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RESEARCH ARTICLE / ARASTIRMA MAKALESI

Samsun ili Yagis ve Sicakhk Verilerinin Sen Trend Yontemi ile Trend
Analizi

Trend Analysis of Samsun's Precipitation and Temperature Data by Sen’s Trend Method
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Oz

Sicaklik ve yagis, bir bolgenin iklimini belirlemede kullamlan en énemli iki meteorolojik degiskendir. Tklim degisikligi ve
degiskenligi ¢aligmalarinda en ¢ok incelenen degiskenler de yine yagis ve sicakliktir. Samsun ili, Karadeniz bdlgesinin en
kalabalik ilidir. Bu c¢aligmada, Samsun ili i¢in, giinlik ortalama sicaklik ve giinliik toplam yagis degerlerinin yillik ve
mevsimlik trendi Sen Trend Analizi aracilig ile incelenmistir. 17030 nolu Samsun Bdlge istasyonuna ait veriler Meteoroloji
Genel Miidiirliigi’nden temin edilmis olup, veriler 01.01.1990 ile 31.12.2019 arasindaki doneme aittir. Yillik ortalama
sicaklik degerleri, diisiik orta ve yiiksek degerler i¢in monotonik artan trende sahiptir. Her ii¢ alt grup i¢in de trendin
biiyiikliigli neredeyse aynidir. Sadece en yiiksek degere yakin olan degerin trend biiyiikliigli digerlerinden biraz fazladir.
Mevsimlerin ortalama sicaklik degerleri incelendiginde ise, kis mevsimindeki tek bir nokta hari¢ biitiin noktalar artan trend
bolgesindedir. Trendin alt gruplardaki davranigi, her mevsim igin farkli olup, trendin en siddetli oldugu mevsim yaz
mevsimidir. Toplam yagis verilerinin ise daha karmasik bir yapiya sahip oldugu bulunmustur. Yillik toplam yagis verileri
diisiik degerler igin azalan trend ile baglamig sonra artan trende gegmistir. Orta degerler nerede ise monotonik artan trende
sahiptir. Yiiksek degerlerde ise, en yiiksek degerlere sahip iki nokta artan trende sahip olup, trendin biiyiikliigi fazladir.
Mevsimlik toplam yagislardaki trend davranisi daha karigiktir. Diisiik ve orta degerlerde azalan ve artan trendler goriiliirken,
yiiksek degerlerde yaz mevsimi hari¢ belirgin bir artan trend gézlemlenmektedir. Hatta kig mevsiminde, monotonik olmayan
bir artan trend s6z konusudur.

Anahtar Kelimeler: Sen Trend Yontemi, Sicaklik, Yagis, Samsun.

Abstract

Temperature and precipitation are the two most important meteorological variables used in determining the climate of a
region. In this study, the annual and seasonal trend of the daily average temperature and daily total precipitation values for
the province of Samsun will be analyzed by the Sen Trend Analysis Method. The data of Samsun station has been obtained
from the General Directorate of Meteorology, and belong to the period between 01.01.1990 and 31.12.2019. Annual average
temperature values have a monotonic increasing trend for low, medium and high values. The size of the trend is almost the
same for all three subgroups. When the average temperature values of the seasons are examined, all points are in the
increasing trend zone, except for a single point in the winter season. The behavior of the trend in the subgroups is different
for each season, and the season when the trend is most severe is summer. Total precipitation data were found to have a more
complex structure. Annual total rainfall data started with a decreasing trend for low values, then passed into an increasing
trend. The middle values have a nearly monotonic increasing trend. In high values, the two points with the highest values
have an increasing trend and the severity of the trend is high. While decreasing and increasing trends are observed in low and
medium values, a distinct increasing trend is observed in high values except summer season.

Keywords: Sen Trend Analysis, Temperature, Precipitation, Samsun.

I. GIRIS

Iklimin ana elemanlarmi olusturan meteorolojik parametrelerden sicaklik ve yagis verileri kiiresel iklim
karakterinin ortaya konulmasinda biiyiik 6neme sahiptir. Bu parametrelerde hem bolgesel hem de zamana bagh
olarak biiyiik degisimler goriilmektedir. Yagis ve sicaklik, iklim elemanlar1 igerisinde insan yasami igin en
onemli parametrelerdir. Giinlimiizde kiiresel 1sinma ve iklim degisikligi diinya ¢apinda en dnemli ¢evre sorunu
olarak kabul edilmektedir. Gerek artan niifus gerekse buna bagli meydana gelen sanayilesmedeki gelisme su
kaynaklar1 ve enerji konusunu da son derece dnemli hale getirmektedir. Bu nedenle mevcut su kaynaklarinin
optimum bir sekilde kullanilmasi veya kullanilmayan su kaynaklarindan faydalanma konularmin g¢ok iyi
irdelenmesi gerekmektedir. Ozellikle yagis ve sicaklik gibi parametrelerin trendlerinin belirlenmesi gelecege
yonelik ongodriide bulunulabilmesi i¢in gereklidir. Trendi belirlemek icin farkli analiz yontemleri uygulanmigtir
[1,2]. Tiirkiyenin, iklim degisikliginden bir¢ok farkli sekilde etkilenmesi beklenmektedir. IPCC (2007)’ye gore
21. yy’in sonlarina dogru sicakliklarin artacagi ve buna bagli olarak yagislarin azalacagi ongoriilmektedir [3] Bu
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sebepten dolayr su kaynaklarimizin yonetimi ig¢in
hidrometeorolojik parametrelerde ve sicakliklarda
meydana gelen degisiklikleri analiz etmek ve
gozlemlemek biiyiik 6nem arz etmektedir [4].

Sicaklik ve yagis, aragtirmacilar tarafindan detayli bir
sekilde incelenmistir. Arastirmacilarin bir kismi, bazi
atmosferik olaylarin yagisa [5], sicaklia [6] ve ug
stakliklara etkisini [7] incelemis; bir kismi, yagis
sikligin1 siniflamis ve tahmin etmeye ¢alismis [8]; bir
kismi da bazi 6nemli olaylari incelemistir [9]. Tabii ki
en ¢ok arastirma sicaklik ve yagis verilerinin trend
analizleri konusunda yapilmistir. Kankal ve Akcay,
Dogu Karadeniz Bolgesi’nde bulunan Trabzon iline
ait 2 meteoroloji istasyonuna ait yillik, mevsimlik ve
aylik bazda toplam yagis verilerini kullanarak trend
analizleri yapmuslardir. Her iki istasyonda sonbahar ve
ilkbaharda genelde artan trendlere rastlanilmistir. Yaz
mevsimi i¢in Trabzon istasyonunda genellikle trend
goriilmezken, Akgaabat istasyonunda azalan ydnde
trend ortaya c¢ikmistir. Yillik toplam yagislar
degerlendirildiginde, Trabzon istasyonu i¢in genellikle
artan, Akcaabat istasyonu i¢in ise genellikle
degismeyen trend bulunmustur [10].

Polat ve Sunkar tarafindan yapilan bir ¢calismada, Rize
ili sicaklik ve yagis trend analizinin belirlemek i¢in
Rize, Pazar, Hopa ve Trabzon otomatik gozlem
istasyonlarimin uzun yillar (1970-2014) rasat verileri
kullanilarak Rize’nin iklim ozellikleri belirlenmeyi
amaglamislardir. Bu ¢alismada, Mann-Kendall ve Sen
yontemi kullanarak sicaklik ve yagis trend analizi
yapmuglardir. Mann-Kendall ve Sen analiz sonuglarina
gore Pazar disindaki istasyonlarda sicaklik trendinde
belirgin artis, yagista ise Hopa digindaki istasyonlarda
artig trendi goriilmiigtiir [11].

Cosun ve Karabulut tarafindan yapilan bir ¢alismada
yer alan Kahramanmarag’ta bulunan meteoroloji
istasyonlart i¢in yillik, mevsimlik ve aylik sicaklik
trendleri incelenmistir. Bu ¢aligmada trend analizi i¢in
parametrik ~ olmayan = Mann-Kendall  yontemi
kullanilmistir. Sonuglara gore yillik sicakliklarda
Kahramanmaras ve Elbistan istasyonlarinda sicaklik
trendinin artan yonde oldugu gézlenmistir [12].

Keskin ve arkadaglarinin yapmig olduklart ¢aligmada
Dogu Anadolu Bolgesinde yer alan Agri, Ardahan,
Bing6l, Bitlis, Elazig, Erzincan, Erzurum, Hakkari,
Igdir, Kars, Malatya, Mus, Tunceli ve Van illeri igin
sicaklik ve yagis trend analizi yapilmistir. Analizler
Mann-Kendall testi kullanilarak yapilmistir. Sonuglara
bakildiginda bolge genelinde sicaklik trendlerinde bir
artis gozlemlenirken, yagis degerlerinde genel bir
azalis gozlemlenmektedir. Erzurum ve Bitlis illeri
hari¢ diger 12 il i¢in sicaklik artis trendi belirlenmistir.
Bununla birlikte yagis trendleri Kars ve Ardahan’da
artarken diger 12 ilde bdyle bir artiy séz konusu
degildir [13].

191

Ozfidaner ve arkadaslar tarafindan yapilan ¢alismada
Ic Anadolu Bélgesi yagis verilerinin gidis analizi
incelenmistir.  Belirtilen ¢alismada I¢  Anadolu
bolgesinde bulunan 7 yagis gozlem istasyonuna ait
aylik toplam yagis verilerinin Mann-Kendall sira
korelasyon test istatistigi ile gidisatinin belirlenmesi
amaglanmigtir. 1960-2013 yillart arasinda olglilmiis
olan yagis verileri kullanilmistir. Istasyonlarin %42,9
(36  istasyonda)’unda  azalma, %57,2 (47
istasyonda)’sinde artma trendi belirlenmistir. Ayni 7
yagls gozlem istasyonunda Olgililen yagislarin
degisimlerini irdelenmis 6zellikle Ankara, Nevsehir ve
Kirsehir istasyonlarinda azalma trendleri
belirlenmistir. Sivas istasyonunda genel olarak artma
gozlemlenmistir. Ayrica Nigde istasyonunda Agustos
ve Ekim aylarinda 6nemli artiglar meydana gelmistir
[14].

Bu ¢alismada, Samsun iline ait sicaklik ve yagis
degiskenlerinin trend analizi yapilmistir. Trend
analizinde Sen trend analizinin kullanilmasi trendin
gozle tespit edilmesini kolaylastirmaktadir. 2.
bolimde materyal ve metot, 3. boliimde bulgular, 4.
boliimde ise sonuglar verilmistir.

II. MATERYAL VE METOT

2.1. Veri

Bu c¢alismada Samsun ili Atakum ilgesi smirlarinda
yer alan Samsun Meteoroloji Bolge Miidiirliigii’ne ait
17030 numarali otomatik meteoroloji gdzlem
istasyonunda 1990-2019 déneminde kaydedilmis olan
giinliik ortalama sicaklik ve giinlik toplam yagis
degerleri kullanilmigtir. Giinliikk sicaklik ortalamasi,
giin boyunca odlgiilmiis olan sicaklarin ortalamasidir.
Giinliik toplam yagis degerleri, giinliik 6l¢iilen yagis
degerlerinin toplami olarak alinmustir. Meteoroloji
istasyonunun enlemi 41°20' Kuzey, boylami 36°15'
Dogu, yiiksekligi ise 4 metre olup istasyonun konumu
Sekil 1’de gosterilmistir.

Samsun ili Karadeniz Bolgesi’nin en bilyiikk metropol
kentidir. Samsun ili, Karadeniz havzasina acilan ilk
deniz kapis1 ve I¢ Anadolu’ya acilan ilk kara kapist
olmasi nedeniyle bolgede Onemli bir yere sahiptir.
Karadeniz sahil seridinin orta boliimiinde Yesilirmak
ve Kizilirmak nehirlerinin Karadeniz’e dokiildiikleri
deltalar arasinda yer alan Samsun ili yeryiizii sekilleri
bakimindan 1ii¢ ayrn Ozellik gosterir. Birincisi
giineyindeki daglik kesim, ikincisi; daglik kesimle kiy1
seridi arasinda kalan yaylalar, tgiinciisii; yaylalarla
Karadeniz arasindaki kiyt ovalaridir.  Samsun
genellikle 1liman bir iklime sahip olup iklim sehrin i¢
ve sahil seridinde iki ayr1 Ozellik gosterir. Sahil
seridinde Karadeniz ikliminin etkileri goriilir. Bu
etkilere gore yazlar sicak, kislart 1lik ve yagish gecer.
I¢ kesimlerde yiiksekligi 2.446 metre olan Akdag dag
ve yiksekligi 1971 metre olan Canik daglarinin
etkisinde kalir. Bu etkilere gore kiglar soguk, yagmur
ve kar yagish yazlar ise serin geger [15].
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Samsun iline ait 1929-2018 arasi yapilan dlgiimlerin
bir kisminin klimatolojik ortalamasi Tablo 1’de
goriilmektedir. Yillik ortalama sicaklik 14,5 °C ile
Tirkiye ortalamasi olan 13,6 °C’ den yiiksektir. Bu
durum ytikseltinin etkisiyle agiklanabilir. Simdiye
kadar olgiilen en yiiksek sicaklik 39.0 °C ile Agustos,
en disiik sicaklik ise -9.8 °C ile Subat aymnda
gerceklesmistir. Yillik toplam yagis miktar: ortalama

718 mm olup, giinliik toplam en yiiksek yagis miktar
88.9 mm ile 1997 yili Haziran aymin on birinci
giiniinde gerceklesmistir. Giinliik en hizli riizgar 1965
yilit Mayis aymin yirmi birinci giiniinde 122.4 km/sa
Olciilmiistiir. En yiiksek kar yagist 31.01.1950

tarihinde 33.0 cm olarak Sl¢iilmiistiir [16].

Vezirkopri

Sekil 1. a) Calisma yapilan Samsun ili merkezi ve ilgeleri, b) 17030 Samsun istasyonunun konumu

Tablo 1. 1929-2018 yillar1 aras1 17030 Samsun istasyonu bilgileri (Kaynak: [15])

Ocak | Subat | Mart | Nisan | Mayis | Haziran | Temmuz | Agustos | Eylil | Ekim | Kasim | Aralik | Yillik
Ortalama
Stcaklik (°C) 7.0 7.0 79 | 112 | 156 20.3 23.3 23.6 20.1 | 16.2 | 125 9.3 145
Ortalama En
Yiiksek Sicaklik 10.7 | 11.0 | 121 | 153 19.1 23.6 26.5 27.1 239 | 203 | 16.7 13.0 18.3
(°C)
Ortalama En
Diisiik Sicaklik 4.0 3.9 4.6 7.8 12.1 16.1 19.1 19.6 16.5 | 129 9.3 6.3 11.0
(°C)
Ortalama
Giineglenme 2.7 3.2 3.6 4.7 6.2 8.3 8.8 8.2 6.3 4.6 3.7 2.7 63.0
Siiresi (saat)
Ortalama Yagish | 155 | 136 | 152 | 135 | 126 | 9.2 5.9 63 | 966 | 120 | 120 | 130 | 1364
Glin Sayis1
Aylik Toplam
Yagis Miktari 716 | 58.7 | 66.4 | 57.0 | 48.3 45.2 34.4 37.3 54.0 | 78.7 | 835 82.0 | 717.7
Ortalamast (mm)
EnYﬁkse}f 242 | 265 | 336 | 370 | 374 37.4 375 39.0 383 | 384 | 324 28.9 39.0
Sicaklik (°C)
En Diisiik
Sicaklik (°C) 81| -98 | -70 | -24 2.7 7.8 134 12.4 6.8 15 -2.8 -5.0 -9.8
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2.2. Metot

Sicaklik ve yagis verilerindeki trendi incelemek icin
Sen Trend Analizi kullanilmigtir. Bu yontemde veri
seti zamansal olarak dl¢iim baglangic tarihinden son
Olciim tarihine dogru siralanir. Daha sonra, olusan seri
ilk tarihten itibaren iki esit par¢aya boliniir ve ayri
ayri kendi icinde kiiglikten biiyiige dogru siralanir.
Sonrasinda ilk alt-seri (Xi), X-ekseni iizerinde ve
ikinci alt seri (Xj), Y-ekseni iizerinde yer almak iizere
kartezyen koordinat sistemi {izerinde siralanir (Sekil
2). Olusan iki boyutlu grafikte, veri noktalari 1:1
dogrusunun iizerinde siralaniyorsa trend yok demektir.
Eger veriler 1:1 dogrusunun alt tiggeninde olup, diisiik
alanda yer aliyorsa diisiik bir seviyede azalan trend
oldugu, orta alanda yer aliyorsa orta diizeyde bir
azalan trend oldugu, yiiksek alanda yer aliyorsa
ylksek oranda azalan bir trend oldugu sonucuna
vartlir. Eger veriler 1:1 dogrusunun ist liggeninde
olup, yine diisiik alanda yer aliyorsa diisiik bir
seviyede artan trend oldugu, yine orta alanda yer
aliyorsa orta diizeyde bir artan trend oldugu, yine
yiikksek alanda yer aliyorsa yiiksek oranda artan bir
trend oldugu sonucuna varilr. [3,17, 18,19]. Ornek
olarak, bu yontemi sicaklik verilerine uygulayacak
olursak, diisiik degerler artan trend bolgesinde olursa,
diisiik sicakliklarda artis oldugu sonucuna varilir. Yine
yiksek toplam yagis degerlerindeki artan trend,
mevsimlik toplam yagislarda yiiksek degerlerin
arttigin1 belirtmektedir.
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Sekil 2. Sen Yontemi sonucunu gdsteren grafik.
(Uggen, kare ve daire ayn1 drnek veri setinden alinmis
olup sadece farkli trend bolgesinde oldugu igin farkl
sekle sahiptir. Farkli trend durumlarimi belirtmek i¢in
farkl sekiller kullanilmistir. )

193

III. ARASTIRMA SONUCLARI

TARTISMA

3.1. Sicakhk

Samsun istasyonunun belirtilen donemdeki giinliik
ortalama sicaklik verilerinin yillik ortalamalarmin Sen
trend analiz yontemi uygulandig1 zaman; diisiik, orta
ve yliksek degerler icin artan bir trend goriilmektedir
(Sekil 3). Her ii¢ alt grup icin de trend monotonik
artan trenddir. Uc alt grupta da trendin biiyiikliigii
aynidir. Sadece en yiiksek degerden bir Onceki
noktanin trend biiyiikligii biraz fazladir. Bu sonuca
gore diusik, orta ve yiiksek yillik ortalama
sicakliklarin degerinin arttig1 goriilmektedir.

VE

Samsun istasyonunun aynt donemdeki giinliik
ortalama sicaklik verilerinin mevsimlik
ortalamalarinin trend analizi Sekil 4’te goriilmektedir.
Kis mevsimi icin Sen trend analiz ydntemi
uygulandiginda; diisiik degerlerde oOncelikle artan
yonde ardindan azalan yonde ve tekrar artan yonde bir
trend gozlemlenmistir. Azalan trend sadece bir nokta
icin gozlemlenmistir. Orta degerler artan bir trende
sahip olup, trendin biiylikligi degerler biiyiidiikce
azalmaktadir. Yiksek degerler iginse neredeyse
monotonik bir artan trend oldugu séylenebilir (Sekil
4a). Sonug olarak, kis mevsiminde diigiik degerlerdeki
azalis haric sicakliklarda artis gdzlemlenmistir.
IIkbahar mevsimi icin Sen trend analiz ydntemi
uygulandiginda; diisiik degerler icin artan yonde bir
trend oldugu ancak artan trendin azalis yOniinde
ilerleyip tekrar artiga gectigi gdzlemlenmektedir. Orta
degerler ig¢in artan bir trend oldugu, trendin
biiyikliigiiniin grubun degerleri arttikca azaldigi
goriilmektedir. Yiksek degerler iginse monotonik
artan trend oldugu ve trendin bilyiikliigiiniin diger iki
alt gruptan biyiik oldugu gozlemlenmektedir (Sekil
4b). Ozetle ilkbaharda, orta degerlerde az olmakla
birlikte  biitin  alt  gruplarda  artan  trend
gozlemlenmektedir. Yaz mevsimi i¢in Sen trend analiz
yontemi uygulandiginda; diisiik degerler icin artan bir
trend, orta degerler icin artan bir trend oldugu fakat
giderek siddetinde diislis gosterdigi, ylksek degerler
icin Oncelikle artan bir trend oldugu fakat siddetinde
diisiis yasayip tekrar siddetinde artisa gecen bir artan
trend oldugu goézlemlenmektedir. (Sekil 4¢). Yaz
mevsimindeki trendin biiytikligi diger
mevsimdekilerden biiytiktiir. Sonbahar mevsimi i¢in
Sen trend analiz yontemi uygulandiginda; disiik
degerler icin artan bir trend, orta degerler icin
biliylikligii giderek artan bir artan trend, yiiksek
degerler icin ise bilyilikliigi giderek azalan bir artan
trend oldugu gozlemlenmektedir (Sekil 4d). Genel
olarak, sonbaharda biitiin alt gruplarda biiytkligi
nerede ise ayn1 bir artan trend gortilmektedir.



Int. ). Adv. Eng. Pure Sci. 2022, 34(2): 190-197 Samsun Yagis ve Sicaklik Verilerinin Trend Analizi

lkinci Donem
P
1

14 -
13-
13 14 15 16 17
Birinci Donem
Sekil 3. Yillik ortalama sicaklik i¢in Sen trend analizi.
a) Yiiksek .
Yiiksek | b) |
10- < O
ota
- : ra
] Diisiik I Orta . Diisiik )
§ - \‘\ P ng— - -
O g y \ -
y
/ 1
. 5 é W‘EI W‘EI 1‘1 . o 12 1 ‘\‘4
— 197 R —
c) Yﬁksek// / d) Yiiksek (/
18- . S
Orta' 5o — Orta
5 £ o
5 ; Disik
Diisiik o
14-
2‘4 2‘5 1'4 15 16 17 18 19
Birinci Donem

23
Birinci Donem
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3.2. Yagis

Samsun istasyonunun yillik toplam yagis degiskenine
Sen trend analiz yontemi uygulandigi zaman; diigiik
degerlerin azalan trend ile baglayip siddetini artirarak
artan trend haline geldigi, orta degerler i¢in siddetinde
diisiis gerceklesen artan trend oldugu
gozlemlenmektedir. Yiiksek degerler iginse, noktalarin
once trendsizlik egrisi etrafinda salindig1 sonra ise en
yiiksek degerlerin, en biiylik trend biiyiikligiine sahip
oldugu gozlemlenmektedir (Sekil 5).

Samsun istasyonunun ayni donemdeki mevsimlik
toplam yagislarinin  trend analizi Sekil 6°da
goriilmektedir. Kig mevsimi toplam yagis miktarina
Sen trend analiz yontemi uygulandigi zaman; diisiik
degerler, artan trend olarak baslamig, azalan trend
bolgesine gegmis ve son olarak trendsizlik egrisi
tizerinde kalmistir. Orta degerler trendsizlik egrinin
etrafinda yani biiylikliigii az olan artan trende sahiptir.
Yiiksek degerler icin artan trend olup trendin
biylikliigiinde artig goriilmektedir. Yiiksek degerler
icin artan trendin siddetindeki artis miktari, diger
mevsimlere gore siddeti en yiiksek olan artan trenddir
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(Sekil 6a). Ilkbahar mevsimi toplam yagis miktarina
Sen trend analiz yontemini uygulandig1 zaman; diisiik
degerler artan trend olarak baglaylp azalan trende
gecis yapmugtir. Orta degerler azalan trend olarak
baslayip artan trend bolgesine gecis yapmustir. Yiiksek
degerler icin artan trend gozlemlenmekte olup trendin
biiyiikliigiinde artis gozlenmektedir (Sekil 6b).Yaz
mevsimi toplam yagis miktarina Sen trend analiz
yontemi uygulandigi zaman; diisiik degerler, artan
trend olarak baglayip ile azalan trend bdlgesine gegmis
ve sonra tekrar artan trend bolgesine gegmistir. Orta
degerler, artan trend olarak baslayip, azalan trend
durumuna gecmistir. Yiiksek degerler, trendsizlik
egrisi etrafinda degisen artan trende sahip olup sadece
en yiiksek yagis degerinde belirgin bir artan trend
mevcuttur (Sekil 6¢). Sonbahar mevsimi toplam yagis
miktarina Sen trend analiz yontemini uygulandigi
zaman; diisiik degerler artan trend ile baslayip sonra
azalan trend bolgesine gegis yapmustir. Orta degerler
icin monotonik artan trend gbzlemlenmektedir.
Yiksek degerler i¢in artan trend gozlenmekte olup
trendin biiylikligii azalmaktadir (Sekil 6d).

800 900 1000
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Sekil 5. Yillik toplam yagis igin Sen trend analizi sonuglar1 (1990-2019).
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Sekil 6. Mevsimlik toplam yagis icin Sen trend analizi sonuclar1 a) Kis, b) Ilkbahar, ¢) Yaz ve d) Sonbahar

V. SONUC

Samsun ili Karadeniz bodlgesinin en kalabalik ilidir.
Bu c¢aligmada, Samsun ili i¢in giinliikk ortalama
sicaklik ve giinliik toplam yagis degerlerinin yillik ve
mevsimlik trendi, Sen Trend Analizi araciligi ile
incelenmistir. 17030 nolu Samsun Bolge istasyonuna
ait veriler, Meteoroloji Genel Miidiirligii’nden temin
edilmis olup, veriler 01.01.1990 ile 31.12.2019
arasindaki doneme aittir.

Samsun istasyonunun belirtilen doénemdeki yillik
ortalama sicaklik degerlerine Sen trend analiz yontemi
uygulandig1 zaman; diisiik, orta ve yiiksek degerler
icin artan bir trend goriilmektedir. Her {i¢ alt grup i¢in
de trend monotonik artan trenddir. Bu sonuca gore
diisiik, orta ve yiiksek yillik ortalama sicakliklarin
degerinin arttigi goriilmektedir. Kis mevsimi igin;
diisik degerlerde oOncelikle artan ydnde ardindan
azalan yonde ve tekrar artan yonde bir trend
gbzlemlenmistir. Azalan trend sadece bir nokta i¢in
gbzlemlenmistir. Orta degerler artan bir trende sahip
olup, trendin biyiikligii degerler biiyiidikge
azalmaktadir. Yiiksek degerler iginse neredeyse
monotonik bir artan trend oldugu sdylenebilir. Sonug
olarak, kis mevsiminde diisiik degerlerdeki azalis hari¢
sicakliklarda artis gozlemlenmistir. Ilkbahar mevsimi
icin Sen trend analiz yontemi uygulandiginda; diisiik
degerler i¢gin artan yonde bir trend oldugu ancak artan
trendin azalis yoniinde ilerleyip tekrar artisa gectigi
gozlemlenmektedir. Orta degerler icin artan bir trend
oldugu, trendin biiyiikliiginiin grubun degerleri
arttikca azaldigi gorilmektedir. Yiiksek degerler
icinse monotonik artan trend oldugu ve trendin
biiyiikliigiiniin diger iki alt gruptan biiylik oldugu
gozlemlenmektedir. Ozetle ilkbaharda, orta degerlerde

az olmakla birlikte biitiin alt gruplarda artan trend
gozlemlenmektedir. Yaz mevsimi i¢in Sen trend analiz
yontemi uygulandiginda; disiik degerler icin artan bir
trend, orta degerler icin artan bir trend oldugu fakat
giderek siddetinde diislis gosterdigi, ylksek degerler
icin oncelikle artan bir trend oldugu fakat siddetinde
diistis yasayip tekrar siddetinde artisa gecen bir artan
trend oldugu gozlemlenmektedir. Yaz mevsimindeki
trendin biyiikligi diger mevsimdekilerden biiytiktiir.
Sonbahar mevsimi i¢in Sen trend analiz ydntemi
uygulandiginda; diigiikk degerler igin artan bir trend,
orta degerler igin biiylikligii giderek artan bir artan
trend, yiiksek degerler i¢in ise biiyiikliigii giderek
azalan bir artan trend oldugu gozlemlenmektedir.
Genel olarak, sonbaharda biitin alt gruplarda
bliylikligii nerede ise ayni bir artan trend
goriilmektedir. Sonu¢ olarak, mevsimsel ortalama
sicakliklar, biitiin mevsimler ve biitiin alt gruplar igin
artan trend bolgesinde bulunmaktadir. Kisaca, hem
mevsimsel hem de yillik ortalama sicakliklar artan
trende sahiptir.

Samsun istasyonunun yillik toplam yagis degiskenine
Sen trend analiz yontemi uygulandigi zaman; diisiik
degerlerin azalan trend ile baslayip siddetini artirarak
artan trend haline geldigi, orta degerler i¢in siddetinde
diisiis gergeklesen artan trend oldugu
gozlemlenmektedir. Yiiksek degerler icinse, noktalarin
once trendsizlik egrisi etrafinda salindig1 sonra ise en
yiiksek degerlerin, en bilyiik trend biiyiikliigiine sahip
oldugu gézlemlenmektedir.

Kis mevsimi toplam yagis miktarina Sen trend analiz
yontemi uygulandigt zaman; diisik degerler artan
trend olarak baglamis, azalan trend bolgesine gegmis
ve son olarak trendsizlik egrisi ilizerinde kalmustir.
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Orta degerler trendsizlik egrinin etrafinda yani
biiyiikliigii az olan artan trende sahiptir.  Yiiksek
degerler icin artan trend olup trendin biiyiikliigiinde
artig goriilmektedir. Yiiksek degerler i¢in artan trendin
siddetindeki artis miktari, diger mevsimlere gore
siddeti en yiiksek olan artan trenddir. Ilkbahar
mevsimi toplam yagis miktarmna Sen trend analiz
yontemini uygulandigi zaman; diigilk degerler artan
trend olarak baglayip azalan trende gecis yapmustir.
Orta degerler azalan trend olarak baslayip artan trend
bolgesine gegis yapmistir. Yiiksek degerler igin artan
trend gozlemlenmekte olup trendin biiyiikliigiinde artis
gozlenmektedir. Yaz mevsimi toplam yagis miktarina
Sen trend analiz yontemi uygulandigi zaman; diisiik
degerler, artan trend olarak baglayip ile azalan trend
bolgesine gegmis ve sonra tekrar artan trend bolgesine
geemistir. Orta degerler artan trend olarak baslayip,
azalan trend durumuna gec¢mistir. Yiiksek degerler
trendsizlik egrisi etrafinda degisen artan trende sahip
olup sadece en yiiksek yagis degerinde belirgin bir
artan trend mevcuttur. Sonbahar mevsimi toplam yagis
miktarma Sen trend analiz yontemini uygulandigi
zaman; diisiik degerler artan trend ile baglayip sonra
azalan trend bolgesine gecis yapmugtir. Orta degerler
icin monotonik artan trend gozlemlenmektedir.
Yiiksek degerler icin artan trend gozlenmekte olup
trendin  biiyiikliigii azalmaktadir. Ozet olarak,
mevsimlik toplam yagis degerleri, yiiksek degerler
icin  her mevsimde artan trend bdlgesinde
bulunmaktadir. Diger alt gruplarda ise hem azalan
hem artan trendler mevcut olup bu gruplardaki trendin
blylklig, yiiksek degerlerdeki trendin
biiylikligiinden kii¢iiktiir. Sonug olarak, yagislardaki
trend her mevsim igin farklilik géstermektedir.

TESEKKUR
Yazarlar, Meteoroloji Genel Miidiirliigii’ne ¢aligmada
kullanilan veriyi hazirladig1 i¢in tesekkiir eder.
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COVID-19 pandemisinin Istanbul'un Sile il¢esinde hava kalitesine (PM10) etkisi
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Abstract

The first COVID-19 case in Turkey was approved on March 11, 2020. Based on the rapid spread feature of the COVID-19
pandemic, a partial lockdown was put into practice in the whole of Istanbul for the weekends from March 21st to June Ist,
2020. The application of strict restriction precautions enabled us to decrease the effect of the COVID-19 pandemic on the
Turkey National Health System while changing social behaviors. On the other hand, these forced measures provided an
opportunity to determine the impact of anthropogenic events on air quality based on controlling pollution levels. The main
goal of the present study is to examine the effect of the partial lockdown precautions on the pattern of air quality in the Sile
district of Istanbul. The analysis of the air quality was carried out with the aid of air quality data from the monitoring station
in Sile that contains PM10 concentration. The results showed an increase of approximately 16.90% in PM10 concentrations
in Sile. This was ascribed to the increment of vehicle traffic and human mobility due to the migration from other districts of
Istanbul during the COVID-19 outbreak. It is considered that the rural and characteristic properties of the district are among
the reasons for taking immigration from the other districts of Istanbul during the COVID-19 outbreak. This study examines
the impacts of the psychological behavioral changes and the restrictions related to the pandemic on air pollution.

Keywords: COVID-19, Lockdown, Air quality, PM Concentration, Sile district, Istanbul

Oz

Tiirkiye'deki ilk COVID-19 vakasi 11 Mart 2020'de onaylandi. COVID-19 salgininin hizli yayilma 6zelligine bagli olarak, 21
Mart - 1 Haziran 2020 tarihleri arasinda Istanbul genelinde hafta sonlar1 igin kismi kisitlama uygulamaya konuldu. Siki
kisitlama 6nlemlerinin uygulanmasi, sosyal davraniglar1 degistirirtken COVID-19 Tiirkiye Ulusal Saglik Sistemi {izerindeki
etkisini azaltmayi sagladi. Ote yandan, bu zorunlu énlemler insan kaynakli olaylarin havat kalitesi iizerindeki etkisini kirlilik
seviyelerini kontrol etmeye bagli olarak belirleme firsati sagladi. Bu ¢alismanin temel amaci, kismi kisitlama dnlemlerinin
Istanbul'un Sile ilgesi hava kalitesi {izerine etkisini incelemektir. Hava kalitesi analizi, Sile'deki izleme istasyonunun PM10
konsantrasyonu igeren hava kalitesi verileri yardimiyla gerceklestirildi. Sonuglar, Silenin PM10 konsantrasyonlarinda
yaklasik % 16.90 artis oldugunu gosterdi. Bu, COVID-19 salgin1 sirasinda Istanbul'un diger ilgelerinden goc nedeniyle arag
trafiginin ve insan hareketliliginin artmasiyla iliskilendirildi. Ilgenin kirsal karakteristik &zelliklerinin COVID-19 salgini
sirasinda Istanbul'un diger ilgelerinden gd¢ alma sebepleri arasinda oldugu degerlendirilmektedir. Bu ¢alisma, pandemi ile
ilgili psikolojik davranis degisikliklerinin ve kisitlamalarin hava kirliligi tizerindeki etkilerini incelemektedir.

Anahtar Kelimeler: COVID-19, Kisitlama, Hava kalitesi, PM Konsantrasyonu, Sile ilgesi, Istanbul

I. INTRODUCTION

On March 11, 2020, it was announced that COVID-19 is the worst infectious disease brought by the new
coronavirus SARS-CoV-2 at the beginning of the 20th century, both in terms of mobility and
mortality(Organization, 2020d). This worldwide outbreak of COVID-19 caused many deaths and cost billions of
dollars (Allocati et al., 2016). The World Health Organization (WHO) has reported that COVID-19 has spread
rapidly throughout the world, including Asia, Africa, Europe, the Americas, and Oceania, with 1,279,722
confirmed cases and 72,614 deaths as of April 8, 2020 (Medicine, 2020; Organization, 2020b). The COVID-19
disease, which was first detected in China on December 8, 2019 (News, 2020), causes severe respiratory illness
in most people and was designated a "pandemic" by the World Health Organization (WHQ) on March 12, 2020,
due to its rapid spread (Organization, 2020c). To respond to this situation, governments around the world have
begun to implement unprecedented public policies such as isolation, social distancing, distance learning, and
self-quarantine (Anderson et al., 2020). The comprehensive psychosocial and economic consequences of the
COVID-19 pandemic have unprecedented effects worldwide. Millions of people around the world have been
asked to stay at home (as-called “lockdowns”).
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The first COVID-19 case in Turkey was announced
on March 11, 2020 by the Ministry of Health of the
Republic of Turkey. In a few weeks, there are 214.993
verified cases in all regions of Turkey, most of the
cases approved in Istanbul (108.749)(Ji et al., 2020;
"TURKIYE GUNLUK KORONAVIRUS TABLOSU,
https://covid19.saglik.gov.tr/, 2020," 2020). These
data show that the ratio of confirmed cases in Istanbul
to total cases in Turkey is about % 50.6. Therefore,
partial closures were imposed by the government
throughout Istanbul on weekends from March 21 to
June 1, 2020, to reduce the rate of spread of the virus.
Stringent measures were also taken after March 15 to
encourage millions of people to stay at home. These
include switching the education system to online
classes, restricting vehicles from entering the country,
and enforcing curfews for people under 20 and over
65.

It is known that COVID -19 is more painful than
other infectious diseases worldwide and causes fear in
many people. Fear and curfews have been shown to
impact COVID-19 the environment, as well as reduce
displacement and emissions from transportation and
industry. In a study conducted in Somerville,
Massachusetts, it was found that truck and private
vehicle transportation will decrease by 46% and 71%,
respectively, between March 27 and May 14, 2020, as
people are advised to stay home (Hudda et al., 2020).
However, it is acknowledged that reducing
displacements and industrial activities can aid in
observing the impact of anthropogenic activities on air
pollutants in Milan, which is regarded as one of the
most polluted cities in Italy and Europe (Carugno et
al., 2017; Van Donkelaar et al., 2015). Therefore, the
changes in air quality during this closure period may
also provide an opportunity to evaluate the impact of
anthropogenic events on air pollution in Istanbul in
order to control air pollution in the future. COVID-19
can cause fever, cough, and dyspnea as an acute
respiratory illness (Jiang et al., 2020). In addition, the
cause of death of many COVID -19 patients is
associated with cytokine storm syndrome (Guo et al.,
2020; Mehta et al., 2020). This syndrome leads to
many destructions and even death in the body due to
an uncontrolled release of proinflammatory cytokines
(Tisoncik et al., 2012). On the other hand, there is
evidence that these symptoms also occur due to the
effect of long-term exposure to air pollutants (Gan et
al., 2012; Le Tertre et al., 2002; Wong et al., 2002).
Several epidemiological studies show that long-term
and short-term exposure, especially to PM10
(particulate matter with a diameter of 10 um or less),
leads to severe diseases due to accumulation in the
respiratory tract (Kim et al., 2003; Schwartz, 1995,
1999; Van Donkelaar et al., 2015). The International
Energy Agency (IEA) announced that nearly 6.5
million people die prematurely each year due to air
pollution (Huang & Kuo, 2018). The concentration of
air pollutants may be related to emissions, road traffic,
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and population density, which all negatively affect
urban regions. The USEPA introduced the Pollutant
Standards Index (PSI) to analyze the air quality
consisting of pollutants in 1976 (Qian et al., 2004).

The aim of this study is to compare PM10
concentrations before and during partial quarantine
and to understand how stress due to low social
distance in urban centers and partial quarantine may
affect air quality in rural areas adjacent to urban
centers during the initial phase of the COVID -19
outbreak. Therefore, Sile was selected as a rural area
near the city of Istanbul. To our best knowledge, there
is no study investigating air pollution from migration
to areas outside urban centers due to the psychological
effects of COVID.

Il. EXPERIMENTAL

2.1. Air Quality Data Collection and Processing

Sile was one of the most heavily populated areas of
the city during the COVID epidemic. The reason for
this is that in this area, away from the city center and
surrounded by nature, the inhabitants felt safe from the
COVID epidemic. Therefore, the sampling site was
decided as the Sile district of Istanbul (41° 10' 13"~
29° 33' 48"), located in the north-east of the Marmara
Region, on the shore of the Black Sea, and has an area
of 735 km?. It is bordered with Kandira in the east,
Derince and Korfez in the southeast, Pendik and
Gebze in the south, Cekmekdy in the southwest and
Beykoz in the west. According to the census, the
population of the district was 37,692, of which
24.26% was the elderly population ("ENDEKSA,
https://www.endeksa.com/tr/analiz/istanbul/bahcelievl
er/sirinevler/demografi," 2020; " T.C. Sehir ve Cevre
Bakanligi, Ulusal Hava Kalitesi Izleme Agi, Air
Quality Monitoring Station," 2018). Its population
increases in the summer period, as it is located on the
Black Sea coast and is chosen for summer holidays. In
addition, the forests that cover approximately 90% of
the district are among the reasons for travel during the
summer season (Tuzlact & Tolon, 2000). In this study,
the obtained dataset contains concentrations of
particulate matter with a diameter of less than 10 um
(PM10) for Sile (Figure 1) were collected from the
Republic of Turkey Ministry of Environment and
Urbanization, “Air Quality Monitoring Stations”
website (" T.C. Sehir ve Cevre Bakanligi, Ulusal Hava
Kalitesi izleme A1, Air Quality Monitoring Station,”
2018). The daily mean pollutant concentration (pug-m-
%) was used to determine the relative change (%) for
comparing the partial closure period (from March 21,
2020, to June 1, 2020) with the year prior to the partial
closure (from March 21, 2019, to June 1, 2019). Prior
to performing the data analysis, missing observations
were deleted on a daily basis. To exclude seasonal
changes in air pollution, the same data as a year ago
was selected for the period before the partial closure.
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Istanbul
Figure 1. Localization of the Sile district in Istanbul

I11. RESULTS

3.1. COVID-19 Outbreak

In addition to the fact that the COVID-19 pandemic
causes physical health problems, the environmental
effects of the coronavirus should also be taken into
account, depending on the psychological health of
people and the change in their social lives. For this
reason, the number of patients and mortality rates
were studied first, as the COVID-19 epidemic
increased the anxiety of people in the city center, and
they moved to rural areas. This relationship also
shows the impact of the COVID-19 pandemic on the
environment due to increased road traffic and
population density in rural areas.
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(BAKANLIGI & MUDURLUGU, 2020). From these
results, the ratio of reported cases in Istanbul to total

cases in Turkey is about 50.6%. Therefore, the partial
lockdown of the whole of Istanbul for the weekends
from March 21 to June 1, 2020, was introduced by the
government to reduce the rate of spread of the virus.
Stringent measures have been taken to keep millions
of people at home, such as switching the education
restricting the entry of
vehicles and enforcing curfews for people under 20
and over 65. To examine the current distribution of the
disease throughout the country, the total numbers of
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cases and deaths were given in Fig.2.
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These figures also show the impact of measures on the
outbreak of COVID-19. As shown in Fig.2, the
decreasing trend of the number of cases and deaths has
been observed since March 15, when the restrictions
started. Moreover, Figure 3, showing the relationship
between deaths and the number of cases, shows that
there is a linear relationship and that the death rate
increases as a function of the spread of the
disease. Thus, we can conclude that the death rate is
lower in rural areas, where there are fewer cases, than
in urban centers, where the disease spreads more
rapidly.
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Figure 3. The relationship between total case and
death numbers
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3.2. Behavioral and Environmental Effects of the
COVID-19 Outbreak

Since the beginning of civilization, man has
manipulated nature for his own benefit. It is an
unavoidable fact that the rapid growth of
industrialization and urbanization is affecting air
quality. In addition, environmental problems such as
climate change, ozone layer depletion and global
warming are the result of air pollutants entering urban
areas from power plants, road traffic and natural
disasters. In recent years, air pollution has been
considered an important problem to be addressed.

On the other hand, the suddenness and global scale of
the COVID-19 pandemic has raised important issues
that require collaborative research to contain the
devastation caused by the disease. A global ban on
social gatherings has been imposed for a period of
several weeks to months as a precautionary measure
against SARS-CoV-2. Furthermore, public health
authorities, including the World Health Organization
(WHO), have made some recommendations to prevent
the transmission of COVID-19 outbreaks during social
gatherings (Organization, 2020a). In addition to
government restrictions, the media and other
stakeholders such as doctors and researchers have also
urged people to avoid public gatherings such as
sporting events or religious ceremonies to prevent the
spread of coronavirus infection. Meanwhile, efforts to
restrict movement have had critical environmental
impacts that are seen as critical to positively impacting
people's health status. Although people spend more
time indoors during the pandemic period due to
personal precautions and/or partial curfews, there are
no emissions of toxic particulates and greenhouse
gasses, and air quality has improved significantly.
Therefore, it is considered that the COVID-19
pandemic has had an unprecedented impact on human
civilization worldwide, but also a very positive impact
on the environment.

The rapid transmission of the COVID-19 infection
also had an impact on social life, and people spent
more time at home. Air pollution decreased
significantly in urban centers, while it increased in
rural districts of cities due to population migration to
rural areas. In this study, we observed how air quality
changed in Sile during the period beginning with the
diagnosis of COVID-19 (March 11-June 28, 2020)
and compared it with 2019 air quality data (March 11—
June 28, 2019). This provided insight into the impact
of fear and panic on people's lifestyles during the
pandemic COVID-19. In addition, the impact of the
partial curfew on air pollution was analyzed by
comparing air pollution concentrations before and
during the curfew in Sile. The partial curfew and pre-
curfew periods were set to March 21 to June 1, 2020,
and March 21 to June 1, 2019, respectively. The
experimental results of the Sile (PM10) monitoring
stations between March 11, 2020 - June 28, 2020, and
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March 11, 2019 - June 28, 2019, are shown in Figure
4.

Sile is one of the most sparsely populated districts in
Istanbul, with a population of about 40,000, and has
very low pollutant emissions compared to other
districts due to lower anthropogenic activity. On the
other hand, a significant increase in analyzed PM10
pollutant concentrations compared to the pre-
pandemic period was observed in the rural Sile district
of Istanbul (Table 1). As given in Figure 6, the
remarkable increase in PM10 concentration was
observed after the first COVID case was confirmed.
Particulate matter smaller than 10 m in size is known
as PM10, and it can come from a variety of sources,
including carbonaceous particles from exhaust
emissions or natural or anthropogenic effects.The
increment of PM10 concentration in Sile can be due to
the migration from other districts of Istanbul with the
beginning of the COVID-19 outbreak, and this
situation is thought to lead to increased road human
mobility within the Sile. This can be observed from
the Regional Directorate State Roads Volume Map
data as given in Fig. 5 and Fig. 6. According to 2019
data, while the total number of vehicles per day for
Sile was 11974, it is seen that this number reached
12800 in 2020. However, lower PM10 concentrations
observed in certain periods of 2020 (27 April-7 May
and 17 May-1 June) compared to 2019 can be
attributed to the impact of civil unrest on economic
activities and energy use. These results observed for
Sile show us that stress and panic, which started with
the diagnosis of COVID-19, have an impact on the
lifestyle of the people here. The high rate of the
elderly population (24.26%) may have been effective
in this case.

If we take a closer look at the daily average data,
higher PM10 concentrations are observed in 2020 on
April 27-May 2, May 05-May 08, and May 17-June 1,
compared to the same dates in 2019. The increasing
trend in PM10 concentration observed for both 2019
and 2020 from April to June can be associated with
changes in seasonality. Because the existing
temperature difference may result in an extra
accumulation of pollutant particles in the ground layer
of the troposphere (Nidzgorska-Lencewicz &
Czarnecka, 2015). Besides this, local transport
emission properties such as low wind speed and lack
of precipitation are commonly considered to be
influential parameters for high PM10 concentration
levels (Nidzgorska-Lencewicz & Czarnecka, 2015).
As shown in Fig. 7, the average hourly wind speed in
Sile demonstrates considerable seasonal alteration
throughout the year. Therefore, the changes in PM10
concentration observed for May and June of 2019 can
be attributed to the flow of air masses due to changes
in macroscale atmospheric circulation properties
(Demuzere et al., 2008; Wai & Tanner, 2005). On the
other hand, it is understood from previous studies that
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an increase in the amount of airborne water vapor
leads to an increase in PM10 concentration (Canepari
et al., 2013). As a result, the exceedances of the limit
PM10 concentration values that occurred in 2019
through April, May, and June can be attributed to the
Sile atmosphere's humidity comfort levels. As shown
in Fig. 8, Sile district shows significant seasonal

variation in the perceived humidity. The period of
high humidity in the air throughout the year starts in
the spring months and continues until September. The
increasing trend in PM10 concentration observed
during the last days of April may be related to the
comfort levels of Sile.

PM10-Sile
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Figure 4. Daily mean concentrations of PM10 (ug-m®) in in before and duration of COVID-19 pandemic period
in Sile

Table 1. Mean concentration and relative change of PM10 in Sile district of Istanbul. Hourly mean for the
pandemic period (11 March-1 June 2020) and before COVID-19 (11 March-1 June 2019)

Mean Concentration

Mean Concentration

(ug/m?) During COVID-  (ng/m?) Before COVID-  Relative Change (%)
19 Pandemic 19 Pandemic
Sile PM10 29.94 24.87 16.90
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Figure 5. Vehicle density on the D020 highway in 2019 (Midiirligi)
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IV. CONCLUSION

Sile is one of the districts with the highest population
migration before and after the closure during the
pandemic, COVID-19. The reason is that in this
region, far from the city center and intertwined with
nature, people feel safe from the COVID-19
pandemic. Therefore, we studied the relationship
between the daily changes of air pollutants in Sile
district and the confirmed cases of COVID-19 in
Turkey. For this purpose, a time series analysis of
average daily air quality levels, COVID-19 case and
death rates during the pandemic and partial curfew
was studied. The air quality of a district is usually
influenced by various factors such as urbanization,
vehicle exhaust, traffic, weather conditions, and
others. We found a significant association between air
quality and the outbreak of COVID-19 in Sile County.
The impact of this pandemic was shown in the
increasing air pollution (PM10) in Sile district, which
is significant because it is known that exposure to
PM10 can lead to lung cancer and chronic obstructive
pulmonary disease (COPD).
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Acik Denizde Plankton Varhig ile Hidrokarbon Enerji Kaynaklariin
Belirlenmesi Calismalari: Dogu Karadeniz Ornegl

Determination of Plankton Presence and Hydrocarbon Energy Resources in the Open Sea:
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Giizide KALYONCU ERGULER*
Maden Tetkik Arama Genel Miidiirliigii (MTA), Cevre Arastirmalart Dairesi, 06530, Ankara, Tiirkiye

Oz

Hidrokarbon kaynaklarina olan ihtiyag, yenilenebilir enerji kaynaklari kullanimi artsa da, gerek niifus gerek endiistrideki artig
nedeniyle siirmektedir. Tiikkenen karasal ortamdaki enerji kaynaklari ve artan enerji ihtiyaci nedeniyle arama faaliyetleri denizel
ortamlara yonelmistir. A¢ik denizlerde hidrokarbon enerji kaynagi aramak ¢ok sayida belirsizlik igermekte ve bu belirsizliklere
bagl olarak maaliyetlerin yiikselmesine neden olmaktadir. Hidrokarbon alanlarin tespitinde uzun soluklu ¢abalara ihtiyag
duyulmaktadir. Bu ¢alismada 20.000 km®’lik Dogu Karadeniz deniz alaninda 6ncelikli alan tespiti amaciyla, sediment
¢okelimleri tespit edilmeye calisilmistir. Bu amagla, dogal kosullarinda hareket kabiliyeti olmayan planktonlarin ortam
kosullarindaki hareketleri incelenmistir. Planktonlar hareketlerini, akintinin dogasina goére belirlerler. Buzullarda dahi
goriilebilen bu canlilar, Dogu Karadeniz’de de agirlikli olarak goriiliir. Zooplankton ad1 verilen hayvanlardan veya fitoplankton
ad1 verilen bitkilerden olusan planktonlar zamanla deniz tabanina inerek nehirler yoluyla denize giren inorganik maddelerle
karisir ve bdylece enerji kaynaklarini olusturma potansiyeli tagirlar. Bu ¢aligmada plankton varligindan yola ¢ikarak 20.000
km? agik deniz alanina ait uzaktan algilama ile elde edilen bulamklik ve sicaklik haritalar ile sediment ¢okelim alanlarmim
varhig incelenmistir. Bulaniklik haritalar1 i¢in seki diskseki disk dlgtimleri ile yerinde yapilan elektriksel kondiiktivite (Ec),
potansiyel hidrojen (pH), sicaklik (t° C) 6l¢timii alimmig ve metorolojik veriler incelenmigtir. Yapilan detay harita incelemeleri
ile Tyidere- Hopa agik deniz alaninda sekiz alan potansiyel mikro sediment ¢okelme alani olarak belirlenmistir .

Anahtar Kelimeler: Plankton, Sicaklik Haritasi, Bulaniklik Haritasi, Seki Disk, A¢ik Deniz Maden Aramaciligi

Abstract

Although energy use is increasing due to the need for hydrocarbon, it is eroding both because of population and industry. Due
to depleted terrestrial energy resources and increasing vegetation, it has turned to marine environments. There are many
methods in the carbon system in the high seas, and this excessive dependency causes defeats. Shorter efforts are not observed
in hydrocarbon alloys. In this study, site selection, sediment deposits that are not considered to be used in the 20,000 km2
Eastern Black Sea marine area. To this end, it conveys the emotions of plankton that are not related to the transferred
movements. Planktons determine movement, current according to current. These creatures, which can be seen even in glaciers,
can be seen in the Eastern Black Sea Region. Plankton, which consists of animals called zooplankton or plants called
phytoplankton, sometimes descends to the sea base and mixes with organic materials given to the sea through rivers and has
the capacity to create energy. In this study, let's plan the precipitation with the plankton 20.000 km? sea direction visual and
the old precipitation and maps of the plankton temperature. Take electrical conductivity (Ec), potential-to-potential (pH),
temperature (C) in situ with secchi disc measurements for turbidity, and meteorological travels. With the detailed map
examinations, they show Iyidere- Hopa as a potential micro-deposition area in the open sea area.

Keywords: Plankton, Heat Map, Turbidity Map, Secchi Disk, Offshore Mining

I. GIRIS

Hidrokarbon, en temel organik molekiil tiiriinii ifade eder. Sadece iki elementten; hidrojen ve karbondan olusur.
Genel olarak, hidrokarbon molekiilleri, hidrojen atomlart ile gevrili merkezi bir yapi1 olusturan bir veya daha fazla
karbon atomu ile yapilandirilir. Alkanlar, alkenler, alkinler ve aromatik hidrokarbonlar olmak tizere dort ana
hidrokarbon tiirii vardir. Hidrokarbonlar ve tiirevleri fosil yakitlarin ana bilegenleridir ve oksijenle yanarken enerji
aciga c¢ikarir. Metan, CHs kimyasal formiiliine sahip bir alkandir ve fosil yakit tiiri olan dogal gazin ana
hidrokarbon bilegenidir. Hidrokarbon yanma reaksiyonu, ekzotermik reaksiyon oldugundan 1s1 enerjisi agiga
¢itkmaktadir. Acik denizlerde metan kaynagini olusturan bir nedende deniz planktonlaridir.

Deniz planktonlar1 deniz tabanindan bagimsiz siiriiklenirler. Bu nedenden dolay1 planktonlar yiizen organizmalar
olarak kabul edilir. Planktonlar okyanuslardaki fotosentezin oldukga yiiksek oranda olmasina neden olur. Boylece
karbondioksitin belli bir seviyede kalmasimi saglarlar. Ayrica, diinyanin zamanla isimnmasint engelleyici
mikroskobik bariyerdir de denilebilir. Fito ve zoo olarak iki temel yapisi olan planktonlardan; bitkisel kokenli
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olanlar (fitoplanktonlar), su yiizeyinde giines 1s1gindan
yararlanirlar. Metan yigilim etkisinin daha yiiksek
etkisi oldugu diistiniilen hayvansal kdkenli olanlar ise
(zooplanktonlar)  biyolojik olarak isimlendirilir.
Planktonlarin  gerek  ozellikleri gerek yapilari
bakimindan ¢ok cesitlilik sunmalarindan dolay:
arastirmacilar tarafindan farkli siiflandirmalara tabii
tutulmustur. Bunlar daha ¢ok biyolojik 6zellikleri ve
boylarinin dikkate alinmasi ile yapilir.Planktonlar
boylarina gore femto, pico, ultra, nanno, mikro, makro,
mega On adlarindan biri ile birlikte ifade edilen
planktonlar (<0.2 pm ila > 20mm) 6n adlarindan biri ile
birlikte ifade edilerek isimlendirilirler [1,2]. Aslinda
planktonlar yiiksek protein igermeleri nedeniyle birgok
canlinin besin kaynagini olustururlar. Birincil tretici
olarak bilinen bu canlilar gruplara ayrilarak
isimlendirilir. Denizel fitoplankton da en sik rastlanan
grupsa Diatomophyceae grubudur. Denizel
zooplankton olarak en ¢ok bilinenler Holoplankton,
Coelanteratlar, = Copepoda,  Cladocera’dir  [3].
Fitoplanktonlar ise, giinesten CO;, H>O ve diger
besinlerden yiiksek enerjili organik biyolojik olusum
siirecinin agiklanmasinda ve fotosentez ile tiim deniz
ortamlarinda en 6nemli birincil iireticidir.

Plankton ve partikiiler maddenin izotopik bilesimleri
arasindaki iligkiler incelendiginde nehir sularinin nehir
kesiminde %70 kirintih-humus madde ve %30
planktonojenik maddeden olugan materyali tagidig: ve
hidrokarbon gazlarinin jeokimyasinda karsilastirilabilir
konsantrasyonlarda metan (0,3-5 pl/L) ve doymamis
olanlar da dahil olmak iizere daha agir hidrokarbonlarla
karakterize edilmektedir [4]. Birgok paleo-osinografik
¢alisma, planktonik ve bentik 6rneklerden veya her
ikisinden alinan foraminifer oksijen ve karbon kararli
izotop bilesimlerine (6180, §13C) dayanmaktadir [5].
Foraminifer karbonat testlerinin 313C degerlerinin
metan sizintisina diger tortu parametrelerine gére ¢ok
daha duyarli oldugu goriilmektedir [6]. Kuzeydogu
Atlantik Okyanusu'ndaki Blake Ridge diapirinde gaz
hidratlariin  varligi ig¢in, ge¢ Holosen'de metan
sizmtisinin -~ bentik  foraminiferlerin  ekolojisi  ve
jeokimyas1 iizerindeki etkisini incelemistir [7].
Stratigrafideki anormal derecede diigiik graph13C
foraminifer degerleri genellikle paleo-metan sizintisi
aktivitelerini yansitacak sekilde yorumlanmaktadir [8].
Metan zenginlestirmesini [9] zooplankton kaynagi ile
net bir sekilde agiklamaktadir. Metanojenler, [10]
esasen  zooplankton  kaynaklhidir. Metanotrofik
bakterilerin zooplankton i¢in 6nemli bir besin kaynagi
saglayabilecegini ve metan oksidasyonunun, 6zellikle
kis aylarinda birgok gélde potansiyel olarak dnemli bir
bentik-pelajik karbon ve enerji baglantisini temsil
ettigini gostermigtir [11]. Sudaki trofik etkilesimlerin
metan biyojeokimyasal dongiisiinii [12] 6nemli 6lgiide
etkiledigi belirtilmistir. Metan1 ylizeye tasiyan fiziksel
mekanizmalarin (6rnegin yukari dogru kabarma) [13]
aynt zamanda gelismis birincil {retimi ve CO
diisiistinii destekleyen besin agisindan zenginlestirilmis
suyu da tasiyabilecegini  diisiiniilmiistir. Agik
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denizlerdeki metan sizintis1 alanlar1  zamanla
yogunluklar dikkate alarak sera gazi yutaklar1 olarak
goriilebilir. Planktonlar tarafindan {retilen asetati
kullanan potansiyel olarak metanojenik Archaea'yi
barindirir ve bu durum metan iiretimi i¢in dogrudan bir
substrat gec¢isini gostermektedir [14,15,16].

Bu ¢alisma kapsaminda sediment yigilim alanlarmin
tespitine yonelik haritalama galigmalar1 yapilmistir. Bu
amag dogrultusunda oncelikli alanlarin
haritalandirilmasi ve belirlenmesine yonelik ¢aligsmalar
Maden Tetkik Arama (MTA) Genel Miidiirliiglinde
siirdiiriilmiistiir. Haritalarin olusturulmasinda
kullanilan verilerin analizleri detayli aciklanmustir.

Il. MATERYAL VE METOD

Bu calismada alan sinirlandirma galigmalari yapilmak
amaciyla uzaktan algilama haritalar1 i¢in veriler
yerinde yapilan Olgiimler ile saglanmistir. Calisma
kapsaminda Seki disk ve metorolojik veriler ile dogru
harita bulgularina erisim ve bu erisim ile saglanan
haritalama c¢alismalarinda deniz ylizeyinde olas1
plankton halkasinin belirlenmesi amaglanmistir.

2.1. Seki Disk

Bu calismada literatiirde yer aldig1 tizere [17,18,19]
6l¢iim dogrulugu icin giines 15181 agisi, dlgiim zaman
aralig1 gibi On tespitler yapilmistir. Arazi ¢calismasinda
6l¢iim algoritmasi hazirlanarak ve tiim alanlarinda ayni
sekilde uygulanmistir. Bu nedenle, gilinesin miimkiin
oldugu kadar dik oldugu zamanlarda 6l¢iim alinmustir.
Sinirli olan 6l¢lim zamaniyla programlamaya gidilmis
ve Ol¢lim vakti siirece dahil edilerek hesaplanmistir.
Olgiimlerin etkin kullammim saglamak igin her biri
farkli piksel alanina diisecek sekilde en az 500 m ara ile
6l¢iim alinmustir. Piksel alani, 14 banda sahip olan orta
¢ozinlrligli  (goriiniir  kizilotesi  bolgede 15
metre/piksel, kisa dalga kiziltesi bolgesinde 30 metre/
piksel ve termal kizil6tesi bolgesinde 90 metre/piksel)
kapsar. Tablo 1’de mevkiler baz alinarak alinan
Olciimlerin her bir mevki alanindan ii¢ tanesine yer
verilmistir. Seki disk, MTA Genel Miidiirligii Deniz
Aragtirmalar1 Dairesinden temin edilmistir. Yerinde
yapilan elektriksel kondiiktivite (Ec), potansiyel
hidrojen (pH), sicaklik (t°C) 6l¢timlerde Dumlupinar
Universitesi Jeoloji Miihendisligi Boliimii ekipmanlari
kullanilmistir (Sekil 1).
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SekilT. Arazi calismalarindan olg{lfnon}lumlerl (a)
seki disk, (b) Ec, pH, t°C

2.2. Meteorolojik Verilerin Incelenmesi

Acik deniz sediment yigilim alanlar1 olarak goriilen
plankton halkalarinin belirlenmesi amaciyla alinan
haritalarin tarihleri olduk¢a biiyiik Oneme sahiptir.
Dogru alan tespiti i¢in binlerce sayida var olan uzaktan
algilama harita sayisini incelenebir sayida tutmak
dogru tarihlere ait haritalarin eldesi ile miimkiindiir. Bu
calisma kapsaminda gerek bulaniklik haritalari gerek
sicaklik haritalarinin tarihsel veri goériiniimiiniin elde
edilmesi ile alan belirleme calismalar1 yapilmistir.
Bagka bir deyisle, dogru yere bakabilmek icin dogru
gOriintii tarihi belirlenmesi gerekmektedir.

Calisma  kapsaminda  sicaklik  ve  bulaniklik
haritalarinin ~ tarihsel goriintiisiiniin  daha etkin
secilimini saglamak i¢in metorolojik verilere ihtiyag
duyulmustur. Bulaniklik haritalar1 igin yagis miktarlari
incelenmis, sicaklik haritalarmin  6ncelikli tarihli
olanlarinin ve sicaklik farkinin en fazla olabilecegi
tarinlerin  belirlenmesi amaciyla hava sicakligi
verilerinin yiiksek deniz suyunun ise diisiikk sicaklikta
oldugu tarihler belirlenmeye calisilmistir. Dogal
kosullarda ki bulaniklik sebebi olan yagish giinlerin
cikartilmasi ile daha agik bulutsuz gozlemleme imkani
bulunan uygun tarihli haritalarin incelenmesi igin
belirlemeler yapilmistir. Tiim meteorolojik bulgular
Rize ili i¢in analiz edilmigtir.

2.3. Hamsi Populasyonunun incelenmesi

Hamsi baliginin biyolojik 6zelligi geregi zooplankton
olarak hayata baglamasi ve sayisimin deniz suyu
sicaklign ile ters orantili bir dagilim gdstermesi
nedeniyle uzaktan algilama haritalarinda sediment
halkalarinin tespitini kolaylastirmaktadir. Plankton
alanlarina ait deniz suyu sicaklik verisine sahip
olunamadigindan deniz suyunun soguk oldugu yillarin
tespiti i¢cin hamsi populasyonu incelenmistir. Bu
amagla Karadeniz’de su sogudugunda ortaya ¢ikan
hamsi, deniz suyu ¢ok soguk oldugunda ise populasyon
miktarinda goriilen artis haritalardaki halkalarin
tespitine olanak saglamaktadir. Ayrica sicaklik
haritalarindaki anomalinin yakalanmast i¢in deniz suyu
sicakligi ile hava sicakligi farkinin olabildigince
enfazla olmasi bu iliskiyi daha anlamli hale getirir.
Hamsi populasyonunu incelerken, hamsi ile beslenen
palamut ve lifer miktarlar1 arastirilmigtir. Hamsi
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populasyonu ¢ok olan yillarin deniz suyu sicakligi
diisiiktiir ve sicaklik haritalarinin daha etkin se¢ilimine
olanak  saglanmaktadir.  Diisik  deniz  suyu
sicakliklarinin  belirlenmesi amaciyla su iiriinleri
avcilik verilerinden almnan [20], yiiksek oranda olan
2007 ve 2016 willarina ait hamsi populasyonu
haritalama caligmalari kapsaminda detayli
incelenmistir.

2.4. Uzaktan Algilama Cahsmalar:

Terra uydusu iizerine monte edilen ve 18 Aralik 1999
tarihinde uzaya firlatilan ASTER (Gelismis uzay
kaynakli termal yayilma ve yansima radyometresi /The
Advanced Spaceborne Thermal Emission and
Reflection Radiometer) sensorii, birgok veri alanlarini
iceren ve kizil oOtesi bolgesi olan; elektromanyetik
spektrumun goriintir yakin, kisa dalga ve termal
kizil6tesi alanlarindan veri elde etmektedir. Goriintii
genigligi 185 x 185 km olan Ladsant TM’den elde
edilen veriler jeoloji, osinografi, arazi uygulamalar1 ve
degisim belirlenmesi gibi miihendislik alanlarinda
yaygin bir sekilde kullanilmaktadir.

Calisma kapsaminda Rize (lyidere)-Artvin (Hopa)
boyunca {ilkemiz miinhasir deniz alanlarm kapsayan
alan, wuzaktan algilama wverileri ve teknikleri
kullanilarak incelenmistir. Deniz yiizeyi sicakligini
hesaplarken ASTER ve Landsat TM uydu verilerindeki
termal kizilotesi bantlar, goriiniir yakin ve kisa dalga
kizilotesi bantlardan ayrilarak, Universal Transverse
Mercator (UTM), World Geodetic System 1984 (WGS
84) projeksiyon ve datum sistemine gore jeo-
referanslandirilmistir. Analizden 6nce bulutlu alanlar
ve kara alanlar1 uygun bir esik deger kullanilarak
maskelenmistir. Deniz yiizeyi sicaklik radyans
tiriinden dagilimmin hesaplanmasi i¢in, veri saklama
kolaylig1 agisindan uydu tarafindan DN (Sayisal
Numara)’ye ¢evrilen sicaklik degerleri birim ¢evirme
katsayis1 kullanilarak isleme koyulmustur. Radyansa
doniistiiriilen ASTER Termal band degerlerinden ilk
asamada “parlaklik sicaklik” degerleri elde edilmis ve
buradan “Cok-Bantli Deniz Yiizeyi Sicakligi - Multi-
Channel Sea Surface Temperature (MCSST)”
algoritmas1 kullanilarak santrigrat derece cinsinden
sicaklik  hesaplamas1  gergeklestirilmigtir [21, 22].
Deniz yiizeyi sicakligi 1°C araliginda haritalanmustir.
Deniz yiizeyi sicaklik dagilim haritalarinda maviden
kirmiziya gecen renk 6lgegi, diisiikten yiiksege dogru
sicaklik degerlerini temsil etmek tizere kullanilmustir.
Uydu verilerinden elde edilen degerlerin tarihsel bazda
karsilagtirmasinin yapilabilmesi amactyla birbirleri ile
cakisan tim sicaklik araliklarinda aymi renk tonu
kullanilmistir. Haritalama yapilirken karaya ait alanlar
KYM/321 sahte renk kompoziti (false colour
composite) ile goriintiilenmistir.

Deniz yiizeyi bulanikligin1 hesaplarken ise ASTER ve
Landsat TM uydu verilerindeki goriiniir yakin kizil6tesi
bantlar UTM, WGS 84 projeksiyon ve datum sistemine
gore jeo-referanslandirilmistir. Analizden 6nce bulutlu
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ve karaya ait alanlar maskelenmistir. Bulaniklik
formiilleri uygulanarak [21, 23] deniz yiizeyi
bulaniklift  1’er birim aralikli olacak sekilde

haritalanmistir. Goriintiiler secilirken farkli yillardaki
gorintiilerin miimkiin oldugunca benzer hava kosullar
ile uyumlugu i¢in [24] ayn1 aylarda se¢ilmesine dzen
gosterilmistir.

III. BULGULAR VE TARTISMA
Coziinmiis mineralleri igeren besin ve protein kaynagi
da olan denizel ortamlarin tabanlar1 dogalgaz ve petrol
agirlikli hidrokarbon yataklar ile gaz hidrat alanlar1 ilk
sirada olmak tizere masif siilfit yataklari icerebilir. Bu
yataklarin bulunmasi 6nce arama caligmalarina [25]
baglidir.

Bazi temel tiirler, metan1 enerji ve karbon kaynagi
olarak kullanan simbiyotik bakterilere sahiptir, ancak
digerleri (vestimentiferan solucanlar) enerji i¢in siilfiir
kullamir. ¢ kita sahanh@ habitatlar;, ¢ok sayida
nehirden gelen besinlerle beslenir ve bu nedenle, kiyiya
yakin biyota, nitrat agisindan zenginlestirilmis
fitoplankton tarafindan desteklenir.Ornegin, Meksika
Korfezi ekosisteminin planktonunun iiretkenligi ve tiir
bilesimi, kaynak su (Karayipler) ve buna eslik eden
fiziksel siiregler tarafindan kontrol edilir ve yogun
deniz hayvani popiilasyonlariyla cevrili petrol ve tuz
gollerine ulagilmaktadir [26].

Onceki ¢alismalarda Giineydogu Karadeniz'in uydu
gozlemlerinin sonuglar1t sunulmustur [27]. Deniz
tabanindaki hidrokarbonlarin dogal sizmtilarindan
kaynaklanan deniz yiizeyindeki petrol kirliliginin
izlenmesi  i¢in  uzaktan algilama  teknikleri
kullanilmigtir. Uzaktan algilama caligmalarinda g¢ok
sensorlii yaklasimin, verilerin daha kapsamli bir sekilde
yorumlanmasina katkida bulundugunu ve deniz yilizeyi
kirliligi dagiliminin daha iyi anlagilmasina yardimci
oldugunu belirlemiglerdir. Ayni c¢aligmada yiiksek
¢cozlinirlikld uydu verileri kullanarak, yiizey petrol
alanlar1 mekansal ve zamansal degiskenligine dair net
bir resim ve cografi dagilimlarinin bu bdlgedeki dogal
hidrokarbon sizintilarinin cografi konumlar ile iligkili
oldugunu gostermislerdir. Gergek deniz tabani kaynak
konumunun kesin tahmini i¢in SAR" kullandiklarini ve
ylizey riizgarlarinin ve akimlarinin, petrol yiizeylerinin
deniz ylizeyine taginmasi, yayilmasi, evrimi ve
kalicilig1 tizerindeki etkisini aragtirmiglardir. Dinamik
ve dolasim siireglerinin ve dogal faktorlerin (mevcut
meandering, vortikal aktivite ve riizgar siralari)
etkilerinin, saliman petroliin seyri ve durumunu
belirtmistir. Karadeniz'in gilineydogusundaki deniz
dibindeki dogal hidrokarbonlarin gosterdigi deniz
yiizeyindeki petrol kirliliginin ayrintili haritalarini bir
araya getirmis ve en agir Kkirlilik bdlgelerini
Ozetlemislerdir [27].

