsiz durum i¢in
30 m derinlikte zemin kayma hizi (Vs30) 760 m/s
olarak tanimlandi. Zemin bagimli durum i¢in 30 m
derinlikte zemin kayma hizi (Vsz30) 360 m/s olarak

28°0'E

ikiarel |

.%
‘ oA 4
S

41°0N

DGK

40°0'N

Balikesir

39°0N

26°0E 27°0E 28°0E

tanimlandi. NEHRP [23] zemin simiflandirmasi
referans aliarak, Vs30=760m/s degeri ZB zemin
siifl, Vs30=360m/s degeri ZD zemin sinifi olarak
dikkate  alindi.  OpenQuake  platformunda
gergeklestirilen, olasilikli sismik tehlike analizi
sonucunda, Marmara bolgesinde, PGA dagilimlari,
475 yil ve 2475 yil doniis periyotlu deprem yer
harekti diizeyi i¢in irdelenmistir. Olasiliksal sismik
tehlike analizi sonucunda zemin bagimsiz durum
i¢in 475 yil ve 2475 yil doniis periyotlu deprem yer
hareketi diizeyine ait PGA dagilimi sirasiyla
Sekil 4-5’te verilmistir.

29°0'E 30°0E
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Vs30=760 m/s PGA %2
e Yiksek: 1.95 (g)

WS Dusgik : 0.25 (g)
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Sekil 4. Marmara Bolgesi igin 50 yilda agilma olasilig1 %2 olan (2475 yil) deprem yer hareketi diizeyine

ait PGA Dagilimi (Vs 30=760 m/s)
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Sekil 5. Marmara Bolgesi igin 50 yilda agilma olasiligi %10 olan (475 yil) deprem yer hareketi diizeyine

ait PGA Dagilimi (Vs3=760 m/s)
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Benzer sekilde, olasilikli sismik tehlike analizi
sonucunda, zemin bagimli durum igin 475 yil ve
2475 yil doniis periyotlu deprem yer hareketi

27°0E 28°0E

Balikesir

26°0E 27°0E 28°0E

diizeyine ait PGA dagilimi sirasiyla Sekil 6-7°te
verilmistir.
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Vs30=360 m/s PGA %2
mm Yiksek : 1.20 (g)

B Dusik : 0.26 (g)

29°0E 30°0E 31°0€

Sekil 6. Marmara Bolgesi 50 yilda asilma olasiligt %2 olan (2475 yil) deprem yer hareketi diizeyine ait

PGA Dagilimi (Vs 30=360 m/s)

Balikesir

Manisa
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Vs30=360 m/s PGA %2
wn Yiksek : 1.20 (g)

S Dogiok : 0.26 (g)

20°0E 30°0E 31°0E

Sekil 7. Marmara Bolgesi 50 yilda asilma olasiligi %10 olan (475 yil) deprem yer hareketi diizeyine ait

PGA Dagilimi (Vs30=360 m/s)

Bandirma-I DGKCS’nin konumunda yumusak
zemin oldugu tespit edilmistir. Bolgeye ait zemin
calismalarinda Vs3=360 m/s olarak belirlenmistir.
Zemin bagimli durum i¢in 30 m derinlikte zemin
kayma hizi (Vs3) 360 m/s olarak kullanildi.
NEHRP [23] zemin siniflandirmasina gore Vsao
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degeri ZD zemin sinifi oldugunu gostermektedir.
Sekil 8’de gosterildigi gibi logaritmik olarak
Bandirma I ‘e ait zemin bagimli (Vs30=360m/s) ve
zemin bagimsiz (Vs30=760m/s) durum igin sismik
tehlike egrileri elde edildi.
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Vs30=360m/s

Sekil 8. Zemin bagimli ve zemin bagimsiz durum i¢in Bandirma-I DGKCS’¢ ait tehlike egrileri

Olasiliksal deprem tehlike analizi sonucunda,
Bandirma-I DGKCS kontrol binast igin zemin
bagimli ve zemin bagimsiz durum igin tehlike
spektrum egrisi, deprem tekrarlanma periyodu (475
yil ve 2475 yil) i¢in elde edildi. Sekil 9-10’da
Bandirma-I DGKCS kontrol binasi i¢in her bir
deprem tekrarlanma periyoduna gore iki farkli
zemin durumu i¢in elde edilen spektrum egrileri
gosterilmistir.

1.00
0.80
% 0.60
& 0.40
0.20
0.00

0 1 2 3 4

T(s)
Vs30=760m/s Vs30=360m/s
Sekil 9. Zemin  bagimli ve zemin bagimsiz
durumlarma ait Bandirma-I DGKCS

kontrol binasinin bulundugu yere ait
spektrum egrileri  (475y1l  tekrarlanma
periyodu)
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Sekil 10. Zemin bagimli ve zemin bagimsiz

durumlarima ait Bandirma-I DGKCS
kontrol binasimin bulundugu yere ait
spektrum egrileri (2475 yil tekrarlanma
periyodu)

Elde edilen sahaya ozel spektrum egrileri, %5
soniimli DD1, DD2 deprem diizeylerine ait TBDY
2018 [20]°’de ifade edilen spektrumlar ile
DBYBHY2007 [19]°de birinci derece deprem
bolgesi i¢in sunulan tasarim spektrumlari dikkate
almarak, Kkarsilagtirmali  incelemesi sirasiyla,
Sekil 11 ve Sekil 12° de gosterilmistir. Yapilan bu
karsilagtirmada, yonetmeliklerde sunulan, zemin
bagimli duruma (ZD zemin siifina) ait ve zemin
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bagimsiz duruma (ZB zemin sinifina) ait
spektrumlar  dikkate  alinmustir.  Spektrum
hesabinda, Uzaklik, fay tipi ve derinlik gibi deprem
bilgileri ve istasyon bilgileri parametreleri
kullanilmistir.

Sekil 11-12’de gosterildigi gibi ZD (Vs30=360 m/s),
ZB (Vs30=760 m/s) zemin kosullarinda, sahaya 6zel
sismik tehlike analizinden elde edilen spektrum,
DD1- ve DD-2 deprem diizeyi i¢cin TBDY 2018
spektrumu ve birinci derece deprem bdlgesi i¢in
DBYDBH2007 tasarim spektrumuyla
karsilastirilmistir.

[ 0.2 04 06 08 1 12 14 16 18 2

Tis)

A75y11,ZB-TBDY2018 A7591,ZD-TBDY2018

A75y1l,PSHA-VS20=760m)/s

47511, PSHA-Vs30=360m/s ZDTSC2007  eeees ZB-TSC2007

Sekil 11. 475 wyil doniis periyot deprem igin
(DD-2), ZB(Vs30=760 m/s) ve
ZD(Vs30=360 m/s) zemin kosullar1 igin
sahaya 0zel tehlike spektrumlarinin
TBDY 2018 ve DBYBHY 2007
spektrumlariyla karsilastiriimasi

200
180
160 7

140 r’\
_1 ’
2100 Z \ e

0.80
060 - BE

0.40 - ——
0.20

0.00

Tis)

2475 il ZB-TBDY2018 2475yl ZD-TBDY2018 24751l PSHA-Vs30=360ms

——— 2475y1,PSHA-V530=760m/s DTSC2007  seses 7B-T5C2007

Sekil 12. 2475 yil doniis periyot deprem igin
(DD-1), ZB(Vs%=760 m/s) ve
ZD(Vs30=360 m/s) zemin kosullar1 igin
sahaya 0zel tehlike spektrumlarinin
TBDY 2018 ve DBYBHY 2007
spektrumlariyla karsilastirilmasi
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DD-1 seviyesinde deprem i¢in, ZB zemin
sartlarinda, sahaya 0&zel spektrum TBDY2018
spektrumu ve DBYBHY 2007 ile uyumlu oldugu
gozlenmistir. ZD zemin sartlarinda TBDY2018
spektrumu, sahaya 6zel spektrumdan daha yukari
seviyede kalirken, DBYBHY2007 spektrumu daha
asagl seviyede kalmaktadir. DD-1 deprem
seviyesinde, ZB zemin kosulu i¢in olasiliksal
sismik tehlike analizi sonucunda elde edilen
spektrum, sismik tasarimda kullanilmas: gegerli
olurken, ZD zemin kosullar1 i¢in bdlgede
TBDY2018 tasarim spektrumunun kullanilmasi
gerekmektedir.

DD-2 seviyesinde deprem i¢in, ZB zemin
sartlarinda sahaya 0zel spektrum TBDY2018
spektrumu ile uyumlu olurken, DBYBHY 2007
spektrumundan asagi seviyede kalmaktadir. ZD
zemin sartlarinda TBDY2018 ve DBYBHY2007
spektrumu, sahaya 6zel spektrumdan daha yukari
seviyede kalmaktadir. DD-2 deprem seviyesi, ZB
zemin kosulu igin olasiliksal sismik tehlike analizi
sonucunda elde edilen spektrum, sismik tasarimda
kullanilmas1 gegerli olurken, ZD zemin kosullari
icin bolgede TBDY2018 tasarim spektrumunun
kullanilmas1 gerekmektedir.

Bandirma-I DGKCS kontrol binasi igin yapilacak
olan olasiliksal sismik risk degerlendirilmesine
bagli olarak hesaplanacak olan ekonomik kayip
tahmininde, olasiliksal sismik tehlike analizinden
elde edilen sismik tehlike egrisi dikkate alinacaktir.

3.2. Bandirma-I DGKCS Kontrol Binasi,
Deprem Risk Degerlendirme Analizi

Bir Enerji Santrali’nde dogal afetler sonrasinda da
tretimin devamliliginin saglanabilmesi i¢in en
kritik yapilardan birisi de Santral Kontrol
Bina’sidir. Santralin tiim tiretim siireci bu binadaki
Kontrol Odasi’ndan takip edilir ve yonetilir.

Calisma kapsaminda dikkate alinan mevcut Kontrol
Binasi, 42,1 m X 22,6 m boyutlarinda, iki katl,
betonarme karkas bir yapi olarak tasarlanmustir.
Bina tasiyic1 sistemi betonarme c¢erceveler ve
perdelerden olusacak sekilde diizenlenmistir
(Sekil 13).
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\‘.}__ ». i e
Sekil 13. EnerjiSA Bandirma-I DGKCS kontrol
binas1 genel goriiniis

Kontrol Bina’lari, kontrol odasinin yani sira, Enerji
Santrallerinde iiretimin devamlilig i¢in gok dnemli
olan C&I odasi, akii odasi, diisiik/orta gerilim
odalar1 vb. kritik ekipman odalarint muhteva eder
(Sekil 14). Bu bina, santralin ana kontrol
merkezidir. Sahaya giden tim sinyal ve enerji
kablolar1 bu binada toplanmaktadir.

Sekil 14. EnerjiSA Bandirma-l DGKCS kontrol
binasi, diisiik gerilim odasi

Bu caligmada dikkate alinan herhangi bir deprem
tehlikesi i¢in yapida olusacak hasar dagilimlarinin
degerlendirilmesinde, Hazus [24]’da siinek az katli
0zel betonarme yapilara ait hafif, orta, agir ve
gocme hasar durumlari i¢in sunulan kirilganlik
fonksiyonu dikkate alinmistir. Bu egri maksimum
yer ivmesinin (PGA) bir fonksiyonu olarak
sunulmustur. Az katli, siinek, 6zel betonarme
yapilara ait Hazus [24]’da tanimlanan kirilganlik
egrisi Sekil 15°te gosterilmistir. Yapisal hasar
dagiliminda PGA, deprem yer hareketi parametresi
dikkate alinmustir.
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——Hafif ——O0rta ——AgIr Gocme
Sekil 15. Dort farkli hasar seviyesi igin, az katli,

0zel betonarme yapi sinifina ait dikkate
alinan kirilganlik egrisi [24]

Bir kirilganlik modelinin gelistirilmesi, genellikle
kayip tahmin ¢aligmasinin ilk adimlarindandir. Bir
dizi kayip modelleri i¢in dikkate alinan sonug
modeli, kirilganlik modeliyle birlestirilerek sismik
risk degerlendirmesinde kullanilabilmektedir. Bu
calismada, HAZUS [24], Askan&Yiicemen (2010)
[25], ve Bal ve arkadaslari (2008) [26] tarafindan
Onerilen sonu¢ modeli kullanilarak, yapisal
elemanlara ait kirllganhk modelleri, kayip
modellerine  dontistirilmiistir. Cizelge 1, bu
caligmada kullanilan hasar durumlarma karsi kayip
oranlarimi gostermektedir.

Cizelge 1. Hasargorebilirlik egrisini olusturmada
kullanilan sonu¢ modelleri

Askan & Bal ve

Hasar Yiicemen arkadaglari Hazus
Durumu (2010) (2008) (1997)
Hafif 0,05 0,16 0,02
Orta 0,30 0,33 0,10
Agir 0,85 1,00 0,50
Gogme 0,85 1,00 1,00
Sismik risk degerlendirilmesinde  kullanilan

hasargorebilirlik egrisi, kirilganlik egrilerinin sonug
modelleriyle  (consequence models) birlikte
kullanilmastyla, Esitlik 1 ile hesaplanmaktadir [27].
Esitlik 1°de yer alan | deprem siddet parametresini
(PGA, Sa, vb.), i, g6zoniine alinan deprem siddet
parametresinin degerini, hd her bir hasar durumunu
(hafif, orta, agir, gé¢me), KOng, her bir hasar
durumunda, sonu¢ modelleriyle elde edilen,
ortalama kayip oranini (loss ratio) (Cizelge 1’de her
hasar durumu igin farkli sonu¢ modellerinde,
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ortalama kayip tanimlanmigtir.)

gostermektedir.

orani

E[KayipOrani|I=i]; hasargorebilirlik egrisinde,
deprem siddet parametresinin, i degeri i¢in
beklenilen  kaylp  orammi  gostermektedir.
E[KaywpOrani|I=i]; deprem siddet paramteresinin i
degerine esit oldugu anda, tanimlanan 4 farkli hasar
durumunda, kirilganlik egrilerine bagh olarak,
sonu¢ modellerinde verilen ortalama kayip orani
hesaba katilarak elde edilmektedir. Esitlik 1
kullanilarak, ilgili yapiya ait, gozoniine alinan
deprem siddet parametresine bagli hasargorebilirlik
egrisi elde edilmektedir.

nHD
E|KaywpOram|l = i] = z
hd=0

(P[HD = hd|l = i]. KOyq) (8]

Yapisal elemanlara ait hasargorebilirlik egrisi,
Askan&Yiicemen (2010) [25], Bal ve arkadaslari
(2008) [26], ve Hazus (1997) [24] sonug modeli ve
Hazus [24]’dan alinan kirilganlik fonksiyonu
Esitlik (1) i¢inde kullamilarak, Sekil 16°daki gibi
elde edilmistir.

12
1

E —_—
g 08
a 06
% 0.4

X

0.2
0

0 05 1 15 2 25 3

PGA(g)

—— Askan&Yiicemen(2010) Bal vd.(2008) HAZUS(1997)

Sekil 16. Dikkate alinan farkli sonug fonksiyonlart
icin elde edilen hasargérebilirlik egrileri

Ekonomik kayiplar, hasargorebilirlik egrilerinin
deprem risk analizi modelinde kullanilmastyla
hesaplanmaktadir. Hasargorebilirlik egrilerinde
tanimlanan her bir deprem parametresindeki (PGA)
kayip oranlari, bu deprem parametrelerinin deprem
tehlikesinden hesaplanan asilma olasiliklariyla
birlikte kullanilarak, ekonomik kayiplarin asilma
olasiliklari  tanimlanan zaman araligi igin
hesaplanmaktadir. OpenQuake programiyla yapilan
olasiliksal deprem risk analizi sonucunda yapisal
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elemanlara ait mali kayip oranlarinin ve kayip
miktarlarinin, 50 yilda asilma olasiligl, zemin
bagimli ve zemin bagimsiz durum igin Sekil 17 ve
Sekil 18 ile gosterilmistir. Cizelge 2 ve Cizelge 3’te
farkli zemin kosullarinda, risk analizinden elde
edilen 50 yilda asilma olasilig1 %2 ve %10 olan yer
hareketi sonucu olusabilecek yapisal kayip oranlari
verilmigtir.
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@ 070
9 060 —— I EBal(2008)
l—_E 0.50
< —— Askan and
: 040 Af an an
T Yiicemen(2010)
< 030
o —— HAZUS(1997)
v 020

0.10

0.00

0.000 0200 0400 0600 0800  1.000
Kayip Orani
Sekil 17. Yapiya ait risk analizi sonucu elde edilen
kayip egrileri (Vs30=360 m/s)

1.00

0.90
® 0.80
2070
[ 0.60 — |.E.Bal(2008)
o 0. E.
E 0.50
g —— Askanand
o 040
T Yiicemen(2010)
$ 030
o ——HAZUS(1997)
v 020

0.10

0.00

0.000 0.200 0.400 0.600 0.800 1.000
Kayip Orani

Sekil 18. Yapuya ait risk analizi sonucu elde edilen
kayip egrileri (Vs30=760 m/s)

Olasiliksal deprem risk analizi sonucunda, Cizelge
2-3’te gosterildigi gibi, zemin bagimli durum igin
Ekonomik kayip orani en yiiksek Bal ve arkadaglari
(2008) [26] modelinde hesaplanirken, en diisiik
Hazus [24] modelinde hesaplanmigtir. Ayrica,
yumusak zemin (Vs30=360 m/s) kosullarinda,
ekonomik kayiplarin, sert zemin (Vs3=760 m/s)
kosullarindaki ekonomik kayiplara gore daha fazla
oldugu gézlemlenmistir.
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Cizelge 2. Farkli deprem seviyeleri i¢in yapisal

kay1ip oranlar1 (Vs 30=360 m/s
Askan & Bal ve Hazus
Deprem Seviyesi | Yiicemen | arkadaglart (1997)
(2010) (2008)
DD-1(2475 yil) 0,80 0,90 0,60
DD-2(475 yil) 0,30 0,40 0,20

Cizelge 3. Farkli deprem seviyeleri i¢in yapisal
kayip oranlari (Vs30=760 m/s)

Deprem Askan & Bal ve Hazus

SE\E)i osi Yiicemen | arkadagslari (1997)
y (2010) (2008)

DD-12475 yil) | 0,65 0,70 0,40

DD-2(475 yil) 0,15 0,25 0,10

4. SONUCLAR

Gilinlimiizde, sosyo-ekonomik hayatin

surdiiriilmesinde, elektrik tiretimi onemli bir role
sahiptir. Elektrik sebekeleri, deprem tehlikesinden
dolayt hasar gorme olasilign yiiksek kritik
altyapilardan bir tanesidir. Bu sistemlere ait {iretim
tesisleri, iletim ve dagitim agindan herhangi birinde
olusacak aksakliklar, enerji tiretiminde kesintilere
sebep olacaktir. Bu durum tesislerin bulundugu

bolgedeki ticari ve endistriyel faaliyetlerin
aksamasina sebep olabilir. Elektrik iretim
asamasinda  tim  operasyonel faaliyetlerin,

otomasyon yontemi ile kumanda ve kontrol
edildigi, tiretimin devamliliginin saglandig1 merkez
bina, kontrol binasidir.

Bu c¢alisma kapsaminda, iiretim kapasitesi ve
bilesenlerinin detayli olarak agiklandigi “EnerjiSA
Uretim Bandirma-I Dogalgaz Kombine Cevrim
Santrali” i¢in deprem tehlike analizi ve tip kontrol
binas1 risk degerlendirmesi, s6z konusu alaninin
tektonik yapisi, depremselligi ve sismik kaynak
bdlgelemesi gdz Oniine alinarak, agik kaynakli bir
program olan OpenQuake kullanilarak
gerceklestirilmigtir.  Bunun  igin,  santralin
bulundugu boélgeye 6zel olarak degerlendirilen
olasiliksal deprem tehlike analiz sonuglar
kullanilmistir. Hasar ve kayip degerlendirilmesinde
ise yapiya ait Hazus’da sunulan kirllganlik egrisi
dikkate alinarak, ti¢ farkli hasargérebilirlik modeli
kullanilmigtir. Ayrica, ekonomik kayip, zemin
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bagimli  ve zemin bagimsiz durum igin

degerlendirilmistir.

Olasiliksal deprem tehlike analizinden elde edilen
sahaya 0zel deprem yer hareketi spektrumlari,
DBYBHY 2007 ve TBDY-2018 standart deprem
yer hareketi spektrumu ile karsilastirilmistir. DD-1
ve DD-2 deprem seviyesinde, ZB zemin kosulu i¢in
olasiliksal tehlike analizi sonucunda elde edilen
spektrum, sismik tasarimda kullanilmas: gegerli
olurken, ZD zemin kosullar1 i¢in bdlgede
TBDY2018 tasarim spektrumunun kullanilmasi
gerekmektedir.

Olasiliksal deprem risk analizi sonucunda, zemin
bagimli ve bagmsiz durumlarda tehlikenin
herhangi bir agilma olasilig1 i¢in en yiiksek kayip
orani Bal ve arkadaslar1 [26] modelinde
hesaplanirken, en diisik Hazus [24] modelinde
hesaplandig1 gézlenmistir. Askan&Yiicemen [25]
modeli dikkate alinarak elde edilen kayip oranlari
incelendiginde ise {i¢ modelin ortalama degerlerine
yakin oldugu gézlemlenmistir. Ayrica, tehlikenin
her asilma olasiliginda, zayif zemin kosullarinda
elde edilen kayip oranlar1 daha yiiksek ¢ikmaktadir.
Tehlikenin farkli asilma olasiliklarinda bu fark
degismektedir. Ornegin 50 yilda asilma olasilif
%10 olan tehlike durumunda zayif zemin
kosullarinda elde edilen kayip oranlar1 yaklagik 2
kat1 arttig1 gozlemlenmistir.

Calisma kapsaminda sunulan kayip egrileri,
EnerjiSA Uretim Bandirma-I DGKCS nin deprem
sonrast eylem planlarmin gelistirilebilmesi ve
Enerji Santralleri i¢in en kritik konulardan biri olan;
olusabilecek iretim kaybi stiresinin
ongoriilebilmesi  konusunda  6nemli  veriler
saglamaktadir. Bu c¢alismanin devaminda elde
edilen sonuglar kullanilarak, kontrol binasinin
yapisal hasarindan dolayr iretimin kesintiye
ugrama siiresi ¢aligilabilecektir.
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Abstract

In this paper, a bandpass frequency selective surface filter has been suggested for the satellite and radar
applications at X band frequency regime. The study has been conducted both numerically and
experimentally in a wide range frequency band between 2 GHz and 14 GHz. 2 GHz of 3 dB bandwidth
between 7.3 GHz and 9.3 GHz has been obtained. The proposed structure has the polarization insensitive
characteristic. It also has angular stability with the incident angle ranges from 0° to 60° with very small
frequency deviations both TE and TM polarization modes. The prototype of the FSS structure is
composed of 20x20 unit cells in a dimension of 18cm x 18 cm. The experimental studies have been
conducted by using Agilent PNA-L vector network analyzer with two horn antennas. The bandpass filter
can be effectively used in many satellite and radar systems as an antenna radome to prevent noises and to
reject unwanted frequency bands

Keywords: FSS, Bandpass filter, Satellite, Radar

Yer Gozlem Uydusu ve Radar Uygulamalari icin Bant Geciren Frekans Segici
Yiizey Filtresi

Oz

Bu makalede, X bant frekans rejiminde uydu ve radar uygulamalar i¢in bir bant geciren frekans segici
yiizey filtresi 6nerilmistir. Caligma 2 GHz ile 14 GHz arasindaki genis bir frekans bandinda hem sayisal
hem de deneysel olarak gergeklestirilmistir. 7.3 GHz ile 9.3 GHz arasinda 2 GHz 3 dB bant genisligi elde
edilmistir. Onerilen yap1 polarizasyona duyarsiz Ozellige sahiptir. Ayrica, hem TE hem de TM
polarizasyon modlarinda ¢ok kii¢iik frekans sapmalari ile 0° ila 60° arasi gelis agisi araliklariyla agisal
kararliliga sahiptir. FSS yapisinin prototipi 18cm x 18cm boyutlarinda 20x20 birim hiicrelerden
olugsmaktadir. Deneysel ¢alismalar Agilent PNA-L vektdr ag analizorii ve iki huni anten kullanilarak
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gerceklestirilmistir. Bant gegiren filtre, giiriiltiileri 6nlemek ve istenmeyen frekans bantlarini reddetmek
i¢in bir anten radomu olarak birgok uydu ve radar sisteminde etkin bir sekilde kullanilabilir.

Anahtar Kelimeler: FSS, Bant gegiren filtre, Uydu, Radar

1. INTRODUCTION

The satellite and radar technologies have been of
strategic importance for many research respects
such as military, aviation, weather forecast, and
even extraterrestrial. Observation radars and
research satellites have been especially need
advance antenna systems to explore the
environment at the best possible standard. In this
perspective, the antenna performance can be
increased by using different technical solutions to
eliminate or to filter the noise and unexpected
incident waves. The metamaterials (MTMs),
electromagnetic band gap structures (EBGS), high
impedance surfaces (HISs), frequency selective
surfaces (FSSs) can be listed as some methods to
manipulate electromagnetic waves. Among this
methods, FSS structures are strongly improved as
band pass [1-5] or band stop filters [6-7] in a wide
range frequency bands.

Researchers have suggested the FSS structures in
various satellite and earth observation radar
applications in microwave and terahertz regimes.
Morrow et al. have studied a low profile FSS
structure for radar earth observation. The unit cell
of the proposed FSS structure have consist of dual
circular loop and it performs at X band frequency
regime [8]. Deng et al. have proposed a quad-band
reflect array antenna for Ku/Ka band satellite
communication applications. The reflect array
antenna is operated at the frequencies of 12.5 GHz,
14.25 GHz, 20.4 GHz and 30.2 GHz with the
aperture efficiencies of 45.6%, 44%, 56% and
54.8%, respectively [9]. Smith et al. have
suggested an L- and Ka-band satellite
communication antenna with an FSS-backed
circularly polarized reflect array. The operating
frequencies of the shared aperture antenna are
1575 MHz, 20 GHz and 30 GHz [10]. Ferraro et
al. have investigated incident angle and
polarization dependent characteristics of a cross
shaped FSS terahertz filter. The proposed structure
have been a good candidate for terahertz filter or
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sensing applications [11]. Euler et al. have
improved a FSS based split slot ring shaped liner
to circular polarization  converter.  This
submilimeter wave transmission polarizer have
achieved 11.75% of 3 dB axial ratio bandwidth
between 300 GHz and 340 GHz [12]. Machado et
al. proposed an ultra-thin FSS absorber structures
for spacecraft thermal blanket. Five different
absorber designs have  constructed  using
polyethylene terephthalate (PET) material with the
140 micron thickness. The optimum operating
frequency of the hexagonal patch array based FSS
absorbers is around 10 GHz [13]. Dickie et al.
have discussed a FSS design and fabrication
difficulty for future space science technology at
millimeter to submillimeter wave wavelength.
They have offered a new reconfigurable FSS with
piezoelectric actuators which provide high
frequency dynamic switch at 275 GHz [14].
Poojali et al. have examined the factors which
influence the performance of an FSS structure in
microwave regime. The structure have exhibited
polarization independent and angle stability
characteristics with low loss on a dielectric
substrate for atmospheric remote sensing [15].

In this study, a complementary fractal loop
bandpass FSS filter have been achieved at the
operating frequencies of earth observation
satellites and their downlinks which covers the
frequency ranges between 7.5 GHz and 9 GHz.
The study have been realized both numerically and
experimentally at the frequencies between 2 GHz
and 14 GHz. The evolution phases during the
design process has been examined and the
parametric study is realized to determine exact
operating frequency of the proposed filter. The
polarization and incident angle dependences of the
bandpass FSS filter have been also investigated
both numerically and experimentally. The
numerical studies have been conducted by using a
commercial, finite integration technique (FIT)
based full wave solver. The experimental studies
have been performed by using Agilent PNA-L

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



vector network analyzer (VNA) having a working
frequency between 10 MHz and 43.5 GHz. Also,
two horn antennas operates between 3 GHz and
18 GHz have been used during the experimental
works. The proposed bandpass FSS filter is
rejected L- S- and X- band except for a 3 dB
frequency band between 7.3 GHz and 9.3 GHz. It
is a good bandpass filter candidate for earth
observation satellite and radar applications.

2. GEOMETRY DESIGN OF THE
FSS STRUCTURE

The FSS structure is consist of periodically
adjusted unit cells. The FR4 type material with a
thickness of 1.6 mm and a dielectric constant of
4.3 is chosen as substrate layer. Perfect electric
conductor (PEC) is selected as metallic layer. The
unit cell dimension of the FSS structure is 9 mm x
9 mm. Unit cell boundary conditions have been
arrange along x- and y- directions to calculate
S- parameters in periodic aspect.

The geometry design of the proposed structure is
divided into four sections as shown in Figure 1. In
Figure 1(a), the square patch (SP) has been created
with an edge length parameter ‘edge’. This
capacitive surface act as a narrow bandpass filter at
the frequency range between 2 GHz and 14 GHz
as shown in Figure 2. After that the fractal patch
(FP) has been obtained by subtracting quarter
circle at each corner of the square patch as
demonstrated in Figure 1(b). The circle radius
parameter is called ‘outr’ and the fractal patch is
also exhibit a capacitive surface characteristics. In
the third phase of geometry design, fractal loop
(FL) with a line thickness parameter ‘w’ has been
carved out as illustrated in Figure 1(c). In this
phase, the band stop filter behavior has been
observed at the operating frequency range as
shown in Figure 2, since the fractal loop geometry
has the characteristics of inductive surface. Finally,
the complementary fractal loop (CFL) shape FSS
structure has been created in Figure 1(d) to obtain
a certain bandpass frequency range at operating
band. The parameter values of edge, outr and w
has been determined as 7.8 mm, 3.6 mm and
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0.2 mm, respectively. The 3 dB operating
frequency band of CFL shaped FSS structure is
between 7.3 GHz to 9.3 GHz as shown in Figure 2.

I ——

outr

(b)

(c)

Figure 1. The geometry design sections of the
proposed structure; (a) SP, (b) FP, (c)
FL and (d) CFL
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Figure 2. Transmission  coefficients of the

geometry design section of the proposed

structure

3. NUMERICAL STUDIES

The numerical studies of the proposed bandpass
FSS filter have been conducted by using a FIT
based simulation software at the frequency range
between 2 GHz and 14 GHz. The parametric
studies, polarization and incident angle sensitivity
have been investigated in this section.
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Figure 3. Parametric studies of the proposed structure; (a) edge, (b) w and (c) outr

The edge length parameter ‘edge’ is studied
between 7.0 mm and the 8.6 mm by increasing
0.4 mm at each step. The maximum transmission
frequency point is linearly decreased with rising
the value of the edge as illustrated in Figure 3(a).
This variation is explained with increasing the
overall capacitive value of the proposed FSS
structure. Secondly, the line thickness parameter
‘w’ is examined between 0.12 mm and 0.28 mm
by varying 0.04 mm at each step. The slight
changes have been observed in the maximum
transmission frequency point while the thickness
parameter changes in narrow scale as demonstrated
in Figure 3(b). Finally, the circle radius parameter
‘outr’ has been observed between 2.8 mm and
4.4 mm by changing 0.4 mm at each step. The
maximum transmission  frequency point s
decreasingly shifted by reducing the parameter
outr as shown in Figure 3(c). The parameter values
of the proposed band pass filter structure have
been selected as 7.8 mm, 3.6 mm and 0.2 mm for
edge, outr and w. Hence, the operating frequency
band of structure (between 7.3 GHz and 9.3 GHz)
with these parameter values covers the working
frequency ranges of the earth observation satellites
and their downlinks at L- and X- bands.
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The transmission band result of the filter are
numerically observed for TE and TM polarization
condition under normal incident angle as plotted in
Figure 4. The transmission response is obtained as
the same results for both polarization. The
transmission bandwidth values are given as the
percentile ratio of 3 dB bandwidth to of the central
frequency of operating band. The 3 dB bandwidth
has been obtained 23.8% for both polarizations. It
is concluded that the proposed structure exhibits
polarization insensitive characteristic.

0
)
=
5 4« /‘ T
0 i
£ 20 i 5
- —TE 0 deg.
[ =+TM 0O deg.
00 6 s 10 12w
Frequency (GHz)

Figure 4. TE and TM polarization comparison at
normal incident angle
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Figure 5. Transmission coefficients of (a) TE and (b) TM polarization under different incident angle

The transmission response has also investigated
under different incident angle conditions ranging
from 0° to 60° for both TE and TM mode as
illustrated in Figure 5. The maximum frequency
deviation for TE mode occurs 0.6% in 60° of
incident angle with 11.5% of 3 dB bandwidth of
the centre frequency as shown in Figure 5(a). For
the TM mode, it arises 3.3 % in 60° of incident
angle with 37.5% of 3 dB bandwidth as shown in
Figure 5(b).

4. FABRICATION AND
EXPERIMENTAL STUDIES

The experimental studies of the proposed FSS
structure have conducted to prove the numerical
results. The prototype of the FSS structure has

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

been fabricated by a single sided FR4 type
dielectric material. The manufactured structure is
composed of 20x20 unit cells with dimensions of
180 mm x 180 mm as shown in Figure 6(a). This
prototype is tested by Agilent PNA-L VNA
between the frequencies of 3 GHz and 14 GHz.
Two horn antennas has been used to observe
network  parameters as demonstrated in
Figure 6(b). The distance between the horn
antennas and prototype FSS is adjusted by
considering the Fresnel region (near field radiative
region). This radiative region can be calculated as
2D%A. D and 1 represents the largest antenna
dimension and wavelength of the central frequency
of operating band, respectively.

The numerical and experimental results have been
compared for TE and TM mode in Figure 7 and 8,
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respectively. The loss originated from fabrication
errors is around 1 dB both TE and TM polarization
mode for 0° and 60°. The 3 dB bandwidths of
central frequencies in TE mode are about 22% and
17.5% for 0° and 60°, respectively as shown in
Figure 7. In TM mode, the bandwidths are about
21.8% and 29.8% for 0° and 60°, respectively as
plotted in Figure 8. The maximum frequency

deviations are 0.8% and 3.4% for TE and TM
mode, respectively for incident angle from 0° to
60°. It can be seen from Figure 7 and 8 that a slight
frequency differences which is originated from
fabrication and calibration errors were occurred
between measured and simulated results. However,
the results are in a good agreement with respect
angular stability and 3 dB bandwidth.

y

Figure 6. (a) Fabricated prototype of FSS structure and (b) experimental setup
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5. CONCLUSION

In this paper, complementary fractal loop shaped
bandpass FSS filter has been proposed for the
applications of earth observations satellites and
radars. The transmission band of the proposed FSS
filter is from 7.3 GHz to 9.3 GHz. The FSS filter
structure is studied both numerically and
experimentally between the frequency ranges
between 2 GHz and 14 GHz. It has angular
stability with small frequency deviation and
polarization insensitivity characteristics. The
transmission band of the proposed FSS structure
contains downlink frequencies of some satellites
such as Terra, Aqua, ERS-2, EROS Al, Landsat,
and etc. The bandpass FSS structure can be
effectively used in these type of satellite systems
by preventing noise and undesired frequencies and
by improving signal to noise ratio.
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Abstract

High power onboard battery chargers employed in electric vehicles (EVs) and plug-in hybrid EVs
(PHEVs) fed from three-phase mains typically consist of a two-stage structure as AC-DC and DC-DC
stages. The AC-DC stage is also known as the active front end (AFE). While the AFE rectifies the mains
voltage, maintains the power factor, and provides a constant DC-link voltage to the DC-DC converter, the
DC-DC converter stage regulates the charging current considering the charging algorithms in order to
extend the battery service life. This study focuses on the selection of cost/performance effective AFE
topology that can be used in high power onboard chargers. Four different suitable AC-DC topologies are
investigated: (i) 3-phase 2-level rectifier, (ii) 3-phase, 3-level neutral-point-clamped (NPC) rectifier, (iii)
3-phase, 3-level T-type rectifier, and (iv) Vienna rectifier. In this study, the aforementioned AFE
topologies have been simulated on the PLECS/SpeedFit environment and compared in terms of
efficiency, losses, temperature, the number of switching elements, cost and cost/efficiency metrics. The
performance results of the aforementioned topologies have been evaluated under different operating
frequencies. The results reveal that the most suitable topology alternatives for the front-end AC-DC
converter are 3-phase 2-level PWM rectifier and Vienna rectifier. Although the 3-phase 2-level PWM
rectifier is superior with its 12% cost advantage, fewer components, and ease of control advantages, it
lags a little behind the Vienna rectifier in terms of total harmonic distortion.

