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Anahtar Kelimeler Ozet: Isparta ekolojik kosullarinda 2012 ve 2013 yillarinda yiiriitiilen bu
Seker pancari, _ arastirmada farkli zamanlarda hasat edilen (¢ikistan 140, 155, 170, 185
Beta vulgaris var. saccharifera L., ve 200 giin sonra) degisik tiplerdeki seker pancari ¢esitlerinin (Begonia,

Gesit, Aranka ve Esperanza (N tipi), Sandrina ve Esperia (NZ tipi), Felicita ve
Hasat Zamani, s . o . . s .
Verim, Agnessa (Z tipi) verim ve bazi kalite 6zellikleri incelenmistir. En yliksek

Kalite kok govde ve biyolojik verim erken sékiimde Aranka, ge¢ sokiimde ise
Esperia cesitlerinden elde edilmistir. En diisiik a-amino azot miktari
erken sokiimde Aranka (5.68 mmol/100g), gec sokiimde ise Esperia
(2.05 mmol/100g) ve Esperanza (2.11 mmol/100g) c¢esitlerinde
belirlenmistir. Erken ve ge¢ sokiimlerde Z tipi olan Felicita ve Agnessa
cesitleri en yliksek polar seker oranina sahip olmustur. En yiiksek polar
seker verimi erken sokiimde Aranka (1490 kg/da), ge¢ sokiimde ise
Esperia (1867 kg/da) ve Sandrina (1860 kg/da) cesitlerinden elde
edilmistir. Calismada, Isparta kosullarinda yiliksek verim ve teknolojik
olgunluk bakimindan Aranka ve Begonia cesitlerinin 200 giin, diger
cesitlerin ise en az 185 giinlik vejetasyon donemini tamamlamasi
gerektigi sonucuna varilmistir.

Determination of Yield and Some Quality Traits of Varied Types of Sugarbeet (Beta vulgaris
var. saccharifera L) Cultivars Harvested at Different Times

Keywords Abstract: The present study was carried out at Isparta ecological
Sugar beet, conditions during 2012 and 2013 crop seasons to determine the effects
Beta vulgaris var. saccharifera L., of different harvest times (140, 155, 170, 185 and 200 days after
ﬁgl:‘ll‘ézist’ime emergence) at different types of sugarbeet cultivars (Begonia, Aranka
Yield, ’ and Esperanza (N types), Sandrina and Esperia (NZ types), Felicita and

Quality Agnessa (Z types) on yield and some quality parameters.The highest
sugarbeet yield and biyological yield per decare were obtained from
Aranka cultivar at early harvest times and from Esperia cultivar at lates
harvest times. The lowest amount of a-amino nitrogen were determined
from Aranka (5.68 mmol/100g) at early harvest and from Esperia (2.05
mmol/100g) and Esperanza (2.11 mmol/100g) cultivars at late harvest
time. The highest polar sugar content were determined from Felicita and
Agnessa cultivars (Z types) at early and late harvests. The highest polar
sugar yield per decare were obtained from Aranka cultivar (1490 kg/da)
at early harvest and from Esperia cultivar (1867 kg/da) and Sandrina
(1860 kg/da) cultivars at late harvest. It was concluded that Aranka and
Begonia cultivars should be completed 200 days while other cultivars at
least 150 days of vegetation period in terms of high root yield and
technological quality in Isparta conditions.

*ilgili yazar : zymbekirtosun@gmail.com 1



B. Tosun, vd. / Degisik Zamanlarda Hasat Edilen Farkli Tipteki Seker Pancar (Beta vulgaris var. saccharifera L.) Gesitlerinin Verim ve Bazi Kalite Ozelliklerinin Belirlenmesi