Fiziksel-kimyasal su 6lgiimlerinin sonuglart genellikle
fitoplanktonlarin yasama amaclarma uygun degildir
[28]. Karadeniz'de oksijenli yiizey sularinin en fazla
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150-200 metre derinlige kadar uzandigi [29,30] ve
derinlikle artan degisim gosteren hidrojen siilfiir
icermektedir [30]. Ciinkii oksijenli sularla siilftirli
sulara arasindaki yogunluk farki, diisey karisimlar
yoluyla derin sulara oksijen gecis imkani sunamaz.
Oksijenli tabakanin alt sinir1 lokal olarak degistiginden;
stlfirlii anoksik sularin basladigi derinlik de tabii
olarak bolgesel olarak farklilik gosterir. Bu siilfiirlii
tabakanin baglama siirt siklonik déngii bolgelerinde
genelde 80 metre ile baglar ve 100 metreye ulagir.
Derinlere  dogru  inildikge  hidrojen  siilflir
konsantrasyonu diizenli bir artis gosterdigi daha 6nce
yapilan hassas 6l¢iimlerde goriilmiistiir [31] .

Hamsi baligi Karadeniz’de su sogudugunda ortaya
¢ikar. Deniz suyu ¢ok soguk oldugunda ise populasyon
miktarmi artirir. Hamsi populasyonunu incelerken,
hamsi ile beslenen palamut ve liifer miktarlarimi da
incelemek gerekir. Populasyonu ¢ok olan yillar deniz
suyu sicakligi diisliktlir ve sicaklik haritalarinin daha
etkin segilimini saglamak i¢in bu disiik deniz su
sicakliklart ~ belirlenmesi  amaciyla Tiiik hamsi
populasyonu incelenmistir (Tablo 1). 2007 ve 2016
yillarim kapsayan veri ¢izelgesi hamsi populasyonu
avcilardan 30 katina ulagsan populasyonda oldugu
belirlenmistir. Yapilan inceleme sonrasinda uzaktan
algilama haritalarinda belli periyod pikleri olan; 2000,
2007, 2011 wve 2015 yillar1 uzaktan algilama
goriintiilerinin 6ncelikli incelenmistir. Fitoplankton ve
zooplankton yilizeyde spesifik dagilim gdstermistir ve
fitoplankton i¢in termoklin tabakasi olusturmustur [32].
Birincil fitoplankton iiretimini etkileyen faktorler 151k,
sicaklik, tuzluluk, besinler, kii¢iik besinler ve organik
gereksinimler olarak agiklamaktadir [33].
Yasamlarinin ilk evresini plankton olarak siirdiiren
organizmalara meroplankton olarak bilinmekte, bu
grupta yer alan balik, yumurta ve lavralar da
ihtiyoplankton olarak adlandirilmaktadir [34, 35].
Hamsiler, plankton olarak yasamlarina baslamalar
hem de plankton ile beslenmeleri oldukga ilging olup,
Karadeniz hamsisi yumurtalarini besinci ila onuncu ay
arasinda doker. Bu nedenle Mayis, Haziran, Temmuz,
Agustos, Eyliil, Ekim aylar1 plankton halkalarini arama
caligmalarinda  incelenecek  goriintii  aylarim
olusturmaktadir.

Tablo 1. 2007 ve 2016 yillar1 olduk¢a hamsi

populasyonu (ton) ( [20]’den olusturulmustur)
Toplam

Yivici Hamsi /

Yil Hamsi  Palamut  Liifer Y (Palamut

(Palamut+ +Liifer)
Liifer) ule
2000 280000 12000 4250 16250 17.23
2001 320000 13460 13060 26520 12.07
2002 373000 6286 25000 31286 11.92
2003 295000 6000 22000 28000 10.54
2004 340000 5701 19901 25602 13.28
2005 138569 70797 18357 89154 1.55
2006 270000 26690 8399 35089 7.69
2007 385000 5965 6858 12823 30.02
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2008 251675 6448 4048 10496 23.98
2009 204699 7036 5999 13035 15.70
2010 229023 9401 4744 14145 16.19
2011 228491 10019 3122 13141 17.39
2012 163982 35764 7390 43154 3.80
2013 179615 13158 5225 18383 9.77
2014 96440 19032 8356 27388 3.52
2015 193492 4573 4136 8709 22.22
2016 102595 39460 9574 49034 2.09

Arazi ¢alismalarinda seki disk ve yerinde yapilan yiize
yakin 6l¢limiin ayn1 mevkii alani igerisinde kalan {i¢
tanesi olacak sekilde bir kismi Tablo 2’de verilmistir.
Uzaktan algilama merkezinde ASTER verisiyle su
bulanikligi hesaplanir. Literatiirde pek c¢ok tiirde
formiile rastlamak miimkiindiir. Her biri farkh
parametreler kullanilarak iretilebilir. yapilan arazi
caligmalarindan elde edilen secci disk verileri bulanik
haritalar1 icin kullanilarak hesaplamalar
dogrultusunda Esitlik (1) de verilmistir;

D=f*(B2/Bl)
Esitlikte,

D= Bulaniklik,
B1= Bantl,
B2= Bant2,

1)

ifade eder ve sabit sayr olan f: 17.3965 olarak

almmigtir.

Rize’nin yillik ve aylik olmak iizere peryodik yagis ve
sicaklik analizleri yapilarak iklim siireci belirlenerek
caligmalar  siirdiiriilmiistiir. Rize jeomorfolojik
Ozellikleri nedeniyle diger illerimizin aksine nisan
mayis ayinda en az yagis almaktadir. Bu nedenle bu
aylar bulaniklik goriintii incelemede yer almustir.
Ayrica, Sekil 2°de goriildiigii tizere 2006, 2010, 2013,
2014 ve 2015 en az yagis alinan yillardir. Yagis tablosu
(Tablo 3) incelendiginde, Mart ve Nisan en az yagish
aylardir.

Tablo 2. Seki disk 6l¢iimii alinan alanlarin degerleri.

) Seki disk
. P . Ol¢iim Koordinat o
Mevkii Olgiim Tarihi Saati Bilgisi pH Ec T°C Beyaz Siyah

. m ()

Iyidere 1 08.10.2017 09:25 4101359N 8.34 24.50 29.00 1.275 2.516
4021334E

Tyidere 4 08.10.2017 10:40 413 016N 9.74 25.10 30.80 8.05 1.96
4021077 E

fyidere 6 08.09.2017 11:05 4104011 N 8.45 25.1 29.6 9.60 2.73
4020636 E

Derepazari 1 08.09.2017 11:25 4105497 N 8.49 25.2 30.1 9.60 251
4022987 E

Derepazari 3 08.09.2017 12:20 4104518 N 8.42 25 30.7 7.76 2.3
4023792 E

Derepazari 5 08.09.2017 12:50 4103396 N 8.46 24.8 30.7 5.74 1.86
4024555 E

Cayeli 2 09.10.2017 11:10 4107 938 N 6.1 25.2 30.5 5.575 25
4041042 E

Cayeli 5 09.10.2017 11:45 4106 261 N 6.11 25.10 30.00 8.84 3.18
4043099 E

Cayeli 6 09.10.2017 11:50 4105730 N 6.11 25.10 28.70 5.82 2.19
4043389 E

Rize 1 09.10.2017 08:45 4102 805N 8.37 24.80 30.30 5.00 2.69
4031366 E

Rize 2 09.10.2017 08:50 410331 N 8.37 24.90 30.50 9.00 3.33
4031234 E

Rize 6 09.10.2017 09.27 4105356 N 8.35 24.90 30.00 7.50 1.65
4031027 E

Hopa 1 10.10.2017 09:35 4125385N 6.20 25.30 30.00 6.37 3.20
4125551 E

Hopa 3 10.10.2017 09:55 4126 264 N 6.23 25.60 30.00 6.00 3.00
4123753 E

Hopa 6 10.10.2017 10:27 4127890 N 6.28 25.70 30.30 15.96 4.435
4122426 E

Arhavi 3 10.09.2017 13:00 4123322N 6.65 26.60 30.90 17.36 5.50
4113845 E

Arhavi 9 10.09.2017 14:30 4118 741N 6.67 26.90 30.40 7.96 2.46
4110111 E

Arhavi 11 10.09.2017 14:45 4117 641N 6.67 26.80 29.90 9.01 2.755
4110455 E

Pazar 3 09.09.2017 14:30 4113557 N 6.20 25.60 30.80 12.10 25
4051609 E

Pazar 5 09.09.2017 14:50 4112490 N 6.18 25.80 31.50 9.00 3.00
4053061 E

Pazar 7 09.09.2017 15:20 4111159 N 6.20 25.00 29.50 7.30 2.43
4054 858 E
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Sekil 2. Rize ili Yillik Yagislar1 [36]
Tablo 3. Rize ili aylik yagis tablosu [37]
Ay  (Olgiim Periyodu 1928 - 2020)
I oML v, V. VL v vl X X XX
0”“’”’;’0"@5’“’””‘ 680 680 810 116 160 2030 2290 2320 2030 1640 1230 8.80
Ortalama En
Yiiksek Sicaklik 1060 1070 1190 154 194 2350 2590 2650 2400 2040 1640 12.80
°C)
Ortalama En Disiik 360 360 490 830 127 1670 1960 1000 1690 1310 910 570
Sicaklik (°C)
Ortalama
Giineglenme Siiresi 220 310  3.60 460 560 660 540 520 500 420 300 220
(saat)

Ortalama Yagish

N 1580 1470 1630 153 157 1520 1510 1540 1540 1560 1430 15.10
Giin Sayist

Aylik Toplam Yagis
Miktar: Ortalamas:  232.6  187.2 1594 96.0 96.3 1347 1516 1969 2548 2923 2552 2445
(mm)

En Yiiksek Sicaklik

C) 2400 2810 3260 358 382 36.10 3540 3560 3500 3380 3040 26.70
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Incelenen tarihlerde veya arsivde bulunamadig
takdirde bu tarihlere yakin tarihlerdeki, belirtilen deniz
alanina ait ASTER ve Landsat TM (Tematik
Haritalama/Thematic Mapper) uydu goriintiileri (Tablo
4) ERDAS IMAGINE v9.1 ve PCI Geomatica 2017
yazilimlar1 kullanilarak analiz edilmis, ArcMap v9.2
yazilimi ile 1/100.000 olgeginde haritalanmustir.
Calisma alanini kapsayan ASTER uydu goriintiilerinin
cografi konum ve tarihleri Sekil 3’te Landsat 5 TM
uydu goriintiilerinin cografi konum ve tarihleri ise Sekil
4’te gosterilmistir.

ASTER ve Landsat TM uydu verileri analizlerinin ve
gerekli algoritmalarin uygulanmasinin ardindan deniz
ylizeyi sicaklik ve deniz yiizeyi bulaniklik dagilim
haritalar1 elde edilmistir. Uzaktan algilama analizleri
neticesinde elde edilen sicaklik ve bulaniklik dagilim
haritalarinda bazi noktalar dikkat ¢ekmistir. Bunlardan
birisi, bulutlu alanlarin maskelenmesine karsin bulut ve

pusa bagli degisimlerin bazi goriintiilere yansidigi
gozlemlenmistir. Yani bulut maskesinin yogun bulut
kiitlesi disinda kalan daha az yogun, sis veya pus gibi
Ogeleri maskelemedigi gozlemlenmigtir. Bir diger
nokta, bazi goriintiilerin alindig1 sirada alanda bulunan
gemilerin deniz yiizeyi sicaklik anomalisi yanilsamasi
olusturmasidir. Bir bagka nokta da elde edilen
haritalarda akarsuyun denize dokiildiigii alanlarda
sicaklik ve bulaniklik anomalilerinin gériilmesidir ki;
bu yer yilizeyinden gelen sular ile deniz suyu
sicakligmin  ve yogunlugunun farkli olmasindan
kaynaklanan dogal bir durumdur. ASTER ve Landsat
TM uydu verilerinden elde edilen sicaklik ve bulaniklik
degerleri yalnizca deniz yiizeyi ile ilgili irdelenmistir.
Plankton halkalarinin belirlenmesi i¢in goriintiilerinin
incelendigi haritalardan bazilar1 olan Sekil 5 ve Sekil 6
asagida yer almaktadir.

Tablo 4. Rize (Iyidere)-Artvin (Hopa) calisma alanina ait ASTER ve Landsat TM uydu verileri

Goriintii Adx Granul ID- Path/Row Tarih
ASTB000710082834 10.07.2000
ASTB001115082646 15.11.2000
ASTB001115082637 15.11.2000
ASTB140710080734 10.07.2014
ASTB010517082905 17.05.2001
ASTB010517082856 17.05.2001
ASTB010517082914 17.05.2001
ASTB010821082656 21.08.2001
ASTB011102081755 02.11.2001
ASTB011102081804 02.11.2001
ASTB011102081813 02.11.2001
ASTB020310081458 10.03.2002
ASTB020310081440 10.03.2002

ASTER ASTB020310081449 10.03.2002
ASTB031007081327 07.10.2003
ASTB030608081938 08.06.2003
ASTB030608081946 08.06.2003
ASTB030608081955 08.06.2003
ASTB071009081941 09.10.2007
ASTB071009081932 09.10.2007
ASTB071018081323 18.10.2007
ASTB080614081350 14.06.2008
ASTB100417081326 17.04.2010
ASTB130628081348 28.06.2013
ASTB130628081340 28.06.2013
ASTB140710080743 10.07.2014
172131 09.12.2000

LANDSAT 5 TM 172/31 06.11.2011
173/31 16.12.2000
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Yapilan yerinde Ol¢timler ile belirlenen bulaniklik
katsayist kullanilarak bulaniklik haritalari,
meteorolojik veriler ile degerlendirilen farkli tarihlere
ait sicaklik ve bulanik haritalarinda tekrarlanan
plankton halkalar1 incelenmistir. Iyidere-Hopa arasi
Dogu  Karadeniz  deniz  alaninda,  plankton
yigilimlarmin  siirekliligi  tespit edilen sekiz alan
oncelikli caligma alan1 olarak belirlenmistir.

3.1. Sonu¢ ve Degerlendirmeler

Plankton incelemerinde yola ¢ikarak olasi1 hidrokarbon
alanlarinin tespitine yonelik hazirlanan bu ¢aligmada,
incelenen meteorolojik veriler, hamsi popiilasyonu,
yerinde seki disk 6l¢iimleri ve elde edilen bulgular ile
sicaklik ve bulaniklik haritalarinda gereken sabitler
belirlenmistir. Uzaktan algilama veri haritalarinin
olusturularak kendi hareket mekanizmasi olmayan
planktonlarin gevresel etmenlerle olusturdugu sediment
halkalar1 ile sediment yigilim alanlarinin tespitine
yonelik bulgular degerlendirilmistir. Yiiksek metan
yigilim alanlarinin olusturacagi olasi maden alanlari
hakkinda 6ngorii sunulmustur.

Madencilik faaliyetlerinde arama c¢aligmalari dogasi
geregi yiiksek biitce gerekliligi nedeniyle calisma
alanimin bilimsel veriler ile daraltilmasina bagka bir
deyisle oOncelikli alan c¢alismalarina ihtiyag duyar.
Plankton halkalar1 sicaklik ve bulaniklik haritalarinda
tespit edilerek Dogu Karadeniz deniz alaninda sekiz
alan oncelikli alan tespiti olarak degerlendirilmistir. Bu
calisma kapsaminda tespit edilen alanlar yaklagik 20
000 km? deniz alanim kaplayan alan igerisinde dncelikli
calistlmasi (jeofizik, sondaj vb.) gereken alanlardir.
Sediment yigilim1  gergeklesen alanlarin  tespiti
plankton izleri ile gerceklestirilmistir. Her sediman
yigilimindan potansiyel maden sahalar1 dogmasa da
sediman maden yataklarinin olusumu igin agik deniz
sediment yigihim alanlarinin tespiti sarttir. Giiniimiiz
olanaklar1 ile bu bilgilerin degerlendirmelerinin
yapilmasi kaynak arama ¢alismalart igin oldukca
onemlidir. Bu 6n bulgular karinca yuvalarinda ki y1g1l1
topraklarin ~ kuzeyi  gOstermesi  gibi  maden
aramaciliinda da bakilacak yoniin belirlenmesine
katk1 sunmaktadir. Calisma kapsaminda belirlenen agik
deniz alanlar1 ile yeni hidrokarbon sahalar1 igin
oncelikli etiit alanlarinin varligi ve bu alanlarin ayrintilt
caligmalar kapsaminda degerlendirilmesi gerekliligi
sonucuna ulagilmistir.

3.1.1. Tesekkiir boliimii

Bu ¢alisgma, MTA Genel Miidiirliigii tarafindan 2018-
38-14-04 no.lu ‘Dogu Karadeniz Gaz Hidratlarinin
Olusum Mekanizmasimin Belirlenmesi ve Cevresel
Etkilerinin  Arastirllmasi”  projesi  kapsaminda
desteklenmis olup proje raporundan {iretilmistir.
Yerinde yapilan secchi disk dlgiimlerinde yardimlarini
gordiigiim Sayin Prof. Dr. Zeynal Abiddin Ergiiler’e,
uzaktan algilama haritalarinin temini i¢in Sayin Ayse
Dagliyar ve Sayin Melis Bayindir’a ¢ok tesekkiir
ederim.
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Abstract

In this study, the optimization of the medium components used for the production of lipase enzyme from Cryptococcus albidus
D24 was performed using the Plackett-Burman statistical design method (PBD), and the most important nutrients affecting the
production of lipase enzyme from D24 strain were determined as the first step. According to PBD, the highest lipase activity
(19.34 U/ml/min) was obtained with medium including Tween 80 (X2) 2.5% (v/v), and (g/L) Peptone (X4) 8.0, Yeast Extract
(X6) 7.5, Beef Extract (X7) 7.5, Malt Extract (X8) 7.5, NH4Cl (X9) 6.0, NaNOs (X10) 1.5, (NHz)NOs (X12) 6.0,
(NH4)HCO3(X13) 6.0, MgS04.7H20 (X15) 1.0, and KH2PO4 (X16) 2.0 at the end of 144 h cultivation. Regarding the
concentration effect (CE) values obtained from PBD, NH4CI (CE=7.1587), olive oil (CE=3.5544), (NH4)HCO3 (CE=3.0747),
and tryptone (CE=2.1427) were evaluated as more effective nutrients among the sixteen compounds studied. After that, the
optimum concentrations of these effective compounds were determined by Response Surface Methodology (RSM).
Experimental results showed that the medium containing olive oil (X3), tryptone (X5), NH4CI (X9), and (NH4)HCOs (X13)
yielded maximum lipase activity (12.03 U/ml/min) with 1.5% (v/v), 3.0 g/L, 7.5 g/L, and 12.0 g/L respectively, and a cost
reduction for raw materials can be achieved to obtain one (1) unit of enzyme activity.

Keywords: Cryptococcus albidus D24, lipase, Plackett-Burman, Response Surface Methodology

Oz

Bu ¢alismada, Cryptococcus albidus D24'ten lipaz enzimi {iretimi i¢in kullanilan besiyeri bilesenlerinin Plackett-Burman
Istatistiksel Tasarim Yontemi (PBD) kullanilarak optimizasyonu gerceklestirilmis ve ilk adim olarak D24 susundan lipaz
enzimi tiretimine etki eden en 6nemli besin maddeleri belirlenmistir. PBD'ye gore en yiiksek lipaz aktivitesi (19,34 U/ml/dk),
Tween 80 (X2) %2,5 (h/h) ve (g/L) Pepton (X4) 8.0, Maya 6ziitii (X6) 7.5, Et ekstrakt1 (X7) 7.5, Malt Ekstrakt (X8) 7.5, NH4Cl
(X9) 6.0, NaNOs (X10) 1.5, (NH4)NOs (X12) 6.0, (NHs)HCOs3 (X13) 6.0, MgSO4.7H20 (X15) 1.0 ve KH2PO4 (X16) 2.0
bilesenlerini igeren ortam ile 144 saat sonunda elde edilmistir. PBD'den elde edilen konsantrasyon etkisi (CE) degerlerine gore
incelenen on alti bilesik arasinda, NH4Cl (CE=7.1587), zeytinyagi (CE=3.5544), (NHs)HCO3 (CE=3.0747) ve tripton
(CE=2.1427) daha etkili olarak bulunmustur. Daha sonra belirlenen bu etkili bilesiklerin optimum konsantrasyonlari, Yanit
Yiizey Yontemi (RSM) ile belirlenmistir. Deneysel sonuglara gore, zeytinyagi (X3), tripton (X5), NH4Cl (X9) ve (NH4)HCO3
(X13) bilesenleri, sirastyla %1,5 (h/h), 3.0 g/L, 7.5 g/L ve 12.0 g/L konsantrasyonlarinda maksimum lipaz aktivitesi (12.03
U/ml/dak) elde edildigi ve bir (1) linite enzim aktivitesi elde etmek i¢in, hammadde maliyetinde bir azalma saglanabilecegi
gosterilmigtir.

Anahtar Kelimeler: Cryptococcus albidus D24, lipaz, Plackett-Burman, Yanit Yiizey Yo6ntemi

I. INTRODUCTION

Lipases (triacylglycerol ester hydrolyzes, EC 3.1.1.3), one of the most crucial industrial enzymes, have the ability
to catalyze the hydrolysis of triglycerides to different monomers including fatty acids, diglycerides,
monoglycerides, and glycerol. Besides hydrolysis reactions, their ability to form ester bonds facilitates them to
catalyze various reactions including esterification, inter-esterification, and transesterification [1-3].

The first lipase from the pancreas was identified by J. Eberle in 1834. Then, various sources, including
microorganisms, animals, and plants have been investigated for lipase production [4]. Among all these sources,
yeasts were found to be more attractive producers compared to other sources due to easy production, ease of
genetic manipulation, high production yield, low production cost. Additionally, their lipases are also applicable to
various areas such as detergent, pharmaceutical, biofuel, pulp and paper, and chemical industries [2, 5-8]. For that
reason, different yeast species such as Rhizopus delemar, Rhizomucor miehei, Candida antarctica, Candida
rugosa, Candida cylindracea, and Saccharomycopsis lipolytica have been investigated for their ability to produce
lipases [9, 10]. Although different yeast strains have different lipase production capacities, environmental
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conditions including the type and concentration of
medium components, pH, temperature, incubation
time, inoculation volume, aeration rate, and agitation
speed are the main factors that affect enzyme
production [11].

The first step for enhancing enzyme production
capacity is the determination of the medium
components and their concentrations since the selection
of favorable ingredients as carbon and nitrogen sources
and inorganic salts may influence cell growth and
productivity [12-17]. Moreover, different experimental
design methodologies were applied to investigate the
significance of a large number of medium constituents
and their combinatorial interactions on lipase
production [18]. The one-factor-at-a-time method is a
classical optimization method that comprises the
changing of a single variable while keeping others
constant. In this method, a limited number of values are
evaluated to understand the effect of each component
and it is very hard to obtain reliable data at the end of
the limited number of experiments to understand the
interactions among the components as well as their
effects on production [19]. On the other hand, statistical
methods help us to overcome the drawbacks of the
classical optimization methods. They minimize the
margin of error and reduce the total number of
experiments. Additionally, along with the rapidity of
resulting the process, it reduces the time consumed and
intense labor while giving reliable and accurate data
compared to classical methods [20]. Among the other
statistical methods, the Plackett—Burman design (PBD)
and response surface methodology (RSM) are the most
popular statistical design approaches used for
bioprocessing [18]. PBD is applied to find the main
factors from numerous variables in order to fix or
eliminate for further optimization processes, while
response surface methodology (RSM) is used for
obtaining the optimal conditions of a multivariable
system [21].

To select crucial media components for optimum lipase
production, Salihu et al. (2013) [20] applied Plackett-
Burman design using eleven components. Six
components, including sucrose, (NH1)2S04, Na;HPO4,
MgSOa, Tween-80, and olive oil indicated positive
effects on lipase production with maximum enzyme
activity.

Furthermore, Maharana and Ray (2014) [22]
determined not only the most effective carbon sources
including glucose, lactose, sucrose, xylose, fructose,
maltose, and organic nitrogen sources, but also
inorganic nitrogen sources including beef extract,
peptone, yeast extract, mineral chlorides such as KClI,
NaCl, CaClz, MnCl;.4H;0, MgCl, and BaCl,.2H,0
and various solid substrates like sugarcane bagasse,
wood chips, and coconut oil cake on lipase production
from Pseudomonas sp. AKM-L5 by using PBD. Based
on nitrogen sources, the maximum effect on lipase
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production was observed using calcium nitrate, while it
was found that inorganic nitrogen sources have greater
stimulation on lipase production compared to organic
nitrogen sources. Additionally, lactose as carbon
source, MnCl,.4H,0 as mineral chlorides and ground
nut oil cake as solid substrates provided maximum
positive effects.

Moreover, Lanka and Latha, (2015) [23] applied
Plackett-Burman statistical tool to determine various
physical and nutritional variables including not only
temperature, pH, and incubation period but also
medium components such as Gum Arabic, for lipase
from Emericella nidulans NFCCI 3643. After PBD
medium optimization, the most effective variables were
selected for RSM using a three-level Box-Behnken
design.

Samaei-Nouroozi et al., (2015) [24] also used PBD to
determine the effect of ten medium components such as
glucose, inorganic salts, and olive oil, and they used
CCD to evaluate the level of significant factors for
lipase produced from Alkalibacillus salilacus SR-079
Halo. In these factors, olive oil-KH,PO. showed square
effects while interaction effects were observed by using
olive oil with glucose and with NaCl for lipase
production.

In light of these explanations, PBD and RSM statistical
design approaches were applied within the scope of this
work to determine the effect of nitrogen sources and
waste cooking oil on lipase production from
Cryptococcus albidus D24 [25]. Therefore, the
significant carbon and nitrogen sources were
determined by using the PBD method, and further
optimization was achieved by RSM methodology to
obtain the concentration level of the investigated
ingredients for lipase production from C. albidus D24.

Il. MATERIAL AND METHODS

2.1. Strain and chemicals

C. albidus (D24), deposited at Ege University, Faculty
of Science, Department of Biology, Basic and
Industrial Microbiology Section, was kindly supplied
from Assoc. Prof. Dr. Tansel Yalgin. Most of the
chemicals were of analytical grade and supplied either
by Merck (Darmstadt, Germany) or Sigma (St Louis,
MO) along with a few chemicals that were supplied
from BioLife (Port Charlotte, USA) unless otherwise
noted.

2.2. Preculture preparation

Preculture with an initial pH of 6.2 was prepared in 100
mL Erlenmeyer flasks with the final working volume
of 20 mL. It was sterilized in autoclave at 1.06 bar and
121°C for 15 minutes and after sterilization, the
medium was inoculated with a single colony of C.
albidus (D24). Incubation was carried out in an orbital
shaker at 180 rpm and 28 °C for 16 h. At the end of the
cultivation, cells were harvested by centrifuge at 4000
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rpm for 6 min under aseptic conditions. Then, wet cell
pellet was resuspended in the basal medium and
transferred to the lipase production medium to adjust
the initial optical density (OD) of 1.0 at 600 nm. In all
experiments, initial optical density (OD) was kept at the
constant value of 1.0.

2.3. Determination of the most effective nutrients
Sixteen medium components including waste oil (X1)
and olive oil (X3) as carbon sources, Tween 80 (X2) as
a surfactant, peptone (X4), tryptone (X5), yeast extract
(X6), beef extract (X7), and malt extract (X8) as
organic nitrogen sources, and ammonium chloride
(NH4CI) (X9), sodium nitrate (NaNOs) (X10),
ammonium sulfate ((NH4)2S04) (X11), ammonium
nitrate  ((NHz)NO3) (X12), ammonium hydrogen
carbonate ((NH4)HCO3) (X13), and ammonium
bicarbonate ((NH4)HCO3) X(14) (purchased from local
market) as inorganic nitrogen sources, magnesium
sulfate heptahydrate (MgS0O4.7H,0) (X15) and
potassium dihydrogen phosphate (KH2PO4) X(16) as
minerals (Table 1) with three dummy variables were
evaluated in twenty sets of experiments (Table 2) using
Plackett-Burman statistical design (PBD).

Table 1. The medium components proposed in
Plackett-Burman experiments and their corresponding
low and high concentration levels.

Variable Medium Low Level High Level
Code Ingredients (o/L) (-1) (+1)
X1 Waste oil 0.0% viv 2.5% viv
X2 Tween 80 0.5% viv 2.5% viv
X3 Olive oil 0.0% viv 2.5% viv
X4 Peptone 2.0 8.0
X5 Tryptone 0.0 7.5
X6 Yeast Extract 2.0 7.5
X7 Beef Extract 0.0 75
X8 Malt Extract 0.0 7.5
X9 NH.CI 0.0 6.0
X10 NaNOs 15 6.0
X11 (NH4)2S04 0.0 6.0
X12 (NH24)NOs 0.0 6.0
X13 (NH4)HCO3 0.0 6.0
X14* (NH4)HCO3 0.0 6.0
X15 MgS04.7H20 0.25 1.0
X16 KH2PO4 0.5 2.0

* X14 is purchased from the local market with the
lowest price as a cost-effective inorganic nitrogen
source alternative for industrial production. Although
X13 and X14 have the same molecular formula, X14
has impurities compared to X13.

Each medium was experimented twice, while the lipase
activity for each run was performed as triplicate. Since
the assessment of wastes from the food industries to
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produce value-added compounds would be very
attractive for both economic and environmental
standpoints, waste cooking olive oil was used as a
carbon source while olive oil was also used as the
control. PBD is a two-level factorial design and allows
the screening of k-1 variables, where k is the number of
the set of experiments. Dummy variables are not the
components used in experiments, but they can be used
to determine the measurement error. The effect of the
concentrations and the estimation of the effect of the
dummy variable were achieved by using the following
equation described by Rajput et al., (2016) [26]
(Equation 1).

CE(Xi)) =2 (ENi* - ENy) / k, 1)
where CE(Xi): The concentration effect of the variable;
Ni* and Ni: The lipase production of the trials, where
the variable X; estimated at its higher and lower
concentrations, respectively; k: The number of trials in
this equation. The following equation is used to
calculate the variance of dummy variables in order to
estimate experimental error. (Equation 2);
Veff = € (ED)?/ n, (2
where Veff: The variance of the concentration effect
(experimental error); ED: The concentration effect of
the dummy variable; n: The number of dummy
variables. The square root of the variance of dummy
variables was used to calculate the standard error (SE)
of the concentration effect. Student's t-test given below
was used to establish the significance level (p-value) of
each concentration effect. (Equation 3):

t(X)) = E(X)) / SE, 3)

where E(X;) is the effect of the variable X;

Equation 4 was used to obtain the statistical confidence
level of each variable (Equation 4).

Statistical confidence = (1 — p) x 100. 4
The statistical confidence level of 95%, which was
considered as a highly significant effect on lipase
production corresponds to a value of p 0.05.
Confidence level of 70-95% was evaluated to be
effective, whereas confidence level below 70% was
accepted as insignificant.

2.4. Statistical experimental design

For the development, improvement, and optimization
of bioprocesses, RSM including, mathematical and
statistical methods is used for modeling and analysis of
problems. These problems are the response of the
interest affected by a large number of variables and the
main goal is the optimization of this response [27-29].
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Therefore, after using PB design to determine the most
effective nutrients on lipase synthesis, Response
Surface Methodology (RSM) was used to obtain the
optimum concentration of the key medium components
that affect lipase production. The most effective
components with their concentrations were prepared to
investigate the optimum conditions on lipase

production and their effects.

The highest and lowest level of each source were given
in Table 3, while the statistical design for the most
effective components and their concentrations were
shown in Table 4.

Table 2. PB Design for 16 medium components & 3 dummy variables; ‘-* means to use the lowest level of
concentrations in different set of experiments.

RN 31 x2 x3 x4 X5 x6 X7 X8 X0 X0 X1 X2 X3 X4 XI5 X6 DI D2 D3
1 11 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1
2 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1
3 1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1
4 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1
5 1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1
6 11 -1 1 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1
7 1 11 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1
8 11 -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1
9 1 11 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1

€ -1 1 1 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1
17 11 1 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1
2 11 1 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1
3 11 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1
4 1 1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1
5 -1 -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1
% -1 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1
v 1 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1
33 1 -1 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1
9 12 1 1 -1 -1 -1 -1 1 -1 1 -1 1 1 1 1 -1 -1 1 1
2 -1 -1 -1 -1 -1 -1-1-1-1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1

Table 3. The most effective medium components used on statistical experiments.

Variable Code

Medium Ingredients

Concentration of nutrients

Low level (g/L) High Level(g/L)

X3 Olive Oil
X5 Tryptone
X9 NH.CI
X13 NHsHCO3

0.5% (v/v) 2.5% (VIV)
3 15
3 12
3 12

220



D24 Lipase Optimization

Int. J. Adv. Eng. Pure Sci. 2022, 34(2): 217-228

Table 4. Statistical Design for the most effective
components and their concentrations (-1’ means to
use lowest, ‘0’ means to use middle and ‘1’ means to
use the highest level of concentrations in different set
of experiments).

RUN X3 X5 X9 X13
1 -1 -1
2 1 -1
3 -1 1
4 1 1
5 -1 -1 0 0
6 -1 1 0 0
7 1 -1 0 0
8 1 1 0 0
9 0 -1 0 -1
10 0 1 0 -1
11 0 -1 0 1
12 0 1 0 1
13 -1 0 -1 0
14 1 0 -1 0
15 -1 0 1 0
16 1 0 1 0
17 -1 0 0 -1
18 1 0 0 -1
19 -1 0 0 1
20 1 0 0 1
21 0 -1 -1 0
22 0 1 -1 0
23 0 -1 1 0
24 0 1 1 0
25 0 0 0 0
26 0 0 0 0
27 0 0 0 0

Lipase production was carried out in 500 mL
Erlenmeyer flasks including 100 mL of the production
medium at 250 rpm and 28 °C.

2.5. Determination of Lipase Activity

The method explained by Yal¢m et al., (2014) [25] was
used to determine the activity of D24 lipase with
triplicate measurements. 100 pL of enzyme solution
and 2 mL of the pNPP solution prepared in 0.05 M
sodium acetate were mixed. Then, the reaction mixture
was incubated for 3 min at 37 “C. After incubation, 150
pL of 1 M Na,CO; was added to stop the reaction.
Finally, the absorbance of the reaction mixture was
measured at 410 nm spectrophotometrically against
substrate-free enzyme as the blank. One unit of lipase
activity (U) was described as the enzyme that releases
1 umol p-nitrophenyl for 1 min at 37 °C and pH 5.6.
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1. RESULTS AND DISCUSSION

3.1. Determination of the most effective nutrients
for D24 lipase production using Plackett-
Burman statistical approach

Asshown in Table 5, the highest lipase activity of 19,34

U/ml/min was obtained using Medium 6, which

includes Tween 80 (X2) (v/v) 2.5%, and (g/L) peptone

(X4) 8.0, yeast extract (X6) 7.5, beef extract (X7) 7.5,

malt extract (X8) 7.5, ammonium chloride (X9) 6.0,

sodium nitrate (X10) 1.5, ammonium nitrate (X12) 6.0,

ammonium  hydrogen  carbonate  (X13) 6.0,

MgSO..7H,0 (X15) 1.0, and KH,PO,4 (X16) 2.0.

To analyze the effect of each ingredient, concentration
effects, t-value, p-value, and the significance level of
each component are calculated, and results are shown
in Table 6. The standard error of 2.9078 calculated for
each component was the same. According to
concentration effect data, Tween 80 (X2), olive oil
(X3), tryptone (X5), yeast extract (X6), malt extract
(X8), ammonium chloride (X9), ammonium nitrate
(X12), ammonium hydrogen carbonate (X13),
MgS04.7H,0 (X15), and KH,PO4 (X16) had a positive
effect, while waste oil (X1), peptone (X4), beef extract
(X7), sodium nitrate (X10), ammonium sulfate (X11),
and ammonium bicarbonate (X14) had a negative effect
on lipase production.

Furthermore, the Pareto chart, which illustrates the
order of significance of all variables affecting lipase
production from C. albidus D24 (Figure 1) was drawn.
The results revealed that ammonium chloride (X9) is
the best component with the highest contribution to
increase the lipase activity by more than 20%. Olive oil
(X3), which follows ammonium chloride, enhanced
lipase production by more than 10%.

Generally, the production of an extracellular lipase
might require an inducer such as fatty acids. Among the
various fatty acids, oleic acid was evaluated to be the
best inducer for lipase production [30]. Therefore,
compounds containing oleic acid are mostly used for
lipase production. Olive oil containing a high amount
of oleic acid is one of the carbon sources widely used
for lipase production [31]. Additionally, triolein, a
triacylglycerol containing three oleic acid molecules,
also includes up to 83% of olive oil [32]. Similar to
literature, olive oil used for D24 lipase production
showed the great significance level as 96% (Table 6).
The highest significance level of olive oil reported by
Rajendran et al., (2007) [14] is in agreement with our
results.

Nitrogen sources, in addition to carbon sources, have
an impact on lipase production. Thus, the effect of
different nitrogen sources on the production of D24
lipase was examined. Among the nitrogen sources
evaluated, ammonium chloride showed 99% of
significance. The next most important nitrogen source
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that increased D24 lipase was ammonium hydrogen
carbonate with 94% of significance. Additionally,
while tryptone, yeast extract, and sodium nitrate
showed significance between 80 and 90%, other
components such as beef extract, malt extract,
ammonium nitrate, Tween 80, waste oil, KH,PO,, and
MgS0..7H,0 showed significance below 80%.

Regarding the concentration effect (CE) values
obtained from PB design (Table 6), ammonium
chloride (CE=7.1587), olive oil (CE=3.5544),
ammonium hydrogen carbonate (CE=3.0747), and
tryptone (CE=2.1427) were evaluated as the more
effective nutrients among the (sixteen) 16 compounds
studied.

Mainly, using the olive oil concentration at an
optimized level in the production medium is critical for
an improved production. Since using too much oil in
the production medium prevents the growth of
microorganisms by forming a bi-phasic barrier between
microorganisms and its physicochemical environment.
As a result of this situation, oxygen transfer and
nutrient utilization by microorganisms could be
blocked [33-34].

For that reason, the concentration of olive oil together
with the most effective inorganic and organic nitrogen
sources were optimized by using RSM in order to find
their best concentrations of these four nutrients to
achieve the highest lipase production.

Table 5. Concentration of each component (g/L) used in the production medium and average lipase activities

determined.
Lipase
Run X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Xi11 X12 X13 X14 X15 X16 Activity
(U/ml/min)
1 25 25 00 20 00 20 75 00 60 15 6.0 6.0 6.0 6.0 025 05 4.26
2 25 05 00 20 00 75 00 75 00 6.0 6.0 6.0 6.0 0.0 025 20 5.63
3 00 05 00 20 75 20 75 00 6.0 60 6.0 6.0 0.0 0.0 1.0 2.0 3.88
4 00 05 00 80 00 75 00 75 6.0 60 6.0 0.0 0.0 6.0 1.0 0.5 3.67
5 00 05 25 20 75 20 75 75 6.0 60 0.0 0.0 6.0 6.0 025 20 18.03
6 00 25 00 80 00 75 75 75 6.0 15 0.0 6.0 6.0 0.0 1.0 2.0 19.34
7 25 05 25 20 75 75 75 75 00 15 6.0 6.0 0.0 6.0 1.0 0.5 6.74
8 00 25 00 80 75 75 75 00 00 60 6.0 0.0 6.0 6.0 025 05 1.35
9 25 05 25 80 75 75 00 00 60 6.0 0.0 6.0 6.0 0.0 025 05 14.60
10 00 25 25 80 75 20 00 75 6.0 15 6.0 6.0 0.0 0.0 025 05 15.07
11 25 25 25 80 00 20 75 75 00 6.0 6.0 0.0 0.0 0.0 025 20 0.100
12 25 25 25 20 00 75 75 00 60 6.0 0.0 0.0 0.0 0.0 1.0 0.5 13.35
13 25 25 00 20 75 75 00 75 60 15 0.0 0.0 0.0 6.0 025 20 9.610
14 25 05 00 80 75 20 75 75 00 15 0.0 0.0 6.0 0.0 1.0 05 2.180
15 00 05 25 80 00 75 75 00 00 15 0.0 6.0 0.0 6.0 025 20 0.100
16 00 25 25 20 75 75 00 00 00 15 6.0 0.0 6.0 0.0 1.0 20 12.27
17 25 25 00 80 75 20 00 00 00 6.0 0.0 6.0 0.0 6.0 1.0 2.0 3.680
18 25 05 25 80 00 20 00 00 60 15 6.0 0.0 6.0 6.0 1.0 2.0 10.69
19 00 25 25 20 00 20 00 75 00 60 0.0 6.0 6.0 6.0 1.0 0.5 3.730
20 00 05 00 20 00 20 00 00 00 15 0.0 0.0 0.0 0.0 025 05 5.330
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Table 6. Calculated concentration effect, t-value, p-value, and the significance level of each component.

Concentration

Components Effects t-value p-value Significance
Waste Oil (X1) -1.1938 -0.4106 0.3183 68.1665
Tween 80 (X2) 1.1914 0.4097 0.3191 68.0854
Olive Oil (X3) 3.5544 1.2224 0.0380 96.2027
Peptone (X4) -1.2242 -0.4210 0.3082 69.1761
Tryptone (X5) 2.1427 0.7369 0.1215 87.8456
Yeast Extract (X6) 1.9692 0.6772 0.1436 85.6445
Beef Extract (X7) -1.5168 -0.5216 0.2266 77.3407
Malt Extract (X8) 1.4600 0.5021 0.2404 75.9600
Ammonium chloride (X9) 7.1587 2.4619 0.0056 99.4386
Sodium nitrate (X10) -1.7582 -0.6047 0.1770 82.3042
Ammonium sulfate (X11) -2.6303 -0.9046 0.0783 92.1695
Ammonium nitrate (X12) 0.0460 0.0158 0.9662 3.3772
&qg‘)"”i“m hydrogen carbonate 3.0747 1.0574 0.0544 94.5640
Ammonium bicarbonate (X14)* -2.9916 -1.0288 0.0581 94.1944
MgS04.7H20 (X15) 0.5671 0.1950 0.6103 38.9721
KH2PO4 (X16) 1.2866 0.4425 0.2885 71.1463

*Although a similar effect was expected both from X14 and X13 because of the identical molecular formula, X14
showed a negative effect because of impurities compared to X13.

o

10 15 20 25

X4
X1
x2
X15
X12

Figure 1. Pareto chart representing the contribution
percentage of the medium components (X1: Waste
Oil, X2: Tween 80; X3: Olive Oil, X4: Peptone, X5:
Tryptone, X6: Yeast Extract, X7: Beef Extract, X8:
Malt Extract, X9: Ammonium chloride, X10: Sodium
nitrate, X11: Ammonium sulfate, X12: Ammonium
nitrate, X13: Ammonium hydrogen carbonate, X14:
Ammonium bicarbonate, X15: MgS04.7H,0, X16:
KH2POy,).

3.2. Optimization of the concentration of the most
effective substrates using statistical
experimental design

After the determination of the most -effective

components, Response Surface Methodology (RSM)

was used to find out the best combination of
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independent variables to increase lipase activity. The
combinations of four compounds and lipase activity
obtained from these combinations are summarized in
Table 7.

To understand the simultaneous effect of the most
effective components as olive oil (X3), tryptone (X5),
NH4Cl (X9), and NHsHCO3; (X13) on lipase activity,
main effect plot (Figure 2) was constructed between
mean lipase activity and the concentrations of four
components. An interesting situation is observed by
comparing main effect plots of the inorganic nitrogen
source, Figure 2 (a) and (b), respectively. It is clear
from Figure 2 (a) that lipase activity was decreased with
increasing the concentration of X13 up to (w/v) 7.5%.
Above this value, the positive effect of NH4sHCO;3
(X13) on lipase production was observed. Just the
opposite of the X13 effect, lipase production was
enhanced up to (w/v) 7.5% NH4CI (X9). However, over
this concentration, lipase production was reduced
(Figure 2 (b)). On the other hand, the presence of
tryptone (X5), as an organic nitrogen source, did not
cause a difference in lipase production at a
concentration below (w/v) 9.0% (Figure 2 (c)).
However, increasing tryptone amount in the medium
caused a decrease in lipase activity. When olive oil’s
main effect (Figure 2 (d)) on the mean lipase activity
(U/mL/min) was investigated, it is clear that olive oil
has a positive impact on lipase synthesis from C.
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albidus D24 at all concentrations investigated.

The situation mentioned above is further analyzed by
looking at how these four most effective compounds
interact with each other to enhance D24 lipase
production (Figure 3). The first raw of Figure 3 (a), (b),
and (c)) shows how NHsHCO; (X13) interacts with
NH4CI (X9) (Figure 3 (2)), tryptone (X5) (Figure 3 (b))
and olive oil (X3) (Figure 3 (c)) for lipase production.
It is clear that the lower and higher concentrations of
NH4HCOs have opposite effects on lipase production in
the presence of NH4Cl (Figure 3 (a)) and tryptone
(Figure 3 (b)). At low NH4HCO3 concentration (w/v,
3%), lipase activity decreased up to (w/v) 7.5% of
NH4CI and then increased, while at higher NHsHCO3;
values, the opposite effect was observed. For tryptone
(Figure 3 (b)), the interaction of NH4HCO; with
tryptone is exactly the opposite of the interaction of it
with ammonium chloride (X9). When the interaction
between NH:HCO3 (X13) and olive oil is examined
(Figure 3 (c)), at all olive oil concentrations studied,
lower amounts of X13 yielded lower lipase activity. But
lipase activity consistently showed an increasing trend
in all olive oil concentrations independent of X13
concentration.

Interestingly, at constant ammonium chloride (X9)
concentration, although the lipase activity was higher at
higher NH.CI concentrations, raising the concentration
of three variables caused a decrease lipase production

at both higher and lower ammonium chloride
concentrations (Figure 3 (d), (€), and (f)). The situation
observed for ammonium chloride was completely
reversed for NH4HCOs;, NH4Cl, and olive oil at
constant tryptone concentrations (Figure 3 (g), (h), and

(i)).

As for olive oil, lipase production was enhanced at
higher olive oil concentration (Figure 3 (j), (k), and (I)).
When the interaction of olive oil with inorganic and
organic nitrogen sources was investigated, at low olive
oil concentrations, lipase activity was slightly changed
with the increment of NHsHCO3, NH4Cl, and tryptone
(Figure 3 (j), (k), and (I)). However, dramatic and
opposite changes were observed with NHsHCO3 and
NH.CI (Figure 3 (j) and (k)) at the presence of the
higher amount of olive oil. As seen from Figure 3 (j),
lipase activity was decreased with raising NHsHCOs up
to 7.5% concentration. Above this value, lipase activity
was elevated as a higher concentration of NHsHCO3
has a positive effect. Opposite to NHsHCOs3, enzyme
activity was raised with increasing ammonium chloride
concentration (Figure 3 (k)) up to the same
concentration of ammonium hydrogen carbonate and
then decreased.

Overall, olive oil, and NH4ClI have a positive impact on
lipase production from C. albidus D24, while the effect
of tryptone and NHsHCOs; depends on the
concentration of other nutrients studied.

Table 7. Concentrations (g/L) of olive oil (X3), tryptone (X5), NH4CI (X9), and ammonium hydrogen carbonate
(X13) used in RSM and average lipase activities determined for each run.

Activity
Run X3 X5 X9 X13 (U/ml/min)
1 15 9 3 3 8.060
2 15 9 12 3 11.27
3 15 9 3 12 3.040
4 15 9 12 12 0.860
5 0.5 3 7.5 7.5 1.680
6 0.5 15 7.5 7.5 2.520
7 25 3 7.5 7.5 5.440
8 25 15 7.5 75 4.970
9 15 3 7.5 3 4.000
10 15 15 7.5 3 1.040
11 15 3 7.5 12 12.03
12 15 15 7.5 12 10.77
13 0.5 9 3 7.5 2.680
14 25 9 3 7.5 1.100
15 0.5 9 12 7.5 4.860
16 25 9 12 75 3.240
17 0.5 9 7.5 3 3.260
18 25 9 7.5 3 7.950
19 0.5 9 7.5 12 4.760
20 25 9 7.5 12 11.63
21 15 3 3 7.5 1.370
22 15 15 3 7.5 0.650
23 15 3 12 7.5 6.590
24 15 15 12 7.5 2.840
25 15 9 7.5 7.5 5.760
26 15 9 7.5 7.5 3.530
27 15 9 7.5 7.5 6.230
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IV. CONCLUSIONS

Enzymes are widely used in different areas such as
detergent, food, agricultural, and pharmaceutical
industries to obtain the desired product in an efficient,
fast, and environmentally friendly manner. However,
their usage is restricted because of their stability under
extreme conditions of the processes. Therefore,
different attempts have been made to find
microorganisms that have an ability to produce enzyme
having excellent properties.

Depending on our preliminary experimental studies,
the newly isolated C. albidus D24 from petroleum
sludge produces organic solvent stable specifically
acetone stable lipase enzyme. To produce lipase from
C. albidus efficiently, this thesis aimed to screen the
most important medium components by using PB
statistical design. After the determination of most
effective nutrients, their responses and optimum
concentrations were optimized by Response Surface
Methodology (RSM) to develop cost-effective process.

According to experimental results, Tween 80 was the
best surfactant compared to Triton X-100 and Tween
20. The optimum concentration of Tween 80 was
determined as (v/v) 2.5%. However, in the literature,
the enhancement of lipase activity up to 13 times with
2.0% Tween 80 was reported, we first decided to carry
out experimental work to determine the most effective
nutrients for lipase production from C. albidus D24.

According to PB statistical design, C. albidus D24
produced crude enzyme having 19.34 U/ml/min lipase
activity in the medium including Tween 80 (X2) (v/v)
2.5%, (g/L) peptone (X4) 8.0, yeast extract (X6) 7.5,
beef extract (X7) 7.5, malt extract (X8) 7.5, ammonium
chloride (X9) 6.0, sodium nitrate (X10) 1.5, ammonium
nitrate (X12) 6.0, ammonium hydrogen carbonate
(X13) 6.0, MgS0..7H,0 (X15) 1.0, and KH-PO4 (X16)
2.0 at the end of 144 hours of cultivation period at 28°C
and pH 7.0.

Among the sixteen different nutrients studied, olive oil
was the best carbon source for D24 lipase production.
As for nitrogen sources, tryptone have higher
concentration effect compared to other organic nitrogen
sources investigated. Besides organic sources,
inorganic nitrogen sources were also analyzed.
Ammonium chloride and ammonium hydrogen
carbonate were the best inorganic sources studied. The
concentration effect values of ammonium chloride
olive oil, ammonium hydrogen carbonate, and tryptone
were 7.1587, 3.5544, 3.0747, and 2.1427, respectively.

When, RSM was applied to determine the optimum
concentration of these four effective compounds, the
optimum concentration of olive oil (X3) tryptone (X5),
ammonium chloride (X9), and ammonium hydrogen
carbonate (X13) were determined as (v/v) 1.5%, 3.0
g/L, 7.5 g/L, and 12 g/L, respectively.

To decide the economic feasibility of the media, the
cost of the medium components required to produce
one unit enzyme activity was calculated.

In the production medium, where the highest activity
(19.34 U/ml/min) was obtained with the PDB method,
4 (four) organic and 4 (four) inorganic nitrogen sources,
2 (two) mineral salts, and Tween 80 as a carbon source
were used. In this medium, the raw material cost
required to obtain one (1) unit of enzyme activity was
determined as 0.104 Euro, considering the costs of all
media components. In the RSM study conducted with
four (4) most effective media components (Olive oil
(X3), Tryptone (X5), Ammonium chloride (X9), and
Ammonium hydrogen carbonate (X13)) determined
according to PDB, maximum lipase activity (12.03
U/ml/min) was achieved through optimization.
Although, activity was obtained with only four (4)
components as a result of the optimization made with
RSM was slightly decreased compared to activity
obtained with medium 6 in PDB, the raw material cost
required to obtain one (1) unit of enzyme activity was
found to be 0.0277 Euro which is lower compared with
PDB. In other words, a reduction in raw material cost
was observed with the medium optimized by the RSM
method. To our best knowledge, this is the first research
work to optimize the lipase production from C. albidus
D24.
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Oz
Bu ¢alismada, ticari bir otobiis gévde yapisinda topoloji optimizasyonu teknigi kullanilarak profil 6rgii yapisinin degistirilmesi
ile optimizasyon ¢alismasi gergeklestirilmistir. Bir ticari tagitin gévdesinin yol kosullarindaki mukavemetini degerlendirmenin
bir¢ok yontemi bulunmaktadir. Bu yontemlerden en kapsayicist oldugu degerlendirilen govde katilik degerleri, optimizasyon
¢aligmasinda korunmasi gereken kriter olarak kabul edilmistir. Gévde yapist optimizasyon calismast ile degistirilen gévde
yapisinin katilik degerleri 6l¢iilmiis ve optimizasyon dncesindeki gévde yapisinin degerleri ile karsilastirilmistir. Yapilan bu
genel karsilagtirmaya ilave olarak gévde yapisinda kullanilan her bir kilogram malzemenin sagladigi katilik degerleri; iki
tasarim igin de dlgiilmiis, optimize edilmis gévdedeki her bir kilogramin optimize edilmemis gévdeye gore daha verimli
kullanildigin1 gdstermistir. Ayrica optimizasyon sonrasi dlgiilen katilik degeri, literatiir verisi ile de karsilastirilmis ve otobiis
govde yapisinda %9 mertebelerinde bir hafifletme gergeklestirildigi tespit edilmistir.
Anahtar kelimeler: Otobiis govde yapisi, Topoloji optimizasyonu, Otobiis govde katilig

Abstract

In this study, an optimization study was carried out by changing the profile mesh structure using the topology optimization
technique in a commercial bus body structure. There are many methods to evaluate the strength of a commercial vehicle body
in road conditions. Body stiffness values, which are considered to be the most comprehensive of these methods, were accepted
as the criteria to be protected in the optimization study. The stiffness values of the optimized body structure were measured
and compared with the values of the non-optimized body structure. In addition to this general comparison, the stiffness values
provided by each kilogram of material used in the body structure were measured for both designs and the comparison showed
that each kilogram in the optimized body was used more efficiently than in the non-optimized body. The stiffness value
measured after optimization was also compared with the literature data. At the end of the optimization study, 9% weight
reduction is achieved.

Key words: Bus body structure, Topology optimization, Torsional stiffness

I. GIRIS

19. yiizyilin sonu itibariyle insanlik tarihinde yer almaya baglayan otomobil teknolojisi ile birlikte es zamanl
olarak otobiisler de diinya tarihinde boy gostermeye baslamislardir. Sanayi devrimi sonrasinda biiyiiyen sehirlerin
ulagim ihtiyaglarina cevap vermek adina bu tasitlar giiniimiize 6nemli degisikler ile ulasmiglardir. 21. yiizyilda
sehirlesme ve sehir niifuslarindaki artisla birlikte otomobiller ve toplu tasima araglari insan hayatinda 6nemli bir
rol oynamaya baglamis ve ulagim temel bir ihtiya¢ haline gelmistir. Otomotiv sektoriindeki firmalar ise bu ihtiyaca
cevap vermeye caligmaktadir. Bu baglamda bir¢ok otomotiv sirketi rekabetgiligi saglayabilmek ve gevrecilik
kaygilar1 dogrultusunda araglarinin satin alma ve isletme maliyetlerini diisiirmek igin ¢alismaktadir.

Son yillarda otomotiv sektdriinde gevreci uygulamalari destekleyen hibrit, elektrikli ve yakat hiicreli tasitlar trendi
gelisirken; bu trendler agirlik ve maliyetleri azaltma ile performans ve yakit ekonomisini iyilestirme gibi
tamamlayici uygulamalarla desteklenmektedir [1]. Giivenlik zafiyeti olusturmadan yapilacak olan optimizasyon
calismalari, tasitlarin tasarimini en uygun seviyeye getirme gayesiyle yiiriitiilmektedir. Bu baglamda, ticari
araglarda optimizasyon ¢aligmalari son donemlerde 6n plana ¢ikmaktadir [2,3].

Topoloji optimizasyonu, belirli bir tasarim alani i¢erisindeki malzeme dagilimim belirli yiik ve sinir kosullar1 igin
en uygun hale getiren ve bir dizi performans hedefini karsilayan bir yaklagimdir [4]. Bu ¢alismada, ticari bir
otobiisiin govde yapisinin optimize edilmesine yonelik otobiis govdesinin profil 6rgii yapisinda hafifletme
calismasi yapilmistir. Bu amagla topoloji optimizasyonu teknigi kullanilarak, profil 6rgii yapisinin geometrik
olarak degistirilmesi suretiyle en uygun tasarima ulasilmaya caligilmistir.
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Topoloji Optimizasyonu Calismasi

Bir tasitin govde katilig1 siispansiyon sistemini ve yol
kosullarinda  sagladigt  konforu direkt olarak
etkilemektedir. Kati bir gdovde yol kosullarinda
stispansiyonlarin daha etkili ¢aligmasini saglamaktadir.
Esnemelerin minimum oldugu kat1 bir gévde, ses ve
giiriiltii acisindan da avantaj saglamak suretiyle kalite
algisin1 yiikseltmektedir [5]. Ancak fazla kati bir gévde
olusturmak igin agir bir gdvde yapist kullanmak
gbovdenin en uygun tasarimdan uzaklasmasina, neticede
hem yakit tiiketimi ve atmosfere salinan zararli egzoz
emisyonlarinin artmasina hem de rekabet edebilirlikten
uzaklagilmasina neden olmaktadir [6].

Bir ticari tasitin gdvdesinin yol kosullarindaki
mukavemetini degerlendirmenin farkli yontemleri
bulunmaktadir. Bu calismada ticari bir otobiis govde
yapist optimizasyonunda gdvde katilik degerlerinin
kullanilmasi uygun bulunmustur [7].

Tasarimda optimizasyon, gesitli parametrelere bagl
olarak bir hedef dahilinde en uygun geometriye
ulagmak i¢in kullanilan bir tekniktir. Bu ¢alismada,
ticari bir otobiisiin kaynakli gévdesinde agirlik azaltma
caligmalar1 yapilmistir. Topoloji optimizasyonu teknigi
kullanilarak 1ilgili aracin 0Ozgiin gdvde yapisinin
degistirilmesi  suretiyle en elverisli  tasarima
ulagilmistir. Arag govde yapist optimizasyonu sirasinda
govde  katiligmin  korunmasi  hedeflenmistir.
Optimizasyon Oncesinde oOlgillen gdvde katilign
degerleri ile optimizasyon sonrasi Olgiilen govde
katilig1 degerleri karsilastirilmistir.

Il. MATERYAL VE YONTEM

2.1. Otobiisiin govde yapisi

Bir otobiis geometrisi profil 6rgii yapist ve bu yapiya
bagli giic paketi, kapt ve dis kaplamalar, aks ve
siispansiyon sistemi ile klima, sizdirmazlik elemanlar
ve camlar gibi yardimci sistemlerden olusmaktadir.

Otobiis govde yapisi, otobiis geometrilerinde bulunan
ve bagli alt sistemleri bir arada tutmak ve yol
kosullarindaki mukavemeti saglamak i¢in kullanilan
bir sistemdir. Otobiislerde de yer yer sasi geometrisinin
kullanildig1 goriilmekle birlikte cogunlukla profil orgii
yapist kullanilarak olusturulan yapi alt sistemleri bir
arada tutarak otobiisiin iskeletini olusturmaktadir. Bu
iskelet orgii yapisinin adina otobiis gbvde yapisi adi
verilmektedir. Kisa mesafe yolcu tagimaciligi ve servis
amacli kullanilan otobiislerde ise ¢ogunlukla sasi ve
govde yapisi birlikte kullanilmaktadir.

Bu c¢alismaya konu olan otobiis, iki adet U profil
yapisinin olusturdugu sasinin {izerine insa edilmis bir
govde yapisina sahip 10 metre uzunlugundaki ticari bir
otobiis geometrisidir. Otobiis 6n ve arka akslarmin
genigligi 1840 mm’dir. S6z konusu geometri agik
kaynaklt bir geometri paylasim ortamindan bu
calismada yapilacak sonlu elemanlar analizlerinde
kullanilmak {izere temin edilmistir [8].
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Sekil 1. Otobiis geometrik modeli [8]

2.2. Sonlu elemanlar modeli

S6z konusu otobiis gdvde yapisinin bu caligmada icra
edilecek sonlu elemanlar analizlerinde kullanilmak
iizere model ag orgiisii olugturulmustur (Sekil 2). Sonlu
elemanlar modelinde profiller kabuk elemanlarla
modellenmis ve paralel kaynak baglantilar1 diigiim
noktalar1 arasindaki rijit elemanlardan olusturulurken
geometrinin birbirine dikey olarak baglandigi bolgeler
diigiim yapilarinin birbirlerine birlestirilmesi ile temsil
edilmistir. Orta ylizey yardimi ile kabuk modellemeye
uygun  olmayan  yapilar  kati elemanlarla
modellenmigtir. Modelde kullanilan ortalama eleman
biliylikligii 7 mm olarak secilmistir. Otobiis govde
yapisinin sonlu elemanlar modelinde 2,1 milyon kabuk
eleman (CQUADA4), 380 bin kat1 eleman (CTETRA4)
ve 18.000 rijit(rbe2) eleman kullanilmistir. Sonlu
elemanlar modeli yaklasik 2,5 milyon elemandan,
Hypermesh yazilimi ile olusturulmustur.

Sekil 2. Otobiis govde yapisi sonlu elemanlar modeli

Bu calismada otomotiv sektoriinde yogun olarak
kullanilmakta olan St52 ¢eligi gegerli malzeme olarak
tammlanmistir  [9]. 1lgili malzemenin mekanik
Ozellikleri Tablo 1’de verilmistir.

Tablo 1. Malzeme ozellikleri

Malzeme Elastisite Modiilii | Poisson | Yogunluk
(GPa) Orani (kg/m?)
St52 210 03 7.850
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2.3. Govde katihg:

Literatlir incelemesinde, otobiis govde katilik
degerlerinin  aracin  mukavemetini  belirlemede,
geometrik optimizasyon calismalarinda kullanilan
onemli bir parametre oldugu degerlendirilmistir
[10,11,12,13]. Bu ¢alismada sonlu elemanlar analizi ile
tespit edilen burulma katiligi degerleri kullanilarak,
arag govde yapisinin optimizasyonu
gergeklestirilmigtir. Optimizasyon analizleri sonuglari
incelenerek tekrar bu sonuglar dogrultusunda yeni bir
govde geometrik modeli olusturulmustur. Optimize
geometrik  yapmm  sonlu  elemanlar  modeli
olusturularak burulma katiligr OSl¢timii  analizleri
yapilmistir. Son olarak optimizasyon c¢alismasi oncesi
ve sonrasindaki burulma katiligr degerleri agirlik
kazanci ile birlikte karsilagtirmali olarak incelenmistir.

Bu ¢alisma kapsaminda yapilan analizlerde arag
sasisinin deformasyon senaryolarindan burulma
senaryosu kullanilmistir [14].

2.3.1. Burulma katiligi

Dort temel yiikleme tiirii arasindaki en temel olan
ylklemedir. Burulma yiiklemesi, ara¢ gdvdesinin
asimetrik kasis veya tiimseklerden gecerken karsilastig
ylikleme tlriidiir. Ara¢ govde yapisinin yol
kosullarinda bu yiike karsi gosterdigi direng ise
burulma katilig1 olarak adlandirilmaktadir [14,15].

Ky =1 1
a, = tan™? (%) )

Burada K;,, Nm/rad cinsinden otobiis govde yapisimin
burulma katiligidir. W, metre cinsinden arag aks
genisligini ifade etmektedir. AZi ise yiliklemenin
uygulandigr bolgede belirlenen noktalardan alinan
deplasman degerlerini ifade ederken, M ifadesi ise aks
bolgesine  uygulanan  momenti  (Nm) ifade
etmektedir. a,;, ise burulma agisini temsil etmektedir.

Arka Aks

Samir Kogulu / Sinir Kogulu

+Z
AZ

T

Kuvvet

On Aks

Sinir Kosulu

Sekil 3. Burulma katilig1 yiiklemesi
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Burulma katilig1 yiikleme ve simur kosullart Sekil 3°de
gosterilmistir. Bu senaryoda yiikleme degeri olarak
10.000 N modele tatbik edilmistir. Bu uygulamanin
nedeni bu sekilde katilik hesaplarindaki kiisuratlardan
olusabilecek hata miktarinin azaltilmasidir. lgili
yiikleme sonlu elemanlar modelinde sol 6n tekerlegin
siispansiyon yay baglanti bdlgesine tanimlanmistir
(Sekil 4).

Sekil 4. Burulma katili1 analizi yiikleme ve sinir
kosullar1

Bu calismada burulma katilig1 6l¢iimii i¢in kullanilan
sonlu elemanlar analizi modelinde sinir kogulu olarak
yiiklemenin yapildig1 sol 6n tekerlek siispansiyon yay
baglantt bolgesi disindaki diger {i¢ tekerlek
siispansiyon yay baglantt bolgesi, iic adet eksenel
yonde sabitlenmistir. Bu bdolgelere tanimlanan sinir
kosullarina dénme serbestligi tanimlanmistir. Bu
senaryodaki yiikleme ve sinir kosullart tanimlanirken
literatiir verileri dikkate alinmistir [7].

2.4. Topoloji optimizasyonu analizi

Optimizasyon analiz modeli Sekil 5’te gdsterilmistir.
Ayrica analiz modelinde kullanilan parametrelerin
bilgisi ise Tablo 2’de verilmistir. Mavi bdlgeler tasarim
alan1 olarak belirlenirken yesil bolgeler ise tasarim
alan1 disinda birakilmigtir. Profil 6rgii yapisinin daha
iyi belirlenmesi adina otobiis govde yapisi kati
elemanlarla modellenmigtir. Optimizasyon analizi
Optistruct programinda yapilmistir (Sekil 5).

Tablo 2. Optimizasyon analizi parametreleri
Bilgi

Parametre

Hedef Fonksiyonu | Esneklik (Compliance)

Enazaltilmasi

Tasarim Alan1 Hacim Orani
(0,75>x>0,90)

Tasarim Kisiti

Minimum Boyut 21 mm
Hedef Toleransi +0,005
Discrete 3

(Panelizasyon-1)

Metot Kabul Edilebilir Yonler Yontemi

(Method of Feasible Directions)
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. Tasanm alani dist

Sekil 5. Optimizasyon analiz modeli ve sonuglar1

III. ANALIZ

3.1. Optimizasyon dncesi ve sonrasi govde yapilari

Yukarida model bilgisi verilen optimizasyon analizi
sonucu Sekil 6’da gosterilmistir. Optimizasyon analizi,
39 iterasyon ile daha once belirlenen hedef toleransi
kapsaminda yakinsamis ve sonuglanmistir. Sonuglanan
analiz uyarimnca bir optimize govde yapisi
olusturulmustur. Optimizasyon analizi sonuglarinda
goriilen profil yapisi aym kalinlik 6zellikleriyle tekrar
sekillendirilmis  ve yeni optimize govde
olusturulmugtur. Olusturulan goévdede diiz goriilen
birg¢ok profilin ¢apraz olarak konumlandirildigi ve bazi
profillerin kaldirildig1 Sekil 6’dan goriilebilmektedir

Optimizasyon analizi sonuglar1 uyarinca olusturulan
govde yapisi optimizasyondan onceki govde yapisi ile
kargilastirillmis ve agirlik anlaminda kazang ile
kazancin yiizdesi tespit edilmistir (Tablo 3).

Tablo 3. Govde agirligi karsilastirmasi

 Optimizasyon Optimizasyon Yiizdelik
Oncesinde Govde | Sonrasinda Govde Kazang (%)
Agirligr (kg) Agirhigr (kg) P
2.409 2.193 8,96

3.2. Optimizasyon dncesi ve sonrasi burulma
katihg olciimii

Sekil 7’de sonu¢ gorseli verilen analiz diisey
deplasman sonuglari incelendiginde gévde yapisindaki
maksimum  deplasmanmn 23,71 mm oldugu
goriilmektedir. Ancak govde katiliginin net olarak
Olgiilebilmesi i¢in yiikkleme yapilan siispansiyon
baglanti bélgesindeki deplasmanlar incelenmelidir.
Burulma katiligt analizleri Nastran programinda
yapilmistir.

Sekil 6. Optimizasyon oncesi govde geometrisi (Solda), Optimize edilmis gévde geometrisi (Sagda)
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Sekil 7. Burulma katilig1 analiz sonucu optimizasyon oncesi (solda), optimize edilmis gévde (sagda)

Ayn1 modelleme yontemi ve sinir kosullari ile optimize
edilmis govde yapist da mukavemet analizlerine tabi
tutulmustur.  Analiz ~ sonuglarinda  gozlemlenen
deplasman degerleri optimizasyon Oncesi yapilan
mukavemet analizinin sonuglarinda goriilen deplasman
degeri ile karsilagtirilmistir. Optimizasyon Oncesi ve
sonrasinda dlgiilen govde burulma katilik degerlerinin
karsilagtirmali  sonuglar1t ile agirlik hafifletmesi
sonrasinda optimize edilmis ve optimizasyon Oncesi
govde yapilari kilogram bagina sagladiklari katilik
degerleri agisindan karsilastirmali olarak incelenmis
degerleri Tablo 4’de verilmistir.

Tablo 4. Burulma katilig1 analizi deplasman sonuglari
(slispansiyon bolgesi) ve burulma katilig1 degerleri

Deplasman ve Burulma Katihg: Deger
Optimizasyon Oncesi Olgiilen

16,61
Deplasman (mm)
Optimizasyon Sonrasi Olgiilen 17,05
Deplasman (mm)
Optimizasyon Oncesi Burulma Katilig1 2044
(x108 Nm/rad) '
Optimizasyon Sonrast Burulma Katilig1 1087
(x108 Nm/rad) '
Optimizasyon Oncesi Kilogram Basina 848 48
Govde Katiligi (Nm/(rad*kg)) '
Optimizasyon Sonrasi Kilogram Basina 906.06
Govde Katiligi (Nm/(rad*kg)) '
Yiizdelik Artma (%) 6,78
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IV. SONUCLAR VE TARTISMA

4.1. Sonug

Bu caligmada, ticari bir otobiisiin gdvde yapisinda
optimizasyon c¢aligmalari yapilmistir. Bu baglamda
topoloji optimizasyonu teknigi kullanilarak profil 6rgii
yapisinin geometrik olarak degistirilmesi suretiyle en
uygun tasarima ulagilmistir.

Sonlu elemanlar analizi ile bilgisayar ortaminda
yapilan simiilasyonlarla gdvde yapist optimize
edilmistir. Bu optimizasyon ¢aligsmalar1 sonucunda
otobiis govde yapisinda %8,96’lik agirlik kazanci elde
edilmistir.

Literatiirde otobiis govde yapisi icin kesin bir katilik
sinirina rastlanilmamakla birlikte incelenen
calismalarda elde edilen ve tavsiye niteligi tasiyan,
burulma ve egilme katiligina dair birtakim degerler
tespit edilmistir [16,17,18,19]. ilgili degerler burulma
katih@r igin yaklagik 1,5x10%8 Nm/rad ile 2,5x108
Nm/rad araligindadir. Bu ¢alismada optimize edilmis
otobiis gévde yapist katilik verileri bu sinirlar arasinda
yer almaktadir.