Keywords: Onboard battery charger, Electric vehicle, Plug-in, Active front end, rectifier
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Yiiksek Giiclii, Yiiksek Gerilimli Yerlesik EV Sarj Cihazlarinda Kullanilan
Active-Front-End Dogrultucu Topolojilerinin Performans Kiyaslamasi

Oz

Ug fazli sebekeden beslenen Elektrikli araglarda (EA'lar) ve plug-in hibrit EV'lerde (PHEA'lar) kullanilan
yiiksek gliclii yerlesik batarya sarj cihazlar1 genellikle AA-DA ve DA-DA olarak iki asamali bir yapidan
olusur. AA-DA asamasi, active-front-end (AFE) olarak da bilinir. AFE, sebeke gerilimini dogrultup, gii¢
faktoriinii  diizenleyip ve DA-DA doniistiiriiciiye sabit bir DC-bara gerilimi saglarken, DA-DA
doniistiiriicii asamasi, batarya dmriinii uzatmak icin sarj algoritmalarini dikkate alarak sarj akimini regiile
eder. Bu calisma, yiiksek giiclii yerlesik sarj cihazlarinda kullanilabilecek maliyet/performans agisindan
etkin AFE topolojisinin se¢imine odaklanmaktadir. Uygun olan doért farkli AA-DA topolojisi
incelenmistir: (i) 3-fazli 2-seviyeli dogrultucu, (ii) 3-fazli, 3-seviyeli notr nokta-baglantili (NPC)
dogrultucu, (iii) 3-fazli, 3-seviye T tipi dogrultucu ve (iv) Viyana dogrultucu. Bu ¢alismada, yukarida
bahsedilen AFE topolojileri PLECS/SpeedFit ortaminda simiile edilmis ve verimlilik, kayiplar, sicaklik,
anahtarlama elemanlar1 sayisi, maliyet ve maliyet/verimlilik &lgiitleri agisindan karsilastirilmistir. S6z
konusu topolojilerin performans sonuglari farkli ¢aligma frekanslari altinda degerlendirilmistir. Sonuglar,
front-end AA-DA doniistiiriicli i¢in en uygun topoloji alternatiflerinin 3 fazli 2 seviyeli PWM dogrultucu
ve Viyana dogrultucu oldugunu ortaya koymaktadir. 3 fazli 2 seviyeli PWM dogrultucu %12 maliyet
avantaji, daha az bilesen ve kontrol kolayligi avantajlari ile iistiin olmasina ragmen, toplam harmonik
bozulma agisindan Viyana dogrultucunun biraz gerisinde kalmaktadir.

Anahtar Kelimeler: Aragiistii batarya sarj cihazi, Elektrikli arag, Fisli, Active-front-end, Dogrultucu

1. INTRODUCTION industrial applications and named active front end,
rectifies the mains voltage, maintains the power
Transportation has a grea‘[ portion of primary factor and prOVides a controllable DC-link VOltage
energy consumption across the world [1]. In view to the DC-DC converter [5].
of the fact that a large part of the energy for the
transportation sector has been supplied by fossil ~ Recently, various studies have been carried out in
fuels, spreading the utilization of electric vehicles ~ order to improve the performance of AFE in the
(EVs) and plug-in hybrid EVs (PHEVs) is a aspect of dc-link voltage control, dc-link voltage
promising phenomenon in order to decrease the  ripple, total harmonic distortion (THD) [6], power
usage of fossil fuels and greenhouse gas emission. ~ factor and the size of dc-link capacitor [7] in
One of the essential components of the EVs are the ~ OBCs. Traditional rectifiers that are composed of a
batteries and hence the onboard battery chargers three-phase diode bridge (passive rectifiers) and
(OBCs) that are employed to charge the batteries ~ Phase-controlled thyristor structures have some
from ac grid and to provide galvanic isolation ~drawbacks of dc-link voltage based on grid
between EVs and grid. Typically, OBCs are instantaneous state, low power factor, and
categorized into two as single-stage and two-stage  harmonic line currents. Thus, pulse-width-
power conversion [2]. While the single-stage ~Mmodulated (PWM) rectifier structures are
OBCs have large low-frequency ripples in the frequently employed to improve the input/output
output current, two-stage OBCs reject inherent ~Pperformance of the AFE in modern EVs [8]. PWM
low-frequency ripple in the output current [3, 4]. based AFE rectifiers are categorized into two as
As illustrated in Figure 1, two-stage OBCs are two-level and multilevel. While the two-level
composed of AC-DC, DC-DC converter stagesand ~ topologies  excel ~ with  reduced  switching
a dc-link capacitor. The three-phase AC-DC  component  and  reduced  computational
converter stage, which is widely used in various ~load/complexity, the multilevel topologies such as
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Vienna rectifier [9, 10], Swiss rectifier [11,12], T-
type rectifier [13], NPC rectifier [14], and matrix
converter [15] offer reduced size, switching
frequency and stress [16]. Some authors [15,17,18]
have been classified, compared, and discussed the
existing AFE rectifiers to explain their basic
functions and control methodologies.

Re':tFileier DC-Link Co[::\:/-;(t:er
—& % e
VOl Tl 3
L | —J-=

Figure 1. Circuit configuration of two-stage OBCs

In the meanwhile, the size and cost in addition to
the performance of AFE topologies are the other
essential aspects to make them available for EVs.
Although several studies have addressed the
performance comparison of AFE topologies in the
literature, studies evaluating AFE topologies in
terms of size and cost as well as performance are
lacking.

In this paper, comprehensive researches about four
different suitable AFE topologies as; (i) 3-phase 2-
level rectifier, (ii) 3-phase, 3-level neutral-point-
clamped (NPC) rectifier, (iii) 3-phase, 3-level T-
type rectifier, and (iv) Vienna rectifier used in
studies with power over 20 kW have been
presented. The study focuses on the terms of
efficiency, losses, temperature, the number of
switching elements, cost and cost/performance
metrics of AFEs. The switching/conduction/total
losses, junction temperature, and efficiency
evaluations of the related topologies have been
carried out under different switching frequencies
on the PLECS/SpeedFit environment. In addition,
the comparison of the topologies regarding the
number of switching elements, cost, and
cost/performance have been performed.

The rest of the paper is organized as follows:
Section 1l introduces the specifications, power
circuits, and the performance evaluations of the
aforementioned AFE topologies. Section Il
presents the benchmarking of the related AFE
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topologies in terms on cost metrics. Section IV
puts forward conclusions with relevant discussion.

2. AFE RECTIFIER TOPOLOGIES
AND PERFORMANCE
EVALUATIONS

This section of the paper describes the topologies
and design specifications of AFEs and evaluates
the performance  waveforms, switching/
conduction/total losses, junction temperatures, and
efficiency values of them. AFE topologies have
been determined considering the most commonly
used Level-2 OBCs in EVs [19]. The related
topologies have been simulated considering the
design specifications given in Table 1 which
corresponds to Level-2 charger features. SiC
MOSFETSs of a certain manufacturer (CREE) have
been used in order to make a correct comparison
between topologies. Simulations have been
performed under different switching frequencies of
10 kHz and 20 kHz to investigate the effects of it
on efficiency, temperature and waveforms. The
thermal coefficients and additional heat source on
heatsink have been determined as high to examine
the worst-case scenario.

Table 1. Design specifications of AFEs

Parameters Values
Input voltage 400V AC
Nominal output voltage 800 V DC
Nominal output power 22 kW
Junction-case thermal resistance | 0.45 C/W
Case-cooler thermal resistance 0.2 C/W
Ambient temperature 60 °C
Additional heat source on 300 W
heatsink

2.1. 3-Phase 2-Level Rectifier

The circuit configuration of the 3-phase 2-level
rectifier which is one of the most commonly used
rectifier type is shown in Figure 2. It consists of
input inductances of 0.75 mH and six
C3M0032120D MOSFETs. A three-phase full-
bridge converter is able to reach high power levels
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and makes it possible to reduce the charging times
of EVs. The body diodes of the MOSFETS provide
a bidirectional current path. Thus, the related AFE
topology also allows power transfer from the
vehicle to the grid that is the concept called V2G.
In addition, the topology is able to reconfigure by
bypassing one leg in order to operate as an H-
bridge inverter to supply other loads [20]. The
performance results of the rectifier performed
under switching frequencies of 10 kHz and 20 kHz
are illustrated in Figure 3(a) and Figure 3(b),
respectively.
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Figure 2. Circuit configuration of 3-phase 2-level
rectifier
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As shown in Figure 3, the grid voltage is rectified
and regulated to constant 800 V with sinusoidal
input current. It can be observed that the high
frequency current ripples and harmonic distortion
in the input current are high in comparison with
multilevel topologies. The input current/voltage
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(b)
Figure 3. Performance waveforms of 3-phase 2-level rectifier under (a) 10 kHz (b) 20 kHz switching
frequencies

waveforms reveal the factor is

approximately 1.

power

2.2. 3-Phase, 3-Level NPC Rectifier

The circuit configuration of the 3-phase 3-level
NPC rectifier which is adopted to reduce the
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voltage stress of MOSFETS, the size of the dc-link
capacitor, and current harmonics is shown in
Figure 4. It consists of input inductances of 0.75
mH and twelve switches with neutral point diodes.
The MOSFETs and diodes are C3M0045065D,
C3D20065D, respectively. Although it has some
advantages in capacitor size, voltage stress, and

f—é'; ®©
=i

L: 0,75/ mH

&,
@ "
®,

400 V (LL, RMS)

Output Voltage

T_amb: 60 °C

Mehmet Ugras CUMA, Murat Mustafa SAVRUN

harmonics, it has more switching elements and
high control complexity [21]. The performance
results of the simulations performed under
switching frequencies of 10 kHz and 20 kHz are
illustrated in Figure 5(a) and Figure 5(b),
respectively.
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Figure 4. Circuit configuration of 3-phase 3-level NPC rectifier
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Figure 5. Performance waveforms of 3 phase 3-level NPC rectifier under (a) 10 kHz (b) 20 kHz

switching frequencies
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As shown in Figure 5, the grid voltage is rectified
and regulated to constant 800 V and the balanced
and sinusoidal line currents are drawn from the ac
grid. It can be observed that the three-level
topology eliminates the high frequency current
ripples and harmonic distortion drawbacks of two-
level topology. The power factor is controlled
around unity as can be seen from the input
current/voltage waveforms.

2.3. 3-Phase, 3-Level T-Type Rectifier

The circuit configuration of the 3-phase 3-level T-
type rectifier, which has such advantages; low
conduction/switching losses, simple operation
principle and low switches stress in comparison
with 3-phase 3-level NPC rectifier topology is
shown in Figure 6 [22]. It consists of input
inductances of 0.75 mH, six C3M0032120D
MOSFETs, and six C3M0045065D side
MOSFETs. The performance results of the
simulations performed under switching frequencies
of 10 kHz and 20 kHz are illustrated in Figure 7(a)
and Figure 7(b), respectively.

Source Voltage (Green), Load Voltage (Red) (V)

800V

Output Voltage
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sdc
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Figure 6. Circuit configuration of 3-phase 3-level
T-type rectifier

As shown in Figure 7, the grid voltage is rectified
and regulated to constant 800 V and the balanced
and sinusoidal line currents are drawn from the ac
grid. It can be observed that the total harmonic
distortion (THD) of input current in phases is
about acceptable limits. The power factor is
controlled around unity as can be seen from the
input current/voltage waveforms.
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Figure 7. Performance waveforms of 3 phase 3-level T-type rectifier under (a) 10 kHz (b) 20 kHz

switching frequencies
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2.4. Vienna Rectifier

The circuit configuration of the Vienna rectifier,
which is the most frequently used rectifier type in
OBCs because of reduced switch and control
complexity, is shown in Figure 8. It consists of
input inductances of 0.75 mH, six C4D40120D
diodes, and six C3M0045065D MOSFETs. The
converter allows unidirectional power flow
because of diodes in the legs. Thus, it is usually
used in applications that do not require
regeneration or controllable input reactive power
[23]. The performance results of the simulations
performed under switching frequencies of 10 kHz
and 20 kHz are illustrated in Figure 9(a) and
Figure 9(b), respectively.

As shown in Figure 9, the grid voltage is rectified
and regulated to constant 800 V and the balanced
and sinusoidal line currents are drawn from the ac
grid. It can be observed that the total harmonic

Source Voltage (Green), Load Voltage (Red) (V)
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distortion (THD) of input current in phases is
about acceptable limits. The power factor is
controlled around unity as can be seen from the
input current/voltage waveforms.
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Figure 8. Circuit configuration of Vienna rectifier
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Figure 9. Performance waveforms of Vienna rectifier under (a) 10 kHz (b) 20 kHz switching frequencies
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3. BENCHMARKIG
TOPOLOGIES

OF AFE

In this section, the performance results and the cost
metrics of the aforementioned AFEs are presented.

Table 2 presents the switching/conduction/total
losses, junction temperatures and efficiency values
according to the number of parallel MOSFETS
under switching frequencies of 10 kHz and 20 kHz
for all AFE topologies. As can be seen from the
table, the junction temperatures are within the
acceptable limits, the switching/conduction/total
losses are low and the efficiency is very high. The
effect of using parallel MOSFETSs/Diodes are also
examined and the results highlight that junction
temperature and the losses drastically decreases,
and efficiency improves. The performance results
reveal that all rectifiers have approximately the
same efficiency and junction temperature values.
Therefore, it is essential to consider cost and
cost/performance metrics as well as performance
results in converter benchmarking.

Table 3 presents cost, efficiency, and
cost/efficiency metrics using a 2 ohm gate resistor
and 20 kHz switching frequency. In order to
compare the topologies, the cost/efficiency index
has been defined and the lowest index value is
assumed as the most suitable topology. The
calculations have been performed by considering
not only the number of MOSFETS and diodes, but
also the costs of the driver and the isolated power
supplies required for them, and the PCB unit costs
that will arise with the increase in the number of
switches and drivers. As can be seen from the
table, the most suitable topology alternatives are 3-
phase 2-level PWM rectifier and Vienna rectifier.
The 3-phase 2-level PWM rectifier excels with its
12% cost advantage, fewer components, and ease
of control advantages. Although the 3-Phase 2-
Level rectifier has a disadvantage in terms of total
harmonic distortion, it is considered that this
disadvantage can be eliminated thanks to the EMI
filters to be designed at the input.

Table 2. Performance results of 3-phase 2-level rectifier under 10 kHz and 20 kHz switching frequencies
o . Junction
. Rg SwFrq Parallel Switching | Conduction | Total Loss
Topologies @ | (kHz) | MOSFETs/Diodes | Loss (W) | Loss (W) W) Tem‘(’jg)at“re Eff. (%)
MOSFET , 1 1 56.03 133.27 189.30 106.4 99.16
& |MOsFeT 2 42,07 64.99 107.06 83.4 99.52
D (5]
85 E |MOSsFET 1 118.68 137.81 256.48 117.3 98.86
o33 2 20
o 41X |MOSFET 2 88.37 67.35 155.72 89.3 99.31
MOSFET 1 16.21 290.79 127.7
2 10 331.49 98.53
& § _ |DIODE 2 0 24.49 915
QZ 3
£ 355 |MOSFET 1 34.06 293.44 128.8
oz 8 2 20 351.81 98.44
™ J 0 |DIODE 2 0 2431 92.1
° MOSFET 1 0 89.30 98.9
=3 2 10 208.37 99.05
o _  |S.MOSFET 1 15.93 109.14 109.4
L 3
8 3= |MOSFET 1 0.01 90.95 99.8 98.96
[ 2 20 233.87
o J 0 |s MOSFET 1 33.44 109.47 1155
MOSFET 1 1457 109.22 109.4
2 10 221.34 99.02
_  |plobE 1 0 97.55 93.2
5]
E£  |mosFeT 1 3030 | 109.47 114.7
28 2 20 237.16 98.95
> DIODE 1 0 97.39 93.8
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Side Drivers PCB
MOSFETSs Diodes Auxiliary Unit Total
Topologies MOSFETSs Components Cost Costs gf) CEOfot/
Pes Cost Pes Cost Pcs Cost Pcs Cost Cost (USD) ° '
" | (USD) " | (USD) " | (USD) " | (USD) | (UsD)
3-Phase 2-
Level 6 33.89 6 20 20 343.34 98.86 3.473
Rectifier
3-Phase 3-
Level NPC 12 10.55 - - 12 12 20 40 456.76 98.44 4.639
Rectifier
3-Phase 3-
#%Z' T 6 | 3389 | 6 | 1055 12 20 40 | 54664 | 98.96 | 5524
Rectifier
Vienna 6 | 1055 | - - 6 | 2875 | 6 20 30 3858 | 98.95 | 3.898
Rectifier
(Cost References: www.digikey.com, Date: 10.07.2021)
4. CONCLUSIONS . REFERENCES

This paper presents the benchmarking of AFE
rectifier topologies that are commonly employed in
commercially available OBCs in the aspects of
losses, efficiency, cost, and cost/efficiency metrics.
The main objectives of AFE rectifiers are; (i) high
efficiency, (ii) high power factor, and (ii)
minimum input current distortion. Four different
suitable AC-DC topologies in literature and among
commercially available products are (i) 3-phase 2-
level rectifier, (ii) 3-phase, 3-level neutral-point-
clamped (NPC) rectifier, (iii) 3-phase, 3-level T-
type rectifier, and (iv) Vienna rectifier. While the
paper summarizes the aforementioned topologies
and their advantages, it also presents performance
waveforms captured on the PLECS/SpeedFit
environment. In addition, the most -effective
topology has been determined by considering not
only performance results but also the
cost/efficiency index. The cost/efficiency index
validates the effectiveness of the 3-Phase 2-Level
and Vienna rectifiers in comparison with latter
topologies. Although the two topologies stand out
considering the cost/efficiency index, the 3-Phase
2-Level rectifier has a 12% cost advantage over the
Vienna rectifier. The drawback of input current
distortion of the 3-Phase 2-Level rectifier in
comparison with the Vienna rectifier can be
eliminated using an EMI filter.
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Abstract

The study aims to construct a framework for CPT based ultimate pile capacity calculation for
cohesionless soils with random field theory. Cone tip resistance (q.) was taken as the spatially varying
parameter with a constant mean and changing coefficients of variation. CPT profiles were simulated with
random field generations, and the ultimate capacity of a single pile (Q,) was calculated with these
simulations. The influence of spatial variation of g on the variation of Q, was investigated. The proposed
framework was finally verified by comparing the results of an actual CPT database and the simulated
CPT profiles in the study. The results showed that the critical vertical scale of fluctuation for CPT-based
pile capacity calculations was equal to one diameter of pile (d,=1D), and that the method effectively
predicted the ultimate pile capacity through simulated CPT profiles with random field. The proposed
method is especially recommended for cases where the uncertainty consideration is necessary, yet the
site-specific data is limited. The study aims to contribute a simple framework to the methods of CPT-
based pile capacity with unceratinty consideration. The propesed method aims to facilitate the pile design
framework with limited available data.

Keywords: Cone penetration test, Ultimate pile capacity, Random fields, Spatial variability,
Cohesionless soil

Kohezyonsuz Zeminde CPT ile Kazik Kapasitesinin Bosluksal Degiskenlikle
Hesabi

Oz

Calisma, kohezyonsuz zeminde CPT tabanli kazik nihai tasima kapasitesi hesabi igin rastgele alan

“ Sorumlu yazar (Corresponding author): Ahmet Can MERT, a.mert@iku.edu.tr
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teorisine dayali bir yontem olusturmayr amaglamaktadir. Koni u¢ direnci (qc), sabit alinan ortalama ve
farkli degisme katsayis1 (COV) degerleri ile bosluksal degisken olarak tanimlanmistir. Rastgele alan ile
CPT profilleri benzestirilmis ve tekil kazigin nihai kapasitesi (Q,) bu simule edilen profillerle
hesaplanmustir. g¢’deki degisimin Qu degerlerine etkisi incelenmistir. Onerilen yéntem son olarak, gercek
CPT wveri tabani ile ve simule CPT profilleri ile hesaplanan sonuglarin karsilastirilmasi ile dogrulanmustir.
Edinilen sonuglar CPT tabanli kazik kapasite hesaplarinda, diisey dalgalanma 6l¢eginin kritik degerinin
bir kazik ¢ap1 kadar oldugunu (d,=1D), ve yontemin nihai kazik kapasitesini rastgele alan ile etkili bir
sekilde tahmin ettigini gdstermistir. Dogrulanan yontem 6zellikle belirsizlik hesabi1 yapilmasi gerekli olan
ancak yeterli sahaya 6zel verinin bulunmadig1 durumlar i¢in Onerilmektedir. Calismanin literatiire, CPT
tabanli kazik kapasitesi yontemlerine pratik bir ¢erceve ile belirsizlik analizi eklemeyerek katki saglamasi
amaclamaktadir. Ayrica Onerilen yontemin, kisitli veri bulunmasi durumlarinda kazik tasarimini

kolaylagtirmas1 hedeflenmistir.

Keywords:
Kohezyonsuz zemin

1. INTRODUCTION

Piled foundations are one of the common solutions
in geotechnical engineering. The bearing capacity
of a single pile is the main parameter for analysis
and design purposes. Even for design of a pile
group, single pile capacity is required. Since the
pile capacity is one of the main parameters for
geotechnical design, estimation of the pile capacity
should also include the uncertainty of soil
conditions. These uncertainties may arise due to
inherent soil variability, measurement errors and
soil-structure interaction [1-3]. The use of in-situ
test results to calculate pile capacity is a common
approach since the data from the test covers most
of the soil conditions includinf their uncertainties
(i.e. initial stress conditions, water conditions).
Among the in-situ methods, cone penetration test
(CPT) based approach is one of the commonly
used in engineering practice, because the CPT is a
simple and an economical method to provide
representative site information in field conditions
[4,5]. Furthermore, the mechanics of the test and
the pile capacity are analogous. Therefore, most of
the CPT based pile capacity methods directly use
the cone tip resistance (q.) data.

There have been many developments in the

prediction of the ultimate pile capacity with CPT
[6-8]. In addition to the methods proposed by
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researchers, many standards also include the CPT
based pile capacity approach. For example, French
Institute of Science and Technology for Transport,
Development and Networks uses the so-called
LCPC method proposed by Bustamante and
Gianesselli [9]. The method uses the direct use of
g. to predict the ultimate pile capacity. Although
CPT based pile capacity methods offer high
accuracy in estimation, the prediction of the
ultimate capacity of single pile may still result in
various errors due to the existence of
transformation uncertainty, measurement errors
and inherent soil variability [10,11]. Therefore, the
estimation of ultimate capacity of monopiles in
cohesionless soil (i.e., sand and silty sand) may
fluctuate due to the spatial variation of soil
material and uncertain geological conditions. Thus,
these sources of uncertainties need to be
considered for a better prediction of the ultimate
pile capacity.

There are recent studies on the uncertainty in pile
capacity [12], some of which consider the spatial
variation of CPT or random field theory [13,14].
The present study aims to construct a framework
for CPT based ultimate pile capacity calculation by
considering spatial variability of cone tip
resistance. The spatially variable g, was generated
by using random field theory to calculate ultimate
pile capacity of an example design. The influence
of spatial variation of cone tip resistance on the

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



variation of ultimate pile capacity was
investigated. The proposed framework was finally
verified by comparing the results of an actual CPT
database and the generated random fields in the
study. The proposed method is especially
recommended for cases where the uncertainty
consideration is necessary, yet the site-specific
data is limited. The study aims to contribute a
simple framework to the methods of CPT-based
pile capacity with unceratinty consideration. The
propesed method aims to facilitate the pile design
framework with limited available data.

2.CPT BASED ULTIMATE PILE
CAPACITY

One of the most used CPT based pile capacity
method in geotechnical engineering practice was
employed in this study. The method is called the
French method (or LCPC method) after the
approach became a standard method in French
Road and Transportation Research Laboratory
(Laboratoire Central des Ponts et Chausees) [9].
The LCPC method determines the maximum
pressure at pile base g as follows (Equation 1):

qp = ap'qc,eq # (l)

where o, pile base coefficient, ¢, ¢ equivalent
average cone tip resistance which is calculated by
averaging q. values over a zone ranging from 1.5D
below the pile tip to 1.5D above the pile tip (D is
the pile diameter).

The maximum shaft friction qs is given by
Equation 2:

qs =0 'qc,z # (2)

where o shaft friction coefficient g, tip resistance
along pile shaft Pile base and shaft friction
coefficients are taken from the chart (Table 1 and
2). Base pressure and shaft friction are used to
calculate the ultimate pile bearing capacity Q, for
the given pile length (L) and pile diameter
(Equation 3):
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D2
Q =Q+Q, =7Dlg, + " —q, # ®)

The range of cohesionless soils were employed for
the bored pile type in Table 1 and 2, and all the
pile capacity calculation in the study were
performed by using equation 3.

Table 1. Pile base coefficients

Soil Type g. (MPa) ay
<1 0.04
Clay 1<q,<5 0.35
5=qc 0.45
sand 0:<12 0.40
12<q, 0.30

Shaft friction has a limit and the minimum value
from the chart should be used.

Table 2. Shaft friction coefficient

'?;pi)le A (MPa) % reslzg?:ﬁcihg(flga)
Clay g:<1 0.033 15
1<q.<5 | 0.025 35
5<qc 0.017 35
Sand g5 0.010 35
5<q.<12 | 0.010 80
12<q. | 0.007 120

3. MECHANICAL PROPERTIES AND
MODELLING

3.1. Random Field Theory
Spatial variation of the mechanical properties of

soil significantly complicates the reliability
assessment. In this study, random field theory was
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utilized to carry out the reliability assessment of
CPT based ultimate pile capacity calculation. The
theory, which accounts for the variation of any
random variable in space, is an efficient for
uncertainty in one, two or three-dimensional
spatial variation of mechanical properties [15]. The
proposed method requires definition of random
field for spatially varying parameter by a
correlation function r(t). The parameter t is the
distance between random variables in the field.
The correlation function also includes the main
parameter for random field, which is called scale
of fluctuation (d), and is given for an exponential
Markovian type as Equation 4:

oo 2]

The present study modelled the cone tip resistance
(qc) as a Gaussian random field with exponential
correlation given in Equation 4.

3.2 Spatial Variability of CPT

Cone tip resistance (qc) was defined as a spatially
varying parameter for ultimate pile capacity
calculation. The variation was modelled by a one-
dimensional Gaussian random field along the
depth. Mean (m) and coefficient of variation
(COV) are required for the definition of the field
along with scale of fluctuation (d) which is the
main parameter. An extensive study reported that
the range of . in cohesionless soils varied
between 0.4-29.2 MPa with COV of 10-80%. They
also suggested that the vertical scale of fluctuation
(d,) for g varied between 0.1 to 2.2 meters [1]. All
the values for variability have been employed
within these limits.

3.3. Pile Geometry and Random Field
Generation

A single pile was selected with 8m in length (L)
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and 0.6 m in diameter (D). All the ultimate pile
capacity calculations were performed by using the
given geometry.

The variability of g, can be represented as a
lognormal random field described by mean (mg),
COV, and vertical scale of fluctuation [15-17].
Lognormal distribution prevents the negative
values and has been shown to be effective in
simulating spatial variability of g [1,18]. Hence,
my. was taken as 15 MPa and the parameter was
assumed to be lognormally distributed. COV was
selected 10, 20, 40 and 80% which conformed the
suggested range. Vertical scale of fluctuation was
taken as the multiples of the pile diameter; 0.5D,
1D, 2D and 4D which varied between 0.3 to 2.4 m.
One-dimensional random field of g, was generated
by MATLAB code with the given mean, COVs
and d,. The realizations were generated for every
2cm along the depth of 15m which is the common
sampling rate of CPT. For each d, value, 4
different random field were generated for each
COV,. Each generation contained 1000
realizations, which made 4000 realizations for
each d, and total 16000 realizations. Figure 1
shows some of the representative realizations of
the generated CPT profiles by random field for
each scale of fluctuation.

3.4. Methodology

The study aims to present the effect of g, variation
in ultimate pile capacity (Q). Initially, spatial
variation of g, was defined as random field by
MATLAB code. Each realization represented an
arbitrary CPT profile for the given statistics.
Therefore, all the generated profiles were
employed to calculate ultimate pile capacity by
LCPC method. Output capacities were recorded to
obtain probability density functions (PDF).
Finally, statistical information of the output PDFs
was presented and the effect of g, variation on the
ultimate pile capacity was investigated. Figure 2
presents the main framework of the proposed
method.
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Figure 1. Representation of generated CPT profiles

|
| Define ., COVyeands, |
|
| Generate CPT profiles by random field (MATLAB) |

|Ca|cu|ate ultimate pile capacity (Q,) for all realizations|

| Running the analysis for each random field realization |

|
| Construct the PDF of Q, |

|
End

Figure 2. Flowchart of the proposed method
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4. VERIFICATION OF THE
PROPOSED METHOD

The method proposed in the present study can be
used for the cases when there is known uncertainty
measures in a region with limited data available.
The statistical parameters from the site can be
assigned into the first step of the flow chart in
figure 2, and the random field of CPT profiles can
subsequently be generated in order to perform
reliability assessment of the ultimate pile capacity.
A sample CPT database from ISSMGE technical
committee TC304 for engineering practice of risk
assessment and management was employed to
verify the proposed method.

(https://www.issmge.org/committees/technical-

committees/impact-on-society/risk). The database
has 25 CPT profiles with total depths of 13 to
13.5 m. The test site is located in Hollwood, South
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Carolina, USA and beach sand and silty sand are
predominant in the region. It has been reported
that d, for the database is approximately 0.5 m
[19]. Mean g are varying between 4.07 to 6.23
MPa with COVy= 50.2-107.5%. The statistical
information was employed to generate CPT
profiles by random field as described in the
proposed methodology. CPT profiles from the
database and the simulated profiles for the given

CPT Database

Depth (m)

statistical parameters were compared (Figure 3).
The ultimate pile capacity were calculated by
LCPC method by using both CPT database and
simulated data. Ultimate capacities calculated from
database (Q;) and random field generation (Qy)
were compared, and the regression of the results
showed that the proposed method gave a reliable
prediction of the pile response with R?*=0.96
(Figure 4).

Generated Random Field

——

3

0 20 40 60 80

Cone tip resistance, d. (MPa)

Figure 3. Actual and simulated CPT profiles of the database

-
a

« Q . vs.Q
rf c
—Q,=1.104"Q_ (R*=0.96)
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T

o
o
.

o

Pile capacity calculated from generated 9 random field, Qrf (><103 kN)
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Pile capacity calculated by CPT database, C)C (x'IO3 kN)

Figure 4. Ultimate pile capacity comparison
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Qi slightly overestimated the ultimate pile
capacity comparing to the actual results, but the
values were still within the 95% confidence
bounds, which validated the proposed method. The
further analyses were conducted by using the
validated framework.

5. RESULTS

Analyses performed with the generated random
fields for the selected mg, COVy and d,. The
effect of variability and vertical scale of
fluctuation of g, on the variation of Q, was
investigated. Varitation of output PDFs were
represented by COVq,, and the values were plotted
against COV and d, (Figure 5 and 6).
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It was shown that variation of Q, is increasing as
the variation of g increases which suggests the
consideration of uncertainty.
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Figure 6. The influence of d, on COVq,

Results showed that the pile capacity considerably
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resistance
uncertainty

varied with high variation of tip
confirming the significance of
assessment.

There was a slight increase for COVq, for
increasing scale of fluctuation, especially for
COV¢. <40% since the variation of tip resistance
became tolerable for pile capacity beyond that
limit. Increase in d, provides higher possibility to
assign low properties over a larger region, which
results in the higher changes of the output
variations. Therefore, the critical value of d,
should be considered for the specific desing
purposes. The influence of change in input
parameter on the mean of ultimate pile capacity
(mqy) was also investigated. Figure 7 and 8 depicts
the effects of COVy and d, on COVq,
respectively.
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Figure 7. Effect of COV on pg,

There was obvious decrease in mgq, for increasing
COVy, particularly after 20% and greater. It can
be expained as the effect of COV in the shape of
output distribution of Q,. After 20% change the
variation became dominant and the mean value of
Q, decreased. Mean of pile capacity was slightly
increasing for d, which is equal to the pile
diameter.
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It was clearly seen from figure 8 that the mean
values were significantly varying for COV=
80%. There was a slight variation of mean values
for changing scale of fluctuations except for d,=1D
case, which suggested that the critical value of the
vertical scale of fluctuation for pile capacity
problems were one diameter. The results also
showed the necessity of reliability assessment for
pile design and analysis even for in-situ based
methods.

6. CONCLUSIONS AND
RECOMMENDATIONS

The results of the study showed the necessity of
spatial variability of CPT for reliability assessment
of single pile in cohesionless soil. The change in
COV¢ and d, obviously affected the variation of
Qu. It can be concluded that the pile capacity
considerably varied with high variation of tip
resistance  confirming the significance of
uncertainty assessment. Mean value of ultimate
pile capacity was sligthly influenced by d,.
However, the essential finding must be
emphasized that the critical vertical scale of
fluctuation for CPT-based pile capacity
calculations was equal to one diameter of pile
(dy=1D). Therefore, the consideration of critical
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value of d, for the specific pile desing purposes is
recommended. The proposed method effectively
predicted the ultimate pile capacity by simulated
CPT profiles by random field. The method offers a
reliability assessment opportunity for in-situ based
pile design and analysis when the uncertainty
needs to be taken into consideration with limited
available data. The propesed method efficiently
facilitated the pile design framework with limited
in-situ data.
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Abstract

Polycarboxylic acids are used as crosslinking agents with sodium hypophosphite which do not contain
formaldehyde. In this study, breaking strength, breaking elongation and tear strength of cotton(twill
weave)fabric samples were determined by using twill fabrics, six different coating recipes, produced with
100% cotton yarns. The results of breaking strength, breaking elongation and tear strength testing were
compared according to the fabric structure, coating recipes and crosslinker structure statistically. A
significant increase in tensile strength was observed after coating with 1g Cu,0|<5 um, CuO<5 pm,
ZnO<5 pm and 5 g 1,2,3,4-BTCA. The high number of warp threads per unit length in cotton woven
fabric leads to an increase in tensile strength. The best results in tensile strength and elongation at break
experiments were obtained after the reaction of polyacrylate binder with BTCA and ZnO microparticles.