1. Giris

Seker pancarinin baslangictaki seker icerigi %1,3
oraninda iken 1slah edilerek giiniimiizde % 24’lere
kadar cikarilmistir [1]. Islah ¢alismalar: ile seker
orani, verim ve hastaliklara dayaniklilik gibi
ozellikleri bakimindan E (kitle verim tip), N (kitle ve
seker verimi kombine tip), Z (seker orani yiiksek
tip), NZ (verim ve seker tipi), ZZ (ekstra yiiksek
seker tipi 1slah materyali), CR (cercospora’ya
dayanikll) ve GR (yesilbas tipi) gibi farkli seker
pancar1 tipleri gelistirilmistir. Seker pancar
hastaliklarinin  yaygin olarak goriildigi yagish
bolgelerimizde genellikle CR ve kiillemeye dayanikli
pancar cesitleri tercih edilirken, fiyat belirlemede
polar seker miktar1 dikkate alindigindan iilke
genelinde ciftci ve seker sirketlerinin anlastig1 N tipi
6n planda olmak tizere NZ ve Z tipleri de iiretilmeye
baslanmistir.

Seker pancar1 bitkisi yeterli nem ve sicaklik
kosullarinin saglanmasi halinde vejetasyon periyodu
stresince gelismeye devam edebilmektedir [2].
Pancar kok-govdesindeki kuru madde gelisme
mevsimi ilerledikce artis gostermekte, seker orani
%?20-25’e kadar c¢ikabilmektedir [3]. Bu nedenle
seker pancarinin  hasat zamani  kok-govde
gelisimininim  yeterince  olustugu  dénemde
baslamakta, fabrikanin iiretim sezonu, erken sokiim
istegi, iklim sartlari, iireticinin is ve ekipman giicij,
kendinden sonra gelecek bitkinin ekim zamam
dikkate alinarak Eylil ayindan baslamak tizere 2-3
aylik bir periyotta yapilmaktadir.

Bu ¢alismada; birim alan kok-gévde verimi ile seker
oranini optimize edecek farkh tiplerdeki pancar
cesitlerinin bolgedeki uyum yetenekleri (gesit x
cevre etkilesimleri) ve bu ¢esitlerin optimum seker
iretimi icin en wuygun hasat zamanlarinin
belirlenmesi amag¢lanmistir.

2. Materyal ve Metot

Bu arastirma, 2012 ve 2013 iiretim sezonunda
Siileyman Demirel Universitesi Tarimsal Arastirma

ve Uygulama Merkezi deneme alanlarinda
yuritilmistir. Denemede KWS Tiirk Tarim A.S.
firmasindan temin edilen genetik monogerm
ozellikteki Aranka ve Espernaza (N tipi), Sandrina ve
Esperia (NZ tipi), Felicita ve Agnessa (Z tipi) ile
bolgede yetistiriciligi gerceklestirilen Begonia (N
tipi) seker pancari ¢esitleri olmak tlizere toplam 7
cesit materyal olarak kullanilmistir.

Denemeler her iki yilda da toprak 6zellikleri benzer
alanlarda kurulmus olup, deneme tarlas1 topragy
tekstiir bakimindan tinl;, pH 8.2, toplam tuz igerigi
%0,025 ve katyon degisim kapasitesi % 36, kirecce
zengin (%25,5), organik madde miktar1 bakimindan
fakir (%1,3) (Walcley-Black metoduna gore),
aliabilir fosfor (16.8 mg/kg P20s) bakimindan fakir,
potasyum bakimindan zengin (179 kg/da K20)'dir.

Arastirmanin yapildigit 2012 ve 2013 yillarinda
ortalama sicaklik uzun yillar ortalamasina gére daha
yiiksek olmustur. Deneme yillarindaki ortalama nispi
nemin uzun yillar ortalamasina benzer oldugu
gorulmustiir. Vejetasyon doéneminde diisen yagis
miktar1 ¢calismanin ilk yilinda (295.2 mm) uzun yillar
ortalamasindan (261.1 mm) ytiksek, ikinci yilinda ise
(269.4 mm) benzer olmustur. Yagis miktarinin
tretim  sezonundaki aylara gore degisimi
incelendiginde, 2013 yili aylik yagis degisimi, uzun
yillar ortalamasina paralellik gosterirken, 2012
yilinda Mayis ayinda uzun yillar ortalamasi ve 2013
yllina gore yaklasik iki kat fazla yagis meydana
gelmistir. Haziran ayinda ise 2012 yilinda uzun yillar
ortalamast ve 2013 yilina goére daha az yagis
meydana gelmistir (Tablo 1).