Optimizasyon c¢aligmalart Oncesi ve sonrasindaki
analizler ile 6l¢iilen govde katiliklar kargilagtirilmis ve
govde katiliginda %2,78’lik bir azalma gozlenmistir.
Ancak bu katilik verileri literatiirden elde edilen
degerler ile karsilagtirilmig ve kabul edilebilir aralikta
oldugu tespit edilmistir. Bunun yaninda govde
yapisindaki profillerin kilogram basina sagladigi katilik
degerleri incelenmistir. Elde edilen verilerde optimize
edilmis govde yapisinin kilogram bagina katilik
degerlerinin %6,78 degerinde arttig1 tespit edilmistir.

Bu veriler kiitle kazanci verileri ile birlikte
degerlendirildiginde gévde yapisinin daha verimli hale
getirildigi, govde katilik degerlerinde azalma meydana
gelmis olsa da kilogram basina katilik degerlerinde
artis saglanmasi dolayisiyla verimli ve en uygun
geometriye ulasildigi tespit edilmistir.
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Semboller

Ky : Nmv/rad cinsinden otobiis gévde yapisinin
burulma katilig1

W : Metre cinsinden arag aks genisligi

AZi : Yiiklemenin uygulandigi bolgede belirlenen
noktalardan alinan deplasman degerleri

M : Aks bolgesine uygulanan moment

ap : Burulma agis1

Not:

Bu ¢alisma “Ticari Bir Otobiis Gévde Yapisinda
Govde Katiligina Gére Topoloji ve Kalinlik
Optimizasyonu” isimli yiiksek lisans tezinden
hazirlanmistir.
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Hava ve Deniz Sartlar1 Dikkate Alinarak Gemi Sefer Performansinin
Modellenmesi: Ege Denizi 6rnegi

Modelling Ship Voyage Performance Taking Weather and Sea Condition Into Account:
Aegean Sea Example

Timur INAN!
L Altinbas Universitesi, Yazilim Miihendisligi Boliimii, 34217, Istanbul, T tirkiye

Oz

Ticari gemilerin seyir siirelerinin azaltilmasi, ticari maliyetlerin ve yakit tiiketiminin azaltilmasi agisindan 6nem arz etmektedir.
Ticari maliyetlerin azaltilmasi, ticaretten edinilen kazancin yiikselmesini saglamaktadir. Yakit tiiketiminin azalmasi ise karbon
salmmimminin azaltilarak karbon salinimindan dolay1 olusan gevresel kirliligin azalmasi agisindan énem arz etmektedir.

Bu ¢alismada, Ege Denizi’ne ait kayith riizgar yon ve hizi, akinti yon ve biiyiikliigi, dalga yon ve yiiksekligi verileri
kullanilarak, ticari gemilerin hava ve deniz sartlarina bagl olarak tahmini seyir siiresini ve yakit harcamasini hesaplayabilecek
bir karar destek sistemi, ¢esitli tahmin yontemlerinden faydalanilarak ortaya konulmustur. Bu sistem gemilerin seyir rotalarini
olusturma agamasinda kaptanlara yardimci olabilecek bir karar destek sistemi olarak ortaya koyulmustur. Karar destek sistemi
i¢in; riizgar yonii (derece), riizgar hizi (m/sn), akint1 yonii (derece), akint1 biiylikliigii (cm/sn), dalga yonii (derece) ve dalga
yiiksekligi (metre) parametreleri giris olarak kullanilmigtir. Karar destek sisteminin ¢ikisi ise tahmini seyir siiresi (saat) ve
tahmini yakat tiikketimi (ton) olarak iki ayr1 kategoride incelenmistir. Tahmin yontemi olarak yapay sinir ag1 (YSA), uyarlamali
sinirsel Bulanik ¢ikarim sistemi (ANFIS) ve Gauss siire¢ regresyonu (GSR) kullanilmistir. Kullanilan yontemlerin elde ettikleri
sonuglari degerlendirilerek, yontemlerin basarilar1 kiyaslanmistir. YSA yontemi 0.98 regresyon ve 0.153 MSE, ANFIS yontemi
0.935 regresyon ve 0.478 MSE, GSR yontemi ise 0.98 regresyon ve 0.195 MSE degerlerini elde etmistir. Sonug olarak; seyir
stiresi ve yakit tiiketimi tahmininde YSA yonteminin daha dogru tahminler {iretebildigi goriilmistiir.

Anahtar Kelimeler: Varig zamani tahmini, Hava ve deniz sartlari, Yapay sinir aglari, Uyarlamali sinirsel bulanik ¢ikarim
sistemi, Gauss siire¢ regresyonu.

Abstract

Reducing the cruise times of commercial ships is important in terms of reducing commercial costs and fuel consumption.
Reducing commercial costs provides an increase in profits from trade. Reducing fuel consumption is important in terms of
reducing environmental pollution caused by carbon emissions by reducing carbon emissions.

In this study, a decision support system is presented. The decision support system uses historical weather and sea data of the
Aegean sea for training. To achieve better prediction values; artificial neural network (ANN), adaptive neural fuzzy inference
system (ANFIS) and gaussian processes regression (GPR) methods are used. The inputs of the system are; wind direction
(degrees), wind force (m/sn), sea current direction (degrees), sea current velocity (cm/sn), wave direction (degrees) and wave
height (meters). The outputs of the system are; mean voyage time (hours), total fuel oil consumption (tonnes). The comparison
of the methods in the name of prediction success are presented. ANN has 0.98 regression and 0.153 MSE, ANFIS has 0.935
regression and 0.478 MSE, GPR has 0.98 regression and 0.195 MSE values. As the summary; ANN method has better
prediction values when comparing against ANFIS and GPR methods. As a result; ANN is found succesfull by means of
predicting the ship speed takin into weather and sea conditions.

Keywords: ETA (Estimated Time of Arrival) prediction, Artificial neural network, Anfis, Gaussian process regression.

I. GIRIS

Gilinlimiizde, ticari gemilerin seyir i¢in harcayacaklar1 zamanin hesaplanmasi, gemiye yeni seyir ayarlanabilmesi,
tastyict firmalarin zamaninda limanda olabilmeleri, limanin hazir hale getirilmesi gibi birgok faktor agisindan
onem arz etmektedir. Ticari gemilerin kaptanlar1 seyir baslangicindan itibaren seyir sonuna kadar kendi firmalarina
ve yiik sahibi firmalara tahmini varis zamanini bildirmek durumundadirlar. Bir geminin tahmini varig saatini
hesaplayabilmek her ne kadar tecriibe ile miimkiinse de en yakin tahmini yapmak ¢ogu zaman zor olmaktadir.
Ciinkii bolgedeki riizgar, akint1 ve dalga gibi parametreler geminin hizina etki etmektedir.
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Seyir Performans-Ege

Bu calismada, Ege Denizi i¢in seyir siiresi ve yakit
tilketimi tahmini yapabilen bir karar destek sistemi
ortaya koyulmaktadir. Tahmin icin 3 farkli yontem
kullanilmaktadir. Bu yontemler YSA, ANFIS ve GSR
yontemleridir.  Yontemlerin  tahmin  islevlerini
gerceklestirebilmeleri  icin  Onceden  egitilmeleri
gerekmektedir. Bu amagla, Ege Denizi’ne ait gegmis
deniz ve hava raporlarinin bulundugu bir veri seti
kullanilmistir. Veri seti IFREMER veritabanindan elde
edilmigtir [1]. Veritabamindaki bilgiler tarih, sicaklik
(celcius), akinti yonii (derece), akintt hizi (cm/sn),
atmosferik basin¢ (milibar), dalga yiiksekligi (metre),
riizgar hiz1 (m/sn), riizgar yonii (derece) basliklarindan
olusmaktadir ve 2007 ile 2013 yillar1 arasini
kapsamaktadir.

Konu ile ilgili yapilan ¢aligmalar incelendiginde tahmin
icin gesitli yontemlerin kullamildigi goriilmektedir.
Valcic ve digerleri yaptiklar1 ¢alismada gemi hizinin
tahmin edilebilmesi i¢in uyarlamali bulanik ¢ikarim
sistemi (ANFIS) yontemini kullanmugtir [2].

Vitiello ve digerleri, Grimaldi Grup gemilerinden
birine yerlestirilen veri toplama cihazindan aldiklari
verileri istatistiksel hesaplama yontemleriyle isleyerek
karbondioksit emisyonunun azaltilmasina yonelik bir
¢alisma ortaya koymuslardir [3].

Mao ve digerleri tarafindan ortaya konulan ¢aligmada
bir konteyner gemisinin tahmini varig zamanini tahmin
edebilen ve tahmin igin istatistiksel yodntemleri
kullanan bir karar destek sistemi sunulmustur. Yine
aymi sekilde [5] bir RO-RO gemisinin yakit tiiketimini
ve hiz egrisini istatistiksel yontemler kullanarak tahmin
edebilen bir sistem ortaya koymuslardir [4].

Besikci  ve digerleri, gemi yakit tiiketiminin
azaltilmasini hedefleyen bir karar destek sistemi ortaya
koymustur. Karar destek sistemi yapay sinir ag1 tabanl
bir sistem olarak tasarlanmustir [6].

Parolas, Rotterdam limanina yanasan konteyner
gemilerinin tahmini varis zamanini makine 6grenmesi
teknikleri ile tahmin edebilen bir sistemi yiiksek lisans
tezi olarak ortaya koymustur [7].

Barbour, Amerika Birlesik Devletleri tren yollarinda
yik trenlerinin tahmini varig zamanim destek vektor
makinalari ile hesaplayabilen bir tez ortaya koymustur

[8].

Bodunov ve digerleri tarafindan sunulan konferans
bildirisinde gemilerin trafik yogunluguna bagl olarak
tahmini varig zamanini tahmin edebilen, yapay sinir agi
tabanli bir sistem ortaya konulmustur [9].
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Uney ve digerleri tarafindan sunulan konferans
bildirisinde Ornstein-Uhlenbeck siire¢ odakl stokastik
islem modeli kullanarak AIS (Otomatik Tanimlama
Sistemi) verileri yardimiyla, geminin izleyecegi yolun
tahminini yapabilen bir sistem ortaya konulmustur
[10].

Alessandrini, gemilerin ge¢mis rota bilgilerine
dayanarak, ileride hangi rotay1 izleyebileceklerini
tahmin edebilen bir sistemi “path-finding algorithm”
kullanarak ortaya koymuslardir [11].

Yakin tarihli bir calismada, geminin ge¢mis
seyirlerinden faydalanarak egitilmis, hava ve deniz
durumunu da dikkate alarak varis zamani tahmini
yapabilen bir sistem yapay zeka kullanilarak ortaya
konulmustur [12].

“Reinforcement learning” tabanli diger bir ¢alismada
ise geminin tahmini varig siiresi hesaplayabilen bir
sistem ortaya konulmustur. Ogrenme igin gerekli
veriler otomatik tanimlama sisteminden elde edilmistir

[13].

Literatiir genel olarak gozden gecirildiginde tahmin
yontemleri olarak yapay sinir aglari, destek vektor
makinalar1, uyarlamali sinirsel bulanik ¢ikarim sistemi
ve istatistiksel yontemlerin kullanildig1 goriilmektedir.
Calismalarin ¢cogunlugu otomatik tanimlama sistemi
(AIS) {iizerinden elde edilen verilerin tahminde
kullanilmasi ile alakalidir. Az sayida ¢aligmada hava
sartlarmin ~ da  hesaplamaya  dahil  edildigi
goriilmektedir.

Bu calismanin farkli yanu, literatiirde kullanilan birgok
yontemin bir arada kullanilmasi, performanslarinin
karsilagtirtlmasi ve egitilen tahmin sisteminin gercek
gecmis verilere dayaniyor olmasidir. Ayrica, literatiire
bakildiginda Ege Denizi’'ne ait benzer bir c¢alisma
bulunamamustir.

II. MATERYAL VE YONTEM
Bu calismada, 6rnek olarak Yunanistan’in Mikonos
limanindan  Alexandroupoli limanina gitmesi

planlanan bir gemi i¢in hesaplama yapilmistir. Gemi
servis hizi 12 knot, deplasmani 8000 gross ton ve
saatlik yakit tiiketimi 0.6 ton olarak alinmistir. Bu
calismada, ge¢mis hava ve deniz durumu kullanilarak
egitilmig ti¢ farkli sistem bulunmaktadir. Yapay sinir
aglari, uyarlamali sinirsel ¢ikarim sistemi ve gauss
siire¢ regresyonu yontemleri kullanilarak geminin
hizinin ne olabilecegi tahmin edilmekte ve bu verilere
dayanarak geminin toplam seyir siiresi ve yakit
tiiketimi hesaplanmaktadir. Calismanin genel yapisi
Sekill’de goriilmektedir.
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Sekil 1. Sistemin genel yapist
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Ege Denizi’ne ait ge¢cmis tarihli hava ve deniz raporlari
alinarak gemi hizina etkisi anlagilmasi igin ilk dnce
matematiksel hesaplamalar yapilmaktadir.
Hesaplamalar, hava ve deniz sartlarinin gemi hizina ne
kadar etki ettigini ortaya koymaktadir. Gemi hizinin
hesaplanmasinin ardindan yine geminin &zelliklerine
bagli olarak yakit tiikketimi ortaya ¢ikmaktadir. Gegmis
tarihli veriler ile varig siiresi ve yakit tiiketimi bilgileri
kullanilarak tahmin sisteminde bulunan ii¢ ydntem
egitilmektedir ve her bir yontem kendi tahminini
iretmektedir.

2.1. Hava ve Deniz Sartlarimin Gemi Hizina
Etkisinin Hesaplanmasi

Riizgar yoniinin ve hizinin geminin hizina etkisinin

hesaplanmasinda 1 numarali esitlik kullanilmigtir [14].

Va =V, — (1,08.h-0,126.q.h + 2.77. 1072 .F .cosa)

x(1-2,33.10 77W.V,) 1)
Va geminin ger¢ek hizimt (knot), Vo, geminin deniz
sartlart g6z oniine alinmaksizin normal hizin1 (knot), h
dalga boyunu (m), q dalga ile gemi rotasinin arasindaki
acty1 (radyan), o riizgar ile gemi rotasinin arasindaki
acty1 (radyan), F riizgdr hizin1 (m/s), W ise geminin
deplasmanint (ton) temsil etmektedir. Bu ¢aligmada
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8000 gross ton deplasman degerine sahip bir gemi
tizerinden hesaplama yapilmaistir.

2.2. Akint1 Yonii ve Hizimin Gemi Hizina Etkisinin
Hesaplanmasi

Gemi hizina akintinin etkisinin hesaplanabilmesi

amaciyla 2, 3 ve 4 numarali esitlikler kullanilmigtir

[15].

Vex =

V. .cos(ar) — Vg 2)

Vey = Ve .sin(ac) = 1, 3

V2

Y

(4)
Burada, Vo geminin normal sartlar altindaki hizin1, V
boylamsal  akintinin  geminin  hizina  etkisi
hesaplandiktan sonra elde edilen boylamsal hizi, Vy
enlemsel akintinin geminin hizina etkisi hesaplandiktan
sonra elde edilen enlemsel hizi, . ise gemi pruvasi ile
akint1 arasindaki agiy1 ifade etmektedir.

2.3. Yakiat Tiiketiminin Hesaplanmasi

Yakit tiiketimi, rotanin belirlenmesinde Onemli bir
parametredir. Yakit tiketimi 5 numarali esitlikle
hesaplanmaktadir [16].

sfoc = fc.kWh (5)
Burada sfoc, yakit tikketim miktarini, fc kilowatt bagina
gemi makinasinin harcadigi fuel oil miktarini, kWh ise
gemi makinasinin irettigi giicii temsil etmektedir. Bu
calismada kullanilan geminin yakit tiikketim 6zelligi 167

g/kWw dir.

2.4. Tahmin Yontemleri

Gecmis tarihli hava ve deniz sartlari ile hesaplanan
tahmini seyir siiresi ve yakit tiiketimi degerlerinin de
hesaplanmasi ile tiim verileri igleyerek tahmini varig
stiresini ve yakit tiilketimini hava ve deniz durumuna
bagli olarak hesaplamay1 Ogrenebilen bir sistemin
ortaya konulmasi gerekmektedir. Bu amagla ii¢ yontem
kullanilmistir. Bu yOntemler yapay sinir aglari,
uyarlamali sinirsel bulanik ¢ikarim sistemi ve gauss
stire¢ regresyonu yontemleridir.

2.4.1. Yapay sinir agi

Yapay  sinir  aglarinin  egitimi  asamasinda
veritabanindaki bilginin %15’ test igin, %15°1
dogrulama igin, %701 ise egitim i¢in kullanilmustir.
Egitim i¢in kullanilan algoritma Levenberg-Marquardt
algoritmasidir. Ortaya konulan yapay sinir ag1 10 adet
gizli ndrona sahip bir agdir. Ileriye déniik tahmin
yapabilmek i¢in kullandig1 gecikme miktar1 2 olarak
belirlenmistir. Gizli katmanda transfer fonksiyonu
olarak hiperbolik tanjant fonksiyonu, ¢ikis katmaninda
transfer fonksiyonu olarak da lineer fonksiyon
kullanilmaktadir. Sekil 2’de, olusturulan yapay sinir
agina ait blok diyagram goriilmektedir.
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Sekil 2. Olusturulan yapay sinir ag1 yapist
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Yapay sinir aglarmin giris katmani, gizli katman ve
cikis katmanlar1 arasindaki bagintilar 6 ve 7 numarali
fonksiyonlarda detayli olarak verilmektedir [17].

D
j=1
H
ve=] | [Z wicthy + b ™
i=1

hi, i numarali néronun ¢ikis degeri, wij i numarali
noronun j adimindaki agirhk degeri, x;, j adimndaki
giris degeri, b, i numarali néronun ¢ikisa etki
katsayisi, @ , girisler ile gizli katman arasindaki
baglantilarin sayisi, H, noron sayisi, O yapay sinir
agmin ¢ikis sayisi, yy, yapay sinir aginin gikigidir.

Egitilen yapay sinir ag1 6 girisli 1 ¢ikish bir yapiya
sahiptir ve girig katmani, gizli katman ve ¢ikis katmani
olmak iizere li¢ katmandan olugsmaktadir. Tablo 1’de
girig ve ¢ikislara ait bilgiler goriilmektedir.

Tablo 1. Yapay sinir ag1 giris ve ¢ikiglar

Parametreler

Riizgar hizi(m/s), riizgar
yonii (derece), akinti
yonii (derece), akinti

Girisler hizi (cm/sn), dalga yoni
(derece), dalga
yiiksekligi (m).

Cils Gemi tahmini hiz1

(knot)

2.4.2. Uyarlamali sinirsel bulanik ¢ikarim sistemi
Uyarlamali bulanik ¢ikarim sistemi (ANFIS), kendisine
sunulan egitim, test ve dogrulama verileri kullanarak
O0grenebilen ve Ogrendiklerinden yola ¢ikarak ileriye
doniik tahmin yapabilen bir sistemdir [18]. Bu
calismada, deniz ve hava sartlar1 ile gemi hizt
arasindaki iliskiyi 6grenerek hava ve deniz sartlarina
gore gemi hizinin tahmin ettirilmesi amaciyla
kullanilmistr.
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Ortaya konulan ANFIS sisteminin 6 girisi, 1 cikist
bulunmaktadir. Sistemin blok diyagrami Sekil 3’teki
gibidir.

Ruzgar_Hizi

Rizgar_Yéna

Alanti_Y6nd flu)
(sugeno)
Akinti_Hizi

Daiga_Yoni

Dalga Yiiksekigi

Sekil 1. ANFIS sistemi blok diyagrami

ANFIS sisteminde her bir girig ig¢in 3 adet iiyelik
fonksiyonu tamimlanmustir. Uyelik fonksiyonlari gbell
fonksiyonu seklinde belirlenmistir. Ogrenme icin

kullanilan ~ verinin %80 i  egitim, %10’u
dogrulama,%10’u ise test amagli kullanilmistir.

2.4.3. Gauss siire¢ regresyonu

Gauss silireg regresyonu (GSR) kernel tabanli

olasiliksal bir modeldir. Bir GSR modeli kendisine
uygulanan bir giris vektdrii lizerinden ¢ikis degiskenini
tahmin  etmeye c¢alisan bir model olarak
tanimlanabilmektedir. Temel olarak ele alindiginda,
GSR modeli fonksiyonu basit olarak Esitlik 8’deki gibi
bir lineer regresyon formiilii ile ifade edilebilir.
y=x"f+e (8)
Burada, y ¢ikisi, x giris vektoriinii, S egitim verisine
bagli olarak iiretilen bir katsayiy1 ifade etmektedir. &
ise yaklasik olarak & ~N(0,6° ) seklinde ifade
edilmektedir. Buradaki hata kovaryansi (c?) yine
girig vektdriinden elde edilmektedir. Bir GSR modeli
kendisine uygulanan degiskenler lizerinden temel bir
fonksiyon {ireterek degiskenlerin kovaryansini
hesaplar ve fonksiyonun hassasiyetini olger. Bu

durumda esitlik 9 numarali esitlikteki halini
almaktadir.

h(x) 75+f(x) 9)
Burada h, temel fonksiyonu seklinde, f(x) ise

f(x)~GS(0,k(x,x")) seklinde tanimlanmaktadir. Buradan
da anlagilacagr tlizere f(x) fonksiyonu 0 ile k(x,x’)
seklinde sonu¢ veren bir kovaryans fonksiyonunun
dondiirdiigii deger arasinda sonug veren bir fonksiyon
olarak tanimlanmaktadir. Kovaryans fonksiyonu giren
vektor ile tahmin vektorii arasindaki hatay1 hesaplayan
bir fonksiyon olarak tanimlanmaktadir. Dolayisiyla
GSR ¢ikisi Esitlik 10°daki gibi tanimlanabilir.

P(yi[f(xi),xi) ~N(yih|(xi) 8+f(xi),02 (10)
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Bu caligmada kullanilan tiim tahmin yontemlerinde
oldugu gibi gemi hiz1 tahmini i¢in GSR modelinde de
6 giris ve | ¢ikis bulunmaktadir.

I11. BULGULAR

Egitim i¢in elde edilen veriler ii¢ ayr1 sistemin egitimi
icin kullanilmigtir. Sistemlerin elde ettikleri basari,
verdikleri tahmin degerlerinin girig degerlerine gore
hata karelerinin ortalamasi (MSE) ve regresyon (R)

degerleri ile hesaplanmistir. Esitlik 11°de MSE
degerinin  hesaplanmasinda  kullanilan ~ formiil
goriilmektedir.

n oo —0.)2
mse = Liza(ee — 0" (11)

n
(e, —e)(o; — 0
Yi=1(ec — &) (or t) (12)

R =
VItoi(er — &) Xt (o — 0¢)

Burada, o; sistemin t adiminda vermesi gereken ¢ikisi,
ey, t adiminda sistemin verdigi ¢ikist, n tahmin sayisini
temsil etmektedir.

3.1. Yapay Sinir Ag1 Tahmin Degerleri

Olusturulan yapay sinir ag1 gemi hizi ve yakit tikketimi
tahmininde degerlerini elde etmistir. Elde edilen
degerler Sekil 4’te goriilmektedir.

Olusturulan yapay sinir ag1 egitimde 0.98, dogrulamada
0.97, testte 0.98, tiim asamalarda ise 0.98 regresyon
degerine sahip olmustur. Hatalarin karelerinin
ortalamasi ise minimum 0.153 olarak dl¢iilmistiir.

Egitim: R=0.98072 Dogrulama: R=0.97312

P/ ©
&/
o5
5
0 20 30 40 > 10 15 20 25 30 35
Hedef Hedel

Tiimi: R=0.98013

O Data C Data
-

Y=T

Cikig

20 0%

20 30

i)
Hedef

Sekil 2. Yapay sinir ag1 basar1 degerleri

Hedef

3.2. Uyarlamali Sinirsel Bulanik Cikarim Sistemi
Degerleri

Olusturulan ANFIS sisteminden elde edilen degerler

Sekil 5°te goriilmektedir.

ANFIS sisteminin tirettigi tahmin degerleri ile sisteme
uygulanan egitim verisi karsilastirilmis ve egitim
verisinde 0.57 MSE degerinin, kontrol verisinde ise
0.47 MSE degerinin elde edildigi gézlemlenmistir. Her
iki durumda da regresyon degeri 0.935 olarak
Olclilmiistiir.

Egitim verisi: o
ANFIS Cikist: *

5000 6000 7000 8000 9000 10000

Adim

Sekil 3. Egitim verisi ile ANFIS tahminlerinin karsilastiriimasi

3.3. Gauss Siire¢ Regresyonu Yontemi ile Elde
Edilen Degerler

Gauss siire¢ regresyonu yontemi ile elde edilen ¢ikis

degerleri Sekil 6’da goriilmektedir.

GSR yontemi ile elde edilen tahmin degerleri ile egitim
verisi karsilagtirilmis ve en diisiik 0.195 MSE degerini

elde ettigi goriilmiistiir. Regresyon degeri ise 0.98
olarak gozlemlenmistir. GSR yontemi ile elde edilen
tahmin degerleri ile egitim verisi karsilastirilmis ve en
diisik 0.195 MSE degerini elde ettigi goriilmiistiir.
Regresyon degeri ise 0.98 olarak gdzlemlenmistir.
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Sekil 4. Gauss siire¢ regresyonu ile elde edilen tahmin degerleri

IV. TARTISMA

Sistemin elde ettigi sonuglarin basaris1 Tablo 2’de
goriilmektedir. Sonuglardan da anlagilacagi iizere
yapay sinir aglar1 bu {i¢ metot icerisinde en yiiksek
regresyon degerini ve en diisik MSE degerini elde
ederek gemi hizi tahmini konusunda en basarili yontem
olmustur.

Tablo 2. Yontemlerin basarilarinin karsilagtirilmasi

YSA ANFIS GSR
R MSE | R MSE | R MSE
0.98 | 0.153 | 0.935 | 0.478 | 0.98 | 0.195

Literatiir incelendiginde, gemi seyrinin verimli hale
getirilmesi agisindan ¢ok sayida c¢aligma oldugu
goriilmektedir. Bu alanda yapilan ¢alismalar gemilerin
yakit tiiketiminin tahmin edilmesi, gemilerin hizinin
tahmin edilmesi veya gemilerin miimkiin olan en yavas
hizla en az yakiti tiiketerek belirlenen seyir siiresini
asmamak sartiyla seyirlerini tamamlamast oldugu
goriilmektedir [3] [6], [13]. Buamagla YSA, Anfis gibi
bir ¢ok yontemin kullanildigt goriilmektedir. Bu
calismada, diger calismalardan farkli olarak 3 ayri
yontem bir arada tahmin amaciyla kullanilmistir.
Modelin egitimi i¢in kullanilan veriler ise Ege
Denizi’'ne has verilerdir. Bu yoniiyle ¢alisma diger
¢aligmalardan farklilik arz etmektedir.

V.SONUCLAR

Ege denizi’ne ait ge¢mis tarihli hava ve deniz raporlari
Ifremer web sitesinden elde edilerek bu veriler gemi
hiz1 hesaplamasinda kullanilan formiile uygulanmistir.
Formiil sonucu elde edilen yeni hiz degerleri, ge¢mis
tarihli hava ve deniz raporlarina eklenerek tiim veriler
ii¢ ayr1 tahmin yontemini egitmek i¢in kullanilmigtir.
Kullanilan yontemler yapay sinir aglari, Anfis ve GSR
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yontemleridir. Yontemlerin elde ettikleri basarilar,
hatalarin  karelerinin ortalama degeri (MSE) ve
regresyon degerleri {izerinden degerlendirmeye
alimmistir. Sonug olarak yapay sinir aglart minimum
0.153, Anfis 0.478 ve GSR yontemi 0.195 MSE
degerini elde edebilmistir. Bunun yaninda regresyon
degerlerine bakildiginda yapay sinir aglart 0.98, Anfis
0.935 ve GSR ise 0.98 regresyon degerlerini elde
etmistir. Yapay sinir aglari, gemi hizinin hava ve deniz
sartlaria gore tahmininde basarili bulunmustur.

Calisma, halihazirda Ege Denizi’ni kapsamaktadir.
fleride yapilacak calismalarda Akdeniz igerisinde
bulunan diger limanlar ve Akdeniz’e ait hava ve deniz

bilgileri kullanilarak ¢alismanin kapsami
genisletilecektir.
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Artan niifusla birlikte konut veya yapilara duyulan ihtiya¢ artmistir. Bu durum da ingaat sektoriiniin ¢ekirdegi olan ¢imento ve
beton ihtiyaclarimin artmasina sebep olmustur. Ancak ¢imento veya betonu olusturan bilesenlerin igeriginin degismesi ya da
iretimde olusabilecek herhangi bir aksaklik durumunda nihai iriinlerin de eksik veya hatali iiretilmesine sebebiyet
verebilmektedir. Ayn1 zamanda ¢imento veya beton iiretiminde, bilesenlerin karigim oranlarinin belirlenmesi betonun basing
dayanimini 6lgebilmeyi zorunlu kilmaktadir. Bu kapsamda, nihai iiriin olan beton veya ¢imentonun basing dayaniminin
Ol¢tilmesi sektorel olarak kaginilmaz bir durum haline gelmistir. Bu durum da fabrikalardaki dayanim testlerinin belirli zaman
araliklart ile 6lglilmesi ile miimkiindiir. Nihai {iriinlerin iretilmesi agamasinda zamani verimli kullanabilmek adina yapilmig
olan bu caligmada; ¢imento veya betonun basing dayaniminin tahminlemesi ve bunlari olusturan bilesen miktarlarinin da basing
dayanimina olan etkisi uzun yillardir incelenen ve ¢alisilan konular arasinda yer almaktadir. Buradan yola ¢ikilarak ¢aligmanin
temel plan1 yapay zeka metotlar1 ile yapilmis genis bir literatiir taramasi neticesinde elde edilen bulgulari iki farkli baglik altinda
inceleyerek sonuglar1 yorumlamaktir. Yapilan analizin baglica egilimi ¢imentonun ve betonun basing dayanimini etkileyen
faktorlerin ortaya ¢ikarilmasidir. Calismada, konuyla ilgili 1997- 2021 yillari arasinda yayinlanmis 1012 ¢alisma incelenmistir.
Aragtirmaya dahil edilecek olan kriterler géz 6niinde bulundurularak 52 yayin ¢alisma i¢in uygun bulunmustur. Yaylar konu,
limit ve bilesen karsilastirmalari agisindan degerlendirilmistir. Calismadan elde edilen bulgular neticesinde, ¢gimento ve betonun
basing dayanimina etki eden faktorlerin; kiirlenme giinii siiresi, ¢gimento-su orant, katki maddeleri oran1 ve bilesen oran1 oldugu
tespit edilmistir.

Anahtar Kelimeler: Cimento Bilesenleri, Basing Dayanimini Etkileyen Faktorler, Yapay Sinir Agt Metodu, Yapay Zeka
Tahmin Metotlar1

Abstract

With the increasing population, the need for housing or buildings has increased. This situation has led to an increase in the
needs of cement and concrete, which are the core of the construction industry.. However, in case of a change in the content of
the components that make up the cement or concrete or any malfunction that may occur in the production, it may cause the
final products to be produced incompletely or incorrectly. At the same time, in the production of cement or concrete, the
determination of the mixing ratios of the components makes it necessary to measure the compressive strength of the concrete.
In this context, measuring the compressive strength of the final product, concrete or cement, has become an inevitable sectoral
situation. This is possible by measuring the strength tests in factories at certain time intervals. In this study, which was carried
out in order to use time efficiently during the production of final products; The estimation of the compressive strength of cement
or concrete and the effect of the amount of components that make them up on the compressive strength are among the subjects
that have been studied and studied for many years. From this point of view, the basic plan of the study is to interpret the results
by examining the findings obtained as a result of a wide literature review made with artificial intelligence methods under two
different headings. The main tendency of the analysis is to reveal the factors affecting the compressive strength of cement and
concrete. In the study, 1012 studies published between 1997 and 2021 on the subject were examined. Considering the criteria
to be included in the research, 52 publications were found suitable for the study. The publications were evaluated in terms of
subject, limit and component comparisons. As a result of the findings obtained from the study, the factors affecting the
compressive strength of cement and concrete; curing day time, cement-water ratio, additives ratio and component ratio were
determined.

Keywords: Cement Components, Factors Affecting Compressive Strength, Neural Network Method, Artificial Intelligence
Prediction Methods

I. GIRIS
Cimento iiretimi i¢in gerekli olan klinkerin ana hammaddeleri kalker, kil, demir cevheri ve boksittir. I¢erisinde en
yiiksek konsantrasyona sahip olan kalker ve kil, ¢esitli kaynaklardan elde edilmektedir. Hammaddeler genellikle
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belli bir elek iistinde % bakiye olarak tarif edilen
inceliklere ogiitiiliir. Bu incelik, kimyasal analizlerle
tayin edilen ve imal edilecek klinkerin tipine &zgii
testlerle tespit edilir [1]. Cimento iiretiminin temel
prosesi klinker elde etme agamasidir. Farin, doner firin
iinitesinde ~1350- 1400°C’ye 1sitilarak pisirilir. Pisen
ana uriine klinker denir. Pigirme islemi i¢in ihtiyag
duyulan  1st1  enerjisi  genellikle  komiirden
saglanmaktadir. Komiir kullanilmadan &nce yakit
hazirlama denen bir siiregten gecer. Bu siiregte komiir
ortalama 10 mikron tane biiyiikligi ve %2 rutubet
olacak sekilde degirmenlerde ogiitiliip, silolara
beslenir. Toz haldeki kdmiir iki ayr1 noktadan, firin
kafast olarak tabir edilen firin girisinden ve
kalsinatorden firina girer. Pisme iglemi sirasinda
farindeki bir takim oksitler birbirleriyle reaksiyona
girerek yeni yapilar olustururlar. Pismis haldeki bu
malzemeye klinker ad1 verilir. Firindan ¢ikan 1200°C
sicakliktaki klinker, ¢ikista 100°C’nin altina diisecek
sekilde ani sogutma islemine tabi tutulur. Sogutma
islemi, klinkerin pisme isleminde olusan kristal
yapisini  korumasi ag¢isindan biyiikk Onem tasir.
Sogutma ¢ikisi sonrasinda, klinker uygun stoklama
boliimlerine alinir. Klinkerin saflig1 miktari, fiziksel ve
kimyasal Ozellikleri ¢imentonun aktivite indeksi
iizerinde biiyiik bir role sahiptir [2,4].

Genel olarak, ciiruflu ¢imentolar ¢ogu kimyasal katki
maddeleriyle sorunsuz olarak kullanilabilir. Ancak,
tim diger ¢imentolarda oldugu gibi, ciiruflu
¢imentolarla iretilen betonlarda kimyasal katki
kullanmak gerektigi taktirde, gergek kosullara uygun
kosullarda denemeler yapilmasinda yarar vardir.
ASTM C 595 “Standard Specification for Blended
Hydraulic Cements” (49) standardinda katkili
c¢imentolarda kullanilabilecek graniile yiiksek firin
cirufuna (GYFC) iliskin kosullar genel olarak
belirtilmistir. Bu standardta, GYFCnin
kullanilabilirliginin ~ belirlenecegi deney ydntemi
GYFC igeren ¢imentolarin iiretiminde uygulanan
ogitme sekline gore degisiklik gosterir. Klinker ve
clirufun ayr1 6giitiildiigli durumlarda, 1slak eleme ile 45
um elek bakiyesi %20’den fazla olmayan bir incelikteki
clirufun 28 giinliik aktivite endeksinin %75’den yiiksek
olmast gerekmektedir. S6z konusu aktivite endeksi,
kisaca, portland ¢imentosuyla bir kisim portland
c¢imentosu yerine GYFC kullanilmis ciiruflu
¢imentonun dayanimlarinin oranidir. Birlikte 6giitme
kosullarinda ise ciiruf aktivite endeksi bulunurken
kullanilacak ciirufun inceliginin ciiruflu ¢imento
icindeki tahmini inceligiyle ayni olmasi gerekmektedir.
Bunun diginda, ASTM C 1073 “Test Method for
Hydraulic Activity of Ground Slag by Reaction With
Alkali” (50) standardinda ciirufun hidrolik aktivitesini
24 saatte belirleyen bir test yontemi bulunmaktadir. Bu
yonteme gore, 0giitiilmiis GYFC ve karisim suyu
olarak sodyum hidroksit ¢ozeltisi kullanilmis olan kiip
numunelerde, hizlandirilmis bakim uygulandiktan
sonra, basing dayanimi bulunur. S6z konusu ydntem
ayni kaynaktan diizenli olarak alinan ciiruflarin kalite
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kontroliinii amagladigindan bulunan bu dayanim degeri
ile ilgili bir sinirlama bulunmamaktadir.

Tiirkiye standartlari i¢in ise; TS EN 197-1 standardinda
CEM III olarak ifade edilen ¢imentolar "yiiksek firm
cliruflu ¢imento"lardir. Bu ¢imentolar tiplerine bagh
olarak % 36 ile % 95 oranlar1 arasinda yiiksek firin
ctirufu igerebilirler. Yiiksek firin ciirufu, demir-gelik
tesislerindeki yiiksek firinlarda demir tiretimi esnasinda
ac18a ¢ikan bir yan iiriindiir. Yiiksek firin clirufu aniden
sogutularak graniil hale getirilir ve daha sonrasinda
ogiitiiliir. Ogiitiilen bu malzeme ¢imentoya katilabildigi
gibi betonda ayr1 olarak da kullanilabilmektedir.
Yiksek firin ciirufu tek basina baglayicilik 6zelligi
olmayan, ancak klinker veya Portland ¢imentosu ile
birlikte kullanildiginda baglayicilik 6zelligi kazanan
bir malzemedir. Yiiksek firin ciirufunun betonun
fiziksel ve mekanik 6zelliklerine oldukga fazla olumlu
katkis1 vardir. Yiksek firin ciirufu ve yiiksek firin
cliruflu ¢imento ile yapilan betonun en Onemli
istlinligi ¢evresel etkilere karst daha direngli
olmasidir. Bu nedenle siilfat etkisi, deniz suyu etkisi,
donma-¢éziinme etkisi ve aginma etkisi gibi ¢evresel
faktorlerin baskin oldugu yerlerde kullanimi faydalidir.
Ayrica betonun daha islenebilir ve gegirimsiz olmasini
saglar ve uzun vadede basing dayanimi ciiruf igermeyen
betonlara oranla daha yiiksektir [2-5].

Cimento ve betonu olusturan bilesenler ve giinler
bazindaki basing tahmini kapsaminda yapilmis onde
gelen galismalar kategorilere ayrilarak detayli sekilde
incelenmis ve sonuglari yorumlanmistir. Benzer
caligmalarm bulgulart ayri ayr1 sunulmustur. Incelenen
calismalara bakildiginda, g¢imento veya betonu
olusturan bilesenlerin basincit ¢ok yonlii olarak
etkileyebilecegi yargisina ulasilabilinir.

Cimento ve betonunun basing dayanimina etki eden
faktorlerin  yapay zeka metotlar1 kapsaminda
incelenmesi, konuyu ¢ok ayrintili bir sekilde ele alig
sekli, analiz edilen detayli bilesenler kapsaminda ilk
kez yapilan bir caligmadir. Bu ¢alismada betonu ve
¢imentoyu olusturan bilesenler ayri basliklar altinda
¢ok detayli sekilde irdelenmistir. Boylece betonu ve
¢imentoyu olusturan bilesenlerin ¢ok ufak miktarlarda
da olsa degistirilmesi sonucunda karigimin basing
dayanimini degistirecegi tespit edilmistir. Bdylelikle bu
calisma, ingaat sektdrii ve g¢imento ile ilgili
yapilabilecek herhangi bir ¢aligma tiirii i¢in 6nemli ve
detayli bilgiler igermektedir.

Calisma kapsaminda detayli bir literatiir taramasi
yapilmis ve konu, limit ve bilesen karsilastirmalari
yapilmistir. Bu kapsamda 1997-2021 yillar1 arasinda
1012 g¢aligma taranmis ve 56 yayin analiz edilerek
betonun ve ¢imentonun basing dayanimina etki eden
faktorler ayrintili bir sekilde karsilastirilarak ortaya
konmustur. Calisma neticesinde bu etkenlerin birgok
parametreye bagli oldugu saptanmustir.
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II. MATERYAL VE YONTEM

Beton veya c¢imento sektoriinde uygulanan, basing
dayanim tahmin metotlart ve bilesenlerin basing
dayanimina olan etkisini ortaya ¢ikarabilmek amaciyla
genis kapsamli bir literatlir ¢aligmast yapilmustir.
Konuyla ilgili 1997- 2021 yillar1 arasinda yaymlanmis
1012 g¢aligma incelenmis ve analiz edilmistir.
Sistematik inceleme igin arastirmaya dahil edilecek
olan kriterler géz Oniinde bulundurularak 52 yayin
calisma icin uygun bulunmus ve caligmada yer
verilmistir.  Yaymlar konu, limit ve bilesen
karsilagtirmalari acisindan degerlendirilmistir.
Calismada Science Direct, Pergamon, Elsevier ve

ULAKBIM veri tabanlari kullanilmistir. Ayrica
‘Factors Affecting Compressive’, Cement
Components’  anahtar  kelimeleri  kullanilarak

taranmigtir. Taranan yayinlarda ¢imentonun basing
dayanimina etki eden faktdr ve bilesenler sinir olarak
belirlenmis ve 0&zellikle ¢imento sektoriinde hali
hazirda bilinen o6zelliklerden daha farkli bilesenlerin
dayanima nasil etki ettigi aragtirtlmistir. Caligmalarin
hepsi yazar tarafindan bagimsiz bir bakis agisiyla
degerlendirilmistir. Ayn1 zamanda Tirk Standartlar
Ensitiitiisii’nlin yayimlamis oldugu standartlar [2-5] de
incelenerek gerekli bilgiler toplanmaya g¢aligilmustir.
Bu baglamda beton ve ¢imento sektorleri ayri ayri
incelenmis ve yapilan ¢aligmalari ayri1 basliklar halinde
detayli olarak verilmistir. Bu caligmalarda kullanilan
bilesenler, yontemler ve basing dayanimina olan
etkilerin neler oldugu analiz edilip degerlendirilmistir.
Yapilan literatiir ¢aligmalarinda, bilesenlerin basing
dayanimina olan etkilerinin bulunabilmesi ve nihai
iriinlerin basing dayanimi tahmininde son zamanlarda
kullanilan en yaygin yontemlerden biri olan yapay zeka
teknikleri diger metotlara oranla daha ayrintili olarak
ele alinmustir.

Ek olarak calismada kullanilan Yapay Sinir Aglari
(YSA)’nin teorik mimari yapist ve basit formiilii
tanimlanmistir. YSA, girdi ve ¢ikti verileri arasindaki
dogrusal ve dogrusal olmayan karmasik iliskileri
Ogrenme  algoritmasi ile inceleyebilen, insan
beynindeki néronlarin caligma sistemini 6rnek alan
matematiksel bir olgudur [6-7]. Herhangi bir sistem
icin basit bir YSA modeli gelistirmek agin topolojisi,
egitim algoritmas1 ve aktivasyon fonksiyonlarinin
tanimlanmasi ile mimkiindiir. Sinir aglari, her biri
bilinen bir "girdi" ve "sonug" iceren drnekleri isleyerek
Ogrenir (veya egitilir), ikisi arasinda agin veri yapisi
icinde depolanan olasilik agirlikli iliskiler olusturur.
Belirli bir drnekten bir sinir aginin egitimi, genellikle
agi islenmis ¢iktis1 (genellikle bir tahmin) ile bir hedef
¢ikti arasindaki farkin belirlenmesiyle gergeklestirilir.
Bu fark hatadir. Ag daha sonra agirlikli iliskilerini bir
o6grenme kuralina gore ve bu hata degerini kullanarak
ayarlar. Art arda yapilan ayarlamalar, sinir aginin hedef
¢iktrya giderek daha fazla benzeyen ¢ikt1 {iretmesine
neden olur. Yeterli sayida ayarlamadan sonra egitim,
belirli kriterlere gore sonlandirilabilir [6-7].
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YSA modellemesinin geri yayillma algoritmasi, ¢gok
katmanli ileri beslemeli aglarin egitimi i¢in en uygun
yontem olarak kabul edilir (Sekil 1). Yapay noronlar,
agirlikli ara baglantilarla ¢ok girdili dogrusal olmayan
siirecler olarak modellenir. Bir geri yayilma aginin
egitimi i¢in algoritma, Onerilen yaklagima gore
gelistirilebilir (Denklem 1). Burada Xj agdaki girdileri,
Wi hatayr azalmak i¢in kullanilan agirlik degerini, Q;
ise esik degerini ifade etmektedir. Ayrica fi modele
uygulanan fonksiyon iken y; modelin tahmin sonucudur
(Denklem 1) [6-7].

,,,,,,,,,,,,,,,,

Giris Katmam

Gizli Katman
Cilas Katmani

9._
o

Giris Cikis

Sekil 1. Basit bir YSA icin Ornek Mimar1 Yap1 [6-7]
n
yi = fi Z wiix; + 0Q; €Y
j=1

2.1. Cimento ve Betonunun Basin¢ Dayanmimina
Etki Eden Faktorlerin Yapay Sinir Ag
(YSA) Metodu ile Analizi

Calismanin bu boliimiinde kullanilan analiz metotu
YSA’dir. YSA insan davraniginin temeli olan 6grenme
mekanizmasina  bagvurarak  beyin  islevlerini
bilgisayarli bir sekilde yansitmaya ¢alisirlar.
Ogrenebilme yetenekleri sayesinde alnan &rnekleri
kullanarak, algoritmik ¢oziimlerin olmadigt veya
bulunamayacak kadar karmasik algoritmik ¢oziimlerin
oldugu problemlere uygulanabilir. Verileri isleyebilme
yetenekleri sayesinde YSA, parametrik yaklagimlardan
daha esnek ve giiclii oldugu igin tercih edilmistir. Bu
kapsamda taranan literatliriin ayrintilar1 sirasiyla
verilmistir.

Dantas ve arkadaslar1 [8] yapmis olduklar ¢aligmada;
beton iceren ingaat ve yikim atiklarinin basing
dayanimini, YSA modelleri gelistirerek tahmin etmeye
caligmuglardir. Insaat ve yikim atiklarimi iceren
betonlarmn 3,7,28 ve 91 giinliik verileri kullanilmstir.
Modelleri olusturmak i¢in kullanilan deneysel sonuglar
literatiirden toplanmustir. Toplamda, YSA modellemesi
icin 1178 wveri kullanilmigtir. Egitim asamasinda
verilerin %77.76 ‘s1 ve test asamasinda %22.24 ‘i
kullanilmistir.  Modeli  olustururken, bir ¢ikti
parametresini elde edilmesi i¢in 17 girdi parametresi
kullanilmistir. Hem egitim hem de testte elde edilen
sonuglar  YSA’nin 3,7,28 ve 91 giinliikk basing
dayanimini tahmin etmek igin potansiyel kullanimim
kuvvetli bir bicimde gostermektedir. Sonuglar
istatistiksel metotlar ile birlikte yorumlandiginda, ¢ikt1
degerlerinin deneysel degerlere ¢ok yakin oldugunu
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gozlemlemislerdir. Bu sebeple yapmis olduklari
tahminin dogrulugunu ortaya koyarak literatiire katkida
bulunmuglardir.

Bir baska c¢alismada Nasuf ve Ozbakir [8];
caligmalarinda Agregar hammaddesinin fiziksel
Ozelliklerinin beton dayanimina etkisini YSA ile
aragtirmiglardir. Calismalarinda uygulamayi YSA’nin
Geriye Yayilm Ogrenme Algoritmasi ve deneysel
metotu karsilagtirarak yapmuslardir. Betonun, biiyiik
¢ogunlugunu olusturan agregar disindaki tim
bilesenleri sabit tutarak 7 ve 28 giinliik basing dayanimi
testleri yapilmistir. Gelistirdikleri YSA modelinde giris
katmanlar1 agregarlarin fiziksel o6zellikleri, ¢ikis
katmaninda ise betonun 7 ve 28 giinlik dayanim
sonucu degerlerini kullanmislardir. Modelin 6grenme
kapasitesini arttirabilmek icin giris ve ¢ikis katmanlari
arasina gizli katmanlar koymuslardir. Deneysel metotta
ise agregarlarin fiziksel ve mekanik 6zelliklerini
dlgerek, deneylerinde 6zgiil agirhg 31,7 gr/cm® olan
CEMI 42,5 R tipi ¢imento kullanmislardir. Betonu
olusturan agregarlarin fiziksel ve mekanik 6zellikleri
21 farkli parametre ile ifade edilmistir. 2 farklt YSA
modeli kurularak, modelin girdilerini agregarlarin
ozellikleri olarak belirlenmis, ¢ikis parametresi ise
beton dayanimi olarak belirlenmistir. Toplam 334
numune alinarak yapilan ¢alismada, 250 adet veri YSA
egitim verisi olarak kullanilmigtir. 84 tanesi ise
YSA’nin egitim verisini olugturmustur. Yapmis
olduklar1 ¢aligmalar neticesinde deneysel metotlar1 ve
YSA’yt  kiyasladiklarinda  tahmin  degerlerinin
birbirlerine ¢ok yakin oldugunu gorerek 7 ve 28 giinliik
degerleri basari ile tahmin etmislerdir.

Ayni yontemle farkli bir test yapan Caglar ve
arkadaglar1 [9], yapay sinir aglari ile betonarme
kiriglerin ~ hasar  analizi  tahminini  yapmaya
caligmislardir. Basit mesnetli izotropik kiriglerin kesme
dayanimlarini tanimlamak igin gelistirilen birgok
caligmaya ek olarak YSA geri yayilim algoritmasi ile
alternatif bir ¢aligma ortaya koymuslardir. Bu alanda
yapilan 24 deneysel ¢alisma neticesinde 12 adet veriyi
YSA modelini egitmek i¢in kullanmislardir. Geriye
kalan 12 veriyi ise test asamasinda kullanmislardir. ki
farkli YSA modeli gelistirilmistir ve ilk YSA
modelinde, girdi katman1 degerleri igin yedi parametre
kullanmuslardir. Tkinci modelde ise ilk modelden alinan
parametre ile tamamlanmigtir. Gizli katman sayisinin
bir olarak gelistirildigi bu modelde, YSA performans
sonuglarinin grafige dokiilmesi ile literatiire farkli bir
bakis a¢is1 kazandirilmigtir

Yiizer ve arkadaslar1 [10], yiksek sicaklik etkisinde
kalan betonun basing dayanimi ve renk degisimi
iliskisini yapay sinir aglar1 yontemi ile tahmin etmeye
caligmiglardir. Yapmis olduklar1 calismada, yiiksek
sicakligin ve sondiirme tiiriiniin betonun fiziksel ve
mekanik Ozelliklerine etkileri deneysel metotlarla
incelenmistir. ~ Akabinde  Yapay Sinir Aglan
yonteminden yararlanarak, renk degisimi ve ultrases
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gecis hizi ile basing dayanimi arasindaki iligkileri
arastirmiglardir. Calismada CEM 1 42.5 R ¢imentosu,
ve farkli sayi-gesitte hammaddeler kullanilarak tiretilen
betonlar, farkli yiiksek sicakliklarda cesitli deneylere
tabi tutulmustur. Problem, geri yayilim algoritmali ve
cok katmanli bir YSA modeli ile tahmin edilmistir.
Deneysel c¢aligma bir parametresi de CEMI 42.5 R‘i
iceren dort farkli asamada gergeklestirilmistir. YSA
tahminlemesi ise iki farkli model ile olusturulmustur.
Modelin girdi katmaninda betonun dayanimimi
etkileyen dort farkli parametre, ¢ikti katmaninda ise
betonun basing dayanimi yer almistir. YSA modelinde
47 veri kullanilmistir. Bunlardan 38 tanesi veriyi
egitmek i¢in kullanilirken, 9 tanesi ise veriyi sinama
icin kullanilmistir. Yapilan ¢aligmalar sonucunda lineer
regresyon yapilarak korelasyon katsayisinin yiiksek
oldugu ortaya konulmustur. Sonuclar1 bir bagka YSA
analizi ile de smayarak hemen hemen ayni sonuglari
elde etmislerdir (Hegazy ve Ayed’in yontemi).
Calismanin genel olarak sonuglari incelendiginde,
tahminlerin ortalama %95,34 oraninda dogru oldugunu
saptamiglardir.

Bir bagka calismada Wang ve arkadaslar1 [11], celik
clirufunun mineral bilesimlerini degistirerek hidrasyon
aktivitesinin  arttirilmasi  iizerine  bir  calisma
yapmuslardir. Bu calisma, gelik clirufunun ¢imentolu
Ozelliklerini  iyilestirmenin  yollarin1  arastirmayi
amaglamaktadir. Calismada kullanilan ¢elik ciiriifunun
spesifik yiizey alam 458 m%kg iken, kullanilan
cimentonun spesifik yiizey alan1 312 m2 / kg’dir. Cin
Ulusal Standardi GB 175-1999'a uygun olarak 42.5
kuvvet  derecesinde  Portland  ¢imentosu ile
calismalarini yiiritmislerdir. Orijinal ¢elik clirufundan
baska iki tiir ¢elik ciirufu, orijinal gelik ciirufunun iki
parca halinde elenmesi ile elde edilmistir. Celik ciirufu-
A, orijinal ¢elik cilirufunun toplam kiitlesinin % 81'ini
olusturan, 61m'den kiigiik parcaciklarin bolimiinii
temsil eder. Celik cilirufu-B ise diger kismi temsil
etmektedir. 3, 28 ve 90 giinliik basing dayanimlart Cin
Ulusal Standartlar1 GB/ T17671-1999'a gore test
edilerek  sonuglar elde  edilmistir.  Sonuglar
incelendiginde, c¢elik cilirufunun ¢imentolu fazinin
silikat ve aliiminattan olustugunu goéstermektedir,
ancak bu fazlarin biiyiik pargaciklari gelik cilirufunun
¢imentolu Ozelliklerine ¢ok kiigiik bir katk
saglamaktadir. RO (Reverse Osmosis) fazi (CaO-FeO—-
MnO-MgO kat1 ¢ozeltisi), FesOas, CoF ve f-CaO, celik
clirufunun ¢imentolu ozelliklerine katkida
bulunmamaktadir.  Bazi  biiyiik  pargaciklarin
giderilmesiyle daha ¢imentolu ve daha az RO fazli yeni
bir ¢elik ciirufu elde edilebilir. Bu yeni ¢elik ciirufu,
orijinal ¢elik clirufundan daha iyi ¢cimentolu 6zelliklere
sahiptir. Biiyiik parcaciklar beton igin, ince agregalar
olarak kullanilabilir olarak bulunmustur.

Benzer bir konuyu ele alan Slonski [12], YSA
kullanarak, yiiksek performansli betonun basing
dayanimi tahmini i¢in model se¢im yontemlerinin
karsilagtirmistir. Bu ¢aligmanin temel amaci, yiiksek
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performansli betonun basing dayanimi tespitinde,
otomatik olarak en uygun sinir modellerini olusturan ii¢
istatistiksel stratejiyi tanmitmak ve karsilastirmaktir.

Girdilerden, su miktar1 ve siiper akiskanlastirict
arasindaki korelasyon katsayisi 0.66'dir. Basing
dayanimi ile c¢imento miktar1 arasindaki lineer

korelasyon katsayist ise 0.50 olarak bulunmustur. Bu
da basing dayanimi ve ¢imento arasinda giiglii bir iligki
oldugunu gostermektedir. Sonug¢ olarak; yiiksek
performansli beton karisiminin basing dayaniminin, bir
beton karigimi bileseninin miktarlarint ve betonun
yasin1 tanimlayan sekiz girdi bileseninden ileri
beslemeli katmanli sinir ag1 kullanilarak dogru bir
sekilde tahmin edilebilecegini géstermistir.

Ozcan ve arkadaslar1 [13], silika duman betonunun
uzun vadeli basing dayanimi tahmininde yapay sinir
aglar1 ile bulanik mantik modellerini karsilastirmustir.
Kullanilan ¢imento, 6zgiil agirhgr 3,16 olan CEM I
42,5R tipi Portland c¢imentosudur. Blaine spesifik
ylizey alani ise 3350 cm?/g ‘dir. CEM I tipi ¢imentonun
ve silis dumanin kimyasal bilesiminde; SiOp, Al,Os,
Fe;,03, CaO, MgO, SOs, Kz0, Na;O maddeleri yer
almaktadir. Ozgiil agirhik ve birim agirlik, sirasiyla 2.32
ve 245 kg/mtiir. Silika dumaninin 45 mm'lik elek
iizerinde kalan kismi %4.8 ‘dir. Cakil %1.3 emme
degerinde maksimum 16 mm nominal boyutta tespit
edilmistir ve doymus yiizey kuru (SSD) kosulundaki
nispi  yogunlugu 2.70’dir. Kullanilan kumun
absorpsiyon degeri %1.8 ve SSD kosulundaki nispi
yogunlugu 2.61 ‘dir. Sonuglar incelendiginde, silika
dumaninin 28 giine kadar kisa siirede basing
dayanimint etkiledigini, ardindan 28 giinden sonra
silika dumaninin basing dayanimu {izerindeki etkisini
azalttigin1 gdstermistir. Neticede yapilan ¢alismada,
YSA ve FL'nin silis duman betonunun, basing
dayanimint  6ngoérmede  alternatif  yaklasimlar
olabilecegini gdstermistir. Ayn1 zamanda YSA ve FL
arasindaki R? agisindan yapilan karsilastirma, YSA' nin
FL sonuglarindan daha 1iyi sonuglar verdigini
gostermistir.

Babu ve Kumar [14] yapmis olduklar1 ¢aligmada,
ogiitiilmiis tanecikli yiiksek firm ciirufunun (OYFC)
betondaki etkinligini arastirmiglardir. Calismada 175
karisimdan ASTM tip I (283 + 391 m2 / kg araliginda
inceligi olan) normal Portland ¢imentosu kullanilmistir.
Normal sartlar altinda sertlestirilen 70 betondan olusan
karisimlar degerlendirilmistir. Betonda, mineral katki
maddesi olarak kullanilmak {izere ASTM C989
tarafindan belirtilen minimum karakteristiklere (350 ila
465 m?/kg, Si0; %31.1 ile % 38.59 ve CaO % 32.8 ile
%43.9 arasindadir) uyan elementler kullanilmistir.
Bilesenlerin degisim yiizdeleri% 10 ile% 80 arasinda
degismektedir. ince akarsu olarak dogal nehir kumu
kullanilmis ve kaba agreganin azami biiyiikliigii 10 ila
20 mm arasinda belirlenmistir. Yapilan deneyler
sonucunda, fark edilen degisiklik, silindirden kiip
kuvvetine olan degisiklik olarak goriilmiistiir ve 55 +
70 MPa gii¢ araliginda bulunan betonlar i¢in tek bir 0.9
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faktorii kullanilarak diizeltilmistir. Su ile ¢imento esashi
malzemelerin, farkli degisim yiizdelerinde basing
dayanimi iligkilerine orani, biitiin betonlar icin 28
giinliik sonuglart bulunmustur. Giinliikk kompresor
GGBS'yi igeren% 30'a varan yerine gegen betonlarin
kuvvetleri, normal betonlarinkinden biraz daha
fazlayken ve diger tiim yiizdelerde iliskiler normal
betonlarinkinin altinda elde edilmistir. Farkli ciiruf
degisim yiizdeleri nedeniyle olusan degisikliklerin,
ugucu kiil durumunda karsilik gelen degisikliklerden
daha kiigiik oldugu da gozlenmistir. Dayanim
degerlerini tiim degistirme seviyelerinde normal betona
yakin bir seviyeye getirmek ig¢in, su-¢imentolu
malzeme oranlar1 uygulanarak degisiklik yapilmustir.
Sonuglar incelendigi zaman; deger artislar1 28 giinde,
“genel giic verimliligi faktori (k)”, %10 ile %80
arasinda degisen yiizde degisim seviyeleri i¢in 1,29 ile
0,70 arasindadir. Genel olarak; bu yontemle, OYFC
seviyeleri ile %10 ila 80 arasinda degisen, 20 ila 100
MPa arasinda degisen betonlarin kestiriminin, normal
betonlarda da ayni olan 0.94'liikk bir regresyon katsayisi
ile sonuglandig1 bulunmustur.

Kumar ve arkadaslart [15] graniile yiiksek firin
clirufunun mekanik aktivasyonu ve bunun portland
cliruf ¢imentosu ozelliklerine ve yapisina etkisini
arastirmiglardir. Calismalarinda; Chattisgarh
(Hindistan) eyaletindeki entegre celik tesislerinden
birinden graniile yiiksek firn clirufu  Ornegi
kullanmislardir. Ciirufun kimyasal bilesimi (agirlik¢a%
olarak): Si02 - 33.1, A1203 - 21.6, Fe203 - 0.87, CaO -
33.0, MgO - 8.85. [(CaO + MgO + Al,03) / SiO;] ve
[(CaO + MgO + 1/ 3Al,03) / SiO. + 2 / 3Al,03)] olarak
tanimlanan cilirufun, bazligi sirasiyla 1.9 ve 1°dr.
Ciirufun cam igerigi %93 ‘diir. Alinan %40 ciiruf, %55
klinker ve % 5 algt igceren ticari portland ciiruf
¢imentosudur. Caligsmada, tipik olarak erken yaslarda
(7-20 giin) kuvvet azalmasi gosterirken, %50-70
mekanik olarak aktif ciiruf igeren AMOCXS
numunelerinde, erken kuvvet (3 ve 7 giin) artmustir.
Mekanik aktivasyon nedeniyle,1 giin kuvvetinde
belirgin bir artis gozlenmistir. Mekanik modifiye
edilmis ¢imentoda da %45 yiksek firin cilirufu
kullanildiginda benzer bir gozlem rapor edilmistir.
Dayanimdaki artis, degistirme seviyesindeki artigla
daha az belirgin hale gelmistir. %95 ciiruf (6rn.
AMCI95S) iceren numuneler haric AMCXS %70
clirufu numuneleri igin, IC-A'dan 3 ve 7 giin dayanim
da daha yiiksek bulunmustur. AMC70S'nin 28 giinliik
glicii ticari c¢imentodan (IC-A) 2 kat daha yiiksek
bulunmustur. Ciiruf muhtevasinda% 70'in iizerinde bir
artigla 28 gilinlik dayanim diismeye baslamustir.
AMCS80S ve AMCSS5S igin 28 giinlilk dayanim IC-
A'dan yiiksektir. Bununla birlikte, AMC95S, IC-A'dan
daha diisiik bir giic gostermistir. Calismanin ana
sonuclart sunlardir: Ciirufun mekanik aktivasyonu,
erken dayanim gelisimi iizerinde olumlu bir etkiye
sahiptir. Diisiik erken dayanim gelisimi, geleneksel
portland ciiruf ¢imentosu igindeki ciliruf oraninin
arttirilmasinda 6nemli bir engeldir. Aktive edilmis
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klinker ve ciiruf, ayn1 kdkenli %40 oraninda ciiruf
iceren bir ticari ¢imento karsisinda mukavemete zarar
vermeden  ciirufun  %85'ine  kadar  ciirufla
degistirilmesinin miimkiin oldugu bulunmustur.

Farkl1 bir caligmada Ni ve Wang [16] yapmis olduklar1
calismada, betonun basing dayanimini yapay sinir
aglar1 ile tahmin etmeye c¢aligmiglardir. Ciktiy
etkileyen faktorler ile 28 giinlilk basing dayanimdir.
Kullanilan ¢imento Cin standartlarindaki 425 ve 525
no'lu  Portland ¢imentosudur. Yapilan deneyde
yuvarlatilmis ve kirtlmis, maksimum boyutu 31,5 ve
40,0 mm olan iki gesit kaba agrega kullamlmistir. ince
agrega modiili 1.9 ila 3.4 mm, su / ¢cimento oran1 0.35
ile 0.70 arasindadir. Cimento dozu ise 257 ile 543
kg/m3 arasinda degismektedir. Iki cesit siiper
akigkanlastirici, FE ve FDN, katki maddesi olarak
secilmistir. 1ki ¢esit beton numunesi dokiilmiistiir. En
fazla 40 mm olan kaba agregalar i¢in ilk cins, 150 150
150 mm kiibik boyutlara sahiptir. Digeri ise maksimum
31,5 mm biiyiikligiindeki kaba agregalar igin 100 100
100 mm'lik kiibik boyutta kullanilmistir. Bunlar, bir
kiirleme kabinde (% 95'in iizerinde nispi nem, sicaklik
232 °C) 28 giin boyunca sertlestirilmigtir. 65 karigima
karsilik gelen 28 giinliik basing dayanimi elde
edilmigtir. En fazla 31,5 ve 40,0 mm boyutlarinda
yuvarlatilmis ve ezilmis olmak {izere iki g¢esit kaba
agrega kullamilmstir. Ince agrega modiilii 1.9 ila 3.4
mm, su / c¢imento orami 0.37 ila 0.70 arasinda
degismekte ve g¢imento dozu 263 ila 570 kg / m3
arasinda degismektedir. Verilerin modele entegre
edilmesi sonucunda, bazi etki faktorlerine dayanarak
betonun 28 giinliik basing dayanimini tahmin etmenin
hizl1 bir yolunu saglayan YSA modelleri olusturularak
dogru tahminler elde edilmistir.

Topcu ve arkadaslart [17] hafif bir betonun basing
dayanimini yapay sinir aglart (YSA) ile tahmin etmeye
caligmiglardir. Caligmalarinda YSA modeline ek olarak
SONREB modeli ile de ¢aligma yapmuglardir. Deneysel
¢aligmalarinda, Ultrases ve Schmidt okumalarinin ayni
numunelerde yapilmasi amaciyla, farkli serilerde bir
kenar1 15 cm olan hafif agrega ile kiip numuneler
tiretmiglerdir. Kullanilan ¢imento miktar1 450 kg/m3,
100 kg/m3 kire¢ tast tozu ve 50 kg/m3 ugucu kiiliin
toplami1 ince malzeme miktarint olusturmaktadir.
Karisimlardaki su oran1 %35°tir. Caligmada kullanilan
Ultrases gecis siiresi ve Schmidt ¢ekici okumalari; 3, 7,
28 ve 90. giinlerde basing dayanimi testine tabi
tutulmustur.  YSA modelindeki tahminleme siireci
sonucunda, test verilerinin giivenirlik derecesi % 96
¢ikarken, deneysel verilerin tahmin edildikten sonraki
giivenirlik  derecesi % 90 c¢ikmuistir. Yapilan
caligmalarin ortak noktasi olarak c¢ikan giivenirlik
testleri ve grafiklerinden elde edilen sonuglara gore,
deneysel ¢aligmanin ve YSA modelinin birbirlerine ¢ok
yakin 6l¢iide uyumlu oldugudur. Sonug olarak YSA ile
olusturulan modelin tahminleme sonuglar1 giivenilir ve
dogru ¢ikmustir. Buna ek olarak hata degerlendirmesi
asamasinda YSA modelinin %4.5 ile deneysel
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calismadan ¢ok daha diisiik oranda hata vermesi ile
YSA modelinin daha iyi sonu¢ verdigi sonucuna
varilmistir.

Diger bir caligmada Bagel [18] caligmasinda, yiiksek
firm ciirufu ve silis dumami igeren ¢ harch
cimentolarin dayanim ve gézenek yapisini incelemistir.
Sabit ¢calisma kabiliyetine sahip, yiiksek firin ciirufu ve
silis dumani igeren harmanlanmis ¢imento harglari,
performanslarini diiz Portland ¢imento harci ve ciiruf
¢imentosu harci ile karsilagtirmak amaciyla, basing
dayanimi ve civa sizmast i¢in test edilmistir. Calismada
kullanilan malzemeler; Portland ¢imentosu, yiiksek
firm ciirufu ve silika gore silisli stirekli grantilometri
kumu, har¢ yapiminda kullanilan ctiruf tur. Caligmalar,
28 gilinlik ciiruf aktivite endeksi ile karakterize
edilmistir. Her karisim icin, baglayict madde, kum ve
suyla karistirilarak 20 mm kiip numune hazirlanmistir.
Silika dumani ve ciiruf tozlart ¢imento ile birlikte
karistirilip, kaliplarda 24 saat normal sertlesmeden
sonra (%98 RH, 20 6 0.5 °C), numuneler ¢6ziiliip 20 +-
0.5 °C'de suda saklanmistir. Sikistirma testleri 1,7,28
ve 90 giinlerde yapilmistir. Calismanin sonucunda;
tclii karisimlarda ciirufun bulunmasi, silika duman
inceliginden kaynaklanan su talebinin artmasinin,
cimento-silika duman harglarinda oldugu gibi ifade
edilmedigini ve dolayistyla basing dayanimindaki
artisin w / b'ye bagh olarak diismedigini kanitlar.
Dolayistyla, silika dumani, karigima su azaltici katki
eklenmese bile, daha biiyiikk hacimlerde ¢imento
harglarina ilave edilebilir. Ayrica, ciiruf-silika dumani
karisimi bu harglardaki ¢imentonun, ¢imento-silika
duman karigimlarindaki silika dumanindan daha fazla
miktarda  kullanabilmesini  saglar. Cimentonun,
harglarda  kismi  olarak  degistirilip,  ciirufun
kullanilmast ayni islenebilirlik ile sadece Portland
¢imentosu ile benzer hargtan biraz daha yiiksek su
gecirgenligine sahip bir malzemeyle sonuglanir.
Neticede bu ciiruf harcina silika dumaninin eklenmesi,
gecirgenligi daha da arttirmigtir

Prasad ve arkadaslari ise [20] yapmus olduklari
calismada; YSA kullanarak, yiiksek hacimli ugucu kiil
ve kendiliginden yerlesen beton ile yiiksek
performanslt betonun basing dayanimini tahmin
etmeye caligmislardir. Kullanilan ¢imentonun igerigi;
su/cimento, su/baglayici, su/toz, ince agrega/toz, kaba
agrega /toz, yiksek oranda su azaltict /toz, ugucu
kiil/baglayict ve silika/baglayicilardan  meydana
gelmektedir. SCC igin bu oranlar girig degiskeni olarak
tamimlanmistir. Calisma kapsaminda normal portland
¢imentosu ile yapilan ve normal sartlarda sertlestirilen
yaklagik 300 beton numunesi degerlendirilmistir.
Calismada, 28 giinliik basing dayanimi disinda, ¢okme
akig1 da ongoriilmiistiir. YSA modelinde yer alan giris
parametreleri; ¢imento igerigi ve su/¢imento,
su/baglayici, su/toz, ince agrega/toz, kaba agrega/toz,
yiksek aralik su disiiriicii/toz, VMA/toz, ugucu
kiil/baglayic1 ve silika/baglayici oranlar1 olarak 10
tanedir. Normal dereceler igin SCC veya HPC'de
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yitksek hacimli ugucu kiil ile bile, %3-4 mikrosilika
ilave edildiginde, 28 gilin sonunda hedef kuvvetine
ulasma olasilig1 yeterince yiiksek goriilmiistiir. Son
olarak, oOnceki c¢aligmalarda YSA'min aksine bu
calismada sunulan ag, betonun yaklasik 30 ila 60 MPa
arasindaki cok cesitli basing dayanimlar1 tizerindeki
basing dayanimlarini 6ngorebilmektedir.