Keywords: Woven fabric, Breaking and Tearing strength, Breaking elongation, Coating recipes,
Crosslinker structure

BTCA ve CA Capraz Baglayicilar Kullamilarak Pamuklu Kumasin Kopma ve
Yirtilma Mukavemetinin Gelistirilmesi

Oz

Polikarboksilik asitler, sodyum hipofosfit ile formaldehit igermeyen capraz baglayici maddeleri olarak
kullanilmaktadir. Bu ¢aligmada, %100 pamuk dimi yapisinda kumasglar kullanilarak alt1 farkli kaplama
recetesi ile kumasin kopma, uzama ve yirtilma mukavemetleri belirlenmistir. Kullanilan kumas cinsine,
kaplama regetesine ve g¢apraz baglayici yapisina gore elde edilen sonuglar karsilastirilmis ve istatiksel
olarak degerlendirilmistir. 1 g Cu, O<5 pm, CuO<5 pm, ZnO<5 um ve 5 g 1,2,3,4-BTCA ile kaplamadan
sonra kopma mukavemetinde 6nemli bir artis gdzlenmistir. Pamuklu dokuma kumasta birim uzunluktaki

“Sorumluyazar (Corresponding author): Aslihan KORUY UCU, adelituna@nku.edu.tr

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021 1061



Improving the Breaking and Tear Strength of Cotton Fabric Using BTCA and CA Crosslinkers

¢oOzgii iplik sayisinin fazla olmasi, gekme mukavemetinin artigina yol agmaktadir. Kopma mukavemeti ve
kopma uzamasinda en iyi sonug; poliakrilat binderin BTCA ve ZnO mikro partikiilii ile reaksiyonu

sonrasinda elde edilmistir.

Anahtar Kelimeler:

Dokuma kumas, Kopma ve Yirtilma mukavemeti, Kopma uzamasi, Kaplama

recetesi, Capraz baglayici yapist

1. INTRODUCTION

Surface coating of textile materials with chemical
constructions have been developed permanently
for several most recent decades. The essential
substrate of the surface material is mainly textile
fabric and it is coated on one or both surfaces with
one or more polymer layers. These kind of
products with the essential textile material have
numerous improved properties and various
advantages over the classic textile material [1-3].

Cotton has inadequate increased resistance owing
to its free hydroxyl groups. To improve the crease
cure property of cotton, the free hydroxyl groups
are cross-linked by applying general aldehyde and
non-general aldehyde based crosslinking agents.

The applied polymer layer can be polyacrylate.
Acrylate polymers are the group of polymers
which could be mentioned to plastics and
frequently known as acrylics or polyacrylates.
They are defined by their transparancy and
elasticity [1,2]. Acrylic polymers display different
properties depending on their chain length, their
degree of crosslinking and the nature of
crosslinking agent used. Linear acrylic polymers
with short chain length are water soluble and they
are used for their metal quenching properties.

Acrylates are the esters, salts and conjugate bases
of acrylic acid with its derivatives. They are made
from acrylate monomer, which commonly consists
of esters which includes vinyl groups, that is two
carbon atoms that are double-bonded to each other,
and straight attached to the carbonyl carbon of the
ester group.

Butyl acrylate derivatives could be used to

improve the impact strength of breaking,
elongation and tearing [4-7].
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Acrylates are used for many applications, such as
mainly in cosmetics, adhesives, textile, paints, and
biomedical applications. However, acrylate
polymers suffer some disadvantages such as low
mechanical properties at ambient or high
temperatures, particularly above their glass
transition temperature. They are used not only
coating, but also printing purposes [3,8].

When the polycarboxylic acid crosslinks with
cellulose, after that an anhydride ring is esterified
with a hydroxyl group of cellulose, and the non-
esterified carboxyl group remains.

BTCA satisfies many desirable requirements such
as durable press performance. However, it results
more loss in tensile strength and abrasion
resistance [9].

Tensile strength loss is attributed to acid catalyzed
depolymerization and cellulosic crosslinking [9],
whereas abrasion resistance loss is associated with
irreversible acid catalyzed depolymerization and
reversible crosslinking of cellulose molecules[10].
Polymer additives have been used mainly in
conventional cotton crosslinking to improve
wrinkle properties [11,12], abrasion resistance
[13], tear strength [14], as well as to inhibit uneven
crosslink distribution during drying of cotton
textiles i.e. to inhibit migration [15].

The loss of tensile strength of 1,2,3,4-
butantetracarboxylic acid (BTCA) treated cotton
was found to be caused by acid degradation and
crosslinking. [16]. Pre-cationization of the cotton
fabric with an ammonium citrate and sodium
hypophosphite, followed by ionic crosslinking,
results in a slightly better tensile strength [25].

Since twill fabrics have a slight loose structure, the

yarns slip over each other at the time of tearing,
stretch and tear later [26].
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2. REVIEW OF LITERATURE

There are some research works, where different
types of crosslinking agents are used in cotton
fabric strength. Yang et al. [17] have studied the
relationship between fabric tensile strentgh loss
and the molecular structures of crosslinking
agents. Yang et al. also compared that the tensile
strength loss of cotton treated with DMDHEU and
DHDMILI.

Refaie. [18] has studied that the addition of CMC
alone or in combination with chitosan (0.5%) to
BTCA finishing improved crease recovery angle,
tensile strength, abrasion resistance. Chen [19]
investigated that the cause and mechanism of loss
in abrasion resistance of cross-linked cotton
fabrics. And also developed that the relationship
between the molecular structure of cross-linking
agents and the mechanical properties of cross-
linked textile structures. Weilin Xu et al [20-22]
performed a treatment on cotton fabrics at different
curing temperatures with different concentrations
of 1,2,3,4-butanetetracarboxylic acid (BTCA)
catalyzed with sodium hypophosphite (SHP).
Strength retention and wrinkle recovery angle
(WRA) were tested and the results declared that
high curing temperature and high BTCA
concentration reduced fabric strength. Weilin Xu
[23] made a treatment on cotton fibers and their
fabric with BTCA with the catalyst SHP at
different concentrations of treating agent and
different curing temperatures. Results showed that
low curing temperatures and low agent
concentrations have a slight effect on the reduction
of crystallinity and crystallite size. Initial slight
crystallinity loss induced high strength loss in the
fabric. Spencer [24] made a treatment on 100%
plain weave cotton fabric which has been scoured,
desized, bleached, and heat set.

The optimal treatment involved carboxy
methylation in two steps. The optimal treatment
was to provide the largest increase in dry
WRA, the largest increase in wet WRA, the
best DP rating and moderate increases in
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strength and elongation.

In this study, the Cu,O, CuO and ZnO
microparticles and 1,2,3,4-butantetracarboxylic
acid (BTCA), citric acid monohydrate (CA) and
sodium hypophosphite (SHP) were used as
crosslinking agents to improve the mechanical
properties of cotton fabrics.

3. MATERIALS AND METHODS

3.1. Materials

100% cotton fabric was used for this study which
was selected due to its wide usage in denim shirt
fabric.

The substrates were characterised with respect to
their weight and thickness, the data of which is
shown in Table 1.

The cotton fabric had a twill weave, with a unit
weight of 336.79 g/m?, and a thickness of 0.4545
mm. Copper (1) oxide, copper (Il) oxide and zinc
oxide particles below 5 pm (Sigma Aldrich)
pattern were used as supplied.

Cross-linkings

At high temperatures, carboxylic acids generate
ester-type crosslinking with cellulose molecules
and provide mechanical performance. For this
purpose, BTCA and CA were used in this study.
Since these two carboxylic acids make effective
cross-linking in the combined use of phosphorous-
including acids with inorganic salts, SHP was
added as a catalyst in pre-treatment bath. The
composition of pre-treatment baths including
BTCA and SHP, and CA and SHP were indicated
in Table 1.

Properties of commercial samples were given in
Table 2. As the thickener, anionic polyacrylate
polymer dispersion was used. Density of the
thickener was 1.1 g/cm®at 20 °C and the pH was 6.
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Table 1. Composition of pre-treatment baths

BTCA, | CA | sHp, | Pure

Treatments water,
gram | gram | gram ml
2,5%BTCA
+196SHP 30 - 12 1000
2,5%CA
+196SHP - 30 12 1000
The commercially conventional polyacrylate

polymers were supplied from CHT. Tubicoat A41
and A17 are water based acrylate binders, Ruco-
coat TH 5020 are a acrylate synthetic thickener
from Rudolf-Duraner. The coating was applied by
laboratory type blade coating machine (Atag
Machine Corp, RKL40). The coating density was
applied by working at one blade distance (0.1
mm).

The coated fabrics were dried at 100 °C for 2 min
and then cured at 160 °C for 2 min.

In this study, cotton woven fabrics coating with
BTCA-sodium hypofosfite.

Table 2. Commercial samples

Fabric | Particle/crosslinking structure/coating

Code thickness (mm)

PA 12 Cu()O<5 um+1,2,3,4-
butantetracarboxylic acid/0.1 mm

PA 22 Cu(I)O<5 pm+1,2,3,4-
butantetracarboxylic acid/0.1 mm
Zn0O<5 pm+1,2,3,4-

PA 32 butantetracarboxylic acid/0.1 mm
Cu(1)O<5 um-+ecitric acid

PA1b monohydrate/0.1 mm
Cu(I1)O<5 pm citric acid

PA2b monohydrate/0.1 mm

PA 3b Zn0O<5 pm+ citric acid monohydrate/
0.1 mm
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PA 1la sample which was treated with
Cu(DO<5 pm via 1,2,3,4-butan tetracarboxylic
acid crosslinking with 0.1 mm coating thickness
polyacrylate binder.

PA 2a sample which was treated with  Cu(I1)O<5
pm via 1,2,3.4-butan tetracarboxylic acid
crosslinking with 0.1 mm coating thickness
polyacrylate binder.

PA 3a sample which was treated with ZnO<5 pm
via 1,2,3,4-butan tetracarboxylic acid crosslinking
with 0.1 mm coating thickness polyacrylate binder.

PAlb sample which was treated with
Cu(DO<5 pum via citric acid monohydrate
crosslinking with 0.1 mm coating thickness
polyacrylate binder.

PA2b sample which was treated with  Cu(I1)O<5
pum via citric acid monohydrate crosslinking with
0.1 mm coating thickness polyacrylate binder.

PA3b sample which was treated with ZnO<5 pm
via citric acid monohydrate crosslinking with
0.1 mm coating thickness polyacrylate binder.

3.2. Mechanical Performance Tests

ISO test methods 13937-1, 13934-2 and 12947-3;
12947-4 were used for tear strength, breaking
strength and Martindale abrasion fabric testing. All
fabrics were taken into consideration in the warp
and weft directions.

The tear resistance of fabrics are attributed by
different methods of sample preparation, their
shape and size [5].

Tear strength properties (warp and weft direction)
were measured by using ballistic pendulum
method (Elmendorf) according to PN-EN 1SO
13937-1:2000 standard. In Figure 1, the Elmatear
model 455 for the dynamic tear test was presented.

The method of sample preparation and the initial

length between jaws was kept at 20+£0.5 mm and the
tear distance is 43+0.5 mm as shown in Figure 2.
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Figure 1. Elmatear device
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Figure 2. Method of sample preparation and the
initial length in the Elmatear according
to PN-EN ISO 13937-1:2002

3.2.1. Breaking Test Results

Cotton fabrics coated with a polyacrylate binder
were subjected to physical tests to maintain their
resistance to mechanical stress. The general
purpose of the analysis was to indicate distribution
of maximum principal stress, loss in weight and
obtain the tensile strength.

The loss of tensile strength obtained with
polycarboxylic acid crosslinking was attributed to
the inflexibility of the crosslinking itself, as well as
the uneven heating in the curing step [27].

Carboxylic groups on BTCA react with the

hydroxyl groups on cellulose to form ester bonds
(Figure 3).
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Figure 3. Formation of ester linkages between
poly carboxylic acid and hydroxyl
groups on cellulose

In this respect, the acids that have been studied
usually have the smallest three carboxylic or two
groups which were required to form each cyclic
anhydride. Examples include 1,2,3,4-
butantetracarboxylic acid (BTCA) [25-33].

Polycarboxylic acids have to form an anhydride
intermediates esterify cotton cellulose [30].

1,2,3,4-butantetracarboxylic acid (BTCA) and
citric acid monohydrate (CA) work as cotton
crosslinkers by covalently bonding to cellulose
fibers [29].

Finally, pre-cationization of the fabric with an
ammonium  reagent, followed by ionic
crosslinking, has also been shown to improved
tensile strength [34].

In order to determine the effects of coating
parameters, the breaking and tear strength test
results were evaluated. Breaking strength and
extension values of raw cotton fabrics coated with
soft polyacrylate binders are given in Table 3 [6,7].

Table 3. Comparison of breaking strength and
extension test results

Breaking Strength Extension
N) (mm)

Weft Warp Weft Warp
Uncoated 205.8 491.3 12 14.86
BTCA+
Zno 796.4 826.9 14.96 25.61
CA+
Zn0 445.9 786.1 16.55 26.69
BTCA
Cu(l)o 510.8 794.6 14.25 27.24
CA+
Cul)o 256.3 735.2 44.33 15.36
BTCA+
cu(ino 605.2 780.8 13.88 26.37
CA+
Cu(Io 4445 776.7 14.40 26.63
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A major increase in breaking force in both warp
and weft directions were obtained when compared
to those of uncoated fabrics. Example breaking test
plots from warp direction testing (which means
weft yarns were broken) were shown in Figure 4.

As a consequence, the uncoated samples in the
breaking load test caused less bending than to the
coated samples.

Coating application increased the breaking load
considerably. As shown in Figure 4, the
polyacrylate binder coating a significantly
increased the breaking strength, particularly in the

warp direction. The coating penetrated the fabric
structure well to hold the yarns together and this
had a tendency to cause the particular thread
breaking. The more carboxylic groups in the
crosslinker increase, the more increase in breaking
strength is obtained.

When the strength comparison in the warp and the
weft direction are examined, it is was determined
that noticeable changes in breaking strength
(Figure 4) were obtained. This is an expected
result. The higher number of yarns (thickness) per
unit length in the warp direction in woven fabrics
increases the breaking strength [35].

900 826,9

Breaking Force(N)

|@Warp

6,4 794,6 780,8
800
700
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600 s

4913 L
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400
300

5,8
200
100
0
‘0‘00

IS o Qo Q Q
& < o o & o o
& &C C/Y'X QY’X ¢ QV3< va
Q <
R Q;&
Samples

Weft

Figure 4. Breaking load test results

In addition to the elongation of the woven fabric
itself, the relationship between coating thickness
and crosslinkings plays an important role.

After the coating process with 1 g Cu,0<5 um,
CuO<5 pm, ZnO<5 pm and 5 g 1,2,3,4-BTCA
chemical structure, a higher increase in the
breaking strength was noticed.
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BTCA has four carboxylic acid groups and a vinyl
double bond. Since it generates two or more ester
bonds, two macromolecules can be crosslinked
more effectively. CA has three carboxylic acid
groups and no vinyl double bonds. Carboxyl
groups in CA are less reactive in cellulose
esterification. Therefore, the crosslinking effects
are not good as BTCA. The number of crosslinks
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generated after the application increases breaking
strength.
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Example elongation at breaking strength plots
from weft and warp direction testing (meaning fill
yarns broke) are shown in Figure 5.
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Figure 5. Elongation test results fabrics

As shown in Figure 5, the elongation at break
increases more than the reference.

Moreover in weft direction, the same or slightly
lower elongation at break values were obtained
after coating with two crosslinkers according to the
reference.

When the results of the elongation at break test are
examined, it was observed that the results of
coated fabrics and raw fabrics were close to each
other in the weft direction. The highest breaking
elongation in weft and warp direction was obtained
by using BTCA+ ZnO acrylic coating.

Because of the application of the coating in the
warp direction, the acrylic coating with the
crosslinker affect the 28% elongation more in the
warp.
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3.2.2. Tearing Test Results

Tear resistance is one of the important properties
of the fabric. Tear strength of a fabric refer to its
resistance to tearing force.

The tear test results evaluated in Figure 6. They
show decrease in tear strength in both warp and
weft directions approximated to those of uncoated.

Warp tear strength decreases after the coating
process. Weft tear strength increases after
BTCA+Cu(l)O, BTCA+Cu(11)O and CA+Cu(l1)O
coating processes.

As seen in Figure 7, the more shrinkage in length
is observed in the coated samples.
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Figure 6. Tearing test results

As shown in Figure 6, the decrease tearing strength
is observed when compared to the reference.

In the weft direction; there was no significant
change in tearing strength relative to the reference.

Figure 7. Samples of polyacrylate coated and
uncoated fabrics in the warp direction

The tensile strength of a fabric, which is its
resistance when a load is applied in the warp and
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weft direction, is affected to some extent by the
construction or every property of the coating with
crosslinker.

Tear strength in woven fabrics; it depends on many
factors such as fiber, yarn and fabric properties and
coating processes applied to the fabric. Therefore,
different results can be obtained after coating.

The curing at 160 °C 2 min reduced the tensile
strength of fabric owing to more esterification and
crosslinking, when it was treated with BTCA/SHP.

The same tendency has been followed for tear
strength.

3.3. Statistical Analysis
The resulting model is statistically significant at
a=0.01 with R=0.95 and R°=0.9025. The

significant factors are coating recipes.

In this study, the effect of the coating recipes used
on the breaking, elongation and tearing strentgh
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values in the warp and weft directions were
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Table 12. Ranks

determined by performing a one-way analysis of Recipe N Mean Rank
variance in the SPSS statistical program Result | Raw fabric | 6 20.50
representations were given in Table 8-12 and PA 3a 6 23.83
Figure 8. As seen in Table 13, the lowest tensile, PA la 6 22.17
elongation and tear strength values were obtained PA 2a 6 21.58
at PA 1b(Cu(1)O<5 um+CA). The highest strength PA 3b 6 22.25
values were obtained in PA3a(ZnO<5um+BTCA). PA 2b 6 21.08
Evidently, BTCA is more effective for esterifying PA1b 6 19.08
cotton cellulose than is CA. Previous research also Total 42
indicated that cotton fabric treated with BTCA
forms a higher amount of ester than that treated Flongation S
with CA [21]. 21.50 .50
Table 8. Ranks
VV\\//aerfpt) NR'\:r?I?n Sum of Ranks
21
Result Warp 99 10 464.00
weft | 2% 439.00 Teaging
20.90 o
Total 42 &
Table 9. Test statistics Figure 8. Pairwise comparisons of breaking
Result elongation tearing
Mann-Whitney U 208.000
Wilcon W Z 439.000 Table 13. Each node shows the sample average
-,315 rank of breaking elongation tearing
Asymp.Sig (2-tailed) ,753 Std. .
a. Grouping Variable: warp weft ggmg::; StZte;z:ic ESrtrdo.r Test | Sig. ?,dé
Statistic
Table 10. Ranks feaning- | 14.000 | 4633 | 3.022 | 003 | 008
: ongation
Breaking Tearing-
Elonggtion N Mean Rank Breaking 28.000 | 4.633 | 6.044 |,000 | ,000
Tea“_ng Elongation-
Result Breaking 14 35.50 Breaking 14.000 | 4.633 | 3.022 | ,003 | ,008
Elongation 14 21.50
Tearing 14 7.50 Each row tests the null hypothesis that the Sample
Total 42 1 and Sample 2 distributions are the same.
Table 11.Test Statistics Asymptotic significances (2-sided tests) are
Result displayed. The significance level is 0.05.
Qi-Square 36.527
df 2 4. CONCLUSIONS
Asymp. Sig. ,0001
a. Kruskal wallis test, b. Grouping variable 1. 100% cotton fabric was used for this study in

breaking elongation tearing
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denim shirt fabric, acrylic coating process has
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been applied with copper, zinc oxide particles.
After coating, the breaking strength (newton),
elongation at break (%) and tear strength
(newton) were determined experimentally and
the results were evaluated. In this study, cotton
fabric was functionalized by cross-linking of
polycarboxylic acid (BTCA and CA). In
addition, BTCA and CA treatment could
improve significantly the breaking strength and
tearing strength of cotton fabrics. Coated
woven fabrics by polyacrylate binder become
mild. Breaking strengths in the warp and weft
directions generally increased after the coating
process. Coated fabrics with polyacrylate
binder have a stronger structure compared to
uncoated ones which is due to the higher
density in the warp direction. Therefore, higher
breaking strength results were obtained. In the
fabric with less weft density, less number of
yarns will resist the load and the breaking
strength of the fabric in weft direction
decreases. It was concluded that 5%
concentration of BTCA was enough to obtain
durable breaking strength.

. When the elongation of this treated fabric were
compared, it was determined that
ZnO<5um+BTCA had the best (28%)
elongation.

. The mechanical properties of the polyacrylate
binder coating can have a major effect on the
tear properties of coated woven fabrics. The
tear properties of a polyacrylate binder coated
woven fabric depend on the structure of
crosslinking used. Since there is a loose
structure in twill fabrics, the yarns slide over
each other and it tears later. In this study, since
medium hard polyacrylate binder, cross-linker
and microparticles are applied to the fabric, it
increases the friction between the yarns. It
causes a decrease in tear strength.

. Application to the better soft polyacrylate
polymer with polycarboxyclic crosslinking
increased the breaking load of the coated
fabric. Greater polyacrylate polymer led to a
greater tensile load.
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Utilization of the greater polycarboxylic
crosslinking to a woven fabrics increased its
flexible. In other words, coatings that add a
noticeable mass to woven fabrics soften them.
An elastic structure is generated owing to the
cross-linking between BTCA, CA and
cellulose. This leads to decrease in elongation
at break.

Polycarboxylic acid crosslinkers generate an
ester type crosslink with cotton. 1,2,3,4-
butantetracarboxylic acid (BTCA) was more
effective crosslinker compared to citric acid
monohydrate (CA) owing to the four
carboxylic groups in its structure. The better
crosslinking of the fabrics treated with BTCA
was caused by the existence of the four
carboxylic acid groups in BTCA, which could
generate the hydroxyl ion.

On the basis of the findings of this study,
another study has been designed in which the
combined effect of different cross-linkers,
breaking strength, tearing strength will be
studied.

8. According to the results of the one-way analysis

of variance, it was found that the prescriptions
were statistically significant at the 95%
confidence level on the rupture, elongation and
tear test results.
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Oz

Bu ¢alismada, Sorel ¢imentolu hafif betonlarin (SC) baz1 mekanik ve yalitim 6zellikleri incelenmistir. SC
numunelerinin yalittim 6zelliklerinde iyilestirmeler yapabilmek i¢in SC karigimlart igerisine; hava
stiriikleyici katki (HSK), ahsap talas1 (AT), misir kogani talasi (MT), Puzolanli madde (P), Afsin-Elbistan
Termik Santral ugucu kiilii (AEUK) katkilari ayr1 ayr1 ikame edilerek numuneler tretilmistir. Numuneler,
bazi mekanik testlere ve yalitim testlerine tabi tutulmustur. Ayrica referans numunelerin (R) farkli ortam
kosullarina kars1 direngleri incelenmigtir. Numune dayanim degerlerinin yiiksekten diisiige sirasiyla SC,
SC+HSK, SC+P, SC+AEUK, SC+AT ve SC+MT oldugu tespit edilmistir. SC+AEUK numunelerinin
catlamast nedeniyle SC ve AEUK malzemelerinin birlikte kullanilmalarinin uygun olmadigi
gozlemlenmistir. Suda bekletilen SC numunelerinin dayanimlarinin zamanla diistiigii saptanmistir. Ortam
sicaklik artisinin R numunelerinin dayanimlarinda 100 °C’de artig, 500 °C ve sonrasinda diisiise neden
oldugu goriilmiistiir.

Sonug olarak katki kullanilan numunelerin R numuneye gore dayamimlarinda distis, yalitim 6zelliklerinde
ise bazi iyilesmelerin oldugu gozlemlenmistir. Saptanan degerler kullanilan katkilarin tiiriine ve oranina

gore farklilik gostermistir.

Anahtar Kelimeler: Sorel ¢imentosu, Hafif agirlikli numune, Yalitim, Hafif agrega, Dayanim
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Investigation of Mechanical and Insulation Properties of Sorel Cement
Lightweight Samples

Abstract

In this study, some mechanical and insulation properties of Sorel cement lightweight concretes (SC) were
investigated. In order to make improvements in the insulation properties of SC samples; Samples were
produced by substituting air-entraining additive (HSK), wood shavings (AT), corn cob shavings (MT),
Pozzolanic substance (P), Afsin-Elbistan Thermal Power Plant fly ash (AEUK) additives separately. The
samples were subjected to some mechanical tests and insulation tests. In addition, the resistances of the
reference samples (R) against different environmental conditions were examined. It was determined that
the sample strength values, from high to low, were SC, SC+HSK, SC+P, SC+AEUK, SC+AT and
SC+MT, respectively. It has been observed that it is not appropriate to use SC and AEUK materials
together due to the cracking of the SC+AEUK samples.It was determined that the strength of the SC
samples kept in water decreased over time. It was observed that the increase in ambient temperature
caused an increase in the strength of the R samples at 100 °C and a decrease at 500 °C and later.

As a result, it was obtained that the strength of the samples using additives decreased compared to the R
sample, and there was some improvement in the insulation properties. The determined values differed
according to the type and ratio of the additives used.

Keywords: Sorel cement, Lightweight sample, Insulation, Lightweight aggregate, Strength

degerlendirmek ve bu atiklarin  kullanimint
yayginlastirmak i¢in son yillarda bu konu ile ilgili

1. GIRIS

Giiniimiizde insanin yasamini1 devam ettirebilmesi léa;v)salm hd' alr astlrmalark fpllmalggd:r'. .Yetermce
icin gerekli temel ihtiyaglardan biri de enerjidir. cgeriendirrmeyen atki  madaelerinin - yapt
Gelismis ve gelismekte olan bircok iilkenin malzemesi iiretiminde kullanilmasi halinde bazi

mekanik ve yaliim Ozelliklerini etkiledigi

niifusuna ve {retim faaliyetlerine oranla niifus
artisl, sanayilesme ve kentlesme gibi etkenlere
bagli olarak bu iilkelerin enerjiye olan
gereksinimleri hizla artmaktadir. Enerjiye olan
ihtiyacin her gecen giin artmasi, enerji tikketimini

bilinmektedir. Bu yolla faydali atik bertarafina
katkida bulunulabilir.

Magnezyum  oksikloriir ~ ¢imentosu  (Sorel

de paralel olarak artirmaktadir.

Tirkiye enerjide disa bagimli olan iilkelerden
biridir. Ulkemizde son yillarda hizla artan insaat
faaliyetleri ile birlikte binalarda tiiketilen enerji
miktar1 da katlanarak artmaktadir [1]. Artan enerji
tilketiminin; tlkelerin ekonomileri yaninda insan
ve ¢evre sagligina da ciddi anlamda zarar
vermesinden dolay1 enerji tiiketimini azaltmaya
yonelik bu enerjinin muhafaza edilmesi ve
tasarrufu {lizerine yapilan calismalar son donemde
hiz kazanmustir.

Modern diinyanin ihtiyaglarina uygun olarak,
cevre kirliligini azaltmak, endiistriyel atiklar
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¢imentosu) 1867°de Fransiz arastirmaci Stanislaw
Sorel tarafindan kesfedilmistir. Bu sebeple
magnezyum oksikloriir ¢imentosu Sorel ismini
almistir.  SC bazli malzemeler, SC’nin normal
Portland ¢imentosuna kiyasla bazi {istiin 6zellikleri
bulunmasi sebebiyle son zamanlarin arastirma
konusu olarak ilgi odagi haline gelmistir [2].

Sorel ¢imentosu, magnezyum oksit (MgO) ve
magnezyum kloriir (MgCly) ¢6zeltisinin farkli
oranlarda karistirilmasiyla elde edilen 6zel bir
¢imentodur.  SC’nin  {iretiminde  kullanilan
magnezya (MgO), deniz sularindan veya ham
manyezit mineralinden (MgCO03) elde edilir.
Manyezit minerali ise dogada bulundugu sekilde
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dogrudan Sorel ¢imentosu karigimina girmez.
Manyezit minerali baz1 islemlerden geg¢irildikten
sonra Sorel ¢imentosu tretiminde
kullanilabilmektedir. Manyezit (MgCO0s)
mineralinden elde edilen magnezya, 750-1000 °C
sicakliklart arasinda kalsine edilerek meydana
gelip kalsinasyon islemi doner ya da dik firinlarda
gergeklestirilmektedir. Kalsine edilen Manyezit
(MgCO0s) daha sonra farkli boyutlara getirilip
ogitiiliir. Bu iglem aninda manyezitte bulunan CO;
ayrilarak MgO elde edilir [3] (Esitlik 1).

MgCO; — MgO + CO, (1)

Elde edilen MgO, su i¢inde MgCl; igeren bir

magnezyum  kloriir ¢ozeltisi ile karistirilir
(Esitlik 2).

MgO + MgCl, + H,0 — 2Mg(OH)CI (2)
SC’nin  kullanim  alanlar1  olarak, otoyol

yilizeylerinin yani sira siva, yangma dayanikli
kaplamalar ve kaliplanmis ¢imento nesneleri gibi
benzeri uygulamalarda hizli priz alan bir ¢gimento
olarak kullanilir. Ring ve Ping (2007) yapmis
oldugu c¢aligmasinda kati magnezyum oksitin
(MgO)’in magnezyum kloriir (MgCly) ve su ile
karistirilmasi ile SC elde etmistir. Elde ettikleri
¢imentonun hizli bir sekilde prizini aldigini
gozlemlemislerdir [4].

Daha ¢evreci bir yaklasimla ¢evrenin korunmasina
duyulan ihtiya¢ konusunda giderek artan
farkindalik nedeniyle, SC igeren arastirma konulari
son zamanlarin arastirma konulari igerisinde artan
bir ilgi odagi halini almistir. Chau ve Li (2008)
calismasindaki kapsamli mikroskobik gozlemler,
SC’nin kristal fazlarimin genel olarak nano boyutlu
kiiglik taneciklerden olusan graniiler bir yiizeyle
farkli formlarda demetlenmis igne seklinde
kristaller oldugunu gostermektedir. Cimento
hamurunun yiiksek basing dayanimina sahip masif
ve yogun mikro yapisinda demetlenmis igne
seklindeki kristal izleri de gozlemlenmistir [5].

Shahbazi ve Sadeghi (2016) ¢alismasinda, SC ile
irettikleri numunelerin su direncini ve basing
dayanimlarin1 incelemislerdir. Ayrica hizli priz
alan SC karisimlari i¢in bazi katki maddeleri

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

Hiiseyin TEMIZ, Ergin TANDIRCI

yardimiyla ¢imento priz siiresini  uzatmak
istemiglerdir. Caligmadaki sonuglar, ¢imento
icerisine ilave edilen bazi katki maddelerinin (Cam
elyafi, silisyum karbiir tozu) ¢imentonun mekanik
mukavemetini ve priz siiresini  artirdigim
gostermektedir. Bununla beraber suya karsi
dayanimi disiik olan SC numunelerinin karigim
icerisine bazi katki maddelerinin eklenmesiyle su
direncinin arttirilabilir oldugu goriilmiistiir [6].

Insaat sektoriiniin siirekli gelismesiyle birlikte
diisiik maliyetli, dayanikli, hafif, uzun kullanim
stiresine  sahip kompozit yapt malzemelerinin
onemi giin gectikge artmaktadir. Giirbliz ve Kork
(2020) calismasinda kompozit yap1
malzemelerinden olan magnezyum oksit levhalar
ele almiglardir. MgO levhalarin kullanim alani
acisindan ¢esitli iklim kosullaria uygun kimyasal
ve fiziksel bir yapiya sahip oldugu sdylenebilir ve
bu levhalar ingaat sektoriinde hemen her alanda
kullanilabilecek kompozit panel olarak &ne
cikmaktadir. Geleneksel olarak kullanilan yap1
levhalarimin yerine MgO levhalarin tercih edilmesi
yangina ve darbeye dayaniminin yiiksek ve gevre
dostu olmasindan dolay1 tercih edilebilir. Ancak
MgO levhalarin iretimi diger yapi levhalarina
kiyasla hazirlaniginda siki kontrol gereksinimi,
asir1  yiksek nemli ortamlarda deformasyona
ugramast ve Ozellikle yiiksek maliyetinden Gtiirii
diinyada kullanimimin olmasi gerektigi kadar
yayginlagsmadigt goriilmektedir. Yapilan arastirma
ve deneysel caligmalar sonucunda magnezyum
oksit  levhalarin  diger = kompozit  yap1
malzemelerinden  daha  kullanmishh  oldugu
gozlemlenmistir [7].

Bu calismada SC baglayicili ve hafif agregalarla
dretilen numunelerin  mekanik ve yalitim
Ozellikleri incelenmistir. Arastirilan numuneler
referans numunesi SC ile ve diger numuneler SC
icerisine P, HSK, AEUK, AT ve MT
malzemelerinin  eklenmesi ile hazirlanmistir.
Numunelerin; egilme-basing dayanimi, 1s1 iletim
katsayisi, ultrases gecis hizi, birim hacim agirlik,
su emme ve goriinir gozeneklilik, hacimsel
genlesme, alkali silika reaksiyonu (ASR), ylizey
alan1 analizi (BET) incelenmistir. Ayrica, su ve
sicakhigin etkisine maruz birakilan R numunelerin
gosterdigi reaksiyon incelenmisgtir.
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2. MATERYAL VE METOT

2.1. Materyal

Magnezyum

analiz

oksit

(MgO):

verilmistir. MgO Sekil 1a’da goriilmektedir.

Cizelge 1. Magnezyum  oksit

kimyasal

sonuglar1 [8]

SC’nin  ana
hammaddelerinden biri olan magnezyum oksidin
yogunlugu 3,12 g/cm® olup kimyasal ve fiziksel

sonuglart Cizelge 1 ve Cizelge 2’de

analiz

Kimyasal Ozellikler Analiz Sonuglar1 (%)
MgO 85
CaO 2,5
SiO, 55
Fe,O3 1,25
Al;,O3 0,1
Kizdirma Kaybi 3
Cizelge 2. Magnezyum  oksit  fiziksel analiz
sonuglari [8]
Elek acikligi (um) | 300 pm | 150 pm | -150 um
Yiizde gegen 100% | %5 max | 95%

Magnezyum Kloriir (MgCl,): Kristal seklindeki
MgCl, deniz suyundan ya da manyezit (MgCOs)
mineralinden elde edilir. Magnezyum Kloriiriin
molar agirligt 203,31 g/mol ve yogunlugu
1,569 glcm®tir. MgCl; kimyasal &zellikleri
Cizelge 3’te belirtilmistir. MgCl, Sekil 1b’de
goriilmektedir.

Cizelge 3. MgCl, kimyasal analiz sonuglar

Kimyasal 6zellikler | MgCl, | CaCl, | NaCl | KCI

Oranlar (%) 46,5 | 21,12 | 0,51 | 0,31

Su: Karigimlarda sebeke suyu kullanilmig olup
Kahramanmaras  Siitgi  Imam  Universitesi
Miihendislik ~ Fakiiltesi Insaat Miihendisligi
Boliimii laboratuvarindan temin edilmigtir.