2.1. Yontem

Calisma, her iki yilda da Tesadiif Bloklar1 Deneme
planinda faktdériyel denem desenine gore 3
tekerriirlii olarak kurulmustur. Calismada birinci
faktor olarak seker pancari gesitleri, ikinci faktor
olarak da hasat zamanlar1 (¢ikistan 140, 155, 170,
185 ve 200 giin sonra) ele alinmistir.

Tablo 1. Deneme yillar1 ve uzun yillar ortalamasi iklim verileri

Ortalama Ortalama Toplam
Sicaklik (°C) Nispi nem (%) Yagis (mm)

Aylar Uzun Uzun Uzun
2012 2013 2012 2013 2012 2013

yillar yillar yillar
Nisan 10.7 11.7 11.7 61.3 55.2 56.5 56.2 53.2 53.3
Mayis 15.6 14.5 15.1 57.4 64.0 50.4 50.4 107.4 55.7
Haziran 20.2 22.4 20.0 51.2 43.6 47.4 29.6 18.1 33.2
Temmuz 23.6 25.4 24.5 45.4 39.7 41.5 14.9 0.8 13.7
Agustos 23.2 22.8 249 46.4 41.4 39.1 10.5 34.6 12.1
Eyliil 18.6 20.2 18.4 51.9 43.8 43.3 15.4 16.4 18.6
EKkim 12.9 14.6 12.9 62.0 65.1 54.0 37.6 38.8 37.7
Kasim 7.4 9.1 6.8 68.5 70.6 65.5 46.5 25.9 45.2
Toplam 15.6 17.6 16.8 55.5 53.0 55.4 261.1 295.2 269.4

Degerler Devlet Meteoroloji Midiirligii'nden alinmistir.
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Ekimler, her iki yilda da Nisan ayinin ilk haftasinda
(5-6 Nisan), 10 c¢cm sira iizeri ve 45 cm sira arasi
olacak sekilde el ile yapilmistir. Denemede her parsel
6 m uzunlugunda toplam 4 siradan olusmustur.
Calisma her blokta 7 ¢esit x 5 hasat zamani olmak
lizere 35 parsel, toplamda ise 105 parsel olarak
kurulmustur. Bloklar arasinda 2 m bosluk
birakilarak yapilan ekimler i¢in toplamda 1365 m?
(blok uzunlugu 65 m x blok eni 21 m)’lik bir alan
kullanlmistir. Calismada saf 15 kg/da azot ve 10
kg/da fosfor olacak sekilde gilibreleme yapilmistir

[4]-

Fosforun tamami ve azotlu giibrenin yarisi ekimle
beraber Diamonyum fosfat (DAP %18 N % 46 P,0s)
ve amonyum siilfat (% 21 N) formunda verilmistir.
Azotun kalan kismi ise ilk ¢apa ile beraber amonyum
nitrat (% 33 N) formunda wuygulanmistir. Su
stresinden dolay1 bitkilerde renk koyu yesile
donmeye basladiginda yagmurlama sulama ydntemi
ile sulama yapilmistir. Denemenin ilk yilinda 8, ikinci
yilinda ise 9 defa sulama islemi yapilmistir. Bitkilerin
3-6 yaprakli oldugu rozet doneminde ilk c¢apa
yapilmis, ilk ¢capalama ile birlikte sira tizeri mesafe
20-25 cm olacak sekilde seyreltme islemi
gerceklestirilmistir. Yabanci ot yogunluguna bagh
olarak 2-3 kez el ile yabanci ot miicadelesi
yapilmistir.