Siddique ve arkadaslari [21] yapay sinir aglari
kullanarak, kendiliginden yerlesen ve dip kiilii igeren
betonun  basing dayanimi  tahmini = ¢aligmasi
yapmiglardir. Bu c¢aligmada ele alinan temel
parametreler; ¢cimento icerigi, kum icerigi, kaba agrega
icerigi, ucucu kil igerigi, su / toz orani ve siiper
akigkanlastiric1 dozajidir. YSA-I i¢in kullanilan alt1 ana
degisken: Cimento igerigi; ucucu kiil, ince agrega
(kum), iri  taneli  agrega, su-toz, siiper
akigkanlagtiricidir. YSA-II i¢in kullanilan sekiz ana
degisken ise: ¢imento, ugucu kiil, ince agrega (kum)
icerigi, alt kiil (ince agreganin kismen degistirilmesi
olarak), iri taneli agrega, Ssu-toz, su, siiper
akigkanlastiricidir.  Dogrusal olmayan degiskenleri
iceren iki sorunu modellemek igin basit bir geri yayilim
sinir ag1 modeli olusturulup sonuglar incelendiginde;
yapay sinir agmi kullanarak yapilan modelleme,
literatiirdeki verilerde, 28 giin sonra, YSA-I'de 0.9'un
iizerinde bir korelasyon katsayisina sahip olan basing
dayanimi i¢in yapildigt gorilmistir. Gelistirilen
modeller, deneysel olarak elde edilen veriler igin her
yasta daha iyi bulunmustur. YSA-I'deki toz igerigi i¢in
maksimum etki gdzlenmis (¢imento + ugucu kiil) ve 90
giinliik kuvvet i¢in YSA-II hari¢ gézlemlenmistir. Ince
agrega baska herhangi bir agrega tipi ile
degistirilmediginden, 6nem faktorii YSA-I 'de ince
agregalar icin 30 olarak gozlenmistir. YSA-II i¢in, ince
agregalar (kum-+dip kiilii) i¢in 30 ila 40 arasindadir; alt
kiil iri taneli agregalar, YSA-II'nin tiim modellerinde
minimum O6nem faktorii gosterdigi gorilmiistiir.
Yapilan ¢aligma sonuglari ile birlikte dogru bir tahmin
sergilenerek literatiire kaydedilmistir

Pal ve arkadaslar1 [21], Ogiitiilmiis tanecikli yiiksek
firn cirufunun  betondaki hidrolik  aktivitesini
incelemiglerdir. Etkili bir kismi ¢imento degistirme
malzemesi olarak kullanilan ¢elik imalat endiistrisinin,
bir yan iriinii olan &giitlilmils graniil yiiksek firin
cirufunun (OYFC), betonun bircok performans
ozelligini iyilestirdigi  kamtlanmistir.  OYFC'nin
reaktivitesinin, cliruf  kaynagina, kullanilan
hammaddenin tipine, yonteme ve sogutma hizina gore
degisen cliruf 6zelliklerine bagli oldugu bulunmustur.
Mevcut calisma, 7 ve 28 giinlerde (HI7 ve HI28)
Ciirufun Hidrolik indeksi (HI) ile ciirufun etki
ozelliklerini, yani cam igerigini, inceligi ve kimyasal
bilesimi arasinda ¢oklu regresyon analizi kullanarak
yeni bir iligki ortaya koymayir amaglamaktadir.
Calisma, gesitli kaynaklardan 37 ciiruf 6rnegi iizerinde
yapilmistir. HI7, HI28 ile 6nemli ciiruf 6zellikleri, yani
Si0, Ca0, MgO, Al,03, cam igerigi ve Blaine inceligi
arasinda bu tiir bir korelasyon elde etmek i¢in ¢aba
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gosterilmistir. {1k denklem SiO; ve ciirufun cam icerigi
kullanilarak gelistirilmistir. Ayrica, literatiirde sikc¢a
belirtilen kompozisyon modiillerinden ikisi (C/S) ve
((C + M + A)/S), Denklemleri olugturmak igin cam
icerigi ile birlikte dahil edilmistir. Sonugta, ciirufun
onemli fiziksel ve kimyasal ozellikleri
(Si02,Ca0,MgO,Al;03,cam igerigi ve Blaine inceligi)
HI7 elde etmek igin eszamanlh olarak hesaba
katilmistir. Sonug olarak; HI'lar, ciirufun en 6nemli
fiziksel ve kimyasal ozellikleri, yani
Si02,Ca0,MgO0,Al;O3,cam igerigi ve Blaine’nin 7 ve
28 giinlerinde inceligi ile giicli bir iliskisi oldugu
bulunmustur. Bu calismada gelistirilen denklemleri
kullanarak, cilirufun reaktivitesinin  bulunmadig1
durumlarda bile, clirufun fiziksel ve kimyasal
ozelliklerini bilerek, ciirufun reaktivitesi belirlenmistir.
Ciruf  karakteristiklerindeki  genis  cesitlilikteki
varyasyonlar bu denklemlerde hesaba katilarak; bu
durum yalnizca HI'yi degil ayni zamanda ciirufun 7 ve
28 giindeki gii¢ performansini da tahmin ettigi 6ne
strtilmistiir

Bilim ve arkadaslari [23] caligmalarinda, 6giitiilmiis
graniil yliksek firmn ciiruf betonunun basing dayanimini
tahmin etmek icin yapay sinir aglart caligmasi
yapmuslardir. Beton karisim parametreleri ii¢ farkli su -
¢imento orani (0,3,0,4 ve 0,5), ii¢ farkli ¢cimento dozu
(350, 400 ve 450 kg m®) ve dort kismi ciiruf degisim
orant (%20,% 40,60) % ve %80) ile caligmalarin
tamamlamislardir. Kullanilan ¢imento, 6zgiil agirlig
3.16 g /cm® olan ASTM Tip | normal Portland
cimentosu (PC 42.5 N/mm?) dur. Blaine spesifik yiizey
alam1 3250 cm?/g ve kimyasal bilesimi, Si02 AlO3
Fe,0; CaO MgO SOz LOI Naz0 K>0O ‘dan olugsmaktadir.
Nemli kiirlenmis 6rneklerin (22 A + 2 C) basing
dayanimlari 3, 7, 28, 90 ve 360. giinlerde 6l¢iilmiistiir.
Sonuglar incelendiginde, agirlikla ciiruf degisimi,
Portland ¢imentosu betonunun kontroliine kiyasla kisa
vadede betonlarin giiciinii azalltig1 tespit edilmistir.
Bununla birlikte, uzun vadede ciiruf igeren beton,
normal Portland ¢imentosu betonununkine esdeger
veya daha biiyiik bir nihai mukavemet sergilemistir.
Ciruf degisim seviyesinin artmasindan kaynaklanan
giic kaybi, erken yaslarda daha belirgin oldugu
sonucuna varilmistir. Bununla birlikte, gii¢c kayb1 uzun
vadede ortadan kalkmis ve ciiruf igeren beton, normal
Portland ¢imentosu betonununkine esdeger veya daha
yiksek dayanim gelistirdigi goriilmistiir. Normal
Portland  ¢imentosu  betonunun  kontrolii ile
karsilagtirildiginda,  su-¢imento  esasli  malzeme
oranindaki artig, dzellikle yiiksek oranda ciiruf iceren
betonun dayanimini daha da azalttig1 ispatlanmustir.

Alshihri ve arkadaglar1 [24] arastirmalarinda, yapay
sinir aglar ile 3,7,14 ve 28 giinliik kiirlenme sonrasi
hafif beton karigimlarinin basing dayanimini tahmin
etmeye calismiglardir. Sikistirma mukavemeti, sekiz
degiskenli bir fonksiyon olarak modellenmistir ve girdi
parametreleri: kum, su / ¢imento orani, hafif agirlikta
ince agrega, hafif agirlikta kaba agrega, ¢ozeltide
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kullanilan silis dumani, ¢imentoya ek olarak kullanilan
silika duman, sliper yumusatici ve kiir siiresidir. Cikti
parametresi ise basing dayanimidir. Calismada yerel
olarak {retilen siradan bir Portland ¢imentosu
kullanilmistir. Cimento igerigi sirastyla yaklasik 450,
400 ve 350 kg/m® olarak kullanilmustir. Veriler test
edilip sonuglar incelendiginde, iki YSA
uygulamasindan, bir hafif beton karigimlarinin 3,7,14,
ve 28. giin basing dayanimi tahmininde geri yayilim ve
kademeli bir iliski tarif edilmistir. Sonuglara gore,
kaskad korelasyonlu sinir ag modelinin, geri yayilma
ag1 calismalarina gore daha iyi performans gosterdigi
ve ¢ok hizl bir sekilde 6grendigi gdzlenmistir.

Ji ve arkadaslar1 [25], yapay sinir aglarina dayanan
somut karisim oranli bir tasarim algoritmasi
gelistirmigledir. Calismada kullanilan malzemeler
Cin'de {iretilmis olup, ¢imento 42.5 Portland
¢imentosudur. Birinci smif bir ugucu kiil (Cin
Standardi) kullanilmistir. Siiper plastiklestirici TW-7,
naftalen tipidir. Kullanilan kaba agrega, maksimum 16
mm partikiil biiytikliigiine sahip kesintisiz dereceli
kirma cakil ve ince agrega nehir kumudur. On sekiz
grup beton karisimi oranlar1 belirlenmistir. ilk dokuz
grup normal beton olup, on ile on sekiz arasindaki
gruplar, ucucu kiill ve siiper akiskanlastirict ile
karigtirilmisg ugucu kiil betonudur. YSA modeli dort
girdi parametresi ve bir ¢iktt parametresinden
olugsmaktadir. Aragtirmalar1  sonucunda, betonun
karisim orani ile belirlenen betonun davranislari
(dayanim, ¢cokme ve digerleri), ¢imento sinifi ve agrega
ve benzeri yapilarin niteligi gibi diger parametrelerin
sabit tutulmast durumunda bes parametreye bagh
oldugu iddia edilmistir. Onerilen algoritma tarafindan
tasarlanan betonun daha diisiik ¢cimento ve su icerigine,
daha yiiksek dayanikliliga, daha iyi ekonomik ve
ekolojik etkilere sahip olmasini beklemislerdir.

Parichatprecha ve Nimityongskul [26] yapay sinir
aglar1 kullanilarak yiiksek performansli betonun
dayanikliliginin analizini yapmslardir. Model, dnceki
aragtirmalarin yani sira deneylerden elde edilen 86 veri
seti kullanilarak gelistirilmis, egitilmis ve test
edilmigtir. Modeli dogrulamak igin, regresyon
denklemleri gergeklestirilmis ve egitimli sinir agi ile
karsilagtirilmigtir. Test Ongoriisiiniin ortalama mutlak
yiizde hatast (MAPE) sonuglar % 13,88 ve mutlak
varyans orani (R?) 0.9741 olarak bulunmustur Betonun
klorit penetrasyon direnci, herhangi bir su baglayici
oraniyla, ¢imentoyu degistirmek icin en az %20 ugucu
kiil kullanilarak 6nemli dlgiide iyilestirilebilmektedir.
Herhangi bir su baglayici orani seviyesinde, ¢imento en
az %5 silis duman ile degistirilirken, betonun kloriir
iyonlarinin gegirgenligi ihmal edilebilir diizeyde ¢ok
diisik seviyeye kadar simiflandirilabilmigtir. Silika
dumaninin arttirtlmasi, kloriir iyonlarinin penetrasyon
kabiliyetini, ufalanan ugucu kiilden daha yiiksek bir
dereceye kadar azaltmaktadir. Silis dumaninin ¢ok ince
bir pargacik oldugu ve ¢imento ve ugucu kiil ile
karsilastirildiginda daha yiiksek kimyasal reaktiviteye
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sahip oldugu belirtilmistir. Egitimli sinir aglarn
kullanilarak yapilan benzetim dayaniklilik modeline
dayanarak, HPC'yi dayaniklilik agisindan tasarlamak
icin optimum ¢imento igerigi 450-500 kg /m?3
araligindadir

Tayfur ve arkadaslar1 [26] bulanik mantik ve yapay
sinir aglan ile yiiksek dayanimli betonun basincini
tahmini ¢aligmasi yapmistir. Bu ¢alismada kullanilan
¢imento, siradan portland ¢imentosudur. ASTM C
494'e (veya siiperplastiklestirici) (ASTM 2002a) gore
Tip F olarak smiflandirilan,% 42 kati partikiil i¢eren
melamin bazli, silis dumanli (SD), yiiksek aralikli, su
azaltict  bir kangim  kullamilmigtir.  Miktarlar
500,550,600,650 ve 700 kg/m? olan bes farkli baglayici
icerigi kullanilmistir. Tiirkiye standartlarina uygun bir
simiflandirma elde etmek icin dort farkli agrega grubu
(kirilmus kiregtas) bir araya getirilmistir. Maksimum
toplam boyut 25 mm’dir. Agregalarin
derecelendirilmesi sabit tutularak ve ince agregalarin
kaba agregalara orani, biitiin karisimlarda 40 /60’dir.
Su igerigi 6 cm'lik bir ¢okme degeri elde etmek icin
ayarlandi ve buna goére su / ¢imentolu malzeme orani
yaklasik 0.26 ‘dir. Siiper akigkanlastirici igerigi, tiim
karigimlar icin toplam baglayici miktarinin % 3’idiir.
15 cm'ik kiip numuneleri hazirlanarak ve test
yaslanincaya kadar 23 ° C'de su icinde kiirlenmistir.
Tiim karigimlarin basing dayanimlari, 3,7 veya 28 giin
sonra belirlenmistir. Yontemlerle elde edilen veriler
sonucunda, SD igeren betonlarin (%5 SD ve 650 kg/m®
baglayict igerikli betonlar harig) Slgiilen dayanimlari
her yas i¢in SD i¢cermeyenlerden daha yiiksek oldugu
tespit edilmistir. YSA'lar ve FL modelleri, yiiksek
dayanimli betonlarin giiciinii tahmin etmede iyi oldugu
sonucuna varilmistir.

Atici [27] calismasinda, c¢ok degiskenli regresyon
analizi ve yapay sinir agi kullanarak mineral katki
betonunun dayanimini tahmin etmistir. Caligmada,
siradan  Portland c¢imentosu (PC 42.5 MPa)
kullanilmistir. Calismada kullanilan ¢gimentonun 6zgiil
agirhgi 3,11 g/em® ve Blaine spesifik yiizey alanm 3100
cm?/g ‘dir. Modeli tahmin edebilmek icin ¢alismada
yirmi yedi beton karigimi kullanilmigtir. 20 + 2 ° C
sicaklikta ve %65 + 5 oraninda nispeten nemli
birakilmistir. Tiim 6rnekler 3,7, 28, 90 ve 180 giinliik
kuruma siirelerinden sonra test edilmistir. Genel olarak,
tiim numunelerin basing dayanimlari 3,7 ve 28 giinlerde
artma orani, 90 giindekinden belirgin sekilde daha az
bulunmustur. Regresyon analizinde ise, iiretim oncesi
karisim  betonunun tahmini ig¢in basing dayanimi
bagimli bir degisken olarak kabul edilirken, ¢imento,
yiksek firin ciirufu ve kiirlenme siiresi bagimsiz
degisken olarak belirlenmistir. Modelin ve istatistiksel
analizlerin sonuglar1 incelendiginde; farkli kiirleme
siirelerinde (3,7,28, 90 ve 180 giinlerde) beton
karisimindaki basing dayanimi tahminine YSA'nin
uygulanmasi, dogrusal olmayan fonksiyonel iligkilerin
hesaplanmasi agisindan daha uygun bulunmustur.
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Saridemir ve arkadaslar1 [28] herhangi bir deney
yapmadan Ogiitlilmiis graniile yiiksek firin ciirufu
iceren betonlarin miktarin1 tahmin etmek icin YSA ve
bulanitk mantik kullanmigtir. Karigimlar; 3,7,14,
28,63,90,119, 180 ve 365 giinlikkken test edilmistir.
Kiirlerin sekiz ayr1 kismi kontrol karisimi olarak
hazirlanmis, doérdii ise 250,300,350 ve 400 kg/m?®
¢imento igerikli karigim tasarimlari i¢in hazirlanmustir.
Cimento icerikli karigimlardan dordii 175, 210,245 ve
280 kg /m3 olacak sekilde belirlenmistir. Geriye kalan
12 beton karigimi, ayni birim su igerigine (168 kg/m?3)
sahiptir. Cimentolu malzemelerin karsilik gelen birim
icerigi (su-¢imento orani) azaldikca 400'den 622
kg/m¥e yiikseltilmistir. Sonug¢ olarak, o6giitiilmiis
graniil yiiksek firmn ciiruf betonunun basing dayanimi
degerleri ciiriif ve su oranlarinin degisimi ile etkilendigi
goriilmiistiir. Ayrica giinden giline basmng dayanim
degerlerinin degistigi saptanmistir. Boylece yapay sinir
aglarinda ve bulanik mantik modellerinde, kisa hata
oranlart ile ¢ok kisa bir siirede herhangi bir deney
yapmadan tahmin edilebilecegi sonucuna varilmistir.

Bir basgka ¢alismada Kewalramani ve Gupta [30], yapay
sinir aglari lizerinden ultrasonik nabiz hizin1 kullanarak
beton basing dayanimi tahmini yapmuslardir. Bu
calismada, YSA’ nin yani sira ¢oklu regresyon analizi
de kullanilmigtir. Analiz, sikistirma stres dalgalariin
hizin1 6lgen bir yontem (UPV) ile desteklenmistir.
Calisma iki farkli sekil ve boyutta iki farkli beton
karigimi tizerinde yapilmistir. 100 mm x 150 mm (A
Silindirleri) ve 80 mm x 150 mm (B Silindirleri)
boyutunda silindirik numuneler ve 150 mm’lik (A
Kiipleri) ve 100 mm’lik (B Kiipleri) kiip numuneleri ile
calisma yapilmistir. Beton numuneleri UPV igin
laboratuarda, basing dayanimi 7,28,183 ve 365. giinliik
stirelerde test edilmistir. Beton numuneleri yedi farkli
kiirleme teknigi kullanilarak kiirlenmistir. Geleneksel
kiirleme yontemlerinin yan1 sira, géllenme ve serpme,
ornekler 3 ve 7 giinliik bir siire boyunca bes farkli renkli
polietilen membran tabakalar1 kullanilarak
kiirlenmistir. Agirliklarin arasinda biiyiik farkliliklar
nedeniyle, farkli biiyiikliikteki kiipler ve silindirler i¢in
ayr1 ayr1 yapilmistir. iki yontem arasinda karsilastirma
yapilirsa; yapay sinir aglarmin, betonun basing
dayanimini daha etkin bir sekilde tahmin etmek i¢in
kullanilabilecegini gostermektedir.

Naderpour ve arkadaglari [31] c¢aligmalarinda, ¢ok
sayida deneysel veriyi yapay sinir aglar1 kullanarak,
elyaf takviyeli polimer(frp) ile sinirli betonun basing
dayanimi  elde etmek icin yeni bir yaklagim
gelistirilmistir. Alt1 girdi parametresi, Dairesel beton
numunesinin mm cinsinden ¢ap1, dairesel beton
numunesinin mm cinsinden yiiksekligi, FRP mm
cinsinden toplam kalinligi, FRP'nin kasnak yoniinden
¢ekme dayanimi, kisitlanmamis betonun MPa
cinsinden basing dayanimi, MPa'daki FRPin elastik
modiiliidiir. YSA modellemesinde beton ve FRP'nin
ozellikleri gibi giris diiglimleri olarak kullanilan
parametrelere sahip olan ¢ikti parametresi ise FRP ile
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sinirli betonun basing dayanimi olarak belirlenmistir.
Levenberg-Marquardt algoritmasi, giris vektorlerini ve
hedef vektorleri rastgele egitim, dogrulama ve test dahil
iic gruba aymrmustir. Sinir aglarinin gelistirilmesiyle,
FRP-sinirlt betonun basing dayanimi, beton numunenin
capt ve yiksekligi, toplam FRP kalinligi, dairesel
yonde FRP'nin gerilme dayanimi, FRP'nin elastik
modiilii ve basing dayanimi olmak iizere alti girdi
parametresi ile ilgili oldugu sonucuna varmislardir.
YSA modelinin deneysel sonuglart &ngdrmedeki
ortalama hatast % 9'dan diisiikken, diger ti¢ model i¢in
ortalama hatalarin %]13'ten fazla oldugu tespit
edilmigstir. Boylelikle, dnerilen model, mevcut deneysel
verilerle dogrulanarak ve iyi bir uyum gosterdigi
belirtilmistir.

Tritnik ve arkadaslar1 [32], ultrasonik nabiz hiz1 ve
yapay sinir aglari kullanilarak beton dayanimi tahmini
yapmusglardir. Agrega etkisi, ilk beton sicakligi, ¢cimento
tipi, ¢evre sicaklik ve su-¢imento orant kendi
deneyleriyle belirlenmistir Calismada, CEM II/A-S,
42.5R, CEM I, 52.5R, CEM 1, 42.5N ve CEM I, 42.5N
SR. olmak iizere dort tip ¢imento kullanilmustir.
Deneysel caligmanin sonuglarini, taze betonun ilk
sicakliginin, ¢evre sicakliginin, ¢gimento tiiriiniin ve su-
c¢imento oranmin, sunulan degerler arasindaki
ultrasonik dalga hizi-betonun basing dayanimu iligkisi
iizerinde dnemli bir etkisi olmadigini ve statik dayanim,
dinamik dayanim ve gen¢ betonun Young modiilii
degerlerinin giivenilir olabilecegini gostermistir.

Sobhani ve arkadaslar1 [33] somut bilesenleri girdi
degiskenleri olarak ele alarak, topaksiz betonun 28
giinliik basing dayanimini tahmin etmek igin ¢esitli
regresyon, YSA ve bulanik mantigi temel alan
Uyarlamalt Ag Tabanli Bulanik Cikarim Sistemi
(ANFIS) modelleri insa edilerek, egitilmis ve test
edilmistir. Bu ¢aligmada, Tip II Portland ¢imentosu ve
silis dumami ¢imento esasli malzemeler olarak
kullanilmustir. Ayrica, bu ¢alismada % 99.0' dan fazla
Si0; igeren silisli dolgu maddesi kullanilmistir Sonuglar
neticesinde, karma tasarim optimizasyonunda, yapay
sinir ag1 ve ANFIS modelleri nerilmektedir.

Chandwani ve arkadaslar1 [34] hazir beton karisiminin
¢okme analizini genetik algoritmalar (GA) kullanilarak
modelleyerek, yapay sinir aglarmi egitmislerdir.
Calisma ig¢in; ¢imento, ugucu kiil, kum (ince agrega
olarak), kaba agrega 20 mm, kaba agrega 10 mm, katki,
Su-baglayici orani ve karsilik gelen ¢okme degerinden
olusan 560 karigim oranindan olugan beton tasarim
karisimi bilesenlerinden olusan veriler kullanilmustir.
Model i¢in; hazir beton karigim orani bilesenleri, yani
¢imento, ugucu kiil (PFA), kum, kaba agrega (CA) 20
mm, kaba agrega (CA) 10 mm, karigim ve su baglayici
orani, yedi girig parametresi kullanilmistir. Buna bagh
olarak, beton ¢oOkiisiiniin degeri, sinir ag1 i¢in ¢ikis
parametresini olugturmustur. Egitilmis hibrit model,
belirli bir beton tasarim karigimu igin, hizli bir sekilde
beton birikintisinin 6ngoriilmesinde farkli tasarim
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karigimi oranlarinda ¢ok sayida deneme yapilmadan
kullanilabilecegi ongdriilmiistiir.

Yaprak ve Karaci [35] polipropilen lifli betonlarin
ylksek sicaklifa maruz birakildiktan sonraki basing
dayanimlarini yapay sinir aglart modeli ile tahmin
etmislerdir. Caligsmada, polipropilen lif oranina ve
sicakliga bagli olarak betonun basing dayaniminin
degisimini tahmin edebilecek sekilde; geriye yayilimli,
iki girisli, tek ¢ikisli, on nérona sahip tek gizli katmana
sahip bir YSA olusturulmustur. Calismada kullanilan
cimento tipi CEM 1 42.5, polipropilen lif, dogal kum,
akigkanlastirict ve kirik tag kullanilmistir. Cokme 12-
14 cm araliginda sabit tutulmaya calisilmistir ve su-
¢imento orani 0.53 olarak belirlenmistir. Calismada
150x300 mm lik kirk sekiz adet silindir numune
iretilmistir. Deneyde betonlar 20,400,600 ve 800
derece sicakliga maruz Dbirakilarak dayanimlari
Olcilmiistir. YSA ile {retilen modelde, girdi
parametreleri polipropilen lif miktart ve sicaklik
degisimleriyken, c¢ikti parametresi betonun basing
dayanimidir. YSA modelinde 32 deneysel c¢alisma
yapilmigtir, agin egitimi igin 20 veri, testi i¢in ise 12
veri seti kullanilmigtir. Yapilan calisma sonucunda
YSA modelinin diizgiin sonuglar verdigi gézlenmis ve
polipropilen lifin betonun basing dayanimina olumsuz
olarak etki ettigi goriilmiistiir.

Hasgiil ve Anagiil [36] yapmis olduklar1 deneysel
¢alismanin yapay sinir aglari ile birlikte gelistirilerek
beton dayanimimi tahmin etmiglerdir. Caligmada
Portland 42,5 Cimentosu kullanilmigtir. YSA modeli
tek karakteristik lizerine kurularak egitilmistir ve giris
parametreleri; portland ¢imentosu 42.5, kompoze
portland ¢imentosu 42,5, ugucu ki, su, kirilmis kum,
yikanmis kum, katki maddeleri ve kirllmig tas
kullanilmistir. Cikt1 parametresi ise basing dayanimi
olarak belirlenmistir. Kurulan YSA modelinde 80 veri
kiimesi i¢inden 22 tanesi modeli test etmek amaciyla
kullanilmistir.  Deneysel verilerin  analizinde ise
regresyon analizi kullanilmistir. Regresyon analizi i¢in
82 veri kullanilmistir. Regresyon anlizimin bagimsiz
degiskenleri YSA’nin girdi parametreleri ile aynidir,
bagimli degiskeni ise basing dayanimi olarak
belirlenmistir. Calismanin sonucunda deneysel ¢alisma
(regresyon) ve YSA ‘nin sonuglart karsilastirilmistir.
Sonuglara goére YSA modelinin regresyona gore ¢ok
daha kiigiik hata degerine sahip oldugu goriilmiis, ayni
zamanda sapmalarin da daha az oldugu tespit edilmistir

Lai ve Serra [37] ¢aligmalarinda, en 6nemli karisim
tasarim parametreleri atandiginda, ¢imento yapilarinin
basing dayanimimi degerlendirmeyi amaglamustir.
Calismada kullanilan veriler, sekiz karigim i¢in yapilan
genis kapsamli deneysel olgiimleri ifade etmektedir.
Olusturulan YSA geri yayilim algoritmasi ile egitilmis
ve 240 veri ile galistlmistir. YSA modelindeki girdi
parametreleri, Avrupa standartlarina uygun olarak
iiretilen, 28 giinliik plastik har¢li ¢imento, ince kum,
kalin kum,ince agrega, kalin agrega, agrega-¢imento
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oranlari, su-¢gimento oranlar1 ve plastiklestiricilerdir.
Ciktt parametresi ise basing dayanimi olarak
belirlenmistir. Calismanin sonucunda YSA ile bagarili
bir sekilde betonun basing dayanimini tahmin
edebilecek bir model gelistirmislerdir.

Azar ve arkadaslart [38], silis dumani igeren beton
karisimlart lizerinde 28 giin boyunca Portland
¢imentosunun basing dayanimint 6lgerek, yaptiklari
deneylerin sonuglarina gore, belirli oranlarda silis
dumani ve kagit atik kiili igeren betonun basing
dayaniminin arttigini géstermistir.

Gholampour ve arkadaglar1 [39], dokiim kumu/geri
doniistiirilmiis ince agrega ve ucucu kiil/dgiitilmiis
graniile yiiksek firn clirufu  oranlarmin  bir
kombinasyonu ile iiretilen betonun basing dayanimini
incelemistir. Sonucta, betonun basing dayanimi, su-
¢imento orani, agrega-¢imento orani, test yasi ve yiizde
¢imento/metakaolin oranlarina dayali olarak YSA
yaklasimiyla tahmin edilmistir.

2.2. Cimento ve Betonunun Basin¢ Dayamimina
Etki Eden Faktorlerin Farkh Tahmin
Metotlari ile Analizi

Calismada kullanilan diger tahmin metotlar1 ise yapay
zeka metotlar1 (Genetik Algoritma (GA)), bulanik
mantik metotlart (ANFIS), ANOVA ve Regresyon gibi
yontemlerdir. Bu metotlarn YSA ile olan benzer
taraflar1 g6z Oniine bulunduruldugunda hepsinin
tahmin metotu oldugu soOylenebilir. Bu metotlarin
giivenirligi YSA kadar yiiksek olabilmektedir. Farkli
yontemlerin seg¢ilmesi, yontemler arasindaki sonuglarin
kiyaslanmasi agisindan 6nem arz etmektedir. Buna
gore detayli olarak ele alinan literatiir taramasindan
elde edilen sonuglar irdelenmistir.

Ozel ve Topsakal veri madenciligini kullanarak
betonun  basin¢  dayanimint  tahmin = etmeye
calismiglardir. Calismalarinda CEM 1 42,5 R tipi
¢imento, en bilyiigii 16 mm olan kalker agregasi, hiper
akiskanlastirict katki ve kirma kum kullanilmistir.
Caligmalar i¢in, ¢imento miktarlart %1 olarak sabit
miktarda tutulmustur. Veri madenciligi ile betonun
basing dayanimimi  belirleyebilmek igin  girdi
parametrelerini; karisim, numune alma zamani,
numune boyutu ve ¢imento dozaj1 olarak belirlenirken,
ciktt parametresi ise basing degerleri olarak
belirlenmigtir. Verilerin %80’1 test wverisi olarak
degerlendirilirken,%20’si  analiz ~ verisi  olarak
degerlendirilmistir. Caligmalarinin sonucunda, KStar
(R=0.9369) algoritmasina ait korelasyon katsayisinin
en yiikksek oldugunu belirleyerek betonun basing
dayanimint  tahmin etmislerdir. Beton basing
dayanimini etkileyen en 6nemli unsurlarin sirastyla;
¢imento miktar1, numune boyutu, numune alma zamani
ve karigtirma metodu oldugunu ortaya koymuslardir
[40].
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Baska bir ¢calismada Prosek ve arkadaglar1 [41], yapmis
olduklar1 deneysel caligmalarda susuz klinkerin atik
betonda  bulundugunu  ve  Ogiitlilerek  geri
kazanilabilecegini gostermislerdir. Ayni zamanda
Portland ¢imentosunun macunlarda geri donistiiriilmiis
malzeme ile degistirilmesi, gerilme mukavemetinde
onemli bir artisa neden olurken, ¢imentonun ince
tozlar1 daha yiiksek miktarlarda artik klinker
icerdiginde ve ince tanelerin miktar1 Portland
¢imentosu agirhigmin %30'unu gegmediginde basing
dayanimindaki bozulmanin ihmal edilebilir oldugunu
gostermiglerdir.

Benzewr sekilde Ma ve Qian [42], laboratuvarda
yliksek sicaklikta 1sitma ile hazirlanan alkali siilfatlarin
cimento hidratasyonu ve sertlesme Ozelliklerine
etkilerini incelemistir. Sonuclara bakildiginda klinker
kaynakli alkali siilfatin betonun basing dayanimi
izerinde olumsuz etkisinin 6nemli &lgiide yiliksek
oldugu bulunmustur. Dayanimi arttirmak igin ise
¢imentodaki Na,0Oeq/SO3; molar oraninin <0.5 olmasi
gerektigi savunulmustur.

Gholampour ve arkadaglart [43], ¢imento ikame
malzemeleri olarak ucucu kiil (FA) ve ogitiilmiis
yiiksek firmn ciirufu (GGBS), kum ikame malzemeleri
olarak dokiim kumu (FS) ve geri doniistiiriilmiis ince
agrega (RFA) kullanimi, beton ve ingaat ve yikim
(C&D) atiklarinin gevre lizerindeki etkisini azaltmak
icin yesil bir yap1 malzemesi. FS/RFA ve FA/GGBS
kombinasyonu ile {retilen betonun dayanimini
deneysel metotlarla Olgmiistiir. 17 beton karisimi
hazirlanmig ve her karisimin islenebilirlik, yogunluk,
basing, yarmada ¢ekme ve egilme mukavemeti, elastik
modiilii ve su emmesini degerlendirmek i¢in testler
yapilmistir. FS ve RFA igeriginde %100'e varan bir
artisin betonun basing dayaniminda azalmaya neden
oldugu gosterilmistir. Bununla birlikte, %25 kum
ikamesinde RFA igeren beton, geleneksel betona
kiyasla biraz daha yiiksek basing dayanimina sahip
oldugu tespit edilmistir.

Ele alinan ¢aligmada Vakhsouri ve arkadaglari [44],

kendiliginden yerlesen betonun (SCC) basing
dayanimini, karigim oranlarimt ve ¢dkme akisini
ongéren bir model tasarlamaya  ¢aligmustir.

Calismalarinda ANFIS modellerini on sekiz girdi
parametresi kombinasyonunda kullanarak, girdi olarak
basing dayanimi, ¢okme akist ve karisim oranlari esas
alarak  aralarinda  bir iliski kurmak {izere
tasarlamislardir. Uygulanan veriler, daha 6nce yapilan
deneysel ¢alismalardan alinmistir. Daha 6nce yapilan
deneysel c¢aligmalarin 55’1, 28 giinlik SCC basing
dayanimi ANFIS modellerinde agiklanmistir. Karisim
tasarim oranlarmin ve SCChin taze oOzelliklerinin
basing dayanimi tizerindeki etkisi iizerine kapsamli bir
caligma yapmak i¢in, bu parametrelerin 18
kombinasyonu  analiz  edilmis ve  sonuglar
karsilagtirtlmistir. ANFIS analizinde, toz hacmini, su /
toz orani ile degistirmek hata boyutunu 0,08'e
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cikartmistir. Ince agrega hacminin, har¢ hacmine
oranint % 45'e kadar arttirilmasi ise basinci
diigiirmiigtiir.

Yuan ve arkadaglar1 [45], hibrit modellerde genetik
tabanli algoritmalar ve ANFIS methotu ile beton basing
dayanimini1 tahmin etmislerdir. Beton kalitesini
etkileyen yapisal ve yapilandirilmamis faktorleri
aragtirmiglardir. Calismalarinda iki hibrit model
Onerilmistir. Bunlardan biri genetik tabanl algoritma,
digeri ise adaptif ag tabanli bulanik ¢ikarim sistemidir
(ANFIS). Genetik tabanli algoritma icin, geri yayilim
yapay sinir aginin (BP-YSA) agirliklarint ve esiklerini
optimize etmek icin genetik algoritma (GA)
uygulanmistir. ANFIS modeli i¢in iki farkli bina yapisi
incelenmistir. 28 giinliik basing dayanimi i¢in 180
farkli beton karistmi kullanilmistir. Tim testler,
standart prosediirler kullanilarak hazirlanan 15 cm'lik
silindirik beton numuneleri ile yapilmustir. Onerilen
modellerin sonuglari sirasiyla, GA tabanli YSA
modelinde ve ANFIS modelinde R?; 0.813 ve 0.950
olarak bulunmustur. GA tabanli YSA modelinde ve
ANFIS modelinde sirastyla RMSE 2.22 ve 1.46 olarak
bulunmustur. Analizlerin sonuglari, iki hibrit model
ANFIS ve GA-YSA'in YSA modelinden daha iyi
performans gosterdigini gostermektedir. Caligmada
ortogonal tasarim kullanilmasi; YSA ve bulanik mantik
tekniklerinin entegrasyonunu igeren ANFIS'in tahmin
dogrulugu, parametre belirleme ve kullanim kolaylig
acisindan 28-CCS igin giivenilir bir model oldugunu
onaylamustir.

Diger bir calismada Tesfamariam ve Najjaran [46],
ANFIS metoduna Mix-Desing yontemini entegre
ederek betonun basing dayanimi tahmin etmeye
calismiglardir. Caligmalarinda bulanik bir modelin
gelistirilmesi ve somut dayanimin hesaplanmasi igin
uyarlanabilen, = ndro-bulanik  ¢ikarim  sistemi
onermiglerdir. Bu ¢aligmada literatiirden alinan, A ve B
Sirketi olmak iizere iki sirketin gercek karigim
oranlarindan yararlamlmugstir. iki sirket arasindaki
temel malzeme Ozellikleri, kullanilan kum harig,
benzerdir. B Sirketi yalnizca dogal kum kullanirken, A
Sirketi hem dogal hem de kirilmis kum karigimlarini
kullanmigtir. Model dogrulamasi i¢in, Model A ve
B'nin her biri i¢in toplam 24 veri kullanilirken, Model
A-B i¢in toplam 48 veri kullanilmigtir. Model
dogrulama i¢in bulanik ¢ikarim sistemi modeli
Ongorillmiis ve gercek beton kuvveti kullanilmustir.
Sonuglar incelendiginde, oOnerilen model literatiirde
rapor edilen gercek verilerle test edilmis ve
dogrulanmistir. Karsilik gelen mutlak ve goreceli
modellerin R2'si: Model A igin (0.999, 0.984), Model
B, i¢in (0.970, 0.995) ve Model AB i¢in (0.999, 0.998)
olarak tespit edilmistir. Onerilen ANFIS modelinin,
mutlak girdi parametrelerini bulabilmek i¢in uygun bir
yaklasim oldugu bulunmustur.

Mirrashid ve arkadaglart [47], ANFIS metodunu
kullanarak manyetit agrega igeren betonun basing
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dayanimini tahmin etmislerdir. Caligmada; Manetit
agregalardan yapilan betonun, farkl biiyiikliiklerde ve
betonun farkli yaslarina bagl olarak 7,28 ve 42 giinliik
basing dayaniminin nasil degistigi ANFIS methotu ile
tahmin edilmistir. Kullanilan ¢imento Portland II
cimentosudur. Betonun basing dayanimini belirlemek
i¢in iki noral bulanik model belirlenmistir. {lk model 25
mm'lik maksimum kaba agrega ebadindan olusurken,
ikinci  model, 12,5 mm'lik maksimum kaba
agregalardan olusmaktadir. Caligmanin sonuglarina
bakildiginda; modelin %98 korelasyon katsayist ve
diisiik hata oraniyla test edilmesi ANFIS'in, betonun
basinci tahmin etmede uygun oldugunu gostermistir.

Khademi ve arkadaslart [48], Yapay Sinir Agi,
Uyarlanabilir Néro Bulanik Cikarim Sistemi ve Coklu
Dogrusal Regresyon kullanarak geri doniistiiriilmiis
agrega betonunun basmng dayanimim  tahmin
etmiglerdir. Parametreler arasinda ¢imento, dogal ince
agrega, geri donistiiriilmils ince agrega, dogal kaba
agregalar (10 mm) ,dogal kaba agregalar (20 mm), geri
donistirilmiis kaba agregalar (20 mm), geri
donistirilmiis kaba agregalar (20 mm), katki ve su
bulunmaktadir. Boyutsuz parametreler arasinda su-
¢imento orani, kum-agrega orani su/toplam malzeme
orani, geri donistiirilmiis agreganin dogal agrega
hacme gore ve agrega ¢imento oranina degistirme
oranidir. Yapilan analizler sonucunda, 28 giinliik geri
doniistimlii  agrega betonunun basing dayanimi
tahmininin, YSA (R?= 0,91) ve ANFIS (R?=0,90)
tarafindan MLR'ye (R?=0,60) gére daha iyi yapildigi
sonucuna varilmistir. Bagka bir deyisle, her ii¢ modelin
test asamasini Karsilastirarak, betonun On karisim
tasariminda MLR modelinin kullanilmasinin daha iyi
oldugu tespit edilmistir. YSA ve ANFIS modellerinin
karisim  tasarim  optimizasyonunda  kullanilmasi
onerilmistir.

Farkli bir ¢alismada Gorninski ve arkadaslari [49],
caligmalarinda polimer beton bilesiklerinin esneklik
modiiliiniin incelenmis ve polimer beton ile portland
¢imento betonunu ANOVA analizi ile
karsilagtirmiglardir.  Calismada;  ortoftalik  veya
izoftalik polyester olmak iizere iki tip baglayici
kullanilarak, iiretilen polimer beton (PC) bilesiklerinin
esneklik modiilinii  degerlendirmek amaglanmistir.
Kullamilan kompozisyonlar, uygun maliyetli PC'yi
tamimlayan Onceki bir c¢alismadan secilmistir.
Kullanilan ~ polimer  konsantrasyonlari, kuru
malzemelerin agirliginin %12'si ortoftalik polyester ve
%13t izoftalik polyesterdir. Ugucu kiil bir dolgu
maddesi olarak kullanilmig ve agirlik¢a %8,%12, %16
ve %20 kiil iceren bilesimler ile analizler yapilmustir.
Yapilan ANOVA analizi sonucunda ortaya g¢ikan
istatistiksel sonuglar, yalitkanliktaki regine tipinin ve
ucucu kil  konsantrasyonunun,  izolasyondaki
elastikiyet degerleri modiilii tizerinde 6nemli bir etkiye
sahip oldugunu gostermistir. Ayni1 zamanda faktorler
arasinda da bir etkilesimin oldugu gézlenmistir. Ugucu
kiiliin konsantrasyonu, her regine tipi i¢in farkli etkiler
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gostermistir. Bu, izoftalik polyester PC'nin ugucu kiiliin
%]16's1 ile en yiliksek modiilii gosterdigi, ortoftalik
polyester PC'nin bilesiminde %20 ugucu kiil ile en
yiksek degeri gosterdigi sonucuna varilmustir.
Istatistiksel analizler, incelenen faktorlerin, yani regine
tipi ve ugucu kil konsantrasyonunun ve aralarindaki
etkilesimlerin anlamli oldugunu gostermistir

Kocgkal ve Ozturan [50], hafif ucucu kiil agregalarinin,
yiksek dayanimli hafif ugucu kil betonlarinin
iretiminde uygulanabilir 6zelliklerinin optimizasyonu
calismas1 yapmiglardir. Hafif ugucu kiil agregalarinin
yiksek dayanimli hafif ucucu kiil beton iiretiminde
uygunluk i¢in Ozelliklerinin optimizasyonu, tepki
yiizeyi metodolojisi  kullanilarak  incelenmistir.
Sinterleme parametreleri (sicaklik, baglayic icerigi ve
baglayici tipi) ile deneysel olarak elde edilen ii¢ sonug
arasindaki iliski (6zgiil agirlik, su emme ve kirilma
dayanimi) belirlenmigstir. Tahmini tepki yiizeyi
modellerinin  regresyon parametrelerinin  varyans
analizi (ANOVA) ile belirlenmistir. ANOVA segilen
modellerin elde edilen verileri yeterince temsil ettigini
gostermektedir. F degerinin 0,05'ten kii¢iik olmasi,
%095 giiven diizeyinde model terimlerinin istatistiksel
olarak anlamli bir uyumsuzluk oldugunu gostermistir.
RSM, deneysel degerlerin, Ongoriilen modellerin
gecerliligini ve yeterliligini dogrulayan, ongoriilen
degerlere makul derecede yakin oldugunu gostermistir.
Modelin iyiligi, R2 katsayisi ile kontrol edilmistir.
Regresyon modelleri; Ozgiil Agirlikta spesifik
yergekimi ve su absorpsiyonu i¢in belirleme katsayisi
(R?) igin 0.78 ile 0.98 arasinda degismistir (p <0.05).
Sonuglar, sicakligin kuadratik etkisinin ve sicaklik ile
baglayict igerigi arasindaki etkilesimin, 6zgil agirlik
icin 6nemli oldugunu gostermistir

Bir diger calismada Chen ve arkadaslar1 [51], geri
doniistimlii agrega dolgu malzemelerinin basing
dayanimi ve egilme dayanimi iizerine duyarlilik
faktorleri analizi galigmasi yapmuglardir. Caligmada,
32.5 Standart Portland ¢imentosu, sehir suyu ve kireg
tozu kullanmilmistir Geri doniistiiriilmiis ince agrega,
kirma ve eleme isleminden sonra maksimum pargacik
boyutu 4.75 mm'den az olan ingaat at1g1 iireten bir okul
binasinin  onarimindan elde edilmistir.  Cesitli
faktorlerin etkilerini daha iyi anlamak igin, rejenere
tugla graniil ve beton bloktan yapilan 96 6rnek ile bir
aragtirma yapilmistir. Rejenere tugla graniill icerigi
(rejenere tugla graniilii ve beton graniil orani), su -
¢imento orani, agrega - ¢imento orani, kireg igerigi ve
agrega degisim oram1 olarak belirlenmigtir. Geri
doniisiimlii agrega dolgu duvar malzemelerinin her bir
faktor ve seviye arasindaki mekanik 6zellikleri, basing
dayanimi, egilme dayanimi ve egilme-sikistirma orani
ile degerlendirilmistir. R = 0.708 in sonucu olarak;
dogrusal modelin ve regresyon denkleminin anlamli
oldugu bulunmustur. Ek olarak, FI = 15.6068 (17.6770
/ 39.2829)> F0.1 (10, 5) 2.52  regresyon
denklemindeki varyans degerinden, lineer varsayimla
elde edilen regresyon denkleminin biiyiik bir 6neme



Int. J. Adv. Eng. Pure Sci. 2022, 34(2): 242-26 |

Basing Dayanim Analizi

sahip oldugu goriilmektedir. Basing dayanimu, teorik ve
Olciilen degerleri, egilme dayanimi ve egilme dayanimi
oranlar1 arasindaki farklarin sirastyla 0.1-1.7, 0.02-0.53
ve 0.01-0.08 oldugu goriilmiistiir. Sonuglar, su-¢imento
oraninin 0.7-0.8 oldugunu ve 6zellikle geri dontigiimlii
agreganin basin¢ dayaniminin ve biikiilme dayaniminin
iyilestirilmesinde etkili oldugunu gostermistir. Dolgu
duvar malzemeleri ve agrega-¢cimento orani, egilme-
sikistirma oranindaki en onemli faktdr olarak ortaya
¢ikmugtir

Yine bagka bir ¢aligmada Aldahdooh ve arkadaslari
[52], ultra ince hurma yag1 yakit kiilii igeren, yesil ultra
yliksek performansli fiber betonarme betonun
gelistirilmesine yonelik bir model tasarlamiglardir.
Calismada siradan Portland ¢imentosu kullanilmuistir.
Numuneler i¢in basing dayanimlar1 7, 14 ve 28 giin
sonra test edilirken, direkt cekme dayanimi, egilme
dayanimi i¢in Ornekler 7,28 ve 90 giin sonra test
edilmistir. Diger mekanik 6zellikler, 28 giinliik basing
dayanimi testine tabi tutulmustur. Caligmada, Proses
faktorleri (portland ¢imento - ¢ok ince hurma yag kiilii
orani) ve (yogunlastirilmig silika dumani - ¢ok ince
hurma yag: kiilii orani) ile yanitlar (basing dayanimi ve
akig) arasindaki etkilesim, varyans analizinden
(ANOVA) elde edilmistir. kinci dereceden kestirim
modellerinin kalitesini 6lgmek, model terimlerini
degerlendirmek ve model terimlerini kontrol etmek
i¢in; R? belirleme katsayisi, % 95 giiven diizeyinde
olasilik degeri (P-degeri) ve (t- Test) %5 anlamlilik
diizeyi (Prob <0.05) belirlenmistir. Sinyal / giiriiltii
orani, 4'ten daha yiiksek olan her iki cevap i¢in 66.101
ve 45.87'dir. Bu sonug, istenen tahmini modeli
gostermis ve Ongoriilen modellerin dogrulugunu
kanitlamaktadir. Calisma sonundaki nihai sonugta
belirlenen olgiitler; ¢imento igerigi 360.25 kg / m3,
plastiklestirici igerigi 214.25 kg / m3 ve hurma yagi
kiili igerigi 290.52 kg / m3 olan 158.28 MPa'lik
sikistirma  kuvvetine sahip yesil ultra yiiksek
performansli fiber takviyeli ¢imentolu kompozitler
tretilmesidir

Phan ve Carino [53], test kosullarinin ve karisim
oranlarimin, yiiksek sicakliga maruz olan yiiksek
mukavemetli betonun davranigina etkisini
arastirmislardir. Calismalarinda amag; farkli sicakliklar
ve farkli karisim oranlarma sahip betonlarin basing
dayanim etkilerini ortaya ¢ikarmaktir. Caligmada
ASTM (Amerikan Standartlar1) Tip [ Portland
¢imentosu kullanilarak dort yiiksek dayanimli beton
karisimindan  Ornekler alimmistir. Ayni  zamanda,
karisgimlarda kaba agrega, 5.40 inceligi modiilii (FM),
1520 kg /m3'lik kuru gubuk kiitlesel yogunlugu olan ve
2.60'lik ozgtl agirhigr ile kiridlmis kiregtast (I3 mm
nominal maksimum boyut) kullanilmistir. ince agrega,
2.85 FM, 1456 kg /m3'lik bir kuru cubuk kiitle
yogunlugu ve 6zgiil agirligr 2.63 olan dogal kumdur.
Silis dumani, %54'Tliik bir kati madde orani ile bulamag
formunda deneye dahil edilmistir. Yapilan deneyler;
100, 200, 300 ve 450 C'ye kadar 1sitma igin ii¢ teste
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tabii tutulmustur. Istatistiksel olarak anlamli etkileri
tanimlamak icin 0,05 ve daha diisiik olasilik seviyesi
kullanilmustir. Elastik modiilii degerleri, eksik veriler
nedeniyle, basing dayanimi kadar eksiksiz analiz
edilememistir. ANOVA ile yapilan analizde, sicaklik
testi kosulu ve test kosulu-dem olan iki faktoriin
etkilesimi oldugu ortaya ¢ikmustir. Ozetle, ANOVA
sonuglari, test kosulunun yiiksek sicakliga maruz kalma
nedeniyle Olgiilen giic kaybi tizerinde istatistiksel
olarak anlamli bir etkisi oldugunu gostermektedir.
Bununla birlikte, verilen bir test kosulu ile oOlgiilen
kuvvet kaybi, maruz kalma sicaklifina ve beton
karisimina bagli olarak ortaya cikmistir. En diistik
w/cm (0.22) ve diisiik maruz kalma sicakliklari (100 ve
200 C) igin, rezidiiel 6zellik testi ile dlgiilen kuvvet
kayb1 en diisiik ¢cikmustir. Ote yandan, daha yiiksek
sicakliga maruz kalma (450 C) ve w/cm (0.57) i¢in,
rezidiiel ozellik testinde kuvvet kaybi en yiiksek
seviyede Ol¢lilmiistiir. Bu sonuglarin, yiiksek sicaklikta
Ol¢iilen giicle, ayni1 yiiksek sicakliga maruz kaldiktan
sonra oda sicakliginda dlgiilen basing degeri arasinda
karmagik bir iliski oldugu goriilmektedir. Bu
etkilesimlere bakildiginda, test kosulunun etkisinin
maruz kalma sicakligina ve w/cm'ye bagli oldugu tespit
edilmigtir

Baska bir ¢alismada Tanyildiz1 ve Coskun [54], silis
dumani katkili hafif betonun fiziksel &zelliklerinin
parametrelerini  belirlemek icin ANOVA analizi
yapmuslardir. Sikistirma ve ayrilma ¢gekme dayaniminin
deneysel parametreleri i¢in dort seviye silis dumani (%
0,% 10,% 20 ve % 30) ve iki seviyeli ¢gimento dozaji
(400 ve 500 kg/m®) belirlenmistir. Ayrica,%20 silis
dumani ve 500 kg / m3 ¢imento igerigi yliksek degerleri
kullanilmistir. Deneylerde kullanilan ¢imento tipi
CEM-I 42,5 N tipi Portland ¢imentosudur. Calismada
kullanilan Ponza tasmin maksimum tane g¢api 16
mm'dir. Alinan 6rnekler 20 °C suda 28 giin boyunca
kiirlenmistir. Diisiik hata oranlarryla (%3.25 ve %1.26)
yapilan deneyler sonucunda, % 20 oraninda silis
dumani ve 500 kg/m3 ¢imento kullanildiginda, hafif
betonun basing ve yarmada ¢ekme dayaniminin en
yiikksek deger alacagi bulunmustur. ANOVA analizi
sonucunda ise, basing ve yarmada ¢ekme dayanimi
izerinde en biiylik etkiyi sirast ile kullanilan silis
dumanit ve ¢imento dozaj miktarinin etkiledigi
gorilmiistiir.

Diger bir calismada Lim ve arkadaglari [55], yiiksek
performansli beton karisim oranlarinda genetik
algoritma kullanarak sonuglari yorumlamiglardir. Bu
calismada, biyolojik evrimsel siire¢ (dogal seleksiyon
ve dogal genetik) tizerine modellenen kiiresel bir
optimizasyon teknigi olan genetik  algoritma
kullanilarak ve bir¢ok ¢6ziime sahip olabilecek bir
probleme yakin yeni bir optimal ¢6ziim bulmak i¢in
kullanilmustir. Yiiksek performansl beton karigimlari
icin saha testinde istenen Ozelliklere sahip deneme
karisimi sayisini azaltmak i¢in Oneriler sunulmustur.
Deneysel  arastirmada 189  karisim  kiimesi



Basing Dayanim Analizi

Int. J. Adv. Eng. Pure Sci. 2022, 34(2): 242-261

kullanilmigtir. Deneyde normal portland ¢imentosu
kullanilarak, 7 giinliik basing dayanimi gézlenmistir.
Calisma sonucunda; sikistirma mukavemetini etkileyen
faktorler, su/baglayic oran, su igerigi (kg /m?), ince
agrega orani, ugucu kiiliin degisim orani, silis
dumaninin degigtirme orant ve hava siiriikleyici
ajanlardir. Ote yandan, toplam / g¢imento orani
azaldiginda su igerigi sabit tutulursa, su/baglayici orani
azalir ve sonug olarak islenebilirlik bir miktar azalir,
ancak ciddi sekilde etkilenmedigi goriilmiistiir. Ancak,
silis  dumanmin yiiksek performansli  betonun

islenebilirligini azaltmada etkili oldugu goézlenmistir.
Calismanin  sonuglarina  bakildiginda,  yiiksek
performans  tasarimi  i¢in  genetik  algoritma
uygulayarak; beton karigimlarinda, istenen 6zelliklere
sahip deneme karigimi sayisinin azaltilabilecegini
gozlemlemiglerdir.

Cimento ve betonunun basing dayanimina etki eden
faktorlerin yapay zeka ile analizi kronolojik sira
halinde Tablo 1°de 6zet olarak sunulmustur.

Tablo 1. Cimento ve Betonunun Basing Dayanimina Etki Eden Faktorlerin Yapay Sinir Ag1 Metodu (YSA) ile
Analizi Ozet Tablosu

Calisma Problem Kullanilan Dogrulama Kullanilan Parametreler
Yaklasim Parametresi
[36]Lai ve Serra, Cimento Yapay Sinir Ag1 Goreceli hata = Cimento, kum, ¢imento agirhgi,
1997 yapilarinin Modeli (Geri 0,05 agrega, akiskanlik
basing dayanim  yayilim algoritmasi)
tahmini
[17]Ni ve Wang, Betonun basing  Yapay Sinir A8t Toplam hata Cimento, su,
2000 dayanim Modeli (Cok 0,005 kaba agrega, ince
tahmini katmanli ileri kum, ¢okme,
besleme katki maddeleri, sicaklik
algoritmasi)
[22]Pal ve dig., 2003  Ogiitiilmiis Deney Tasarimi R= 0,815 Ciruf (Si02, CaO, MgO, Al203)
tanecikli yiiksek cam
firin clirufunun icerigi ve Blaine
betondaki
hidrolik
aktivitesinin
incelemesi
[10]Caglar ve dig., Betonarme Yapay Sinir A1 Egitim seti Beton, kiris uzunlugu, kiris
2005 kiriglerin hasar Modeli (Geri performans kaliligi, akiskanlik
analizi yayilim algoritmas1)  egrileri
tahminini
Hasgiil ve Anagiil, Betonun basing ~ Yapay Sinir Ag1 R?=0,94 Cimento
2005 dayanim Modeli (leri su, ucucu kiil katki maddeleri,
tahmini beslemeli algoritma) yikanmis kum, kirma kum, kirma
tas
Ji ve dig., 2006 Betonlar i¢in Yapay Sinir Ag1 SSE = Su-¢imento orani, esdeger su-
somut karigim Modeli (Geri 1.1x10-14 ¢imento orani, ortalama macun
oranli bir yayilim algoritmast) kalinlig1, ugucu kiil-baglayici
tasarim orani, ince agregalarin tane
algoritmasi hacim orani
[30]Kewalramani Beton basing Yapay Sinir Agt Hata < %25 Cimento, su
ve Gupta, 2006 dayanimi Modeli (leri
tahmini beslemeli geri
yayilim algoritmasi)
Yiizer ve dig., 2007  Yiksek sicaklik  Yapay Sinir Ag1 R=0,97 Cimento, (CaO
etkisinde kalan ~ Modeli SiO2
betonun basing  (ileri beslemeli geri Al203
dayanimi ve yayilim algoritmast) Fe203
renk degisimi MgO
iliskisini SOs3
Kizdirma Kaybn), kalker, silis
dumani, agrega, ciiruf, ugucu kiil,
sicaklik
[13]0zcan ve dig., Silika duman Yapay Sinir Ag1 R?=0,994 Cimento, Agrega, Silika Dumant,
2009 betonunun uzun  Modeli (ileri (Si02, Al203, Fe203, CaO
vadeli basing beslemeli algoritma) MgO,S03,K20 Naz0, LOI)
dayanimi
tahmini
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sinirli betonun
basing dayanim
tahmini

yayilim algoritmasi)

[20]Prasad ve dig., Yiiksek hacimli ~ Yapay Sinir A8t R2=0,91 Cimento, su, pudra, ugucu kiil,
2009 ugucu kiil ve Modeli (Geri agrega, baglayici
kendiliginden yayilim algoritmas) madde,mikrosilika
yerlesen beton
ile ytliksek
performansli
betonun basing
dayanim
tahmini
[23]Bilim ve dig., Ogiitiilmiis Yapay Sinir Ag1 R2=0.92 Cimento, Agrega, Ogiitiilmiis
2009 graniil yiiksek Modeli (Ileri Yiiksek Firin Ciirufu,
firm ciiruf beslemeli geri Plastiklestirici
betonunun yayilim algoritmast)
basing dayanim
tahmini
[24] Alshihri ve dig., Hafif beton Yapay Sinir Ag1 R2=0.982 Cimento, Ince Agrega, Kaba
2009 karisimlarinin Modeli Agrega, Su
basing dayamim  (ileri beslemeli geri
tahmini yayilim algoritmast)
[26]Parichatprecha  Yiiksek Yapay Sinir Ag1 R?=0,974 Cimento, ugucu kiil, agrega, su,
ve Nimityongskul, performansl Modeli silika dumant,
2009 betonun (Geri yayilim stiperpilastiklestirici
dayanikliliginin ~ algoritmast)
analizini
[30]Saridemir ve Ogiitiilmiis Yapay Sinir Agi R?=0,981 Cimento, su, agrega
dig., 2009 graniil yiikksek Modeli (Geri
firin ciirufu yayilim algoritmast)
(GGBES) igeren
betonlarin
miktar tahmini
[32] Tritnik ve dig., Betonun basing  Yapay Sinir A1 R?=0,80 Cimento,su,sicaklik,agrega, kum
2009 dayanim Modeli (Cok
tahmini katmanli ileri
beslemeli sinir ag1)
[35]Yaprak ve Polipropilen Yapay Sinir Ag1 R=0,99 Cimento, dogal
Karaci, 2009 lifli betonlarin Modeli (Geri kum, kirma tas, polipropilen lif
yiiksek yayilim algoritmast) ve akiskanlastirict
sicakliga maruz
birakildiktan
sonraki basing
dayanim
tahmini
[12]Slonski, 2010 Yiiksek Yapay Sinir Agt R?=0,50 Cimento, ugucu kiil, yiiksek firin
performansl Modeli(ileri ciirufu, su, siiperplastiklestirici,
betonun basing beslemeli algoritma) agrega
dayanimi
tahmini
[15]Babu ve Ogiitiilmiig Kimyasal Analiz Ortalama etki Yiiksek firn ciirufu, ¢gimento,su
Kumar, 2010 tanecikli yliksek faktori=0,9
firin ciirufunun
(OYFC)
betondaki
etkinligi
[18]Topcu ve dig., Hafif bir Yapay Sinir Ag1 R%=0,923 Cimento,Su, Katki, Ugucu Kiil,
2010 betonun basing Modeli (leri Kireg Tas1 Tozu, Dogal Kum,
dayanim beslemeli geri Pomza
tahmini yayilim algoritmast)
[31]Naderpour ve Elyaf takviyeli Yapay Sinir Ag1 R?=0,968 Beton numunenin ¢api,
dig., 2010 polimer ile Modeli (Geri yiiksekligi, polimer lifin kalinligi

ve ¢ekme dayanimi, rafine
olmayan betonun basing
dayanimi
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[33]Sobhani ve dig., Betonun basing  Yapay Sinir Ag: R?=0.947 Kalsiyum oksit (CaO)
2010 dayanim Modeli (leri Silsyum dioksit (Si02)
tahmini beslemeli geri Aliiminyum oksit (Al20s)
yayilim algoritmas1) Demir oksit (Fe203)
Magnezyum oksit (MgO)
Sodyum oksit (Naz0)
Potasyum oksit (K20)
Kiikiirt trioksit (SO3)
Tri kalsiyum silikat (C3S)
Di kalsiyum silikat (C2S)
Tri kalsiyum aliiminat (C3A)
[12]Wang ve dig., Celik clirufunun ~ Termogravimetrik Termogravimetri  Cimento, Celik ciirufu, ALLMg,Si,
2011 mineral analiz =9%5,82, %20,08 Na, P,S,K, CaO, FeO,Mn0O,MgO
bilesimlerini ,Fe30a4, CoF
degistirerek
hidrasyon
aktivitesinin
arttirilmasi
[21]Siddique ve Kendiliginden Yapay Sinir Ag1 R?=0,919 Cimento, kum, kaba agrega,
dig., 2011 yerlesen ve dip Modeli (geri ugucu kiil, kum, su, dip kiilii,
kiilii iceren yayilim algoritmast) stiperakiskanlastirici
betonun basing
dayanimi
tahmini
[27]1Aticy, 2011 Mineral katki Yapay Sinir Ag1 R =0,89 Agrega (SiO2
betonunun Modeli (Geri Al203
dayanim yayilim algoritmast) Fe203
tahmini CaO
MgO
SO s
K20
Na20
Lol
Kireg
Coziinmeyen kalintr)
Cimento
Yiiksek firn ciirufu
Ugucu Kiil
[8]Dantas ve dig., Beton iceren Yapay Sinir Ag1 R?=0.971 Cimento, Su, Agrega, Geri
2013 ingaat ve yikim  Modeli Doniigiimli Harg, Kirmizi S
atiklariin (Cok katmanli ileri
basing dayanimi  beslemeli algoritma)
tahmini
[26] Tayfur ve dig., Yiiksek Yapay Sinir Ag1 R =0,80 Cimento, Agrega,Su
2013 dayanimli Modeli(fleri Ca0,Si02,Al203,Fe203
betonun besleme Na20,S0s,Lol,Yer¢ekimi
dayanim algoritmast) Blaine
tahmini
calismasi
[36]Chandwani ve Hazir beton Yapay Sinir Ag1 R=0,979 Cimento, Ugucu Kiil, Kum,
dig., 2015 karigiminin Modeli (Geri Agrega, Cokeltici, Su Baglayict
¢okme analizi yayilim algoritmasi)
[9]Ozbakar ve Nauf, Agregar Yapay Sinir Agi R2=0,93 Cimento, Kiil, Kirma Kum, Dere
2016 hammaddesinin ~ Modeli (Geriye Kumu
fiziksel Yayilma Ogrenme
ozelliklerinin algoritmast)
beton
dayanimina
etkisi
[38]Azar ve Silis dumani Verilerin deney Betonun bacing Silis dumani, kagit atik kiilii
arkadaslari, 2019 iceren beton sonugarina gore dayanimi igeren betonun, Portland

karisimlari ve
portland
¢imentosu

YSA modeli ile
Onerilmesi

Cimentosu
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[39]Gholampour ve  Dokiim Su-¢imento orant, Betonun bacing Su-¢imento orani, agrega-
arkadaslari, 2020 kumu/geri agrega-g¢imento dayanimi ¢imento orani, test yasi ve yiizde
doniistirilmiis orani, test yasi ve ¢imento/metakaolin oranlarina
ince agrega ve ylizde
ugucu kiil, ¢imento/metakaolin
OYFC’nin oranlarma dayali
basing olarak YSA
dayanimina yaklagimiyla tahmin
etkisi
III. TARTISMA . Silika dumaninin 28 giine kadar kisa siirede

Yapilan genis capli literatiir taramalarinin sistematik
bir sekilde derlenmesi sonucunda, ¢imento ve betonun
icerisinde bulunan bilesenler ve hammaddelerin basing
dayanimint  nasil  etkiledigi o6zet bir sekilde
sunulmugtur. Konuyla ilgili 1997- 2021 yillar1 arasinda
yaymnlanmig 1012 c¢alisma incelenmis ve analiz
edilmistir. Arastirmaya dahil edilecek olan kriterler géz
onilinde bulundurularak 52 yayin g¢alisma igin uygun
bulunmus ve ¢alismada yer verilmistir. Yayinlar konu,
limit ve bilesen karsilastirmalari  agisindan
degerlendirilmistir.  Calismada  Science  Direct,
Pergamon, Elsevier ve ULAKBIM veri tabanlari
kullamlmistir. Calismada Tiirkge ve Ingilizce yayinlar
tercih  edilmistir.  Ayrica  ‘Factors  Affecting
Compressive’,‘Cement Components’ anahtar
kelimeleri kullanilarak taranmaistir.

Bu kapsamda; ¢imento ve betonu olusturan bilesenlerin
miktarlarmin  degismesi basing dayaniminin
degismesine neden oldugu goriilmiistiir. Genel olarak
ele alinan kiirlenme siirelerinin basing dayanim
iizerinde ¢ok onemli bir etki yarattigi tespit edilmistir.

Diger makalelerde [56-59] bildirildigi gibi, CsA ve
CaCOs karboaliiminat hidratlart arasindaki reaksiyona
girer ve basing dayanimini etkiledigi bulunmustur.
Bunun yan sira kiigiik kiregtasi ilavelerinin hem basing
dayanimi hem de hidrasyon 1sis1 tizerindeki etkileri
nispeten iyi bilinmektedir, ancak bu etkilerin klinker
ozelliklerine  (6rnegin  CsS  igerigi), ¢imentonun
inceligine ve diger faktdrlere olan bagimlilig: hakkinda
daha az sey bilinmektedir.

Portland ¢imentosuna kiregtasi ilavesi, basing
dayanim, su talebi, islenebilirlik, dayaniklilik [1 £ 7]
gibi c¢esitli ¢imento Ozelliklerini 6nemli 6lgiide
iyilestirebilir ve ayrica liretim maliyetlerini disiirebilir
[56]. Portland ¢imentosunun dayanimi arttirmak igin
ise ¢imentodaki Nap;0Oeq/SO; molar oranimin <0.5
olmasi gerektigi savunulmustur.

. Su-¢gimento  oraninin  0.7-0.8  oldugu
durumlarda ve oOzellikle geri doniistimlii agreganin
basing dayaniminin  ve biikiilme dayaniminin

iyilestirilmesinde etkili oldugunu gostermistir. Dolgu
duvar malzemeleri ve agrega-¢imento orani, egilme-
sikistirma oranindaki en onemli faktdr olarak ortaya
¢ikmustir.
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basing dayanimim etkiledigini, ardindan 28 giinden
sonra silika dumanimin basing dayanimi iizerindeki
etkisini azalttigim1 gostermistir. Ayn1 zamanda %20
oranmda silis dumam ve 500 kg/m® ¢imento
kullanildiginda, hafif betonun basing ve yarmada
cekme dayaniminin en yiksek deger alacag:
bulunmustur.

. Sicakligin kuadratik etkisinin ve sicaklik ile
baglayict igerigi arasindaki etkilesimin, 6zgiil agirlik
i¢in 6nemli oldugunu gostermistir.

. Yiiksek  firin  cilirufunun  ¢imentolara
eklenmesiyle basing dayaniminin arttigi gériilmiistiir.
Beton basing dayanimini etkileyen en Onemli
unsurlarin sirastyla; ¢imento miktart, numune boyutu,
numune alma zamani ve karistirma metodu oldugu
belirlenmistir.

. Normal Portland ¢imentosu betonununda; su-
¢imento esasli malzeme oranindaki artig, O6zellikle
yiiksek oranda ciiruf igeren betonun dayanimini daha
da azalttig1 ispatlanmustir.

IV. SONUC

Genel olarak c¢aligma kapsaminda betonun ve
¢imentonun basing dayanimina etki eden kriterler ve
farkli  bilesenler ayrintili olarak incelenmistir.
Calismada 52 yaymin ortak bilesenleri, kritlerleri ve
birbirinden farkl bilegen ve kriterleri ortaya ¢ikarilarak
sonuglar ayrintilartyla sunulmustur.

Ozetle; CsA ve CaCOs; karboaliiminat hidratlari
arasindaki reaksiyona girer ve basing dayanimin
etkiledigi bulunmustur. Su-¢imento oraninin 0.7-0.8
oldugu durumlarda ve O&zellikle geri donisiimlil
agreganin basing dayaniminin ve biikiillme dayaniminin
iyilestirilmesinde etkili oldugu goriilmiistiir. Sicakligin
kuadratik etkisinin ve sicaklik ile baglayici igerigi
arasindaki etkilesimin, 6zgiil agirlik i¢in 6nemli oldugu
goriilmistiir. Silika dumaninin 28 giine kadar kisa
siirede basing dayanimimi etkiledigini, ardindan 28
giinden sonra silika dumaninin basing dayanimi
iizerindeki etkisini azalttig1 goriilmiistiir. Portland
¢imentosunun dayanimi arttirmak i¢in ise ¢imentodaki
Na,0eq/SOs; molar orammin <0.5 olmasi gerektigi
savunulmustur.
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Boylelikle; ileriki caligmalara rehber olabilecek bu
caligmada, yapilan beton veya ¢imento karigimlarinda
herhangi bir maddenin degismesi, miktarinin artmasi
veya azalmasi, uygun sicakliklarin ve parga
biiylikliikklerinin  degismesi ve kiirlenme giinleri
degistiginde basing dayanimmin nasil degistigi
anlagilabilecektir. Ayrica c¢aligmadan elde edilen
spesifik bilgiler, gelecekte olusturulabilecek beton ve
¢imento karsimlari hakkinda bilgi edinilmesine
yardimci olabilecektir. Gelecekteki arastirmalar ve
¢alismalar; sonu¢ boliimiinde belirtilen maddelerin
irdelenmesiyle, yeni ve gilincel betonun basing
dayanimi ile ilgili caligmalarla kiyaslanabilecektir.
Beton/cimento karigimlart i¢in farkli bilesenlerin
eklenip  ¢ikarilmast ile  olusabilecek  basing
dayanimlarin farkli acilardan da analiz
edebileceklerdir.
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Oz

Bu calismada, ilk olarak, analitik hiyerarsi prosesi (AHP) yontemi kullanilarak tedarik zinciri yonetiminde lojistik ve dagitim
ag1 agisindan etkisi olan kriterlerin degerlendirilmesi yapilmaktadir. Bu degerlendirme neticesinde sisteme etkisi en ¢ok olan
ana kriter ve alt kriterler belirlenmektedir. Degerlendirme neticesinde hiz ana kriteri ele alinmaktadir. Daha sonra, hiz kriteri
ve dolayisiyla alt kriterleri de kullanilarak bir matematik programlama modeli gelistirilmektedir. Gelistirilen bu modelin
¢6ziimiinde GAMS optimizasyon yazilimi kullanilmaktadir. Bu ¢alismada, gelistirilen bir tedarik¢i se¢im probleminde, etki
eden alt kriterler ve gelistirilen matematik programlama modeli kullanilarak optimum tedarik¢i se¢imi saglanmaktadir.
Anahtar Kelimeler: Tedarik zinciri, Lojistik, Dagitim agi, AHP, Matematik programlama modeli

Abstract

In this study, first, using analytical hierarchy process (AHP) method, the criteria that have an impact on supply chain
management in terms of logistics and distribution network are evaluated. As a result of this evaluation, the main criteria and
sub-criteria that have the most important impact on the system are determined. As a result of the evaluation, the speed main
criterion is examined. Then, a mathematical programming model is developed using the speed criterion and hence also its sub-
criteria. GAMS optimization software is used for the solution of the developed model. In this study, the optimum supplier
selection is ensured using the selected sub-criteria and the developed mathematical programming model in a developed supplier
selection problem.