Ucucu kiil: Calismada Afsin Elbistan Termik
Santralindan temin edilen ugucu kil (AEUK)
kullanilmigtir. Bu kiiliin yogunlugu 2,15 g/cm®’tiir
ve kimyasal analiz sonuglart Cizelge 4’te
verilmistir. AEUK Sekil 1c’de goriilmektedir.
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Cizelge 4. AEUK kimyasal analiz sonuglari [9]

Kimyasal 6zellikler Analiz sonuglari (%)

SiO; 18,27

Al,O3 9,16

Fe,Os 3,26

CaOo 53,44

MgO 1,74

K20 0,38

Na,O 0,19

SO; 11,4
Kizdirma kaybi 2,12

(<)

_
Sekil 1. a) Magnezyum oksit, b) Magnezyum
kloriir, ¢) Afsin-Elbistan ugucu kiilii

Puzolanik  madde (Bims): Arastirmada
yararlanilan puzolan (bims) bosluklu, siingerimsi
bir yapiya sahip olup volkanik olaylar sonucu
meydana gelmektedir. Fiziksel ve kimyasal
etkilere kars1 dayaniklidir. Gozenekli ve camsi bir
yapiya sahip volkanik bir kaya¢ olan puzolan,
olusumu esnasinda biinyesindeki gazlarin hizli bir
sekilde biinyeyi terk etmesi ve ani sogumast
sebebiyle sayisiz gozenek barindirir. Puzolanik
maddenin gbzenekleri arasi genellikle birbirleriyle
baglantisiz olusu ve bosluklu bir yap1 barindirmasi
sebebiyle, permeabilitesi diigiik, 1s1 ve ses yalitimi
oldukga yiiksektir [10]. Yapilan bu deneysel
calismada karigim igerisine ikame edilen puzolanik
madde ile daha diisiik birim hacim agirhgma ve
daha iyi 1s1 ve su yaliimi degerlerine sahip bir
malzeme elde edilmesi amaglanmigtir. Puzolanik
madde Sekil 2a’da goriilmektedir.
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Hava siiriikleyici katki: Bu tez ¢alismasinda hava
siriikleyici  katki  olarak  MasterAir® 200
kullanilmigtir. MasterAir® 200, yag alkoli ve
amonyum tuzu esasli bir katki maddesidir.
MasterAir® 200 karisim igerisine kontrollii hava
stiriikleyerek kalici, kiiciik ve optimum aralikli
hava kabarciklari olugturan ve karigimin donma-
¢coziilme dongiisiine karst dayanikliligini artiran,
hava siiriikleyici katki malzemesidir [11]. Bu katki
maddesinin karisim igerisine ikame edilmesiyle
daha diisiik birim hacim agirlikli ve daha iyi 1s1 ve
su yalitimi degerlerine sahip bir malzeme elde
edilmesi amaglanmustir.

Misir kogam talasi: Ulkemizde genis bir ekim
alan1 bulunan misirin ortasinda yer alan genellikle
sert bir yapiya sahip pargaya musir kocani
denilmektedir. Bu ¢alismada misirin atik iiriini
sayilan musir kocanmin yalitim malzemesi olarak

2.2. Metot Numunelerin Hazirlanmasi

Karisim Oranlar

ve

Bu calismada baglayici olarak SC kullanilmustir.
SC’nin  karigimma giren MgO ve MgCl;
oranlarinin belirlenmesinde 5 nolu referans esas
alinmigtir [12]. Buna gore SC’nin karisimi %76
MgO + %24 MgCl,’ den meydana getirilmistir. R
numunesi, 6nce MgCl, + suyun karistirilmasiyla

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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degerlendirilebilmesi arastirilmis olup bu atik
driiniin ~ degerlendirilmesiyle c¢evreye ve iilke
ekonomisine artt  bir kazan¢ saglanmak
amaglanmustir.  Ogiitiilmiis musir kocam talast
Sekil 2b’de goriilmektedir.

Ahsap talasi: Son zamanlarda hammaddelerin
verimli kullanilmasi ile beraber insanlarin ¢evreye
olan duyarliligindaki artis ve atik malzemelerin
geri doniistiiriilebilmesi iizerine yapilan
aragtirmalar oldukca yogunlagsmigtir. Bu atik
malzemelerin  6nemli bir bolimiinii  orman
endiistrisi  atiklart  olusturmasi  sebebiyle bu
calisgmada  ayrica  kereste veya  mobilya

fabrikalarinda agiga ¢ikan ahsap talasi atiklarinin
yalittm malzemesi olarak degerlendirilebilmesi
incelenmistir.
goriilmektedir.

Sekil 2c’de  ahsap  talasi

elde edilen c¢ozeltiye, MgO eklendikten sonra
¢imento mikseri ile yaklagik 3-5 dakika
karistirilarak hazirlanmistir. Uretilen numunelerin
isimleri ve karigim miktarlart  Cizelge 5’te
verilmistir. R numunesine %1 oraninda HSK ilave
edilerek numuneler iretilmistir. Diger numuneler
P, AEUK, MT ve AT Kkatkilar1 ilave edilerek
iretilmistir.
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Cizelge 5. Uretilen numunelerin karisim miktarlari

L Miktarlar (g)

Numune ismi

SC Su HSK P AEUK MT AT
R 1,740 320 - - - - -
SC+HSK 1700 300 17 - - - -
SC+P 400 495 - 400 - - -
SC+AEUK 980 420 - - 420 - -
SC+MT 200 420 - - - 200 -
SC+AT 160 405 - - - - 160
Hamur numunelerin priz baglama ve prizin sona  Kiip numunelerin  etiivde kurutma islemi

erme sirelerinin tayini ile hacimsel genlesme
degerlerinin saptanmasinda TS EN 196-3 standardi
esas almmustir [13]. Sekil 3a ve b’de sirasiyla
Vicat cihazi ile yapilan priz siiresi 6l¢iim islemi ve
hacimsel genlesme saptanmasi goriilmektedir.

LIRS/ 4" G S 1S ."“
Sekil 3. (a) Priz siiresi tayini,
genlesmenin bulunmasi

(b) Hacimsel

Karigimlarin - birim hacim agirlik  degerlerini
bulmak i¢in her karigimdan ii¢ adet 10x10x10 cm
boyutunda kiip numuneler alinmistir. 28 giinliik
numuneler TS EN 772-13 standard1 esas alinarak
birim hacim agirlik deneylerine tabi tutulmustur
[14]. Kip numunelerin 0,1 g hassas terazide
tartilma iglemi Sekil 4a’da goriilmektedir.

Karigimlarin su emme ve goriiniir goézeneklilik
degerlerini bulmak i¢in her karigimdan ii¢ adet
10x10x10 cm boyutunda kiip numuneler
alinmistir. 28 giinlik numuneler TS EN 993-1
standard1 esas alinarak su emme ve goriinir
gozeneklilik deneylerine tabi tutulmustur [15].
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Sekil 4b’de goriilmektedir.

i ‘ e 2
Sekil 4. (a)  Numunelerin

tartilma
(b) Numunelerin etiivde kurutulma iglemi

iglemi,

Karigimlarin  egilme ve basing dayanimlarim
bulmak i¢in her karigimdan 6 adet 4x4x16 cm
boyutunda har¢ prizma numuneleri hazirlanmigtir.
Hazirlanan numuneler deney yaslarina kadar kiir
edilmiglerdir. Ayrica SC numunelerinin 1siya karst
direnglerini saptamak amaciyla alinan numuneler
oda sicakligi, 100 °C, 500 °C, 1000 °C sicaklikta
ve kiir tanki olmak iizere 5 farkli ortam
kosullarinda bekletilmistir. Tiim bu numunelerin
her karisimindan 3 adet 7 giinliik ve 3 adet de 28
giinliik olarak test edilmek {izere toplam alt1 adet
numune alinmis ve bu numuneler TS EN 196-1
standard1 esas alinarak egilme ve basing dayanimi
deneylerine tabi tutulmustur [16]. Sekil 5a ve b’de
sirastyla  egilme ve basing dayanimi deneyi
uygulamasi goriilmektedir.
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Sekil 5.

(a) Egilme dayanimi deneyi, (b) Basing
dayanimi deneyi

Karisimlarin boy degisimlerinin incelenmesi i¢in
hizlandirilmig ~ yontemlerden  ASTM  C1260
standardi esas alinmigtir [17]. Bu test yontemi igin
her karisimdan {i¢ adet 25x25x285 mm boyutunda
prizma numuneler tretilmistir. Alinan numuneler
14 giin %1 Na(OH) ¢ozeltili suda kiir edildikten
sonra teste tabi tutulmuslardir. Prizma ¢ubuklarin
boy 6l¢iim islemi Sekil 6a’da goriilmektedir.

Karisimlarin ultrases gegis hizi degerlerini bulmak
icin her bir karisimdan ii¢ adet 10x10x10 cm
boyutunda kiip numuneler almmistir. Alinan

numuneler 28 giin oda sicaklifinda bekledikten
sonra ASTM C 597-16 standardi esas alinarak
ultrases gegis hizi testine tabi tutulmustur [18].
Alman kiip numunelerin ultrases gegis hizt 6l¢iim
islemi Sekil 6b’de goriilmektedir.

Sekil 6. (a) Numunelerin boy Ol¢iim iglemi, (b)
Ultrases gecis hiz1 6l¢iim islemi
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Karisimlarin 1s1 iletim katsayisi degerlerini bulmak
icin hazirlanan karisimlardan  20x20x5 cm
boyutunda prizma numuneler alinmistir. Alinan
numuneler 28 giin oda sicakliginda bekledikten
sonra ASTM 1113-90 standard: esas almarak
Sicak Tel Yontemi ile galisan Kem QTM 500
markali termal iletkenlik katsayisi 6l¢iim cihazi
kullanilarak 1s1 iletim katsayisinin belirlenmesi i¢in
teste tabi tutulmustur [19]. Prizma numunelerin 1s1
iletim katsayis1 Olgim iglemi Sekil 7a’da
goriilmektedir.

- “i“l

—

Sekil 7. (a) Isi iletim katsayisi 6l¢iim iglemi, (b)
BET yiizey alani 6l¢iim islemi

BET ylizey alani analizi igin alt1 farkli karisimdan
alinan numuneler ogiitiilerek toz hale getirilmistir.
Toz hale getirilen numunelerin BET yiizey alani
olgiim analizi, Kahramanmaras Siit¢ii Imam
Universitesi Merkez Laboratuvarinda bulunan
Micromeritics Tristar II marka BET yiizey alam
Olciim cihaz1 kullanilarak gergeklestirilmistir.
Numunelerin BET yiizey alanm1 Ol¢iim islemi
Sekil 7b’de verilmistir.

3. BULGULAR VE TARTISMA

3.1. Priz Baslangig ve Bitis Siireleri

Hazirlanan alti farkli karigimin priz baslangi¢ ve
bitis siiresi degerleri Sekil 8’de verilmistir.

Sekil 8°deki priz siireleri {ic adet deneyin
ortalamasi alinarak bulunmustur.
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Sekil 8. Priz baslangi¢ ve bitis stireleri

Sekil 8 incelendiginde R hamurunun priz baslangig¢
ve bitis  silirelerinin  daha kisa  oldugu
goriilmektedir. R hamuruna gore karisima %1
oraninda HSK katilmasi priz baglangic ve bitis
stirelerini sirastyla %8 ve %6 uzatmistir. Ayni
sekilde karisima giren P, AEUK, MT maddeleri
priz baslangi¢ ve bitis siiresini uzatmistir. Uzama
stireleri sirastyla P igin %25 ve %15; AEUK’de
%58 ve %27; MT’da %83 ve %35; AT da %75 ve
%29 olmustur.

Austin ve Daniel (1949), Smith-Johannsen (1982),
Ring ve Ping (2007), Oztiirk ve arkadaslar (2008),
Santra  ve arkadaslari1  (2009)  yaptiklar
calisgmalarda SC ile hazirlanan numunelerin
prizlerini olduk¢a hizli bir siirede aldiklan
gorilmistir [20,21,4,22,23]. Shahbaz1 ve Sadeghi
(2016) galigmasinda SC igerisine ilave edilen katki
maddelerinin ¢imento priz siiresine etkisini
incelemis ve bu ilave edilen katki maddelerinin
priz siirelerini arttirdigin1 gozlemlemistir [6].

Elde edilen bulgularin literatiir ile tutarli oldugu;
bu bulgulara gore referans numunelerin priz
baslangi¢ ve bitis siirelerinin oldukga kisa oldugu,
karisim igerisine ikame edilen katki maddesinin
tiirline gore priz siirelerinin uzadig gorilmiistiir.

3.2. Hacimsel Genlesme Degerleri
Hazirlanan karigimlarin hacim sabitligi (genlesme)

tayini sonuglar1 Sekil 9’da verilmistir. Hacimsel
genlesme degerleri {i¢ sonucun ortalamasidir.
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Sekil 9. Hacimsel genlesme degerleri

Sekil 9 incelendiginde R, SC+HSK ve SC+P
numunelerinin genlesme degerleri TS EN 196-3
standardinda belirtilen 10 mm sinir degerinin
altinda kaldigi goriilmustir [13]. P katkisinin
genlesme miktarini azaltmasina, P’nin bosluklu
yapisinin neden oldugu distiniilmektedir. HSK
katkisinin genlesme miktarin1 yaklasik %22, P
maddesinin ise yaklasik %67 azalttig1 goriilmiistiir.
MT ve AT maddeleri, karisimda bulunan suyun
onemli bir kismim absorbe ederek sismesi
sebebiyle standartta ongoriilen 10 mm smir
degerinin iizerinde ¢ikmasimna neden olmuslardir.
Zhengyuan (1993) calismasinda SC ile iiretilen
karisimlarin  sertlegsmesi sirasinda numunelerde
stirekli hacim artis1 sorunlarinin oldugu goriilmiis
ve bu sorunun ise karigim i¢in ekstra harmanlama
sistemi gelistirilmesiyle ¢oziilebilecegini
belirtmistir [24].

SC igerisine AEUK ilave edilmesiyle {iretilen
numunenin su ile temasindan bir siire sonra
dagildig1 goriilmiis ve bu sebeple genlesme miktari
6l¢iilememistir.

3.3. Egilme ve Basing¢ Dayanim Tayini
Numunelerin egilme dayanimi sonuglar1 Sekil 10,
basing dayanimi sonuglart Sekil 11°de verilmistir.

Egilme dayanimi degerleri ii¢ degerin, basing
dayanimi degerleri ise alt1 degerin ortalamasidir.
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Sekil 10. 7 ve 28 giinliik prizma numunelerin egilme dayanimlari

Sekil 10°da wverilen degerler incelendiginde 7
giinliik egilme dayanimlarinda en yiiksek dayanim
R numunesinde 8,47 MPa, en diisik dayanim ise
SC+MT numunesinde 0,23 MPa bulunmustur. R
numunesine en yakin dayanim  SC+HSK
numunesinde 7,03 MPa elde edilmistir. 28 giinliik
numunelerin egilme dayanim degerleri de 7 giinliik
numunelerin  egilme  dayanmimi  degerlerine
benzerlik gostermistir. Buna gore en yiiksek
dayanim R numunesinde 11,57 MPa, R’nin
dayanimina en yakin SC+HSK numunesinde
9,9 MPa bulunmustur. Bu grupta en diisiik egilme
dayanimi degeri SC+MT numunesinde
0,47 MPa’dir. R numunesinin 28 giinlik egilme
dayanimi, 7 giinliklere goére %37 artmustir.
Numunelerin  yaslarinin ~ artmasiyla  egilme
dayanimlar1 artmistir. SC+P numunesinin 7 ve 28
giinlilk egilme dayanimlarn sirasiyla 2,13 MPa ve
3,63 MPa’dir. Bu dayanimlarin R’nin dayanimina
gore sirastyla %75 ve %69 azaldigi goriilmistiir.
SC+AEUK numunesinin 7 ve 28 giinlik egilme
dayanimlarinin sirasiyla 1,10 MPa ve 1,90 MPa

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

oldugu ve R numunesine gore sirasiyla %87 ve
%84 azaldigi goriilmistir. Sekil 10°da SC
numunesinin oda sicakhiginda (R), kiir tankinda
(SCKT) ve 100 °C (SC100 °C), 500 °C
(SC 500 °C), 1000 °C (SC1000°C) yiiksek
sicaklikli etiivde bekletilen numunelerin egilme
dayanimlar1 incelendiginde diger numunelerin
aksine su iginde bekletilenlerin 7 giinde 28
giinliiklere gore daha yiiksek ¢iktigi saptanmustir.
Bu degerler sirasiyla 4,07 ve 2,8 MPa’dir. 28
giinliik numunenin 7 giine gore diislis oran1 %31
dolayindadir. Bu sonu¢ SC numunelerinin su
icinde dayanim kaybettigini gostermektedir. En
yiiksek egilme dayamm 100 °C bekletilen
numunelerde elde edilmistir. 7 ve 28 giinlik
dayanim  degerleri swrasiyla 9,9 MPa ve
12,8 MPa’dir. 28 gilinliik numunelerin egilme
dayanimlart 7 giine gore yaklagik %29 artmistir.
500 °C’de c¢ok Kkiigiik degerler elde edilirken,
1000 °C’deki numuneler dagilmis ve dayanim
bulunamamustir.
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Sekil 11. 7 ve 28 giinliik prizma numunelerin basing dayanimlari

Sekil 11°de  verilen basing  dayanimlart
incelendiginde sonuglarin egilme dayanimlarinda
meydana gelen degisimlere benzedigi

anlagilmaktadir. 7 giinliik R numunesinin basing
dayanimi 54,17 MPa iken 28 giinliik numunede
73,7 MPa olmustur. 28 giinlik R numunelerinin
7 ginliklere gore artig orami  %36°dir.
R numunesine en yakin basing dayanimlari
SC+HSK numunesinde bulunmustur. Sirasiyla
7 ve 28 giinliik numunelerin basing dayanimlari
46,68 MPa ve 65,12 MPa’dir. SC+P numunesinin
7 ve 28 giinliik basing dayanimlar1 11,12 MPa ve
18,45 MPa; SC+AEUK’nin 5,82 MPa ve
9,90 MPa; SC+AT’nin 2,73 MPa ve 4,65 MPa’dur.
En disiik deger ise SC+MT numunesinde olup
1,0 MPa ve 2,73 MPa c¢ikmstir. Sekil 11°de
SC numunesinin oda sicakhiginda, kiir tankinda ve
100 °C, 500 °C, 1000 °C yiiksek sicaklikli etiivde
bekletilen  numunelerin  basing  dayanimlari
incelendiginde diger numunelerin aksine su iginde
bekletilenlerin 7 giinde 28 giinliiklere gore daha
yiiksek ¢iktig1 saptanmistir. Bu degerler sirasiyla
22,88 MPa ve 1550 MPa’dir. 28 ginliik
numunenin 7 giine gore disis oram1 %32
dolayindadir. Bu sonu¢ SC numunelerinin su
icinde dayanim kaybettigini gostermektedir. En
yiksek basing dayanimi 100 °C bekletilen
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numunelerde elde edilmistir. 7 ve 28 giinlik
dayanim degerleri sirasiyla 61,23 MPa ve
79,15 MPa’dir. 28  giinlik  numunelerin
dayanimlart 7 giine gore yaklagik %29 artmistir.
500 °C’de c¢ok Kkiigiik degerler elde edilirken,
1000 °C’de numuneler dagilmig ve dayanim
bulunamamigtir. Weber ve arkadaslar1 (2012)
yaptigi  calismada SC ile bazt  dolgu
malzemelerinin beraber kullanilmasi neticesinde
yiiksek basing dayanimina sahip har¢ numuneleri
elde edildigi belirtilmistir [25]. Smith-Johannsen
(1982) yaptig1 calismada, SC normal Portland
¢imentosuna gére yanmaya ve 1siya Karsi
direncinin oldukga fazla oldugu goriillmiistiir [21].
Santra ve arkadaslart (2009) yaptiklar: ¢alismada
SC numunelerinin  yiiksek sicaklikta  stabil
olduklarin1  gozlemlemislerdir [23]. Giirbiiz ve
Kork (2020), geleneksel olarak kullanilan yapi
levhalarinin yerine MgO levhalarin
kullanilmasinin yangina dayanimmin yiiksek ve
cevre dostu olmasindan dolayr tercih edilebilir
sonucuna varmustir [7]. Austin ve Daniel (1949),
Smith-Johannsen (1980) (1982), Moraitou (1994),
Oztiirk ve arkadaglar1 (2008) ve Giirbiiz ve Kork
(2020) yapmis olduklari c¢aligmalarda SC ile
iretilen numunelerin suya karsi direnglerinin
olduk¢a zayif, yiksek nemli ortamlarda
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numunelerin deformasyona ugradigi bu sebeple
numune dayanimlarmin  olumsuz etkilendigi
gorilmiistiir [20,21,26,22,7].

Bulunan dayanim sonuglarinin literatiir ile uyumlu
oldugu saptanmistir. Bu sonuglara gore referans
numunelerin dayanim degerlerinin oldukca yiiksek

ciktigl, karisim igerisine ikame edilen katki
maddelerinin cinsine gére numune dayanim
degerlerinde  diistisler gorilmistir. Karisim

igerisine ikame edilen; HSK maddesinin karigim
igerisine bir miktar hava siiriiklemesi, P katki
maddesinin ise bosluklu ve gozenekli bir yapida
olmasi referans numuneye gore dayanim
degerlerinde distislerin meydana gelmesine neden
oldugu dislinilmektedir. SC+AEUK ve SCKT
numunelerinde zamanla gozle goriiliir bir sekilde
catlaklarin olugsmasmin dayanim diisiikligiine
sebep oldugu distiniilmektedir. Ayrica SCKT
numunesinin 7 giinlik dayanim degerlerinin
28 giinliikk dayanim degerlerinden yiiksek olmasi
SC numunelerinin suya kars1 direncinin zayif
oldugunu gostermektedir. Dolayisiyla yiiksek
nemli ortamin SCKT numune dayanimlarini
olumsuz etkiledigi diigiiniilmektedir.

3.4. Birim Hacim Agirhk

Numunelerin birim hacim agirlik deney sonuglari
Sekil 12°de verilmistir. Sekil 12°deki birim hacim
agirlik degerleri ii¢ adet deneyin ortalamasi
almarak bulunmustur.
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Sekil 12. Birim hacim agirliklart
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Sekil 12’de verilen degerler incelendiginde, en
yiiksek birim hacim agirlik degerinin 2,06 g/cm®
ortalama ile R  numunelerinde  oldugu
goriilmektedir. HSK katkisiin birim hacim agirlik
degerini yaklasik %10, AEUK ikamesinin yaklagik
%18, P maddesinin yaklasik %37, MT maddesinin
yaklasik %65, AT maddesinin yaklasik %69
azalttign  goriilmiistir. SC+HSK, SC+AEUK,
SC+P, SC+MT ve SC+AT numunelerinin birim
hacim agirlik degerleri smrasiyla 1,85 g/em?,
1,69 g/cm?, 1,29 g/cm®, 0,72 g/cm?® ve 0,64 g/lcm?®
oldugu goriilmektedir.

Karisim igerisine ikame edilen; HSK maddesinin
karisim igerisine bir miktar hava siiriiklemesi, P
katki maddesinin ise bosluklu ve gdzenekli bir
yapida olmasi referans numuneye gore birim
hacim agirlik degerlerinde diisiislere neden oldugu
disiiniilmektedir. Kullanilan Sorel ¢imentosuna
kiyasla AEUK, MT ve AT katki maddelerinin
Ozgill agirliklarimin - diisiik olmasit bu  katki
maddeleri ile {iiretilen numunelerin birim hacim
agirliklarinin da diisiikk olmasina neden olmustur.

3.5. Su Emme ve Goriiniir Gozeneklilik Deney
Sonuglari

Numunelerin su emme ve goriiniir gézeneklilik
deney sonuglari sirasiyla Sekil 13 ve Sekil 14°de
verilmistir. Su emme ve goriiniir goézeneklilik
deney sonuglari ii¢ adet deneyin ortalamasi
almarak bulunmustur.
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Sekil 13. Su emme degerleri
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Sekil 13’te verilen degerler incelendiginde %2,22
ortalama ile en diisiik su emme degerlerinin R
numunelerinde oldugu gorilmiistir. SC+HSK
numunelerinin su emme orant %2,75°tir. Bu deger
R numunesinin su emme oranindan %24 fazladir.
SC+P numunelerinin su emme orant %12,69°dur.
En yiiksek su emme orant SC+AT numunelerinde
%83,26, en yiiksek ikinci ise %76,61 ile SC+tMT
numunelerindedir.
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Sekil 14. Goriiniir gdzeneklilik degerleri

Sekil 14°te verilen degerler incelendiginde; %4,57
ortalama ile en disiik goriiniir go6zeneklilik
degerlerinin R numunelerinde, %55,20 ortalama
ile en yiiksek SC+MT numunelerinde oldugu
gorilmektedir. SC+HSK numunesinde goriiniir
gozeneklilik oram1 %5,10, SC+P numunesinde
%16.37, SC+AT numunesinde %53,01°dir.

Ahsap talasi, misir kogani talast ve puzolanik
maddelerin  bosluklu  yapida olmas;; HSK
maddesinin karigim igerisine bir miktar hava
stiriiklemesi sebebiyle SC+HSK numunesinin daha
bosluklu bir yapida olmasi humunenin su emme
oranlarin1 ve goriiniir gozeneklilik degerlerini
artirmigtir. SC+AEUK numunelerinin su igerisinde
dagilmasi nedeniyle su emme oranlar1 ve goriiniir
gozeneklilik degerleri bulunamamustir.
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3.6. Hizlandirilms
Sonucu

Har¢ Cubugu Deney

Numunelerin hizlandirilmis har¢ ¢ubugu deney
sonuglart Sekil 15°te verilmistir. Hizlandirilmig
har¢ cubugu deney sonuglari ii¢ adet deneyin
ortalamasi alinarak bulunmustur.
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Sekil 15. Hizlandirilmis harg cubugu

Sekil 15’teki veriler incelendiginde en disiik boy
degisimi SC+P numunesinde %0,03 bulunmustur.
ikinci en diisiik SC + HSK numunesinde %0,19, R
numunesinde %0,31 ve en fazla genlesme SC+MT
numunesinde %0,57 bulunmustur. SC+AEUK
numunelerinin su igerisine konulduktan bir siire
sonra dagilmasindan dolayr bu numunelerin boy
degisimi degerleri dlglilememistir. Sonuglarin; R,
SC+HSK, SC+MT ve SC+AT numunelerinde
ASTM C 1260 standardina gore 14 giinlik boy
degisiminin maksimum sinir1 olan %0,1’in iistiinde
bir degerde oldugu goriilmiistiir.

R numuneye goére SC+HSK ve SC+P
numunelerinin - Na(OH) ¢ozeltili suya karst
direnglerinin arttig1 gézlemlenmistir. Bu direng
artisinin ikame edilen HSK ve P katki maddeleri
sayesinde oldugu ozellikle SC ile P katki

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



maddesinin olduk¢a iyi uyumluluk gosterdigi
tespit edilmistir.

3.7. Ultrases Geg¢is Hiz1 Deney Sonucu

Numunelerin ultrases gecis hizi deney sonuglar
Sekil 16°da verilmistir. Ultrases gegis hizi deney
sonuglar1 ilic adet deneyin ortalamasi alinarak
bulunmustur.
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Sekil 16. Ultrases gecis hizlari

Sekil 16°da verilen degerler incelendiginde 3,79
mm/us ortalama ile en ylksek ultrases gegis hizi
degerlerinin R numunelerinde oldugu goriilmiistiir.
2,49 mm/ps ile ikinci en yiiksek ultrases gecis hizi
degeri SC+HSK numunesinde oldugu ve R
numunesine goére ultrases gecis hizi degeri
yaklagik %35 azaldigi goriilmiistir. SC+AEUK,
SC+P, SC+MT ve SC+AT numunelerinin ultrases
gecis hizit degerleri sirasiyla 1,68 mm/ps, 1,18
mm/us, 0,70 mm/us ve 0,60 mm/us oldugu
goriilmektedir. R numunesine kiyasla SC igerisine;
AEUK ikamesinin ultrases gegis hizi degerini
yaklagik %56, P maddesinin yaklasik %69, MT
maddesinin  yaklagik %82, AT maddesinin
yaklasik %84 azaltt1g1 goriilmiistiir.

SC ile kullanilan katki maddelerinin ses yalitimina
pozitif bir katki sagladigi goriilmistir. Karigim
icerisine ikame edilen; HSK maddesinin karigim
igerisine bir miktar hava siirilklemesi, P katki
maddesinin ise bosluklu ve gdzenekli bir yapida
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olmasi nedeniyle referans numuneye gore ultrases
gecis hizi degerlerinde diisiisler saglamistir. Ayrica
karisim igerisinde MT ve AT katki maddelerinin
kullanilmasinin ultrases ses ge¢is hizlarinm biiyiik
oranda disiirdiigi bu sebeple bu iki katkinin
karisimda kullanilmasinin ses yalitimi agisindan
onemli oldugu diisiiniilmektedir.

3.8. Isidletim Katsayis1 Deney Sonucu

Numunelerin 1s1 iletim katsayisi deney sonuglari
Sekil 17°de verilmistir. Is1 iletim katsayis1 deney
sonuglar1 li¢ adet deneyin ortalamas: alinarak
bulunmustur.
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Sekil 17. Is1 iletim katsayilart

Sekil 17°de verilen degerler incelendiginde 3,5194
W/mK ortalama ile en yiiksek 1s1 iletim katsayisi
degerinin R numunelerinde oldugu goriilmiistiir.
HSK katkisinin 1s1 iletim katsayist miktarim
yaklasik %14, AEUK ikamesinin yaklasik %50, P
maddesinin  yaklastk %67, MT maddesinin
yaklasik %78, AT maddesinin yaklasgik %83
azalttignr  gorillmiistiir. SC+HSK, SC+AEUK,
SC+P, SC+MT ve SC+AT numunelerinin 1s1
iletim katsayis1 degerleri sirasiyla 3,0417 W/mK,
1,748 W/mK, 1,1749 W/mK, 0,7632 W/mK ve
0,5927 W/mK oldugu goriilmektedir.
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SC ile kullanilan katki maddelerinin 1s1 iletim
katsayis1 degerlerini diisiirdiigli tespit edilmistir.
Karisim igerisine ikame edilen, HSK maddesinin
karisim igerisine bir miktar hava siiriiklemesi, P
katki maddesinin ise bosluklu ve gdzenekli bir
yapida olmasi nedeniyle referans numuneye gore
1s1  iletim  katsayist  degerlerinde  diisiisler
saglamigtir. Ayrica karisim igerisinde MT ve AT
katk1 maddelerinin kullanilmasinin 1s1 iletim
katsayilarin1 biiyiik oranda diislirdiigii bu sebeple
bu iki katkinin karisimda kullanilmasinin 1s1
yalitimi agisindan 6nemli oldugu diisiiniilmektedir.

3.9. BET Yiizey Alam Analizi

Numunelerin BET yiizey alani analiz sonuglari
Sekil 18’de verilmistir. BET yiizey alani deney
sonuglar1 ii¢ adet deneyin ortalamasi alinarak
bulunmustur.

Alg 8,75
2
g 8 703 666
= 7 '
oo 6 5,33 -
s 5 4,43
g 4
% 3
S 2
- 1
0
=R uSC+HSK = SC+P
SC+AEUK ®SC+MT  mSC+AT
Numune gruplari

Sekil 18. BET yiizey alam analizleri

Sekil 18’de verilen degerler incelendiginde 8,75
m?/g ortalama ile en yiiksek BET yiizey alam
degerinin R numunesinde oldugu goriilmiistiir.
HSK katkisinin BET yiizey alani degerini yaklasik
%20, AEUK ikamesinin yaklastk %24, P
maddesinin  yaklagitk %39, MT maddesinin
yaklasik %49, AT maddesinin yaklasik %68
azaltigr  goriilmiistir. SC+HSK, SC+AEUK,
SC+P, SC+MT ve SC+AT numunelerinin BET
ylizey alam degerleri smasiyla 7,03 m?%g, 6,66
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m?/g, 5,33 m?/g, 4,43 m?/g ve 2,79 m?/g oldugu
goriilmektedir.

Elde edilen bulgulara gore referans numunesinin
BET ylizey alan1 degerlerinin yiiksek oldugu
saptanmustir. Karigim igerisine ikame edilen katki
maddelerinin tirine gére BET yiizey alam
degerlerinde diistisler goriilmiistiir.

4. SONUC

Hazirlanan alti  farkli  karistm numunelerine
uygulanan egilme ve basing dayanimi testleri
neticesinde; egilme ve basing dayanim degerlerinin
en yiksek R numunelerinde, en diisik SC+MT
numunelerinde oldugu gézlemlenmistir.

R numunelerinin bulundugu ortam sicakliginin
artmasi egilme ve basing dayanimi degerlerine 100
°C sicakliga kadar pozitif bir etkide bulunurken
belirli bir sicakliktan sonra ise dayanim
degerlerinde diisiise hatta numunelerde
parcalanmalara neden oldugu goriilmiistiir.

Kiir tankinda bekletilen numunelerin bekleme
stiresiyle numuneler iizerinde meydana gelen
catlaklarin orantili oldugu, olusan bu ¢atlaklarin
zamanla numunelerin  egilme ve  basing
dayanimlarinda 6nemli miktarda distslere neden
oldugu distniilmektedir. Bu sebeple Sorel
¢imentolu malzemelerin sudan ve yiiksek nemli
ortamdan korunmasi 6nerilmektedir.

R karigimlarin priz siirelerinin kisa oldugu tespit
edilmigtir. Karisim igerisine ikame edilen katki
maddeleri  sayesinde bu priz  siirelerinin
uzatilabilecegi diigtiniilmektedir.

R karisimlarindan elde edilen numunelerin belirli
bir sicakhiga kadar olduk¢a direngli oldugu
saptanmustir. Bu sebeple sicakligin yiiksek oldugu
ortamlarda Sorel ¢imentolu  karigimlarin
kullanilmas1 dnerilebilir.

Elde edilen bulgular neticesinde; R numunesine
kiyasla SC igerisine HSK, P ve endiistriyel atik
malzemesi olan AEUK, MT ve AT malzemelerinin
eklenmesiyle numunelerin yalittim 6zelliklerinde
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iyilesmelerin meydana geldigi goriillmiistiir. Ancak
egilme ve basing dayamimlarinda diisiise neden
olmuslardir.
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Oz

Bu calismada, vardiyali ¢alisanlarin giiriiltii algisi yanilgilari aragtirilmistir. Bu amagla, Sunar Grup
biinyesindeki Sunar Misir Entegre Tesisleri kepek depolama ve ham ya§ initesinde gece ve giindiiz
vardiyalarinda ¢aliganlarin giiriiltii siddeti algilama tepkileri belirlenmeye ¢alisilmistir. Bunun igin, gece
ve giindiiz vardiyalarinda g¢alisanlarin giiriiltiiye maruz kaldiklari otobiise binis ve varis noktalarinda (dis
ortam), ve kepek depolama ve ham yag Unitesinde (i¢ ortam) giriltii siddeti olgtimleri yapilmustir.
Calisanlarin giindiiz ve gece dig ortamda maruz kaldiklar: farkli giiriiltii siddetinin algi yanilgisina neden
oldugu ve bunun calisanlar {izerindeki olumsuz etkileri degerlendirilmistir. Sonu¢ olarak, gece
vardiyasinda ¢alisanlarin dis ortamlar ile i¢ ortamlar arasindaki giiriiltii siddeti fark: sirasiyla, 16,67 dB ve
15,67 dB’lik giiriiltii siddetini dogru algiladigr i¢in kulaklikla calistigt goriilmiistiir. Ancak, giindiiz
vardiyasinda c¢alisanlarin giiriiltii siddeti farkini yeteri kadar algilayamadiklar: i¢in kulaklik kullanmadan
calistiklart belirlenmistir. Bu nedenle 6zellikle giindiiz vardiyasi ¢aliganlarinin, kulaklik veya kulak tikaci
ile kulaklarinin korunmasi igin gerekli tiim 6nlemler alinmalidir. Ayrica kapali ortamda giiriiltiiye neden
olan tagima helezonu, silo havalandirma fanlari, pres ve kabuk soyma makineleri iyilestirilmeli veya
yenileri ile degistirilmelidir.