Pancar hasat zamanlari, Burdur Seker Fabrikasinin
pancar hasat siiresi (170 giin) ve erken sokim

dikkate alinarak belirlenmistir. Buna gore ilk bitki
hasatlar1 ¢ikislarin tamamlanmasindan 140 giin
sonra baslamis; 1-6 Eylil (140), 15-20 Eylil (155),
1-6 Ekim (170), 15-20 Ekim (185) ve 1-6 Kasim
(200) olmak tuzere 5 farkli zamanda her parselin
ortasindaki iki sira pancar ¢atali kullanilarak hasat
edilmistir.

Ol¢iim ve analizler sonucu elde edilen veriler SAS
(2009) istatistik paket programinda GLM prosediirii
kullanilarak standart varyans analizi tekniginde
(ANOVA) analiz edilmis ve ortalamalar arasindaki
farkliliklar LSD ¢oklu Kkarsilastirma testine gore
belirlenmistir.

3.Bulgular

Calismada, 2012 ve 2013 yetistirme sezonlari
arasindaki farkhihk istatiksel olarak Onemsiz
bulunmustur (Tablo 2). Bulgularin agiklanmasinda
iki y1llik ortalama veriler kullanilmistir.

Kok-Goévde Verimi: Cesitlerin ortalama kok-govde
verimleri 6731 ile 8860 kg/da arasinda genis bir
degisim gostermistir. NZ tipinde olan Esperia (8860
kg/da) ile N tipinde olan Aranka (8834 kg/da) ve
Esperanza (8758 kg/da) cesitleri ayni istatistiki
grupta yer alarak en yiiksek ortalama dekara kok-
govde verimine sahip olmuslardir. En diisiik kok-
govde verimi ise Z tipinde olan Felicita (6731 kg/da)
cesidinde belirlenmistir (Tablo 3).

Tablo 2. Farkli zamanlarda hasat edilen seker pancari gesitlerinin bazi verim unsurlar1 ve kalite kriterleri ile ilgili varyans

analiz tablosu

Varyasyon Dekara Koék- Dekara . Dekara Polar

Kaynaklari SD govde Verimi  Biyolojik Verim a-Amino Azot Polar §eker Seker Verimi
Yil (Y) 1 0.70 1.80 0.04 1.97 0.01
Blok(Y1l) 4 2.52 091 0.58 1.97 2.23
Cesit () 6 129%* 188** 681** 213%* 32.5%*
YxC 6 0.44 0.25 1.06 0.77 0.41
S6kiim Zamana (S) 4 150** 5.58** 5112** 130** 214**
YxS 4 0.03 0.06 1.09 3.17* 0.59
CxS 24 4.16** 6.43** 106** 11.20%* 3.87**
CxSxY 25 0.03 0.08 1.33 1.14 0.17
Hata 136
VK (%) 4.95 4.10 3.48 2.35 5.76

*0.05; ** 0.01 seviyesinde 6nemli

Tablo 3. Degisik zamanlarda hasat edilen seker pancari ¢esitlerinin dekara kok-gévde verimleri (kg)

esit
Scﬁlfl'ilfl Aranka Esperanza Sandrina  Esperia Felicita Agnessa Begonia Ortalama
Zamanl
140 8396 7612 7557 7451 6007 6139 6348 7073 d
155 8605 8110 8277 8174 6446 6907 7092 7659 c
170 8823 8984 8973 8762 6761 7752 7965 8289 b
185 9073 9482 9037 9820 7110 8024 8612 8737 a
200 9273 9602 9084 10096 7332 8155 9064 8887 a
Ortalama 8834 a 8758a 8506 b 8860 a 6731e 7396 d 7816 c

Lsd ¢xs: 460
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Hasat zamaninin gecikmesi ile birlikte cesitlerin
ortalama kok-govde verimleri artis gostermistir.
Cikistan 140 giin sonra ortalama 7073 kg/da olarak
belirlenen kok-gévde verimi son hasat zamaninda
(cikistan 200 giin sonra) yaklasik %25 oraninda
artarak 8887 kg/da’a yiikselmistir (Tablo 3).
Hasadin gecikmesi ile birlikte kok veriminde
gerceklesen artis oranlari, ilk hasattan son hasada
dogru sirasiyla %6,7, %8,2, %5,2 ve %2,6 olarak
gerceklesmistir.