Keywords: Supply chain, Logistics, Distribution network, AHP, Mathematical programming model

I. GIRIS

Tedarik zinciri kavrami tedarikei, imalatgi, dagitict gibi gesitli dgeleri bulunduran bir ag olup hammadde
asamasindan {irlinlerin nihai tiiketicilere ulasana kadarki tiim siire¢lerdeki {iriinlerin ve bilginin akigini yoneten bir
sistem seklinde ifade edilebilir. Tedarik zinciri yonetimi kavramu ise tedarikei, tiretici, miisteri zincirinde yer alan
malzeme ve bilgi akisi gibi durumlar1 yonetmek seklinde belirtilebilir. Tedarik zinciri yonetiminde amag,
isletmelerin iiretim kapasitesinin artirilmasi, piyasaya karst duyarliligin arttirilmasi ve tiiketiciler ile tedarikgiler
arasindaki iligkilerin iyilestirilmesiyle birlikte isletmenin performansinin gelistirilmesidir [1].

Uriinlerin {iretildigi yerden almip stok yerlerinde tutulmasi, iiriinlerin istenilen yerlere istenilen dagitim ag1
vasitasiyla ulastirilmasi ve biitiin bu siirecin planli, verimli ve hizl1 olarak yapilabilmesi lojistik kavrami olarak
ifade edilebilmektedir. Bir lojistik faaliyeti, ulagtirmayi, ulagtirma 6ncesinde isletmeler arasindaki bilgi aktarimu,
iletisim kanallar1 ve ulagtirma sonrasindaki depolama iglemlerini icermektedir [2]. Lojistik yonetimi siireci tedarik
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zinciri yonetiminin 6nemli bir pargasi olup tedarik
zinciri yonetimi silirecinin etkinliginin lojistik ile de
belirlenebilecegi diger bir ifade ile lojistik yOnetimi
stirecine bagli oldugu belirtilebilir ve tedarik zinciri
yonetimine ve lojistik yOnetimine dair uygulamalar,
deger yaratan faaliyetler olarak tanimlanabilir ve
bdylece isletmeler igin rekabet giicii kazandirma gibi
faktorler agisindan biiyiik 6nem saglarlar [3].

Bir tedarik zincirini meydana getirenler genellikle
tedarikgiler, Tireticiler ve dagiticilardir. Bdylece,
performans degerlendirmesini olusturan unsurlar
tedarik performansi, tiretim performansi ve dagitim
performanst seklinde ii¢ baslikta toplanabilir [4].
Genellikle dagitim kanali, {irtinlerin ve hizmetin
pazarlamasi icin isletme igindeki birimler ve acente,
toptanci, perakendeci gibi isletme disindaki aract ya da
aracisiz kuruluslar tarafindan meydana getirilen bir
yapidir [5]. Dagitim performansi da bir tedarik zinciri
igin Onemli faktorlerden birisidir. Tedarik edilen
triinlerin {iretimi  gerceklestirildikten sonra aliciya
ulastirilmasi1 amaciyla uygun dagitim ag1 belirlenerek
uygun lojistik araciligiyla da dagitim saglanmalidir.

Analitik hiyerarsi prosesi (AHP) yontemi, karar verme
problemlerini ¢cdzmeye yonelik gelistirilmis ¢cok kriterli
bir karar verme metodudur ve belirlenen kistaslara gore
birden daha fazla sayida secenegin onem dereceleri
bazinda siralanmasint saglamaktadir [6]. Bu ¢aligmada
ilk olarak tedarik zinciri yonetimi igin lojistik ve
dagitim agim etkileyen ana kriterler ve bu kriterlerin alt
kriterleri belirlenip bu kriterlerin AHP yontemine gore
Super Decisions programinda degerlendirmeleri ve
onem derecelerine gore siralanmalari sunulmaktadir.

Ilgili literatiirden baz1 calismalar asagida yer
almaktadir: Vasiliauskas vd. [7], ¢aligmalarinda,
dagitim kanallarinin ¢ok kriterli degerlendirmesini
temel alarak otomobil dagitim aglarinin gelisimini
analiz etmektedirler. Caligmalarinda, ¢ok kriterli
degerlendirmenin dagitim kanallarinin segimi i¢in
uygun oldugunu ve dagitim kanallarindaki biitiinlesik
kompleks bir degerlendirme sonuglarinin verimli bir
yonetimin ve yiiksek kaliteli bir dagiim agmin
gelistirilmesini  saglayabilecegini  belirtmislerdir.
Daugherty [8], calismasinda, lojistik ve tedarik zinciri
yonetimi alanlarindaki c¢aligmalar1 incelemektedir ve
gelecek caligmalar icin Oneriler sunmaktadir. Bu
caligmada Onceki literatiiriin incelenmesi ile arastirma
konularinin  kronolojik  olarak  siralanmasinin
saglanmasinin ve bilgi tabanina katki saglayan énemli
alanlarin ~ belirlenmesinin ~ amaclandig1 ifade
edilmektedir. Islam vd. [9], calismalarinda, lojistik ve
tedarik zinciri yonetiminde yer alan ilke ve yontemlere
bir giris sunmaktadirlar ve konuya dair terimleri
aciklamaktadirlar. Ayrica, caligmalarinda,
stirdiiriilebilirlik kavrami da dikkate alinmakta olup
ulasgtirma ve lojistikle ilgili olan problemler igin
matematik formiilasyon da sunulmaktadir. Matsui [10],
caligmasinda, ¢ift kanalli tedarik zincirleri kullanan bir
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dretici i¢in optimum bir sekilde {riin dagitim
stratejisini incelemektedir. Caligmada, fiyat rekabetiyle
karsilagan bir iretici icin simetrik bir dagitim
stratejisinin mutlak olarak optimal olmadigi da
belirtilmektedir. Liu vd. [11], calismalarinda, iki rakip
fonksiyonel lojistik servis saglayicisini da igeren
lojistik servis tedarik zincirinin siparis dagilimim
incelemektedirler. Jia vd. [12], ¢alismalarinda, bir
tiretici ve bir lojistik servis saglayicisindan meydana
gelen bir servis tedarik zincirinde, bir g¢evrimigi
dogrudan kanal araciligi ile satilan iriinler i¢in
fiyatlandirma ve pazara sunma siiresi konularini iceren
cok asamal1 bir problem ile ilgilenmektedirler. Akyiiz
vd. [13], calismalarinda, mobilya sanayi alaninda yer
alan bir firma i¢in en uygun tedarik¢inin belirlenmesi
konusu ile ilgilenmektedirler. inceledikleri bu problem
icin calismalarinda AHP yontemi kullanilmaktadir.
Onat ve Kagtioglu [14], ¢alismalarinda, perakende
sektoriinde depolama faaliyetleri ile ilgilenen bir
isletme i¢in tedarik¢i se¢imi ile ilgili bir uygulama
sunmaktadirlar. Calismalarinda bulamik AHP ve
Bulantk TOPSIS yontemleri kullanilmaktadir. Akin
Vargeloglu vd. [15], caligmalarinda, tedarik¢i se¢imi ve
degerlendirilmesi  konusu igin sezgisel bulanik
kiimelere dayali olan ve nicel ve nitel degerlendirmeleri
iceren bir yaklagim sunulmaktadir. Caligmalarinda
Onerilen yaklagim, insaat sektoriindeki bir igletme i¢in
tedarikei se¢imi ve degerlendirilmesinde
uygulanmaktadir. Celik ve Cagil [16], ¢calismalarinda,
tarim araclari iireten bir firma igin tedarik¢i se¢imi
konusunu incelemektedirler. Calismalarinda bulanik
AHP, biitiinlesik bulanik DEMATEL-bulanik TOPSIS
ve Dbitiinlesik bulamik AHP-bulamk MOORA
yontemleri kullanilarak tedarikgilerin
degerlendirilmesi yapilmaktadir. Erbryik vd. [17],
calismalarinda, otomotiv endiistrisinde yer alan ii¢
tedarik¢inin performans degerlendirme sonuglarini
dikkate alarak en etkin tedarikg¢ilerin siralamasinin
belirlenmesi ile ilgilenmektedirler. Calismalarinda
tedarik¢i segimi yontemi olarak ¢ok kriterli karar verme
yontemlerinden  birisi  olan  Electre  yontemi
kullanilmaktadir.

Bu calismada oncelikle tedarik zinciri yonetimi igin
lojistik ve dagitim agini etkileyen ana kriterler ve bu
kriterlere dair alt kriterler belirlenmektedir. Bu
kriterlerin AHP yontemi ile Super Decisions programi
kullanilarak degerlendirmeleri ve dolayisiyla dnem
derecelerine gore siralanmalart yapilmaktadir. Bu
degerlendirme neticesinde sistem iizerinde etkisi en ¢ok
olan ana kriterin hiz oldugu goriilmektedir. Daha sonra,
optimum tedarik¢i se¢imi i¢in hiz kriterinin alt
kriterlerinden saglanan sonuglar ve ayrica cesitli
kisitlar dikkate alinarak bir matematik programlama
modeli gelistirilmektedir. Calismada sunulan bu
yaklagimin uygulamasi, gelistirilen bir tedarik¢i se¢im
problemi ve ilgili duyarlilik analizi ile gosterilmektedir.
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Il. MATERYAL VE METOT

Bu ¢alismada ilk olarak tedarik zinciri yonetimindeki
lojistik ve dagitim aglarim etkileyen faktorler
belirlenerek bu faktorlerin Super Decisions programi
kullanilarak AHP yontemi ile énem derecesine gore
siralanmasi saglanmaktadir. Bu ¢aligmada dikkate
alinan kriterler Tablo 1’de goriilmektedir.

Tablo 1. Tedarik zinciri yénetiminde lojistik ve
dagitim aglari iizerinde etkisi olan kriterler

Alt kriterler

Ana kriterler

Uriin kalitesi

Uretim kalitesi

Kalite Hizmet kalitesi

Lojistik ve dagitim ag1 kalitesi

Hatasiz tiriin/hizmet orani

Isletme talebine olan doniis hiz1

Teslimat hiz1 [18]

Teslimat sonrasinda sunulan hizmet
hiz1

Bilgi ve iiriin akis hiz1 (diger bir ifade
ile tirtiniin konumu ve durumu
hakkindaki bilgi akig hizi)

Miisterilerle olan iletigim [19]

Hiz

Iletisim Tedarikgilerle olan iletisim

Isletme ici iletisim [19]

Isletmenin
miisteri ile
olan iligkileri
[20]

Miisteri ile olan etkilesim [19]

Miisteri iligkilerinde giivenilirlik [20]

Coziim odakli yaklagim

Ilgili prosediir, mevzuatlara
uyum/gerekli dokiimantasyonlarin
tamamlanmasi

Teknik yeterlilik

Onceki donemlerdeki hizmet/servis
performanst

Satis sekilleri

Tedarikei ) .
Aksiyon alma esnekligi

Yenilikleri takip edebilme

Isbirligine yatkinlik

Giivenilirlik [20]

Yeni teknoloji ve dijitallesmeye
yatkinlik

Yeni iirlin sunabilme [20]

Istenen sartlarin goz oniinde
bulundurulmast

Tgili prosediir, mevzuatlara
uyum/gerekli dokiimantasyonlarin
tamamlanmasi

Lojistik

Dogru lojistik sisteminin se¢ilmesi
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Lojistik takip sistemi

Esneklik

Optimum dagitim agimin / kanalinin
kullanilmasi

Istenen sartlarin goz 6niinde
bulundurulmasi

Takip sistemi

Dagitim ag1 /
kanali

Birim maliyet [20]

Lojistik ve dagitim aginim toplam
maliyeti

Odeme kolaylig1 [20]

Maliyet

Sektorel fiyat kogullarina uyum [20]

Teknolojiyi takip

Teknoloji Lojistik takip sistemi

Dijitallesme / inovatif yapiya sahip
olma

Tedarikgiye olan uzaklik

Isletme

konumu [18] Miisteriye olan uzaklik

Hinterland (art bolge)

isletmenin Pazar tecriibesi

tecriibesi [18]

Sirket yonetme tecriibesi

Uretim performansi

Kalite performansi

Performans Dagitim performanst

Tedarik performansi

Teslim performansi [20]

Tablo 1°de belirtilen bu kriterler icin genel olarak
asagidakiler ifade edilebilir:

Tedarik zinciri yonetiminde lojistik ve dagitim aglar
acisindan etken olan kriterlerden birisi kalitedir. Uriin
kalitesi ve hizmet kalitesinde saglanan iyilestirmeler
sayesinde  tedarik  zinciri akist  daha  hizhi
ilerleyebilmektedir ve kalitesizlik nedeniyle olabilecek
doniisler minimum seviyeye indirgenebilir. Uretimde
kalitenin saglanmasi diger bir ifade ile siire¢ boyu
kalitenin saglanmasi ile final {iriinde kalitesizlikle
karsilasma durumu azalabilmektedir. Lojistik ve
dagitim ag1 agisindan iirlin ya da hizmetin nihai alictya
ulastirilmasina kadar gecen siirecteki akisin kaliteli
olmasi miigterilerle olumlu iligkiler kurulmasina,
beklentilerin optimum seviyede karsilanmasina ve
dagittm ya da lojistikten kaynaklanan hatalarin
minimum seviyede kalmasina imkan
saglayabilmektedir. Kaliteli iiriin/hizmet sayesinde
hata orami azaltilarak tedarik zincirinde meydana
gelebilecek kopmalar engellenmis olacaktir.

Hiz kriteri de tedarik zinciri yonetiminde lojistik ve
dagitim aglar1 tizerinde etkisi olan kriterlerden birisidir.
Miisterilerin memnuniyeti; Tablo 1’de de goriildigi
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gibi, teslimat hizina [18], isletmenin isteklere doniis
hizina, bilgi akisinin  hizli olmasina, teslimat
sonrasindaki destek hizina bagli oldugundan hiz;
tedarik zincirindeki en etkili halkadan birisidir.
Miisteriler icin isletmelerin taleplerine tedarikg¢ilerin
doniis hiz1 6nemli bir kriterdir ¢iinkii isletme igindeki
planlar, taleplere doniislere gore sekillendirildiginden
doniis hizi1 da bu agidan etkendir. Ayrica, yapilan
doniislere gore verilen sipariglerin teslimat hizi [18]
planlar1 aksatmamalidir. Isletmelere dolayisiyla da
misterilere belirtilen teslimat zamanindaki sapmalar
minimize edilerek tedarik zinciri akisi
saglanabilmelidir. Teslimat sonrasinda olusabilen
problemlere tedarik¢i firmalarin doniis hiz1 da misteri
memnuniyetini saglamada 6nemli olabilmektedir. Uriin
ya da hizmette teslimat sonrasindaki sorunlarin hizli bir
sekilde c¢ozlilmesi tedarik¢i prestiji ve isletmenin
misteriler tarafindan tercih edilebilirligi a¢isindan
onemlidir.  Isletmeler —hizmet iz planlarim
aksatmayan, ¢6ziim odakli yaklasan ve iirlin ya da
hizmetin durumu ile ilgili bilgileri aktarmada hizli olan
tedarik¢i firmalara yonelebilmektedir.

Tedarik zincirinde etkin iletisim sayesinde miisterilerin
talepleri dogru bir sekilde anlagilip karsilannus
olacaktir. Tedarikgilerle iletisim saglikli olarak
kuruldugunda talepler tedarikg¢ilere dogru iletilecektir.
Bu sekilde iletisim eksikligi nedeniyle olusabilecek
hatalar elimine edilerek zincirin halkalar1 bozulmadan
sistem akis1 siirdiiriilmiis olacaktir. Isletmedeki
iletisimin ve bilgi akisinin dogru olarak saglanmasi
boliimler arasi bilgi eksikliklerini azaltmig olacaktir.
Dursun ve Giirsev [19]’in ¢alismasinda da musterilerle
olan iletisim ve isletme i¢i iletisim kriterleri
sunulmaktadir.

Alkan vd. [20]’nin ¢aligmasinda da yer aldigi gibi
tedarik zinciri yonetimindeki ana ol¢iitlerden birisi de
miisteri iliskileridir. Tablo 1’de de goriildiigii gibi bu
ana kriterin alt kriterleri olarak miisteri ile olan
etkilesim [19] ve miisteri iligkilerinde giivenilirlik [20]
dikkate alinmaktadir. Boylelikle, bu kriterler dikkate
alinarak tedarik zincirinde akigin daha saglikli ve hizl
ilerlemesine, miisteri memnuniyetinin saglanmasina,
tedarik zinciri halkalarinin daha gii¢lii olmasina olanak
saglanabilmektedir.

Bir diger ana kriter olarak tedarik¢i kriteri dikkate
alinmaktadir. Bu ¢alismada tedarikg¢i basligt igerisinde
de Tablo 1°de de goriildiigii gibi birgok alt kriter
detaylica ele alinmaktadir. Tedarik zinciri siirecinde
olusabilecek sorunlarda, tedarik¢inin ¢dziim odakl
yaklagimi zincirde aksamalar olmamasina, siirecin
saglikli bir sekilde ilerlemesine ve olusabilecek
gecikmelerin minimum seviyeye indirilmesine imkan
saglayacaktir. Uriin ya da hizmette gerekli olan
dokiimantasyonlarin olusturulmasi, isin gerektirmis
oldugu prosediirlere ve mevzuatlara uyulmasi ve
mevzuatlarin takip edilmesi tedarikgilerin tercih
edilebilirligini arttirabilmektedir. Uriin ya da hizmetin
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gerektirdigi teknik yeterliligi bulunduran tedarikgiler
karsilagilan ~ sorunlarda  daha  hizli  aksiyon
alabilmektedir ve bdylece miisterilerin taleplerine daha
dogru cevaplar verilebilmektedir ve tedarik zincirinde
karsilagilabilecek  aksakliklar  azaltilabilmektedir.
Tedarik zincirinde, lojistik ve dagitim aginda iyi olan
tedarikgilerin  segilebilmesi  agisindan  tedarikgi
firmalarin  O6nceki donemlere dair performanslar
incelenereck bu firmalarin 6n  degerlendirmesi
yapilabilir. Tedarikgilerin satis teknikleri tedarikgi
se¢imi agisindan etkili olabilmektedir. Tedarikgilerin
yenilikleri takip edebilmesi, pazarda tutunabilmesini ve
boylelikle =zincirin bir halkast olarak kalmasini
saglayabilmektedir. Tedarikgilerin tedarik zincirinde
karsilagilabilen sorunlarda isbirligine yatkin olmalar1
ve ¢Oziim bulmadaki hizlari, akisin hizli ve saglikli
olmasina imkan saglayabilmektedir. Alkan vd. [20] nin
caligmasinda belirtilen giivenilirlik ve yeni {iriin
sunabilme kriterleri, bu c¢alismada tedarik¢i ana
kriterinin alt kriterleri igerisinde yer almaktadir.
Tedarikgilerin ~ giivenilir  tutumlar1  ile  zincirin
halkalarmin iliskilerinde karsilasilabilecek
belirsizlikler daha az olabilmektedir. Teknoloji ve
dijitallesmeye yatkin olan, yenilikleri ve teknolojiyi
takip eden ve bu yenilikleri tirtinlerine hizli bir sekilde
yansitan tedarikciler pazarda rakiplerine gore onde
olabilmektedir ve bdylece tercih edilmede fark
yaratabilirler.

Bu ¢alismada dikkate alinan diger bir ana kriter lojistik
kriteridir. Tasmnacak {iriiniin  6zellikleri, tasima
esnasinda dikkat edilmesi gereken durumlar ve miisteri
talepleri goz oniinde bulundurularak uygun lojistik
tirtiniin segilmesi gerekebilmektedir. Segilen lojistik
tiri icin tasimada uyulmasi gereken kurallar ve
mevzuatin gerektirdikleri g0z oniinde
bulundurulmalidir ve boylelikle secilen lojistik tiirii ile
tagimasi saglanan {irin giivenli bir sekilde miisteriye
ulastirilir. Dogru lojistik sisteminin se¢ilmesi sayesinde
tedarik zincirinde aksama olmadan {iriinlerin ilk
tireticiden nihai aliciya ulastirilmasi
saglanabilmektedir. Ayrica, lojistik takip sistemi ile
gonderi takibi kolaylagir ve miisteriye bilgi aktarimi
saglanarak miisteri ve tedarik¢i arasindaki iletigim
dogru bir sekilde saglanir.

Dagitim ag1 diger bir ana kriter olarak ele alinmaktadir.
Miigteri taleplerinin ve isteklerinin g6z Oniinde
bulundurularak tedarikgilerin istenen zamanda, istenen
sekilde irin ya da  hizmetin  teslimatim
saglayabilmeleri, miisteri memnuniyetinin olusmasi
agisindan  Onemlidir. Optimum dagitim agmin
se¢ilmesiyle tedarik zincirinde en verimli, en hizli,
minimum  maliyetli dagittmin  ve  teslimatin
gerceklesmesi saglanabilmektedir. Miisteri taleplerine
gore gerektiginde dagitim aginda degisikliklerin
gerceklestirilmesi diger bir ifade ile isteklere gore
tedarikgilerin esnek olmasi alt kriter olarak dikkate
alinmaktadir. Dagitim ag1 ana kriteri igerisindeki alt
kriterlerden birisi ise dagitim aginin izlenebilirligi diger
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bir ifade ile bir takip sistemini bulundurmasidir.
Boylelikle, miisterilere dogru bir sekilde anlik bilgiler
sunulabilmektedir.

Bu ¢aligmada maliyet kriteri ana kriter olarak dikkate
alinmaktadir. Alt kriterlerden birim maliyet, 6deme
kolaylig1 ve sektorel fiyat kosullarina uyum kriterleri
Alkan vd.[20]’nin g¢aligmalarinda da yer almaktadir.
Birim olarak maliyet lojistik ve dagitim aginda
isletmelerin  tercih edilebilirligi agisindan  etkili
olabilmektedir. Ayrica hem birim olarak hem de lojistik
ve dagitim aginin toplam olarak maliyeti gdz Oniinde
bulundurularak lojistik ve dagitim ag1
secilebilmektedir. Bunlara ilaveten, miisterilerin 6deme
konusunda kolayliklar saglayan firmalar tercih ettigi
goriilebilmektedir.

Bu ¢aligmada teknoloji ana kriteri igerisinde teknolojiyi
takip, lojistik takip sistemi, dijitallesme / inovatif
yapiya sahip olma alt kriterleri ele alinmaktadir.
Teknoloji takip edilerek lojistik ve dagitim agi
acisindan daha teknolojik yontemler
kullanilabilmektedir. Boylelikle hem miisteri talepleri
teknolojik yoOntemler ile daha hizli bir sekilde
karsilanabilmektedir hem de zincirde yer alan rakiplere
kars1 avantaj saglanabilmektedir. Daha teknolojik bir
lojistik takip sistemini bulunduran isletme miisterilere
rakiplerine goére daha hizli ve daha dogru bilgiler
sunabilmektedir ve akistaki aksakliklar daha hizli fark
edilerek diizeltici faaliyetler daha hizli
uygulanabilmektedir.  Teknolojik  gelismelerinin
yakindan izlenip uygulanmasi, isletmelerin tedarik
zincirinde tercih edilebilirligi agisindan  Onemli
olabilmektedir.

Isletmeler dogru yerde konumlandirilarak sunduklar:
hizmet daha verimli ve etkin olabilmektedir [18].
Ciinkii, konum, hammaddeye ve son alictya yakinlik,
teslim siiresi gibi konular agisindan o6nem teskil
edebilmektedir. Tedarik¢i ve miisteriye yakin olan
isletmeler tagima siiresi ve dolayisiyla tasima maliyeti
gibi konularda avantaj saglayabilmektedir. Liman ya da
merkezi gecisi iceren hinterlande (art bolgeye) yakinlik
sayesinde ithalat ve ihracatta avantaj
saglanabilmektedir ve tedarik zincirinde yurt diginda da
miisteri baglantilar1 elde edilebilmektedir.

Isletme tecriibesi Eren ve Giir [18]%iin ¢alismasinda da
yer almaktadir ve tecriibbe de tedarik zincirinde ve
lojistik ve dagitim agmin secilmesinde etkili olan
kriterlerdendir. Pazar tecriibesine sahip olan ve
pazardaki geligsmeleri takip eden firmalar pazarin
gerektirdiklerine hakim olmalar1 nedeniyle pazarda
biliniyor durumdadirlar. ilaveten, pazar tecriibesi
olmayip sektdrde yeni olan ancak baska alanlarda
bilinirliligi bulunan firmalar diger alanlardaki
tecriibelerine ve girket yOnetme tecriibelerine
dayanarak bu tecriibelerini lojistik ve dagitim aginda da
gostererek rakiplerine gore onde olabilirler.
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Tablo 1’de de goriildiigli gibi bu calismada ele alinan
ana kriterlerden birisi de performans kriteridir.
Performans ana kriteri igerisinde yer alan alt kriterler
aslinda birbirleriyle de baglantili olabilmektedir.
Teslim performansi Alkan vd. [20]’nin ¢alismasinda da
bulunmaktadir. Ust seviyede bir iiretim performansi
irliniin kalite performansini da etkileyebilmektedir.
Boylelikle iiriin ya da hizmetin tedarik performans: da
istenen diizeyde olabilmektedir. Tedarik edilen iiriinler
icin saglanan dagitim aginin performansi ve hatasiz
ilerleyebilmesi {iriin ya da hizmetin teslim durumunu
da etkileyebilmektedir. Bu performans kriterlerinin
istenen kosullarda ve iist seviyede saglanabilmesi zincir
performansini da optimum diizeyde tutabilir.

Tablo 2. Ana kriterlerin agirlik degerleri

Tutarhlik icin oran: 0,09958

Super Decisions programina
Ana kriterler gore ana kriterlerin agirhk
ciktilari
Kalite 0,07835
Hiz 0,25921
Iletisim 0,04282
Isletmenin miisteri
ilse olan iliskilesri [20] 0,03656
Tedarikgi 0,13707
Lojistik 0,11802
Dagitim agy/kanali 0,14933
Maliyet 0,03577
Teknoloji 0,01020
Isletme konumu [18] 0,05926
Isletmenin
thriibesi [18] 0,03525
Performans 0,03814

Tablo 1°de sunulan ana kriterler ve alt kriterler Super
Decisions programinda puanlandirilmistir. Boylelikle,
Super Decisions programindan elde edilen ¢iktiya gore
ana kriterlerin agirlikli  degerleri Tablo 2’de
goriilmektedir. Bu tabloda, agirlik ¢iktilarinin sonuglari
yuvarlama yapilmadan virgiilden sonra birkag rakam
ahnarak ifade edilmektedir. Tablo 2’de de goriildigii
iizere programdan elde edilen sonuglara gore hiz kriteri
0,25921 agirlik ile tedarik zinciri yonetiminde lojistik
ve dagitim aglarini en ¢ok etkileyen ana kriterdir. Hiz
kriterinin alt kriterleri ise Tablo 1°de de belirtildigi gibi
isletme talebine olan doniis hizi, teslimat hizi [18],
teslimat sonrasinda sunulan hizmet hizi, bilgi ve {iriin
akis hiz1 (diger bir ifade ile Giriiniin konumu ve durumu
hakkindaki bilgi akis hizi) seklindedir. Calismada hiz
ana kriteri tizerinden matematik programlama modeli
gelistirilmis olup GAMS optimizasyon programi
kullanilarak bu gelistirilen model ¢oziilmiistiir. Ele
alinan problemde hiz kriterinin alt kriterlerine gore bir
firmanin tedarik¢i se¢mek istedigi kabul edilmekte olup
bu problemin amaci ise minimum tedarik siiresidir. Bu
problemle ilgili olarak diger tanimlamalar ise asagida
yer almaktadir:
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Indisler:
i=1..1 (I: toplam alt kriter sayisi)
n=3

Parametreler:

a: Teslimat sonrasinda sunulan hizmet hizinin alacag
maksimum degerin belirlenmesinde kullanilan katsay1
b: Teslimat hizinin [ 18] maksimum degerini belirlemek
i¢in igletme talebine eklenecek siire (saat)

c: Teslimat sonrasinda sunulan hizmet hiz1 i¢in atanan
minimum deger (saat)

d: Talebe doniis yapilip teslim edilmesi i¢in gereken
maksimum siire (saat)

e: Bilgi ve iriin akis hizinin hedeflenen minimum
degerini hesaplamak i¢in kullanilan katsay1

f:  Teslimat sonrasinda sunulan hizmet hizinin
hedeflenen maksimum degerini hesaplamak i¢in
kullanilan katsay1

Yukarida parametrelerde belirtilen bu degerler pozitif
ve tamsay1 degerlerdir.

Karar Degiskenleri:
Xi: Hiz kriterinin alt kriterleri;
X1: Isletme talebine olan doniis hizi
X2: Teslimat hiz1 [18]
x3: Teslimat sonrasinda sunulan hizmet hizi
X4: Bilgi ve iiriin akis hiz1
ki: Alt kriterlerin Super Decisions program ¢iktisina
gore agirliklari;
ki: Isletme talebine olan déniis hizinin agirligt
ko: Teslimat hizimin [18] agirhigt
ks: Teslimat sonrasinda sunulan hizmet hizinin
agirhig
Ks: Bilgi ve iiriin akig hizinin agirhgt

Amacg Fonksiyonu:

Bu problemin amaci Super Decisions programi ile
ulasilan kriterlerin agirliklar1 da dikkate alinarak en
uygun amag¢ fonksiyon degerine sahip olan tedarik¢inin
belirlenmesidir. Diger bir ifade ile, bu problemde
minimum tedarik stiresinin saglanmast
amaglanmaktadir. Problemin amag¢ fonksiyonu (Z),

Esitlik (1) ile asagida goriildiigli gibi ifade
edilmektedir:
Min(Z) =ky *x; +ky *xy + kg * x5 + kg * x4 1)

Kisit Denklemleri:

Esitlik (2) ’de teslimat sonrasinda sunulan hizmetin,
talebe olan doniis hizinin belli bir katsay1 (a) ile
carpimindan fazla olmamasi ifade edilmektedir. Diger
bir ifade ile bu Esitlik ile teslimat sonrasinda sunulan
hizmet ile talebe olan doniis hizi arasinda en fazla a
kadar bir oran olmasi gerektigi belirtilmektedir.

X3 < a*Xx; 2

Esitlik (3) ise teslimat hizinin [18] maksimum
degerinin talebe olan doniis hizina eklenen b degerine
bagli oldugunu gostermektedir.
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X, < x,+b ?3)

Esitlik (4) teslimat sonrasinda sunulan hizmetin hizina
minimum bir deger atamaktadir. Talebe doniis yapilip
teslim edilmesi igin gereken maksimum siirenin d
olmasi gerektigi ise Esitlik (5) ile ifade edilmektedir.

X3=¢C 4)
X +x,<d (5)

Esitlik (6) ile bilgi ve iiriin akis hizinin tiim siire¢
diisliniilerek ~ degerlendirilmesi saglanmakta olup
boylelikle bilgi ve iiriin akis hizinin diger ii¢ alt kriterin
ortalamasindan kiigiik ya da esit olmas1 gerektigi kisiti
gosterilmektedir.

x, < H=t ©)
Esitlik (7) ile bilgi ve iirlin akis hizina minimum deger
atanmakta olup talebe olan doniis hizinin e ile
oranindan biiyiik ya da esit olmas1 saglanmaktadir.

Xq 2 x:l (7
Esitlik (8) ile de teslimat sonrasinda sunulan hizmetin
hiz1 igin bir maksimum deger belirtilmektedir.

X2

X3 < I ®)

Esitlik (9)’da x; degiskenlerinin 0’dan biiyiik ya da esit
oldugu belirtilmektedir.

x =0, Vi, i=1,..,4 9)
Materyal ve Metot Boliimii i¢in daha fazla bilgiye
Giiltepe [21]’den ulasilabilir.

I11. BULGULAR

Tiim alt kriterlere Super Decisions programinda
degerler atanmis olup bu degerler ve alt kriterlerin
degerlendirme sonuglari (agirliklart) ifade
edilmektedir. Hiz kriteri tiim ana kriterler i¢inde en
yiikksek agirliga sahip oldugundan bu ¢aligmada bu
kriterin alt kriterlerinin degerlendirilmesi sunulmakta
olup Tablo 3’te goriilmektedir.

Tablo 3. Hiz kriterine ait alt kriterlerin agirlik
degerleri

Tutarhlik icin oran: 0,04417

Hiz Kriterine ait alt Super Decisions programina
kriterlerin agirhk gore hiz kriterine ait alt
ifadeleri kriterlerin agirhk degerleri
ki 0,10638
kz 0,64847
ks 0,05483
ka 0,19032
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Daha Once tanimlanan parametre degerleri ise su
sekilde varsayilmaktadir a=4, b=36 saat, c=8 saat, d=60
saat, e=2 ve f=2 seklindedir.

Incelenen problemin amaci kriter agirliklar da goz
onlinde bulundurularak minimum tedarik siiresine
sahip tedarik¢inin belirlenmesidir. Bu problem GAMS
optimizasyon programinda yazilip ¢ozilmektedir ve
saglanan optimum sonuca gore, tedarikcilerden
beklenen siireler Tablo 4’te yer almaktadir.

Tablo 4. Optimum siire degerleri

Karar degiskenleri Degeri (saat)
X1 2
X2 16
X3 8
X4 1

Z amag fonksiyonu Xi degerlerinin Super Decisions
programinda hesaplanan k; degerleriyle ¢arpimindan
bulunan degerlerin toplami olarak hesaplanmaktadir ve
bu 6rnek problemde optimum amag fonksiyon degeri
11,217 saat olarak elde edilmektedir. Tablo 5’te bu
ornek problemde tedarik¢ilerin mevcut durumdaki
stireleri ve toplam agirlikli amag fonksiyon degerleri
yer almaktadir. Amag¢ fonksiyonunda toplam siirecin
minimum olmast gerektiginden bu siireci optimum

amag¢ fonksiyon degeri olan 11,217 saatten daha kisa
stirede tamamlayabilen dort tedarik¢i oldugu Tablo 5°te
goriilebilmektedir. Bunlar, T3, T7, T8 wve T10
tedarikgileridir. Diger 6 tedarik¢inin amag¢ fonksiyon
degeri optimal degerden daha yiiksek oldugundan bu

tedarikgiler (T1, T2, T4, TS5, T6 ve T9)
degerlendirmede elenir.
GAMS optimizasyon programindan elde edilen

optimum sonuca gore degerlendirmeye kalan bu dort
tedarikei igin X; degerleri agisindan firma dnceligi hangi
kritere gore olacaksa degerlendirme de o sekilde
yapilabilir. Ornegin, Tablo 5’e bakildiginda tedarikci
T8’nin hedef degerler acisindan tiim sartlar1 sagladig
diger bir ifade ile hedef degerlere esit ya da daha kiiciik
stirelere sahip oldugu goriiliir. Tedarik¢i T3’iin amag
fonksiyon degeri optimum amag fonksiyon degerinden
daha kii¢iik olmakla beraber x; ve X4 degerleri Tablo
4’te yer alan optimum siire degerlerinden daha
yiiksektir. T7 tedarik¢isinin X3 ve X4 degerleri optimal
olan xz ve x4 degerlerinden daha yiiksektir ama amag
fonksiyon degeri diger tedarikgilerinkinden daha
distiktiir. T10 tedarikgisi ise sadece X; degiskeni
acisindan optimal degerden daha yiiksek bir degere
sahiptir. BoOylece, bu dort tedarik¢iden hangisinin
secilebilecegine dair karar verme sirasinda hem bu
tedarikgilerin amag fonksiyon degerlerine gére hem de
alt kriterlerin degerlerine gore karar verilmesinin daha
dogru bir sonug saglayabilecegi diisiiniilmektedir.

Tablo 5. Tedarikgi degerleri

Tedarikgi Xidegerleri Amac fonksiyon
firmalar X1 (saat) X2 (saat) X3 (saat) X4 (saat) degeri (saat)
T1 3 15 13 5 11,711
T2 5 19 8 0,75 13,434
T3 4 13 7 3 9,810
T4 2 18 5 0,5 12,255
T5 6 15 11 4 11,730
T6 1 17 7 1 11,705
T7 2 11 9 15 8,125
T8 15 16 6 0,75 11,007
T9 4 20 7 0,5 13,874

T10 4 12 8 1 8,836

3.1. Duyarhlik Analizi

Bu boliimde teslimat sonrasinda sunulan hizmet hizi
icin atanan minimum degeri belirten ¢ degeri ile bir
duyarlilik  analizi yapilarak ¢ parametresindeki
degisikligin ama¢ fonksiyon degerini ve tedarikgi
degerlendirilmesini  nasil  etkiledigi incelenmek
istenmektedir. Tablo 6’da ¢ degerindeki degisiklik
neticesinde kriterlerin ve amag fonksiyonun degerleri
yer almaktadir. Tablo 6’da goriildiigli gibi ¢ degerinin
artmasi ile amag fonksiyonun degerinde artis meydana
gelmektedir.
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¢ degerindeki degisimin amag¢ fonksiyon degerinde
degisiklige neden olmasindan dolay1r Tablo7°’de de
goriildiigii gibi tercih edilen tedarik¢ilerde de
degisiklikler olabilmektedir. Tablo 7, ¢ degerinin
artmast neticesinde tercih edilebilecek tedarik¢i
sayisiin arttigimi da gostermektedir. Ornegin, ¢ degeri
4 veya 5 oldugunda uygun tedarik¢i bulunmamaktadir,
ancak c degeri 10, 11 veya 12 ise tiim tedarikgilerin
uygun oldugu goriilebilmektedir.
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Tablo 6. ¢ degerindeki degisikligin kriterler ve amag fonksiyon degerlerine etkisi

C degeri X1 (saat) X2 (saat) X3 (saat) X4 (saat) A?:gefi"(l:(:;}tl)o n

4 1 8 4 0,5 5,609

5 1,25 10 5 0,625 7,011

6 15 12 6 0,75 8,413

7 1,75 14 7 0,875 9,815

8 2 16 8 1 11,217

9 2,25 18 9 1,125 12,619

10 2,5 20 10 1,25 14,022

11 2,75 22 11 1,375 15,424

12 3 24 12 1,5 16,826

Tablo 7. Tedarikgilerin degerlendirilmesi
C parametresinin degeri
Tedarikeiye ™= T T T 8 9 10 | 11 | 12
Tedariki fa‘t amag
onksiyon Amac fonksiyonun degeri
degeri
5609 | 7,011 | 8,413 9,815 | 11,217 | 12,619 | 14,022 | 15,424 | 16,826
T1 11,711 V V l l
T2 13,434 V V V
T3 9,810 v v v v v v
T4 12,255 V V l l
TS 11,730 V V l l
T6 11,705 v V V V
T7 8,125 V x/ \/ x/ V V V
T8 11,007 N V \ V N
T9 13,874 V l l
T10 8,836 l V l V l l
IV. SONUCLAR icerisinden 4 tedarik¢inin optimal amag¢ fonksiyon

Bu caligmada oOncelikle tedarik zinciri yonetiminde
lojistik ve dagitim agini etkileyen ana kriterler ve bu
kriterlerin kirilimi olan alt kriterler belirlenmekte olup
toplamda 12 adet ana kriter ve 50 adet alt kriter dikkate
alinmaktadir. AHP yontemi ile Super Decisions
programi {izerinde kriterlerin degerlendirmeleri ve
dolayisiyla 6nem derecelerine gore siralanmalari
yapilmaktadir. Bu degerlendirme neticesinde sistem
tizerinde en ¢ok etkisi olan, sistemi en ¢ok etkileyen ana
kriterin hiz oldugu goriilmektedir. Daha sonra, hiz
kriterinin alt kriterlerinden saglanan sonuglar da
kullanilarak ve ayrica, cesitli kisitlar da dikkate
alinarak optimum tedarik¢i se¢imi igin bir matematik
programlama modeli gelistirilmektedir. Gelistirilen
matematik programlama modelinin amag¢ fonksiyon
denklemi ile minimum tedarik siiresinin saglanmasi
amaclanmaktadir. Geligtirilen  bu  matematik
programlama modelinin  ¢éziimi icin  GAMS
optimizasyon programi kullanilmaktadir. Caligmada
gelistirilen yaklagimin uygulanmasinin
gosterilebilmesi  agisindan  gelistirilen bir 6rnek
problemin degerlendirilmesi neticesinde 10 tedarikei
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degerine gore uygun oldugu goriilmektedir. Ayrica,
duyarlilik analizi ile teslimat sonrasinda sunulan hizmet
hizt i¢in atanan minimum degerdeki degisikligin
kriterlerin ve amag fonksiyonun degerlerini etkiledigi
goriilmektedir. ilaveten teslimat sonrasinda sunulan
hizmet hiz1 i¢in atanan minimum degerdeki degisimin
ama¢ fonksiyon degerinde degisiklige neden
olmasindan dolay1 secilebilecek tedarikgilerin de
degisebilecegi duyarlilik analizi ile sunulmaktadir.

Bu c¢alismanin devamu niteliginde yapilabileceklere
oOneriler ise su sekildedir: Bu ¢alismada dikkate alinan
ve AHP yontemi ile Super Decisions programinda
degerlendirilen ana kriterlere ve alt kriterlere ilaveler
yapilarak bu kriterler daha da detaylandirilabilir.
Incelenen problem igin gelistirilen ~matematik
programlama modeline farkli kisitlar ya da farkl
kriterler ~ ilave  edilerek  ¢aligmanin  kapsami
genisletilebilir ve sonuglar karsilastirilabilir. Ayrica, bu
calismanin uygulamasi bir ger¢cek firma degerleri
dikkate aliarak gergek tedarikgilerin degerlendirilmesi
olarak yapilabilir.
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Abstract

Twenty-five food salts, collected from seven-country, were examined for moisture contents and ash contents, pH values, total
numbers of bacteria, and total numbers of halotolerant bacteria. The growth and biochemical reactions of halotolerant bacteria
at different NaCl concentrations, pH, and temperature values were investigated. The efficacy of dry-heat sterilization and high-
pressure steam sterilization for the inactivation of bacteria was examined using six food salts. Moisture contents, ash contents,
and pH values of salts were respectively found as 2.3-3.7%, 95-97%, and 6.37-9.94. Total numbers of bacteria and halotolerant
bacteria were detected as between 1-58 CFU/g and 1-40 CFU/g on Modified Nutrient Agar media, respectively. While bacteria
were found in twenty salt samples, halotolerant bacteria were detected in seventeen samples. One hundred thirty- eight rod-
shaped halotolerant bacteria were isolated from seventeen samples. One hundred eighteen and twenty isolates were found
Gram-positive and Gram-negative, respectively. While 131 isolates were motile, seven isolates were observed as non-motile.
All isolates grew in both absence of NaCl and presence of 10% NaCl, pH 5, 7, and 9, 24°C, and 37°C. Eighty-six isolates
showed different pigmentations. Ammonia production was detected at sixty isolates. Catalase, oxidase, protease, lipase,
amylase, caseinase were produced by 138, 83, 84, 48, 92, 100 isolates, respectively. Fifty-seven percent of halotolerant bacteria
formed endospores. All bacteria in six salts were killed using both dry-heat sterilization (175°C for 2 hours) and high-pressure
steam sterilization (121°C for 30 minutes). In conclusion, we suggest using dry-heat sterilization or high-pressure steam
sterilization to kill Gram-negative halotolerant bacteria containing endotoxin and Gram-positive halotolerant bacteria with
endospores in food salts to prevent food spoilage and foodborne diseases in humans.

Keywords: Halotolerant bacteria, food salt, biochemical tests, enzymatic activities, phenotypic characteristics, sterilization of
food salts

Oz

Yedi iilkeden toplanan yirmi bes gida tuzu nem igerigi, kiil icerigi, pH degerleri, toplam bakteri say1s1 ve toplam tuza toleransli
bakteri agisindan incelenmistir. Tuza toleransli bakterilerin farkli NaCl konsantrasyonlarinda, pH ve sicaklik degerlerinde
gelismeleri ve biyokimyasal reaksiyonlari aragtirtlmistir. Bakterilerin inaktivasyonu i¢in kuru 1s1 sterilizasyonunun ve yiiksek
basingl buhar sterilizasyonunun etkinligi alt1 gida tuzu kullanilarak incelenmistir. Tuzlarin nem igerikleri, kil igerikleri ve pH
degerleri sirastyla %2.3-3.7, %95-97 ve 6.37-9.94 olarak bulunmustur. Modifiye Nutrient Agar besiyerinde toplam bakteri ve
halotolerant bakteri sayisi sirasiyla 1-58 KOB/g ve 1-40 KOB/g arasinda tespit edilmistir. Yirmi tuz 6rneginde bakteri
bulunurken, on yedi 6rnekte halotolerant bakteri tespit edilmistir. On yedi 6rnekten yiiz otuz sekiz ¢ubuk seklinde halotolerant
bakteri izole edilmistir. Yiiz on sekiz ve yirmi izolat sirasiyla Gram-pozitif ve Gram-negatif olarak bulunmustur. 131 izolat
hareketli iken, yedi izolat hareketsiz olarak gbzlenmistir. Tiim izolatlar hem NaCl yoklugunda hem de %10 NaCl varliginda,
pH 5, 7, ve 9, 24°C ve 37°C'de gelismistir. Seksen alt1 izolat farkli pigmentasyonlar gostermistir. Altmis izolatta amonyak
iiretimi tespit edilmistir. Katalaz, oksidaz, proteaz, lipaz, amilaz ve kazeinaz sirasiyla 138, 83, 84,48, 92 ve 100 izolat tarafindan
iretilmistir. Tuza toleransh bakterilerin %57'si endospor olusturmustur. Alt1 gida tuzundaki tiim bakteriler hem kuru 1s1
sterilizasyonu (175°C’de 2 saat) hem de yiiksek basingli buhar sterilizasyonu (121°C’de 30 dakika) kullanilarak 6ldiiriilmiistiir.
Sonug olarak, gida bozulmalarini ve insanlarda gida kaynakl: hastaliklar: nlemek i¢in gida tuzlarinda endotoksin igeren Gram-
negatif tuza toleransli bakterileri ve endosporlu Gram-pozitif tuza toleransli bakterileri 6ldiirmek i¢in kuru 1s1 sterilizasyonu
veya yiiksek basingli buhar sterilizasyonu kullanilmasini éneriyoruz.

Anahtar kelimeler: Halotolerant bakteriler, gida tuzlari, biyokimyasal testler, enzimatik aktiviteler, fenotipik karakteristikler,
gida tuzlarinin sterilizasyonu

I. INTRODUCTION
Foods such as fish, tomato paste, grape leaves, olives, cheese, butter, sausage, bacon, vegetables, and sauerkraut
are preserved with salt to prevent food spoilage. This traditional preservation method has been applied as dry
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salting and brine salting. In these methods, it is assumed
that NaCl inhibits bacterial growth by reducing
moisture content and water activity in food and slowing
down the cellular metabolism of microorganisms [1].
In addition to its preservative properties, salt provides
flavor to food products, especially processed foods [2].

The fermentation process, which is an easy and cheap
method, is applied since ancient times to preserve foods
[3, 4]. While vine leaf, fish, and daikon radish are
preserved with the dry salting method, brining method
is used to preserve cabbage, carrot, and cucumbers [4].
After the salting process, the products are fermented for
approximately 14-days at room temperature. During
the fermentation process, essential amino acids and
various vitamins are produced by beneficial
microorganisms such as lactic acid bacteria and yeasts
[4, 5]. These microorganisms may produce compounds
that give taste, aroma, and flavor to food [6].

Although salt is used as a preservation agent,
preservation salt may contain some pathogenic and
spoilage bacteria which can survive in the presence of
salt. Bacteria that can be grown in both the absence and
presence of salt are called halotolerant bacteria [7].
Halotolerant bacteria are able to grow at 0-25% NacCl,
pH 5-10, and 4-50°C [7, 8]. Halotolerant bacteria
produce different compatible solutes which help to
balance the osmaotic level inside the cell with the outer
environment [9]. When salt is used as a preservation
agent, halotolerant bacteria may contaminate the dry-
salted and brine-salted food products. In previous
studies, halotolerant bacteria were isolated from salted
fish [10], fish sauce [11], cheese brine [12], fermented
food [13], salt crystal [14], sugarcane press mud [15],
grasshopper sub shrimp paste [16], cheese rinds [17],
and fermented Solanum macrocarpon food [18].

Halotolerant microorganisms may produce amylase,
protease, lipase, and cellulase enzymes [19]. Protease
and lipase enzymes produced by halotolerant
microorganisms have been reported as salt-tolerant
enzymes [13, 20]. These enzymes are also tolerant to
high pH, temperature, and organic solvents [21, 22].
Though enzymes of halotolerant bacteria have
industrial importance, these enzymes may cause food
spoilage. Due to the fact that the dry-salted or brine-
salted dairy, meat and vegetable products have an
important commercial market worldwide, the microbial
contamination of these products must be prevented to
extend their shelf-life [4, 23].

When salt is used as a preservation agent, the
halotolerant bacteria found in salt and their hydrolytic
activities should be checked before the preservation
process [24]. When the preservation salt contaminated
with halotolerant bacteria is used in food preservation,
it may cause degradation of salted foods [25].
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Researchers reported that dried salted codfish cured
with Mediterranean Sea salt contained extremely
halotolerant bacteria in high numbers [26]. In another
study, codfish samples were separately cured with three
different salt samples such as only NaCl, commercial
sea salt obtained from southern Europe, and natural salt
collected from northern Europe [27]. Codfish cured
with commercial sea salt contained 1.3x10* CFU/g
halotolerant bacteria and 1.25x10%® CFU/g coliform
bacteria [27]. Researchers stated that extremely
halotolerant microorganisms such as staphylococci
were detected at salted cod. Investigators emphasized
that sea salt contained ten times more microorganisms
compare to the microorganisms of mine salt [28].
Moreover, total counts of halotolerant bacteria in 30
curing salt used in the leather industry were detected
between 10*and 10° CFU/g [24]. These studies showed
that halotolerant microorganisms are common
inhabitants in food salt and salt used in the leather
industry.

Bacterial contamination of food products, derived from
salt, may cause food spoilage, reduce the shelf life of
the product, reduce of nutritional quality of food and
cause foodborne diseases in humans [29]. Hence, the
goals of this study were to examine the moisture
contents, ash contents, and pH values of the food salt
samples, determine the total numbers of viable bacteria
and total numbers of viable halotolerant bacteria and
isolate halotolerant strains from these salt samples.
Moreover, the growth and optimum ranges of
halotolerant isolates at different salt concentrations,
different pH, and different temperature values were
investigated. Cell morphology, motility, Gram
reaction, colony characteristic, and biochemical
activities of each halotolerant isolate were also
examined in detail. The efficacy of dry-heat
sterilization and high-pressure steam sterilization for
the inactivation of bacterial populations including
halotolerant bacteria in six food salt samples was also
investigated.

Il. MATERIAL AND METHOD

2.1. Salt Samples

In this study, 25 salt samples belonging to Cyprus black
lava sea salt (one sample), Himalaya salt (five
samples), Rock salt (seven samples), Table salt (eight
samples), Nepal salt (one sample), Sea salt (three
samples) were used. The salt samples coded as 1FSS
(Cyprus black lava sea salt), 2FSS, 3FSS, 7FSS,
13FSS, 15FSS (Himalaya salt), 4FSS, 10FSS, 16FSS,
19FSS, 20FSS, 23FSS, 25FSS (Rock salt), 5FSS,
11FSS, 12FSS, 14FSS, 17FSS, 18FSS, 22FSS, 24FSS
(Table salt), 6FSS (Nepal salt), 8FSS, 9FSS, 21FSS
(Sea salt) were collected from different countries
(Table 1).
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Table 1. Countries where salt samples were collected, Table 1. Continued
types, colors, codes of salt samples Rock salt
Countries Types Colors Codes
Cyprus black
lava sea salt Pakistan White 16FSS
France Black 1FSSs?
] 3
Himalaya salt Table salt
France f \ Red 2FSS Pakistan n White 17FSS
Himalaya salt
France S A White 3FSS Table salt
Pakistan White 18FSS
France White 4FSS
Table salt Rock salt
France White 5FSS .
Germany : White 19FSS
Nepal salt 3
France =Y Pink 6FSS
Germany White 20FSS
Tiirkiye White TFSS
. . Sea salt
Tiirkiye White 8FSS
Germany White 21FSS
Tiirkiye White 9FSS
Table salt
England = White 22FSS
Tiirkiye White 10FSS
Ta salt Rock salt
Tiirkiye e White 11FSS
P England White 23FSS
Tabe salt
Tiirkiye White 12FSS
Table salt
HIa a salt Switzerland White 24FSS
Tiirkiye o Pink 13FSS .y
Table salt Rock salt
Tiirkiye White 14FSS
Austria White 25FSS
Pakistan Pink 15FSS

@1FSS: 1 Food Salt Sample.
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2.2. Detection of Moisture Contents of Food Salt
Samples

Five grams of each sample were weighed and the
samples were separately put into a small cylindrical
capped glass bottle. These bottles were placed in a
drying oven at 102°C for 6 hours. The dried samples
were then placed into a desiccator for 30 minutes. After
30 minutes, the salt samples were weighed and placed
in a drying oven for 1 hour. After the cooling process,
the samples were weighed again. The drying process
was repeated until the first dry weight was closely equal
to the second dry weight. Finally, the moisture contents
of the salt samples were calculated [18].

2.3. Detection of Ash Contents of Food Salt Samples
Five grams of each salt sample were put into ceramic
crucibles. Then the samples were ashed in a muffle
furnace at 600°C for 8 h. After the cooling process, the
samples were weighed for the determination of ash
content [30, 31].

2.4. Detection of pH values of Food Salt Samples
Five grams of each salt sample were put into a flask
with 100 mL of distilled water. The flasks were shaken
for 1 hour at 150 rpm. The pH values of the salt sample
solutions were measured with a pH meter (Sartorius
Professional Meter PT-10P, Goettingen, Germany)
[30].

2.5. Determination of Total Bacterial Numbers and
Total Halotolerant Bacterial Numbers of Salt
Samples

To determine the total numbers of bacteria and total

numbers of halotolerant bacteria in these salt samples,

one gram of each salt sample was weighed and placed
in 9 mL of sterile physiological saline solution
containing 0.85% NaCl. Then, the salt solution was
shaken in a shaking incubator at 100 rpm for 30 minutes

at 24°C. Each of these solutions was passed through a

sterile cellulose nitrate membrane (0.2 um pore size)

and the membrane was placed onto the surface of a

Petri plate containing Modified Nutrient Agar (MNA)

medium (peptone, 5 g; glucose, 10 g; beef extract, 3 g;

agar, 20 g; distilled water, 1000 mL; pH 7) without salt.

The plates were incubated at 37°C for seven days. After

incubation, the bacterial colonies on the cellulose

nitrate membrane placed on the MNA medium were
counted to determine colony-forming units (CFU/g) of
the total number of bacteria. All colonies grown on the
cellulose nitrate membrane placed on MNA were
restreaked several times to obtain pure cultures. The
growth of pure bacterial culture was examined on both

MNA medium without salt and MNA media with 10%

NaCl and 20% NaCl. According to the test results, the

total numbers of halotolerant bacteria in the food salt

samples were determined.

2.6. Examination of Morphology, Motility and
Gram Reaction of Halotolerant Bacterial
Isolates

Each of the pure halotolerant bacterial isolates was
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grown on a Modified Nutrient Broth (MNB) medium at
37°C for 24 h for the determination of cellular
morphology, and motility. Then, the morphology and
motility of each halotolerant isolate were examined on
wet mounts under a light microscope [32]. The Gram
staining procedure of each pure halotolerant bacterial
isolate grown on MNA medium at 37°C for 24 h was
performed according to the previously described
method [32].

2.7. Examination of Growth Range of Halotolerant
Bacterial Isolates at Different NaCl
Concentrations, Different pH and
Temperature Values

For detection range and optimal concentrations of NaCl

required for the growth of each halotolerant isolate,

each isolate was grown at both MNA medium without

NaCl and MNA media supplemented with 10% and

20% NaCl (w/v). To determine pH range and optimal

pH values for the growth of the isolates, each

halotolerant isolate was grown on salt-free MNA media
adjusted with 5, 7, and 9 pH values. The range and
optimal growth temperatures of each isolate were
detected on the MNA medium without NaCl with the
optimal pH 7, at temperatures of 4°C, 24°C, and 37°C
[33, 34].

2.8. Examination of Colony Properties of Pure
Halotolerant Bacterial Isolates

Each of the pure halotolerant bacterial isolates was

grown on MNA media without salt at 37°C for 24 h for

the detection of colony form, elevation, margin,

pigmentation, texture, appearance, and optical property

[32-34].

2.9. Examination of Endospore Structures of
Halotolerant Bacterial Isolates
To examine the endospore structure of each

halotolerant bacterial isolate, the isolate was streaked
out over MNA medium and the medium was incubated
at 37°C for 72 h. Then, the heat-fixed smear of each
halotolerant bacterial isolate was prepared and
endospore staining of the isolate was performed
according to the previously described method [32].
Malachite green solution (5%) was added to the slide
covered with paper toweling, and the slide was placed
on a hot plate for 5 min. Then, the paper towel was
removed and the cooled slide was rinsed with water for
30 sec. Finally, the slide was covered with safranin for
60 sec and rinsed with water for 30 sec. The slides were
examined under oil immersion [32].

2.10. Biochemical Tests (Catalase, Oxidase,
Protease, Lipase, Amylase, Caseinase,
Ammonia Production from Peptone) of
Halotolerant Test Isolates

Catalase, oxidase, protease, lipase, amylase, and
caseinase activities, and ammonia production of each
halotolerant isolate were investigated. Catalase test was
carried out by adding three drops of 3% H20- onto the
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colonies of the isolates grown on the MNA medium
without salt at 37°C for 24 h [32]. The formation of
oxygen bubbles indicated positive catalase activity. For
oxidase test, two drops of oxidase test agent (1%
tetramethyl-p-phenylenediamine dihydrochloride)
were dropped onto filter paper, and then the bacterial
colony of each isolate was transferred to filter paper.
Detection of purple color onto filter paper was regarded
as a positive result in 30 sec [32]. Gelatine Agar
medium (tryptone, 15 g; soytone, 5 g; gelatin, 20 g;
agar, 20 g; distilled water, 1000 mL; pH 7) without salt
was used to determine protease activity. After
incubation at 37°C for 7 days, a saturated ammonium
sulphate solution was added to the medium. A clear
zone around the colony was accepted as a positive
protease activity [35, 36]. Olive oil-containing Lipase
Agar medium with rhodamine-B (trypticase peptone, 4
g; yeast extract, 4 g; olive oil, 30 mL; rhodamine-B, 0.2
g; Tween 80, 0.33 mL; agar, 20 g; distilled water, 1000
mL; pH 7) was used for lipase activity. After incubation
at 37°C for 5 days, the Petri plate was checked under
ultraviolet light. Fluorescent orange halos in the
medium were accepted as positive lipase activity [37].
Starch medium (starch, 10 g; beef extract, 3 g; agar, 20
g; distilled water, 1000 mL; pH 7) was used for amylase
test. After incubation at 37°C for 48 hours, Gram’s
Lugol solution was added to the medium. A clear zone
around the colony was accepted as a positive amylase
activity [32]. Plate Count Agar medium (tryptone, 5 g;
yeast extract, 2.5 g; glucose, 1 g; skim milk, 20 mL;
agar, 20 g; distilled water, 1000 mL; pH 7) containing
skim milk was used for caseinase test. After incubation
at 37°C for 48 h, a clear zone around the colony was
accepted as a positive caseinase activity [32]. Peptone
Broth medium (peptone, 10 g; sodium chloride, 5 g;
distilled water, 1000 mL; pH 7) was used for detection
of ammonia production from peptone. After incubation
at 37°C for 24 h, 1-2 drops of Nessler reagent were
dropped into tubes. Brown precipitate in the test tube
was an indicator of ammonia formation of peptone [38].
2.11. Determination of Efficacy of Dry-Heat
Sterilization and High-Pressure Steam
Sterilization for Inactivation of Bacteria in
Food Salt Samples

In this experiment, the efficacy of both dry-heat
sterilization and high-pressure steam sterilization for
the inactivation of bacteria including halotolerant
bacteria found in six food salt samples were separately
examined. Six food salt samples coded as FSS1, FSS9,
FSS15, FSS18, FSS22, and FSS24 containing viable
bacteria and halotolerant bacteria in high numbers were
selected for sterilization experiments. Salt samples of
FSS1 (Cyprus black lava sea salt obtained from
France), FSS9 (sea salt, Tiirkiye), FSS15 (Himalaya
salt, Pakistan), FSS18 (table salt, Pakistan), FSS22
(table salt, England), FSS24 (table salt, Switzerland)
were used in the experiments. All experiments were
done twice. Therefore, four groups of food salt samples
coded as FSS1, FSS9, FSS15, FSS18, FSS22, and
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FSS24 were prepared. One gram of salt samples
belonging to FSS1, FSS9, FSS15, FSS18, FSS22, and
FSS24 was weighed. Then, each salt sample was
separately placed on sterile glass Petri plates. The plates
belonging to FSS1, FSS9, FSS15, FSS18, FSS22, and
FSS24 were placed in a Pasteur oven (FN500, NUVE,
Tiirkiye) and sterilized at dry-heat at 175°C for 2 h. The
other plates that belonged to FSS1, FSS9, FSS15,
FSS18, FSS22, and FSS24 were placed inside the
autoclave (HMC, HIRAYAMA, Japan) and sterilized
at high-pressure steam at 121°C for 30 min. After
sterilization processes, six food salt samples were
separately added to 10 mL of sterile physiological
saline solution (0.85%), and the salt solutions were
mixed in a shaking incubator at 24°C for 30 min at 100
rpm. The saline solutions were passed through a sterile
cellulose nitrate membrane (0.2 pm pore size), and each
membrane was placed onto the MNA medium surface
in the Petri plates. The plates containing membranes
were incubated at 37°C for seven days. After
incubation, the Petri plates were examined in terms of
the presence or absence of the bacterial colonies. The
absence of bacterial colonies on the membranes
showed the high inactivation effect of dry-heat
sterilization and high-pressure steam sterilization
against bacteria found in food salt samples.

I11. FINDINGS AND DISCUSSION

In the present study, although bacteria were observed
in 20 salt samples, halotolerant bacteria were observed
in 17 salt samples. While bacteria were not detected in
five salt samples (4FSS and 5FSS collected from
France; 8FSS and 12FSS Tirkiye; 17FSS Pakistan),
halotolerant bacteria were not found in eight salt
samples (3FSS, 4FSS and 5FSS France; 8FSS and
12FSS Tirkiye; 17FSS Pakistan; 20FSS Germany;
23FSS England). The moisture contents, ash contents,
and pH values of salt samples changed between 2.3-
3.7%, 95-97%, and 6.37-9.94, respectively. While most
of the food salt samples had neutral pH values, only two
salt samples coded as 5FSS (9.94) and 20FSS (8.55)
had alkaline pH values (Table 2). The moisture contents
of the salt samples were found to be very low. The
organic content of the salt samples was calculated from
the ash content. Organic contents of the salt samples
were also found as fairly low. Low moisture content
and low organic content may adversely affect the
growth of bacteria in food salt samples. Due to the low
moisture contents and low organic substances of the
salt samples, 80% of salt samples contained bacteria (1-
58 CFU/g), and 68% of salt samples had halotolerant
bacteria (1-40 CFU/g) in low number. In a previous
study, moisture contents of 40 salt samples, which were
used in hide and skin preservation, ranged from 0.90%
to 4.97% [38]. In another research, moisture contents
and pH values of the salt samples used in the leather
industry had been found between 0.90% and 5.02%,
6.23 and 7.22, respectively [24].
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Table 2. The salt codes, countries, moisture contents, ash contents, pH values, total numbers of bacteria, total
numbers of halotolerant bacteria of salt samples

] Total Numbers of
Countries Moisture Ash Total Numbers Halotolerant
Salt Codes o o pH of Bacteria :
(%) (%) (CFU/g) Bacteria
(CFUI/g)
1FSS France 3.3 96.0 7.38 35 34
2FSS France 3.3 96.6 7.50 22 22
3FSS France 3.5 95.2 7.21 2 0
4FSS France 3.3 96.6 7.33 0 0
5FSS France 3.4 95.0 9.94 0 0
6FSS France 3.0 97.0 8.00 10 10
7FSS Tiirkiye 3.3 97.0 6.54 17 14
8FSS Tiirkiye 3.0 97.0 7.04 0 0
9FSS Tiirkiye 3.0 96.6 6.95 40 40
10FSS Tiirkiye 3.2 96.0 6.83 10 8
11FSS Tiirkiye 3.3 95.0 7.43 12 11
12FSS Tiirkiye 3.3 95.2 6.37 0 0
13FSS Tiirkiye 3.7 96.0 7.40 30 12
14FSS Tiirkiye 3.0 95.7 6.57 1 1
15FSS Pakistan 2.5 96.3 6.82 30 30
16FSS Pakistan 3.3 95.5 6.51 9 9
17FSS Pakistan 3.0 97.0 6.59 0 0
18FSS Pakistan 3.0 96.6 6.60 58 16
19FSS Germany 3.4 95.0 6.96 1 1
20FSS Germany 2.8 96.0 8.55 8 0
21FSS Germany 3.0 97.0 7.10 12 10
22FSS England 2.3 95.5 7.15 21 20
23FSS England 2.5 96.0 7.90 2 0
24FSS Switzerland 3.0 96.3 7.04 40 40
25FSS Austria 3.0 97.0 7.70 9 7

A total of 138 pure halotolerant bacterial isolates were
obtained from 17 salt samples. Growth ranges of the
halotolerant isolates at different salt concentrations,
different pH, and different temperature values are
shown in Table 3. All isolates grew at the absence of
salt and presence of 10% NaCl in the medium.
However, only 22 isolates (6FSS5, 6FSS8, 9FSS7,
9FSS15, 9FSS16, 9FSS24, 9FSS31, 11FSS3, 11FSS7,
11FSS9, 13FSS12, 14FSS1, 18FSS7, 18FSS35,
18FSS50, 21FSS5, 21FSS9, 22FSS2, 24FSS2, 24FSS3,
25FSS1, 25FSS10) were able to grow at 20% NaCl.
These results showed that the isolates were halotolerant
bacteria. All halotolerant isolates showed growth at pH
5, 7, and 9. While eight isolates (13FSS22, 13FSS30,
18FSS5, 18FSS6, 18FSS7, 18FSS9, 21FSS1, 25FSS8)
grew at 4°C, all isolates grew at 24°C and 37°C.

When the pH values of the food salt samples containing
halotolerant bacteria were compared with the pH values
at which the halotolerant isolate was grown, a close
relationship was observed between the salt samples and
the halotolerant isolates in terms of pH values. The pH
values of 17 food salt samples (in which halotolerant
bacteria were isolated) were between 6.51 and 8.00
(Table 2). All halotolerant bacteria were grown on
MNA agar media with pH values of 5, 7, and 9. The
optimum growth of the isolates was observed at pH 7.
These results showed that the pH values of food salt
samples containing halotolerant bacteria were suitable
to support the growth of halotolerant isolates.
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In another study, the optimal temperature ranges for
halotolerant bacteria were found as 30°C-40°C [39]. In
a different study, the researchers reported the growth of
these microorganisms at pH 7.0-8.5 and 0%-12% NacCl
concentrations [40]. The researchers stated that the
optimal temperature and pH for the growth of
halotolerant isolates were 37°C and 7, respectively
[24]. Our test results were found to be consistent with
the results of the previous studies. All halotolerant
isolates showed optimal growth at MNA medium
without salt, pH 7 and 37°C (Table 3).

All isolates of halotolerant bacteria were rod-shaped.
Although 131 halotolerant isolates were motile, seven
isolates were non-motile. While 118 halotolerant
isolates (86%) were found as Gram-positive bacteria,
20 halotolerant isolates (14%) were Gram-negative
bacteria. Seventy-eight isolates were endospore-
forming bacteria (Table 4). The cell wall of Gram-
negative bacteria contains the lipopolysaccharide layer
(LPS) that is toxic to animals and humans. The toxicity
of LPS is due to Lipid A called endotoxin. Some
endotoxins may cause fever, gastrointestinal symptoms
such as gas, diarrhea, and vomiting in humans [41].
Food salts containing Gram-negative and Gram-
positive halotolerant bacteria may contaminate
uncooked foods such as salads. The bacterial growth in
the foods stored at room temperature may result in food
spoilage and cause foodborne disease in humans.
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The common presence of halotolerant Gram-positive
bacteria in salt samples was also detected in the salt
samples collected from the leather industry. In that
study, the researchers isolated 83 halotolerant bacteria
from 30 hide and skin preservation salt samples. All
isolates were found as motile, rod-shaped, and
endospore-forming Gram-positive bacteria in that
study [24].

Forms of the colonies of halotolerant bacteria were
detected as circular (91 isolates), punctiform (33
isolates), irregular (8 isolates), rhizoid (5 isolates) or
filamentous (1 isolate). Elevations of the colonies were
flat (76 isolates), convex (7 isolates) or raised (55
isolates). Margins of the colonies were entire (97
isolates), erose (17 isolates), filamentous (15 isolates)
or undulate (9 isolates). Pigmentations of the colonies
were orange (2 isolates), cream (62 isolates), dark
cream (7 isolates), white (47 isolates), yellow (14
isolates), dark yellow (1 isolate) or non-pigmented (5
isolates). Textures of the colonies were smooth (73
isolates) or rough (65 isolates). Appearances of the
colonies were dull (66 isolates) or shiny (72 isolates).
Optical properties of the colonies were opaque (63

isolates), translucent (49 isolates) or transparent (26
isolates) (Table 4).

Catalase and oxidase reactions, protease, lipase,
amylase, and caseinase activities, ammonia production
from peptone of the test isolates are shown in Table 5.
All isolates were catalase positive. Catalase test
reactions of the halotolerant bacteria showed that these
microorganisms are aerobic or facultative aerobic.
Among 138 isolates, 83, 84, 48, 92, 100 isolates were
oxidase, protease, lipase, amylase, and caseinase
positive, respectively. Sixty isolates produced
ammonia from peptone. Food salt samples coded as
1FSS, 2FSS, 6FSS, 7FSS, 9FSS, 10FSS, 11FSS,
13FSS, 14FSS, 15FSS, 16FSS, 18FSS, 19FSS, 21FSS,
22FSS, 24FSS, 25FSS had halotolerant bacteria with
hydrolytic activities (Table 5). In a study carried out
with 30 salt samples collected from different leather
factories in Corlu and Tuzla (Tirkiye), catalase and
protease activities of all isolates (83 strains) in the salt
samples were found as positive and 55 isolates showed
positive oxidase activities [24].