Anahtar Kelimeler: Vardiyal ¢alisma, Guriiltt, Giriiltii alg1 yanilgisi, Kulak koruyucu
Investigation of Noise Perception Misconception of Shift Workers
Abstract

In this study, noise perception misconception of shift workers was investigated. For this purpose, it has
been tried to determine the noise intensity perception response of the employees night and day shifts in
the bran storage and crude oil unit of Sunar Misir Integrated Facilities within Sunar Group. For this, noise
intensity measurements were made at the boarding the bus and arrival points (outdoor environment) and
bran storage/crude oil unit (indoor environment) where those working in day and night shifts are exposed
to noise. It has been evaluated that the different noise intensity that the employees are exposed to during
the day and night in the external environment causes a false perception and the negative effects of this on
the employees. As a result, it has been observed that night shift workers work with headphones because
they correctly perceive the noise intensity differences between the outside environments and the indoor
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environments, 16.67 dB and 15.67 dB, respectively. However, it was determined that those working in the
day shift could not perceive the difference in noise intensity sufficiently, so they worked without using
headphone. For this reason, all necessary precautions should be taken to protect of the ears with earplugs
or headphones, especially for day shift workers. In addition, conveying auger, silo ventilation fans, press
and debarking machines that cause noise in the indoor environment should be improved or replaced with

new ones.

Keywords: Shift work, Noise, Noise perception misconception, Ear protection

1. GIRIS

Sanayi Devrimi ile birlikte makinalarin {iretim
alanina girmesiyle daha fazla tretim yapilmistir.
Daha fazla kazanmak i¢in wvardiyali calisma
sistemine gecilmistir. Bdylece, Diinya’da biiyiik
endiistri kuruluslari ile baglayan vardiyali ¢alisma
is hayatinda Onemli bir mesai kavrami haline
gelmistir. Ancak, vardiyali calisma hayatt ile
birlikte, ozellikle is saghigi ve giivenligi (ISG)
acisindan yeni sorunlar ortaya c¢ikmistir. Bunlar,
fizyolojik, psikolojik ve sosyolojik olarak
calisanlarin sagligini etkileyen etmenlerdir. 1SG
acisinda bu sorunlarin ¢oziilmesi igin teknik ve
yasal Onlemlerin alimmast bir zorunluluktur.
Vardiyali ¢aligmalarin c¢alisanlar iizerinde olusan
fizyolojik etkiler, gecici veya siirekli isitme
bozukluklar1 (kayiplar1), kan basincinin artmasi,
dolagim bozukluklari, solunumda hizlanma, kalp
atiglarinda yavaglama ve ani reflekslere yol
agmaktadir. Psikolojik etkiler, davranig
bozukluklari, asir1 sinirlilik ve asir1 tepkiler,
hosnutsuzluk, tedirginlik, streslerdir. Sosyolojik
etkiler ise, aile ve sosyal yasami olumsuz
etkilemesi ile aile i¢i huzurun ve sosyal iletisimin
bozulmasidir. Bu etkilerin ¢alisanlarin is veriminin
diismesine, konsantrasyonun bozukluguna,
hareketlerinin ~ yavaslamasina,  dinlenmesinin
bozulmasi gibi bir¢ok saglik sorunlarina yol agtigi
birgok arastirmacilar tarafindan belirtilmistir [1-5].

Vardiyali caligmalarda 6zellikle gece vardiyasinda
caliganlarin psikolojik, sosyal agidan fiziksel ve
duygusal olarak olumsuz etkilendigini tespit
edilmistir  [6]. Ancak, vardiyali ¢alismanin
giinlimiizde, artan talep yiiziinden kaginilmaz bir
calisma sistemi haline geldigini belirtilmistir.
Aselsan'daki vardiyali ¢alisanlar fizyolojik ve
psikolojik olarak incelenmis ve bazi ¢alisanlarda
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birtakim kardiyovaskiiler ve sindirim sistemi
semptomlar1 gozlenmistir [7]. Vardiyali calisma
sisteminin ¢alisanlar {izerinde sadece psikolojik ve
sosyolojik olarak degil ayn1 zamanda fizyolojik
olarak saglik tizerinden bir¢ok farkl etkisi oldugu
goriilmiistiir. Ayrica, ¢alisanlarin saglik, giivenlik
ve sosyal agidan iyilik halinin de olumsuz
etkilendigi saptanmustir [8]. Vardiyali ¢alisanlar
icinde de gece vardiyasi caligsanlarinda uyku
bozuklugu nedeniyle parasomni goriilme sikliginin
giindliz vardiyasinda caliganlara gore daha fazla
oldugu goriillmiistiir [9].

Calisanlarin  iretim eylemine paralel olarak
karsilagtig1 tehlike ve riskler giin gectikge farklilik
gostermektedir. Degisen risklere kargi alinmasi

gereken  Onlemler glin  gectikge  ¢esitlilik
kazanmaktadir.  Gelisen  endiistrilesme  ve
teknolojik  gelismeler neticesinde giiniimiizde

potansiyel risklere karsi yeni ISG &nlemlerinin
alinmas1 gerekmektedir [10]. Ozellikle, vardiyal
calisan bireylerin saglikli beslenme egitimleri
almalari, beslenmelerinin bir diyetisyen tarafindan
diizenlenmesi ve kronik hastaliklara karsi
koruyucu oOnlem alimmasit ve uyku kalitelerinin
artirilmasinin  6nemli oldugu gorilmistir [11].
Vardiyali ve vardiyasiz calisan isgilerin depresyon,
anksiyete ve stres durumlarim etkileyen faktorlerin
calisanlarin sagligini olumsuz etkilemektedir [12].
Sivas Cumhuriyet Universitesi Arastirma ve
Uygulama  Hastanesi ve  Sivas  Numune
Hastanesi'nin tiim birimlerinde, gece vardiyasinda
(16:00-08:00 saatleri arasinda) ¢alisan hemsirelerin
meme kanseri risk diizeyi ile uyku kalitesi arasinda
iliski oldugunu saptanmustir [13]. Vardiyah
sistemde ¢alisanlarin uyku diizenlerinde meydana
gelen diizensizligin kurum i¢inde is tatmini, uyku
kalitesi ve hijyen, ve is doyumu ile uyku Kkalitesi
arasinda iliski oldugu goriilmiistiir [14].
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Son yillarda yapilan birgok bilimsel galigmalarda
vardiyali ¢aligmalarin calisanlar tizerinde bir¢ok
olumsuz etkileri belirtilmistir. Ancak, fiziksel
etmenlerden birisi olan giiriiltii siddetinin vardiyali
caligmalarda c¢alisanlar {izerinde biraktigi alginin
davranigsal etkisinin daha Once incelenmemis
olmas1 motivasyonumuzda onemli enerji kaynagi
olmustur.

Bu caligmalar 15181nda, 6nemli fiziksel etmenlerde
birisi olan giirtiltiiniin, farkli ortamlarda farkli

diizeylerde algilanmasinin  vardiyali  ¢alisanlar
lizerinde olusturdugu algt yamlgisinmn ISG
agisinda  etkisi  incelenecektir. Bunun igin,

“Tehlikeli Smifta” bulunan bir Entegre Endiistriyel
Yag Sanayi’de yapilan vardiyali caligmalarda
giindiiz ve gece vardiyasinda ¢alisanlarin dis ortam
ve i¢ ortam arasindaki giiriilti farkini algilama
diizeylerine gore verdigi davramigsal tepkileri
gozlemlenecektir. Bu amagla, vardiyali ¢alisanlarin
servise bindikleri ortam (dis ortam) ve tesiste
calisacaklar1 boliimlerden olan kepek deposu ve
ham yag finitesi (i¢ ortam) arasindaki giiriiltii
farkinin  ¢alisanlar iizerinde olusturdu alg
belirlenecektir. Algilama sorununun kaynaklanan
agirt giriltii kaynakli riske karsi kulak koruyucu
(kulaklik)  kullammmina  olan  hassasiyetleri
belirlenmeye c¢alisilacaktir. Elde edilen bulgulara

Mehmet Zeki ACAR, Mehmet KARAKILCIK

gore, gliriiltiiniin  olusturabilecegi  risklerinin
bertaraf edilmesi igin alinabilecek Onleyici ve
diizeltici tedbirlerin alinmasi saglanacaktir. Ayrica,
giiriiltiili ortamlarda yapilan ¢aligmalarda, farkli
giiriiltiili  ortamlarin ¢alisanlar {izerindeki algi
yamlgisina dikkat cekilecektir. ISG talimatlarina
gore calisanlarin kulaklik kullanmalar1
Onerilecektir.

2. MATERYAL VE METOT

Isyerlerinde insan sagligin1 olumsuz etkileyebilecek
Fiziksel Risk Etmenleri (FRE); Giuriltd, titresim,
termal konfor, aydinlatma, iyonize-noniyonize 1sin,
alcak ve yiiksek basing gibi fiziksel etkilerdir.
Isyerlerindeki is yapma ortamlarinda cogunlukla
makinalar ile is yapilmaktadir. Calisanlar is
yaptiklar1 bu makinalarla birlikte ayni ortamda
bulunmak zorundadir. 6331 sayili kanuna bagh

yonetmelikte “Calisanlarin  Giiriiltii  Ile Ilgili
Risklerden Korunmalarina Dair YO6netmelikte”
makinalarin  ¢ikardigr  giriiltiniin - en  disik

maruziyet eylem degeri olan 80 dB’yi gegcmemesi
istenir.  Ancak, bazi makinalarin  ¢ikardig
giiriiltiiniin en yiiksek maruziyet eylem degeri olan
85 dB’in iizerine giiriiltii kaginilmazdir [15].

Kabasakal Binig noktas!
e aRan Turgut Ozal Bul
: P -éo Binis noktas!
\ 15 Temmuz
Sambayadi 1 Binig noktas) « Sehitler Bul.
| £90 | ' Turkmenbasi
o A Bul 9 Aoy éo
Kuyumcular 8 =S = fr\fs_yflu_ ISR 050 S 5
\ R == 0-50]
* R3izzss ,:é:O

a TR Binis noktasi

\ Servis yolu Aliye izzetbegovig Bul [ D815 |

|}

] .

Buyukdikili
] Binis noktasi
\ ! Gazipasa Bul
u nar_M ISH- % _-;-,-5-'_:{-_-' Servis yolu AO Y
PSP SO Pt S T et iy v Binig noktasi
RN Y
Ea&gm‘i—es'ae” o e e A i Kozan Yolu Bul
Servis inis noktasi
Tesis Girisi
Yolgecen Koza
Golbasi
Yenidam 0815

Sekil 1. Caliganlarin servis araci binig-inis noktalar1 ve hareket hatt1 [17]
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Bu durumda, “Kisisel Koruyucu Donanimlarin
Isyerlerinde Kullanilmasi1 Hakkinda Y®netmelik”
belirtildigi tlizere, yiiksek guriltilit ortamlarda
calisanlarin “Kisisel Koruyucu Donanimi (KKD)”
olan kulaklikla ¢aligmast istenir [16].

Sekil 1°de, Adana ili Seyhan ilcesinde yer alan
Sunar Misir Entegre Tesisleri Sanayi kepek deposu
caliganlarin servise binis noktasi (O—) ve hareket
dogrultusu (----), ham yag tinitesi ¢alisanlarin
servise binig noktast (O—) ve hareket dogrultusu
(----) servisten inis noktas1 (tesis girigi) servis
hareket haritas1 iizerinde verilmistir. Calisanlarin
calisma ortamlar1 kepek deposu ve ham yag
tinitesidir.

Vardiyal1 ¢aliganlarin servis yolculugu siiresi
giindiiz ve gece vardiyalari i¢in sirasiyla 25 ve 20
dakikadir.

Giindiiz ve gece vardiyast calisanlart calisma
ortamlarina ulagincaya kadar sehir ici giiriiltiiye
maruz kalmaktadir. Bu giiriiltii, yolculuk siiresi
boyunca c¢alisanlar tizerinde bir giriiltii algisi
olusturmaktadir. Calisanlarin is yaptiklari ¢calisma
ortami olan kepek deposu ve ham yag linitesi ise
farkl bir giirtiltiili ortamdir.

Sekilde 2’deki iriin akis semasinda goriildigi
gibi, musir iiriinii Unite 1 (lift) den gelir ve musir
tasima helezonlarla Unite 2’deki siloya aktarilir.
Uriin  buradan  helezonlarla  Unite  3’deki
Masarasyon’a gecer. Burada kiikiirtlii sicak suya
48 saat maruz kalan misir tanesi parcalanacak
kivama kadar sistikten sonra Unite 4’deki
Millhouse’daki degirmenlerde kirilir. Kirilan misir
tanelerinin igindeki yagli 6z konveyorlerle ham
yag boliimiine gonderilirken, geriye kalan nisasta
stiti glikoz initesine enzimlere maruz kaldiktan
sonra glikoz yapilmak {izere gonderilir. Misir
tanesinden kalan kabuk kismi ise, Unite 5°‘te
kurutularak Unite 6’daki tasima helezonlar:
vasitasiyla Unite 7°deki kepek deposuna iletilir. Bu
islemlerin yapilmasinda kapali ortamda birgok
elektrik makinalar1 ¢aligmaktadir. Bu makinalarin
her birisi bir giriltli kaynagidir. Ham yag
iinitesinde  bulunan Millhouse degirmeninde
musirin kirilmasi ile ayrigtirilan misir 6zii mekanik
kirirma ugramak {iizere silindirlerden gecirilir ve
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musir 6zlinde bulunan ve elde edilmesi istenen ham
yagin yaklasik %73’lik kismi ¢ikarilarak rafineri
initesine gonderilir. Kalan kiispe ekstraksiyon
tesisine  gonderilir.  Tim  bu  islemlerin
yapilmasinda kapali ortamda birgcok makine
caligmaktadir. Bunlarin her birisi bir girilti
kaynagidir.

Yan urun

(gilkoz)
UNITE 5
Kabuk kurutma

UNITE 6
Helezon
(Tagima)

g

Sekil 2. Tesisin iiriin akis semasinda

Giiriiltii 6l¢imiinde kullanilan elektronik cihaz
olarak Sekil 3’deki “PCE-MSM 4” giiriiltii 6l¢tim
cihazi kullanilmigtir. Giiriiltii  6l¢iim  cihazinin
hassasiyeti 4+1,4 dB dir. Yiiksek
hassasiyet/goriintileme icin A ve C frekans
degerlendirmesi ve 4 haneli LCD ekranina sahiptir
[18].
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Sekil 3. Giiriiltii 6lgtim cihazi [18]

Farkli ortamlarin giiriiltii siddetinin ¢aliganlar
lizerinde olusturdugu girilti algi yanilgisinin
calisanlarin  davranmislar1  {izerindeki  etkisini
belirlemek igin servise bindikleri ve indikleri
noktalarda ve ¢alisma ortamlarinda giindiiz ve gece
girilti  Olglimleri  yapilacaktir.  Giiriiltiiniin
calisanlar iizerinde olusturdugu algi yanilgisini
belirlenmeye c¢alisilacaktir. Boylece, caliganlarin
giiriiltiiye karst algi durumlarindan kaynaklanan
sorunlar belirlenecek ve calisanlarin giiriiltiden
korunmasi i¢in gerekli onlemler daha etkin bir
sekilde alinabilecektir. Bu ¢alismada, 6l¢timler her
bir ¢alisanin farkli vardiya da goérev alacagi siire
g6z Oniine alinarak 30 giinliik bir siire igerisinde
yapilmistir. Boylece, bir entegre endiistriyel tesis
i¢inde bulunan birimlerde ¢alisanlarin giriltii alg
yanilgist belirlenerek giiriiltii kaynaklarimin risk
olusturmadan  bertaraf  edilmesi  miimkiin
olabilecektir.

3. BULGULAR VE TARTISMALAR

Tiirkiye’de ve Diinya’da biiyiiyen gida ihtiyact ve
dogal katki maddelerinin yetersiz kalmasi
endiistriyel gida ihtiyacinin dogmasina sebep
olmus ve endistriyel gida zamanla toplumun
vazgegilmezi haline gelmistir. Glinlik {iretimin
artiritlmasi i¢in is saatlerinin de artirtlmasi yoluna
gidilmistir. Uretimin artirilmas1 igin vardiyali
calismalarin  yapilmast bir zorunluluk haline
gelmistir. Ozellikle tehlikeli simftaki endiistriyel
sanayilerde iy  yogunlugu ve  vardiyal
calismalardan kaynaklanan olast is sagligi ve
giivenligi riskleri ve nedenlerinin incelemesinin
o6nemli hale gelmistir.
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Onceki calismalarda, vardiyali ¢aligmalardan
kaynaklanan bir¢ok fizyolojik ve psikososyal
risklerin ¢aliganlar iizerindeki olumsuz etkilerinden
bahsedilmistir.  Ancak, giindiiz ve  gece
vardiyalarinda  yapilan ¢aligmalarda  giirtiltii
kaynakli risklerin degerlendirmesinde, calismalar
tarafindan giiriiltiiniin tam olarak algilanamamasi
sonucu ortaya ¢ikan gilriilti algt yanilgist
nedeniyle  kulak  koruyucularint  (kulaklik)
kullanmadiklar1 gibi bazi sorunlar1 da beraberinde
getirdigi gorilmiistiir.

Onemli bir entegre endiistriyel kurulus olan ve
“Tehlikeli Sinifta” yer alan bir igyeri olan Entegre
Sunar Misir Sanayi Tesisi'nde en az “B simufi” Is
Saghg ve Giivenligi (ISG) uzmanlar1 calisabilir.
Tesis kendi Is Saghgi ve Giivenligi Birimi
(ISGB)’yi kurmustur. Bu birimde kadrolu olarak,
bir igyeri hekimi, bir saglik personeli, bir A, iic B
siifi ve 3 ISG teknikeri olmak {izere toplam 9 ISG
profesyoneli  bulunmaktadir. Tesisin  dnemli
boliimlerinden olan kepek deposu ve ham yag
tinitesinde 3 vardiya caligmalar yapilmaktadir. Bu
nedenle, kepek deposu ve ham yag {initesinde
giindliz veya gece vardiyalarinin her biri 7,5
saattir. Mesai boyunca giiriiltiye mazur kalan
calisanlar igin bazi degerlendirme yapilmistir.

Kepek deposu ve ham yag {nitesinde
vardiyalarinda c¢alisanlarin giiriiltiiye kars1 algi
yanilgisint  belirlemek i¢in giindiiz ve gece
vardiyalar1 i¢in ¢aligsanlarin servise bindikleri 3 ana
arter ve fabrika girislerinde giindiiz ve gece olmak
lizere giriiltii 6lgimleri yapilmistir [18].

Cizelge 1. Kepek deposu calisanlarinin servise
binis noktalar1 giiriiltii siddeti

.. Giiriiltii siddeti (dB)
Binis noktasi Giindiiz Gece
Turgut Ozal Bulvari 78,6 69,7
Tiirkmenbasi Bul. 77,4 68,8
Aliya Izzetbegovic Bul. 77,1 68,3

Cizelge 1°de kepek deposu calisanlarinin 3 farkl
servise binis noktasi i¢in yapilan Ol¢iimlere gore,
en yiksek giriltiili servise binis noktasinin
giindiiz igin 78,6 dB ve gece igin 69,7 dB ile
Turgut Ozal Bulvari olarak belirlenmistir.
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Cizelge 2. Ham yag {initesi ¢alisanlarinin servise
binis noktalar giiriiltii siddeti

.. Giiriiltii siddeti (dB)
Binis noktasi Giindiiz Gece
15 Tem. Sehitleri Bul. 77,9 69,6
Gazipasa Bulvari 78,9 67,5
Kozan Yolu 78,1 71,3

Cizelge 2’de, ham yag iinitesi g¢alisanlarinin 3
farkli servise binig noktasi i¢in en yiiksek giirtiltii,
servise binis noktasinda, giindiz 78,9 dB ile
Gazipasa Bulvart ve gece ise 71,3 dB ile Kozan
Yolu oldugu belirlenmistir.

Sekil 4’de kepek deposu, is¢i servisi binig ve inis
(fabrika girisi) noktalarinin giindiiz ve gece giiriiltii
siddeti degerleri verilmistir. Calisanlarin giindiiz
ve gece maruz kaldigr ortalama giiriiltii siddeti,
servise binig noktasinda sirasiyla, 77,7 ve 68,93
dB, fabrika girisinde sirasiyla 78,70 ve 71,50 dB
ve ham yag deposunda ise 86,70 ve 85.60 dB
olarak 6l¢tilmiistiir.

100
90 BGundiz =@Gece
80
70
60
50
40
30
20
10

0

Giiriiltii Siddeti (dB)

Servise Binig Fabrika Girisi Kepek Deposu

Noktasi
Servis Binis-inis Noktasi

Sekil 4. Kepek deposu ¢alisanlarinin = maruz
kaldigr giindiiz-gece giriltii  siddeti
dagilimi

Sekil 5°de ham yag {initesi, is¢i servisi binis Ve inis
(fabrika girisi) noktalarinin glindiiz ve gece giiriilti
siddeti degerleri verilmistir. Calisanlarin giindiiz
ve gece maruz kaldigi ortalama giiriiltii siddeti,
servise binis noktasinda sirasiyla, 78,3 ve
68,47 dB, fabrika girisinde sirasiyla 78,70 ve
715 dB ve ham yag deposunda ise 86,80 ve
85,60 dB olarak Ol¢iilmiistiir.
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Girilti Siddeti (dB)

Servise Binis Fabrika Girisi Ham Yag Unitesi

Noktasi
Servis Binis-inis Noktasi

Sekil 5. Ham yag {initesi c¢alisanlarmin maruz
kaldigi gilindiiz-gece  giiriilti  siddeti
dagilimi

Sekil 4 ve 5°de giiriiltii siddetinin giindiiz ve gece
birbirinden farkli siddetlerde oldugu goriilmiistiir.
Bu farklarmm giindiz ham madde alim
gergeklestigi i¢in kepek deposuna ve ham yag
iinitesine yakin alanlarda agir tonajli araglardan
olusan vasita trafigi ve tesisin yakininda bulunan
sehirlerarast1  karayolu  trafigindeki  artistan
kaynaklandig: belirlenmistir.

Sekil 6’da ham yag initesi ve kepek deposunun
giindiiz ve gece giiriiltii siddetleri
karsilagtirilmistir. Kepek deposu ve ham yag
iinitesi ortalama giiriiltii siddeti degigimi sirasiyla,
giindiiz i¢in 86,7 dB ve 85,6 dB ve gece i¢in 86,8
dB ve 85,6 dB olarak 6l¢iilmiistiir. Bu degerlerin
en disik ve en yiksek maruziyet eylem
degerlerinin ¢ok iistiinde olduklari tespit edilmistir.

87
86,8 @Hamyag Unitesi

86,6 ? jagen m Kepek Deposu
86,4
86,2
86
85,8
85,6
854
85,2
85 3

Giiriiltii Siddeti (dB)

Gece

Gundiiz

Vardiya

Sekil 6. Ham yag iinitesi ve kepek deposunun
giindiiz-gece vardiyasi i¢in giiriiltii siddeti
dagilimu
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Sekil 6’da ham yag {iinitesi ve kepek deposunun
giindiiz ve gece igin giiriiltii siddetinin birbirinden
farkli siddetlerde oldugu belirlenmistir. Giindiiz
fabrika i¢inde kepek deposuna yakin bir bolge
civarindan ham madde alimi ic¢in agir tonajli
araglardan olusan vasita trafiginden kaynaklandig:
belirlenmistir. Ayrica, tesisinin yakininda bulunan
sehirleraras1 karayolundaki trafik artisin giindiiz
giiriilti  siddetinin  artmasina neden oldugu
goriilmiistiir. Dolayisiyla, giindiiz fabrika i¢indeki
trafik artig1 ile ortamda ki giiriiltii siddeti seviyesi
artarken gece hammadde alimi yapilmadigi igin
giiriilti siddeti de 6nemli bir sekilde azalmaktadir.
Bununla birlikte, ham yag iinitesi yakininda
bulunan karayolu ara¢ trafiginin de azalmasi ile
giiriiltii  siddeti fabrika icinde O©nemli oOlgiide
azalmaktadir. Giindliz-gece giiriiltii siddetinin
calisanlarin  bindikleri ve indikleri fabrika
girisindeki 80 dB simrin altinda kaldig1 ve isciler
i¢in risk olusturmadigi belirlenmistir. Ancak, ham
yag Unitesinde giindiiz giiriilti  siddetinin
86,8>85 dB ve gece ise 85,6 > 85 dB’lik ile en
yilksek maruziyet eylem degerinde oldugundan
caliganlarin  saghigi izerinde ciddi bir risk
olusturdugu tespit edilmistir. Ciinkdi, bu giirtiltii
“Calisanlarin ~ Giiriiltii  {le lgili Risklerden
Korunmalarina Dair Yonetmelikte” belirtilen
80/85 dB’lik en diisiik/en yiiksek smir mazuriyet
degerlerinin ¢ok istiinde oldugu igin g¢alisanlarin
sagligint olumsuz sekilde etkileyen bir giiriiltii
siddetidir. Giindiize gore, gece giriiltii siddetinin
azalmasmin nedeninin sehir i¢i trafigi ve diger
giiriiltii kaynaklarimin azalmasindan kaynaklandigi
saptanmustir.

4. SONUCLAR

Bu calismada, isyeri ISG sinirlari igerisinde
sayilan baz1 6nemli ortamlarda giiriiltii 6l¢iimleri
yaptlmistir. Bir endiistriyel tesiste vardiyali
caligmalarin yapildigt “kepek deposu” ve “ham
yag Unitesi” icin giindiiz ve gece vardiyasinda
calisanlarin giriilti alg1 yanilgist belirlenmistir.
Giiriiltii algi yanilgisina neden olan sorunlar tespit
edilmigtir. ~ Ayrica,  endistriyel  giiriiltiiniin
calisanlar {izerinde sadece isitme kaybina yola
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acmadigl aym1 zamanda fizyolojik ve psikolojik
risklerin is performansini da olumsuz etkiledigi ve
caliglarin  ylksek giiriiltiiye maruz kalmasi
sonucunda, kiside zamanla konusma ve iletisim
bozuklugu gibi kalici bir isitme kaybina yol
acabilecegi gorilmiistiir. Giiriiltiiye bagli isitme
kayb1, kiimiilatif bir siirectir. Isitme kaybim
belirleyen faktorler arasinda genel giiriiltii
seviyeleri, giiriiltiiniin bilesimi, tipik bir is gilini
boyunca maruz kalma siiresi ve ¢alisanin ¢alisma
geemisi yer alir. Giiriiltiiye bagl isitme kaybi,
maruz kalan kisilerde rastgele meydana gelir. Bazi
kisiler,  giiriiltiye bagli  isitme  kaybina
digerlerinden daha duyarhidir. Kalict isitme kaybi,
belirli i¢ kulak yapilarmin hasar gormesinden
kaynaklanir. Bu hasar tamir edilemez ve kalici
olabilir.

Bu ¢aligmalardan elde edilen sonuglar 1s131nda
oOneriler ise sunlardir:

e Tespit edilen giirtiltiilii ortamlarla ilgili degisen
kosullar ve galisma sartlarina uygun olarak
isverenin ortam Olgiimlerini yaptirmast ve
ortam kosullarina uygun tedbirlerin alinmasini
saglamalidir.

o Isitme kaybi, giiriiltii siddeti ve giiriiltiiye
maruz kalma siiresine bagli olarak degisir.
Giiriiltiili ortamlarda g¢alisanlarin yillik olarak
yapilan  odyometrik  testlerinin  sonuglar
incelenerek calisanlarin esik kaymasi desibel
(dB) olarak  oOlgiilerek  isitme  kaybi
belirlenmelidir.

e Calisanlarin isitme kaybinda herhangi bir
degisiklik varsa calisanlar fark etmeden 6nce
degisiklikler tespit edilmelidir.

e FErken teshis, calisanlar iizerinde daha fazla
hasar olusmadan once isyerinde degisikliklerin
baglatilmasina yardimc olabilir.

e QGiindiiz ve gece vardiyalarinda Onemli
risklerden biri olan giiriiltd ilgili isveren
tarafindan giiriiltiilyti kaynaginda yok edecek
onlemler alinmalidir.

e Giriiltiiyti kaynaginda yok etmek miimkiin
degil ise ikame yani, daha az riskli olan
teknoloji ile degistirilmelidir.
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[kame miimkiin degil ise miihendislik
onlemleri alinmalidir. Eger, bu miimkiin degil
ise toplu korunma 6nlemleri alinmalidir.

Kepek deposu ve Ham yag iinitesinde
calisanlarin mutlaka kulak koruyucusu olarak
kulaklik takmasi saglanmalidir [15].

Yukarida  belirtilen  hususlarin  higbiri
yapilamiyor ise c¢alisanlara ortamdaki giirtiltii
riskine uygun, “Kisisel Koruyucu Donanim
(KKD)” kullanmasi saglanmalidir [16].

Ayrica, alinan tedbirlerin uygulanmasi igin bir
kontrol mekanizmasi olusturulmalidir.

Gece ve giindiiz vardiyalarinda ilgili giiriiltalii

bolimlere ozgii giriiltiiniin  insan saglig
izerindeki  olusturacagi  olumsuz etkileri
konusunda ise baglamadan Once uyari

niteliginde c¢ok kisa igbasi egitim programi
yaptlmalidir [19]. Ayrica, mevcut riskler ile
ilgili verilen egitimler afisler ve egitici videolar
ile desteklenmelidir.
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Abstract

The practice of detecting skin cancer is based primarily on a visual examination by a dermatologist,
followed by a series of tests for a more accurate diagnosis. The concept “the earlier cancer is detected in
its natural history, the more effective the treatment is likely to be" is also valid for skin cancer. Hence,
any delayed or missed diagnosis can lead to a more severe clinical stage or, what's worse, death. On the
other hand, the lack of biomarkers in clinical use brings about overdiagnosis and unnecessary biopsies.
DL-CAD system seems to be an excellent candidate for improving diagnostic accuracy and reducing
unnecessary treatments. However, the vast majority of conventional CADs manipulate dermoscopic
images, which require not only costly equipment but also time-consuming processing. Despite the
difficulties with precision, state-of-the-art DL-CAD systems provide an interpretation using digital
images, requiring no expertise in cost-effective dermoscopic image capture and interpretation. Pre-
processing methods play a crucial role in solving this problem. This study presents results with regard to
pre-processing steps to improve the images to be used in the diagnosis of the 5 most common skin cancer
types for the proposed CNN based ResNet50 deep learning model. To the best of our knowledge it is the
first time that ResNet50 deep-learning model has been utilized in diagnosis of skin cancer.

Keywords: Skin cancer, CNN-CAD systems, Dataset augmentation, Image pre-processing, Median filter
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Improving Digital Image Quality for Convolution Neural Network Based Computer-Aided Diagnosis (CNN-CAD) of
Skin Cancer

Cilt Kanseri Teshisi icin Konvoliisyonel Sinir Aglar1 Tabanh Bilgisayar Destekli
Tanida (CNN-CAD) Dijital Goriintii Kalitesinin lyilestirilmesi

Oz

Cilt kanserini tespit edilmesi Oncelikle bir dermatolog tarafindan yapilan goérsel muayeneye ve ardindan
daha dogru bir tani i¢in bir dizi teste dayanmaktadir. "Kanser dogal ge¢misinde ne kadar erken tespit
edilirse, tedavinin o kadar etkili olmas1 muhtemeldir" kavramu cilt kanseri i¢in de gecerlidir. Bu nedenle,
gecikmis veya kacirilmig herhangi bir tan1 daha agir bir klinik asamaya veya daha da kotiisii 6liime yol
acabilir. Ote yandan, klinik kullanimda biyomarker eksikligi asir1 tan1 ve gereksiz biyopsileri beraberinde
getirmektedir.

DL-CAD sistemleri tanisal dogrulugu artirmak ve gereksiz tedavileri azaltmak i¢in milkemmel bir aday
gibi goriinmektedir. Bununla birlikte, geleneksel CAD sistemlerin biiyiik ¢cogunlugu, yiiksek maliyetli
ekipmanin yansira islenmesi zaman alan dermoskopik goriintiileri kullanir. Hassasiyet hususundaki
zorluklara ragmen, modern DL-CAD sistemleri, dijital gérintiileri kullanarak bir yorumlama saglar ve
uygun maliyetli dermoskopik goriintii yakalama ve yorumlamada uzmanlik gerektirmez. On isleme
yontemleri bu sorunun ¢6éziimiinde ¢ok onemli bir rol oynamaktadir. Bu ¢alisma, 6nerilen CNN tabanl
ResNet50 derin 6grenme modeli i¢in en yaygin 5 cilt kanseri tiiriiniin teshisinde kullanilacak goriintiilerin
iyilestirilmesine yonelik 6n igleme adimlarina iliskin sonuglari sunmaktadir. Bildigimiz kadariyla, cilt
kanseri tanisinda ResNet50 derin 6grenme modeli ilk kez kullanilmigtir.

Anahtar Kelimeler: Cilt kanseri, CNN-CAD sistemleri, Veri kiimesi biiyiitme, Goriintii 6n isleme,

Medyan filtresi

1. INTRODUCTION

According to the latest annual report of the World
Health Organization (WHO) as well as data sheets
of Global Cancer Observatory (GCO), cancer, with
about 10 million deaths in 2020, is the second
leading cause of death worldwide [1-2].Skin
cancer, which is by far the most common cancer
type regardless to gender, can be defined as the
uncontrollable growth of abnormal cells due to
permanent DNA damage in the outermost skin
layer, epidermis[2]. The continued increase in
prevalence of the skin cancer in the last decade is
believed to be caused by factors such as prolonged
and periodic exposure to UV radiation, changes in
social habits, a decrease in the thickness of the
ozone layer and climate changes [3-4] .

Skin cancers can be categorized as basal cell
carcinoma of the skin (BCC), squamous cell
carcinoma of the skin (SCC), melanoma skin
cancer (MEL), Merkel cell carcinoma of the skin
(MCC), lymphoma of the skin (LS) and Kaposi
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Sarcoma (KS), according to the skin cell in which
cancer develops. However, the most common
categorization is the basic division into two
groups: melanoma skin cancer (MEL) and non-
melanoma skin cancer (NMSC). Although BCC is
a NMSC and one of the most common forms of
skin cancer, MEL is more likely to grow and
spread indirectly promoting higher mortality rates
[5-6]. In the last decade, the number of patients
diagnosed with newly invasive melanoma has
increased by an average of 44%. According to the
American Cancer Society (ACS), it is estimated
that more than 7 thousand people in the United
States will die of melanoma skin cancer in 2021.
Although the risk is in correlation with aging, with
an average age of diagnosis of 65, melanoma is not
uncommon in young adults, especially young
women [7]. Relying on information from the
SEER database providing survival statistics for
different types of cancer, used by the ACS, it is to
be pointed out that 5-year relative survival rates
decrease from 99%, for localized stage, to 27%,
for distant stage. Although it is underlined that
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these numbers don’t take everything into account,
there is no doubt the early detection and diagnosis
play a crucial role in decreasing mortality [8-9].
Skin cancer detecting practice is predominantly
based on a visual inspection by a dermatologist,
followed by a series of tests to diagnose the
disease. However, in several studies discussed
about the accuracy of visual inspection alone
addressing the high error rates it has been
highlighted that diagnosis can be missed if visual
inspection is used on its own [10]. It has been also
pointed out that apart from improving the expertise
of clinicians, this field should benefit more from
new technologies and tools [11-12]. In this
context, deep learning based computer aided (DL-
CAD) systems seem to be a great candidate for
improving the diagnostic accuracy. Since the first
conventional CAD system to be approved in
mammography in 1998, these systems have made
significant progress especially in the diagnostic
imaging area. However, several challenges
attributed to conventional CAD systems, such as
high development costs, high rates of false positive
ratings, and limitations to specific lesions, have
hampered widespread access in clinical settings.
State-of-the-art DL CAD systems seem to offer
better solutions to these problems than their
predecessors,

This paper, focused on image pre-processing
methods and techniques for a Convolutional
Neural Nework (CNN)-CAD system that is
proposed to detect skin cancer, is organized as
follows: Section 2 gives the general frame of the
proposed model with valuable information about
the dataset for the detection of skin cancer while
Section 3 turns on the pre-processing methods for
image filtering used in the study. In Section 4, we
share the results obtained by pre-processing the
digital images for the proposed CNN-CAD system.
In Chapter 5, the shared results are discussed from
the perspective of future studies.