Cesitlerin kok-govde verimleri hasat zamanina baglh
olarak 6nemli varyasyonlar gostermistir. Aranka,
Esperanza, Begonia, Sandrina ve Agnessa ¢esitlerinin
kok-govde verimleri 170. giinden sonra yapilan
hasatlarda istatistiki ag¢idan 6nemli bir degisim
gostermezken, Esperia ve Felicita ¢esitlerinde ise en
yiksek kok-govde verimleri 185. giinden sonra
yapilan hasatlarda belirlenmistir (Tablo 3). Esperia
ve Begonia c¢esitlerinin kok-govde verimlerinde
hasat zamani boyunca meydana gelen artis miktari
(2500 kg/da’dan fazla) diger c¢esitlerden daha
yiiksek olurken, en diisiik artis Aranka cesidinde
(900 kg/da) ortaya ¢ikmistir (Tablo 3).

Dekara Biyolojik Verim: Arastirmada kullanilan
cesitlerden Sandrina (11641 kg/da), Aranka (11549
kg/da) ve Esperanza (11430kg/da) ayni istatistiki
grupta yer alarak en ytiksek biyolojik verime sahip
olurken, en diisiik biyolojik verim Felicita (8912
kg/da) cesidinde belirlenmistir (Tablo 4).

Hasat zamaninin biyolojik verim iizerine -etkisi
degisken olmus, ilk hasattan 170. gline kadar yapilan
hasatlarda ortalama biyolojik verim (10768-10632
kg/da) dalgalanma gostermekle birlikte meydana
gelen degisimler istatistiki anlamda 6nemsiz ¢ikmis,
son hasat zamaninda ortalama biyolojik verim
(10357 kg/da) ise oOnemli derecede azalma
gostermistir (Tablo 4).

Cesitlerin biyolojik verimleri hasat zamanina bagl
olarak onemli diizeyde degisiklik gostermistir.
Aranka ve Felicita cesitleri c¢ikistan 140 giin,
Sandirna ¢esidi 170 giin, Begonia ¢esidi ise 185 giin
sonra en yiiksek biyolojik verim degerine ulasmistir.
Esperanza ve Agnessa c¢esitlerinde ise hasat
zamaninin biyolojik verim {izerine énemli bir etkisi
olmamistir (Tablo 4).

a-Amino Azot Miktar1: Cesitlerin ortalama a-amino
azot igerikleri 3.45-ile 5.23 mmol/100g arasinda
genis bir degisim gostermistir. Cesitlerin arasinda en
yiksek a-amino azot igerigi Z tipinde olan Agnessa
(5.23 mmol/100g) cesidinde belirlenirken, bunu
sirasl ile N tipindeki Begonia (4.88mmol/100 g) ve
yine Z tipindeki Falicita (4.39mmol/100g) cesitleri
takip etmistir. En diisiik a-amino azot miktar ise
Esperanza ve Esperia cgesitlerinde (sirasiyla 3.45 ve
3.48 mmol/100g) tespit edilmistir (Tablo 5).

Calismada kullanilan tiim ¢esitlerde a-amino azot
icerigi hasat zamanin ilerlemesi ile birlikte énemli
oranlarda azalma gostermistir. Cesitlerin ilk ve son
hasat zamanlar1 arasinda a-amino azot iceriklerinde
meydana gelen azalma miktar1 oransal olarak
farklilik gostermis, ¢ikistan 140 giin sonra yapilan
hasatlarda ¢esitlerin ortalama a-amino azot
icerikleri 5.68-9.02 mmol/100g arasinda degisim
gosterirken, son hasat zamaninda ¢esitler arasindaki
farkliik (2.05-3.94 mmol/100g) onemli o6lgiide
azalmistir (Tablo 5). Agnessa c¢esidinin a a-amino
azot icerigi ilk ve son hasat zamanlari arasinda

%70'den fazla azalma gosterirken, bu azalma
Begonia cesidinde %37 oraninda olmus, diger
esitlerde ise %51-66 arasinda gerceklesmistir (Tablo
5). Cesitler arasindaki azalma oraninin zamana gore
farkliik  sergilemesi c¢esit x hasat zamamni
interaksiyonunun 6nemli olmasinda etkili olmustur.