Table 3. Growth ranges of halotolerant isolates at different NaCl concentrations, different pH and different
temperature values

NaCl Concentrations pH Temperature
Values Values
Isolate
Codes 0% | 10% 20% pH5 pH7 pH9 4°C 24°C 37°C
1 1FSS1 ++ + + ++ + + ++
2 1FSS2 ++ + + ++ + + ++
3 2ESS1 ++ + + ++ + + ++
4 2FSS2 ++ + + ++ + + ++
5 6FSS1 ++ + + ++ + + T+
6 B6FSS2 ++ |+ + s ¥ + o
7 6FSS3 ++ |+ + ++ ¥ ; —
8 6FSS4 ++ + + ++ + + ++
9 6FSS5 ++ + + + ++ + + ++
10 6FSS6 ++ + + ++ + + T+
11 6FSS7 ++ + + ++ + + ++
12 6FSS8 ++ + + + ++ + + ++
13 6FSS9 ++ + + ++ + + T+
14 6FSS10 ++ |+ + ++ ¥ + —
15 7FSS1 ++ + + ++ + + ++
16 9FSS1 ++ + + ++ + + ++
17 9FSS2 ++ + + ++ + + ++
18 9FSS3 ++ + + ++ + T T+
19 9FSS4 ++ + + ++ + T T+
20 9FSS5 ++ + + ++ + + T+
21 9FSS6 ++ + + ++ + + ++
22 9FSS7 ++ + + + ++ + + T+
23 9FSS8 ++ + + ++ + + ++
24 9FSS9 ++ + + ++ + + ++
25 9FSS13 ++ + + ++ + + ++
26 9FSS14 ++ + + ++ + + ++
27 9FSS15 ++ + + ++ + + ++
28 9FSS16 ++ + + ++ + + T+
29 9FSS17 ++ + + ++ + + ++
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30 | oFssis ~+ [+ - + + + - M i
31 | oFssio =+ |+ - + + + - i B
32 | 9Fss20 |+ - + H + - * B
33 | oFss21 ~+ |+ - + + + - i i
34| 9Fss22 R - + H + - * i
35 | 9Fss23 |+ - + H + - * B
36 | oFss24 =+ |+ + + ++ + - i B
37 | 9FsS26 R - + H + - * i
38 | oFss27 ~+ |+ - + + + - M i
39 | oFss8 =+ |+ - + ++ + - i B
20 | 9FsS29 |+ - + H + - * i
Table 3. Continued
i H Temperature
NaCl Concentrations Vglues V%Iues
Isolate | o5 | 1006 [ 2006 |pHS5 [pH7 |pHO | 4°C 24°C | 371°C
Codes
41 | OFSS30 | ++ | + - + ++ + - * b
42 | OFSS3L | ++ |+ + + ++ + - * B
43 | OFSS32 | ++ |+ - + =+ + - * Bl
44 | OFSS33 | ++ | + - + ++ + - * Bl
45 | OFSS34 | ++ | + - + ++ + - * S
46 | 9FSS35 | ++ | + - + + + - * B
47 | OFSS36 | ++ | + - + ++ + - * Bl
48 | OFSS37 | ++ | + - + ++ + - * S
49 | OFSS38 | ++ | + - + ++ + - * Bl
50 | 9FSS39 | ++ | + - + ++ + - * B
51 | OFSS40 | ++ | + - + =+ + - * Bl
52 | 10FSS1 | ++ | + - + + + - * B
53 | 10FSS2 | ++ | + - + ++ + - * S
54 | 10FSS3 | ++ | + - + + + - * B
55 | 10FSS4 | ++ | + - + ++ + - * Bl
56 | 10FSS5 | ++ | + - + ++ + - * S
57 | 10FSS6 | ++ | + - + ++ + - * Bl
58 | 10FSS7 | ++ | + - + ++ + - * Bl
59 | 10FSS8 | ++ | + - + =+ + - * B
60 | 11FSS1 | ++ | + - + ++ + - * B
61 | 11FSS2 | ++ | + - + ++ + - * S
62 | 11FSS3 | ++ | + + + + + - * Bl
63 | 11FSS4 | ++ | + - + + + - * Bl
64 | 11FSS5 | ++ | + - + ++ + - * S
65 | 11FSS6 | ++ | + - + + + - * Bl
66 | 11FSS7T | ++ | + + + ++ + - * Bl
67 | 11FSS8 | ++ | + - + =+ + - * B
68 | 11FSS9 | ++ | + + + + + - * Bl
69 | 11FSS10 | ++ | + - + ++ + - * B
70 | 11FSS11 | ++ | + - + ++ + - * o
71 | 13FSS3 | ++ | + - + + + - * Bl
72 | 18FSS11 | ++ | + - + ++ + - * B
73 | 18FSS12 | ++ | + + + ++ + - * B
74 | 13FSS15 | ++ | + - + ++ + - * B
75 | 13FSS19 | ++ | + - + + + - * o
76 | 13FSS20 | ++ | + - + + + - * B
77 | 18FSS21 | ++ | + - + ++ + - * B
78 | 13FSS22 | ++ | + - + ++ + + * B
79 | 13FSS26 | ++ | + - + ++ + - * B
80 | 13FSS28 | ++ | + - + ++ + - * B
81 | 13FSS29 | ++ | + - + + + - * B
82 | 13FSS30 | ++ | + - + ++ + + * B
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83 14FSS1 ++ + + + ++ + - + ++
84 15FSS1 ++ + - + ++ + - + ++
85 15FSS2 ++ + - + ++ + - + ++
86 16FSS1 ++ + - + ++ + - + ++
87 16FSS2 ++ + - + ++ + - + ++
88 16FSS3 ++ + - + ++ + - + ++
89 16FSS4 ++ + - + ++ + - + ++
90 16FSS5 ++ + - + ++ + - + ++
91 16FSS6 ++ + - + ++ + - + ++
92 16FSS7 ++ + - + ++ + - + ++
Table 3. Continued
NaCl Concentrations pH Temperature
Values Values
'Cs‘gfjitse 0% | 10% |20% |pH5 |pH7 |pH9 |4°C 24°C 37°C
93 16FSS8 ++ + - + ++ + - + ++
94 16FSS9 ++ + - + ++ + - + ++
95 18FSS1 ++ + - + ++ + - + ++
96 18FSS5 ++ + - + ++ + + + ++
97 18FSS6 ++ + - + ++ + + + ++
98 18FSS7 ++ + + + ++ + + + ++
99 18FSS9 ++ + - + ++ + + + ++
100 18FSS10 ++ + - + ++ + - + ++
101 18FSS11 ++ + - + ++ + - + ++
102 18FSS35 ++ + + + ++ + - + ++
103 | 18FSS40 | ++ |+ - + ++ + - + ++
104 18FSS41 ++ + - + ++ + - + ++
105 18FSS45 ++ + - + ++ + - + ++
106 18FSS46 ++ + - + ++ + - + ++
107 18FSS50 ++ + + + ++ + - + ++
108 | 18FSS52 | ++ |+ - + ++ + - + ++
109 18FSS53 ++ + - + ++ + - + ++
110 18FSS55 ++ + - + ++ + - + ++
111 19FSS1 ++ + - + ++ + - + ++
112 21FSS1 ++ + - + ++ + + + ++
113 21FSS2 ++ + - + ++ + - + ++
114 21FSS3 ++ + - + ++ + - + ++
115 21FSS4 ++ + - + ++ + - + ++
116 21FSS5 ++ + + + ++ + - + ++
117 21FSS6 ++ + - + ++ + - + ++
118 21FSS7 ++ + - + ++ + - + ++
119 21FSS8 ++ + - + ++ + - + ++
120 | 21FSS9 ++ + + + ++ + - + ++
121 21FSS10 ++ + - + ++ + - + ++
122 22FSS1 ++ + - + ++ + - + ++
123 22FSS2 ++ + + + ++ + - + ++
124 | 22FSS3 ++ + - + ++ + - + ++
125 22FSS4 ++ + - + ++ + - + ++
126 22FSS5 ++ + - + ++ + - + ++
127 22FSS6 ++ + - + ++ + - + ++
128 22FSS7 ++ + - + ++ + - + ++
129 24FSS2 ++ + + + ++ + - + ++
130 | 24FSS3 ++ + + + ++ + - + ++
131 25FSS1 ++ + + + ++ + - + ++
132 25FSS4 ++ + - + ++ + - + ++
133 25FSS5 ++ + - + ++ + - + ++
134 | 25FSS6 ++ + - + ++ + - + ++
135 25FSS7 ++ + - + ++ + - + ++
136 25FSS8 ++ + - + ++ + + + ++
137 25FSS9 ++ + - + ++ + - + ++
138 25FSS10 ++ + + + ++ + - + ++

++:shows optimal growth values
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Table 4. Phenotypic properties of pure halotolerant bacterial colonies

Colony Characteristics

3 c £

2 E g g o g

3 8 g | e c g £ £

o =] 2 o 8 2 c c o o =

2 = £ c 2 c g =) 3 3 g 8

e = 3 s | 2 S s 5 5 g g 2

2 o = O] i L w = a [ < o

1 1FSS1 Rod + - - Circular Raised Entire Orange | Smooth | Shiny Opaque

Punctiform Non-
2 1FSS2 Rod + + + Flat Entire pigmen | Smooth | Shiny Transparent
ted
3 2FSS1 Rod + + - Punctiform | Flat Entire White Smooth | Shiny Transparent
Punctiform | Flat Non-
4 2FSS2 Rod + + + Entire pigmen | Rough Shiny Transparent
ted

5 6FSS1 Rod + + - Circular Flat Entire Cream | Smooth | Dull Opaque

6 6FSS2 Rod + - - Circular Flat Filamentous Cream | Rough Dull Opaque

7 6FSS3 Rod + + + Circular Flat Filamentous White Smooth | Dull Opaque

8 6FSS4 Rod + + + Circular Raised Filamentous White Rough Dull Opaque

9 6FSS5 Rod + + + Circular Raised Filamentous White Smooth | Dull Opaque

10 6FSS6 Rod - + + Circular Flat Filamentous Cream Rough Dull Opaque

11 6FSS7 Rod + - - Circular Raised Entire Cream | Smooth | Dull Opaque

12 6FSS8 Rod + + + Circular Raised Entire Cream | Smooth | Dull Opaque

13 6FSS9 Rod + + + Circular Raised Entire White Rough Dull Opaque

14 6FSS10 Rod + + + Circular Raised Entire Yellow | Smooth | Dull Opaque

15 7FSS1 Rod + + + Circular Convex Entire Orange | Smooth | Shiny Opaque

16 9FSS1 Rod + + - Circular Raised Entire Cream Rough Dull Opaque
17 9FSS2 Rod + + - Circular Raised Entire Cream | Rough | Shiny Transcluent

18 9FSS3 Rod - + + Circular Convex Entire Cream | Smooth | Shiny Opaque
19 9FSS4 Rod + + - Punctiform | Flat Entire Cream Rough Shiny Transcluent
20 9FSS5 Rod + + - Punctiform | Flat Entire Cream | Smooth | Shiny Transcluent
21 9FSS6 Rod + + - Punctiform | Flat Entire White Rough Dull Transcluent
22 9FSS7 Rod + + + Punctiform | Flat Entire Yellow | Smooth | Shiny Transcluent
23 9FSS8 Rod + + - Circular Flat Entire Yellow | Smooth | Shiny Transcluent
24 9FSS9 Rod + + - Circular Raised Entire Cream | Smooth | Dull Transcluent

25 9FSS13 Rod - + - Circular Flat Erose Cream Rough Dull Opaque
26 9FSS14 Rod + + + Punctiform | Raised Entire Cream | Smooth | Shiny Transcluent

27 9FSS15 Rod + + - Circular Flat Entire Cream | Rough Dull Opaque

28 9FSS16 Rod + + + Circular Raised Entire Cream | Smooth | Shiny Opaque
29 9FSS17 Rod + + - Punctiform | Flat Entire White Smooth | Dull Transcluent
30 9FSS18 Rod + + + Circular Flat Erose White Smooth | Shiny Transcluent
31 9FSS19 Rod - + - Circular Flat Entire Cream | Smooth | Shiny Transcluent
32 9FSS20 Rod + + + Punctiform | Raised Entire Cream | Smooth | Dull Transcluent
33 9FSS21 Rod + - - Circular Raised Entire Yellow | Smooth | Shiny Transparent
34 9FSS22 Rod + + - Punctiform | Flat Entire Yellow | Rough Shiny Transparent
35 9FSS23 Rod + + - Punctiform | Flat Entire Yellow | Smooth | Shiny Transparent
36 9FSS24 Rod + + + Circular Raised Undulate cDrae;I:n Smooth | Shiny Transparent
37 9FSS26 Rod + - - Punctiform | Flat Entire Cream | Smooth | Shiny Transcluent
38 9FSS27 Rod + + + Punctiform | Flat Entire Cream | Smooth | Shiny Transcluent

39 9FSS28 Rod + + - Circular Raised Entire Cream Rough Dull Opaque

40 9FSS29 Rod + + - Punctiform | Flat Entire Cream | Smooth | Dull Opaque
41 9FSS30 Rod + + - Circular Raised Entire White Smooth | Shiny Transcluent
42 9FSS31 Rod + + + Circular Raised Undulate White Smooth | Dull Transcluent
43 9FSS32 Rod + + - Circular Flat Entire Cream | Smooth | Shiny Transcluent

44 9FSS33 Rod + + - Circular Raised Undulate Cream | Rough Dull Opaque

45 9FSS34 Rod - + + Circular Flat Entire Cream | Smooth | Dull Opaque
46 9FSS35 Rod + + - Punctiform | Flat Entire Cream | Smooth | Shiny Transparent
47 9FSS36 Rod + + - Circular Raised Erose cDrz;l:n Smooth | Shiny Transcluent

48 9FSS37 Rod + + - Punctiform | Raised Entire Yellow | Smooth | Shiny Opaque
49 9FSS38 Rod + + + Circular Flat Entire Cream | Rough Dull Transcluent
50 9FSS39 Rod + + + Circular Raised Erose Cream | Smooth | Shiny Transcluent
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Table 4. Continued

Colony Characteristics

2 E = 5 g

2 & g 2 2 g 2

O 5 > & = 5 c g ® S o

£ = = £ 2 c g =) g 5 s 8

< = = & ] £ 3 b = % = =

2 3 s o) v g m s g 2 & S
51 9FSS40 Rod + + + Punctiform | Flat Entire Cream | Smooth | Shiny Transcluent
52 10FSS1 Rod + + - Circular Raised Entire White Rough Dull Transcluent
53 10FSS2 Rod + + + Circular Raised Entire White Rough Dull Opaque
54 10FSS3 Rod + + + Circular Raised Entire Cream Rough Dull Opaque
55 10FSS4 Rod + + - Circular Raised Entire White Rough Dull Opaque
57 10FSS6 Rod - + - Punctiform | Flat Entire Cream | Rough | Shiny Transcluent
58 10FSS7 Rod + + - Circular Flat Entire Cream | Smooth | Shiny Transparent
59 10FSS8 Rod + + - Punctiform | Flat Entire White Smooth | Shiny Transparent
60 11FSS1 Rod + + + Circular Raised Entire Cream | Smooth | Dull Opaque
61 11FSS2 Rod + + + Circular Flat Erose Cream Rough Dull Transcluent
62 11FSS3 Rod + + + Circular Raised Entire White Smooth | Dull Transparent
63 11FSS4 Rod + + + Circular Raised Entire Cream | Smooth | Dull Opaque
64 11FSS5 Rod + + + Circular Flat Entire White Smooth | Dull Opaque
65 11FSS6 Rod + + + Circular Raised Entire White Rough Dull Opaque
66 11FSS7 Rod + + + Circular Raised Entire Cream | Smooth | Shiny Opaque
67 11FSS8 Rod + + + Circular Flat Entire Cream Smooth | Shiny Transcluent
68 11FSS9 Rod + + + Circular Raised Entire White Rough Dull Opaque
69 11FSS10 | Rod + + + Circular Flat Entire White Rough Dull Opaque
70 11FSS11 | Rod + + + Circular Raised Entire Cream Rough Dull Opaque
71 13FSS3 Rod + + + Irregular Convex Entire Cream Rough Shiny Opaque

Non-
72 13FSS11 | Rod + + + Punctiform | Flat Entire pigmen | Smooth | Shiny Transparent
ted

73 13FSS12 | Rod + + + Irregular Convex Entire Cream | Rough | Shiny Opaque
74 13FSS15 | Rod + + + Circular Convex Entire White Smooth | Dull Transcluent
75 13FSS19 | Rod + + + Irregular Flat Entire Cream Rough Shiny Opaque
76 13FSS20 | Rod + + + Rhizoid Flat Filamentous Cream | Smooth | Dull Transcluent
77 13FSS21 | Rod + + + Circular Flat Entire White Rough Shiny Opaque
78 13FSS22 | Rod + + + Circular Flat Entire White Smooth | Shiny Transparent
79 13FSS26 | Rod + + + Rhizoid Flat Filamentous White Rough | Shiny Transcluent
80 13FSS28 | Rod + + + Rhizoid Raised Filamentous White Rough | Shiny Transparent
81 13FSS29 | Rod + + + Rhizoid Flat Filamentous White Rough Dull Transparent
82 13FSS30 | Rod + + + Rhizoid Flat Filamentous White Rough | Shiny Transcluent
83 14FSS1 Rod + - - Circular Flat Entire cDraeg:n Smooth | Shiny Transparent
84 15FSS1 Rod + + + Circular Raised Entire Yellow | Smooth | Shiny Transcluent
85 15FSS2 Rod + - - Circular Flat Entire Yellow | Smooth | Shiny Transcluent
86 16FSS1 Rod + + + Punctiform | Raised Entire Cream | Rough Dull Opaque
87 16FSS2 Rod - - - Punctiform | Flat Entire Sea}zlgw Smooth | Shiny Transparent
88 16FSS3 Rod + - - Circular Flat Entire Yellow | Smooth | Dull Transcluent
89 16FSS4 Rod + + + Circular Raised Entire Cream | Smooth | Dull Opaque
90 16FSS5 Rod + + + Circular Raised Entire White Smooth | Dull Opaque
91 16FSS6 Rod + + + Circular Diiz Entire White Smooth | Dull Opaque
92 16FSS7 Rod + + + Punctiform | Flat Undulate Cream | Rough Dull Transparent
93 16FSS8 Rod + - - Punctiform | Flat Entire White Rough | Shiny Transcluent
94 16FSS9 Rod + + + Circular Flat Entire Cream | Rough Dull Transcluent
95 18FSS1 Rod + + + Punctiform | Flat Entire Cream | Rough | Shiny Opaque
96 18FSS5 Rod + + + Circular Raised Erose White Smooth | Dull Opaque
97 18FSS6 Rod + + - Circular Flat Erose (I:Drzgﬁn Smooth | Dull Opaque
98 18FSS7 Rod + + - Circular Flat Entire White Smooth | Dull Opaque
99 18FSS9 Rod + + - Circular Convex Entire White Rough Dull Opaque
100 18FSS10 | Rod + + + Circular Raised Entire White Rough Dull Transcluent
101 18FSS11 | Rod + + + Circular Flat Entire Cream Rough Shiny Transcluent
102 18FSS35 | Rod + + + Circular Flat Erose Cream Rough Dull Transcluent
103 18FSS40 | Rod + + + Circular Flat Entire White Rough Shiny Opaque
104 18FSS41 | Rod + + - Punctiform Flat Entire White Rough Dull Transcluent
105 | 18FSS45 | Rod + + ; Circular Flat Erose CDr:;':n Smooth | Shiny Transcluent
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Table 4. Continued

Colony Characteristics
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E |z |5 |5 |&| ¢ g g el 2| & g
2 3 = G i g m = & 2 g S
106 18FSS46 | Rod + Punctiform | Convex Entire Er:g:n Smooth | Shiny Transparent
107 18FSS50 | Rod + Circular Raised Entire Cream | Smooth | Dull Opaque
108 18FSS52 | Rod + Circular Raised Entire White Rough Dull Opaque
109 18FSS53 | Rod + Circular Flat Entire Er:;l:n Rough Dull Transparent
110 18FSS55 | Rod + Circular Raised Undulate White Rough Shiny Opaque
Non-
111 19FSS1 Rod + Punctiform | Flat Entire pigmen | Rough Shiny Transparent
ted
112 21FSS1 Rod + Circular Flat Erose Cream | Rough Dull Opaque
113 21FSS2 Rod + Circular Flat Erose Cream | Smooth | Shiny Opaque
114 21FSS3 Rod + Circular Flat Erose Cream | Rough Dull Opaque
115 21FSs4 Rod + Circular Flat Erose Cream | Rough Dull Opaque
116 21FSS5 Rod + SFiIamentou Raised Filamentous Cream | Smooth | Shiny Transcluent
117 21FSS6 Rod + Circular Flat Entire White Rough Dull Transcluent
118 21FSS7 Rod + Circular Flat Erose Yellow | Rough Dull Opaque
119 21FSS8 Rod + Circular Raised Undulate Cream | Rough Dull Transcluent
120 21FSS9 Rod + Circular Raised Undulate Cream | Rough | Shiny Transcluent
121 21FSS10 | Rod + Circular Flat Erose Cream | Smooth | Dull Opaque
122 22FSS1 Rod + Circular Raised Erose White Smooth | Shiny Opaque
123 22FSS2 Rod + Punctiform Flat Entire White Smooth | Shiny Transcluent
124 22FSS3 Rod + Punctiform Flat Entire White Rough Dull Transparent
125 22FSS4 Rod + Circular Flat Undulate White Rough Shiny Transcluent
126 22FSS5 Rod + Circular Raised Entire Yellow | Smooth | Shiny Opaque
127 22FSS6 Rod + Circular Flat Undulate White Rough Dull Transparent
128 22FSS7 Rod + Punctiform | Flat Entire White Smooth | Shiny Transparent
129 24FSS2 Rod + Circular Flat Entire Yellow | Rough Shiny Opaque
130 24FSS3 Rod + Circular Raised Entire White Rough Shiny Transcluent
131 25FSS1 Rod + Irregular Raised Filamentous White Rough Shiny Opaque
132 25FSs4 Rod + Circular Flat Erose Cream | Smooth | Dull Opaque
133 25FSS5 Rod + Irregular Raised Entire Cream | Rough Shiny Opaque
Non-
134 25FSS6 Rod + Circular Flat Entire pigmen | Smooth | Shiny Transparent
ted
135 25FSS7 Rod + Irregular Raised Filamentous Cream | Rough Shiny Transcluent
136 25FSS8 Rod + Irregular Raised Filamentous Cream | Rough Shiny Transcluent
137 25FSS9 Rod + Irregular Raised Filamentous Cream Rough Shiny Transcluent
138 25FSS10 | Rod + Circular Raised Entire Yellow | Smooth | Shiny Opaque
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Table 5. Biochemical test results of halotolerant test isolates

Isolate Codes | Catalase Oxidase Protease | Lipase | Amylase | Caseinase Ammonia from peptone

1 1FSS1 + - - + - - +
2 1FSS2 + + + - + + +
3 2FSS1 + + - - - - -
4 2FSS2 + - - + + - +
5 6FSS1 + - - + + + +
6 6FSS2 + - - + + + -
7 6FSS3 + - - + + + +
8 6FSS4 + - + + + + +
9 6FSS5 + ¥ . ¥ ¥ + N
10 6FSS6 + + + + - + _
11 6FSS7 + - ¥ - ¥ + T
12 6FSS8 + - - N + T N
13 6FSS9 + + + - + + +
14 6FSS10 + + - - + + -
15 7FSS1 + - + + - + -
16 9FSS1 + + - - + + T
17 9FSS2 + + ¥ - ¥ ¥ +
18 9FSS3 + + + - + + +
19 9FSS4 + + - - - + -
20 9FSS5 + + + + - + -
21 9FSS6 + + + - + - -
22 9FSS7 + + - - + + +
23 9FSS8 + + + - + + -
24 9FSS9 + + + + - -
25 9FSS13 + - - - + + +
26 9FSS14 + + - - + +

27 9FSS15 + - + + - + -
28 9FSS16 + + + + + + -
29 9FSS17 + + + + - + -
30 9FSS18 + + - - - + -
31 9FSS19 + - + - - + -
32 9FSS20 + + + - + + -
33 9FSS21 + - + - - - -
34 9FSS22 + - + - + - -
35 9FSS23 + + + - + + -
36 9FSS24 + + + + - - -
37 9FSS26 + + + - - - +
38 9FSS27 + + - - - + -
39 9FSS28 + + + - - + -
40 9FSS29 + + + - + -
41 9FSS30 + + + - + + -
42 9FSS31 + + - - + + -
43 9FSS32 + - + + + + +
44 9FSS33 + + + + - - -
45 9FSS34 + + + - - + -
46 9FSS35 + + + + - + -
47 9FSS36 + - + - + -
48 9FSS37 + - + - - + -
49 9FSS38 + - - - - - +
50 9FSS39 + + + - - - -
51 9FSS40 + - + - + +
52 10FSS1 + - + - - - +
53 10FSS2 + + + - - - -
54 10FSS3 + - + - + + +
55 10FSS4 + + - + + + -
56 10FSS5 + - + - + + -
57 10FSS6 + - + + - -
58 10FSS7 + - + - + - +
59 10FSS8 + + + - - + -
60 11FSS1 + + + + + + -
61 11FSS2 + + + + - + +
62 11FSS3 + + + + + + -
63 11FSS4 + - + - - - +
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Table 5. Continued

Egéaets Catalase | Oxidase Protease | Lipase | Amylase | Caseinase Ammonia from peptone

64 11FSS5 + + + + T T B
65 11FSS6 + + + + - + T
66 11FSS7 + + + + T T B
67 11FSS8 + - - + T T N
68 11FSS9 + + + - + + T
69 11FSS10 + + + - - T N
70 11FSS11 + - B I n ; N
71 13FSS3 + - - B T T N
72 13FSS11 + - - B T T N
73 13FSS12 + - - B T T T
74 13FSS15 + - - B T T N
75 13FSS19 + - - B T T R
76 13FSS20 + + + - + N T
77 13FSS21 + + - - R N N
78 13FSS22 + + - - T T ;
79 13FSS26 + + + - + T N
80 13FSS28 + - - B N T T
81 13FSS29 + + - _ + N T
82 13FSS30 + + + - + T n
83 14FSS1 + + - - R T n
84 15FSS1 + - B _ N N -
85 15FSS2 + + - _ T N R
86 16FSS1 + - B B T T N
87 16FSS2 + - B ¥ T ; "
88 16FSS3 + + + B N N N
89 16FSS4 + - + ¥ T T "
90 16FSS5 + - + ¥ T ; N
91 16FSS6 + + + B T N "
92 16FSS7 + - + + + + N
93 16FSS8 + - + - - + T
94 16FSS9 + + - + T N

95 18FSS1 + + - + T T B
96 18FSS5 + + + B N N N
97 18FSS6 + + + + T T

98 18FSS7 + + + + T T N
99 18FSS9 + + + _ T N R
100 18FSS10 + + + + T T "
101 18FSS11 + + - + T N N
102 18FSS35 + + + + N N "
103 18FSS40 + + + _ N T "
104 18FSS41 + + + B T T "
105 18FSS45 + + + _ T N N
106 18FSS46 + + + + T T B
107 18FSS50 + + + - + T N
108 18FSS52 + + + + + N T
109 18FSS53 + + + - + T N
110 18FSS55 + + + - + + T
111 19FSS1 + - + ¥ N N n
112 21FSS1 + - B ¥ I i "
113 21FSS2 + + - B T T N
114 21FSS3 + - + ¥ T " n
115 21FSS4 + - + - + T T
116 21FSS5 + - - _ T T "
117 21FSS6 + - B B T T N
118 21FSS7 + + + - + T T
119 21FSS8 + B T T T
120 21FSS9 + - B B T T T
121 21FSS10 + + + - + + T
122 22FSS1 + + + + R n T
123 22FSS2 + - B ¥ N N —
124 22FSS3 + - - - N N N
125 22FSS4 + - B I T ; I
126 22FSS5 + - + _ N T N
127 22FSS6 + + + + T n T
128 22FSS7 + + + + T T N
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Table 5. Continued

Isolate Codes | Catalase | Oxidase Protease | Lipase | Amylase | Caseinase Ammonia from peptone
129 | 24FSS2 + + - - + - -
130 | 24FSS3 + + + - +
131 | 25FSS1 + + + - - +
132 | 25FSS4 + + + + +
133 | 25FSS5 + + + + + +
134 | 25FSS6 + + + +
135 | 25FSS7 + + + + +
136 | 25FSS8 + + + + +
137 | 25FSS9 + + + + +
138 | 25FSS10 + - - -

In the present study, the sterilization methods of food
salt samples were also examined. Six food salt samples
containing bacteria and halotolerant bacteria in high
numbers were selected for sterilization experiments.
Food salt samples of FSS1 (Cyprus black lava sea salt,
France), FSS9 (sea salt, Tiirkiye), FSS15 (Himalaya
salt, Pakistan), FSS18 (table salt, Pakistan), FSS22
(table salt, England), FSS24 (table salt, Switzerland)
were used in the sterilization experiments. The numbers
of total bacteria and halotolerant bacteria in the FSS1,
FSS9, FSS15, FSS18, FSS22, FSS24 were respectively
found as 35 and 34 CFU/g; 40 and 40 CFU/g; 30 and
30 CFU/g; 58 and 16 CFU/g; 21and 20 CFU/g; 40 and
40 CFU/g (Table 2). After sterilization processes of
food salt samples of FSS1, FSS9, FSS15, FSS18,
FSS22, and FSS24 using dry heat (175°C for 2 hours)
and high-pressure moist heat (121°C for 30 minutes),
the bacterial colony was not detected on the membranes
of the MNA agar media incubated at 37°C for seven
days. Therefore, the dry-heat sterilization process of six
food salt samples at 175°C for 2 h and the high-pressure
moist heat sterilization process of six food salt samples
at 121°C for 30 min were found highly effective
sterilization methods to kill all bacterial populations
including  Gram-positive  halotolerant  bacteria
containing endospore and Gram-negative halotolerant
bacteria having endotoxin. After both sterilization
methods, the color and appearance of the salt samples
did not change.

V. CONCLUSIONS AND EVALUATIONS
This research is the first study that examines the food
salt samples collected from France, Germany, England,
Pakistan, Tiirkiye, Switzerland, and Austria for
halotolerant bacteria. A total of 138 halotolerant
bacteria were isolated from the food salt samples coded
as 1FSS (2 isolates), 2FSS (2 isolates), 6FSS (10
isolates), 7FSS (1 isolate), 9FSS (36 isolates), 10FSS (8
isolates), 11FSS (11 isolates), 13FSS (12 isolates),
14FSS (1 isolate), 15FSS (2 isolates), 16FSS (9
isolates), 18FSS (16 isolates), 19FSS (1 isolate), 21FSS
(10 isolates), 22FSS (7 isolates), 24FSS (2 isolates),
and 25FSS (8 isolates). Among the food salt samples,
the most number of halotolerant isolates was recovered
from 9FSS. The food salt samples contained orange,
cream, dark cream, white, yellow, dark yellow, and
non-pigmented colonies with the appearance of dull
and shiny. The examination colors of preservation salt
samples before using them in food preservation and
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salted foods may offer us an idea about the bacterial
contamination. All halotolerant isolates grew in both
absence of salt and the presence of 10% NaCl. Some of
the isolates grew by 20% NaCl. Hence, those isolates
were accepted as halotolerant bacteria. While a few
halotolerant isolates grew at refrigerator temperature,
all halotolerant isolates grew at room temperature and
37°C. The halotolerant isolates recovered from food
salt samples grew on acidic, neutral, and alkaline
media. According to the most important results
obtained from the present study, 80% of food salt
samples contained bacteria, and 68% of the food salt
samples had halotolerant bacteria. Moreover, Gram-
positive halotolerant bacteria containing endospore
structure were found in 15 salt samples, and Gram-
negative halotolerant bacteria having endotoxin were
detected in 10 salt samples. Most of these halotolerant
isolates had hydrolytic activities such as protease,
amylase, lipase, or caseinase. Based on the results of
this study, Gram-positive and Gram-negative
halotolerant bacteria producing hydrolytic enzymes
may grow in acidic, neutral, and alkaline foods stored
at room temperature, 37°C, and even some of them at
4°C. Some of these microorganisms may cause food
spoilage and foodborne diseases. The sterilization of
six food salt samples was accomplished using both dry-
heat and high-pressure moist heat treatments in this
study. Therefore, we suggest using sterilized salt in
uncooked foods to prevent bacterial growth, food
spoilage, and foodborne diseases.
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Abstract

The complexity of the flow mechanism is one of the crucial problems in cavitation. In this present study, detailed computational
examinations of cavitating flow around a NACAG66 hydrofoil were performed by using OpenFOAM® software. Dynamic and
unsteady behaviours of cavitating flow were solved utilizing the k--¢ and k- SST turbulence models. Schnerr-Sauer cavitation
model was used for the calculations. Firstly, simulations were carried out by applying the same cavitation model (Schnerr
Sauer) with the k--¢ and k-w SST model. The results were evaluated by examining the studies in the literature in terms of water
volume fractions. After that with k-« SST, numerical simulations were performed for 6° and 8° angle of attack with different
cavitation numbers and the outlet pressure conditions, the cases are called “Case 1 and “Case 2” respectively. The results were
compared with the studies performed by Leroux et. al. Oscillation cycles and flow characteristics were obtained successfully
in both cases. The mechanism called the re-entrant jet was shown to be primarily responsible for cavitation break-off in two
cases. This mechanism consists of two steps: 1) an interplay between the re-entrant flow and the cavity contact surface in the
occlusion region, resulting in recurrent secondary cloud shedding until the primary cloud detachment, and 2) a shock wave
triggered by the primary cloud collapsing, which affects the development of the remnant cavity.

The main contribution of this study is to demonstrate the superiority of the k-w SST model over the other two-equation the k-¢
model and examine the impact of using the k- SST turbulence model with the Schnerr-Sauer cavitation model on predicting
flow characteristics such as cavitation dynamics, pressure distribution and cavity form. Reasonable accuracy has been observed
for pressure fluctuations and cavitation dynamics.

Keywords: cavitation, cavitation break-off, k-« SST model, NACA66 hydrofoil, OpenFOAM®

Oz

Akis mekanizmasinin karmasikligi, kavitasyondaki en dnemli problemlerden biridir. Bu ¢alismada, OpenFOAM® yazilimi
kullanilarak bir NACAG66 hidrofili etrafindaki kavitasyonlu akigin ayrintili sayisal incelemeleri yapilmistir. Kavitasyonlu akigin
dinamik ve kararsiz davranislari k-¢ ve k- SST tiirbiilans modelleri kullanilarak ¢6ziilmiistiir. Hesaplamalar i¢in Schnerr-Sauer
kavitasyon modeli kullanilmistir. {lk olarak simulasyonlar aym kavitasyon modeli (Schnerr Sauer) uygulanarak k- ve k-
SST modeller ile gergeklestirilmistir. Daha sonra k- SST modeliyle sirasiyla “Durum 1” ve “Durum 2” olarak adlandirilan
¢ikig basinci kosullarina paralel olarak farkli kavitasyon sayilarma sahip iki farkli 6° ve 8° hiicum agisi i¢in sayisal
simiilasyonlar yapilmigtir. Sonuglar, Leroux ¢alismasinin deneysel ve sayisal sonuglariyla karsilagtirilmistir. Leroux
deneylerine kiyasla her iki durumda da salinim dongiileri ve akis 6zellikleri basarili bir sekilde elde edildi. Yeniden giren jet
olarak adlandirilan mekanizmanin, iki durumda da kavitasyon kopmasindan birincil olarak sorumlu oldugu gosterildi. Bu
mekanizma iki adimdan olusur: 1) ana bulut ayrilmasina kadar tekrarli ikincil bulut dokiilmesiyle sonug¢lanan, yeniden giris
akisi ile kavitasyon arayiizii arasindaki, kapanma bolgesindeki bir etkilesim ve 2) ana bulutun ¢okmesi tarafindan tetiklenen
kalan kavitasyonun gelisimini etkileyen bir sok dalgas1 seklindedir.

Bu ¢aligmanin ana katkisi, k-« SST modelinin diger iki denklemli k-& modeli tizerindeki tistiinliigiinii géstermek ve Schnerr-
Sauer kavitasyon modeli ile k- SST tiirbiilans modelinin kullanilmasinin kavitasyon dinamikleri, basing dagilimi ve
kavitasyon formu gibi akis 6zelliklerinin tahmin edilmesi {izerindeki etkisini incelemektir. Basing dalgalanmalar1 ve kavitasyon
dinamikleri igin kabul edilebilir dogruluk gézlemlenmistir.

Anahtar Kelimeler: kavitasyon, kavitasyon kopmasi, k- SST model, NACA66 hidrofil, OpenFOAM®

I. INTRODUCTION

Cavitation is a very essential physical phenomenon that can emerge in many fields in connection with hydraulic
machinery. It is an already well-known fact that hydraulic machinery applications generally face many problems
such as brutal vibration, material damage and loss, noise, performance breakdown due to cavitation. Cavitation
can be described as the rapid creation and implosion of vapour bubbles inside a liquid flow. The cavitation
phenomenon occurs mainly when the flow field’s static pressure goes down below the fluid’s vapour pressure.
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Unsteady cavitation causes unwanted effects such as
noise and vibration, which can lead to cyclic pressures,
material loss, and performance degradation. As a result,
an appropriate computational model and precise
numerical simulation of cavitating flows are critical for
predicting cavitation dynamics. It is beneficial and
important to analyse them on a basic geometry with
general measurements and compare them to previous
authoritative studies.

The formation of the cavity-shedding process and the
unsteady cavitating flow mechanism have been
extensively studied. The transition from sheet to cloud
cavitation has frequently been linked to a re-entrant jet
at the cavity's edge. The role of the re-entrant jet in the
cavity break-off process has been widely investigated
using experimental and numerical methods. In general
sheet cavitation on the suction side of a pump's blades,
exhibits a pronounced unsteady nature. When the angle
attack is minimal or the velocity is low, it mostly affects
the back portion of the cavity, however, when the
circumstances are more unfavourable, the whole
vaporized region becomes unsteady, with peeling off
big bubble structures on a regular basis. This second
form, known as cloud cavitation, causes pressure
variations from the cavity downstream, significant
strains, and sonic dispersion owing to the implosion of
cavitation bubbles near the wall surface. All these
impacts are typically detrimental to the efficient
working of an engineering applicant. Thus, it is critical
to distinguish the various unsteady conditions that may
emerge, as well as to comprehend the underlying
physical principles that cause such instability.

Many authors have investigated cloud -cavitation
experimentally in two basic designs, namely, Venturi
type sections [1, 2, 3] and two-dimensional foil sections
[4, 5, 6, 7, 8. The origin of flow instability is a
recurring focus in all these papers. Until recently, the
majority of studies have pointed to a re-entrant jet that
travels from downstream to upstream at the flow
separation zone. When the re-entrant jet reaches the
contact surface of the sheet cavitation, the cavity
separates, and the downstream side is re-emitted by the
main flow until it collapses. This phenomenon, first
proposed by Furness and Hutton [1], has lately been
verified by experiments using electrical impedance
probes and double optical probes. [1, 9]. Lush and
Skipp utilized high-speed photography to examine
cavitation in a duct flow, and they noticed periodical
cavitation shedding caused by the re-entrant jet. The
dye injection technique was implemented on an
investigation of cavitation in a plano-convex foil to
have an observation of re-entrant jets [10, 11]. Gopalan
and Katz used particle image velocimetry (PIV) and
The main objective of the computations is to accurately
simulate the unsteady behaviours of cavitating flows.
Cavitation models and turbulence models are essential
to obtain accurate results from cavitating flow
simulations. In cavitating flow simulation, the
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high-speed photography to examine the flow
characteristics at the closure region and the sheet
cavitation. It was discovered that the re-entrant jet
forms when the cavity tends to close in an intense
counter-pressure zone. Callenaere et al. examined
unsteady cavitation and plotted the flow patterns with
different stages involving the re-entrant jet. They
realized the significance of an opposing pressure
gradient in the formation of a re-entrant jet and, as a
result, recurrent vapour shedding. These studies
demonstrated that the cavity’s cyclic pattern is
significantly connected to the evolution of the re-
entrant jet. This process is strongly dependent on the
thickness of the cavity-forming over a backwards-
facing step: cloud cavitation develops so far that very
small contact exists between the re-entrant jet and the
cavitation sheet interface [12, 13]. Furthermore, vortex
generation in the cavity triggers the reverse pressure
gradient and the growth and thickness of the re-entrant
jet, resulting in cloud separation [6, 13]. Several
hypotheses have been offered to clarify the creation of
reverse flow: it might be caused by the collapse of the
preceding vapour cloud [10] or by a process related to
cavity growth [1, 14].

Additional physical mechanisms were also identified to
support the flow instability: the cavity break-off was
attributed to the interaction of the re-entrant jet and
contact surface instability in the cavity’s rear section
[15]. A combined experimental and computational
technique was implemented to examine the sheet/cloud
cavitation dynamics around a 2D NACAOQ0015
hydrofoil. Studies showed that the shock mechanism is
the origin of cloud cavitation formation at low values
of 6/2a. They also explained the effects of shock waves
created by the collapse of huge bubble bunches in the
perspective of experimental or computational
examination of cavitating flow around a two-
dimensional 2D hydrofoil section. [5, 16]. Pressure
pulses and partial cavity instabilities have been
captured in cavitating flows on a NACA66 (mod)
hydrofoil. At 6° and 8° incidence angles, two separate
periodical behaviour with two different frequencies
(dynamics 1 and dynamics 2) were demonstrated
computationally. The re-entrant jet was shown to be the
main cause of cavity break-off in both cases. Dynamics
2 represents the typical cavity’s growth on the hydrofoil
length following the flow separation process and
resulting cloud cavitation. For dynamics 1, more
intricate flow characteristics were observed. In this
case, the periodical behaviour was obtained at a lower
Strouhal number (~0.07/0.09) than dynamics 2. (~0.3)
[8, 17]. Readers are encouraged to see Figure 5 and
Figure 7 in [17] for details.

homogeneous hypothesis has been extensively applied.
The cavitating region is regarded as a separate fluid
with fully mixed vapour and liquid in this idea [18].
Two types of models are frequently used in support of
this hypothesis. Firstly, the state equation model is
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shown in [19] and [20]. In the partial cavity closure
region, previous experimental studies demonstrated
that the baroclinic torque factor is the most important
element in the vorticity generation. The baroclinic
torque component, however, cannot be adequately
described by the state equation model since density and
pressure gradients are always parallel. Secondly, the
transport equation model, which is based on Rayleigh—
Plesset equations and involves an extra equation for the
volume fraction of vapour (or liquid) that incorporates
condensation and evaporation components [21]. Many
comparable cavitation models were implemented based
on the transport equation model. The RANS equations,
comprising the equation of mixture momentum and
volume fraction for multiphase flows, were solved
using an artificial compressibility approach with a
specific modified formulation [22]. Moreover, a new
cavitation model was utilized to simulate the unsteady
cavitation in the nozzle and over a NACA 0015
hydrofoil. The results demonstrated its ability to
resolve cavitation effects such as the periodical
behaviour of cloud cavitation, the re-entrant jet
evolution and the localised pressure peaks owing to the
collapse of the bubble cloud. [23]. The "Full cavitation
model” based on the expressions of phase-change rate,
derived from a simplified version of the Rayleigh-
Plesset equation, is developed in [24]. Flow parameters
(velocity, pressure and turbulence) and pressure
properties (saturation pressure, densities, and surface
tension) influence these rates [24].

The applied turbulence model was recently found to be
crucial in effectively predicting the unsteady process.
Using a Reynolds average Navier-Stokes’s equations
(RANS) method with a standard 2-equation model,
such as k-¢ or k-w, generally results in unrealistic flow
stabilizations [25, 26]. Modifications are frequently
added to these turbulence models to achieve
commendable results for unsteady cavitation
characteristics. Wu et al. proposed to use a filter-based
k-¢ model, which was first created by Johansen et al.
[27]. The grid size specifies the filter in this approach,
which avoids undue dissipation in slight moves while
having a negative impact on substantial flow
characteristics. Coutier-Delgosha et al. demonstrated
that to produce periodic cavitation behaviours, it is
required to estimate the impact of compressibility on
the turbulence flow structures in the multiphase
environment. The turbulent viscosity of the
liquid/vapour mixture is slightly reduced because of
these processes [27, 28, 19]. The shear stress transport
As stated in the equation, the vapour volume fraction a
is used to calculate the fluid density p and dynamic
viscosity u (2)-(3). The equations of the continuity and
momentum are represented using index notation as
follows:

1-a,=q="2 (1)

Pm = aypy + (1 —a,)p, )

SST k- model is one of the most prominent turbulence
models (the model pretends to be k-¢ as it moves away
from the wall boundary surface while it pretends to be
k- near the wall boundary condition) which gives
better results for the flow characteristics of unsteady
cavitation. [29]. The Reynolds-averaged Navier-Stokes
(RANS) approach, which uses nonlinear eddy viscosity
models, has been proved to improve prediction
accuracy. The typical RANS approach fails to
accurately estimate the shed-off cavity owing to the
overestimation of the turbulent dynamic viscosity.
Zhang et al. developed a hybrid RANS/LES model that
accurately simulated the complex cloud cavitation
stage. As an alternative or substitute, some of the
RANS approach's traditional limitations may be
resolved by using large eddy simulation (LES) or
detached eddy simulation (DES) approaches, such as its
inability to account for significant flow separation. This
type of model is supposed to produce better
computations of large-scale turbulent eddies, which
will lead to more accurate predictions of large-scale
flow unsteadiness. [30, 31].

In this study, k-¢ and k- SST model in RANS methods
were used for the simulation procedure. Even for large
pressure gradient flows, standard two-equation models
miss the separation and anticipate attached flow. The
advantage of the k-w SST model is that being one of the
most reliable two-equation models for separation
prediction. Compared to other approaches, the RANS
method can achieve commendable results in less time,
while LES and DES require a lot of computational time
and cost. Moreover, considering the ease of application
in 3-dimensional complex geometries in the following
study, the RANS method was decided to use.

Il. MATERIALS AND METHODS

2.1. Numerical Model

The numerical model resolves the equations of
Reynolds averaged Navier—Stokes’s (RANS) method.
The solver operates the turbulence model which is
combined with a cavitation model. The solver’s
features and equations are detailed in the hereafter.

The homogeneous equilibrium two-phase mixture
method is implemented for the flow in a two-phase
environment. The fluid is uniform in the vapour/liquid
mixture model; therefore, the velocity and pressure of
the multiphase fluid components should be consistent.

gm = ag”v + (1 —ay)u 3)
Pm _
7 + a—x[ (pmuj) =0 (4)

d(pmtt) | O(pmus)
+
ot axi
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where p represents the fluid density of mixture; a
signifies the volume fraction for each phase; [, m, and
v are the subindexes of the liquid, mixture, vapour

phases; 7. denotes the laminar viscosity of mixture; i,

indicates the turbulence dynamic viscosity; and i, j, and
k symbolize the subindexes of the cartesian coordinate
system.

2.2. Turbulence Model

The k-w SST (shear stress transport) turbulence model
is used in this work. This model provides k-¢ and k-w
models to be utilized in combination in the same model.
Thanks to the blending function in the formulations, the
model acts like a k-w near the wall boundary, while it
acts like a k-¢ model as it moves away from the wall
surface. This model was discovered to ensure
appropriate simulation results of boundary layer
detachment characteristics, which was verified for the
estimation of cavitation characteristics around the
NACAG66 hydrofoil. [29]

2.3. Physical Model of Cavitation

The vapour volume fraction mass transfer equation is
used to simulate the cavitation process. The Schnerr-
Sauer cavitation model [23], offeredin the
interPhaseChangeFoam solver, was applied for the
numerical process. The vapour volume fraction is
identified in equation (1). In equation (6) the transport
equation is  described.  Significantly,m* and
m~respectively indicate the process of evaporation
and condensation during multi-phase flow. [31]

d(pvay)
at

d(pyayuy) —

m* +m”
Jat

+ (6)

The source terms m*tand m~ are defined in the
following way:

2(py—p)

s 4+ PvP1L _ 3

mt =, 2 2a,(1-a)p =5 7)
e PvPI _ 3 |2(p-pv)

m =P a,(1-ay) 7 [0 ®)
where C. and C, are coefficients relating to

condensation and vaporization processes, and the
suggested values are 2 and 1, respectively [31].

The Schnerr-Sauer cavitation model needs bubble
number (N) value, which in this study was set to
1.6x10%3. The bubble radius (R) was then calculated

with bubble number (N) and vapour volume
fraction (ay)as given in equations (9)-(10):

NZIR? .
v = 1+°R3 ©
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w

3ay
4nN(1—-ay) (10)
2.4. Numerical Setup

For the numerical procedure, the notional free stream
velocity Vref was set 5.33 m/s, relating to a
formulation of the Reynolds number, Re = Vref x ¢/
v = 0.8x10°, where v indicates the kinematic
viscosity of water and ¢ denotes the hydrofoil’s chord
length. The actual incidence angles were set to 6° and
8°.

The flow conditions, which include the velocity of inlet
flow Vref, the pressure P,, in the out of the domain, the
cavitation number 0= (Po— Pyap)/
(0.5pVref?), (Pyap signifies the water’s saturation
pressure; 2300 Pa, 0.5pVref 2represents the dynamic
pressure and p denotes the den

sity of water ) was successfully set in according to the
angle of attacks.

The experimental process in [8, 17] is examined to
guide the computational approach for obtaining
cavitating flow. To prevent flow vaporization and step
input effect computation is started with a higher-
pressure value than it is in the outlet. The outlet
pressure is reduced according to the desired o value
after the cavitation get completely lost and steady state
condition occurs. It can be considered with examining
pressure contours and alpha water values around the
hydrofoil. Following that, the operating(exit) value is
held constant, the computation is completed until one
or two oscillation cycle is observed [17].

2.5. Hydrofoil and Computational Domain

The numerical investigations were implemented on the
NACAG66 hydrofoil, devised by the National Advisory
Committee for Aeronautics (NACA).

During the numerical procedure, the hydrofoil is set
with attack angles & = 6° and 8°. The arrangements are
considered as case 1 and case 2. The cases were decided
according to the procedure in [17]. The hydrofoil’s
chord length (c) is 0.15m. The readers are encouraged
to look at figure 1 for a detailed description of the
NACAG66 hydrofoil. It illustrates the view of the
hydrofoil profile with the « = 6° incidence angle,
whereas figure 2 demonstrates the computational
domain.

The computations are performed in a 2D domain. As
indicated in figure 2, the inlet is placed 3c upstream of
the hydrofoil centre of mass and the outflow is placed
11c downstream of the hydrofoil centre of mass. The
width of the domain box is 5c. The hydrofoil’s chord
(c) is 0.150 m, while the hydrofoil span is selected at
0.01 m to generate the 2D domain.
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chord line

upper surface

The relative maximum thickness
of the hydrofoil is 7= 12% at
45% chord length from the
leading edge, and the relative

lower surface

maximum camber ratio is 2% at
50% chord length from the
0 Jeading edge. The hydrofoil’s

L chord length (c) 15 0.15m.

a=6

Figure 1. Illustration of 2d NACA66(mod) hydrofoil
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Figure 2. Computational domain

2.6. Boundary Conditions and Mesh
The boundary surfaces and the case conditions are
defined in also figure 2 and table 1.

Figure 3 illustrates the meshes for the domain that were
constructed with extra refinement near the hydrofoil’s
wall boundaries. Mesh generation was done utilizing
SALOME (https://www.salome-platform.org/).
SALOME is open-source software with fascinating
capabilities for pre-processing and post-processing of
simulation. The characteristics of CAD and meshing
are combined to create a structured or unstructured grid
for exporting in OpenFOAM®. The final points are
about 490,000 with the type of prism cells.

The kqgRWallFunction boundary condition was
applied for turbulent kinetic energy (k), whereas the
nutUSpalldingWallFunction boundary condition was
applied for turbulence viscosity (u,) at wall boundary
surfaces. The non-dimensional wall distance y* was
calculated by the postProcess utility in OpenFOAM®.
The maximum y* values vary between 30-50; These
values were evaluated according to the values obtained
from all time steps.
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2.7. OpenFOAM® and Solver

Flow simulations involving cavitation are very
challenging due to the phase alteration in the flow and
the resulting sudden and high-density changes.
Therefore, the solver that will be used for this study,
must have the capacity to examine such multiphase
flows. OpenFOAM® (https://www.openfoam.com/)
offered some multiphase solvers in its library. Suitable
solvers will be considered and used in the numerical
procedure.

As an example, the interPhaseChangeFoam solver of
the OpenFOAM® using the Volume of Fluid (VoF)
method, has these properties and was previously used
for cavitation analysis. It has been developed for the
flow simulation of incompressible and immiscible
fluids, involving phase change in an isothermal
environment. [32]. Implicit Euler method was used for
time derivatives and the unsteady solution of the
equations. The Courant number (Co) was kept below
1.2 for the phase change flow visualization. The
tolerances were set to 1.0e-8 for the pressure(p_rgh)
and water volume fraction (alpha.water); 1.0e-6 for the
velocity , k and omega computations. PIMPLE
algorithm was arranged to operate five repetitions for
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the convergence control.

Table 1. Boundary Conditions

Case Dynamics Inlet Exit Top and bottom Front Hydrofoil
(far field) and surface
back.
(sides)
Case 1(6° angle Velocity Pressure po
of attack Vref = = 17.499 empty empty wall
0 =1.07) 5.33m/s kPa
Case 2(8° angle Velocity Pressure p.
of attack Vref = - 20.055 empty empty wall
o =1.25) 5.33m/s kPa

I11. RESULTS AND DISCUSSION

In this study, computational investigations have been
carried out to simulate the flow characteristics of
cavitation around the 2D NACA 66 (MOD) profile.
Initially, numerical simulations were performed with
both k-& and k-w SST turbulence models by applying
the same cavitation model (Schnerr Sauer). Solutions
corresponding to the total real-time of 0.3 seconds are
evaluated.

The water volume fractions obtained at different times
are shown in figure 4. If this ratio is zero, it indicates
that there is completely vapour in the region, and a ratio
of one indicates that there is completely water. In the
pictures, it is seen that the cavitation zone is getting
wider and moving in the direction of the current. In
previous experimental and numerical studies for this
configuration [8, 17], the cavitation zone was separated
from the hydrofoil surface during the growth phase and
instantaneous cavitation decreases were observed on
the hydrofoil surface. Readers are encouraged to look
at figure 7 and 8 in [17] to examine the images that had
2been taken from different perspectives during the

Figure 3. The view of unstructured mesh and mesh efimen around 2d hydrofoil
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experiment and check the comparison of instantaneous
void fractions for the cavitation dynamics. Although
such characteristics are not observed in the results
obtained with k-¢, it is thought that the reason for the
difference seen with the experimental studies in the
literature is that the boundary layer cannot be fully
resolved, and the turbulence model used may be
insufficient. As illustrated in figure 4, At the same time,
the cyclic behaviours of cavitating flow characteristics
could not be successfully simulated in the k-¢ model.
Flow separations, primary and secondary cloud
ruptures were not observed in comparison to the
solutions with the k- SST trial.

Numerical simulations were repeated with k-« SST for
both incidence angles (6° and 8°). The obtained results
were compared with the numerical and experimental
studies of Leroux et. al. [8, 17]. There were two unique
cyclic behaviours specified as case 1 and case 2.

For case 2, the oscillation cycle was defined in
accordance with the observations of the experiments by
Leroux et. al. [17] as follows: cavity expansion with a
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shiny contact up to roughly 60% of the chord length.
Then the cavity is cut at about 10% of the chord by a
re-entrant jet, moving upstream, which leads to the roll-
up of the cloud. After the roll-up finishes, the cloud
detachment occurs. Finally, the cloud collapses while
the remnant cavity develops again. The numerical
calculation accurately reproduces the fully unsteady
process, as illustrated in figure 5. The volume fraction
of water was demonstrated during the process. The red
areas represent the vapour phase, and the blue areas
represent the water phase. In Figures 1-4, blue regions
were observed between the red regions. These blue
regions clearly show the re-entrant jet formation and
flow separations where the water phase divide between
the two cavitated regions. Picture 2 in figure 5 shows

a) A-& Model

us the cavity break-off, following pictures 3 and 4
demonstrate cloud detachment. Picture 5-8 represents
the stage of the remnant cavity growth after cloud
separation. The new red area growth from the
hydrofoil’s trailing edge to the mid chord can be seen
while the other sizeable, red-zoned bubble clusters
detach in pictures 5-8. Both the periodical behaviour
and the maximum attached cavity length are in good
agreement with [17]. The computational results
demonstrate that the cloud separation is triggered by a
re-entrant jet: when it reaches the cavity’s forefront and
destroys the contact surface of multiphase interaction,
the cavity breaks off.

Time: 0.096000

Time: 0.180000

Time: 0.270000

b) A-c0o SS7T° Model

Figure 4. The comparison of the water volume fraction fields solutions for two different turbulence models.

294



Cavitating Flow on NACA66 Int. J. Adv. Eng. Pure Sci. 2022, 34(2): 288-304

alpha.water

y‘L_'\

Figure 5. The illustration of primary and secondary cloud collapse in case 2(8° incidence angle,
Vref=5.33mls, 0 =1.25

alpha.water
0.0e+00 ; ).2 3 K. 0.5 7 08 1.0e+00

Figure 6. The unsteady periodical cycle of case 1(6° incidence angle, Vref = 5.33m/s,0 = 1.07)
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Cyclic vapour cloud shedding is still observable for
case 1. The periodical behaviour of case 1 was also
described in [17]. The cavity behaviour is more
complex, as shown in figure 6. It can be explained by
two steps: The cavity expands up to 60% of the chord,
after which it is decelerated and is counterbalanced by
the exuviating of vapour formations (secondary cloud)
in the eddy. According to the comprehensive flow
simulations, the peeling of the minor vapour clouds is
assumed to be triggered by the collaboration of the re-
entrant jet and the cavity junction in the cavity’s rear
half. The exuviation of a major vapour cluster (primary
cloud) emerges following the exuviation of subsidiary
clouds. The primary cloud rolls up and convects while
the remnant cavity grows. After the cavity break-off,
the second step takes place. Indeed, the expansion of
the residual cavity comes to a halt practically
simultaneously with the main cloud collapse, and the
residual cavity virtually vanishes. The cavity
subsequently begins to grow again, creating cavitation
finger patterns that eventually merge to create
cavitating patches and finally cavitation. The extra step
before the next cavity grows causes a cycle delay.

Similar cavitating conditions were investigated
numerically. Commendable results are obtained for
case 1 in terms of the periodical behaviour and the
maximum attached cavity length. Water volume
fraction fields are given in figure 6 during the
oscillation cycle. Colour zones between blue and red
indicate that the volume fraction of water is between 0
and 1. The slow increase of the cavity length step is
successfully illustrated (picture 1-6). Between picture
1-6 red zones which represents the cavitated vapour
region gradually expands towards the mid-chord and
reaches approximately 60% of the chord length. From
this moment on, it is clearly illustrated in picture 7 that
the red-coloured cavitated areas are separated by the
blue-coloured water-phase areas. It means that the re-
entrant jet, along with flow separations, caused the
stage for secondary vapour collapse. The secondary
vapour shedding (picture 8 and 9) transforms into the
biggish red zones which represent largish vapour bulks
in picture 10 and starts the stage of main cloud
detachment (picture 11). They are also in the correct
order. The following stage of primary cloud collapse is
the regrowth of the red-coloured region from the
trailing edge as the largish bubble clusters peel off.
(pictures 12,13) Then finally the abrupt disappearance
of the cavity once the vapour cloud collapses (pictures
14,15) are also accurately captured. It is seen that the
cavitating red-coloured vapour region has completely
left its place in the blue-coloured region on the
hydrofoil surface.

Nevertheless, the simulation estimates a higher growth
of the remaining cavity against the experimental studies
by Leroux et. al. [8, 17]. Finally, even though the re-
entrant jet could not be captured during the
experiments, simulations show that it is still in charge
of cavity cut-off from the contact surface and primary
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cloud separation Velocity profiles during the vapour
cloud separations are illustrated in figure 7. Close to the
hydrofoil wall, the opposite flow is observed travelling
upstream until its head surpasses the cavitation sheet's
border near the leading edge. Readers are encouraged
to look at figures 7 and 9 in [17] to assess the results
and similarities in the pictures.

Numerical simulations were completed successfully
without any diverging problems. The maximum
Courant number was set to 1.2 and accordingly, the
analysis time step is 1.0 e-05. As explained in the
previous sections, the necessary relaxation tolerances
for the Gauss-Seidel algorithm were given in the solver
settings. For robust convergence control, the PIMPLE
algorithm was set to repeat with 5 outer correctors
iteration during each time step of the analysis for
pressure calculations. Limiter iteration number had also
been arranged the value of 5 for the water volume
fraction calculations. Residuals were plotted after the
simulation is completed. As can be seen in figure 8, the
number of iterations for "alpha.water" and "p_rgh" is 5
times larger than for “k” and “omega”. In addition, it is
also noticed that the tolerance values set are different.

In this study, a mesh refinement study was performed
to investigate the effect of the mesh number on the
hydrofoil region on the cavitating flow characteristics
and flow conditions. In Case 1, mesh refinement was
applied to an elliptical area, including the hydrofoil
wall surface area. In the first case, the mesh contains
approximately 317,000 thousand prism cells and is
called "mesh". The second condition, together with the
mesh refinement applied to an elliptical zone which
consists of the wall surface of the hydrofoil, contains
around 490,000 prism cells and is called "refined
mesh". Finally, in the third condition, mesh refinement
was made in the intense hydrofoil region, increasing the
total number of prism cells to 980,000 and it was named
"refined mesh2”.

When a cross-section is taken from the wall surface of
the hydrofoil after the first refinement, it is observed
that the pressure values on the cross-section and the
water volume ratio values for the two conditions match
and show the compatibility up to the moment t=0.17.
The comparison is illustrated in figure 9. After t=0.17,
the “refined mesh” condition had estimated the
pressure fluctuations more accurately than the first
mesh. This can be decided by examining the alpha
water fields. It was observed that the cavitating flow
characteristics could not be observed for the first mesh
condition after t=0.17 and the cavity extending up to
the mid chord length did not transform into another
cavitation dynamics until the end of the analysis. This
is primarily due to the inadequacy of estimating the
pressure values for the first mesh. However, the results
obtained with the “refined mesh” were found to be
sufficient when the cyclic behaviour of cavitating flow
patterns was evaluated.
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T/Tref = 5.401
picture 3 in figure 4.

T/Tref = 5.543
between picture 3 and
4 in figure 4.

Figure 7. Flow separations and cavity break-off (case 2: 8° incidence angle, Vref = 5.33 m/s, o = 1.25)
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After the second refinement, the results were expected
to be better than the previous one, but at the beginning
of the simulation, noticeable changes and differences in
the pressure values were detected. The fact that these
values are so different compared to the previous
predictions completely changes the cavitating flow
behaviour. Looking at the graphs in figure 10, pressure
fluctuations graphs are given for all 3 conditions. The
yellow line in the graph represents the pressure values
obtained with the initial mesh, and the green line
represents the pressure values obtained with the refined
mesh for the first time. The dark red line in the graph
shows the pressure values obtained after the last
refinement. The initial and final mesh conditions are
called "mesh”, "refined mesh" and "refined mesh2" in
the legend bars, respectively. As can be seen from the
graph, the cavitation process could not start correctly
despite the mesh being refined for the second time. This
can be understood by looking at the previous "mesh"
and "refined mesh" values. It is thought that the reason
for this uncertainty in the mesh refinement study may
be due to the unstable, completely turbulent and chaotic
problem of cavitation, as well as the pressure reduction
method applied for simulations.

According to the investigations, cavitation disappears
after a while after the start time of the simulation for the
formation of cyclic cavitation characteristics. We can
understand this by looking at the fact that the alpha
water values between t=0.010-0.017 in the analysis are
1 and the interface Courant number values are O.
During the studies, cavitation disappears after t=0.01 in
the "mesh" and "refined mesh" conditions. After
monitoring the pressure values between 0.01-0.017 and
making sure that they do not change and that cavitation
does not start, the high-pressure value given at first is
adjusted to the outlet pressure value calculated
according to the required cavitation number and the
simulation continues from where it left off. After a
certain time from this moment, the cavitation proceeds
from the leading edge in a healthy way. However, in the
"refined mesh2" condition, the intense mesh applied to
the hydrofoil surface region causes the cavitation to
disappear for a short time at a value of approximately
t=0.0161 between t= 0.016 - 0.017 and to start again in
the timesteps after t=0.017. Since the pressure values
could not reach the steady-state condition within a
certain time interval, cavitation could not be formed
properly. The cavitation process was failed to start,
resulting in a complete change in cavitating flow
patterns. As a result, it was decided to make all the
evaluations in this article according to the results in the
"refined mesh" condition containing approximately
490,000 prism cells.

The pressure distributions on the hydrofoil surface are
the most important parameters for the correct
observation of unsteady cavitating flow structures.
Pressure values affect cavitation formation and
therefore water volume fraction values. In figure 11
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pressure distribution comparisons between numerical
and computation studies are illustrated. The
comparison has been investigated for ¢=1.25 and a =
6° incidence angle. The experimental values were
obtained from figure 10 in [8]. Readers are encouraged
to look at figure 1b in [8] to check the pressure
measurement locations for the experimental setup. As
can be seen from the graph in figure 11, the reason for
the initial pressure being overestimated is due to the
high initial pressure given by the method applied. After
a short time, the pressure value in the simulation came
to values close to the results in the experiment. In this
respect, commendable results were obtained between
numerical computation and experiments. However, the
pressure values were not only investigated
quantitatively in this paper. The transition relations
between the peak values of pressure fluctuations and
the stages of cavitating flow dynamics were evaluated
and compared qualitatively by examining the studies in
the literature [17]. Experimental results for pressure
fluctuations could not be used quantitatively in these
comparisons. The reason why numerical value
comparison could not be applied can be explained as
follows. First, the criterion value used for pressure
fluctuations in the study in the literature is different.
Experimental and computational pressure data were
compared according to the criteria called “wall pressure
fluctuations” is defined p’ = p — pp,,. Readers are
encouraged to examine figure 12 in [17] to check how
the p’ values can vary. Itis noticed that p’ (Pa) can take
negative values, so the criterion is different. Secondly,
the differences in cycle periods can be shown as another
reason.

Pressure fluctuations were also considered qualitatively
for both cases. The pressure values are examined for the
different locations (which are respectively 30%, 50%,
70%) on the chord length. The pressure values
demonstrate the periodic behaviour of cavitation
dynamics. Figure 12 shows the pressure values (on
three different locations in terms of x/c) obtained from
simulations until the beginning of the second cycle.
Due to the complicated cavity behaviour, four
sequences have been recognized for each period: the
growth of the cavity (1), separation of primary cloud
(2), the following cavity development (3), and sudden
disappearance owing to cloud collapsing (4).
According to the results in [17], the residual cavity
shows a little rise at every x/c on the chord length, but
the calculation anticipates a greater increase. Moreover,
the start and end times of the sequences do not exactly
match the numerical and experimental results by
Leroux et. al. [8, 17]. This difference is due to the
approach used for numerical simulation. Because to
make calculations in a system where steady-state
conditions have been reached and to eliminate input
effects, the pressure was given at a value higher than
the required one and the pressure was applied after the
desired conditions were reached. In addition, the
pressure reduction method after the first given pressure
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will also affect the formation of the desired conditions
and, accordingly, the start time of the cavitation cycle
and stages. Giving the desired pressure too high and
gradually decreasing it or giving less and then suddenly
pulling to the desired value and continuing the
simulation can completely delay the cavitation start
time and all other sequences. Furthermore, the
turbulence model used can also affect the time of the
cycle steps. The k-e RNG model had been used for
calculations in [17], readers are encouraged to check
the graphics of figures 12 and 14 in [17] to see the
discrepancies between computational and experimental
results. The important thing here is that the SST k-w

turbulence model was able to show the cavitation
characteristics and oscillation cycle steps acceptably, as
can be seen from the graphics in figure 12. After the
pressure in the graphs is at its highest (t=0.385), the
pressure values suddenly decrease while the cavitation
suddenly disappears. To explain the relationship the
pressure fields and water volume fraction values were
examined in detail in the range of 3-4 sequences. It is
illustrated in figures 13 and 14. It has been noticed that
there is a mechanism that causes the pressure to peak
between the progression of the remaining cavity and the
sudden decrease in cavitation.
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Figure 10. Pressure fluctuation comparison after the mesh refinement study
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Figure 13. Pressure and alpha water distributions during the vapour cloud collapse and the abrupt disappearance
of the cavity. Case 1(6° incidence angle, Vref = 5.33m/s, o = 1.07)
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Figure 14. Pressure and alpha water distributions after the abrupt disappearance of the cavity. Case 1(6°

incidence angle, Vref =5.33m/s, o

IV. CONCLUSIONS

In this paper, flow structures and the dynamics of
unsteady cavitation have been numerically simulated.
Firstly, the k-¢ model and then the SST k-« model were
used for turbulence and their performance for cavitation
prediction is compared. After it is concluded that the
flow physics could be better captured with the SST k-o
model, the following calculations were carried out with
this model in the 2D hydrofoil section arrangement.
Cavitating vapour detachment for two individual
dynamic cycles (case 1 and case 2) was obtained at
respectively 6 and 8 degrees of attack. They are defined
by two separate periodical behaviour. The process is
more complicated for case 1. When the cavity
expansion reached nearly 50%-60% of the chord, it was
decelerated and alternated by the cloud shedding. The
secondary clouds formed as a result of an interplay for
both the re-entrant jet and the contact surface in the
growing cavity’s rear side. (as in case 2.) The cavity
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closure oscillated during secondary cloud shedding
until a substantial disruption emerged, dividing the
cavity into two separate components:1) a remnant
cavity growing until approximately 20% of the
hydrofoil chord length and 2) sizeable cavitating
vapour phase (primary cloud) evolved downstream.
The remaining cavity regrows until it completely
disappears, as also observed in [17]. Although the re-
entrant jet was not clearly illustrated by pressure
fluctuations results, numerical simulations revealed
that it played the leading role in flow separation and
formation of primary cavitating cloud.

This is believed to be the result of the major cloud
collapse closed to the trailing edge, causing a "shock
wave" effect. The rapid decrement of the remnant
cavity appears to be linked to the major cloud collapse,
according to both experimental and numerical
observations. The pressure evolutions on the
hydrofoil’s suction surface, as well as the consecutive
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stages of the unsteady processes, were found to
correspond well together with experiments and
numerical computations. The numerical results were
examined to express the differences in behaviour
between the two cases. The collapsing process was
studied to seek probable cavity dynamic feedback from
the vapour implosion. It was observed that a pressure
wave spreads with a high level of velocity when the
cavitation suddenly disappears. It travelled from the
collapsing point to the direction of the domain outlet.
This phenomenon was observed in both cases.

In conclusion, it has been shown that the k- SST
turbulence model can be used to determine cavitating
flow characteristics on a 2D hydrofoil using
OpenFOAM®. The k- SST model has proven
superiority over the other two-equation k-¢ model in
simulating flow separations, cavity dynamics and re-
entrant jet formation. The numerical procedure will be
utilized in the following work to simulate unsteady
structures for cavitation dynamics in a three-
dimensional geometry of an axial flow water jet pump.
With this study, it was desired to make sure that the
cavitation cycles and periodical behaviours in [17]
could be obtained with the interaction of the solver in
OpenFOAM® and the models chosen, and it was
successful. This study will provide an adequate
numerical procedure for future cavitation studies
related to marine engineering applications.
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Abstract

The entanglement of the ferromagnetically ordered isotropic spin-1/2 chain is discussed. The analytically deriving concurrence
of a two-qubit state allows focusing on the effect of dipolar interaction (D). Low fields enable tuning creation/extinction of
entangled states, particularly at low temperatures. There is a joint effect of the applied field and dipolar interaction which can’t
be disregarded. We perform Quantum Monte Carlo simulations on quantifying localizable entanglement (LE) in terms of
upper/lower bounds. Findings reveal that D and B, are decisive parameters on the production of entanglement including
creation and extinction. A non-monotonic behavior has occurred under high fields at the critical temperature. However, strong
D provides the stability of LE values concerning distance herewith conserving the unity at low temperatures under zero field.
Rival regions are observed for the distant nearest neighbors, particularly odd ones.

Keywords: Dipole-dipole interaction, localizable entanglement, concurrence, loop algorithm, Monte Carlo method.

Oz

Izotropik ferromanyetik spin-1/2 zincirinde dolagikhigin tartisildigi bu caligmada 2-kubit dolasikhiginm analitik ¢oziimii
yapilarak dipol-dipol etkilesmesine (D) odaklanilmigtir. Harici manyetik alan (B:), 6zellikle diisiik sicakliklarda, dolagikligin
olusumunu ve soniimlenmesini kontrol edebilmektedir. Kuantum Monte Carlo simiilasyon metodu ile dolagikligin alt ve iist
sinirlar1 hesaplanarak dipolar etkilesme (D) de harici alanla (Bz) beraber dolasikligin olusmasi ve yok olmasi siirecinde karar
verici parametreler olduklari sonucuna varilmaktadir. Kritik sicaklikta ve yiiksek manyetik alan altinda monoton olmayan
davranis ile karsilasilmistir. Ayrica, uzak spinler arasindaki dolasikligin baskin dipolar etki ile kararli hale geldigi ve diisiik
sicakliklarda 20 komsu spin ile hala dolasik halde kalsada yiiksek sicaklikarda uzak komsu dolasikligimnin eriminin azaldig:
anlagilmaktadir. Tek komsu spinler arasinda “rival” bolgeler gozlenmektedir.