2. METHODOLOGY

In the last decade, thanks to not only significant
increase in our knowledge about human anatomy
and physiology but also advances in computer
technology as well as quite successful transference
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to the medical field, DL-CAD systems have
become one of the most powerful assisting tools in
diagnosis. Despite some challenges in precision,
important features, such as the efficiency of image
classification and object localization in images,
have raised awareness of the great potential of DL-
CAD systems in early cancer diagnosis and created
a fertile environment for multidisciplinary research
[13-14]. Among several models for digital image
classification CNN stays one step ahead primarily
because of its ability to reduce the number of
parameters it contains without losing the image
quality.

Generally  speaking, DL-CAD systems for
diagnosing cancer, and melanoma is no exception,
are recipes that consist of a few steps, and the
output determines whether the area in the image
looks suspicious. These steps can be ordered as
follows: image capture, pre-processing,
processing, classification, and declaration of
results. Figure 1 shows a flow diagram of the
proposed DL-CAD system during the training
process, with important details related to the steps
and highlighted pre-processing procedure.

Fulfilment of requirements largely depends on the
proper functioning of the CAD system, which is
not possible without a properly selected and
defined dataset for training. Images available from
data libraries on skin cancer of public image
databases are basically categorized into two
separate groups: dermoscopic and clinical (hon-
dermoscopic) images. Dermoscopic images are
obtained by examining skin lesions with a
dermatoscope that allows the inspection of skin
lesions with unobstructed reflections on the skin
surface, while clinical images are digital images
obtained by taking a photograph with any digital
camera. Due to the higher image quality,
dermoscopic images provide more accurate
detection. However, disadvantages, such as
expensive  equipment and  time-consuming
processing as well as the requirement for
interpretation by a dermatologist specialized in this
field, are the major obstacles for wider
applications. On the other hand, recent advances
not only in digital image collection methods but
also in post-processing techniques, bringing in
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flexibility in integration with some disruptive
technologies, such as Atrtificial intelligence and
health information system, have opened the door
for low-cost real-time diagnosis. Naturally, digital

imaging has become a hot topic for the scientific
community. One of the important indicators of this
attention is the growing presence of digital images
in public databases.

_ Image Pre-processing Image Image
Spgzltleslentg a Black-Hat Processing Cclassufllcit_lon CAD Output
Transformation Image onvorition Final
aggregate . . Segmentation | Neural | .
¥ K R N Declaration
Median Filter etwork
Data
A i Feature +
ugmentation ] Extraction Decission
Image Resize

Figure 1. Flowchart of the proposed CAD system

The dataset of non-dermoscopic images used in
this study, taken from The International Skin
Imaging Collaboration (ISIC), was created for
ISIC 2019 challenge [15-18]. As it shown in
Figure 2, according to the type of disease the
images can be divided into 8 categories: Basal cell
carcinoma (BCC), Melanoma (MEL), Squamous
cell carcinoma (SCC), Vascular lesion (VASC),
Dermatofibroma (DF), Actinic keratosis (AK),
Benign keratosis (solar lentigo / seborrheic
keratosis/lichen planus-like keratosis) (BKL), and
Melanocytic nevus (NV) [18-19]. It is to be noted
that, BCC, MEL, and SCC are Cancerous tumours,
while the others are Benign (Non-Cancerous)
Tumours.

Classification of Dataset Images

i 222
i 235
I 622
L 845
2295
3245
4101

B 0751

0 2000 4000 6000 8000 10000
Images Count-ISIC

mVVASC mDF
BKL m=BCC

ESCC mAK
=EMEL =NV

Figure 2. The classification of I1SIC dataset
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The difference in the representation of images in
selected groups is one of the main training
challenges resulting in sensitivity regarding
representation weight affects the diagnosis
accuracy. That is, the smaller groups are less
likely to be predicted correctly. To settle this
matter, we proposed a data augmentation
algorithm that produces new images by modifying
existing images. The procedure of obtaining new
images, reaching up at least 5,690 images per
group, is as follows: the algorithm selects the
digital images from the group and rotates the
image 180 degrees, before the image is restored to
its original size by cutting the suspicious area at a
rate of 0.1 from all sides and zooming in 0.1 as the
centre. Image distributions of both the training set
and testing set are represented in Table 1.

Table 1. Image distribution of datasets

NV | MEL | BCC | SCC
Training Dataset | 7956 | 6037 | 6001 | 5690
Testing Set 447 | 280 | 448 | 126
3. PRE-PROCESSING
Despite numerous technical advantages, raw

digital images are not suitable for usage in
classification algorithms for cancer diagnosis. The
main obstacles in direct using are: noise generated
during the process and existing of multiple
undesirable structures, such as air bubbles, and
hair. The image enhancement is implemented
through both image clearing, de-noising and
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resizing, for subsequent
understanding.

image analysis and

Adequate  image  pre-processing  requires
knowledge about skin cancer diagnosis. There are
several important criteria to be taken into
consideration in the selection of the image
enhancement methods. First of all, the lesions
related to skin cancer usually have small and sharp
lines. The other important criterion is the colour of
the lesion. Hence, characteristics such as colour
variations and size of the image need to be
preserved. On the other hand, the image resolution
and sizing are required for future stages.

According to the research, there are several
methods currently used for pre-processing in skin
cancer diagnosis. Some of them are represented in
[20-21]. In this study, we used one most popular
ones, which can be defined through 3 steps: Black-
Hat transformation is used for hair removal, de-
noising and contrast enhancement are provided by
Median Filter, while the image re-sizing is utilized
to improve the quality and make all images one
size.

3.1. Black-Hat Transformation

The difference image of the original image and its
morphological closing refer to as black-hat
operation and it is expressed mathematically as
(Equation 1):

Ty(f)=feb—f o))

where, f is the function of the original image, b is
a structuring element, and « is a closing operator.
Separating and highlighting not only the objects
smaller than structuring element but also the
darker area from the area around the original
outline, black-hat transform offers quite improved
contours of the renderings.

The main reason why the Black-Hat method is
preferred that after the cleaning process is done, a
regional dyeing process is performed by adhering
to the original colours of the digital image. Black-
Hat is a method used to remove hair from a digital
image, by finding the hair in the image and
replacing the hair with the colour values in the
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nearest pixels [21-22]. This pre-processing step is
vital to ensure that the method used in the
segmentation  process  makes  satisfactory
predictions.

3.2. Median Filter

Filters for noise cleaning have a very important
place in image pre-processing. Regarding to image
pre-processing for skin cancer detection, the filters
commonly used are: Adaptive Median filter[22],
Median filter[23],Gaussian smoothing[24], and
Average filters[25]. Because, filtering can be
viewed as a trade-off between improving the
quality of the image and losing fine information,
the filter is chosen or more often adapted
according to the requirements for future
applications. Among several aspects to be
considered, the type of image, as well as the
distribution of noise to be processed, are the most
prominent ones. From a point of view of skin
cancer detection, the applied filter has to protect
the sharp edges in the same way while cleaning the
digital image, predominantly degraded by salt-and-
pepper noise, which is non-linear in origin.

Apart from simple operation methodology, the
median filter provides very fast and effective
cleaning of some specific types of noise, as
speckle and pepper noise, without damaging the
edges of the digital image [26]. Since most skin
cancers, especially melanoma, consist of nodule
structures, some of the properties used to
distinguish them are found in borders. Therefore, it
is vital that border structures are protected without
deterioration in order to make an accurate
diagnosis. All of the aforementioned advantages
make the median filter an appropriate candidate for
de-noising. The basic working principle of the
median filter is that it divides an image into pixels
and works on all of them separately, replacing
each pixel with the median of neighbouring pixels.
Specifically, the median filter replaces just one
neighbouring (w) pixel using the median instead of
the average of all pixels in a region (Equation 2);

y[m,n]=median { x [i, ], (i, ))EW} 2
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where w represents an area defined by the system
or user and centered around the [m,n] position
[27].

As in order statistics, the input values of the
current filter window are ranked in numerical
order and a median value of those is assigned to
the output cell. Since the median value is not
affected by the actual value of the noise cells, the
Median filter behaves as a nonlinear filter and is
especially successful in removing isolated random
noise making it preferable among the counterparts
in this example. It should be emphasized that,
although it retains the edges and features of the
line better than either Average or Low-pass filter,
the Median filter produces some blurring.

3.3. Image Resize

The images in the data set are of different sizes and
resolutions and are usually i.e. 1024, 1024, 450,
600 etc. resolution. In order to make a healthy
determination, it is important to reconstruct the
dimensions and bring them to the same
dimensions. First of all, the images cleaned from
the hairs with the Black-Hat method were cleared
of the images with the median filter, and finally,
their size was changed to 224x224 and prepared
for the processing stage. The reason for choosing
these sizes is that while maintaining the large
image quality, it has been tried to reduce it because
large sizes cause the training phase of the program
to be prolonged.

In the conclusion part, it is important to explain the
following two concepts for a more detailed
examination of the model. Recall can be briefly
defined as follows: It is a metric that shows how
much of the transactions we need to predict as
positive as a result of classification, we predict as
positive. It should be as high as possible
(Equation 3).

FN=False Negative, TP=True Positive, FP=False
Positive

TP
TP+FN

Recall =

®)
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The precision shows how many of the values we
predicted as positive are actually positive. The
precision value is a metric to be considered
especially if the cost of returning the error made
with false-positive estimation to you is very high
Therefore, the high precision value of the model
we will choose is an important criterion.

Precision = 4

TP+FP

4. RESULTS

This section is organized in the following order. In
the first part, we present the results related to the
process of obtaining new images for a data set. The
second part of the section deals with image pre-
processing, which is done in three steps: black-hat
transformation, reconstruction by the Meridian
filter, and resizing. At the end, in order to
demonstrate the effectiveness of the proposed
preparation of the image, we put forward training
results with and without pre-processing. The
results of the proposed data augmentation
algorithm are represented in Figure 3. The original
image is shown in Figure 3(a), while the images
shown in Figure 3(b)-(d) represent the images
obtained by proposed augmentation methods,
explained in the methodology section.

Figure 3. Examples of the proposed augmentation
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(®

Figure 4. Black Hat Transformation and Image Filtering: (a) Raw image, (b) Grey-Scaling, (c) Black-Hat
masking, (d)Image thresholding, (e) Re-Painting, (f) Image denoising by Median filter

Black-Hat method, the steps of which shown
through Figure 4(a)-4(e), removes fine hairs in the
image as follows: First, the original image is
converted to grayscale (Figure 4(b)), which creates
a core for Morphological filtering, using Black Hat
filtering on the grayscale image to find the Hair
contours. Effects of Morphological filtering on the
images are presented in Figure 4(c). It prepares the
image for the efficient and sharp operation of the
in-painting algorithm by intensifying the lines in
the area where the hairs are located, as it shown in
Figure 4(d). Finally, Figure 4(e) represents results
after the hairs are removed staining while the
image remains true to its original colours. It is to
be pointed out that enhance image is still blurred
and contaminated by noise.

The median filter is not only very effective at
removing small bubbles, noise contained in the
image and pixels that are independent of other
parts, but also preserves the spatial resolution in
the image. Results related to image denoising by
the median filter are shown in Figure 4(f).
Comparing images of Figures 4(e) and 4(f), it can
be said that the most salient differences between
the two images are the softer transitions and
evidently decrease in the number of white small
dots, while the depth perception and colours are
preserved.
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Figure 5. Resizing of the image: (a) Raw image,
(b) Resized image

Finally, as it is fairly certain that image size
diversity affects the algorithm accuracy, all images
are resized to 224x224. Example resizing is shown
in Figure 5, The image of Figure 5(a) where the
image is 450x600 dimensions and 5(b) where
original image resized to 224x224. In order to
reveal the importance and necessity of pre-
processes in digital image processing and
classification programs, we wrote a CNN-based
skin cancer identification algorithm, examining
and classifying image dataset that consist of 4
groups named NV, BCC, SCC, MEL.

Applying the above-mentioned methods, we

prepared the algorithm for training and obtained
training and validation accuracies for the raw
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digital images as well as the pre-processed images.
The results of training with the raw images are
shown in Figure 6(a) to 6(b), while results
represented in Figures 6(c) and 6(d) are related to
accuracy and loss of the pre-processed images.

When raw digital images are used, our algorithm
runs an average of 40 seconds slower for each
epoch. This result may be negligible for small size
operations However, when large data processing is
required, it will not only create a huge load on the
system but also force the systems to use more
resources and energy. In today's world, energy
efficiency and speed are undeniably important.

Additionally, from Figures 6(a)-6(b) it can be seen
that use of the raw images lead to more unstable
epoch, which is an important indicator of the
unstable system. Also, the very high exchange
between each epoch proves that it is an unstable
and unhealthy system. In addition to this, it can be
observed from Figure 6(c), which is pre-processed
and uses digital data free from noise and pollution,
is much better and more stable in the loss part as

Loss Value

©

well as working regularly. In machine learning,
loss values are very important as well as accuracy.
The reason for this is that the lost data shows us
how stable it works actually and how efficiently it
can read the data. Looking at it from this
perspective, we can better understand the
importance of pre-processing in digital data
processing.

In order to obtain the performance of the proposed
pre-processing methods on the sensitivity of the
program according to the groups as well as to
make more correct judgments on shortages of the
proposed model, we formed a confusion matrix of
the model. The two confusion matrices, shown in
Figures 7(a) and 7(b), summarize results before
and after the image pre-processing. Each row
corresponds to the instances of an actual class,
while each column represents an entry for a
predicted class.  Additionally, all correct
predictions are located in a diagonal line, while
off-diagonal cells correspond to incorrectly
classified observations.

train acc
val acc

Aceuracy Value

Epoch

(b)

acy Value

Accure

Epoch

(d)

Figure 6. Training results: () The validation and training losses for each epoch with raw images. (b) The
validation and training accuracy for each epoch with raw images. ¢) The validation and training
losses for each epoch with pre-processed digital images (d) The validation and training
accuracy for each epoch with pre-processed digital images
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Comparing the confusion 1 matrices, it can be said
that, from the general point of view, training with
pre-processed images makes a more stable and
accurate prediction. That is to say, suppressing the
noise and getting rid of hairs found in digital
images at one and the same time adjusting the
sharpness of the shape and the colour gradations
increases the selectivity to malign images.
According to the proposed groups, in both
matrices, the best accuracy is achieved for NV
whereas the poorest results are recorded for SCC.
Moreover, in all groups except SCC, there is
undoubtedly a positive impact of the pre-
processing. However, it is to be pointed out that, in
both cases, both BCC and MEL are the most
frequently confused with SCC. The main reason
for the confusion is a lot of structural similarities
between those groups. This problem will be solved
by giving better prominence to determinant

Amira Tandirovic GURSEL, Tolga YALCIN

differences of the groups during the processing
procedure. Although the accuracy rates of our
model are still poor for usage in daily life, it
should be remembered that pre-processing is not a
final procedure. Its real purpose is to prepare the
images for the next stage, to speed up not only the
training but also the decision-making period, as
well as increase efficiency and precision.

The sensitivity and precision results are shown in
the tables below. When looking at the total results,
we can observe that the model trained using pre-
processed pictures produces better outcomes in
both categories. When examining the model in
depth on the basis of groups, can see that the
model is more stable and the transition between
groups is more balanced as a result of the pre-
processed images.

7250
BCC QM 10 12 [N BCcC BPACM 37 11 | 130 250
-200 200
3 ME 21 117 23 119 | E ME 25 22 64
gL 150 £ L _
| | 150
2 S
Z NV 3 2 114 0 100 2 N3 6 110 0 -100
[ [
-50 -50
SCC 13 11 5 97 SCC 16 24 3 83
-0 -0
C N C C N C
o& WY C N N
Predicted Label Predicted Label
(@) (b)
Figure 7. Confusion matrices
Pre-Processed | RECALL PRECISION Raw Image RECALL PRECISION
Image Model/Results
Model/Results
BccC 0.5580 0.8710
BCC 0.6028 0.8698
MEL 0.4178 0.8357
MEL 0.6035 0.7524
N7 G P NV 0.9579 0.7402
scc 0.6642 0.30 SCC 0.77 0.1509
Total 0.6990 0.6689 Total 0.6759 0.6494

Figure 8. Precision and Recall tables
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Skin Cancer

5. CONCLUSION

Advantages, such as less reliance on feature
extraction, direct learning from input data, less
need for consistent equalization engineering, and,
the most important, utilizing digital images, make
CNN-CAD systems powerful candidates in skin
cancer diagnosis. In comparison to dermoscopic
images, digital images offer lower-costs and less-
complex systems. However, digital images suffer
from various types of noise, which affects the
accuracy of proposed models. Hence, there is a
strong requirement for less-noisy digital images
with well-preserved edges, which are of vital
importance in distinguishing melanoma from
benign tumours as well as other cancer types.

Up to now, the CADs systems have employed
primarily 2-group or 3-group classifications. In the
two-group classification, the digital images are
classified as cancer or not, while the three-group
classification groups the images as melanoma
cancer, non-melanoma cancer, and non-cancer.
The proposed CADs system not only increases the
number of classes to four but provides a good basis
for more exhaustive classification.

There have been several research studies on the
relevance of pre-processing for image analysis, but
none have specifically addressed the skin cancer
group. Unlike the others, no Feature Extraction
was done while classifying in this research since
the purpose is to investigate the influence of pre-
processed pictures on classification outcomes. As a
consequence, the study's accuracy findings may
appear to be low, but it should be noted that the
major goal here is to assess the influence of raw
pictures and pre-processing images on the system.

This study provides a comprehensive look at the
preparation for processing and analysis of digital
images for CNN-CAD proposed for the detection
of skin cancer. The process starts with
augmentation of the dataset which, providing more
extensive training, may help to reduce false-
positive and false-negative rates.

Fit for purpose, we multiplied the images in the
data set according to certain rules to bring the
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number of images in the groups to a certain
average. The noise of the proposed digital images
mainly manifests itself through hair sounds, white
or blue light, or interference with the main source
of which the image captured. We try reducing their
negative impacts by pre-processing digital images
of the public dataset. For the above reasons, we
removed hair, unwanted features, and errors during
recording using the Black-Hat filter, and in the
next step, the sounds within the digital images
were destroyed using the median filter. The last
issue to be considered in the pre-processing
procedure is image equalization. We proposed an
adaptive algorithm for reducing all images in size,
to avoid errors that could occur due to different
image sizes and qualities in the data set.

Our future study will be focused not only on
improving both pre-processing and extraction
features from digital images, collected from
several local hospitals, but also on evolving up the
more inclusive algorithm.
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Oz

Deprem tehlikesi, bir bolgenin sismotektonik yapisiyla ilgili bir konu iken; deprem riski, deprem tehlikesi
altindaki yapilarin davranisini ele alarak belirli bir zaman dilimi i¢in sismik kayip ve hasarlarin asilma
olasiliklarin1 ifade eder. Bu nedenle, deprem riski hesaplamirken dikkate alinan bolgedeki yapilarin
deprem davranigini etkileyen 6zelliklerinin iyi bilinmesi gerekir. Tiirk yap1 stoku, zaman igerisinde artan
niifusa cevap verebilmek amaciyla son yillarda hizla biiylimils, yeni konut istah1 ve degisen
sosyoekonomik yapi gibi faktorler etkisinde zamana ve lokasyona gore biiyiik degisim gdstermistir.
Ayrica, depreme dayanikli yap1 tasarimi ile ilgili yonetmelikler ve insaat uygulamalarindaki ilerlemeler
son yillarda yap1 6zelliklerinin degismesine sebep olmustur. Bu baglamda, farkli zaman dilimlerinde insa
edilmis yapilarin yerel karakteristiklerini gerceke¢i bir sekilde dikkate alan uygun deprem kayip
modellerinin kullanimi 6nem kazanmustir. Ancak Tirk yapi stoku ile ilgili ¢alismalar bolgesel veya
nispeten eski verilere dayalidir. Bu ¢alismada, deprem riski ve kayip hesaplarinda kullanilacak bina
bilgilerinin derlenmesi ve bina tipi yapilarin temsili modellerinin olugturulmasi i¢in gerekli olan istatistiki
verinin iiretilmesi hedeflenmistir. Tiirkiye Istatistik Kurumu tarafindan saglanan 2000 Bina Sayim
verileri ve Yapi Izin Istatistikleri kullanilarak istatistiksel bir arastirma yapilmis ve elde edilen sonuglar
kargilagtirmali olarak sunulmustur. Bu ¢alismada incelenen yeni yapi stokunun kullanim amaci, tastyici
sistem tipi, dolgu duvar malzemesi ve barndirdigi niifus oran1 6zellikleri 2000 Bina Sayimi verileri ile
kargilagtirtlmis; birlestirilmis bina veri tabani iizerinden Tiirk bina stokunun yillar iginde gosterdigi
degisim ortaya konulmustur. Sunulan istatistiki veriler deprem risk ve kayip hesaplarinda rahatlikla
kullanilabilir.

Anahtar Kelimeler: Tiirk bina stoku, Deprem riski, Tiirk yap1 stokunun dzellikleri, Istatistiksel caligma
A Comparative Investigation of Changing Building Characteristics in Turkey

Abstract

While seismic hazard is solely related to the seismotectonic structure of the region under consideration,
seismic risk further combines earthquake-induced hazard with structural vulnerability and represents
seismic loss or damage that is exceeded in a given time period. To this end, for seismic risk assessments,
it is essential to acquire properties of the building stock in the subject area. The Turkish building stock

“Sorumlu yazar (Corresponding author): Bekir Ozer AY, ozer@metu.edu.tr

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021 1111



Tiirkiye 'de Degisen Yapt Ozelliklerinin Karsilastirmali Incelemesi

has undergone great expansion in the last decades to meet the housing needs of the growing population. It
exhibits great changes both in time and from region to region due to several factors such as technological
developments and regional differences in construction practice. Moreover, design characteristics have
been altered within the last decades because of changing socioeconomic factors and regulations related to
earthquake-safe design. In this sense, it is of prime importance to utilize proper earthquake loss models
that are able to consider the local characteristics of building stocks built in different time spans in a
realistic way. Regarding the Turkish building stock, studies in the literature are relatively limited and are
based on quite old data. Therefore, the major goal of this study is to compile general characteristics of
Turkish buildings that are believed to be necessary to generate representative building models and
perform realistic loss estimations. Accordingly, a statistical survey was carried out on the properties of
Turkish building stock using the 2000 Building Census data harmonized with Building Permit Statistics
disseminated by the Turkish Statistical Institute. By including the relatively new Turkish building stock,
this study compiled information about building properties such as the building use, structural system,
infill wall material and the percentage of occupants in the population. These statistics are deemed to be
used for earthquake damage and loss estimation studies in Turkey.

Keywords: Turkish building stock, Earthquake risk, Characteristics of the Turkish building stock,
Statistical study

Pasifik Deprem Miihendisligi Arastirma (PEER)
Merkezi deprem tehlikesi hesabindan deprem

1. GIRIS

Bir deprem iilkesi olan Tiirkiye’de yaganan biiyiik
depremler yalnizca ¢ok sayida can kaybina sebep
olmakla kalmamis, dogrudan ya da dolayl
ekonomik kayiplar sebebiyle iilke ekonomisine
bliyiik darbe vurmustur. Resmi kayitlar, 1999
yilinda art arda meydana gelen Kocaeli ve Diizce
depremlerinde sirasiyla 17.322 ve 950 kisinin
hayatin1  kaybettigini gostermektedir [1]. Bu
depremlerin sebep oldugu dogrudan ve dolayli
ekonomik kayiplarin ise 16 milyar dolara ulastigi
tahmin edilmektedir [2]. Kocaeli ve Diizce
depremleri  sonrasinda,  ozellikle — deprem
tehlikesinin fazla oldugu biiyiik sehirlerde deprem
zararlarinin  azaltilmasma  yonelik  binalarin
performans tahkikleri ve giiclendirme/yeniden
yapimi konusunda c¢aligmalar baglatilmis ancak
2003 Bingdl, 2011 Van ve 2020 Izmir
depremlerinde ©nemli can ve mal kayiplar
goriilmeye devam edilmistir. Deprem zararlarinin
azaltilmasmna ve afet yoOnetimine yonelik
caligmalarin basartya ulagmasi, deprem sonucunda
olusabilecek kayiplarin dogru tahmin edilmesini
gerektirir. Deprem kayiplarinin gergeke¢i  bir
sekilde tahmini ise deprem tehlikesinin ve bu
tehlike altindaki yapilarin davranismin dogru bir
sekilde tespit edilmesi ile miimkiindiir.
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riskine, kayip tahminine ve karar asamasina kadar
tim adimlarin ayr1 ayr1 analiz edilebilecegi ve
baglantt parametreleri ile birlestirilebilecegi
performansa dayali bir deprem mihendisligi
modeli ortaya koymustur [3]. Bu modelin
bilesenlerinden biri de yapilarin deprem etkileri
altinda, segilen  bir  mihendislik istem
parametresine bagli hasargdrebilirlik egrilerinin
olusturulmasidir. Hasargorebilirlik egrileri tek bir
yap1 i¢in olusturulabilecegi gibi belli bir bolgenin
risk ve kayip hesaplarinda kullanilmak {izere de
elde edilebilir. Ancak belirli bir bolge ele
alindiginda, bu alanda yer alan yapilarin ortak
ozelliklerini dikkate alan ve yapi stokunu en iyi

sekilde temsil edebilecek modellerinin
olusturulmasi, ¢alismanin  gergek¢i  sonuglar
vermesi ag¢isindan olduk¢a Onemlidir. Bu

baglamda GEM (Global Earthquake Model) Vakfi
deprem riski hesabimin tiim iilkelerde en gergekgi
sekilde yapilmast ve yap1 stoku bilgisinin
derlenmesi iizerine dnemli ¢aligmalar yapmaktadir

[4].

Tiirkiye, yirminci yiizyilin ikinci yarisindan sonra
hizlanan niifus artis1 ve bilylik sehirlere gog
nedeniyle plansiz kentlesmeye maruz kalmstir.
Kentlerde yogunlagsan niifusun acil ve nispeten
diistik maliyetli barmma ihtiyact hem yerlesim
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alanlarinin  deprem tehlikesi yiiksek bolgelere
kaymasina hem de deprem giivenligi zayif yap1
stokunun biiylimesine sebep olmugtur. Her ne
kadar yeni deprem yonetmelikleri ve miiteahhitlik
hizmetlerinin kalite kontroli Tiirk yapi stokunun
zaman igerisinde iyilesmesine imkan veriyorsa da
yumusak kat, kisa kolon, kuvvetli kiris zayif
kolon gibi sistem yetersizlikleri ve tasarim
kusurlar1 barindiran binalar yap1 stokumuzun
onemli bir orani teskil etmeye devam etmektedir.
Hem yeni binalarin hem de deprem giivenligi
zayif nispeten eski Dbinalarin  karakteristik
Ozelliklerinin bilinmesi iilkemizin deprem risk ve
kayip hesaplarinin dogru yapilabilmesi igin biiyiik
O6nem tasimaktadir.

Tirk yapr stokunun karakteristik 6zelliklerinin
biitlinclil bir sekilde ele alindig1 caligmalar
literatiirde nispeten azdir. Mevcut c¢aligmalar
genellikle belirli bir bolgedeki sinirli sayida binay1
dikkate almakta (6rn [5-6]) ve c¢ogunlukla
Marmara Bélgesi’nin ya da Istanbul’un yap1 stoku
iizerine yogunlagmaktadir (6rn. [7-9]). Ornegin
[7] ve [8] calismalarinda, basta istanbul’da olmak
lizere kuzey Marmara’da bulunan betonarme
binalarin karakteristik 6zellikleri incelenmistir. Bu
caligmalarda, Tiirkiye Istatistik Kurumu (TUIK)
tarafindan sunulan 2000 yili Bina Sayimi [10]
verileri kullanilmis, dikkate alinan boélgedeki bina
stokunun tastyict sistem tipi, kat sayisi, yapim yilt
gibi genel ozellikleri ortaya konmustur. Bununla
beraber, tasiyici sistem tipi, deprem sartnamesine
uygunluk ve doseme tipi Ozelliklerine gore
olusturulan 6rnek bina kiimeleri daha detayli bir
incelemeye tabi tutulmus ve kirig yiiksekligi, kat
alani, kat yiiksekligi, beton kalitesi, yapisal duvar
kalinlig1 vb. parametreler incelenmistir. Benzer
bir ¢alijma [11] tarafindan  istanbul’un
Zeytinburnu, Kiigiikgekmece ve Bakirkoy ilgeleri
ile Diizce iline ait bina envanterleri kullanilarak
yapilmis; binalar, kat sayisi, kat yiiksekligi,
stirekli ¢ergeve sayisi, kolonlar arasi agiklik, kolon
boyutu ve kolon kuvvetli yonii — bina kKuvvetli
yonil iligkisi agisindan incelenmistir. Ayrica, [11]
Tirkiye’de siklikla karsilasilan bir durum olan
kolonlarin kesit alaninin iist katlarda azaltilmasi
acisindan da bir degerlendirme sunmustur. Bu
baglamda, [11] tarafindan yapilan c¢alisma,
deprem  kaylp  tahminlerinde  kullanilacak
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modellerin olusturulmast ig¢in Snemli bir bilgi
sunmakla birlikte kullanilan bina envanterinin
spesifik bir bolgeye ait olmasi agisindan Tiirk yap:
stokunun tiimiinii temsil etmemektedir.

Tirk yapt stokunun tamamimi dikkate alan ve
binalarin o6zelliklerini il bazinda ortaya koyan
kapsamli ¢aligmalara ihtiya¢ vardir. Ayrica
mevcut calismalar  ¢ogunlukla eski bina
envanterlerine dayali olduklari icin 6zellikle 2000
sonrasi iretilen nitelik ve nicelik agisindan farkl
yeni yapi stoku da dikkate alinmalidir. Tirkiye
6l¢eginde bina 6zelliklerinin gikartilmasi siiphesiz
¢ok sayida binanin incelenmesi ile miimkiin
olmakla beraber, zaman ve is giicli olarak oldukg¢a
kiilfetlidir. Bu agidan bakildiginda giincel veri
kaynaklarmin derlenmesi ve uyumlulastiriimasi
Tirkiye’deki yapt stoku hakkinda il bazinda
kapsamli  bilginin elde edilmesine olanak
saglayacaktir. Bu verilerinin islenmesi ile de
Tirkiye’deki binalar1 temsil eden analitik
modellerin olusturulmas1 veya deprem kayip
hesaplarinda kullanilacak bina envanterinin elde
edilmesi miimkiin olabilecektir.

Tirk yap1 stokunun tamami hakkinda bilgi sunan
en 6nemli kaynak, TUIK tarafindan yayimlanan
bina verileridir. Tiirkiye’deki bina tipi yapilar

2000 yilna kadar belirli araliklarla TUIK
tarafindan  sayilmig ve  binalar  birtakim
ozelliklerine gore  smmflandirilmugtir.  TUIK

tarafindan en son 2000 yilinda bina sayim
yapilmis, sonrasinda bu kapsamda bir bina sayim
istatistigi yayimlanmamustir. Bir bagka ifade ile
son bina sayim istatistikleri giincelligini
yitirmigtir. TUIK tarafindan saglanan bir diger
veri kaynagi ise 1992 yilindan itibaren yapi izni
almis tiim binalara ait bilgilerin derlendigi Yap1
Izin Istatistikleridir. TUIK, hem 2000 Bina Sayim1
verilerini hem de Yapi Izin Istatistiklerini tiim
Tiirkiye igin farkli kaynaklarda sunmakta, ancak
bu verilerin ¢oziiniirliigii kaynaktan kaynaga ve
yildan yila degisiklik gdstermektedir. Bu
caligmanin temel amac1 TUIK tarafindan sunulan
2000 Bina Saymm ile Yapi Izin Istatistiklerini
karsilagtirarak, Tiirk yap1 stokunun 6zelliklerini ve
bunlarin zamana bagli degisimini ortaya
koymaktir. Elde edilen veriler, Tirk yap1
stokunun temsili modellerinin daha ger¢eke¢i bir
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sekilde olusturulmasinda ve kayip hesaplarinda
kullanilacak bina envanterinin elde edilmesinde
rahatlikla kullanilabilir.

2. YONTEM
2.1. TUIK Bina Stoku Veri Tabanlar

2.1.1. 2000 Bina Sayimi

2000 Bina Saymm, 1984 yilinda yine TUIK
tarafindan yapilan bina sayimindan 16 yil sonra
gerceklestirilmig ve Tiirkiye genelinde toplam
7.838.675 binada 16.235.830 daire (bina basina
diisen daire sayisi yaklasik 2,4) sayilmigtir. 2000
Bina Saymminda incelenen baglica parametreler,
binanin bitis yili, bina kullanim amaci, binanin
sahibi, tasiyici sistem tipi, dolgu malzemesi tiiri,
bina alan1 ve toplam kat sayisi olarak siralanabilir.

2.1.2. TUIK Yap izin istatistikleri

“Yapt Kullanma izin Belgesi” formunun yap1
ruhsati sahipleri tarafindan diizenlenmesi 2001
yilindan itibaren zorunlu hale getirilmistir.
Diizenlenen Yap1 lzin Istatistikleri TUIK
tarafindan aylik olarak derlenmekte ve yillik
olarak kullanicilarin yararina sunulmaktadir [12].
Bina dis1 insaat tiirleri ve ruhsatsiz yapilar TUIK
Yapt lzin Istatistikleri ~kapsami  diginda
tutulmustur. TUIK verilerine gére 2001 ve 2015
yillar1 arasinda gegen siirede yap: kullanma izin
belgesi almig 1.221.607 adet ruhsatli binada
6.194.426 daire bulunmaktadir 2001-2015 yillar
arasinda yapi kullanim izni almis binalarda bina
bagina diisen daire sayisina bakilacak olunursa,
Tiirkiye ortalamasinin 5,1 oldugu goriilmektedir.
2000 Bina Saymu verileri ile karsilastirildiginda
bina stokumuzdaki nitel ve nicel degisimin hizla
devam ettigi sonucuna varilabilir.

2.1.3. Cahsmada Dikkate Alinan
Ozellikleri ve Inceleme Yontemleri

Bina

Calismada ele alinan veri tabanlart kullanilarak,
bina kayip modellerinin elde edilmesinde, deprem
risklerinin belirlenmesinde ve Tiirk yap1 stoku igin
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temsili modellerin olusturulmasinda &nem arz
eden bina parametreleri derlenmistir. Bu ¢aligmada
derlenen bina parametreleri bina kullanim amaci,
tagtyict  sistem, bina dolgu malzemesi ve
barindirdig niifus oranidir.