Tablo 4. Hasat zamanina baglh olarak seker pancari ¢esitlerinin dekara biyolojik verimleri (kg)

Cesit/
S6kiim Aranka Esperanza Sandrina Esperia Felicita Agnessa Begonia Ortalama
zamani
140 12544 11750 12304 10451 9369 9482 9482 10768 a
155 12038 11419 11444 10540 9132 9362 9696 10672 ab
170 11518 11479 11685 11196 8868 9934 10029 10632 ab
185 11072 11355 11590 11536 8629 9917 10330 10518 bc
200 10572 11153 11183 11354 8562 9438 10237 10357 ¢
Ortalama 11549 a 11430a 11641a 11016b 8912 e 9627 d 9955 ¢
Lsd ¢xs:496
Tablo 5. Hasat zamanina baglh olarak seker pancari ¢gesitlerinin a-amino azot miktar1 (mmol/100 g)
Cesit/
Sokiim Aranka Esperanza Sandrina Esperia Felicita Agnessa Begonia Ortalama
Zamanl
140 5.68 5.99 6.52 5.87 7.30 9.02 6.31 6.67 a
155 3.95 3.83 4.81 3.69 5.14 6.49 5.43 4.76 b
170 3.26 2.87 3.76 3.01 4.74 4.72 4.48 3.83c
185 2.92 243 3.37 2.80 243 3.61 4.23 3.12d
200 2.67 2.11 2.55 2.05 2.36 2.33 3.94 2.57e
Ortalama 3.70e 345f 4.20d 3.48f 439 ¢ 523a 4.88b
Lsd¢xs:0.23
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Polar Seker Orani: Cesitlerin ortalama polar seker
oranlar1 tiplere baglh olarak degisim gostermis, seker
tipi (Z tipi) olan Felicita (%21,16) en yiiksek polar
seker oranina sahipken, bunu yine seker tipinde olan
Agnessa (%20,85) cesidi takip etmistir. Normal (N
tipi) tipte olan Aranka (%18,35) ve Espranza
(%18,09) c¢esitlerinin polar seker oranlar1 daha
diistik olarak belirlenmistir (Tablo 6).

205 - g ] y1] =2 y1]

20 -

19,5 -

18,5 -

18 T T T T 1
140 . gilin 155. giin 170. glin 185. giin 200. giin

Sekil 1. Sokiim zamani ve yillara bagh olarak polar seker
oranindaki degisim

Hasat zamanlarinin ortalama polar seker orani
lizerine etkisi cok 6nemli olmus, ilk hasat zamaninda
%18,27 olan ortalama polar seker oranlar1 185. giine
kadar lineer olarak artis gostermis ve %20,28’e
ylikselmistir. Son hasat zamani olan 200. giinde ise
polar seker oranmi oOnemli derecede azalmis ve
%19,80 seviyesine diismiistiir (Tablo 6).

Dekara Polar Seker Verimi: Calismada en ytlksek
polar seker verimi NZ tipi pancar grubunda yer alan
Esperia (1674 kg/da) ¢esidinde belirlenmis, bunu
ayni tipte olan Sandrina (1664 kg/da) cesidi takip
etmistir. Z tipindeki Felicita (1429 kg/da) cesidi ile N
tipindeki Begonia (1469 kg/da) c¢esitleri aym

istatistiki grupta yer alarak en diisiik polar seker
verimine sahip olan cesitler olmustur (Tablo 7).