Anahtar Kelimeler: Dipol-dipol etkilesmesi, localize dolagiklik, esevrelilik, dongii algoritmasi, Monte Carlo metodu.

I. INTRODUCTION

Entanglement provides a remarkable aspect on performing quantum information processes such as teleportation
[1, 2, and 3] and quantum computation [4, 5, 6, 7, and 8] providing a substantial resource of information [9].
Heisenberg and Ising-like models which describe the magnetic behavior of a solid-state system [10 and 11], have
been commonly preferred to study entanglement and strong correlations due to its literal and simplistic structure.
Furthermore, both experimental and theoretical investigations on behalf of magnetic characterization and spin
correlations including simulation studies have been progressed with a broad perspective of researchers in the field
reporting either miscellaneous or convergent results [12, 13, 14, 15, 16, 17, 18, and 19]. Previous works elaborately
focused on Heisenberg Hamiltonian describing the quantum spin-1/2 chain, since 1D-spin arrays, greatly
incorporating entangled states, can be introduced as a reliable candidate for quantum information processes [20,
21, 22, and 23]. They also focused on the concurrence of the system which refers to the mixed states of two-qubits.
Wang studied thermal entanglement for isotropic XY model deducing that zero-field concurrence has unity for
low temperatures up to temperature (T), T = 0.2 while it vanishes at T = 1.1 even if the external field (B) is applied
[24]. However quantum phase transition at a critical value of B is observed at T = 0 for isotropic XY chain [25].
According to the calculations of Rigolin, entanglement vanished at T = 0.9 for isotropic XXX model (J = 1) [26].
Besides concurrence measurements of two nearest neighboring spins, the entanglement of multi-particle systems
can provide practical information between long-ranged pairs of spins. LE is the most suitable measurement tool
for this type of quest. Therefore, Androvitsaneas et.al, investigated the relation between LE and anisotropy of
system for XY and XYZ model under external field and/or zero-field reporting singularities herewith resulting in
a quantum critical point as B, = 0.75. Moreover, revival regions are shown for the next nearest 10 neighbors [27]
under certain magnetic fields and thermal agitations. Sinyagin et al., dressed spherical nanostructures with dipoles
to determine the aggregation state of the system [28].
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It can be confidently argued that long-distant stably
entangled pairs procure a remarkable fact for
topological storage [29]. However, the long-range
entanglement of two-qubit is studied by [30] revealing
the coupling of selected qubits with considerable
distances. Additionally, various long-ranged inter-
acted systems have a fabulous potential to study [31,
32, 33, 34, 35, 36, 37, 38, 39, 40, and 41]. In this
manner, dipolar interaction between spins has been
taken into consideration to deal with magnetic
monopoles [34]. Several experimental studies have
been performed to investigate the properties of
quasiparticle excitations [39, 40, and 42] by treating
low dimensional quantum-spin models. The first
demonstration of entangled spins separated with 220
250A distance in a bulk material is evaluated by
Sahling at very low temperatures [43]. In the theoretical
aspect, quantum phase transitions should be clearly
understood from the sight of quantum information in
the area of condensed matter physics [44, 45, and 46].
Bravo et al. emphasized the significance of dipolar
interactions on antiferromagnetic spin chains under
transverse magnetic field stressing a quantum phase
transition [46]. Previously, we have focused on a spin-
chain ordered as AFM considering dipolar interaction
(D) and external magnetic field (B) observing rival
regions related to the temperature for certain D and B
values [47].

This study brings out the effect of dipole-dipole
interaction (D) to upper and lower limits of
entanglement in isotropic ferromagnetic spin-1/2
Heisenberg chain under uniform external magnetic
field (B,) along the z-axis. LE is a suitable tool to
investigate entanglement in multipartite systems via
quantifying bipartite entanglement. Hence, it indicates
the maximized entanglement between two parts of the
system on average by carrying local measurements out
the rest of the system [51]. Concurrence and thermal
entanglement of two-qubit Heisenberg Hamiltonian
including dipolar interaction is well measured
respectively, before evaluating LE based on the
calculation of correlation functions (Qj). Loop
algorithm, embedded in ALPS package [48], is used to
determine LE [49 and 50] in terms of upper and lower
bounds. Note that LE is related to the entanglement of
assistance (EoF). Simulation data is post-processed by
a Phyton script developed by the authors. We aimed not
only to deal with the effect of dipolar interaction on
entanglement both analytically and numerically but
also to quantify the entanglement of the distant spins
(long-ranged) in multipartite systems.

In Section 2, Hamiltonian of the spin chain and the
procedure of calculating expectation values applying
loop algorithm with Quantum Monte Carlo
methodology were explained. Thermal entanglement of
two-spin as two-qubits state was investigated via
concurrence analytically in Section 3.1. Section 3.2
focused on localizable entanglement determining the
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upper and lower bounds considering temperature, spin-
spin length, strength of the dipolar interaction and
external magnetic field. Results were summarized in
Section 4.

1. MODEL

The Hamiltonian of the N-qubit one-dimensional spin
chain with dipole-dipole interaction term and magnetic
field along z-direction is given by,

ﬁ‘ =

_Zliv=1[ xﬁixﬁix+l +]y6iy6-i}:.1 +jzé_‘iZ&iZ+1 + Bz(&iz)] + ﬁD (1)

i+ _ DN |Giis1 ©@i71ii+1)(@i+1-Tii+1)

Hp = ;Zi=1 [ 3 3 75 (2)
1i+1 Li+1

where ], (a: x,y, z) are exchange coupling constants, B,
denotes magnetic field along z-axis and D represents
the strength of dipole interaction (rjj: two-spin distance
vector) in dipolar HamiltonianHp. Only nearest
neighboring spin, interactions are taken into account, in
which periodic boundary conditions (PBC) are
satisfiedo; = oy41- A clear illustration of the model is
given in Figure 1.

A

VA

i
L

P

-

S
—

QLT
Figure 1. lllustration of spin chain: Green narrow
and wide rounded lines represent the interacted spin

pairs and PBC, respectively, while purple dashed lines
are used to specify the spin pairs

Various measurement techniques such as entanglement
witness, concurrence, negativity, entanglement entropy
help us to quantify entanglement. Moreover, thermal
entanglement provides plenty of worthy pipelines, in
which entanglement can be related to temperature.
Therefore, we found an analytical solution of interested
Hamiltonian (including dipolar term) that is operative
for the two-qubit state, calculating density matrix, 2.

We are interested in LE since it is a clear way to
determine maximum entanglement between two parts of
the system by measuring the rest parts locally. However,
a tight relation has been built up among classical
correlations and entanglement phenomena. Popp et al.
proposed a primrose path to quantify entanglement in
terms of upper and lower bounds. The latter is related to
the classical two-point correlation function. According
to Popp et al., the correlation function can be described
as [51],
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Qus (XD = (w |64 ® 8| w) — wlaklvxw |a)|v) )

In spin-1/2 systems, a connection between concurrence
and LE can be generalized to higher-dimensional spin
systems, realized by unrolling the equation LE;;(¥)) =
max | Q;]B (1) | for a given pure state |y) of N qubits.
The right side of the inequality belongs to the lower
bound of entanglement (LE/?). On the other hand, the
upper bound is revealed by using entanglement of
assistance (EoA). Thus, the bounds of entanglement
can be easily described by the following equation.

ij ij
|) < LE;; < @ (4)

Note that, the right side of the equation represents the
upper bound of the entanglement (LE[1").

max(|Q ] |0%, |, |0

2 = (1% (gial)) - ((of) £ (c))) (5)

As a substantial way to simulate quantum spin systems
loop algorithms introduce a powerful methodology
based on clustering spins on discrete imaginary time. In
contrast to the traditional Markov Chain Monte Carlo
(MCMC), the Markov process presents a continuous
cycle in transition probabilities between the spin (S)
and graph configurations (G). Introducing spin-1/2
lattice with exchange coupling interactions and
Heisenberg Hamiltonian of the model has been
followed by the simulation process. Applying loop
algorithm by lowering the temperature with small steps
during thermalization to decrease long equilibration
times. Thermalization cost 10% of Monte Carlo steps

before the measurement process of physical quantities.
Here we focused on the energy as a function of
temperature based on the generalization of clustering
process updating spin system (MC updates). Suzuki-
Trotter decomposition was used to obtain a path-
integral representation of Z and weight of world-line
graphs C (W(C)).

Z =¥ WP (6)

P is the projection operator evolving C during
imaginary time direction and a continuous imaginary
time scheme was chosen. The weight P(C) is related to
the projection operator; note that, W(C) is the
counterpart of the path-integral picture of our model
constructed on our Hamiltonian. Certain spin
configurations and plaquettes in which a group of spins
is pictured in graphs and flipping spins by a probability.
This process is also consistent with a detailed balance
condition. A transition probability of spins in chosen
plaquette leads to break-ups forming clusters through
the loop. New spin configurations can be created by
spin flipping in a cluster with a probability (shown in
Figure 2). A detailed description of the loop algorithm
can be found in [52].

The Q,; and X/ are calculated with the aid of simulated
data. We performed QMC simulations with parallel
processing for parameters D, kT and B,, exampli grati,
at a temperature scale kT € (0,4]. This corresponds to a
large number of physical conditions. Obtaining the
expected value of an A observable, it is crucial to
represent through an estimator related to the W(C).

_ ScA@W(C)
<A>= oo (7

— —

(a) (b)
L .
) L
E _ [
ey - -
i
E
o
i
E
—_—
real space

Figure 2. Evolution of spins in space: A set of spin flips draw the spin orientations in graphs along the
continuous imaginary-time direction. Three arbitrary pictures at the end of several spin flips are given in (a), (b),
and (c).

I11. FINDINGS AND DISCUSSION

3.1 .Thermal entanglement of two-qubit ground
state

In the case of spin-1/2 chain including an only nearest-

neighbor dipolar interaction term, Heisenberg

Hamiltonian operator of bipartite spin system takes the

form as expressed in Equation (8) where r denote

distance between spins, and D is related to dipolar
constant.
. Iy D\ A D Jy\ aya
== (G+5) 5055+ (55-3) 982
D Jz\ 6z & Bz ra &
+ (55 —%) 3785 - 2 (87 + 89) (8)

Jx.Jy and J, represent exchange couplings where
negative (positive) values/sign corresponds to FM
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(AFM) interaction; 65 are known as Pauli spin matrices
operating to up/down spin in the basis [TT>, [Tl>, 1T>
,LI>. For simplicity (to operate H easily), we
reorganized A in terms of raising and lowering
operators, ST = 6% 4+ i67.

7= (-ZB-L+ DY 6rep +6765)

2r3 2

9)
DT\ znr Bopny, o
+<——]—)alzazz—7(alz+azz)

Matrix form of the 7 were given in Equation (10) with
a worthy reduced format since we only handled the
isotropic ferromagnetic state where J, = J; herewith y

D 3D .
and 7 are set to — — Land - —; respectively.
2r 2 2r

[y - B, 0 0 T
3J
_ 0 -y r=5
H = ' z (10)
0 Ay -y 0
T 0 0 y+B,

Eigenvalues and corresponding eigenstates of the
Hamiltonian (Equation (10)) used to calculate the
density matrix of the interested system, were given in
Table 1, where n* = (2 +1)7Y2 and n~ = (6% +
1)7%2 are normalization constants, while €=

(B§+12)1/2—B

Zand § =

_ (B§+12)1/2+BZ

Table 1. Eigenvalues and corresponding
eigenvectors of H

Eigenvalues Eigenvectors
E, | Py >=nT(e ITT> +11
=y + (B +%)'/? >)
E, [P, >=n=(6 ITT> +1IL
=y — (B + 1)’ >)
E. 3 [ Y3 >= ! (N> —=|i7
3 = 2 3 _\/E
>)
E 3 2 [ Y, >= ! (N> +147
1T 75 14 4 = 2
>)

The density matrix of the system, g can be constructed
4 -BEj,,. . ~

by p = 2= W<l lewlxw" where Z = Tr[e P*]. For a

pair of qubits, average of entanglement of density matrix

p is a monotonically increasing function of the

concurrence C. When C = 1 we have maximally

entangled states and when C = 0 we do not have
entanglement.

Concurrence can be calculated by C = max(0,1, —
A, — A3 — A,), where 4; is equal to the square roots of
eigenvalues of V, = p(67®a; )p*(07®0;) . The
asterisk denotes complex conjugate. If C = 1, the state
is maximally entangled else if C = 0, it is disentangled,
while concurrence values of (0, 1) interval indicates the
strength of entanglement.

u 0 0 v
~ 0 x y O
= 11
=10y x o0 (11)
v 0 0 w
u =L p-BytersB) 4 O ,—py-er-B,)
Z “e?+1 62+1

—1(_€_,-Bly+er+B,) 4 8 —ﬁ(y—er—Bz))
v Z(62+le + 62+1e

—l 1 _ﬁ( + +Bz) ; _;8( - _Bz)
=i s o) 2

x = %eﬁycosh (3[3% + ﬁy)
y= %eﬁ”sinh (3[3% + ,By)

Partition ~function, Z = 2[e”Pcosh(1.58] +yB) +
e "Bcosh(nt + BZ)]. Square roots of eigenvalues of 1/,
and concurrence were calculated numerically by setting
J = 1. Note that B;, D, and T possess real humbers as
B,€(0,5),De(0,4), Te(0,2).

w* + v’ 0 0 uv* +vu*
0 xx*+yy* xy*+yx” 0
0 xy* +yx* xx*+yy* 0
vw* + wv* 0 0 vv* + wu”

(13)

The state is disentangled under zero-field (B=0) in the
FM case [53]. When the applied field is strengthened
the number of | TT> states increases with inhibiting the
creation of entanglement. There is no magnetic and
thermal entanglement achieved for a two-qubit state
when D = 0. That’s why we focused on the effect of
dipolar interaction. We intriguingly encountered that
concurrence vanished in the absence of external field
by numerical calculation, even if dipolar interaction has
been taken into account. Concurrence vanished for high
temperatures which depend on strength of the applied
field. Low field (B,=0.5) yielded a creation/extinction
behavior (non-monotonicity) particularly originated
from distinct dipolar strengths at certain low
temperatures such as T=0.5 (Figure 3). However,
strong D eliminated the hashing influence of
temperature  (Figure 4(a@) and Figure 4(b)).
Entanglement can be controlled via both D and T tuning
entangled/disentangled states especially under slightly
applied fields.
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Figure 3. Concurrence as a function of temperature (T) and D for certain external magnetic fields (a) B=0.5
(b) B=1.
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Figure 4. Concurrence as a function of temperature (T) and D for certain external magnetic fields (a) B=2 (b)
B=5.

3.2. Localizable entanglement, upper and lower
bounds: A Monte Carlo study

QMC simulations were performed to depict the bounds
of LE for spin-1/2 particles spatially separated by
identical distances. 2E+6 of steps are used for
thermalization while 2E+7 sweeps were sufficient. We
dealt with L = 40 spin ensuring the system can be
approximated as an infinite chain. Findings of
thermodynamic quantities (magnetization, energy) of
XY and XYZ models are compared with existing results
both analytical and numerical ones in the absence of
dipole-dipole interaction.

Exchange coupling constants; J,, ], and J, are set as
Jo = 1(a = 0,1,2) during the simulation process for the
ferromagnetic isotropic model. We began by neglecting
the dipole-dipole term (D = 0) to investigate the effect
of both exchange and Zeeman interactions. Bounds of
entangled pairs are determined in the absence of
external magnetic field, under zero/low fields (B, =
[0,0.5]), relatively low/strong fields (B, = (0.5,2]), and
strong fields (B, = (2,5]). Note that a strong external
magnetic field enhancing the Zeeman term should
dominate the rest by imposing the single spin to be
aligned along its direction. It also affects the bound
values since LE measurements have been predicated to
two spin and single spin expectations. Moreover,
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exchange and dipolar interactions spontaneously
specify two-qubit states in parallel with correlations
which are also calculated by mentioned expectation
values. In this study, although exchange coupling
constants have been set to unity, we assigned values to
dipolar constant D and external field B, to satisfy the
relative dominancy of every interaction.

Results of firstlings indicate that LE/} has the lowest
values under zero-field (Figure 5(a)); on the contrary,
LE}jb preserved unity for the entire temperature regime
(Figure 5(b)). When the exchange interaction is only the
commander of spins, the lower bound of entanglement
between nearest neighbors (LE,-l]’-’) has the lowest values
for all temperatures (kT) as kT € (0,4]. On the other
hand, LE}}" is maximized under zero-field. Moreover, it
has not been affected via increasing temperature and
remains almost unchanged. According to Figure 5, LEi’}’
is increased by strengthing the applied field as Arnesen
et al. have already reported [20]. B, = 0.5, B, = 1 and
zero-field lower bound entanglement values started to
overlap for kT > 2. However LEiujb is lowered by the
strong field herewith an increasing trend started at T =
0.75 prominently. Bounds of two nearest qubits are
explicitly directed by B, under certain temperatures in
the absence of dipolar term.
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Figure 5. (a) LE}}-’ and (b) LE}]‘-I’ as a function of temperature under B, = 0.5, B, =1, B, =2, B, =5 and zero-
field.
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Figure 6. LE};I’ as a function of temperature for certain D strengths in the absence of an external field.

We now focused on the zero-field case for N = 40 spin-
1/2 system incorporating the dipolar interaction
strengthened by the times of dipole-dipole constant D.
LEl-’jb remains unchanged under thermal agitations since
increasing temperature should not seduce the upper
bound measured via two-spin and single spin expected
values on the z basis (not shown here). Note that it is
exactly not related to the observations of the x and y
basis. As already stated, low-temperature values of the
upper bound have an ascending trend under higher
magnetic  fields either for ferromagnetic or
antiferromagnetic cases. On the other hand, Figure 6
shows that LE}]’-’ decreases monotonically via increasing
temperature for every D > 1. However, we observed a
non-linear change on values of LE/} by increasing kT
when the strength of dipolar interaction diminishes for
D <= 1. Besides, the lower bound has distinct critical
kT values which impose the spin pairs to become
untangled for D = 1, herewith D € {0.25,0.5,0.75,1}
point to the singularities of the system. LE}? of D = 1
vanishes at kT = 0.5 and afterwards entanglement of
two-qubit is created at kT > 0.5 having lowest values
unchanged. Additionally, D = 0.75 points a similar
condition at temperature kT = 0.3. Furthermore, LE;?,
increases while D values are increasing monotonically
atkT — 0 and B, = 0.
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Figure 7 displays the conduct of LE? (a) and LE}” (b)
under B, = 0.5 magnetic field. LE}} shows a decreasing
behavior via increasing temperature kT for whole D
strengths except D = 4. LE/} is lowered whereby
increasing D values up to D = 2. In contrast, D = 4,
strong dipolar interaction implicitly pulls up the lower
bound above D = 0.25 curve. That is to say dipolar
term dominates the system below high temperatures
since reasonable high temperatures assure lower bound
values to overlap. LE[ =0.16(D =1), LE[} =
0.07(D = 2) and others have nearly the same value as
0.25, shortly, resulting in distinct lower bound values at
kT that stands very close to kT — 0. Upper bound,
LE}}” reaches unity for all D strengths at kT > 2. Upper
bound converges to unity for D =2 and D = 4 at all
temperatures. A linear relation exists for all D values,
adversely to the lower bound, under B, =0.5.
Therefore LE}}” of D = 4 is not significantly influenced
by thermal agitations conserving almost unity. LEi’}’
vanishes at kT = 1.7 and converges to zero for D = 2
under external magnetic field B, = 1.
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Figure 7. (a) LE}}’ and (b) LE}}” as a function of temperature for certain D strengths under B, = 0:5.
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Figure 8. (a) LE}J’-’ and (b) LE}]‘-” as a function of temperature for certain D strengths under B, = 1.

Besides, entanglement never disappears for the rest
strengths of D’s although LEf} shows a decrement trend
through increasing temperature kT under magnetic field
B, =1. In the same manner, LE;’ decrease via
increasing dipolar  strength between D e
{0.25,0.5,0.75,1,2}. The behavior of LE under B, =
0.5 (see Figure 7) and B, = 1 (see Figure 8) are very
similar but D = 4 values are getting lowered for latter
case. At low temperatures LE}]’-’ takes value between
D=2 and D=1 but they intersect with D =
0.25,0.5,0.75 and D = 1 values one by one at different
temperatures having higher values rather than the others
at temperatures as kT > 1.75. According to Figure 8(b),
LE}]‘-” exhibits the similar behavior as if B, = 0.5
applied. In other words, it directly increases via
increasing dipolar strength under B, = 1.

Thus far, the non-linear behavior of strong dipolar
interaction D = 4 exists under relatively low magnetic
fields (B, < 2). We calculated values of lower and
upper bounds under higher magnetic fields B, > 1 to
figure out if this behavior is dependent on the external
magnetic field or not. Figure 8(a) and Figure 9 (a)
displays LE;} values obtained under B, = 1 and B, = 2
external fields, respectively. A critical point as kT =
0.5 which entanglement vanishes even though
neighboring spins entangle again for kT > 0.5 is
indicated under B, = 2. Moreover, LE/? values
decrease via increasing dipolar constant D under
magnetic field B, = 2 but only immediately after a
sharp drop entanglement vanished and entangled pairs
emerge for kT > 0.5. LE}}*’ shows similar behavior as
stated for lower magnetic fields. The only difference is
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strong dipolar interaction, briefly, D = 4, lead upper
bound to lost unity. LE/} decrease by increasing
temperature under B, = 2. However, they diverge to
zero at higher kT temperatures (increasing kT'). Strong
applied field inhibited to vanish entanglement at higher
kT values.

B, = 5 strictly regulated the upper and lower bounds,
especially LE/?, inducing a monotonic behavior
according to D strengths (see Figure 10). LE/? shows a
descending behavior via increasing D values with non-
vanishing character whereas non-unity values of LE}}”
increases by ascending D values. However, the bounds
preserve temperature-related behavior as is under B, =
0.5,1, 2 although D = 4 violates it indicating a critical
point at kT = 0.5. Zeeman term dominates the
exchange interaction so classical correlations which
have been calculated by two-spin and single spin
expected values become directly dependent on the
single spin measurement.

However, dipolar term loose efficiency is directly
related to the distance of two spins in the lattice. In this
manner, it will be dominated as exchange interaction
even if distance-induced fluctuations exist. These
fluctuations affect the system at certain temperatures for
relatively weak fields ensuring critical points. Figure 11
summarizes the B-T relation of the lower limit between
nearest neighboring spins for D values from D =1 to
D = 4 (D < 1 plot not shown in the text). According to
Figure 11(c) (D = 4), there is non-monotonic LE;}
values pointing "revival regions™ at low temperatures
under low magnetic fields.
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Lower limits are calculated up to the 20th nearest
neighbors to investigate the distance-dependent
behavior of LE/? at certain temperatures in which
dipolar interaction is included or not. Figure 12(a)
displays the zero-field (B, =0) LE/?(n) values
corresponding to the latter circumstance (D =0). n
denotes the nth nearest neighboring spin where j =i +
nand n = 20. At very low-temperature regime as kT =
0.05, LE{} (n) never vanishes for any neighboring spins
in the absence of dipolar interaction and external
magnetic field herewith having the lowest values
(Figure 12(a)). LE[? (n) showed a similar behavior in
case of D=4 counter to D=1 and D =2.
Furthermore, increasing temperature tell us LE/? (n)
vanishes as well as dipolar interaction has been
included. According to Figure 12 (d), LE[? (n) remained
unchanged with possessing similar values.

The dipolar interaction controls both the range and value
of the lower bound namely LEf} (n) between two spins
of the ferromagnetic isotropic chain. Increasing
temperature also influences the range of entanglement
via agitating the spins thermally since they start to get
over the domination of interactions included in the
Hamiltonian of the spin-chain. One can deduce that the
tightest quantum correlation between the spins would be
induced by exchange and dipolar interactions in the
absence of an external field. LE}} (n) disappears farther
in from the second nearest neighboring spin for the
dipolar strengths D = 1(Figure 12 (b)) and the third
nearest neighboring spin D =2 (Figure 12 (c)) at
temperatures kT >= 0.5.

Qi et al. obtained an analytical lower bound of
concurrence by multi-qubit monogamy inequality for
four-qubit quantum systems [54]. After a while, lower
bounds were improved to achieve a more sensitive
entanglement measure for 2x2x272 mixed systems by
[55]. A monogamous relation for upper bound was
discussed including tripartite entanglement of the three-
qubit system and multipartite concurrence earlier in the
last decade [56]. The existence of long-ranged distant
entangled qubits under zero magnetic field has great
importance on the quantum information process.
Nevertheless, the creation and extinction of
entanglement at certain values of either kT and B,
depict critical points of the quantum system. We
particularly analyzed distant dependent behavior of the
lower bound only at kT = 0.5 (see Figure 13 (a)) and
kT = 0.05 (see Figure 13 (b)) for D =0,D =1,D =
2 and D = 4 under zero field. At first sight, we must
stress the loss of unity at higher temperature kT = 0.5
even though long-ranged entanglement has been
conserved.
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It is a critical point in this study where the non-
monotonic behavior of entanglement exists in the case
of the special conditions mentioned above. According to
Figure 13 (a), LE[} (n) of nearest neighbouring qubits
has a higher value for D =2 and D =4 than D =0
though D = 2 stands very close to D = 0 at kT = 0.5.
Both cases reveal that strengthening dipolar interaction
provides highly entangled long-ranged pairs and also
thermal agitations reduce the distance which qubits
should communicate.
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Figure 13. (a) LE/? (b) LE};" as a function of
temperature for certain D strengths under zero field.

In addition, Figure 14 revealed the rival regions for
distant odd sites for n > 1 under B, =1 at a low-
temperature regime. We did not observe a clear non-
monotonic behavior extinction-creation of entangled
paired of distanced sites n > 1 pointing rival regions at
certain temperatures. At very low temperatures as kT —
0, LE{} a long-ranged maximized entanglement exists
for D = 4 which was also stated. It was previously
verified that a strong dipolar interaction (D) enhances
long-ranged entanglement explicitly under zero-field
unless high temperatures drastically reduced the amount
of entanglement and range of communication in an
AFM order. In contrast, localizable entanglement
showed a non-linear dependency to D as detailed above.
This text tried to clarify the effect of magnetic dipolar
interaction in a spin system since direct dipole-dipole
coupling not only provides valuable structural
information but also takes a noteworthy place in
modeling the magnetic resonance imaging process.

B,=1

z

i

- 0,2500

0,1875

kT

0,1250

0,06250

. 0,000

Figure 14. LE[? as a function of the distance
between sites n and temperature for D=4 under B, = 1.

IV. CONCLUSION

The concurrence of a spin-1/2 chain, ordered as FM,
was analytically obtained to study thermal
entanglement between two qubits. Low field (B = 0.5)
yielded an extinction/creation behavior (non-
monotonicity) that particularly originated from distinct
dipolar strengths at certain low temperatures. We
revealed upper and lower bounds to measure
entanglement between any two parts of the multipartite
system. According to QMC simulations, we found that
the lower bound shows an increasing trend
monotonically by strengthening the applied field when
dipole-dipole interaction is neglected. Dipolar
interaction affected the spin-1/2 chain, relative to the
strength of D, both for nearest neighbor and distant
qubits inducing a non-monotonic attitude. A rival
region is observed for D = 4 under B = 2 magnetic
field at kT = 0.5 in addition to D = 0.25, D = 0.5,
D =0.75and D = 1 (at kT = (0.5)) in the absence of
an external magnetic field. Moreover, strong dipolar
interaction generated rival regions for distant odd sites
for n>1 under magnetic field B=1 at low
temperatures. In case of B, = 5, lower bound which is
the actual reflection of entanglement, decreased by
increasing temperature since high magnetic field
dominates spin orientation along field direction
regarding to the considered temperature range. Besides,
dominant external field led the entanglement lowered
by increasing dipolar strength (D). Long-range
entanglement that should be arranged in eligible solid
systems ensures a hon-fragile quantum correlation as a
prominent tool for the quantum information process.
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Yapilarn Yiiksek Dogruluklu Modal Analizi I¢cin Otomatik Darbe Tahrik
Sistemi

Automated Impact Excitation System for High Accuracy Modal Analysis of Structures

Bekir BEDIZ!
! Miihendislik ve Doga Bilimleri Fakiiltesi, Sabanci Universitesi, 34956, Istanbul, Tiirkiye

Oz

Titresim testi yapilarin dinamik davranislarinin bulunmasinda veya olusturulan modellerin dogrulanmasinda kullanilan bir
yontemdir. Literatiirde kullanim kolayligi ve hizli uygulanabilirliginden dolayr en yaygin olarak darbe testinden
yararlanilmaktadir. Bu testte yaptya ucunda bir kuvvet algilayicist olan bir darbe ¢ekici ile kuvvet iletimi yapilmaktadir. Sistem
dinamiklerinin dogru olarak elde edilmesi igin darbenin kalitesi ve yinelenebilirligi biiyiik bir 6nem tagimaktadir. Bu ¢aligmada,
yapilarin/pargalarin titresim testlerinde kullanilmak iizere yeni otomatik bir darbe tahrik sistemi gelistirilmistir. Bu kapsamda,
0zel yapim bir esnek darbe mekanizmasina bir kuvvet algilayicisi baglanarak kuvvet dl¢limlerinin yapilmasi saglanmistir.
Sistem otomasyonunun saglanmasi amaciyla esnek darbe mekanizmasini belirli bir baslangic konumuna getirecek
elektromiknatis tabanli bir sistem entegrasyonu gerceklestirilmistir. Uygun darbe i¢in gerekli kontrol parametrelerinin elde
edilebilmesi i¢in tasarlanan mekanizma modellenmis ve ayrica her darbe sonucu test yapisinin dinamiklerinin de hesaba
katilabilecegi bir simiilasyon alt yapisi hazirlanmigtir. Calisma kapsaminda {iretilen darbe tahrik sisteminin ve otomasyon
yazilimin performanslari yapilan testler ile sunulmustur.

Anahtar Kelimeler: titresim testi, darbe testi, otonom darbe g¢ekici, yiiksek kalite dinamik karakterizasyon.

Abstract

Vibration testing is a method used to find the dynamic behavior of parts and systems used in many engineering fields and
applications or to validate the derived analytical/numerical models. One of the most widely used vibration testing methods is
impact testing due to the ease of application. In this test, the force is transmitted to the structure with an impact hammer.
Therefore, to accurately determine the dynamics of the system, the quality and repeatability of the impact applied is of great
importance. The aim of this study is to develop a new automatic impact drive system for vibration tests of structures/parts. In
this context, a force sensor is connected to a special flexible impact mechanism. To provide system automation, an
electromagnet-based system integration was carried out to bring the flexible impact mechanism to a certain starting position.
A simulation framework is constructed to obtain the necessary control parameters for the appropriate impact. The performance
of the impact drive system and automation software produced within the scope of the study were presented with case studies.
Keywords: vibration test, impact testing, automated impact hammer, high-quality dynamic characterization.

I. GIRIS

Bir¢ok miihendislik alaninda ve uygulamasinda (havacilik ve uzay, enerji depolama ve doniistiirme, medikal, vb.)
kullanilan yapilarin dinamik davraniglarinin bilinmesi ve modellenmesi, fonksiyonel 6zellikleri ve performanslart
acisindan oldukga biiyiik bir 6nem arz eder. Yapilarin karmagikligindan ve genellikle soniimleme igin kullanilan
fiziksel modellerin yetersizliginden ya da dogruluktan uzak olmasindan dolayi, analitik veya numerik yontemler
ile bu yapilarin hepsinin modellenmesi miimkiin degildir. Modellenebilen yapilar i¢in dahi elde edilmis modellerin
dogrulugunun deneyler ile ispat edilmesi gerekmektedir. Bu sebeple, yapilarin dinamik 6zelliklerinin (dogal
frekans, soniimleme katsayisi, vb.) titresim testi ile bulunmasi1 gerekmektedir.

Titresim testi basit olarak bir yapimin bilinen (veya 6lgiilebilen) bir kuvvetle tahrik edilmesi ve bu tahrik sonucu
yapidaki tepkinin dl¢iilmesi islemini kapsar. Daha sonra, tahrik ve tepki sinyallerinin frekans alaninda islenmesi
ile yapmin dinamik ozelliklerinin bulunabilecegi frekans tepki fonksiyonlar1 (FTF) elde edilir. Literatiirde
yapilarin titresim testleri ile ilgili oldukga fazla calisma yapilmis ve yeni teknolojiler iiretilmistir. Literatiirde test
yapisinin tahrik edilmesi amaciyla darbe gekici ve sallayici yontemleri en ¢ok kullanilan metotlardir. Yapinin
sallayict ile tahrik edilmesi i¢in sallayicinin test pargasina baglanmasi ve bdylece istenen bir tahrik sinyalinin
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sisteme iletiminin saglanmasi gerekmektedir. Test
yapist ve sallayict baglanti noktasindaki bir kuvvet
algilayicisi vasitasiyla da iletilen kuvvetin 6lgiilmesi
saglanmaktadir [1]. Test asamasinda sistem farkl
frekanslarda sallanarak tepkisi 6l¢iildiigiinden, sistemin
istenen bir frekans araligindaki dinamik davranigiin
¢ikarilmasi olduk¢a zaman alicidir. Ayrica, sistem (i)
cok biiyiikk oldugunda istenen kuvvetlerin yapiya
iletimin fiziksel olarak zor olmasi veya (ii) ¢ok kiigiik
oldugunda (minyatiir ve/veya esnek sistemlerde)
sallayict test edilen yaprya baglandigindan dolay:
yapmin dinamiklerinin degismesine yol ac¢tigindan bu
tahrik sisteminin kullanim alanlar1 olduk¢a sinirlidir
[2]. Diger tahrik yontemi olan darbe ¢ekigleri
1960’larin ortalarinda alternatif bir tahrik ydntemi
olarak ortaya e¢ikmustir [3]. Siireksiz bir yontem
oldugundan sistem dinamiklerinin olduk¢a hizli bir
sekilde elde edilmesine olanak saglar. Bu yontemde,
sisteme uygulanan ¢ok kisa siireli (milisaniye
mertebelerini gegmeyen) bir darbe ile sisteme yiiksek
bir enerji verilerek belli bir bant genisligi igerisindeki
tim bigim sekillerinin uyarilmast hedeflenir [3], [4].
Fakat manuel olarak uygulanmasindan dolay1 birgok
zorluklar1  bulunmaktadir.  Oncelikle  yiiksek
hassasiyetli FTF elde etmek igin oOlgiimlerin
yinelenebilir bir sekilde yapilmas: gerekmektedir; fakat
darbe gekicleri manuel olarak uygulandigindan bunun
saglanmast hemen hemen imkansizdir. Her ne kadar
biiyiik yapilar i¢cin bu hassasiyet az da olsa, test yapist
kiigiildiikge yinelenebilir bir sekilde 6l¢iim yapilmasi
oldukca zordur. Ayrica test yapisi kiigiildiik¢e fiziksel
boyutlarinin kiiciik olmasindan kaynakli yiiksek bant
genisliklerinde dinamik davraniglar
sergilenebilmektedir. ~ Ornegin,  mikro  {iretim
sistemlerinde kullanilan minyatiir ultra-yiiksek-hizli is
millerinin dinamiklerinin dogru olarak
modellenebilmesi i¢in titresim testlerinde tahrik
sisteminin bant genisligi 25 kHz mertebelerine kadar
ulagmalidir [5]. Aynm1 zamanda hassas yapilarda test
yapisinin zarar gormemesi i¢in tahrik kuvvetinin
yapiya zarar vermeyecek bir diizeyde tutulmasini
gerektirir; fakat manuel bir uygulamayla bu
gereksinimlerin saglanmasi miimkiin degildir.

Literatiirde, yukarida bahsedilen zorluklarin {izerinden
gelmek icin  birtakim  ¢aligmalar  yapilmustir.
Yinelenebilir bir sekilde yapinin tahrik edilmesi
amaciyla degisik mekanizmalar/tasarimlar
kullanilabilir. Yapilan ilk ¢aligmalardan birisi Jacobs
ve Bissinger [6] tarafindan gergeklestirilmistir. Bu
calismadaki asil amac sadece tahrik noktasi agisindan
yinelenebilir darbeler elde edilmesiyle siirl kalmistir
ve sadece manuel bir uygulamaya oranla istiinligi
niteliksel olarak gdsterilmigtir. Bu alanda en yaygin
olarak  kullanilan  sistemler  sarka¢  benzeri
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mekanizmalardir [7], [8]. Bu yontemde her ne kadar
darbe/vurus kuvveti basit modelleme teknikleri (tek
serbestlik dereceli modeller) ile tahmin edilebilse de,
hem diisiik darbe kuvveti ile vuruglarin yapilabilmesi
hem de vurus acisinin ayarlanmasi olduk¢a zordur.
Diger bir yaygin yontem de darbe ¢ekiglerinin bir
motora baglanmasidir. Champoux vd. yaptiklart bir
calismada bu yontemi iki minyatiir darbe cekicini iki
farkli motora baglayarak sisteme moment tahriki
vermekte kullanmiglardir [7]. Fakat diizgiin bir darbe
profili i¢in (tek vurustan olusan) oldukca karmagik
kontrol algoritmalarinin kullanilmas: gerekmektedir.
Yapilan testler sonucunda da ancak 1 kHz genliginde
vuruslar elde edilebilmistir. Literatiirde kullanilan bir
diger yontem de sarmal bobin (veya ses bobini)
kullanarak aynit noktaya yinelenebilir darbeler
iletmektir. Bu sistemlerde basitge sisteme iletilen
gerilim ile darbe ucunun hareketi saglanmaktadir. Ayn
noktaya darbe iletimini gergeklestirmek icin oldukca
basit bir yontem olsa da kisa siireli darbeler (yiliksek
genlikteki darbeler) ve kontrol edilebilir darbe kuvveti
icin sistemin hareketinin kontrol edilmesi oldukga
zordur [9]. Yakin zamandaki bir ¢calismada benzer bir
sistem Maierhofer vd. tarafindan gelistirilmistir ve
kuvvet algilayicisinin  hareketi  elektromanyetik
reliktans eyleyicisi ile sisteme verilen voltaj
ayarlanarak kontrol edilebilmektedir [10]. Ama bu
sistemde test i¢in uygun parametrelerin belirlenmesinin
manuel olarak yapilmasi gerekmektedir. Bu alandaki
en son ¢alismalar Bediz ve digerleri [11] ve Shekhar ve
Ozdoganlar [12] tarafindan yapilmig ve yeni bir darbe
tahrik sistemi tasarlanmistir. Yapilan bu fizibilite
calismasinda gelistirilen darbe cihazinin da dinamik
modellemesi ii¢ boyutlu analitik/numerik modeller
kullanilarak yapilmig ve olusturulan simiilasyon ile
deneyde cihaz i¢in kullanilacak uygun test
parametreleri elde edilmistir. Fakat uygulanan
modelleme yonteminin hesaplama verimsizliginden
dolay1 pratikte uygulamak i¢in eksikleri bulunmaktadir.
Her ne kadar darbe kuvvetinin biiyiikligi kontrol
edilebilse de sistemde ankastre kiris benzeri bir
mekanizma kullanildigindan darbe oryantasyonun
kontrolii miimkiin olamamaktadir.

Bu ¢aligmada yapilarin titresim testlerinde kullanilmak
iizere yeni otomatik bir darbe tahrik sisteminin
gelistirilmesi ve boylece literatiirdeki
yapilarm/sistemlerin dinamiklerinin titresim testleri ile
hizli ve yiiksek hassasiyetle bulunmasi yolundaki
eksikliklerin giderilmesi amaglanmaktadir. Bu amacla
oncelikle gelistirilen darbe mekanizmasinin basit ve
kapali devre c¢alisabilecek bir dinamik modeli
olusturulmustur. ikinci olarak, otomatik bir sekilde
calismasi i¢in darbe testi sirasinda yapi yiizeyinin
bulunmasi saglayacak bir algoritma sisteme
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eklenmistir. Uclincii asamada da tasarlanan darbe Test sirasinda darbe kuvvetinin olciilebilmesi icin
tahrik sisteminin, darbe olaymin kendisinin (Hertzian  kuvvet algilayicisi (Kistler 9712B — Quartz kuvvet
darbe teorisi kullanilarak) ve test yapisinin dinamik  algilayicist) kullanilmigtir. Darbe mekanizmasinin
modellerinin beraber kullanilacagi bir simiilasyon alt  otomatik bir sekilde ¢aligsmasi i¢in salgi mekanizmasina
yapisi olugturulmus ve bu alt yap1 kapali devre sistemi  bir baglangi¢ deformasyonu verilmesi gerekmektedir.
uygulamasiyla iretilen sisteme basarili bir sekilde Bdylece salgi mekanizmasinda depolanan potansiyel
entegre edilmistir. Son olarak da gelistirilen sistemin  enerji sistem serbest birakildiginda kinetik enerjiye
performansinin dl¢iilmesi icin de manuel darbe testleri ~ doniisecek ve darbe ucu Sekil 2°de belirtilen sekilde

sonuglari ile karsilastirilmasi yapilmustir. test yapisina dogru hareket edecektir. Bu amagla
sisteme
1. MODELLEME VE YONTEM Sekil 1’de goriildiigii gibi bir elektromiknatis entegre

edilmistir. Elektromiknatisin salgi mekanizmasin
gerilim  verildiginde  ¢ekebilmesi  igin  salgi
mekanizmasina bir metal disk takilmistir.

2.1. Darbe Tahrik Sistemi

Sekil 1, tasarlanan darbe tahrik  sistemini
gostermektedir  [13].  Gorildigii  gibi  hareket
mekanizmas1 6zel olarak istenen dogrusal hareketi
saglayacak bir salgi mekanizmasindan olugmaktadir.

salgi mekanizmasi —._
N
N

\
metal parga \
R ..

elektromiknatis

ﬁ\,:,,% 4
= 4 e_“,y- darbe ucu

lineer konumlandirici —

2 //;;“' /
DTS ana gévdesi — kuvvet algilayicisi
(a) (b)
Sekil 1. Tasarlanan darbe mekanizmasinin CAD modeli.
darbe
ucu I . |
kuvvet L TestYapist | Test Yapist y TestYapisi |
algilayicisi 1 /
Salgi mekanizmasi d,
t . Y . S Darbe
tz . . A esnasindaki denge - datum == | L
i . denge - datum I t deformasyonlar

LZ | | Y hareket

“ g hareket e 3
d . % yoni

L, = Ly , ‘N yoni
9o |
Metal parca i baslangi degeri e
Elektromiknatis
(a) (b) (c) (d)

Sekil 2. Darbe tahrik sisteminde darbe ucunun hareket semasi: (@) darbe tahrik sistemi modelinin iistten
goriintiisii, (b) elektromiknatis yardim ile geri ¢ekilmis darbe ucu, (C) sistem serbest birakildiktan sonra hareket
ederek test yapisina temas halindeki darbe ucu, (d) darbeden sonra test yapisindan uzaga ilerlemekte olan darbe

ucu.

Darbe tahrik sisteminin ¢aligmasi su sekilde basitce  bir darbe veya ¢oklu darbe gerceklesir. Test sirasinda
Ozetlenebilir: Elektromiknatisa gerilim verildiginde, darbe ucu ile test yapist arasindakinin mesafenin (do)
salgl mekanizmasina bagli olan metal parcay: kendine  ve/veya salgi mekanizmasina bagli metal parga ile
dogru ¢eker ve bdylece salgt mekanizmasina bir  elektromiknatis arasindaki mesafenin (go) kolaylikla
deformasyon verilmis olur. Devre kapatildiginda ise, kontrol edilebilmesinden dolayr tek bir darbe elde
elektromiknatis sistemi serbest birakir ve yap1 belirli  etmek ve darbe kuvvetinin  ve genliginin
bir yolu izleyerek test yapisina dogru hareket etmeye  ayarlanmasinda bu iki parametre kontrol parametreleri
baglar. Darbe tahrik sisteminin ve test yapisinin  olarak seg¢ilmistir.

dinamigine ve darbe mekanizmasina bagli olarak tek
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2.2. Darbe Mekanizmasi1 Modeli
Titresim testi kapsaminda darbe kuvvetinin dogru bir

sekilde  tahmini  yapilabilmesi ve  kontrol
parametrelerinin  (do ve o) hizli bir sekilde
ayarlanabilmesi i¢in PMMA’den {iretilen salgi

mekanizmasinin es deger tek serbestlik dereceli bir
modeli olusturulmustur [14]. Tek serbestlik dereceli
dinamik model i¢in 6ncelikle es deger kiitle ve esneklik
degerlerinin bulunmasi gerekmektedir. Es deger model
bulunurken yapr iki simetrik kisma ayrilmistir ve her
kisim i¢in ucunda konsantre kiitle bulunan ankastre
kirig i¢in olan es deger formiilasyonlar kullanilmustir.
Yalniz salgt mekanizmasinin kiitlesi de bu esdeger
modeline dahil edilmistir. Bu yaklasimla es deger
sistem parametreleri

192E1

€47 2L +Ly) @)

Mg =2[024pwyty 2Ly +Lo)]+ pwy Ly (62— 1) (2)
seklinde hesaplanabilir. Burada t ve w salgi
mekanizmasinin kalinligint ve genisligini
belirtmektedir. Salgt mekanizmasinin  geometrik

parametreleri Tablo 1’te verilmistir.

Tablo 1. Salgi mekanizmasi geometrik parametreleri.

Geometrik Parametre Degerler [mm]

L1 74
L 8
Ls 74
1 1.2
t 22
i3 1.2

W1 =Wz = W3 8

Modelin dogrulugunu test etmek igin ayn1t mekanizma
sonlu elemanlar yontemi ile de modellenmistir. Tek
serbestlik dereceli model ve sonlu eleman modeli ile
sistemin temel rezonans frekansi sirasiyla 48.6 Hz ve
48 Hz olarak hesaplanmistir. Frekans tepki
fonksiyonlar1  karsilagtirmast  da  Sekil = 3’te
goriilmektedir. Sistem dinamiginde en baskin kisim
birinci titresim biciminden geldiginden tek serbestlik
dereceli model de oldukga dogru sonuglar verecektir.

ANSYS modeli
.......... tek serbestlik dereceli model

FTF [m/N]

10

50 100 150 200 250 300 350 400 450 500 550 600
Frekans [Hz]
Sekil 3. Salgi mekanizmasi darbe ucu i¢in hesaplanan
frekans tepki fonksiyonu.
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2.3. Darbe Modeli

Darbe ucu test yapisina temas ettikten sonra darbe
kuvvetinin bulunabilmesi i¢in bir darbe modeli
olusturulmasi gereklidir. Sekil 2(b)’de de gosterildigi
gibi darbe sirasinda iki ana asama bulunmaktadir: (i)
deformasyon ve (ii) 6nceki duruma gelme. Darbe test
yapisina temas ettiginde sahip oldugu hiz ve
momentum sayesinde test ylizeyinde bir elastik girinti
baglar. Girinti ilerledikge darbe ucu ve test yiizeyi
arasinda bir kuvvet olugsmaktadir. Darbe dinamigi
iizerine  literatiirde  olduk¢a  fazla  c¢alisma
bulunmaktadir. Bu alandaki modellerden en dnemlisi
Hertz teorisidir [15]-[18]. Bu teori baslangicta iki
kiiresel cismin c¢arpismasint  modellemek i¢in
gelistirilmistir. Temelde Hertz teorisi, ¢arpigma
sirasinda dogrusal olmayan bir kuvvet-deformasyon
iliskisine sahiptir. Darbe sirasindaki kuvvet asagidaki
gibi hesaplanabilir:

3(1-e%) §
Faarpe =K6n{1+%u—o}

@)
Bu denklemde K darbe sertligini, € geri getirme
katsayisini, U, darbe ucunun ilk temas hizim J ve & da
girinti miktarmi ve hizini, n de dogrusal olmayan
katsayiy1 belirtmektedir ve bu deger 1.5 olarak
alinmigtir [17], [19]. Geri getirme katsayisinin degeri
literatiirden bulunabilir. Bununla birlikte, karmagik
geometriler i¢in deneylerden belirlenmesi gerekir.
Darbe sertligi de

K — 4 TiTj
37T(k/+kj) ritr;

formiili kullanilarak hesaplanabilir. Burada r; ve r;j
carpigsan yiizeylerin yarigapimi ki ve kj de carpisan
yapilarin malzeme Ozelliklerini gdstermektedir ve
asagidaki gibi hesaplanabilir:

4)

kl= )

TE;

l=1ij ()
Burada v Poisson katsayisini, E de elastisite modiiliinii
belirtmektedir.

2.4. Elektromiknatis Ampirik Modeli
Elektromiknatisa voltaj verilmesi ile bir manyetik alan
olusmaktadir ve bu manyetik alan salgi mekanizmasina
sabit bir sekilde takilmis metal parcayi kendisine dogru
cekmektedir.  Elektromiknatisa  verilen  voltajin
kesilmesi ile manyetik alan yok olmaya ve bdylece
sistem salgi mekanizmasinda depolanmig gerinim
enerjisi ile hareket etmeye baslamaktadir. Burada
o6nemli olan manyetik alanin voltaj kesildigi anda
tamamen kaybolmamasidir.

Elektromiknatisa  verilen voltajmn  t=0 anindan
kesildigini varsayarsak hareketin baglamasi t=t;
zamaninda olmaktadir. Yani yavas yavas zayiflayan
manyetik alan kuvveti bir noktada (t=ti aninda),
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gerinmis haldeki salgi mekanizmasini yerinde tutmaya
yetmemektedir ve boylece salgi mekanizmasinin test
yapisina dogru hareketi baslamaktadir. Fakat salgi
mekanizmasmin hareketinin bu ilk kisimlarinda
manyetik kuvvet de sisteme etki etmeye devam
etmektedir. Bu ylizden sistemin dogru bir sekilde
modellenebilmesi amaciyla elektromiknatis kuvvetinin
de modellenmesi gerekmedir. Bu kapsamda hem
analitik modellerin uygulanmasinin zor olmasindan ve
numerik a¢idan verimsiz olmasindan dolay1 bu ¢aligma
kapsaminda daha 6nce de belirtildigi gibi ampirik bir
model olusturulmasi iizerine ¢aligilmistir. Ampirik
model olusturulmasinda elektromiknatisa 9V degeri
verilerek elde edilen kuvvet degisimi Sekil 4’teki gibi
uzaklifa ve zamana bagli olarak elde edilmistir.
Simiilasyonlarda bu test datasindan interpolasyon
yontemi ile salgt mekanizmasina etki eden kuvvet
degeri bulunmaktadir.

2.5. Test Yapisinin Modeli

Titresim testine baglanmadan Once test yapisinin
dinamigi hakkinda bir bilgi genelde bulunmamaktadir.
Test yapilacak parca yiiksek rijitlikte bir parca ise bu
asamaya kadar gelistirilmis olan simiilasyon modeli
(darbe tahrik sistemi modeli, darbe modeli ve
elektromiknatis modeli) darbe kuvveti ve darbe
genliginin tahmin edilmesi i¢in yeterlidir. Fakat test
yapisinin esnek oldugu durumlarda, darbe sonucunda
test yapisinda da esneme/hareket meydana gelmektedir.
Denklem 3’ten de goriilebilecegi gibi darbe kuvveti
darbe ucu ve darbe yiizeyi arasindaki rélatif konuma ()
ve hiza (8) baglidir. Dolaysi ile esnek parga iizerinde
test yapildiginda darbe kuvvetinden dolayr test
yapisinda esneme ve bu sebeple rolatif konum ve hiz
degerlerinde farklilik olmaktadir. Dolayisiyla esnek
pargalar tizerinden yapilacak testlerde de darbe
kuvvetinin ve genliginin dogru bir sekilde tahmin
edilebilmesi i¢in test yapisi dinamiginin de simiilasyon
modeline dahil edilmesi gerekmektedir. Test
yapilmadan test dinamigi hakkinda bir bilgi sahibi
olunmasi imkansiz oldugu i¢in yapilacak ilk vurusta
Boylelikle ilk vurustan sonra darbe ve tepki verisi
kullanilarak hesaplanacak frekans tepki fonksiyonu
kullanilarak test yapisinin  modal parametreleri
¢ikarilabilecektir. Cikarilan modal parametreler ile
sistem dinamigi de simiilasyon modeline dahil
edilebilmektedir. Dolayisiyla her vurustan sonra
giincellenen frekans tepki fonksiyonu {izerinden sistem
dinamigi ¢ikarilmakta ve simiilasyon modelinde
kullanilmaktadir. Olugturulan bu yinelemeli model
sayesinde birkag¢ vurustan sonra dogru kuvvet ve genlik
tahminleri yapilabilmekte ve esnek pargalarin da
titresim testlerinin hizli bir sekilde elde edilmesi
saglanmig olabilmektedir.
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18

Cekme Kuvveti [N]

tfs)

Sekil 4. Elektromiknatis kapandiktan sonra kaybolan
manyetik alanin salgi mekanizmasina uyguladig:
Kuvvet.

2.6. Darbe Tahrik Sistemi Caliyma Simiilasyonu
Olusturulan  simiilasyon algoritmast Sekil 5’te
verilmistir. ~ Gortilebilecegi gibi  yinelemeli  bir
simiilasyon modeli olusturulmustur. {1k basta secilen d
ve (o degerleri istenen tek darbe vurusunu
gerceklestiremese bile daha sonraki vuruslarda test
yapist dinamigi de hesaba katilacagindan istenilen
vuruslar sonraki darbelerde elde edilebilecektir ve
bdylece titresim testi bittiginde test dinamigi dogru bir
sekilde ¢ikarilmis olacaktir. Verilen algoritmanin daha
iyi anlagilabilmesi i¢in bu boliimde her kisim detaylica
anlatilmagtir.

Adim 1: Secilen darbe mekanizmasi ¢alisma
parametreleri (do ve o), salgi mekanizmasi igin
olusturulmus dinamik modelinde zamana bagh
hareketin bulunmasi i¢in kullanilacaktir. Zaman tabanlt
tepkinin tahmin edilmesinde MATLAB yazilimimin
‘ode’ fonksiyonu kullanmigtir. Bu amagla sistem
modelinin  durum wuzay modeli olusturulmustur.
Ormnegin tek serbestlik dereceli sistem igin bu model
asagidaki gibi ¢ikarilabilir:
Jr

i) = J(e)+{

Adim 2: Sistemin hareketinin baglangici yukarida da
bahsedildigi gibi salgi mekanizmasinin
elektromiknatistan koptugu andir. Elektromiknatisa
verilen voltaj kesildikten sonra manyetik alan biranda
yok olmadigindan elektromiknatis kuvvet uygulamaya
devam etmektedir. Dolayist ile ilk 6nce Denklem 6
kullanilarak sistemin ilk harekete basladigi noktanin
bulunmasi gerekmektedir. Buradaki kuvvet (F)
elektromiknatistan dolayr sisteme etki eden c¢ekme
kuvvetidir. ‘ODE — 1’ isimli fonksiyon bu amagla
kullanilmaktadir.

0
1/meq

0
—w,?

1
_Z(wn

q1
q2

0

a0, (6)
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Adim 3: Hareket basladiktan sonra darbe ucunun test
yapisina degdigi noktaya kadar sistemin hareketi yine
‘ODE — 1’ isimli fonksiyon kullanilarak bulunabilir.
Belli bir zaman sonra ya da darbe elektromiknatistan
belli bir uzakliga geldigi noktada sistem iizerine etki
eden kuvvet sifir olacagindan sistem serbest salinima
gegecektir. Bu dgiincli adimda ayrica sistemin her
zaman araliginda pozisyonu kontrol edilerek test
yapisinin bulundugu konuma gelip gelmedigi kontrol
edilmektedir.

Adim 4: Darbe ucu test yapisinin yiizeyi ile temasa
gectigi  noktadan itibaren Sekil 2°de belirtilen
deformasyon ve geri gelme fazlar1 olusacagindan test
yapist ve darbe ucu arasinda bir kuvvet olusumu
gerceklesecektir. Bu kisim icin olusturulan ‘ODE — 2’
isimli fonksiyon igerisinde Denklem 3 kullanilarak
darbe kuvveti hesab1 yapilmakta ve yine Denklem 6
kullanilarak sisteme etkisi tahmin edilebilmektedir.
Test yapisi tizerinde ilk test gerceklestirildikten sonra
(eger test yapist esnekse istenilen darbe elde
edilmeyebilir) hesaplanan frekans tepki fonksiyonu
kullanilarak egri uydurma yontemi ile test yapisinin
dinamikleri i¢in de Denklem 6’daki benzer durum uzay
denklemleri ¢ikarilabilir. Bdylece ikinci veya daha
sonraki testlerde hem darbe sisteminin hem de test
yapisinin beraber zamana bagli tepki simiilasyonu
gerceklestirilmektedir.

Adim 5: Darbe tamamlandiktan sonra sistem test
yapisindan uzaklagsmaya baslamaktadir. Bu durumda
sisteme etki eden bir kuvvet olmadig: icin hareketi
bulunurken Denklem 6’da kuvvet kismi tepki hesabina
katilmamaktadir ve buna uygun olarak ‘ODE — 3’ isimli
fonksiyon kullanilmaktadir. Bu fonksiyon sonucunda
tekrar test yapisina temas olmast durumunda hareketin
¢oziilmesi i¢in ‘ODE - 2’ isimli fonksiyonun
kullanimina gegilmektedir.

Adim 6: Frekans tepki fonksiyonu hesabi i¢in yeterli
miktarda vurus yapildiktan sonra kuvvet ve hareket
algilayicilarindan gelen veriler kullanilarak sistem
dinamikleri bulunabilir.

Sekil 6, sistem i¢in olugturulan bu simiilasyon alt yapis1
ile elde edilmis bu adimlar1 gostermektedir. Sistem
hareketinde tiim bu adimlarin hesaplandigi kisimlar
sekil iizerinde gosterilmistir. Burada dikkat edilmesi
gereken bir diger unsur da ilk vurustan sonra geri gelen
darbe ucunun kendi salinimindan kaynakli olarak tekrar
gidip test yapisina vurabilecegidir; test siiresinin darbe
mekanizmasinin salinim periyodundan fazla olmasi
durumunda bu olusan ¢oklu darbe sorun yaratacaktir.
Gelistirilen simiilasyon yapist bunun da tespitini
yapabilmektedir. Bulgular ve Tartigma bdliimde bu
simiilasyon yapisi kullanilarak elde edilen sonuglardan
ornekler verilmistir.

Salgi mekanizmasinin
elektromiktamistan aynldign

Electromiknatis
Modeli

DTS Dinamik
Modeli

Y

ODE - 1 Fonksiyonu
zamanin bulunmasi

Hareket baslangicindan
test yapisina temas edene kadar
olan hareketin bulunmasi

ODE - 1 Fonksiyonu

\

?

DTS Dinamik
Modeli
\

TestNo > 1

Test Yapisi Modal
Parametre Bulunmasi

Jig
i

”| opE-2 Fonksiyonu Darbe sirasindaki hareketin

> ve darbe kuvvetinin bulunmasi
A

\
ODE - 3 Fonksiyonu

Salgi mekanizmasi ilk vurustan sonra
test yapisindan
ulaklasirken ve yakinlasirken
hareketin bulunmasi

(Kuvvet algilayicisindan)

T

FRF HesW x(t)

i

(Hareket algilayicisindan)

Sekil 5. Darbe Tahrik Sistemi Caligma Simiilasyonu.
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ITII. BULGULAR VE TARTISMA

3.1. Baslangic Test
Giincellenmesi

Olusturulan simiilasyon alt yapisi ile yapilacak
herhangi bir test i¢in darbe mekanizmasinin
calismasinda kullanilacak parametreler (do Ve Qo) i¢in
baslangig degerleri bulunabilir. Ornegin Sekil 7(a)’da
testin yapilacagi yiizeyin diiz oldugu ¢elik bir yap1 i¢in
darbe kuvvetinin bu baslangic parametrelerine bagl
degisimi ¢ikarilmistir. Ik vuruslardan sonra yapmin
esnek oldugu durumlarda (darbe kuvveti tahminlerde
hata olma ihtimali yiiksek olabileceginden) elde edilen
frekans tepki fonksiyonu kullanilarak test yapisinin
dinamigi de simiilasyon modeli dahil edilerek (Sekil
5’te gosterildigi gibi) darbe mekanizma igin
kullanilacak degerlerin giincellenmesi yapilabilir.
Ornegin test yapisinin dinamikleri dahil edilerek Sekil

Parametresi Secimi ve

0.005 kg, w, = 10 Hz,{ = 0.01 olarak kabul
edilmistir. Giincellenen parametre haritas1 Sekil 7°de
verilmistir.

Sekil 7 incelendiginde test yapisinin dinamiklerinin
eklenmesinin iki ana sonucu oldugu goriilebilir.
Birincisi ayni parametre degerlerinde (go Ve d igin) test
yapisinin dinamikleri simiilasyona dahil edildiginden
darbe kuvvetinden dolay1 test yapisi da hareket
edeceginden daha diisiik darbe kuvvetleri olugmaktadir
(bakimz Sekil 8). Bunun sonucu olarak da ikincisi,
darbenin olmadigi, tek darbenin gergeklestigi ve ¢oklu
darbenin gergeklestigi alanlarin sinirlart degismistir.
Yalniz burada dikkat edilmesi gereken nokta, test
yapisinin dinamigine gore c¢oklu darbe alanimin
kiiciilebilecegidir. Bu o6rnekte esnek parcanin ana
salinim frekansi darbe yapisiminkinden daha diisiik
oldugundan test yapist saliimi sirasinda tekrar test

SO, . .. .
7(a)’daki parametre. .harltas1 giincellenmigtir. Bu yapisina garpmamistir.
kapsam test yapisi i¢in modal parametreler m,, =
o
o -
55
£%
==
% z Adim 4
2 c £l
=i Adim 3 = Aimis - Test Yapisinin Konumu (g, = 2.0 mm)
2.5 T T T T e T
o |
E — 15
o= 05 o
28 or p ]
58 0L e v ]
aoT [, ]
-2 - -
25l I 1 1 1 1
o] 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045
E Darbe tahrik sisteminin t [s]
¢ konumu (d = -2.3 mm)
35 | . T T
= w0
s 25 N -
=
E 20 - _
@ 15 |- —
= 10 |
< 0.0124
o =l i
| : I I 1 I
0 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045
' t[s]
Sekil 6. Darbe tahrik sistemi hareket simiilasyonu.
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Sekil 7. Darbe kuvvetinin g, ve d, degerine gore degisimi: (a) test yapisi dinamigi katilmadan, (b) test yapisi
dinamigi katilarak.
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Sekil 8. Test yapisinin dinamiginin darbe kuvvetini
etkisi.

3.2. Test Yiizeyi Tespiti

Oncelikler testler sirasinda olusturulan simiilasyon
algoritmasi ile darbe mekanizmasi i¢in kullanilacak
parametreler bulunmustur; fakat bu parametreleri
testler sirasinda uygulayabilmek i¢in darbe ucunun test
yapisina uzakliginin dogru ve hassas bir sekilde
ayarlanmasi gerekmektedir. Bunu saglamak amaciyla
oncelikle test ylizeyinin bulunmasimi saglayacak bir
yontem gelistirilmistir. Bu yontemde sistemde hali
hazirda kullanilan motorize lineer konumlandirict ve
kuvvet algilayicisindan yararlanilmistir. Darbe tahrik
sistemi, test i¢in kurulduktan sonra lineer
konumlandirict sayesinde tiim sistem yavas yavas test
yapisina dogru harekete gegirilmektedir. Boylece test
yapist ile temasa gectigi anda kuvvet algilayicisindan
okunan veride bir degisim goériilmektedir. Bu islemin
otomatik olarak gegeklestirilmesi igin Labview
yazilimi  kullanilarak ~ bir  arayiiz ~ programi
hazirlanmistir:

Arayliz programinda kuvvet algilayicinin test yapisina
temasini algilamak i¢in iki farkli yontem kullanilmistir.
Her iki yontemde de kuvvet algilayicisindan gelen
voltaj degerinden yararlanilmistir. Birincisi yukarida da
bahsedildigi gibi esik iistii degeri tanimlanmasi ve
boylece sinyal seviyesindeki degisimden temas
algilanmaktadir. Fakat yapilan testlerde hareket adimi
olarak 50 mikrometre kullanildiginda esik deger tanimi
ile yiizey bulunmasinda sorunlar olabildigi goriilmiis;
bu sebeple ikinci bir yontem daha arayiize dahil
edilmigtir. Bu ikinci yontemde okunan verinin siirekli
olarak standart sapmasi hesaplanmaktadir. Temas
olmast halinde standart sapmanin en az bir mertebe
degistigi goriilmiistiir. Boylece daha kiiciik yaklagsma
adimlarinda dahi temas olduk¢a kolay bir sekilde
saptanmustir. Sekil 9’da temas oldugu durumdaki test
sistemi ve arayiiz programi gosterilmektedir.

Temas tespit edildikten sonra proje kapsaminda
gelistirilmis simiilasyon modeli yardimiyla darbe tahrik
sistemi i¢in elde edilmis do degeri motorize
konumlandirict sayesinde sisteme uygulanmaktadir.
Boylece sistem ilk test i¢in hazir hale gelmektedir.
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Sekil 9. Temas oldugu andaki (a) test diizenegi ve (b)
arayliz programi.

3.3. Darbe Noktas1 Kararhihig:

Darbe noktasinin yinelenebilirliginin test edilmesi i¢in
vurus yapilacak yiizeyde basinca duyarlt bir kagit
kullanilmis ve bdylece darbe noktalarinin dagilimi elde
edilmistir. Karsilagtirma i¢in ayni test manuel bir darbe
cekici kullanilarak da yapilmistir. Sekil 10°da elde
edilen darbe alanlart MATLAB goriintii isleme paketi
ile incelendiginde darbe tahrik sistemi ve manuel
vuruglar ile elde edilen darbe alanlarmin yaklagik
sirastyla 1 mm? ve 10 mm? oldugu godzlemlenmistir.
Manuel vuruslar yapilirken darbe ¢ekici ile daha dnce
vurus yapmis bir kisinin elde ettigi en iyi performans
kullanilmistir. Goriilebilecegi gibi darbe tahrik sistemi
ile ayn1 noktaya tekrarlanabilir vuruslar kolaylikla
yapilabilmektedir ve manuel vuruslara gore darbe
noktasindan dolay1 olusabilecek giiriiltiiler minimum
diizeye indirgenebilecektir.

(a) (b)
Sekil 10. (a) Darbe tahrik sistemi ile 15 vurus sonrasi
olusan darbe alani, (b) darbe tahrik sistemi ve manuel
vurus ile elde edilen darbe alani karsilagtirmasi.

3.4. Darbe Kuvvetinin Yinelebilirligi

Darbe tahrik sistemi i¢in bir diger 6nemli konu da test
yapisina iletilen darbenin yinelenebilir olmasidir.
Boylece darbe tahrik sistemi bir kez test i¢in
kuruldugunda test yapisina hep aymi kuvvet profilini
aktarmalidir.  Ozellikle minyatiir yapilarda test
yaparken kuvvet biiylikliigii yapiya zarar verecek
mertebelere ¢ikabilir. Sekil 9’da gosterilen deney
diizenegi kullanilarak hem darbe tahrik sistemi ile hem
de manuel olarak test yapisina ayni noktaya 10 kez
vurus yapilmistir. Yapilan testlerden elde edilen darbe
kuvvet grafikleri Sekil 11°de gosterilmistir.
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Sekil 11. (a) Darbe tahrik sistemi ve (b) manuel
titresim test sonucu elde edilen tahrik kuvvetlerinin
profili.

Darbe tahrik sistemi ile yapiya ayni kuvvet profilleri ile
vurug yapilirken, manuel olarak yapilan vuruslarda 5 —
18 N arasinda biiyiikk bir degiskenlikteki darbe
kuvvetleri elde edilmistir. Ayrica yap1 ince bir ankastre
kiris oldugundan manuel vuruslarda ¢oklu darbe olay1
da gozlemlenmektedir. Sonug olarak gelistirilen darbe
tahrik sistemi yinelenebilir olarak tek darbe kuvvet
profilleri elde edilmesini saglamistir.

3.5. Esnek Ankastre Kiris Uzerinde Titresim Testi
Gelistirilen darbe tahrik sistemi Sekil 12°de belirtilen
diizenek kullanilarak ankastre kirig iizerinde titresim
testi yapilmis ve elde edilen frekans tepki fonksiyonlari
manuel uygulama ile elde edilenlerle karsilastirilmstir.
Frekans tepki fonksiyonlari elde edilirken 10 vurus
yapilmistir, 6rnekleme frekansi le6 Hz, toplam 6rnek
sayist le5 olarak secilmistir. Sekil 13’te hem DTS ile
elde edilen hem de manuel vuruglar ile elde edilen FTF
ve uyumluluk (coherence) grafikleri verilmistir.
Uyumluluk grafiginden de goriildiigii tizere DTS ile
5000 Hz’e kadar yiiksek dogrulukla sistem dinamigi
¢ikarilmistir. Fakat manuel vuruslarda, darbelerdeki
sorunlardan dolay1 oldukg¢a giiriiltiilii sonuglar elde
edilmis ve sistem dinamikleri ancak 1000 Hz’e kadar
kabul edilebilir 6l¢iide ¢ikarilmistir.
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Sekil 12. Titresim testi deney diizenegi.
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Sekil 13. Manuel ve DTS ile yapilan vuruslar ile elde
edilen frekans tepki fonksiyonu (FTF) ve uygunluk
(coherence) grafigi.

Titresim testi sirasinda yapist dinamigi hesaba katilarak
darbe kuvvetinin d, ve go parametrelerine bagh
degisimini gdsteren harita Sekil 14’te verilmigtir. Bu
proses haritas1 kullanilarak belirli noktalarda testler
yapilmis ve simiilasyonlardan elde edilen darbe
kuvvetleri  deneysel olarak elde edilenlerle
karilagtirilmistir.  Sekil 15°ten de gorildigi  gibi
simiilasyon modeli kullanilarak darbe kuvvetinin dogru
bir sekilde tahmin edilebildigi goriilmiistiir. Darbe
kuvvetlerindeki hata miktar1 ortalama %35 civarinda
hesaplanmuistir.
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Sekil 14. Ankastre kiris testi i¢in test yapisi
dinamikleri dahil edilerek ¢ikarilan parametre haritasi.

Sonug olarak gelistirilen darbe tahrik sistemi ile
yinelenebilir ve tek vurus Ozelliginde darbeler
retilebilmekte ve test yapist dinamikleri manuel
vurusa kiyasla daha yiiksek frekans genliklerinde daha
dogru bir sekilde hesaplanabilmektedir.
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Sekil 15. Test (kuvvet algilayicisindan) ve simiilasyon sonucu elde edilen darbe kuvveti kargilagtirmasi (Kirmizi
¢izgi simiilasyondan elde edilen kuvvet profili, kesikli ¢izgiler deneyden elde edilen darbe kuvveti profilleri):
(@) 9o = 0.5 mm, (b) go = 0.7 mm, (€) go = 1.1 mm.
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Oz

Uretim ortammmin dinamik yapis1 planlanmayi giiclestirmektedir. Gelisen teknolojiyle birlikte dijital ikiz, iiretim siireclerine
etkin ¢6zliimler sunabilmek amaciyla artan bir sekilde kullanilmaya baglanmigtir. Bu ¢aligmada, kitlesel imalat sistemlerinde
iiretimin planlanmasi amaciyla simiilasyon temelli dijital ikiz kullanilarak bir ¢izelgeleme modeli 6nerilmistir. Boylece ¢oziimii
zor olan iiretim ¢izelgeleme problemlerine yenilikci ve uygulanabilir bir yaklasim gelistirilmesi amaclanmugtir. Uretim hattinin
bir kopyast olan ve ger¢ek zamanli veri ile entegre edilmis model, hammadde stoklari, tiretim siireleri, hazirlik siireleri, vardiya
degisimleri ve mola zamanlar1, bakim ve ariza kaynakli duruslar gibi birgok iiretim parametresini dikkate almaktadir. Onerilen
yaklagimin gergek hayat uygulamasini gostermek amaciyla, kumag imalati yapan bir tekstil isletmesinde iiretim hattinin dijital
ikizi olusturulmus ve 6rgii makineleri igin iglerin siralari belirlenmistir. Model ile her bir siparigin zamaninda tamamlanma
olasilig1 belirlenerek risk analizi yapilabilmektedir. Bdylece yiiksek riske sahip siparisler yeniden c¢izelgelenerek olasi
gecikmelerden kaginilabilmektedir.