Deprem kayip c¢alismalarinda binalarin kullanim
amact ve deprem dayanimi diisik binalarda
yasayan niifus orani Sosyal hasargérebilirligin
hesaba Kkatilabilmesi agisindan o6nemlidir. Bu
baglamda binalarin  kullanim amaci  bilgisi
calismada sunulan istatistiklere dahil edilmistir.
Binalar ikamet amagli (IA) ve ikamet amagh
olmayan (10) seklinde gruplanmustir.

2000 sonrasinda iretilen yapi stokunun, 1997
tarihli “Afet Bolgelerinde Yapilacak Yapilar
Hakkinda Yo6netmelik” [13] ve 2000 tarihli “Yap1
Denetimi Hakkinda Kanun” [14] sebebiyle 2000
Oncesi yap1 stokundan biiyiik farkliliklar gosterdigi
ortadadir. Bu nedenle, 2000 yil1 6ncesinde iiretilen
binalarin  deprem  davranismma etki eden
ozelliklerinin 2000 sonrasi iretilenler ile
kargilagtirtlmasi, mevcut yapi stokunun deprem
riski agisindan 6nemlidir.

Yapisal hasargorebilirligi ve deprem kayip
hesaplarint etkileyen en Onemli parametrelerin
baginda tasiyict sistem tipi gelmektedir. Deprem
riski ve kayip hesaplarinin gercekgi bir bigimde
ortaya konmasi, yap1 stokundaki binalara ait
tagiyict  sistem  bilgisinin elde edilmesi ise
miimkiindiir. Bu baglamda c¢alismada dikkate
aliman bina 6zelliklerinden biri olan tasiyict sistem
biiyiik 6nem arz etmektedir.

Bina dolgu malzemesi, yapr istatistiklerinde
dikkate alinan diger parametrelere nazaran
cogunlukla ikincil Oneme sahip bir parametre
olarak goriilmektedir. Tastyic1 sistemi c¢ergeve
(TUIK verilerinde iskelet) olan binalarda dolgu
duvar malzemesinin yiikk tasima gorevi yoktur.
Ancak dolgu duvarlarin ve malzeme tipinin
yapilarin  sismik davranigina etkileri oldugu,
ozellikle yiiklerin sadece cerceveler ile tasindigi
binalarda katlar arasi otelenmeyi degistirdikleri
bilinmektedir [8, 15-17]. Buna ek olarak
Tirkiye’deki yigma yapilar ile ilgili ¢aligmalar
(6rn.  [18]), hasargorebilirligin  yiik tastyan
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duvarlarin malzemesi ile kuvvetli iligkisini ortaya
koymaktadir. Tim bunlar dikkate alindiginda
dolgu malzemesi tipinin Tiirkiye’deki yap1
stokunun biiylik kismini olusturan betonarme
gergeveli ve yigma yapilarin hasargdrebilirliginde
kritik 6neme sahip oldugu sdylenebilir.

Tirkiye bina stokunun genel oOzellikleri, insaat
teknolojisindeki  gelismeler, degisen sosyal
ihtiyaglar, yeni bina sartnameleri ve deprem gibi
bliylik dogal afetler ile birlikte zaman iginde
degisimler gdstermistir. Ayrica, yapt stoku son
yillarda nicel ve nitel agidan degisim
gerceklestirmistir. Bu agidan bakildiginda yap:
stokumuzun temel Ozelliklerinin zamana bagh
olarak degisiminin incelenmesi Tirkiye ile ilgili
yapilacak deprem kaybt ve risk yOnetimi
caligmalarin gercekci bir sekilde yiiriitiilmesine
biiyiik katki saglayacaktir. 2000 Bina Sayimina
gore binalara ait veriler bitig tarihlerine gére onar
yulik zaman dilimlerinde gruplanmistir. Yapi
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kullamm  izni  verileri ise yil bazinda
sunulmaktadir. Bu baglamda, dikkate alinan
parametrelerin  zaman igerisindeki degisimini

gozleyebilmek admna Yap1 izin Istatistikleri 2001-
2009 ve 2010-2015 yillart igin iki ayr1 zaman
diliminde gruplandirilarak ilgili parametrelere ait
istatistikler donemsel olarak incelenmistir.

2.1.4. 2000 Yih Bina Saymm ve 2001-2015
Yillan  Yapr dzin Istatistiklerinin
Uyumlu Hale Getirilmesi

2000 Bina Saymmi ve Yapi izin Istatistikleri
yapilarin  deprem risk ve kayip hesaplarim
etkileyen bina kullamim amaci, tastyici sistem ve
dolgu malzemesi degiskenlerini sunmaktadir. Bu
degiskenlere ait alt siniflar ise 2000 Bina Sayimi1
ve Yapi lIzin Istatistiklerinde bazi farkliliklar
gostermektedir. Cizelge 1, her iki veri tabaninda
kullanilan degiskenleri, bunlarin agiklamalarini ve
alt siniflarini sunmaktadir.

Cizelge 1. 2000 Bina Sayim ve 2001-2015 Yapi Izin Istatistiklerinde dikkate alinan degiskenler ve

degisken tipleri
Degisken Tipleri
.. - . Yapu izin Istatistikleri
Degisken Ismi | Aciklama 2000 Bina Sayim (2001-2015)
Kullanim Binanimn ne a_magla Konut, Cogunlukla Konut, |ikamet amacli ve ikamet amagh
Amact kullanildigy ifade Cogunlukla Isyeri, Diger  |olmayan
etmektedir gunlukia fgyer, L1s Y
Yapinin agirligini Iskelet, Y1igma, Tiinel Iskelet (Celik, Ahsap,
Tasiyici . a2 - .
Sistem tagtyan insaat tarzint Kalip, O_nuretl_n_lh }?etonarme), Y1gma, Kompozit,
ifade etmektedir (Prefabrik), Bilinmeyen Oniiretimli (Prefabrik)
Dolgu Duvarlar icin kullanilan Cf?llk leVIvla, beton blok, Beton blgk, briket, tugla, ahsap,
. - briket, tugla, ahsap, tas, tas, kerpig, gaz beton, hafif panel,
Malzemesi dolgu malzemesidir . o
kerpig diger

TUIK verilerini kullanarak Tiirk yap1 stokunun
yilar icindeki degisimini ortaya koyabilmek,
deprem kayip ve risk hesaplarinda kullanilabilecek
tek bir bina veri tabani hazirlayabilmek oncelikle
farkli yaklasim, tanim ve yontemler ile toplanmis
verileri uyumlu hale getirmeyi gerektirmektedir.
Cizelge 1’de goriildiigii lizere 2000 Bina Sayimi
istatistiklerinde, binalarin kullanim amaci konut,
¢ogunlukla konut ve cogunlukla is yeri olmak
iizere 3 ana sinif altinda degerlendirilmis ve bunun
disindakiler diger kategorisinde sayilmistir. Yapi
Izin Istatistiklerinde ise binalar, kullanim
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amaglarina gore ikamet amagli ve ikamet amagli
olmayan bina ana bagsliklar1 altinda toplanmustir.
Bu calismadaki karsilastirmalarda, kullanim amact
istatistikleri ikamet amagli ve ikamet amagh
olmayan  binalar  olarak  iki  kategoride
sunulmaktadir. Bu nedenle, ikamet amagli bina
istatistikleri i¢in 2000 Bina Sayimindaki konut ve
¢ogunlukla konut olarak kullanilan binalar; ikamet
amagli olmayan bina istatistiklerinde ise
cogunlukla igyeri ve kullanim amaci diger olarak
belirtilen binalar bir arada degerlendirilmistir.
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2000 Bina Saymminda tasiyici sistem tipi olarak
yigma, iskelet, prefabrik ve tiinel kalip sistem
tipleri sayilmistir. TUIK iskelet terimi ile gelik,
betonarme veya ahsap tasiyict elemanlarin
cerceveler meydana getirdigi ve tasiyict olmayan
duvarlarin bu gergevelerin arasma yerlestirildigi
binalar1 ifade etmektedir [10]. Cerceve terimi ¢ok
daha yaygindir ancak TUIK ile uyumu korumak
adma bu calismada iskelet terimi kullanilmustir.
2001-2015 yillar1 aras1 TUIK  Yapr izin
Istatistiklerinde, iskelet tasiyici sistem tipi celik,
ahsap ve betonarme olarak siniflandirilmis, tasiyict
sistem tipi cerceveli betonarme sistem, gergeveli-
perdeli betonarme sistem ve perdeli betonarme
sistem (tiinel kalip) olan yapilar betonarme iskelet
ad1 altinda toplanmustir. Yapi izin Istatistiklerinde
tinel kalip ayri bir tasiyict sistem olarak ele
almmamistir. Bu yiizden 2000 Bina Sayimi
verilerindeki tiinel kalip tasiyict sistem tipi bu
caligmada sunulacak karsilagtirmalarda iskelet
tastyici sistem baslhigi altinda dikkate alinmis ve
tastyict  sistem karsilagtirmalart her iki veri
tabaninda ortak olan yigma, iskelet, prefabrik ve
diger kategorileri igin yapilmistir. Donemsel (2000
Oncesi ve sonrasi) karsilastirmalarda ise daha
ayrintili bilgi vermek adina her bir veri tabani
kendine 6zgii tasiyict sistem tipi bilgisine goére
incelenmistir.

Calismada kullanilan veri tabanlarindaki bir bagka
farklilik ise dolgu malzemesi ile ilgilidir. 2000
Bina Saymmi verileri bina dolgu malzemesini
tastyici sistem tipine gore ayirmaktadir. 2000 Bina
Sayimi istatistiklerinde bina dolgu malzemesi,
iskelet ve y1gma tipi tasiyict sistemler igin ayrintilt
olarak verilmekte iken Oniiretimli ve tiinel kalip
sistemler igin herhangi bir ayrinti verilmemistir.
2001-2015 arast Yapi Izin Istatistiklerinde ise
dolgu duvar bilgisi her bir iskelet sistem tipine
(ahsap, celik, betonarme) gore ayrt ayri
verilmektedir. Ayrica 2001-2015 Yapr Izin
Istatistiklerinde &niiretimli ve kompozit tasiyict
sistem tipleri i¢in ayrintili dolgu malzemesi bilgisi
mevcuttur. 2000 Bina Sayimu istatistiklerinde yer
alan celik dolgu malzemesi Yapr Izin
Istatistiklerinde ~ bulunmazken, 2000 Bina
Sayiminda yer almayan gaz beton ve hafif panel
degisken tipleri Yapr Izin Istatistiklerinde
mevcuttur. Bu sebeple celik levha, gaz beton ve
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hafif panel dolgu malzemeleri yapilacak
kargilagtirmalarda  diger  kategorisi  altinda
degerlendirilmistir.

Caligmanin bir baska kabulii de 2000 yili bina
sayimi verilerinde yer alan binalarin halen
kullanimda oldugu kabulidiir. Bu kabul 2012
sonrast bliylik kentlerde uygulanan kentsel
yenileme calismalar1 sonucunda 2000 yili
oncesinde mevcut olan binalarin bir kisminin
yerini yeni  binalarin  aldifi  gercegiyle
ortiismemektedir. Ancak TUIK, T.C. Cevre ve
Sehircilik Bakanhg ve Niifus ve Vatandashk Isleri
Genel Miidiirliigii nezdinde yapilan g¢aligmalarda
kentsel yenileme kapsamina giren bina sayisina
ilisgkin  verilere erisim saglanamamistir. Bu
calismada yikilan veya kentsel yenileme
kapsamina giren yap1 sayisinin mevcut bina
stokunun nispeten kiiciik bir kismina kargilik
geldigi kabul edilmis ve bu durumun ¢aligmada
sunulan karsilagtirmalara biiyliik bir etkisinin
olmayacaglt varsayllmistir. Bununla beraber,
yikilan veya kentsel yenileme kapsamina girmis
olan yapilarin veri tabaninda halen mevcut olmast
bu c¢alismadan elde edilen  ¢iktilarinin
kullanilmasinda giivenli tarafta kalinmasina sebep
olacaktir. Bu baglamda, bahsedilen yap1 sayisinin
tiim yap1 stokuna nazaran az olmasi ve veriler ile
yapilacak hesaplarin giivenli tarafta sonu¢ vermesi
¢alismanin kabul edilebilir bir eksik yoniidiir.

3. ARASTIRMA BULGULARI

3.1. Bina Kullanim Amacina Goére Bina Sayisi

2000 Bina Sayimmi ve 2001-2015 TUIK Yap1 izin
Istatistiklerinin birlestirilmesi ile elde edilen veri
taban1 Tirkiye genelinde toplam 9.060.282 adet
bina igermektedir. Bu binalardan 6.735.813’i
2000 yili oncesinde ikamet amagli olarak insa
edilmistir. Benzer sekilde 2001-2015 yillar
arasinda yapi kullanma izin belgesi alan ikamet
amacl bina sayis1 1.046.563 adettir. Ikamet amagh
olmayan binalar dikkate alindiginda ise 2000 yil
bina sayim istatistiklerine goére 1.102.862 bina
bulunmaktadir. 2001-2015 yillar1 arasinda yap1
kullanma izin belgesi almis ikamet amagh
olmayan bina sayist ise 175.044’tlir. Bu sayilar
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yiizdelerle ifade etmek gerekirse, 2000 yil1 dncesi
insa edilmis ikamet amagli olan ve olmayan
binalar Dbirlestirilmis yap1 stokunun sirastyla
%74’inii ve %12’sini olustururken, 2001-2015
yillar1 arasinda yap1 kullanma izin belgesi almisg
ikamet amacli olan ve olmayan binalar
birlestirilmis stokun sirasiyla %12 ve %2’sini
olusturmaktadir. Bu sonuglar 2000 yili dncesinde
ikamet amagli binalarin ikamet amacgli olmayan
binalara oranin 2001-2015 yillarinda yap1
kullanim izni almis binalarda da biiylik oranda
degisiklik gostermedigine isaret etmektedir. 2000
Bina Saymmi ve 2001-2015 Yap1 lzin
Istatistiklerine gore binalarin kullanim amacina
gore il bazinda ayri ayr1 yiizdelik dagilimlan Sekil
1’de gosterilmektedir.

Sekil 1°de goriildiigii gibi 2000 yili dncesi insa
edilmis ikamet amacli binalar tiim illerde il yap1
stokunun biiyiik bir kismini olusturmaktadir. Bu
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baglamda, Tiirk yapi stokunu olusturan binalarin
biiyilk bir kismmin eski deprem sartnamelerine
gore tasarlanmis ikamet amagli binalar oldugu
soylenebilir. Bu konunun daha detayli incelemesi
ingaat yili verilerinin zaman dilimlerine gore
incelenmesi ile miimkiindiir. S6z konusu inceleme
makalenin sonraki kisimlarinda verilmigtir.

Tirk bina stokunda yer alan binalarin kullanim
amacina gore oranlari zaman iginde biiylik degisim
gostermemistir. Eldeki veriler 1s18inda, ikamet
amagli binalarin 2000 Bina Sayimina gére %85,9
oldugu, bu oranin 2001-2015 verilerine gore ise
¢ok degismedigi ve %85,7 oldugu goriilmektedir.
Bu karsilagtirmalardan yola ¢ikarak Tiirk yap1
stokunun bina kullanim amacina gore dagiliminin
zamandan bagimsiz oldugu ve ikamet amacl
olarak kullanilan binalarin tim yapt stokunun
yaklasik  %86°lik  kismina  karsilik — geldigi

sonucuna varilabilir.

Toplam Bina Yiizdeleri
2000 Bina Sayimi 1A
2001-2015 Yapi Izin 1A
2000 Bina Sayimi 10
2001-2015 Yapi izin i0

Sekil 1. Birlestirilmis bina veri tabanindaki binalarin kullanim amacina gore il bazinda oransal
dagilimlari. 1A ikamet amach binalar igin, IO ise ikamet amagli olmayan binalar i¢in kullanilan

kisaltmadir
3.2. Tasiyic1 Sistem Tipi
Yapilan incelemeler, 2000 yil1 bina sayimi verileri

ve 2001-2015 yillar1 arasi yapi kullanim izin
istatistiklerinin tastyici sistem konusunda biiytik

farkliliklar ~ gosterdigine  isaret  etmektedir.
Cizelge 2, 2000 Bina Sayimu istatistiklerinde yer
alan binalarin kullanim amact ve tasiyict sistem
tiplerine gore oranlarini géstermektedir.

Cizelge 2. 2000 Bina Sayimi kullanim amaci ve tagtyici sistem tiplerine gore bina yiizdeleri

Kullanim amaci Yigma Iskelet Prefabrik Tiinel kalip Toplam
Ikamet amagh %44,43 %41,29 %0,17 %0,076 %85,97
Ikamet amacl olmayan %6,72 %7,18 %0,12 %0,005 %14,03
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Cizelge 2’de goriildiigii gibi 2000 y1ilt dncesi inga
edilmis binalarin ¢ogunlugunu veri tabaninin
%44,43’iine karsilik gelen ikamet amagh yigma
tipi binalar olusturmaktadir. Ikinci sirada yer alan
ikamet amacli iskelet tipi binalar ise 2000 Bina
Sayiminda yer alan binalarn  %41,29’unu
olusturmaktadir. Bir baska ifade ile, 2000 yili
oncesi inga edilmis yap1 stokunun yaklasik %86’s1
ikamet amacli kullanilan yigma ve iskelet tipi
binalardan olugmaktadir. Kullanim amacindan
bagimsiz bakildiginda ise yigma ve iskelet tastyici
sisteme sahip binalarin 2000 6ncesi bina stokunun
%99,6’s11 olusturdugu goriilmektedir.

2001-2015 yillant arasi yapt kullanim izni almis
binalarin kullanim amaci ve tasiyici sistem tipine
gore dagilimlart Cizelge 3°te sunulmaktadir.

Cizelge 3’te sunulan veriler, 2001-2015 yillari
arasinda yapt kullanim izni almis binalarin
yaklasgtk ~ %91’inin  betonarme  binalardan
olustugunu ortaya koymaktadir. Ote yandan, 2000
sonrast Uretilen yapr stokunda yigma tastyici
sisteme sahip binalarin olduk¢a az bir orana
(%5,7) sahip oldugu goriilmiistiir. Diger tasiyici
sistem tiplerine sahip binalar ise s6z konusu veri
tabaninin sadece %3,5’ini olusturmaktadir. Bu
baglamda, 2000 yili sonrast yapt stoku igin
yapilacak hasargorebilirlik hesaplarinda
betonarme binalara ait modellerin biiyiik bir
oneme sahip oldugu soylenebilir. Calismada
kullanilan veri tabanlarinda biiyiik paya sahip olan
ikamet amagli binalarin tasiyici sistem tipleri
mekansal olarak il bazinda Sekil 2’de
incelenmistir.

Cizelge 3.2001-2015 Yap: Izin Istatistikleri kullanim amaci ve tasiyici sistem tiplerine gore bina

ylizdeleri
- Celik Ahsap Betonarme . . Toplam
Kullanim amaci Yigma iskelet iskelet iskelet Kompozit | Prefabrik yiizde
Ikamet amagl %05,19 %0,18 %0,20 %79,29 %0,51 %0,30 %85,67
tkamet amals %051 | %091 | %006 | %11,51 %036 | %100 %14,33
olmayan

. ] Tagiyicr Sistem Dadilim
M 2000 Bina Sayimi iskelet
M 2000 Bina Sayimi Yigma
I 2000 Bina Sayimi Prefabrik
2000 Bina Sayimi Diger

(@)
Taglyici Sistem Dagilimi
M 2001-2015 Yapi izin Iskelet
B 2001-2015 Yapi izin Yigma
W 2001-2015 Yapi izin Prefabrik
2001-2015 Yap Izin Diger
(b)

Sekil 2. 2000 y1l1 bina sayim verilerine (a) ve 2001-2015 yili yap1 kullanim izni istatistiklerine (b) gore
ikamet amagli olarak kullanilan binalarin il bazinda tasiyici sistem tipine gore yiizdeleri
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Sekil 2°de verilmekte olan dagilimlar her iki veri
tabaninda ortak olan yigma, iskelet, prefabrik ve
diger kategorileri altinda yapilmistir. Sekil 2°de
goriildiigiic tizere 2000 Oncesinde yigma tipi
tastyict sistem en fazla goriilen tasiyici sistem
tipiyken, 2001-2015 yillar1 arast kullanim izni
almig binalar agirlikli olarak iskelet tipi tasiyict
sisteme sahiptir. 2000 yili &ncesinde, 6zellikle I¢
Anadolu, Ege, Dogu Karadeniz ve Dogu Anadolu
bolgelerindeki  illerde  yigma tipi  binalar
cogunluktayken, 2000 sonrasinda iskelet tipi
tasiyict sistem birgok ilde biiylik oranlarla
hakimdir. Ancak yine de Yozgat, Nevsehir,
Kirsehir ve Nigde gibi illerde halen yigma tipi
tastyict sistemin fazlaca kullanildig:
goriilmektedir. Sekil 2, ayrica prefabrik ve diger
tastyici sistem tipinin olduk¢a az oranda olduguna
isaret etmektedir.

Sekil 3, caligmada dikkate alinan her bir zaman
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gostermektedir. Sekil 3’te ayrica her bir zaman
diliminde {iretilen bina sayisindaki degisim de
gosterilmistir. Sekil 3’te gortildigi gibi 1960 yili
Oncesi y1gma tipi tastyict sistem kullanimi %80’in
iizerinde iken 1960 sonrasinda iskelet tipi tasiyici
sistem kullanimi artmis ve 2000 yilinda iskelet tipi
tastyici sistem oran1 %70’e ulagmistir. Iskelet tipi
tastyict sistemin 2001 yilindan sonra %90’nin
iizerinde bir orana ulastig1 goriilmektedir. Eldeki
bilgiler 1s18inda 1980 sonrasi insas1 tamamlanmig
binalarin biiyiik bir kismimin iskelet tipi tastyici
sisteme sahip oldugu rahatlikla sdylenebilir. Sekil
3’te verilmekte olan toplam bina sayisi, 2000
yilina kadar bina sayisinin olduk¢a hizli arttigim
gostermektedir. Ancak 2001 yili sonrasinda insa
edilen bina sayisinda biiyliik bir disiis oldugu
goriilmiistiir. 2001 sonrasinda uygulanan zaman
dilimleri 6nceki 10’ar yillik donemlere kiyasla
daha kisa siirelere tekabiil etmektedir. Ancak yine
de 2001 yili sonrasi yapilagma hizinda nispi bir

dilimindeki bina tastyict sistem oranlarini diisiis oldugu gergektir.
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Sekil 3. Birlestirilmis istatistiklere (2000 Bina Sayimi + 2001-2015 Yap1 Izin Istatistikleri) gore tastyic
sistem tiplerinin zamana bagli kullanim yiizdeleri ve iiretilen bina sayisinin zamana bagl

degisimi
3.3. Dolgu Malzemesi
Daha 6nce de bahsedildigi gibi, 2000 Bina Sayimi1
ve 2001-2015 Yapt lzin Istatistiklerinin

karsilastirilabilmesi amaci ile dolgu malzemesi her
bir istatistikte mevcut tagiyici sistem tipi i¢in ve
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sadece ortak dolgu duvar tipleri i¢in incelenmis,
ortak olmayan dolgu malzemesi tipleri “diger”
kategorisinde sunulmustur. Sekil 4, 2000 yil1 bina
sayrmi ve 2001-2015 Yap izin Istatistiklerine gore
farkli tasiyici sistem tiplerinde kullanilan dolgu
malzemesi ylizdelerini gostermektedir.
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Sekil 4. 2000 Bina Sayimu (a) ve 2001-2015 Yapi lzin Istatistikleri (b) verilerine gore tastyici sistem tipi

ve dolgu malzemesine gore bina yiizdeleri

Sekil 4°de goriildiigii gibi 2000 yili dncesi insa
edilen iskelet tasiyict sisteme sahip binalarda
dolgu malzemesi olarak c¢ogunlukla (%79) tugla
kullamlmaktadir. Iskelet tipi sistemlerde ikincil
dolgu malzemesi olan briketin ise %14’liik bir
kullanim orani oldugu goriilmektedir. 2001-2015
Yapi lzin Istatistiklerine gore ise nispeten yeni
bina stokunun %85’inde dolgu malzemesi olarak
tugla kullanmaktadir. Tastyict sistem tipine gore
degerlendirildiginde betonarme iskelet binalarin
%386’sinda tugla kullanildig1 goriilmektedir. Celik
iskelet tipindeki binalarda ise tugla ve diger
kategorisinde dolgu malzemesi kullanimi sirasiyla
%44 ve %47’lik degerlere sahiptir. Ahsap iskelet
sistemine sahip binalarda ise dolgu malzemesi
olarak g¢ogunlukla ahsabin (%51) tercih edildigi
goriilmektedir.  2001-2015  verileri  ayrica,
kompozit tasiyici sisteme sahip binalarda 6ncelikli
olarak tuglanin sonrasinda ise briketin yaygin
olduguna isaret etmektedir. Nispeten yeni yapi1
stokunda (2001-2015 yillar1 arasi) yer alan
oniiretimli sistemlerde ise diger kategorisinde yer
alan hafif panelin en ¢ok tercih edilen malzeme
oldugu goriilmektedir. Yigma tipi binalara
bakildiginda 2000 yili 6ncesinde duvar malzemesi
olarak tugla kullanimi oranmin %40 oldugu
goriilmektedir. 2000 Bina Sayimi verileri, yigma
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tipi sistemlerde duvar malzemesi olarak briket, tas
ve kerpi¢ kullanim oranlarinin sirastyla %22, %18
ve %14 olduguna isaret etmektedir. 2001-2015
yillar1 arasindaki veriler ise yigma tipi tasiyici
sistemlerde duvar malzemesi olarak tugla
kullaniminin oldukg¢a yayginlagtigini (%78) ortaya
koymaktadir. Goriildigii gibi dolgu malzemesi
kullanimi  zamana  bagli  olarak  degisim
gostermektedir. Ayrica eldeki veriler bu durumun
bolgesel uygulama farkliliklarma baglt oldugunu
ortaya koymaktadir.

Sekil 5’te yigma tipi binalarda 2000 Bina Sayimi
ve 2001-2015 Yapi Izin Istatistiklerine gore il
bazinda dolgu malzemesi kullanim oranlar
verilmektedir.

Sekil 5’te gorildiigi tizere, 2000 yili ve Oncesi
insa edilen yigma tastyici sisteme sahip binalarda
dolgu malzemesi il bazinda biyiik degisiklik
gostermektedir. Ozellikle Ege, Marmara, Bat1 ve
Orta Karadeniz Bolgelerindeki illerde tugla
kullanimimin biiyiik bir orana sahip oldugu
goriilmektedir. Bununla beraber, Dogu Akdeniz ve
Giliney Dogu Anadolu’da ve bazi dogu illerinde
briket biiyiik bir orana sahiptir. I¢ Anadolu ve
Dogu Anadolu’nun birgok ilinde ise dolgu
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malzemesi  olarak tag  kullanimi
goriinmektedir. Sekil 5 ayrica, ahsap dolgu
malzemesinin  Dogu ve Orta Karadeniz
Bolgelerinde  fazlaca  kullanildigina  isaret

yaygin

etmektedir. Sekil 5’te goriilen bolgesel uygulama
erisimin  ve
karakteristiklerinin  bdlgeden

farkliliklari,
geleneksel

dolgu malzemesine
yap1

Bekir Ozer AY, Tuba EROGLU AZAK

bolgeye degisiklik gosterdigine isaret etmektedir.
2001-2015 arasinda yap1 izni almig yigma tipi
binalarda ise bu farkliklarin ¢ogunlukla ortadan
kalktig1 ve tugla kullaniminin bilyiik oranda arttig
goriilmektedir. Bazi Dogu ve Giineydogu Anadolu
illerinde ise briket hala tuglaya gore daha fazla
tercih edilmektedir.

B Ahgap Kerpig

M Tugla l Beton Blok [l Diger
B Briket H Tas

a)
o O B Ahsap Kerpic
B Tugjla [l Beton Blok [l Diger

B Briket @ Tas (b)

Sekil 5. 2000 Bina Sayimina (a) ve 2001-2015 Yap1 izin Istatistiklerine (b) gére y1gma tastyici sisteme
sahip binalarda il bazinda dolgu malzemesi kullanim yiizdeleri

Iskelet tipi tasiyici sistemlerde dolgu malzemesi
tiplerine ait oranlar da mekansal olarak
incelenmistir. Sekil 6, iskelet tipi binalarda dolgu
malzemesini il bazinda sunmaktadir.

Sekil 6, 2000 yili dncesi ve 2001-2015 yillar1
arasinda tugla dolgu malzemesinin kullaniminin
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olduk¢a fazla oldugunu ortaya koymaktadir.
Ayrica, 2000 yil1 6ncesinde bazi illerde iskelet tipi
tagiyic1 sistemde kerpi¢ kullaniminin gorildigi
(himig tarzi ahsap iskelet binalar), bu durumun
nispeten yeni binalarda (biiylik ¢ogunlukla
betonarme yapilar) terkedildigi goriilmiistiir.
Bununla beraber, 2000 yil1 dncesinde Giineydogu
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Anadolu, Dogu Akdeniz ve Dogu Anadolu
bolgelerindeki bazi illerde briket tuglaya gére daha
fazla tercih edilirken 2001-2015 yillar1 arasinda
yapt kullanim izni alan binalarda ise tugla
kullaniminin arttigt ancak halen baz1 illerde

b O
Hl Tugla B Beton blok [l Diger
B Briket H Tas

briketin tuglaya gore daha ¢ok kullanildig:
goriilmektedir. Yapi stokumuzda kullanilan dolgu
malzemelerinin tasiyici sistem tipine gore zamana
bagli degisimi Sekil 7°de verilmistir.

B Ahsap Kerpig
W Tugla [ Beton Blok ll Diger
B Briket H Tas

(@)

B Ahsap Kerpig

(b)

Sekil 6. 2000 Bina Sayimina (a) ve 2001-2015 Yapa izin Istatistiklerine (b) gore iskelet tasiyic sisteme
sahip binalarda il bazinda dolgu malzemesi kullanim yiizdeleri

Dolgu malzemesinin zamana bagli kullamim
oranlarma  bakildiginda  (Sekil 7)) tugla
kullanimmin hizli bir artig gosterdigi ve 1990
sonrasi insa edilmis binalarda bu oranin %80’in
izerine ¢iktig1 gorilmektedir. Ayrica, briket
kullanim oranlar1 1970’lere kadar bir artis
gbstermis, ancak son yillarda bu malzemenin
kullaniminda bir diisiis yasanmis ve 2000 sonrasi
ingsa edilen binalarda %5 seviyesinin altina
gerilemistir. Ote yandan, 1990 sonras1 insa edilen
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binalarda ahsap ve kerpi¢ dolgu malzemesinin
kullaniminin ¢ok az oldugu goriilmektedir. Diger
kategorisinde bulunan dolgu malzemelerinin
kullanim orani son yillarda artis gostermistir. Bu
artisin gercek sebebi 2000 yili sonrasi gaz beton
malzemesinin kullaniminin artmasindan
kaynaklanmaktadir. Ancak yine de gaz beton
kullannmi  tuglaya kiyasla olduk¢a  diisiik
oranlardadir.
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Sekil 7. Zamana bagli dolgu malzemesi kullanim oranlari

3.4. Tiirkiye Niifusunun Bina Stokuna Gore
Dagilim

Calismada bina stoku ile niifus arasindaki iliski,
2015 yilindaki Tirkiye niifusunun 2000 Oncesi
iiretilen ve nispeten yeni (2001-2015) bina stokuna
dagilimi agisindan da incelenmistir. Bu baglamda,
2015 yili iilke niifusunun il bazinda 2000 &ncesi
ve 2001-2015 arasinda iiretilmis toplam daire
sayis1 oranina gore homojen olarak dagildig1 kabul
edilerek 2000 yili Oncesinde iiretilen binalarda
yasayan insan sayisi ve 2001-2015 yillar1 arasinda
iretilen yap1 stokunda yasayan insan sayisi
yiizdeleri elde edilmistir.

Sekil 8, 2015 yili

Tiirkiye niifusunun il bazinda 2000 Oncesi ve
2001-2015 arast iiretilen bina stokuna dagilimim
gostermektedir.

Sekil 8, 2015 yili itibariyle niifusun biiyiik bir
kisminin 2001 ve sonrasinda iiretilen binalara
kiyasla deprem performans: agisindan daha zayif
oldugu diisiiniilen 2000 oncesi iiretilen binalarda
yasadigint gostermektedir. Tiirkiye geneli icin
yaklagik %75 olan bu oranin birgok il igin de
gecerli oldugu ve ¢ogunlukla %60 ile %85
arasinda degistigi goriilmistir. Bu baglamda,
deprem riski altindaki iilke niifusunun biiyiik bir
orana sahip oldugu sdylenebilir.

2015 Turkiye Ntfusunun Bina Stokuna Dadilinmi
M 2000 6ncesi bina stokunda yasayan niifus
M 2001-2015 bina stokunda yasayan niifus

Sekil 8. 2015 yilindaki niifusun il bazinda 2000 6ncesi ve 2001-2015 arasi tiretilmis bina stokuna dagilimi

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021
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4. TARTISMA VE SONUC

Deprem kaynakli zararlarin azaltilmasi ve etkili
afet yOnetimi icin mevcut yapilarin deprem
risklerinin gercekei bir sekilde hesaplanmasini
gerekir. Bu baglamda yap1 stokunun deprem
davramigini etkileyen Ozelliklerinin iyi bilinmesi,
risk ve kayip hesaplarinin dogru yapilabilmesi igin
biiyiik 6nem tasir.

Tiirk yapt stoku son 50 yil igerisinde go¢ ve hizli
artan niifusun  barmma ihtiyaglarina cevap
verebilmek icin nicel ve nitel degisiklikler
gostermigtir. 1970-2000 yillar1 arasinda ucuz ve
¢ok sayida iiretilen binalarin yasanan depremlerde
gosterdigi performans deprem dayanimi zayif
konut stokumuzun varligini net bir sekilde ortaya
koymustur. Yap1 stokuna ozellikle 2000 yilindan
sonra eklenen nispeten yeni binalar ise, gilincel
deprem sartnameleri, degisen sosyal ihtiyaglar,
gelisen ingaat teknikleri ve malzeme
teknolojisindeki ilerlemelere paralel olarak yap:
stokundaki mevcut binalardan farklilasmis ve
bunun neticesinde de Tiirk yapt stokunun genel
karakteristiklerinin degismesine yol agmistir. Bu
baglamda Tiirk yap1 stokunun genel 6zelliklerinin
hem zaman dilimlerinde hem de bolgesel bazda
degisiklik gosterdigi goriilmektedir. Bu agidan
Tirk bina stokunun zaman ve mekansal agidan
irdelenmesi deprem risk hesaplarinda biiyiik 6nem
arz etmektedir.

Depremlerde gozlenen hasar ve literatiirdeki
¢aligmalar, tasiyici sistem, malzeme ve yapim yilt

gibi ozelliklerin yapilarin  deprem davranigini
etkileyen onemli parametreler oldugunu
gostermektedir.  Ulkemizdeki yap1  stokunun

¢ogunlugunu olusturan betonarme ve yigma yapi
tipleri 2000 Bina Sayimi sonuglarina gore birbirine
yakin orandayken (bkz. Cizelge 2) 2001 ve sonrast
tiretilen yapilarda betonarme yap: tipi baskin
duruma gelmistir (bkz. Cizelge 3).