Polar seker verimi hasat zamaninin ilerlemesi ile
birlikte 6nemli derecede artis gostermis, ¢ikistan
140 giin sonra 1289 kg/da olarak belirlenen
ortalama polar seker verimi, ¢ikistan sonra 185. ve
200. giinlerde yapilan hasatlarda sirasi ile 1760
kg/da ve 1750 kg/da seviyesine ulagmistir (Tablo 7).

Cesitlerin hasat zamanina bagh olarak polar seker
verimleri 6nemli degisimler gostermistir. Aranka,
Esperanza ve Sandrina c¢esitlerinde polar seker
verimleri hasat zamaninin ilerlemesi ile beraber
artmis, bu artis 185. glnden sonra yapilan
hasatlarda istatistiki agidan 6nemsiz bulunmustur.
Esperia, Felicita, ve Begonia ¢esitlerinde polar seker
verimi 185. giine kadar artmis, daha sonra ise
azalma egiliminde olmustur. Esperia ve Agnessa
cesitlerinde en ytiksek polar seker verimleri (sirasi
ile 1898 kg/da ve 1859 kg/da) cikistan 185 giin
sonra yapilan hasatlarda, tespit edilmistir (Tablo 7).

4. Tartisma ve Sonug¢

Ko6k-Govde Verimi: Cesitler arasinda birim alanda
kok-govde verimi bakimindan tespit edilen
farklhiliklarin ¢esitlerin genetik potansiyellerinden ve
bolge sartlarina uyum yeteneklerinin farkh
olmasindan ileri geldigi diistinilmektedir. Nitekim
calismada verim tipinde olan (N ve NZ tipi) ¢esitlerin
seker tipinde (Z tipi) olanlardan daha yliksek kok-
govde verimine sahip olmalar, genetik yapinin kok-
govde verimine olan etkisini acik¢a ortaya
koymaktadir. Bulgularimiz, diger arastirmacilarin
bulgulariyla benzerlik gostermis ve seker pancari
cesitlerinin kok-gévde verimleri arasinda oOnemli
farkliliklar oldugu belirlenmistir [2, 5-7].

Tablo 6. Hasat zamanina bagh olarak seker pancari gesitlerinin polar seker oranlari (%)

Cesit/
Sokiim Aranka Esperanza Sandrina Esperia Felicita Agnessa Begonia Ortalama
Zamanl
140 17.74 17.80 18.21 18.16 19.70 18.73 17.56 18.27d
155 17.84 18.00 18.96 18.98 20.59 19.28 18.31 18.85c¢
170 18.23 18.11 19.65 19.39 21.43 2181 18.62 19.61b
185 18.77 18.23 20.27 19.33 22.49 23.18 19.70 20.28a
200 19.15 18.29 20.48 18.52 21.58 21.25 19.32 19.80 b
Ortalama 1835e 18.09 f 19.51 ¢ 18.87d 21.16a 20.85b 18.70d
Lsd ¢xs:0.57
Tablo 7. Farkli zamanlarda hasat edilen seker pancarlari ¢esitlerinin dekara polar seker verimleri (kg)
Cesit/
S6kiim Aranka Esperanza Sandrina  Esperia Felicita Agnessa Begonia Ortalama
zamani
140 1490 1355 1376 1353 1184 1149 1114 1289d
155 1535 1459 1569 1552 1327 1332 1299 1439 c
170 1609 1627 1763 1699 1449 1693 1486 1618 b
185 1703 1729 1831 1898 1599 1859 1697 1760 a
200 1776 1757 1780 1867 1584 1731 1751 1761 a
Ortalama 1623 bc 1585dc 1663 a 1674 a 1429 e 1553d 1469 e
Lsd ¢xs:103
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Hasadin gecikmesi ile birlikte daha uzun siire
toprakta kalan bitkiler su ve besin maddelerinden
daha fazla faydalanmakta ve buna bagh olarak kok-
govde verimleri artmaktadir. Buna ilave olarak,
vejetasyon siiresinin uzamasi, bitkilerin gilines
enerjisinden daha fazla faydalanmalarina ve daha
fazla besin maddesi depolamalarina neden
olmaktadir. Farkli lokasyon ve iklim tiplerinde
yapilan calismalarda kisa vejetasyon periyodunda
yetistirilen seker pancarlarinda kok-gévde veriminin
azaldig1 arastirmacilar tarafindan bildirilmistir [8-
11]. Son hasatlarda gergeklesen kok-govde
verimindeki artisin diisiik olmasi, bu hasatlarin
yapildig1 aylarda toplam solar radyasyon miktarinin
azalmasi ve gece giindiiz sicaklik farkinin artmasina
bagh olarak bitkilerin daha az giinliik fotosentez
yapmas! ile aciklanabilir. Nitekim, seker pancari
kanopisinin 1518a tepki egrisinin Eyliil ayina kadar
sabit oldugu, daha sonra ise azaldigini bildirilmistir
[12]. Bulgularimiz, hasadin gecikmesi ile birlikte
seker pancarinda kék veriminin arttifini ve geciken
hasatta kok veriminde gerceklesen artisin daha
diisiik oldugunu bildiren arastirmacilarin bulgular
ile uyum goéstermektedir [13-16].