Anahtar Kelimeler: Dijital ikiz, kitlesel imalat, risk analizi, simiilasyon, iiretim ¢izelgeleme, tekstil

Abstract

The dynamic nature of production environment makes planning activities difficult. In parallel with the technological
advancements, digital twin has been increasingly used in order to offer effective solutions to production processes. This study
proposes a simulation-based digital twin scheduling model for production planning in mass production systems. Thus, we aim
to propose an innovative and practical approach to production scheduling which is hard to implement on the shop floor. The
model is the digital counterpart of the production line and is integrated with real time production data. It considers many
production parameters such as raw material stocks, production cycle times, setup times, shifts and break times, maintenance,
and downtimes. We provide a novel approach by combining process planning and scheduling together. In order to elaborate
how the proposed model is applied to real life, we present step by step implementation of the digital twin in a fabric
manufacturer textile company and determine production sequences of the jobs for knitting machines. The model makes risk
analysis by considering the risk of not delivering the orders on due dates. Thus, potential delays can be avoided by rescheduling
high-risk tasks.

Keywords: Digital twin, mass production, production scheduling, risk analysis, simulation, textile

I. GIRIS

Uretim ortaminda nesnelerin interneti, biiyiik veriye dayali veri analitigi, bulut bilisim, eklemeli imalat, akilli
robotlar ve sanal gergeklik gibi yeni nesil teknolojilerin hizli bir gekilde kullanilmaya baslanmasiyla iiretim
yonetiminde ciddi bir doniligiim yaganmaktadir. Bu doniisiimii tetikleyen teknolojilerin 6nde gelenlerinden birisi
de dijital ikizdir. Dijital ikiz, tiretim ortamindaki fiziksel bir nesnenin veya siirecin dijital bir profilini olusturarak,
yani davranislarini gergek zamanli veri ile modelleyerek performansi optimize etmeye yardimei olur [1]. Endiistri
4.0’m anahtar teknolojilerinden birisi olan dijital ikiz siber fiziksel sistemlerin uygulanabilmesi i¢in en dnemli
agamalardan birisi olarak kabul edilmektedir [2]. 2019 yilinda yayinlamis oldugu bir raporda Deloitte [3] Amerika
Birlesik Devletleri’ndeki iireticilerin %86'sinin 2025’e kadar olan siirecte bahsedilen yeni nesil teknolojilerin
fabrikalarda kullaniminin rekabetin kilit unsuru olacagina inandigini belirtmektedir. Bunun yaninda {ireticilerin
%83’ bu teknolojilerin uygulanmasiyla trtinlerin tiretim seklinin degisecegini diisinmektedir [3].
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Son yillarda dijital ikizin iiretim alaninda siklikla
uygulandig1 goriilmektedir [4], [5]. Bu ¢aligmalar; ariza
teshisini [6], montaji [2], makine ve cihazlarin
sanallagtirilmasimi  [7], dretim ortaminda bilginin
entegrasyonunu [8], iiretim ortamindaki varliklarin
simiilasyonunu  [9] kapsayan {iretimin  ¢esitli
asamalarinda goriilmektedir. Dijital ikiz, toplu iiretim
planlarindan giinliik iiretim cizelgelerinin
olusturulmasmma kadar olan siiregleri kapsayan
alanlarda uygulanabilir ¢éziimler sunmaktadir.

Is cizelgeleme iiretim ortamindaki en Onemli
optimizasyon problemlerinden birisidir. s sirasm
belirleyen bu problem klasik ¢izelgeleme yaklasimu ile
¢oziildiigiinde elde edilen sonucun gercek hayatta
uygulanmasi  genellikle miimkiin degildir [10].
Makinelerin sinirh kullanilabilirligi ve gercek zamanli
olarak yasanan g¢esitli sikintilar baslangi¢ planinin
dinamik olarak giincellenmesini ve yeniden ¢izelgeler

olusturulmasini gerektirmektedir. Makinelerin
kullanilabilir olmamasi, makine arizalarindan ve
makine bilesenlerinin yipranmasindan

kaynaklanmaktadir. Cevrim siiresindeki degiskenlikler
ve acil islerin gelmesi gibi diger sikintilar ise
olusturulan ilk tdretim ¢izelgesini etkilemektedir.
Cizelgelerin sik yenilenmesi iiretim planinda sorunlar
olusturmakta ve kararsizliga yol agmaktadir. Belirtilen
sebepler nedeniyle bu galismada {iretim ¢gizelgelemede
dijital ikizin 6nemini agiklamak ve kitlesel imalat
sistemleri i¢in ne sekilde kullanilabilecegine dair bir
model gelistirmek amaglanmugtir.

Onerilen simiilasyon tabanli dijital ikiz modeli ile
stireclerdeki degiskenlikler goz 6niinde bulundurularak
dinamik bir iiretim ¢izelgeleme yaklagimi sunulmustur.
Makine bakim planlari, ¢alisan vardiyalari ve yetkinlik
diizeyleri, ham madde stoklar1 gibi kisitlar1 géz oniine
alan model, gercek zamanli veriye dayali iiretim
cizelgeleri olusturulabilmektedir. Ayrica, ¢izelgelerin
risk analizleri yapilarak, olasiliksal olarak Onerilen
planlarin gerceklestirilebilirligi analiz
edilebilmektedir. Simio Risk Planning and Scheduling
(Simio-RPS) yazilimi kullanilarak gelistirilen modelin
uygulamas:  kitlesel imalat yapan bir tekstil
fabrikasinda tiretim hattinin bir béliimiiniin dijital ikizi
olusturularak yapilmistir.

Bu boliimiin devaminda yazin taramasi yer almaktadir.
Uciincii  boliimde ise ele alman cizelgeleme
probleminin ve Onerilen dijital ikizin ¢ergevesi
tanimlanmistir. Dordiincti bolim dijital ikizin gercek
hayat uygulamasini sunmaktadir. Makalenin son
boliimiinde ise sonuclar ve gelecek caligma Onerileri
bulunmaktadir.

Il. YAZIN TARAMASI

Cizelgeleme  problemleri; modelde  kullanilan
parametreler acisindan deterministik (belirli) ya da
stokastik (belirsiz) olarak, gelis slireci acisindan
duragan (statik) ya da dinamik olarak, modelde
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kullanilan makine sayist acisindan tek makineli ya da
cok makineli olarak degisen cesitli kategorilerde ele
alinmaktadir [11]. Genellikle sonlu sayida makine ile
modellenen ¢izelgeleme problemlerinde n is sayisini, m
ise makine sayisini temsil etmektedir [12].

Uretim  sistemlerinin gizelgelenmesinde ilk olarak
statik modeller gelistirilmistir [13]. ilk matematiksel
modelleme temelli yaklagimlardan birisi Manne [14]
tarafindan Onerilmistir. Yillar igerisinde gergek hayat
kisitlarina gore birgok model ve ¢oziim yaklagimi
gelistirilmigtir. Sara¢ ve Sipahioglu [15] paralel makine
cizelgeleme modelini ¢aligmistir. Sirt gantasi problemi
temelli gelistirdikleri yaklagimda kalip kullanimlarini
dikkate alan bir matematiksel model gelistirmislerdir.
Akyol ve Sarag [16] kitlesel imalat yapan bir igletmede
cizelgeleme problemini montaj hatlarmin
optimizasyonu  i¢in  calismuslardir.  Onerdikleri
matematiksel modellerde tek makine ile ¢izelgeleme ve
6zdes paralel makineler ile ¢izelgeleme problemlerine
¢oziimler gelistirmisleridir. Modellerin ¢dziimii igin
GAMS  yazilmmi ve CPLEX  ¢oziciisiinil
kullanmiglardir. Bulunan sonuglari mevcut iretim
cizelgeleri ile kiyaslayarak performans degerlendirmesi
yapmiglardir. Kasimoglu vd. [17] makine hazirhik
stirelerini modellerine dahil ederek paralel makineler
icin siraya bagimli bir ¢izelgeleme modeli
gelistirmiglerdir. Onerdikleri modeli kitlesel imalat
yapan bir isletmede uygulamislardir. Modelin ¢6ziimii
ile etkin sonuglar iiretilebilmistir ancak ¢oziim siiresi
10 saati bulmustur. Yazarlar ¢izelgelenmesi gereken is
sayisi arttiginda hizla artan ¢dziim siiresi ve lretim

ortaminin  dinamik  yapist  nedeniyle modeli
uygulamanin gii¢liigiinii vurgulamiglardir.
Cizelgeleme problemlerini tek amagli olarak

modelleyen calismalarin yaninda ¢ok amagli olarak
modelleyen c¢aligmalar da bulunmaktadir. Kaya ve
Figlali [18], [19], esnek atdlye tipi ¢izelgeleme
problemi i¢in cok amagli modeller gelistiren ¢aligmalar
lizerine yayin taramasi yapmiglardir ve farkli ¢6ziim
yaklagimlarimt degerlendirmislerdir. Moradi vd. [20]

esnek atblye tipi problem igin Onleyici bakim
stratejilerini g6z Oniine alan ¢ok amagli bir
optimizasyon modeli gelistirmislerdir. Bir amag

fonksiyonu {iretim tamamlama siiresini minimize
ederken digeri ise bakim sebebiyle sistemin
kullanilabilir =~ olmamasi  durumunu  minimize
etmektedir. Problemin ¢6ziimii i¢in ¢esitli ¢ok amagl
¢Ozlim algoritmalar1 kullanilmis ve ¢6ziim kalitesi igin
diger caligmalar ile karsilastirmalar yapilmistir. Yilmaz
ve Durmusoglu [21] hibrit imalat sistemleri igin
ortalama akis siiresini, maksimum ¢alisan sayisini ve
calisan degisimini minimize eden bir model
gelistirmiglerdir.

Gelismis modellerin ¢oziimiiniin zorlugu sebebiyle
arastirmacilar  sezgisel ¢Oziim algoritmalarindan
siklikla faydalanmiglardir. Eren ve Giiner [11], toplam
tamamlanma zamanini ve maksimum gecikme siiresini
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minimize eden paralel iki 6zdes makineli ¢izelgeleme
problemini ele almislardir. Problemin NP-zor yapida
olmast nedeniyle farkli sezgisel yontemler ile biiyiik
boyutlu problemlerin verimli bir sekilde ¢oziimiini
saglamiglardir. Kaya ve Figlali [18], [19] yaptiklari
calismada belirledikleri problem veri setleri i¢cin meta
sezgisel  yontemler ile  ¢6ziim  Onerilerinde
bulunmuglardir. Sagir ve Okul [22] 6nerdikleri sira
bagimli melez esnek akis tipi atdlye ¢izelgeleme
problemine hazirlik siirelerini dahil ederek sezgisel
yaklasim ile biiyiikk Olgekli problem igin ¢dziim
gelistirmislerdir.

Bu modeller kitlesel imalat yapan sistemlerin iiretim
hatlar1 igin ¢Ozlimler sunabilse de, bu modellerin
beklenmedik durumlar ile basa ¢ikabilme kabiliyetleri
kisithdir. Gelisen teknolojiler ile birlikte ¢izelgelemede
yeni yaklasimlar uygulanmaya baslanmistir. Boylece,
bliyllk veri, yapay zeka ve dijital ikiz gibi
teknolojilerden faydalanan modeller verimli ¢gizelgeler
tretebilmek  amaciyla  arastirmacilar  tarafindan
Onerilmeye baglanmistir. Zhang vd. [23] radyo frekansi
ile tanimlama (RFID) cihazlarin1 kullanarak gergek
zamanli bir liretim ¢izelgeleme yontemi dnermiglerdir.
Bu amagla her makinenin kapasitesini ve
kullanilabilirligini degerlendirebilmek icin gercek
zamanli iiretim bilgilerini toplamiglardir. Freitag ve
Hildebrandt [24] {iretim sistemlerinde is atamasi
yapmak i¢in simiilasyon tabanli ¢ok amacli bir sezgisel
yontem Onermislerdir. Yari iletken endistrisinde
uygulanan model ile verimli sonuglar iiretmislerdir. Ji
ve Wang [13] veri analitigi yaklagimu ile biyiik veriyi
kullanarak makinelere i3 atamayr saglayan bir
cizelgeleme modeli gelistirmislerdir. Model ayni
zamanda siire¢ planlama ile ¢izelgelemeyi birlestirerek
islem goren parcalardaki kusurlu par¢a oranim
diistirmeyi amaglamaktadir. Kan vd. [25] endistriyel
nesnelerin interneti (110T) teknolojisini kullanarak
biiyiik 6lgekli makineler i¢in bir ariza teshis yontemi
onermiglerdir. Bdylece bu yontem ile makine
cizelgelemeyi optimize etmeyi amaglamiglardir. Tiirker
vd. [26] similasyonu kullanarak ¢izelgeleme
performansint degerlendirmek igin sanal modeller
gelistirmislerdir ve bu modeller ile geciken islerin
sayisi, ortalama bekleme siiresi, is istasyonlarinin
kullanimi  ve iiretim siiresi gibi performans
gostergelerini degerlendirilmislerdir. Zhang vd. [27]
yaptiklart ¢aligmada dijital ikizden faydalanarak iki
asamal1 iiretim cizelgeleme yontemi onermistir. ilk
olarak dijital ikiz tabanli makine kullanilabilirligi
tahmini, ariza tespiti ve performans degerlendirmesi
yapmislardir. Ardindan, dijital ikiz ile gelistirilmis bir
dinamik c¢izelgeleme modeli sunmuslardir. FElde
ettikleri sonuclar ile is tamamlama siirelerinde ve
gecikmelerde onemli Olciide iyilestirmeler
saglamiglardir.

Cizelgeleme yillara dayanan genis bir yazina sahip
olmasina ragmen yeni nesil bilgi ve iletisim
teknolojilerinin kullanimi bu alanda yapilmasi gereken
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giincel galismalara ihtiya¢c dogurmustur. Ozellikle son
yillarda yapilan arastirmalara bakildiginda bu
teknolojilerden  faydalanilan ~ yeni  modellerin
aragtirmacilarin ilgisini ¢ektigi gortilmektedir. Erisilen
literatiir incelendiginde kitlesel imalat sistemlerinde
sirec planlama ile ¢izelgelemeyi birlestirerek
simiilasyon tabanli dijital ikiz ile ¢izelgeleme yapan
calismaya rastlanmamigtir. Bu nedenle, caligmada
gercek veriye dayali olarak iiretim g¢izelgeleri
olusturabilen ve iiretim risklerini analiz edebilen dijital
ikiz modeli dnerilmesi amaglanmustir.

ITI. PROBLEMIN TANIMLANMASI

Problemin yasandigr iretim isletmesi tamamen
pamuklu ve pamuk-polyester karigimli kumaslarin
imalatin1 gerceklestirmektedir. Cesitli tiplerde iretilen

kumaslar, kumas toplar1 halinde miisterilere
gonderilmektedir. Isletmede ¢izelgeleme, islerin
miisteriye teslim zamanlart ve miisteri Onceligi

gozetilerek herhangi bir gecikmeyi miimkiin oldugunca
onleyecek sekilde planlama sorumlusunun
tecriibelerine dayali olarak yapilmaktadir. Bu siiregte
herhangi bir sistematik yaklasim kullanilmamaktadir.
Isletmede siparis tipi iiretim yapilmaktadir ve giinliik
kumas iiretim kapasitesi 45 tondur. Isletme, 24 saat
esasina gore 3 vardiya olarak ¢aligmaktadir. Kumas
(son {iriin) tretiminde her tipteki kumas, igeriginde
farkli  tipte ve oranlarda iplik (hammadde)
barindirmaktadir. interlok, ribana, siiprem, iki iplik ve
ti¢ iplik olmak tizere bu 5 farkl: tipteki kumasglardan her
biri ilgili makinede islem gormektedir. imalat islemini
gerceklestiren 5 farkli tipte 147 adet makine
bulunmaktadir. Interlok ve ribana ile siiprem ve iki iplik
ayni makinelerde islenebilmektedir. Ucg iplik ise
yalnizca ¢ iplik makinesinde islenebilmektedir.
Makinelerde  iriin = degisimi  hazirhlk  siiresi
gerektirmektedir. Bu nedenle isletme benzer islerin
miimkiin oldugunca arka arkaya cg¢izelgelenmesini
istemektedir.

Siklikla yeni siparigler geldigi ve siparis iptalleri
olabildigi icin tretim planindaki devamli sekilde
degisiklikler yapilmasi gerekmektedir. Ancak bu
degisiklikler =~ yapilirken  verimli ~ bir  plan
olusturulamamaktadir.  Aym1  zamanda  ¢alisan
verimlilik faktoriiniin 6rme makinesi kurulum ve bakim
stirelerine olan etkisi dolayistyla calisana gore tiretim
siireleri uzayabilmekte, fazla fire olusmakta ve
makinelerde iiretim yavaslamaktadir. Uretimde bir
aksama olmasi durumunda ise tekrar bir teslim tarihi
belirlemek ve tiim senaryolara hazirlikli olabilmek
genellikle miimkiin olmamaktadir.

Isletmedeki bir diger biiyiik problem kaynagimi stok
kontroliindeki yetersizlik olusturmaktadir. Isletme
nihai {iriin (kumas) stogu tutmamaktadir. Buna karsin
hammadde stogu tutmaktadir ve oOzellikle en g¢ok
kullanilan hammaddelerin siirekli stokta bulunmasi
istenmektedir. Bu durumda hammadde stoklarinin
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kontroliiniin saglanmas1 firma i¢in oldukca 6nemli bir ~ bazl cizelgeler  iiretilerek  senaryolar  test
husustur. edilebilmektedir.

Orgii makinelerinde islemi tamamlanan iirinlere kalite ~ Gergeklestirilen ¢aligmada temel hedef belirtilen
kontrolii yapilmaktadir ve ardindan tartim islemi iiretim problemlerinin iistesinden gelmektir. Bu sayede
uygulanmaktadir. Tartim islemi yapilan iiriine barkod  alinan siparislerin gergek zamanli olarak iiretim plani
bilgisi eklenerek iiriin teslimata gonderilmektedir. Orgii  olusturulabilmekte, siparisler icin risk analizi yapmak
makinelerine islerin atanmasini saglayan simiilasyon = miimkiin hale gelmekte, stok kontrolii saglanabilmekte,
tabanli dijital ikiz modelinin uygulama adimlar1 Sekil  {iretim tamamlanma siiresi ve diger tiim performans
1’de gosterilmektedir. gostergelerinde iyilestirmeler yapilabilmektedir.

Dijital ikizin istenildigi sekilde calisabilmesi i¢in  Calismada ele alinan ¢izelgeleme probleminin
gercek zamanli veri ile entegrasyonunun saglanmasi  asagidaki varsayimlari bulunmaktadir:

gerekmektedir. Boylece kurumsal kaynak planlamasi - Makinelerin ve islerin tamami baslangigta
sistemi (ERP)’ye entegre hale gelen dijital ikiz ile iptal hazirdir.

edilen ya da iizerinde herhangi bir degisiklik yapilan - Bir makine ayni1 anda yalnizca bir i§ yapabilir.
siparigler olmas1 durumunda ilgili tablolar anlik olarak - Bir is yalnizca bir makineye atanabilir.
modelde giincellenerek, yenilenen ¢izelgeler ile - Ozdes olmayan makineler bulunmaktadur.
siparislere yeni teslim tarihi atanabilmektedir. Ayrica - Isler arasinda 6nciil ve ardil iligkiler yoktur.
onerilen dijital ikizin elde ettigi ¢iktilarin fiziksel - Bir makinede yapilmaya baslanan is, makine
fabrikadaki tiretim ¢iktilart ile karsilastirilmast ve arizasi olmadik¢a durdurulamaz.

modelin dogrulanmasi 6nem arz etmektedir. Bu sayede - Birim islem ¢evrim siiresi ve makine hazirlik
elde edilen sonuglarin fiziksel fabrikanin tam bir stirelerinin dagilimlar1 6nceden bilinmektedir.

temsili olmasi saglanmaktadir. Ayrica model ile risk

Gergek zamanli

i i J]ll'lj Gretim pIam@@ %
(1oT) : B e
\i = TEg= == 582’! @(M%\@ 3
- allln H ) il |
ERP Dijital Risk Bazli Cizelgeleme Operaltdr Orgli
Sistemi Ikiz Cizelge Uzmani Makinesi
Sekil 1. Dijital ikizin iiretime uygulanma adimlari
IV. UYGULAMA _
Isletmedeki 6rgii makineleri igin iiretim ¢izelgelerinin 2. adim: Stok kontrolii: Interlok, ribana, siiprem,
olusturulmak istendigi ¢alismada yasanan en biiyiik iki iplik ve ti¢ iplik olmak tizere 5 farkli kumag
giicliiklerden biri dinamik tiretim ortaminda verimli ve tipi baz almmustir. Kumaglart birbirinden
etkin olarak iretim planlar1  olusturabilmektir. farkli kilan temel sebep hammadde igerigidir.
Gelistirilen model isletmenin kumas 6rme boliimiinde Dolayisiyla her bir kumasa gerekli hammadde
uygulanmigtir. Modelde ¢alisanlar i¢in  vardiya bilgileri tammlanmustir. Bu sayede stok
bilgileri, verimlilik faktorleri, mola saatleri ve kontroliinii saglamak miimkiin hale gelmistir.
makineler i¢in bakim ¢izelgeleri tanimlanmustir. Dijital ikizin sunmus oldugu ¢izelgelerden
Makineler i¢in ariza ve onarim siireleri rassal isletmenin  tiim  siparisler i¢in Dbelirlemis
degiskenler olarak tanimlanmistir. Tiim hammaddeler oldugu teslim tarihlerinin ne kadar giivenilir
icin yeniden siparis noktast ve yeniden siparig miktari oldugunu gérmek miimkiin hale gelmektedir.
degerleri hammadde kithigina gore belirlenmistir. Stoklar i¢in sunulan grafik ve tablolar
Dijital ikiz uygulama adimlar1 Sekil 2°de gosterilmistir. yardimiyla isletmenin stoklar tizerindeki
hakimiyetini ~ saglamak miimkin hale
1. adim: Ger¢ek zamanli veri entegrasyonu: gelmektedir.
Firmanin iiretim bilgileri SQL Server veri
taban1 ydnetim sisteminde tutulmaktadir. 3. adwum: Siparislerin makinelere atanmasi: Belli
Gelistirilen dijital ikiz modeli, isletmenin kumas tipleri yalnizca belli makinelerde
siparis ve stok bilgilerine erisim saglamak islenebilmektedir. Tablo 1’de bu durum
amactyla kurumsal kaynak planlama sistemi Ozetlenmistir. Bu 6zel durum, dijital ikize
ile entegre edilmistir. Firmanin veri tabaninda Simio RPS’in saglamis oldugu
yapilan degisiklikler anlik olarak dijital ikize fonksiyonlardan olan Math.If'in ¢oklu se¢im
diismektedir. Dolayisiyla siparisin  iptal kosulu ile tanimlanmustir.

edilmesi, miktarinda degisiklik yapilmasi gibi
durumlarda gizelgeleme giincel veriler
dogrultusunda yapilmaktadir.
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Tablo 1. Kumaglarin iglem gorebilecedi makine tiirleri

Islem Gorebilecegi

Kumas Tipi Makine Tiiri
Interlok (Interlock) OM1, OM2
Ribana (Rib) OM1, OM2
Siiprem (Single Jersey) OM3, OM5
iki Iplik (Two Yarn Fleece) ~ OM3, OMS5
Ug Iplik (Three Yarn Fleece) OM4
Siparisin ~ Ozelligine  goére  bazt  siparislerin

tamamlanmasi olduk¢a uzun zaman alabilmektedir.
Tablo 1°de de belirtildigi iizere ayn1 makinelerde islem
gorebilen kumas tipleri bulunmaktadir. Ayni makinede
farkli bir kumas tipinin islem goérebilmesi i¢in belirli
ayarlarin yapilmast gerekmektedir. Bu kurulum (is
gegis siiresi) igin gerekli siireler saat cinsinden Tablo
2’de belirtilmistir.

Tablo 2. Makinelerdeki kumas tipi degisimlerinde
gerekli hazirlik siireleri

interlok  Ribana  Siiprem E;ilk gjik
Interlok 0 8 - - -
Ribana 8 0 - - -
Siiprem - - 0 4 -
iki iplik - - 4 0 -
Ug iplik - - - - 0
Kurulum, ¢alisanlar tarafindan yapilmakta olup

¢aliganlara atanan verimlilik degerlerine gore kurulum
stiresi degiskenlik gosterebilmektedir. Benzer sekilde
islem siireleri de makinelere atanan verimlilik degerine
gore degiskenlik gosterebilmektedir.

4. adum: Cizelgelerin elde edilmesi: Tim
adimlarin gerceklesmesi sonucunda
sipariglerin  ¢izelgeleme baslangic, bitis
tarihleri makinelerin tim duraksamalari
(kurulum ve bosta bekleme zamanlari),
kullanim oranlar1 ve siire¢ darbogazlari
belirlenebilmektedir. Elde edilen grafikler,
semalar ve tablolar ile {tretimdeki akis
incelemek ve yorumlamak oldukga kolay hale
gelmektedir.

adim: Kalite kontrol: Uretimi tamamlanan
siparisler kalite kontrol siirecine girmektedir.
Kumaglar bu siire¢ i¢in tanimlanan siirede
kalite kontrolden gegerek bir sonraki adima
veya ikinci kalite kumas boliimiine
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gitmektedir. Istatistiksel ~degerlendirmeler
sonucunda fabrikadaki tiriinlerin %95°1 kalite
kontrolden gegerken %5’i gegemeyip ikinci
kalite kumas boliimiine gitmektedir. Bir
siparig i¢in yapilan kalite kontrol isleminde
ayni anda 3 calisan is gormektedir. Dijital
ikize tanimlanan isgoren ayn1 anda yalnizca 1
siparigin kalite kontroliinii yapabilecek sekilde
kisitlandirilmistir.

adim: Tartim ve barkod etiketleme: Kalite
kontrolden onay alan tiim triinler son islem
olan tartim ve barkod etiketleme kismina
gelerek isgérene tanimlanan siire igerisinde
tarttm ve barkod etiketleme islemini
gerceklestirmektedir. Bu kisimda da bir
siparis ayni anda 3 c¢alisan tarafindan
yapilacak sekilde tanimlanmistir. Son olarak,
tim sipariglerin miisterilere teslim edilecegi
tarih belirlenerek siparis veren firmalara gore
teslimatinin yapilmasi i¢in uygun sekilde
araglara yiiklemesi yapilmaktadir. Boylelikle
siire¢ tamamlanmaktadir.

4.1. Modelin Ciktilar:

Gelistirilen simiilasyon tabanli dijital ikiz modelinin
basarisint  gdsterebilmek icin  Oncelikle  firma
kayitlarindan alinan kiiclik Slgekli bir siparis icin
gizelge olusturulmustur. Daha sonra yiiksek sayida
siparig igeren bir dretim i¢in modelin verimliligi
arastirilmastir. Kii¢iik 6lgekli modelde makinenin islem
sireleri  belirlenen dagilimlara uygun rastgele
degiskenler olarak tanimlanmistir. Modelin  bu
degerlerle calistirilmasi sonucunda elde edilen ¢ikti
degerlerinin, iglenen siparis sayisinin, islem siiresinin
ve Tlretilen ¢izelgeye gore dogru sonuglarin olup
olmadig1 kontrol edilmistir. Simiilasyonun belirtilen
periyotlar i¢in ¢alistirilmast sonucunda ¢ikti degerleri
dogrulanarak prototip model olusturulmustur. Bu
prototip modelde o6rnek modeldeki kontrollere ek
olarak caligsanin dogru makinede ¢alisip calismadigi,
sipariglerin sisteme girdigi tarih, kurulum ve islem
gorme slireleri  kontrol edilmistir. Ayrica stok
miktarlarmin belirtilen noktada ve miktarda artip
azalmast simiilasyon boyunca gozlemlenmistir. Bu
sekilde modelin dogrulanmast ve  gecerliligi
saglanmustir.

Sekil 3’te 30 siparisten olusan planlama sorumlusu
tarafindan uygulanmis 6rnek bir ¢izelge dijital ikiz ile
calistirilmis ve elde edilen yeni gizelge karsilastirmali
olarak  gosterilmistir. Sekilde S harfi siparig
numaralarini, siparis renkleri tizerindeki opak kisimlar
makine kurulum siirelerini temsil etmektedir. 5 farkl
tipteki 6rme makinesi icin is atamasi yapilan kumasg
tipleri farkli renklerle gosterilmistir.  Siparigler
arasindaki bosluklar makinelerde isler arasindaki
gerekli olan bakim siirelerinden kaynaklanmaktadir.
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Sekil 2. Uretim siirecine dijital ikizin uygulama adimlari
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Sekil 3. Planlama sorumlusu tarafindan tecrilbeye dayali olarak ve dijital ikiz ile ger¢cek zamanli veri kullanilarak
olusturulan is ¢izelgeleri

Seklin sol tarafinda planlama biriminin kayitlarindan
alman gerceklesmis iiretim goriilmektedir. Bu iretim
plant 83 saat 24 dakikada tamamlanmistir. Dijital ikiz
ile elde edilen c¢izelgede interlok ve ribana
makinelerindeki iglerin bazilarinin yerleri degigmis ve
iiriin degisimi nedeniyle olusan hazirlik siireleri (opak
beyaz renk ile gosterilen kisimlar) azalmigtir.
Boylelikle iiretim siiresi kisalmistir. Bdylece ayni
miktardaki siparis 62 saat 10 dakikada tamamlanabilir
hale gelmistir.

Az sayidaki siparislerde planlama sorumlusu tarafindan
tecrilbeye dayali hazirlanan g¢izelgeler kullanilabilir
olsa da biiyiik oOlcekli siparislerde bunu yapmak
miimkiin degildir. Tablo 4’te 2 aylik {iretim periyodu
igin igletmenin veri tabanindan alinan 1180 adetlik
siparisin planlama birimi tarafindan uygulanmus hali ve
dijital ikiz ile olusturulan iiretim c¢izelgesinin
karsilastirmali analizi sunulmustur.

Sonuglarin  degerlendirilmesinde  kullanilan  ana
performans gostergelerine bakildiginda dijital ikiz ile
olusturulan tretim ¢izelgesi toplam iretim siiresini
2020,98 saatten 1637 saate disiirerek %19’liik bir
gelisme saglamistir. Makine kullanim oranlar1 ise %26
oraninda artig gdstermistir ve makineler bazinda daha
dengeli bir kullanim orani elde edilmistir. Sistemden
alinan siparislerden toplamda 22 tanesi sonradan
misteri tarafindan iptal edilmistir. Kalan 1158
siparisten %19,49°u miisteriye teslim tarihinden sonra
teslim edilmistir. Buna karsin olusturulmus olan
modelde siparislerin yalnizca %2,49 ‘u miisteriye gec
teslim edilmistir. Ayrica Onerilen model ile biiyilik
Olcekli siparislerin cizelgelenmesi saglanmakta ve
sipariglerin  gergeklestirilebilirlik  riski  analiz
edilebilmektedir. Boylece iiretimde olabilecek
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aksakliklar g6z Oniinde bulundurularak hangi
sipariglerin teslimatta gecikecegi Ongoriilmektedir.
Sekil 3, is emirleri igin {iretim planmi ve risk
analizlerini gostermektedir. Siparisler ~ Orme
makinelerinde islem gérmekte, ardindan kalite kontrol
ve tartim islemlerini tamamladiktan sonra teslimata
gonderilmektedir.

Sekil 4°te tarali olarak gosterilen kisimlar ariza, bakim,
vardiya degisimi gibi ¢esitli nedenlerden kaynaklanan
beklemeleri  gostermektedir.  Ariza  kayitlarina
bakildiginda makinelerin ortalama olarak 720 saatte bir
ariza verdigi ve tamir siiresinin liggensel dagilima
uydugu (random.triangular(7,8,9)) tespit edilmistir.
Bunun yaninda, makineler ¢alisirken her yarim saatte
bir durdurularak makinelerde temizlik islemi
yapilmaktadir. Siparisler igin T{retim ¢izelgesine
bakildiginda 696, 751 ve 818 numaralar1 siparisler
(Order 696, Order751 ve Order 818) igin bir risk
gorinmemektedir. 751 numarali sipariste Interlok
tiretimi OM1°de tamamlandiktan sonra kalite kontrol
ve tartim islemlerinden gegerek siparisin teslimati
yapilabilecektir. 681 ve 693 numaralari siparigler
(Order681 ve Order693) %43,51 olasilik ile istenilen
tarihte tamamlanabilecektir. Her bir siparigin
tamamlanma olasilig: ilgili stitunda goriilebilmektedir.
Boylece bu ¢izelgeden kirmizi renk ile isaretlenen 681
ve 693 numaral: siparislerin biiyiik olasilikla istenilen
zamanda teslim edilemeyecegi anlasilmaktadir. Sari
renk ile isaretlenen 694 ve 697 numarali siparisler
(Order694 ve Order697) orta diizeyde riske sahiptir.
754,755,756, 801 ve 811 numarali siparigler ise diisiik
riske sahiptir ve yliksek ihtimalle istenilen tarihte
tamamlanabilecektir.
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Tablo 4. Biiyiik 6lgekli siparislerde sonuglarin karsilagtirilmasi

Sekil 4. s emirlerinin tamamlanma olasiliklarini gosteren iretim ¢izelgesi

V. SONUC VE ONERILER

Bu calismada iiretim cizelgelerinin olusturulmasi ve
cizelge risklerinin analiz edilmesi i¢in dijital ikiz
temelli bir yaklagim Onerilmistir. Gegmis siparis
verileri ile dogrulanan model, anlik olarak siparis
verisini alip cizelgeler iiretebilir diizeydedir. Onerilen
¢Oziimiin en biiylik avantajlarindan bir tanesi tretim
ortamindaki degiskenlikleri dikkate alarak
uygulanabilir ¢izelgeler olusturmasidir. Boylece birgok
kisit ve biiyiik problem boyutu nedeniyle ger¢ek hayata
uygulanamayan ¢izelgeleme modellerine alternatif bir
¢Oziim sunulabilmektedir. Ayrica, risk analizi ile
iretimde olabilecek aksakliklar g6z  Oniinde
bulundurularak hangi siparisin teslimatta
gecikebilecegi Ongoriilmektedir. Cizelgelerin dijital
ikiz ile dretilmesindeki en oOnemli hususlardan
baglicalar1 uzman kimselerce (¢izelge uzmani) modelin
olusturulmast gerekliligi ve firma veri tabaninda
verilerin diizglin olarak tutulmasidir. Aksi takdirde
hatali bir c¢aligmanin isletme bazinda uygulamaya
gecirilmesi durumunda kiiciik hatalar isletme igin ¢ok
biiyiik zararlara neden olabilecektir.

Literatirde bu c¢aligmada kullanilan  problem
boyutundan biiyiik 6l¢ekli problemler calisilmistir.
Dolayisiyla model daha biiyiik 6lgekli problemler igin
test edilebilir ve performansi degerlendirilebilir. Ayrica
model siparis verilerini ger¢gek zamanli olarak
kullanabilse de ekipman erisilebilirlikleri gercek
zamanli degildir. Dijital ikiz modeli bu verinin de
entegrasyonu ile gelistirilebilir. Bir baska asama olarak
hammadde ve c¢alisan maliyetleri modele eklenebilir.
Boylece dijital ikize hedef maliyet ve kisitlar
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tanimlanarak toplam maliyeti minimize eden gizelgeler
elde edilebilir.

CIKAR CATISMASI
Bu ¢aligmada herhangi bir ¢gikar ¢atigmasi yoktur.
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The Swept Volume of a Circular Paraboloid End Mill Moving Along a
Helical Path

Helisel Bir Yoriingede Hareket Eden Dairesel Paraboloit Parmak Frezenin Stipiirme Hacmi
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Abstract

To obtain complex part geometries at one pass using machining processes, it is important to employ the tools with non-
conventional geometries. A circular paraboloid is a solid of revolution, which can be obtained by rotating a parabola. The swept
volume of an end mill can be defined as the unification of all sets of points on the tool for every instant as it moves, and its
derivation is an obligation to determine the machined part geometry prior to an actual machining process. After derivation of
the swept volume of the tool, machined part geometry is obtained by subtracting the swept volume of the tool from the volume
of the initial workpiece. However, derivation of the swept volume of the tool is not a straightforward task. In this work, an
analytical model was introduced to derive a complete set of points on the machined part by means of well-defined and
constrained tool geometry and tool path. In the model, a plane that passes through the screw axis was used to observe the instant
cross-section of the tool as it moves along the helical path. By overlapping the instant cross-sections of the tool in the plane,
the final cross-section was derived. Since all cross-sections that pass through the screw axis are identical, the method gives an
entire set of points on the machined surface. To validate the model, a computer-aided design program was utilized.
Keywords: Milling, Circular paraboloid end mill, Helical path, Swept volume.

Oz

Talagh imalat yontemlerini kullanarak tek pasoda karmasik par¢a geometrileri elde etmek igin, geleneksel olmayan
geometrilere sahip takimlarm kullanilmasi 6nemlidir. Dairesel paraboloit, bir paraboliin dondiiriilmesiyle elde edilebilen kati
bir cisimdir. Bir parmak frezenin siipiirme hacmi, takim hareket ettikge {izerindeki tiim noktalarin her an igin birlestirilmesi
olarak tanimlanabilir ve bunun elde edilmesi gergek bir talagli imalat isleminden 6nce islenmis par¢a geometrisini belirlemek
i¢in bir zorunluluktur. Takimin siiplirme hacminin tiiretilmesinden sonra, igslenmis parca geometrisi takimin siipiirme hacminin
ilk is parcasinin hacminden ¢ikarilmasiyla elde edilir. Ancak takim siiplirme hacminin elde edilmesi basit degildir. Bu
caligmada, iyi tanimlanmis ve kisitlanmig takim geometrisi ve takim yolu kullanilarak islenmis parga iizerindeki tiim noktalari
elde etmek i¢in analitik bir model sunulmustur. Modelde takimin helisel yoriinge boyunca hareket ederken anlik kesitini
gbzlemlemek i¢in vida ekseninden gegen bir diizlem kullanilmstir. Bu diizlemde takimin anlik kesitleri tist tiste getirilerek,
son kesit elde edilmistir. Vida ekseninden gegen tliim kesitler 6zdes oldugundan, yontem islenmis parga yiizeyi lizerindeki
noktalarin kiimesini vermektedir. Modeli dogrulamak i¢in bilgisayar destekli tasarim programi kullanilmistir.

Anahtar Kelimeler: Frezeleme, Dairesel paraboloit parmak freze, Helisel yoriinge, Siipiirme hacmi.

I. INTRODUCTION

There are several milling processes in which the tool path is a helix. One of them is the helical milling process.
The helical milling is usually utilized as an alternative hole-making process that provides some advantages as
compared to conventional drilling such as less tool wear, low cutting forces, better chip evacuation, and improved
hole quality [1]. Another milling process that uses the helical path is thread milling which brings versatility to the
thread-making as compared to thread tapping. Some of the advantages of thread milling are as follows. The threads
with different diameters can be produced by the same tool as long as the tool diameter is less than the thread
diameter, and thread milling provides better chip evacuation as compared to thread tapping [2]. In addition, spindle
speed — feed synchronization is not required in the thread milling, thus higher cutting speeds can be employed [3].
Apart from hole-making and thread-making, a milling process with a helical path can be used to create internal
and external helical grooves when the cutting tools that can machine undercuts are employed. A circular paraboloid
end mill is one that can achieve this requirement. In a milling process with a helical tool path, the cross-section of
the machined part is not merely determined by the tool geometry. An overcut caused by the helical path also affects
the cross-section. This issue was pointed out for the thread milling process in which the cutting tool can machine
undercuts [4]. A similar overcut occurs when the helical grooves are milled by using a helical path.
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Cutter’s screw sweep

Swept volume generation is a common problem for
many different areas. It is required for the path planning
of the robots [5], collision detection [6], verification of
NC machining [7], and solid modeling [8]. In the
literature, several approaches have been introduced to
derive the swept volumes such as Jacobian rank
deficiency method [9], Sweep-envelope differential
equation method [10], and Envelope theory [11].
However, the methods based on the solution of
complex differential equations are not appropriate in
application due to the fact that they require numerical
calculations resulting in high computation cost and
time [12]. Approximate solution techniques based on
time and tool discretization were also proposed for the
simulation of machining processes [13, 14]. However,
an approximation error exists for such methods. An
analytical model for the swept volume of a solid is very
difficult to obtain when considering an arbitrary path
for the solid. In this work, it was possible due to well-
defined and constrained tool geometry and tool path.

The proposed method in this paper gives the equation
of the exact cross-sectional profile of the machined
surface without numerical calculation when a circular
paraboloid end mill is used along a helical path. Since
the path is a helix and the tool is axis-symmetrical,
every cross-section of the machined part is identical
except for a shift in the cross-section along the screw
axis. Therefore, the equation of the cross-sectional
profile in a plane is once found, this can be used to
derive the entire set of points on the machined part
surface. The model utilizes a fixed observer plane (x —
y) that passes through the screw axis. As the tool rotates
about the screw axis along the helical path, it intersects
the observer plane. At every value of the tool rotation
angle, a different cross-section of the tool occurs in the
observer plane. The cross-sectional profile of the
machined part can be obtained by overlapping the
instant cross-sections of the tool.

In the following sections, first, the analytical model was
introduced. Then, simulation work was presented. In
the results and discussion section, analytical results
were compared to those of simulation, and the cross-
section of the swept volume was evaluated. Finally, the
outcomes of the work were given in the section of
conclusions.

I1. ANALYTICAL MODEL

Figure 1 illustrates the helical milling with a circular
paraboloid end mill for both internal and external
helical grooves. The tool contains upper and lower
circular paraboloids that are symmetrical about the
horizontal axis. For the model, only the upper portion
was considered due to symmetry. The general equation
of a circular paraboloid is given in Equation (1).

Tool/
Workpiece

Figure 1. The helical milling with a circular
paraboloid end mill. a) External groove. b) Internal
groove.

v —yo) = alx —x0)* +alz - z)* + b @

where a and b are the paraboloid constants and x,, y,
and z, are center coordinates of the tool. As the tool
moves along the helical path, the center coordinates of
the circular paraboloid change with respect to the tool
rotation angle, ¢ (Figure 2). These coordinates are
expressed as the functions of ¢ in Equations (2-4).

Tool

Helical path
/

Figure 2. Illustration of the tool rotation angle.
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where p is the pitch of the helix and R is the radius of
the helix. The first term on the right side of Equation
(3) is the initial tool position. Substituting the right
sides of the Equations (2-4) into x,, Vo, and z, in
Equation (1), Equation (5) is derived.
(y—§+%)=a(x—Rcosga)z+a(z—Rsinq0)2+b (5)
Equation (5) is the equation of the circular paraboloid
with the variable center for the helical path. Since the
equation of the cross-section of the circular paraboloid
is required in x — y plane, z in Equation (5) is set to
zero. Finally, Equation (6) is derived by arranging
Equation (5).

pe
21

(6)

Since the upper portion of the tool is investigated, the
constant a must be negative for the concave downward
curve. Equation (6) must be constrained along y axis by
Equation (7) that passes through the center of the tool.
Otherwise, it produces an infinitive curve along the
negative direction of y axis.

y=ax2—2ach05(p+aR2+b+§—

p_py
=2 "
As ¢ varies in Equation (6), a different curve occurs in
x — y plane belonging to the instant cross-section of the
tool. To determine the curve that surrounds the curves,
Fermat’s theorem was applied to Equation (6).
According to this, the critical value of ¢ that maximizes
y value can be found by taking the partial derivative of
Equation (6) with respect to ¢ and then equating to zero
in Equation (8). Equation (9) is derived by solving
Equation (8) for the second quadrant of x — y plane.
Substituting the right side of Equation (9) into ¢ in
Equation (6), the equation of the cross-section of the
machined part can be found in Equation (10) for the
second quadrant of x — y plane.

9y _
20 8
i1 p
¢ =m—sin (47raRx) ©)
) 2
y = ax? + 2axR_|1 — (MaRx) +aR?>+b (10)

P ogin-1(—P
+ 2m sl (4naRx)
However, Equation (10) was derived without

constraining Equation (6). Therefore, the path of the
intersection point of Equation (6) and Equation (7) was
used in the second quadrant of x — y plane in order to
obtain the remaining portion of the cross-section. ¢ in
Equation (7) was derived as a function of y in Equation
(11). Then, the right side of Equation (11) was
substituted into ¢ in Equation (6). Finally, Equation
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(12) was derived in the second quadrant of x — y plane,
which gives the path of the intersection point.

21
p=m——y (11)
14
_p —1( ax*+aR%*+b
Y= E cos (_ 2axR ) (12)

The entire cross-section of the machined part is mostly
formed by Equation (10), and Equation (12) gives the
remaining portion. The intersection point of these
curves can be found by equating Equation (10) and
Equation (12).

I1. SIMULATION WORK

Helical milling with a circular paraboloid end mill
resembles creating swept volume by using a solid of
revolution along a helix in terms of created geometry.
Therefore, a computer-aided design program was used
to compare the analytical results. Many computer-aided
design programs do not have a feature to create the
swept volume of a solid. On the other hand, some of
them provide the swept volume for limited solids.
Solidworks 2016 is one of them that gives the
approximate remaining volume after subtracting the
swept volume of a solid by means of swept cut
command, but the limitation is that the solid must be
created by the revolution of lines and arcs rather than a
parabola. Since a circular paraboloid is investigated,
the command can be used after approximating the
parabola. The parabola was created by line segments
with constant intervals along x-axis. The interval was
chosen as 0.2 mm for the simulation work. According
to this value, the maximum deviation from the parabola
was 0.0005 mm along y-axis. In Table 1, selected
values of the parameters are shown for both analytical
model and simulation work.

Table 1. Selected values of the parameters.

Parameter Value
R (mm) 20
a (1/mm) -0.05
b (mm) 7.2
p (mm) 20

In Figure 3, steps are shown for the simulation work.
First, the circular paraboloid was created by rotating the
approximated parabola. This was followed by the
creation of the helical path. Since the command only
works for subtracting the swept volume, an initial
workpiece volume was created. Finally, the remaining
volume was obtained by using the swept cut command.
Calculation time was 558 seconds with an Intel i5 8265
1.6 GHz processor - 8 GB ram computer.
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Cutter’s screw sweep

Figure 3. Simulation steps. a) Circular paraboloid was
created by rotating the approximated parabola. b)
Helical path was created. c) Initial workpiece volume
was created. d) After swept cut command. €) Cross-
sectional view.

IV. RESULTS AND DISCUSSION

The cross-sections which were obtained by both
analytical model and computer-aided design program
are shown in Figure 4. Some regions of the overlapped
curves are scaled 20 times in the balloons. When the
cross-sections are compared, it is observed that a
deviation occurs in the cross-section of the swept
volume derived by the computer-aided design program.
This deviation cannot be attributed to the
approximation error for the parabola because the
deviation is greater than the approximation error.

The cross-section of the swept volume created by the
computer-aided design program consists of the joined
splines. Therefore, the form error between the curves
created by both methods cannot be compared directly.
For the comparison, coordinates of the points which
were located with 0.1 mm interval along the horizontal
axis on the curve were collected. The comparison was
done for the upper portion of the cross-section since it
is symmetrical about the horizontal axis. After
collecting the points, the sum of squares of the errors
along the vertical axis with respect to the curve derived
by the analytical model was calculated, and the
coefficient of determination (R?) was obtained as 0.999
which indicates the goodness of the fit. Apart from the
fit of the curve, the maximum deviations from the
analytical curve were 0.008 mm for the upper bound
and 0.052 mm for the lower bound. Another
comparison between the curves is the intersection

points of the curve along x-axis, which should be -8 and
-32 for the investigated case. However, these values
were found as -8.040 and -31.999 in the simulation. The
highest relative percentage form error is 0.5% for the
end points. Based on these findings, it reveals that the
deviation is relatively high in the end portions of the
curve with respect to the remaining portions.
Generation of swept volume in a CAD program is based
on meshing. If the mesh size is decreased, a better
approximation can be obtained. However, this
increases the calculation time. On the other hand, the
introduced model directly gives the cross-section of the
swept volume.

Analytical model can be used to investigate the
overcuts caused by the helical path. In Figure 5, the
cross-section of the circular paraboloid end mill is
compared to that of the swept volume. In this figure,
overcuts produced by the tool can be observed in grey.
Based on this illustration, it can be revealed that
although the cross-section of the tool is symmetrical
about the vertical axis, the cross-section of the swept
volume is not symmetrical about the vertical axis.
Besides, the overcut is higher for the external groove.
It should be noted that the diameter of the internal
groove is higher than that of external groove as seen in
Figure 1.
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Analytical model
—— CAD program

Figure 4. Overlapped image of the cross-sectional
profiles derived by analytical model and computer-
aided design program.

External
groove side

Internal
groove side

~— Profile of the tool

Profile of the swept
~ volume

Figure 5. Overlapped image of the cross-section of
the circular paraboloid end mill and the cross-section
of the swept volume.
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Although the helical path of the cutting tool was
considered in this work, Equation 10 can be used to
obtain the cross-section of the swept volume for the
cutting tool moving along a circular path by
substituting O into p. The approach can also be
applicable to the case in which the tool path is linear. In
such a case, the linear tool path should be fitted by a
helix to obtain the cross-section of the swept volume
approximately.

V. CONCLUSIONS

In this work, swept volume of the circular paraboloid
end mill for a helical path was derived analytically. A
case study was also presented for the selected values of
the parameters of the circular paraboloid end mill and
tool path. A computer-aided design program was used
to evaluate the analytical model. It was observed that
the calculation time was very high, 558 seconds for the
generated swept volume when a computer-aided design
program was used. The reason for the high calculation
time was that the parabolic tool profile was
approximated by using lines. On the other hand, the
exact profile of the swept volume could be derived
immediately by using the introduced model. It was
found that a deviation occurs in the cross-section of the
swept volume when the computer-aided design
program is used. The analytical model also enables the
investigation of the overcuts.
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Abstract

The increase in the incidence of foodborne diseases has been demonstrated by epidemiological studies, and the adverse impact
on the socio-economic development of countries has been also reported by health authorities. The combat against foodborne
pathogens through the use of natural biosources has become the focus of recent research. Lichens produce several secondary
metabolites with various biological activities including antibacterial, antifungal, anti-cancer etc. due to competition with other
living things in their surrounding environment. In this perspective, we aimed to investigate the antibacterial properties of Usnea
sp. that collected from Kastamonu, Turkey against five foodborne pathogens in the present study. These tested bacteria included
both Gram-positive and Gram-negative ones. Our data demonstrated that the acetone extracts of Usnea sp. had antibacterial
efficiencies especially against Gram-positive bacteria tested (Clostridium perfringens, Staphylococcus aureus, and Bacillus
cereus) at varying percentages. This potential antibacterial activity of Usnea sp. suggests that it can be used in the food industry.
Since it has already been reported to be used in dishes or ingredients of bread, it gives the idea that it may be used as a food
additive (such as a preservative, extending shelf life). However, detailed studies for its toxicity or the dosages that do not be
toxic should be done.

Keywords: Foodborne pathogen, lichen, Usnea, antibacterial.

Oz

Gida kaynakli hastaliklarin goriilme sikligindaki artig, epidemiyolojik caligmalarla ortaya konulmus ve bu nedenle iilkelerin
sosyoekonomik kalkinmalarina olan olumsuz etkisi de saglik otoriteleri tarafindan rapor edilmistir. Dogal biyokaynaklarin
kullanim1 yoluyla gida kaynakli patojenlere karsi miicadele, son yillardaki arastirmalarin odak noktasi haline gelmistir.
Likenler, cevrelerindeki diger canlilarla rekabet etmeleri nedeniyle antibakteriyel, antifungal, anti-kanser vb. gibi cesitli
biyolojik aktivitelere sahip birgok ikincil metabolit {iretirler. Bu agidan, bu ¢alismada Tiirkiye, Kastamonu'dan toplanan Usnea
sp.'nin bes gida kaynakli patojene kars1 antibakteriyel 6zelliklerini aragtirmay1 amagladik. Bu bakteriler hem Gram-pozitif hem
de Gram-negatif olanlar1 igermistir. Verilerimiz, Usnea sp.'nin aseton oziitlerinin 6zellikle test edilen Gram-pozitif bakterilere
(Clostridium perfringens, Staphylococcus aureus, ve Bacillus cereus) karsi degisen oranlarda antibakteriyel etkinlige sahip
oldugunu gostermistir. Usnea sp.’nin bu potansiyel antibakteriyel aktivitesi, gida endiistrisinde kullanilabilecegini
diistindiirmektedir. Daha once yemeklerde veya ekmek malzemelerinde kullanildig: bildirildiginden, gida katki maddesi
(koruyucu, raf dmriinii uzatan gibi) olarak kullanilabilecegi fikrini vermektedir. Ancak toksisitesi veya toksik olmayan dozlari
icin detayli ¢aligmalar yapilmalidir.

Anahtar Kelimeler: Gida kaynakli patojen, liken, Usnea, antibakteriyel.

I. INTRODUCTION

Foodborne diseases are of great importance in terms of public health because they cause many complications and
death. The Centers for Disease Control and Prevention (2018) declared that 47.8 million people suffer from
foodborne diseases, and amongst them, 128.000 hospitalizations and 3.000 deaths are reported each year in the
United States [1]. Considering the epidemiology of foodborne diseases, some reasons for the worldwide increase
of foodborne illness are attributed to large-scale production and distribution of food, increase in international food
trade, rapid population increase, tourism increase, microbial adaptation, and antimicrobial resistance, etc. [2].
Foodborne diseases are considered as related to destitution in undeveloped countries, the danger for the transport
of contaminated food across countries leads to increased cases of foodborne diseases. On the other hand, the exact
incidence ratios of food poisoning cases cannot always be monitored and surveillance by public healthcare systems
due to unreported cases or outbreaks [3, 4]. Unfortunately, there is not sufficient statistical data even in developing
countries. To evaluate the incidence of foodborne illness requires some skill practices in food microbiology,
chemistry, epidemiology, etc. Although these competencies can be provided in developing countries, there is some
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lack of monitoring and surveillance systems for
foodborne diseases [5]. Also, it is sometimes difficult
to distinguish which diarrheal disease is food-related
because all gastroenteritis is not food-related every
time. Therefore, the precise global incidence of
foodborne diseases is being investigated in several
studies [4]. Foodborne pathogens such as Escherichia
coli O157:H7, Staphylococcus aureus, Listeria
monocytogenes, Campylobacter jejuni, Clostridium
perfringens, and Pseudomonas aeruginosa are
responsible from various diseases via contaminated by
food or food processing equipment [6]. These bacteria
are reported to be associated with acute such as
abdominal pain, diarrhea, fever, malaise, sometimes
bloody stools, dehydration, exhaustion, headache, and
chronic complications such as erythema nodosum,
hemolytic uremic syndrome, chronic kidney disease,
Guillain-Barré syndrome (GBS), hemolytic-uremic
syndrome, meningitis, pancreatitis etc. [7].

The pivotal importance of food safety has been
emphasized in nutrition and food security since the
primary affected group from these diseases are infants,
young children, the elderly, and the sick [8]. These facts
prompted the researchers to investigate the ways to
combat food-related pathogen microorganisms and to
prolong the shelf life of processed food to both protect
the consumers’ health and also ensure waste
management [9]. Although more emphasis is placed on
food processing technologies, transport, hygiene rules,
and people know more about foodborne pathogenic
microorganisms, governments cannot avoid economic
losses and medical costs [10]. In addition, concerns
about outbreaks associated with foodborne illnesses
emphasize the importance of food safety. In order to
ensure food safety, the use of alternative natural
resources in food processing has come into
prominence. In this respect, there are many studies
investigating potential antimicrobial agents which have
positive effects on shelf life, microbial degradation,
oxidation reactions, etc. [11-15]. Natural biosources
such as plants, lichens, animals, etc. are known to have
unique compounds with properties of medicinal and
numerous biological activities [16].

Lichens are symbiotic living organisms that are
composed of their algae or cyanobacteria (photobiont)
and fungal (mycobiont) partners that show mutualistic
beneficial relationships among themselves [17]. They
are one of the natural resources with many biological
activities. Lichens can survive in various geographic
areas, sometimes even in extreme conditions [18].
From ancient times, lichen species have been utilized
for food and ethnomedicinal purposes in various
countries. In addition, it has been reported that lichens
have abundant nutrients (carbohydrate, crude fiber, and
ash) that vary according to the species [19]. On the
other hand, various pharmacological activities of
lichens such as antioxidant, anticancer, antimicrobial,
anti-inflammatory, antidiabetic etc. have been reported
in the literature. The health benefits of these organisms
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are attributed to various secondary metabolites [18]. It
has been stated that 2.000 of the 20.000 species
belonging to various lichens are localized in different
regions in Turkey. Different biological activities of
these lichen species were investigated in various
studies [20, 21]. It has been reported that some species
of lichens such as Cetraria islandica, Cladonia
rangiferina, Platismatia glauca, Usnea barbata, Usnea
longissima, etc. have been included in some dishes such
as salads or in bread as well as incorporated into
traditional healing practices such as poultice and tea
[19]. In India, Dagad Phool (Stone Flowers) spice
mixture containing various Parmeliaceae species
(especially Parmotrema and Everniastrum species)
also with Ramalina and Usnea species. These lichens
were also reported to be added to curry as a bulking
agent and preservative. The taste of Usnea sp. (beard
lichen) is sweet to bitter with high carbohydrate (83.5-
93%), protein (2-7.5%), and fat source (9%). This
fructose lichen is distributed all over the world. The
utilization of Usnea sp. as a bulking agent in soups,
stews, and curries has been reported. For medicinal
properties such as analgesic, antibacterial, antifungal,
anti-inflammatory,  anti-pyretic, anti-tumor, and
antiviral etc. of this lichen species, dried, tincture or oil
forms are used [22]. The utilization of Usnea species as
decocted tea in Traditional Chinese Medicine (TCM)
was reported in the literature. The usage dose was
indicated as 60-120 mg usnic acid from 6-9 g of dried
lichen per day [23]. This lichen is not very water-
soluble; solvents are used to make an extract of Ushea
sp. [22]. Usnic acid, a secondary metabolite found in
Usnea, has been reported to be used in pharmaceuticals
and cosmetics sectors with trade names such as
Omnigran, Barba de la Piedra and etc., for the treatment
of ailments or for personal care in different countries
[23]. Based on the antibacterial activities of lichens
against various bacteria, the potential to be used as a
food additive or to provide hygienic conditions should
be evaluated in the food industry.

From this point of view, our goal was to evaluate the
potential antibacterial efficacies of the acetone extracts
of Usnea sp. against five foodborne pathogens, Bacillus
cereus, Salmonella sp., S. aureus, E. coli 0157:H7, and
C. perfringens, in this study. It was thought that the
possible antibacterial effect would be meaningful for
the food industry.

Il. MATERIAL AND METHODS

2.1. Lichen Samples

The lichen samples belonging to Ushea sp. were
harvested from Kastamonu province, Turkey weighing
20-30 gr. The identification of samples was performed
by the classical taxonomic method via microscopic
(stereomicroscope and light microscope) examination
[24].

Usnea sp.: Turkey, Kastamonu province, Kapakli
Village, 41.24492, 34.18330, G. Cobanoglu.
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2.2. The Preparation of Lichen Extracts

The samples were weighed and pulverized by liquid
nitrogen in a porcelain mortar following the washing
and drying steps. The samples (10 g) were kept in
acetone solvent (100 mL) for 24 h, in a dark place and
then, filtration was performed through filter paper.
Evaporation of acetone was achieved with a rotary
evaporator to obtain crude extracts.

2.3. Bacterial strains

In this study, B. cereus, Salmonella sp., S. aureus, E.
coli O157:H7, and C. perfringens were tested. These
bacterial strains were isolated from food samples by
Eurofins Scientific Food Analysis Laboratory.

2.4. Antibacterial Test

B. cereus, Salmonella sp., S. aureus, E. coli 0157:H7,
and C. perfringens were grown in Tryptic Soy Agar at
37 °C for 24 h. The antibacterial tests of Usnea sp.
extracts against test bacteria were performed in Tryptic
Soy Broth via 96-well microplates (Greiner Bio-One,
CellStar, F-bottom, with lid). The overnight bacterial
cultures were adjusted to an optical density (OD) 0.01
at 600 nm in a 96-well plate. The extracts of Usnea sp.
were applied for 12 dilutions. Control (untreated),
blank wells, gentamicin and chloramphenicol as
positive controls were also included in the experiments.
As stated in the literature, positive controls were chosen
because they had good in vitro antibacterial activity
against the bacteria tested. Experiments were done in
triplicate. The absorbance of bacterial growth was
measured for each bacterium for twenty-four hours
using Cytation 3 multimode microplate reader (Biotek)
at intervals of every 20 minutes.

I11. RESULTS AND DISCUSSION

The antibacterial potency of the extracts of Usnea sp.
was evaluated against B. cereus and our data showed
inhibitory effects of test materials at the concentrations
0f240, 120, 60, 30 and 15 pg/mL by the inhibition rates
of 98.22+0.037, 96.03+0.015, 97.20+0.016, 90.71=+
0.012 and 94.70+0.014%, respectively. There were
moderately  suppressive effects at the tested
concentrations of 7.5 pg/mL and 3.75 pg/mL with the
inhibition  percentages of  47.53+0.066 and
41.94+0.205, respectively. Other concentrations tested
had no antibacterial effect against B. cereus. The
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positive control (gentamicin) was also tested and
completely killed this bacterium (Figure 1).

There was no noteworthy antibacterial effect against
Salmonella sp. except first applied concentration (240
pg/mL). The other tested concentrations were not
effective to inhibit bacterial growth of Salmonella sp.
The positive control (gentamicin) had an inhibitory
effect by the percentage of 98.91 (Figure 2).

We observed a remarkably suppressive effect on the
bacterial growth of S. aureus. The inhibition
percentages were recorded as 100, 100, 98.77+0.008,
and 97.18+ 0.019 for the first four concentrations (240,
120, 60, and 30 pg/mL), respectively. Moderate
antibacterial efficacy was detected at a concentration of
15 pg/mL with an inhibition rate of 47.81+£0.26%. A
very slight inhibition for the growth of S. aureus was
determined at the concentrations of 7.5, 3.75 and 1.875
pg/mL  (26.13+£0.072%,  21.36+0.032%  and
12.52+0.038%, respectively). For the concentrations of
0.9375 and 0.46875 pg/mL, there was no antibacterial
effect against test bacterium. On the other hand, lower
concentrations of the extracts of Usnea sp. had a
stimulating effect on the bacterial growth of S. aureus.
Chloramphenicol was tested as a positive control and
the inhibition rate was calculated as 97.29% (Figure 3).

On the other hand, we did not observe any inhibitory
effect against E. coli O157:H7. While no antibacterial
effect was observed with the inhibition rates remaining
at very low percentages such as 1.5% and 3%, even an
increase in bacterial growth was observed at some
concentrations, albeit at a very low rate. Gentamicin
had an inhibitory effect on the bacterial growth by the
percentage of 99.52 (Figure 4).

The antibacterial activity of Usnea sp. extract against
C. perfringens was determined from 240 pg/mL to a
concentration of 0.23 pug/mL for the eleven dilutions
tested. The inhibition percentages were recorded as
46.74+0.053, 48.82+0.057, 47.77+0.023, 38.15+0.076,
35.42+0.183, 34.21+0.06, 52.71+0.028, 44.06+0.03,
42.11+0.013, 43.75+0.024, and 45.02+0.03. At the
twelfth concentration, the inhibition ratio was detected
as 21.63+0.05%. The antibiotic gentamicin was also
tested in the experiments and the inhibition percentage
was calculated as 99.95 (Figure 5).
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Figure 1. The antibacterial efficacy of extracts of Usnea sp. against B. cereus.
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Figure 3. The antibacterial efficacy of extracts of Usnea sp. against S. aureus.

345



Int. J. Adv. Eng. Pure Sci. 2022, 34(2): 342-349 Antibacterial Potency of Usnea sp.

Antibacterial efficacy of the extracts of Usnea sp. against foodborne pathogen
Escherichia coli 0157:H7

2 b

a a a a
a a a a a a a a
15
1
0,5
0
Untreated 240 pg/mL120 pg/mL 60 pg/mL 30 pg/mL 15 pg/mL 7,5 pg/mL 3,75 1,875 0,9375 0,46875 0,23438 0,11719

pg/mL pg/mL png/mL png/mL png/mL png/mL
Concentration

Optical density (OD)
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Figure 5. The antibacterial efficacy of extracts of Usnea sp. against C. perfringens.

In our study, we detected that Usnea sp. had inhibitory ~ hexane, or acetone are used to obtain the secondary
effects on the bacterial growth of B. cereus, S. aureus,  metabolites of lichens. In our study, we preferred to test
and C. perfringens at varying percentages. Particularly, ~ acetone solvent due to its properties to provide wide-
we selected the five foodborne pathogens, Gram- anging extraction of the polar and semipolar
oositive (B. cereus, S. aureus, and C. perfringens) and ~ constituents. In a study investigating the comparative
Gram-negative bacteria (Salmonella sp., and E. coli effects of various solv_ents c_or_1ducted by Bharti et_ al.
0157:H7) to compare the results. We observed the (2022), less antibacterial activity was reported against
potential antibacterial efficiency against Gram-positive ~ Gram-negative  bacteria  (E.  coli,  Klebsiella
ones. On the other hand, we could not find any activity ~ Pneumoniae, and P. aeruginosa) by the acetone,
against Gram-negative bacteria that we tested. In  methanol, and 70% hydroalcoholic extracts of U.
accordance with our data, similar results were also  longissima [28]. Londofie-Bailon et al. (2019)
emphasized in the literature. The differences in the cell ~ evaluated the antibacterial potency of the extracts of U.
membranes of these bacterial groups were indicated by ~ antarctica and U. aurantiaco-atra against S. aureus,
the researchers as the reason for the different results ~ Vibrio alginolyticus, and P. aeruginosa and they
between the two groups in studies where antibacterial ~ detected antibacterial efficacy against S. aureus
potencies were tested [25]. Madamombe and Afolayan ~ amongst tested bacteria [29]. Sepahvand et al. (2021)
(2003) studied the antimicrobial efficacy of U. barbata  reported the more prominent antimicrobial effect of
against several bacteria and reported less activity —Usnea sp. against some Gram-positive including S.
against Gram-negative bacteria [26, 27]. Several ~aureus, B. subtilis, B. cereus, and Mycobacterium
solvents such as methanol, ethanol, ethyl acetate, tuberculosis whereas less activity against Gram-
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negative bacteria [30]. These results show consistency
with our results. For example, the MIC (minimum
inhibitory concentration) value for methanol extracts of
U. ghattensis against B. subtilis was reported to be
0.625 mg/mL [31]. Behera et al. (2005) found that the
extracts of U. ghattensis that obtained via different
solvents were effective against three Bacillus species,
and S. aureus at the concentration of 5-10 pg/mL [32].
Similarly, we demonstrated the considerably high
antibacterial effect of acetone extracts of Usnea sp. at
240 pg/mL concentration with the inhibition
percentage of 98.22. Even at lower concentrations
including 120, 60, 30 and 15 pg/mL, we observed the
continuation of the effect with inhibition rates of
96.03%, 97.20%, 90.71% and 94.70%. We also
observed efficacy at concentrations of 7.5 pug/mL and
3.75 pg/mL with inhibition percentages of 47.53 and
41.94, respectively. Furthermore, in accordance with
our results, Shrestha (2015) reported no antibacterial
effect of U. hirta, U. lapponica, and U. strigosa against
E. coli [33]. However, the antibacterial potential of
Usnea sp. against E. coli was reported in a study of
Manoharachary and Nagaraju (2016) [34]. Bate et al.
(2018) reported MIC value of methanol extract of U.
articulata as 6 mg/mL [35]. These differences may be
due to the type of lichen, the solvents used, the dosages
applied, the geographical differences of the lichens
harvested, the type of bacteria, and the secondary
metabolites contained in the lichens. In the literature, it
has been indicated that several extracts of Usnea sp.
which obtained various solvents (Umbilicaria
americana, Usnea articulata, U. baileyi, U. barbata, U.
ceratina, U. coralline, U. esperantiana, U. filipendula,
U. florida, U. fulvoreagens, U. ghattensis, U. hirta, U.
intermedia, U. lapponica, U. longissima, Umbilicaria
mammulata, U. pectinate, U. rigida, U. strigosa, U.
subflorida, U. subscabrosa, U. undulata) had
antibacterial effects against S. aureus [30]. Likewise,
we also detected antibacterial potential against S.
aureus at the concentrations of 240, 120, 60, and 30
pg/mL in our study. Weckesser et al. (2007) reported
antibacterial efficacy of U. barbata extract against C.
perfringens ATCC 13124 at low concentrations (MIC,
0.4 ng/mL) [36]. Our results showed moderate activity
against foodborne pathogen C. perfringens, with the
inhibition ratios ranging from 52.71% to 34.21%.

These antibacterial activities were attributed to the
secondary metabolites of various lichen species such as
depsides, depsidones, dibenzofurans, or xanthones
[37]. Phytochemical researches revealed the presence
of various many chemicals in different Usnea species
such as usnic acid, zeorin, ergosterol peroxide,
psoromic acid, methyl-p-orcinolcarboxylate, atranorin,
barbatic acid, usnic acid, diffractaic acid, usneaceratin
A and B, evernic acid, constictic acid, sekikaic acid,
squamatic acid, stictic acid, thamnolic acid, norstictic
acid, B-orcinol, salazinic acid, protocetraric acid,
chloroatranorin, barbatolic acid, lobaric acid, etc. [30,
38, 39]. In particular, usnic acid, a yellowish pigment
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of Usnea sp., has been studied for its potential
biological activities. Cansaran et al. (2006) studied six
Usnea species against various Gram-positive and
Gram-negative bacteria. U. subflorida was reported to
have high antibacterial activities due to its abundant
usnic acid content by the researchers [40]. In this study,
since we could not detect any efficacy against Gram-
negative bacteria, we may consider that potential
antibacterial efficiency against Gram-positive bacteria
may be due to other aforementioned chemicals.
Unfortunately, it would be wrong to draw a definite
conclusion from these results. In this respect, further
studies have to be performed to analyze which
chemicals of Usnea species, collected from different
geographical regions, are responsible for this efficacy.

IV. CONCLUSION

In the present study, we demonstrated the antibacterial
action of Usnea sp., collected from Kastamonu-Turkey,
against Gram-positive B. cereus, S. aureus, and C.
perfringens. Recently, the demands of customers in the
food sector are directed towards natural food products.
Natural biosources such as extracts or chemicals
especially from plants are being investigated for
utilization in food science by means of preserving foods
(chicken, meat, etc.) or extending the shelf-life of
foods. Foodborne diseases have great importance over
the world due to the increasing numbers of patients
affected by various food pathogens. Controlling these
microorganisms means also handling foodborne
diseases. Taking into consideration the potential of
lichens for antibacterial activities, lichen-based
products may be utilized in the food industry for
preservation or extending the shelf-life of foods or
beverages as food additives or providing hygiene
conditions.
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