Ozellikle 2000 oncesi iiretilen yap1 stokunun
6nemli bir kismini olugturan yigma binalarin kirsal
ve kentsel bolgelerde farkli ozellikler gosterdigi
literatiirdeki  ¢alismalarda (6rn. [18]) ortaya
konulmustur.  Kirsaldaki ~ yigma  yapilarda
cogunlukla tas, briket ve kerpi¢ [18], kentlerdeki
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yigma yapilarda ise tuglanin daha fazla kullamldig:
[18,20]  bilgisi, bu ¢alismada elde edilen
istatistikler ile uyumludur (bkz. Sekil 6). Ozellikle
kentlerdeki yigma yapilardan 1980 Oncesi
retilenlerin malzeme ve har¢ dayamimlarinin
diisik olmasi, 1980-2000 arasinda iiretilmis
nispeten daha ¢ok katli olanlarin ise duvarlarindaki
bosluk miktarlarimin nispeten fazla olmasi zayiflik
olarak belirtilmistir [18, 19]. Bu baglamda 6zellikle
2000 oncesi iretilen yapt stokunun Snemli bir
kismint  olusturan  yigma  binalarin  orta
biiyiikliikteki  depremlerde dahi agir hasar
gordiikleri hatta yikildiklar1 bilinmektedir [18].

Betonarme, uygulanis rahatligi, nispeten ekonomik
olusu ve kolay malzeme temini agisindan
cagimizin yapi1 malzemesi durumundadir [20].
Ancak yetersiz miihendislik hizmeti, iscilik
zayifliklari, denetim eksikligi ve art arda gelen
imar aflar1 gibi hususlar 6zellikle 1980-2000 arast
iiretilmis betonarme yapilart bina stokumuzun en
hasargorebilir grubu haline getirmistir [1, 2].
Nitekim  {ilkemizde 2000 Oncesi iretilmis
betonarme yapilarin  deprem  performanslar
kalkimmus iilkelere gore olduk¢a kétii durumdadir.
Tiirkiye’deki depremlerde agir hasar goren veya
yikilan betonarme yapilarin oram1 1995 Kobe ve
1995 Northridge depremlerinde gézlenen oranlarin
strastyla yaklagik dort ve on iki katidir [2].

Bu caligmada, Tirk yap1 stokunun genel
ozelliklerinin ortaya konulmasi amaglanmis, bu
hedefe yonelik olarak da TUIK tarafindan en son
2000 yilinda hazirlanan bina sayimu istatistikleri ve
2001-2015 yillar1 arasinda yapt kullanim izni almig
binalarin  verileri  kullamilmustir.  Calismada
kullanilan veri tabanlari, bina kullanim amaci,
tagtyict sistem tipi ve dolgu malzemesi tipi ana
bashklar1  altinda  incelenmistir.  Incelenen
parametreler, yapilarin deprem riski ve kayip

hesaplarinda olusturulacak modellerde baslica
Oneme sahip parametreler olarak
degerlendirilmektedir. Caligmada derlenen veri

tabanlar1 2000 yili 6ncesi bina stoku ve 2001-2015
yillar1 arasinda iretilen bina stoku olarak
karsilagtirilmig ve kapsam ve ydntem agisindan
farkli o6zellikteki veri tabanlar1 uyumlulagtirilarak
birlestirilmis sekilde incelenmistir. Birlestirilen
veri tabanlar1 il bazinda incelenerek bdlgesel
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farkliliklar ortaya konulmustur. Ayrica deprem
performansinin nispeten zayif oldugu bilinen 2000
oncesi yapilarda ikamet eden niifusun 2001-2015
arasi iretilmis nispeten daha giivenilir konutlarda
ikamet eden niifusa orami karsilastirilmistir.
Bununla beraber, Tiirk bina stokunun zamana bagl
degisimi de dikkate alinarak ele alinan bina
parametreleri onar yillik zaman dilimlerinde igin
sunulmustur. Calismada elde edilen Dbaslica
sonuglar agagidaki maddelerde 6zetlenmektedir.

e Tiirk yap1 stokunu olusturan binalarin yaklasik
%86’s1 ikamet amagli kullanilirken, 2000 yili
Oncesi insa edilmis ikamet amagli binalar yap1
stokunun  %75’ini  olusturmaktadir.  Bu
baglamda yapi stokunu olusturan her dort
binadan {i¢lintin 2000 yili oncesi yapilmis
ikamet amacli bina oldugu sonucuna varilabilir.

o Tirkiye geneline bakildiginda Dogu ve
Gilineydogu Anadolu Bolgelerinde 2000 yil
sonrasi bina yapim hizinin diger bolgelere gore
daha yavas seyrettigi sOylenebilir.

e 1980 yili 6ncesi insa edilmis 3.270.136 binanin
2.419.780 adedi (%74) yigma tasiyici sisteme
sahiptir. 1980-2000 yillar1 arasinda iiretilmis
4.495.748 binanin ise %37’si y1gma (1.674.280
adet) tasiyici sisteme sahiptir. Bu sonuglara
dayanarak 2000 yil1 dncesi bina stokunun yari
yartya yigma ve iskelet tasiyic1 Sistemden
olustugu sonucuna varilmigtir. 2001-2015 arast
iretilen bina stokuna (1.221.607 adet)
bakildiginda ise iskelet tasiyici sistemin
yaklasik %90 oraninda bir paya sahip oldugunu
ve yigma tasiyici sistemin biiylik oranda terk
edildigi goriilmektedir. Ulke genelinde ise
yigma tastyici sistemin ozellikle I¢ Anadolu
Bolgesi'nde halen ©nemli oranda oldugu
sOylenebilir.

e Tiirk yap1 stokunu olusturan binalarin zamana
bagli dagilimina bakildiginda 1980-2000 yillar1
arasinda bina iretim hizinin arttigini ve bu
zaman diliminde lretilen binalarin tim bina
stokumuzun yaklasik yarisini  olusturdugu
sonucuna varilmistir.
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Bina duvar dolgu malzemesinin kismen tagiyici
sistem tipine bagli oldugu ve dolgu malzemesi
olarak tuglanin genel olarak yigma ve
betonarme tagtyict sistemlerde biiyiikk oranda
kullanildigr goriilmiistiir. 2000 yili  Oncesi
yigma yapilarda ise tuglanin disinda briket, tas
ve kerpi¢ kullaniminin oldukg¢a yaygin oldugu
soylenebilir. Bu egilimin genel olarak iilke
geneline yayildigr ancak ozellikle Dogu
Anadolu Bolgesi’nde dolgu malzemesi olarak
tasin biiyiik oranda kullamldig1, i¢ Anadolu
Bolgesi’nde ise kerpi¢ kullanim oranlarinin
yiikksek oldugu sdylenebilir. 2001-2015 arasi
tretilen yigma binalarda ise tuglanin iilke
genelinde yaygin oldugu ancak 6zellikle Giiney
Dogu Anadolu ve Dogu Anadolu Bdlgesi’nin
dogu kisminda briket kullaniminin devam ettigi
goriilmiistiir. 2000 yili oncesi iskelet tasiyict
sistemde dolgu duvar malzemesi olarak genel
olarak tuglanin hakim oldugu, Giiney Dogu
Anadolu ve Dogu Akdeniz kisimlarinda briket,
orta Karadeniz ve I¢ Anadolu Bélge’sinin
kuzeyinde kerpicin kullanildigi  sonucuna
vartlmigstir. 2001-2015 yillart arasinda tretilen
iskelet tastyici sisteme sahip yapilarda ise genel
olarak tugla hakim iken bolgesel olarak briket
kullaniminin fazla oldugu gézlemlenmistir. Bu
gozlemler, 6zellikle duvar dolgu malzemesinin
bolgesel oOzelliklerden etkilendigi sonucunu
ortaya koymaktadir.

Bu c¢alismada elde edilen yapt stoku
istatistikleri, 2000 yili Oncesinde iiretilen
binalarin ve bu binalarda ikamet eden niifus
oranimnin yliksekligini (sirasiyla yaklasik %86
ve %74) agikga ortaya koymaktadir.
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Oz

Bu calismada, geleneksel siilfiir boyamaya alternatif olarak ¢evreci ve siirdiiriilebilir bir boyama yontemi
gelistirilmistir. Bu yeni boyama metodu ile konvansiyonel denim kumas 6zellikleri daha az proses ve
daha diisiik su ve kimyasal kullanimi ile elde edilmeye ¢alisilmistir. Hem konvansiyonel yontem ile hem
de yeni yontem ile boyanan kumaslarin renk, elastikiyet, kalict uzama ve segilen bazi haslik degerleri
karsilagtirmali olarak incelenmistir. Calisma sonuglarina gore; spektrofotometrik sonuglar elde edilen yeni
rengin konvansiyonel boyama ile elde edilen renge gore daha agik oldugunu gosterse de kumaglar gorsel
olarak birbirlerine olduk¢a yakin renklerdedir. Yeni metot kumaslarin siirtiinme hasligini iyilestirmis,
ancak yikama ve ter hashgi degerlerinde 6nemli bir degisiklik yaratmamistir. Uygulanan yeni metodun
kumaslarin elastikiyet ve kalict uzama degerleri {izerinde de onemli bir degisiklige sebep olmadigt
gorilmiistiir.

Anahtar Kelimeler: Denim, Siirdiiriilebilirlik, Stlfiir boyama
Application of Eco-friendly and Non-pretreatment Dyeing Method to Denim Fabrics
Abstract

In this study, an environmentally friendly and sustainable dyeing method has been developed as an
alternative to traditional sulfur dyeing. With this new dyeing method, conventional denim fabric
properties have been tried to be achieved with less processes and less water and chemical use. Color,
elasticity, growth and some selected fastness values of fabrics dyed both with the conventional method
and with the new method were examined comparatively. According to the results of the study; although
the spectrophotometric results show that the new color obtained is lighter than the color obtained by
conventional dyeing, the fabrics are visually very close to each other. The new method improved the
rubbing fastness of the fabrics, but did not cause a significant change in the washing and perspiration
fastness values. It was observed that the new method applied did not cause any significant changes on the
elasticity and growth values of the fabrics.

Keywords: Denim, Sustainability, Sulfur dyeing
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1. GIRIS

Denim kumaslar dayanikli ve zor aginan kumaslar
oldugu i¢in ilk denim giysiler, is giysileri olarak
iiretilmis ve kullanilmistir. Zaman igerisinde yeni
kesimler, otantik tasarimlar, boncuklu siislemeler
ve islemeler ile sekillenen denim giysiler, her
yerde ve toplumun her kesiminde giyilebilen
giysiler haline gelmistir. Gegen siirede denim
kumas ve denim kumaslardan yapilan iiriinler,
insanlarin yagsam tarzlarinin degismesiyle birlikte
degismis ve gelismistir. Denim kumas en ¢ok
pamuk lifinden {iretilen, bunun yaninda son
yillarda igeriginde poliester, elastan, keten ve
viskon gibi lifler de kullanilan, klasik tiplerinde
atkis1 boyasiz, ¢ozgiisii indigo boyarmadde ile
boyali, ¢esitli gramajlarda dokunabilen ve genis
desen yelpazesine sahip bir dokuma kumas cinsidir
[1]. Geg¢miste ekonomiklik ve dayanikliligi igin
tercih edilen ve giinliik yasantimizda hafta sonlari
kullanilabilen denim firiinler, artik giinlik hayatin
vazgegilmez bir parcasi olmus, spor kiyafetlerin
yani sira gece kiyafetlerinde, ayakkabi, terlik ve
canta liretiminde de kullanilmaya baglanmustir [2].

Denim kumas {iretimi i¢in uygulanan islemler,
iplik iretimi, halat sarma, indigo boyama, halat
acma, hasillama, dokuma, terbiye islemleri, kalite
kontrol ve kumas sevki gibi kademeleri
icermektedir. Denim kumas {retimi igin Ornek
islem akig semast Sekil 1°de verilmistir [3].

1980°1i yillardan giiniimiize denim kumas tiretimi;
dokuma, boyama ve yikama asamalarinda siirekli
degisik metotlar denenerek c¢esitlendirilmistir.
Klasik denim anlayisinin  digina ¢ikilmasiyla,
pamuk ile birlikte viskon, polyester, tensel, elastan
gibi dogal, yapay ve rejenere lifler de kullanilmaya
baslanmig ve her birinin denimde goriintii ve moda
anlayigina yon verdikleri adimlar olmustur. Denim
kumas indigo boyarmadde ile 6zdeslesmis olsa da
son yillarda ¢6zgl ipligi silfir boyali olarak
dokunmus {irlinlerin toplam denim {iriin grubu
icindeki pay1r artmaktadir. Stlfiir boyarmaddenin
disiik maliyette ve farkli renk paletine sahip
olmasi, tiliketicinin taleplerinin bir kismint siilfiir
boyali kumastan yapilmuis tiriinlere yonlendirmistir.
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Siilftr boyarmadde tanimi, bir yandan iiretim
yontemine ancak ayni zamanda da aplikasyon
yontemine atifta bulunur. Bunlar suda ¢éziinmeyen
¢ok molekiillii baglardir ve kiikiirdiin bazi organik
baglarla  birlesmesinden  olugmugtur.  Kiikiirt
sodyumu (Na,S— Sodyum siilfit) ile rediiksiyon
sonucunda boyarmadde suda ¢oziinebilir hale
getirilir. Suda ¢oziinebilen seklinin lif ile afinitesi
yiiksektir. Boyama sonrasinda boyarmadde
oksitlenme ile suda c¢oziinmeyen haline geri
dontstiirtlir (Sekil 2) [4].
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Seliiloz elyafin, ozellikle pamugun
renklendirilmesinde  kullanilmaktadirlar.  Elyaf
fiksasyonu %60-70 civarindadir Renkleri parlak
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olmamakla beraber yas hasliklar1 ¢ok yiiksek ve
fiyatlar1 cok diigiiktiir [5].

+ O

—_» E-S.S-F

Lifin dizerinde geri oksitlenen

boyarmadde

Sekil 2. Siilfiir boyarmadde ile boyama [4]

Seliiloz ve karigimlarindan olusan ¢ozgii ipliginin
kontinii olarak siilfiir boyanmasi, indigo boyamada
oldugu gibi daha ¢ok halat boya ve slasher boyama
makinelerinde yapilmaktadir. Bu makinelerin yer
ihtiyact ve yatirrm maliyeti yiiksektir ve her boya
terbiye isletmesi bu makineler olmadigi ig¢in bu
tarz liretim yapamamaktadir. Ayrica siilfiir boyama

oncesi etkili bir on terbiye islemi de
gerekmektedir. Yakma, hagil sokme, kasar,
yikama, merserizasyon, kurutma, kostikleme,

pisirme prosesleri 6n terbiyede yapilan islemler
olarak siralanabilir. Isletmelerin makine parkina,
kumasin daha sonra goérecegi isleme, miisteri
talebine, elyaf ¢esidi ve karigim oranina goére on

gostermektedir ancak en azindan 2-3
mutlaka yapilmaktadir.

islem

Bu ¢alismada, 6n terbiye islemleri yapilmadan ¢ok
kisa prosesle modaya uygun spor tarzi, efekt
alabilen kumas tiretilmesi saglanmaya ¢alisilmistir.

2. MATERYAL VE METOT
2.1. Materyal
Calismada kullanilacak denim kumasin ¢ozgiisii

%100 pamuklu Ne 13,5/1 olup, atki ipligi 97/3
pamuk/elastan Ne 16/1°dir. Ipliklere ve bu

terbiyed lacak  isleml degiskenlik
crotyede  yapliaca iemier celsient ipliklerden iretilen kumaglara ait ozellikler
Cizelge lve 2’de verilmistir.
Cizelge 1. Ipliklere ait 6zellikler
Kopma e e ;
Diizgiinsiizlitk R, Ince yer Kahlin yer Neps
Rkm N (eU) | TVl | ogh06) | (+500%)  |(+280%)
Ne 16/1 11,9 9,21 11,6 6,93 0 304 37
Ne 13,5/1 | 17,2 6,39 16,1 6,65 9 225 12
Cizelge 2. Uretilen kumasa ait zellikler
Orgii Atk iplik Cozgii iplik | Atk sikhig COZ%“ Tarak Tarak eni | Gramaj
tipi nUmArast | umarast (Ne) (tel/cm) sikhig numarast (cm) (g/m?)
(Ne) (tel/cm)
31z 13.5/1 16/1 20.5 30 135/2 215 330
2.2. Metot yiiriitilmiistiir. Ilk proseste pad batch boyama

Iplik iiretimleri gergeklestirildikten sonra kumas
iretim ve terbiye islemleri igin iki ayr1 proses

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

makinelerinde konvansiyonel kumas boyamasi
uygulanmistir. Kumasg sirasiyla hagillama, hasgil
sokme, agartma, yikama ve kurutma gibi detayli
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on terbiye islemlerinden gecirilmistir. Ikinci
islemde ise azaltilmis bir islem gergeklestirilmistir.
Cozgii ipligi hazirlandiktan sonra sadece hasillama
yapilmistir ve sonraki dokuma ve diger ard

Cizelge 3. Prosesler

islemler  standart  yontemler  Kkullanilarak
uygulanmigtir (6n terbiye iglemleri yapilmamistir)

(Cizelge 3).

Metod
Konvansiyonel metod Yeni metod
Proses Detay Proses Detay
Hasillama Nisasta Hagillama Nisasta
Dokuma Picanol dokuma tezgahi Dokuma Picanol dokuma tezgahi
Sodyum hidroksit (10 g¢/l, flotte
Hasil sékme orani:1:100) 100 °C 30 dk 3 kez|_ _
? yikama ardindan 60 °C 2 saat
kurutma.
Kopiik kesici (0,5 g/1)
- Hidrojen peroksit (60 g/l) ) )
Agartma Sodyum hidroksit (45 g/l)
Tyon tutucu (7 g/l), 1slatici (3,5 g/1)
Yikama 30 m/dk hiz, 95 °C - -
Tamburlu kontakt kurutma, 110 °C
Kurutma o - -
tambur sicakligi
Yakma On yiiz yakma. 70 m/dk, 12 mbar |Yakma gga};uz yakma. 70 m/dk, 12
. 80 g black
Boyama+tyikama |80 g black boyama + oksidasyon |Boyama+yikama boyama-+oksidasyon
Boyama makinesinde tamburlu Boyama makinesinde
o tamburlu kontakt kurutma
Kurutma kontakt kurutma 35 hiz. 110 °C|Kurutma o
< 35 hiz. 110°C tambur
tambur sicakligi -
sicakligi
140 °C 24 m/dk hiz ile (apre reg: 140 °C 24 m/dk hiz ile (apre
Apre/fikse a.asit 3 g/l, yumusatict: 10 g/l,|Apre/fikse reg: a.asit 3g/l, yumusatict:
islaticr: 2 g/l) 10 g/1, 1slatici: 2 g/1)
Sanfor 30 m/dk iz Sanfor 30 m/dk iz

Proses tablosu incelendiginde yeni metotta; hasil
sokme, agartma, yikama ve kurutma iglemlerinin
yer almadigi goriilmektedir. Bu yeni yontem ile
yenilik¢i/siirdiiriilebilir prosesler ile konvansiyonel
boyama ile elde edilen goriintiiye ulasiimaya
calisitlmigtir. Bdylece islem daha hizli, verimli,
cevreci hale getirilmis olacaktir. Calisma
kapsaminda kumaglarin renk, elastikiyet, kalici
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uzama, yikama hasligi, ter hasligi ve siirtiinme
haslig1 degerleri incelenmistir.

Kumaslara uygulanan testler ve standartlar
Cizelge 4’de goriilmektedir. Tiim numuneler 24

saat standart atmosfer kosullarinda
kondisyonlandiktan  sonra  asagidaki  testler
uygulanmustir.
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Cizelge 4. Kumaglara  uygulanan  testler ve
standartlar1 [6-10]
Olgiilen dzellikler flgili standart
Renk 6l¢limii -
< TS EN 1SO 105 C06:

Yikama haslig1 2001

- o TS EN ISO 105-
Siirtiinme hashigt X12:2006

< TS EN 1SO 105

Ter hashigt E04:2012
pH degeri TS EN 1SO 3071:2009
Yiizey 6zelliklerinin )
incelenmesi
Elastikiyet ASTM D3107-07:2015.
Kalic1 uzama ASTM D3107-07:2015.

3. ARASTIRMA BULGULARI

Serin MEZARCIOZ, Serdal SIRLIBAS

kumaslarda  degisik yikama c¢esitleri elde
edilmigtir.  Yikama islemi, dikilmis denim
giysisine, 6zel yikama makinelerinde belirli recete
ve tekniklere gore yikama yapilarak degisik renk
ve tuse kazandirilmasi iglemidir.

Denim kumagtan {iretilen irlinler genel olarak
endiistriyel yikama yapilarak satisa sunulmaktadir.
Bu c¢aligmada uygulanan yeni metodun kumasin
renk degerlerine etkisi incelenirken 6zellikle bazi
endiistriyel yikamalar sonrast bu degerlerin
Olgiilmesi ve karsilagtirilmasinin  daha uygun
oldugu disiiniilmiistir. Bu nedenle hem
konvansiyonel olarak boyanan kumasa hem de
yeni uygulanan boyama metodu sonucu elde edilen
kumasa endiistriyel yikamalar yapilmistir. Boylece
yikamalar sonucu ulasilabilecek renk tonlar1 da
goriilmiis, kiyaslamali analizleri  yapilmistir.
Endiistriyel yikamalar kumaslara paca formatinda

3.1. Renk Olgiimii uygulanmis olup, regetesi asagida verilmistir
(Cizelge 5).
Yikama islemlerindeki gelismeler ve kullanilan
kimyasallarin ~ &zellikleri arttikca, denim
Cizelge 5. Yikama recetesi
Proses adimlar:
Proses Siire Sicakhk . .
(dk) ©C) Kimyasal adi Miktar
Noniyonik yumusatici 3ml/l
Rins Yumusatma 2 30 — o o
Semi-mikro silikon emiilsiyonu 3ml/l
yikama
Kurutma 45 80
Notr Seliilaz- tas enzimi 3ml/l
Tas yikama 30 45 - -
Polimer bazli dispergator 2mi/l
Tas -
yikama | Yumusatma 10 40 katy(_)nll? yum.u.satlcl _ 3ml/l
Semi-mikro silikon emiilsiyonu 3ml/l
Kurutma 45 80

Kumasglar rins ve tas yikama proseslerinden
gecirildikten sonra renk degerleri Ol¢lilmiistiir.
Ciinkii yeni metodun ozellikle kumasin renk
degerlerinde degisiklik yaratmamasi istenmektedir.

Farkli yikama receteleriyle yikanmig
konvansiyonel ve yeni metot numune kumaslarinin

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021

CIELab (L*, a*, b*, c* ve h) degerleri ile AE renk
farkliligr degerleri olgiilmiis ve kiyaslanmigtir
(Cizelge 6-7). Cizelge 7 icin; referans olarak
konvansiyonel metotla boyanmigs kumas renk
degerleri esas almmmigtir. Numunelerin yikama
oncesi de renk analizleri yapilmistir.
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Cizelge 6. Olgiilen CIELab degerleri

Renk degerleri
Numune Proses
L* C a* b* h
K ) | Yikanmamig 16,81 1,44 1,23 0,74 31,06
onvansiyonel metot [
ile boyanan kumas Rins yikama 15,87 1,28 1,16 0,54 24,88
Tas yikama 15.79 0.92 0.71 -0.58 321.04
) . Yikanmamis 18,31 1,12 1,02 -0,46 336,06
; eni metot ile Rins yikama | 17,61 115 0,83 08 | 31618
oyanan kumas
Tas yikama 22,05 2,16 0,18 -2,15 274,68
Cizelge 7. Yeni metot ile boyanan kumasglarin renk farklilii
Renk farkhhig Degerlendirme
AL* | Aa* Ab* AC* | Ah* | AE g
Yikanmamus | 1,497 | 0,206 | -1,196 | -0,316 [1,172| 1,03 | KALIR (numune daha acik, daha yesil,
daha mavi, daha zayif)
Rins yikama |1,739| -0,334 | -1,337 | -0,132 [ 1,372 2,22 | KALIR (numune daha agik, daha yesil,
daha mavi, daha zayif)
Tas yikama |6,256| -0,537 | -1,576 | 1,243 |1,108| 6,47 | KALIR (numunc daha acik, daha yesil,
daha mavi, daha kuvvetli)

Spektrofotometrik sonuglar incelendiginde elde
edilen yeni rengin konvansiyonel boyama ile elde
edilen renge gore daha acgik oldugu tespit
edilmigtir.

Yeni iiriinde 6n islem olarak hasil sokme, agartma,
yikama vb. islemler bulunmamaktadir. Ozellikle
hasil s6kme isleminin yapilmamasindan dolayi,
boyama sirasinda boyarmaddeler kumas igerisine
tam olarak nifuz edememekte ve ylizeyde
kalmaktadir. Standart kumasta ise detayli 6n islem
yapildigi i¢in liflerin sigsmesi ile kumasin
hidrofilitesi artmaktadir. Dolayisiyla boyarmadde
daha fazla kumas icerisine niifuz etmektedir.
Boylelikle konfeksiyon sonrasi istenilen renk
acikligi daha kisa islem siiresi ile elde edilmistir.
Detayli 6n terbiye islemi goérmiis kumaslarda
istenilen denim efektinin alinmasi zordur.

Rins yikama, klasik bir denim yikama prosesinde
kurutma oOncesi yapilan son islem adimidir.
Yumusatma ile {riin {zerinde istenen tuse
efektinin verilmesi saglanir. Kullanilan yumusatici
maddeler, kumasin belirli bir yumusaklik ve
dokiimliiliige sahip olmasim saglar [11]. Uriin
iizerinde istenen eskimis veya yipranma efektleri
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en ¢ok tag yikama ile gergeklesmektedir. Buradaki
efektler, iirlinlerin makineye ve kendi aralarindaki
stirtiinmelerinden olugabilecegi gibi, bunlar igin
yardimct kimyasal olacak seliilaz enzimleriyle de
saglanabilmektedir. Ayrica isletmelerde mekanik
sirtiinme etkisini artirmak amaciyla ponza tast da
kullanilmaktadir [11,12]. Tas yikama
uygulamasinin boyarmadde pigmentlerini
uzaklagtirarak kumasin rengini soldurdugu tespit
edilmistir. Ciinkii tas yikama uygulamalarinda
kumas/iplik  yiprandik¢a  kumas  iizerindeki
boyarmaddeler akmaktadir. Yeni metot ile
boyanan kumaslarda boyarmadde kumasa tam
niifuz etmedigi igin, solma daha fazla olmustur.

Yikanmamis kumaslarda renk farki daha kiigiiktiir.
Ayni yikamalara tabi tutulmus standart kumas ve
yeni metot ile boyanan kumaslarda konvansiyonel
kumas daha koyu kalmakta, iizerindeki siilfiir
boyay1 daha ge¢ atmaktadir. Yikama yapildikca
kumas igerisindeki hasil bir miktar uzaklasip renk
acilmaktadir. Detayli 6n terbiye gérmiis kumas
rengini koruma egilimindeyken, yeni metot ile
boyanan kumasin rengi daha kolay acilmistir.

C.U. Miih. Fak. Dergisi, 36(4), Aralik 2021



Kumaglara yikama islemleri uygulandiktan sonra
standart boyanan ve yeni metot ile boyanan
kumaglarin  renk  degerleri  birbirlerinden
uzaklagsmigtir. Cizelge 6 ve 7 incelendiginde en
fazla renk degisiminin tag yikama uygulamasinda

| Konvansiyonel metot |

Yikanmamis

Serin MEZARCIOZ, Serdal SIRLIBAS

oldugu goriilmektedir. Ayrica Sekil 3'de verilen
kumas goriintiilerine gore; yeni metot ile boyanan
kumaslarin renkleri konvansiyonel metot ile
boyanan kumaslarin rengine oldukga yakindir.

I Yeni metot

Yikanmamis

Sekil 3. Kumas goriintiileri

3.2. Hashik Testleri

Denimin yas sirtinme hasliklarimin ¢ok diisiik
oldugu bilinmektedir. Cizelge 8’e gore yeni metot,
kumaslarin kuru siirtinme hasligi degerini ¢ok
azda olsa iyilestirmistir. Ciinkii yeni metot ile
kumasa niifuz eden toplam siilfiir boyarmadde
miktar1 daha azdir.

Cizelge 8. Numunelerin siirtinme hashigi ve pH

degerleri
Konvansiyonel .
Test ad1 metot Yeni metot
Siirtiinmeye Kuru Yas | Kuru | Yas
karsi renk 34 | w2 | 4 |
hashg
pH 4,2 54

Cizelge 9. Diger haslik degerleri

pH degeri yiiksek olan kumaslar, kolaylikla cilde
zarar  vererek alerjik  reaksiyonlara  yol
acabilmektedir. Uretim asamalarinda kullanilan
her kimyasalin, bitmis tirlindeki pH degerine etkisi
bulunmaktadir. pH degeri, yikama ve nétrlestirme
basamaklarinda kontrol altina alinabilmektedir
[13]. Eko-Teks 100 standardina gére pH tayini
ISO 3071 (Potasyum Kkloriir ¢dzeltisi) uyarinca
tespit edilmektedir. Bu standart kapsaminda pH
degerinin alt ve st limit degeri sirasiyla 4,0 ve 7,5
olarak kabul edilmistir Yeni yontemle boyanan
kumasin pH degerinin konvansiyonel yontemle
boyanan kumasa gore daha alkali oldugu tespit
edilmisti. ~Bu pH  degeri, OEKO-TEX
standartlarinda belirtilen sinirlar i¢indedir.

Numunelerin diger haslik degerleri Cizelge 9’da
goriilmektedir.

Konvansiyonel metot Yeni metot
.. - Renk . - Renk
Test ad1 Yin |Akrilik| PES | Nylon |Pamuk | Asetat Yiin |Akrilik| PES | Nylon | Pamuk | Asetat
solmast solmas
:;5?;‘1“* 45 | 45 | 45 | A5 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45
fj‘s'ﬁ :g': © a5 | a5 | a5 | a5 | a5 | a5 | a5 | a5 | a5 | a5 | a5 | a5 | 455 | a5
Ejszl:;ter 45 | 45 | 45 | 45 | a5 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 45 | 4/5
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Incelenen yikama ve ter haslhigi degerleri igin yeni
metot ile boyanan kumaglar ile konvansiyonel
metot ile boyanan kumaslar arasinda refakat bezine
akma ve numunenin solma degerleri agisindan fark
¢ikmamistir. Sonug¢ olarak; yeni metotta iglem
sayisinin az olmasinin denim kumaslarin kullanim
esnasinda karsilasacaklar1 yikama hasligi, asidik ve
bazik ter hasligt icin olumsuz bir durum
yaratmayacagi gorilmistiir.

3.3. Elastikiyet ve Kalic1 Uzama Testi

Elastikiyet; belirli bir kuvvet altindaki kumasin
gosterdigi kalict olmayan uzama egilimidir. Kalic1
uzama ise belirli kuvvet altinda kalan kumasin
yapisinda olusan deformasyonlar sonucunda ilk

Numunelere
uzama test

haline donememesidir [14].
uygulanan elastikiyet ve kalict
sonuglart Sekil 4’de verilmistir.

Test sonuglarina gore; uygulanan yeni metodun
kumaslarin elastikiyet ve kalict uzama degerleri
iizerinde onemli bir degisiklige sebep olmadigi
gorlilmiistir. Bu degerler daha c¢ok elastan
Ozelliklerine  bagli  oldugundan  prosesler
sonucunda elastanin herhangi bir zarar goérmedigi
diistiniilmektedir. Ayrica elastan lifi sadece atki
ipliginde kullamilmis olup, kullanilan hagil
maddesi de  sadece  ¢ozgli  ipliklerine
uygulandigindan, kumaslarin elastikiyet ve kalici
uzama degerlerinde oOnemli bir degisiklik
goriilmemistir.

45
40
35
30
25
20
15
10

%

yeni metod
5,2
40

o o

H kalic1 uzama
m elastikiyet

Elastikiyet-kalic1 uzama

konvansiyonel metod
4,4
30

Sekil 4. Elastikiyet ve kalici uzama test sonuglart

Cevre dostu bir proses oOnerilen bu c¢alismada,

Cizelge 10°da verilmistir. Boylelikle somut veriler

konvansiyonel boyama ve Onerilen yeni boyama lizerinden  de elde edilen  kazanimlar
proseslerinin sahip olduklari ortalama enerji ve su  goriilebilmektedir.
tilketimleri ve bunlarin ¢evre iizerindeki etkileri
Cizelge 10. Proseslerin enerji ve bazi ¢evresel etkileri
< Kiiresel .

Su Elektrik D;ial 1sinma (i)nz(:?elllnt;t;?laigl tolirslist?:esi Asidifikasyon| Otrofikasyon

(I/m) | (KWh/m) (Smé/m) E(kBQ;NCPég)gg; CFC-11eq) |(kg 1,4-DB eq) (kg SO eq) | (kg PO4--- eq)
Konvansiyonel metot | 74,85 0,41 0,44 [0,771407751| 0,000000086 | 0,123296338 |0,002202501 | 0,000949554
Yeni metot 30,9 0,27 0,25 [0,461361803| 0,000000050 | 0,075727547 |0,001363031 | 0,000598619
Fark 43,95 0,14 0,19 [0,310045948| 0,000000037 | 0,047568791 |0,000839470| 0,000350935
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Cizelge 10’a gore yeni metot ile iglem gormiis
kumaslarin prosesinde kullanilan su, enerji ve
dogalgaz tiiketimi ¢ok diisliktlir. Ayrica azaltilmig
proses kullanildiginda ¢evre lizerindeki olumsuz
etki de 6nemli olgiide azalmaktadir. Dolayisiyla
calismamizda Onerilen yeni boyama metodunun

cevre  dostu  ve  siirdirilebilir  oldugu
goriilmektedir.
4. SONUCLAR

Calisma sonuglarina gore; ¢ozgii ipligi sadece
hagillanmig, dokunmus, yas On terbiye islemi
yapilmadan boyanip mamiil hale getirilen kumas
endiistriyel yikama islemlerine tabi tutulduktan
sonra, detayli on terbiye gdérmiis ve sonrasinda
tekrar boyanmis kumas goriintiisiine
benzemektedir. Boylece halat boyama makineleri
olmadan, su, enerji, zaman, is¢ilik ve kimyasal
tasarrufu  saglanarak bircok boya terbiye
isletmesinin kolaylikla yapabilecegi denim kumas
tiretiminin gerceklestirilebilecegi gorillmiistiir.

Kumaglara yikama islemleri uygulandiktan sonra
konvansiyonel boyanan ve yeni metot ile boyanan
kumaglarin ~ renk  degerleri birbirlerinden
uzaklagmustir. Uygulanan yeni metodun
kumaslarin elastikiyet ve kalict uzama degerleri
iizerinde Onemli bir degisiklige sebep olmadigi
tespit edilmistir.

Yeni metot ile boyanmis kumaslarin kuru
stirtinme hasligi degerleri iyilesmis, pH ve diger
haslik  degerlerinde onemli degisiklikler
olmamustir.

Cevre kirliliginde tekstil sektdriiniin oynadigi
bliyik rol, dogal hayatin korunabilmesi,
kaynaklarin siirdiiriilebilir olmasi, ¢evre hukuku ile
ilgili  gelismeler ve rakiplerin  g¢ogalmasi
isletmelere  bircok  sorumluluk  yiiklemistir.
Bunlardan biri ve en Onemlisi daha az su,
kimyasal, boya, enerji ve zaman kullanarak
cevreye saygili, amaca uygun ve ucuz iriin
iretmektir. Bu amagla cevre dostu bir proses
onerilen bu calismada, konvansiyonel boyama ve
Onerilen yeni boyama proseslerinin sahip olduklari
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