oa-Amino Azot Miktar:: Seker pancari koklerinde
bulunan a-amino azot, seker igeriginde azalmaya
molasigenetik  faktoriin  neden oldugu kabul
edilmektedir [17]. a-amino azot, seker pancari
bitkisinde yeniden kullanilmak iizere biriktirilen
azotun organik bir formu olup [18], kok-govdede a-
amino azot miktarinin artmasi, 6nemli miktarda
sekerin melasa baglamasina neden olarak
fabrikasyon stirecinde elde edilebilir seker miktarini
azaltmaktadir. Seker pancari kok-goévdesindeki kabul
edilebilir a-amino azot miktarinin mineral
topraklarda 2.14 mmol/100g, organik topraklarda
ise 2.86 mmol/100g oldugu daha dnceki calismalar
ile belirlenmistir [17]. Calismamizda kullanilan
cesitlerin ozellikle son hasat zamaninda belirtilen a-
amino azot degerlerine yakin oldugu, daha o6nce
yapilan hasatlarda ise a-amino azot iceriklerinin
literatiirde verilen degerlerden yiiksek oldugu
kaydedilmistir [10,13].

Seker pancarinda, a-amino azot icerigini etkileyen
faktorlerden bazilar1 basta azotlu giibreleme olmak
iizere cesit, iklim ile toprak sartlar1 ve pancar
olgunlugu olarak bilinmektedir [19]. Seker pancari
cesitlerinde o-amino azot icerigi cesitlere gore
farklilik gostermektedir [20]. Farkli seker pancari
cesitleri kullanarak yiirttiilen bir ¢alismada, a-amino
azot iceriginin 1.72-8.50 mmol/100g arasinda
degistigi bildirilmistir [21]. Cikistan sonra 140. giine
tekabtil eden Eylil aymin ilk haftalarinda iklim
kosullarina da bagh olarak, seker pancarinda bitki
gelisimi daha hizli olmaktadir. Bu durum bitkilerin
bu doénemde basta azot olmak flizere topraktan
kaldirdiklar1 besin maddelerinin daha yiiksek
oldugunu  gostermektedir. = Calismada  erken
hasatlarda a-amino azot igeriginin ¢ok yiiksek olmasi
bahsedilen donemde sicakligin da etkisi ile (yiiksek

fotosentez hizina bagh olarak) yiiksek metabolik
aktiviteye sahip olan pancar bitkilerinin topraktan
azot almimina devam etmesi ile agiklanabilir.
Vejetasyon doneminin uzamasi ile birlikte toprak
kullanilabilir azot miktarinin azaldigl, bitkinin
ihtiya¢ duydugu azotun ise biyiik dl¢iide depoladigl
a-amino azot ile karsilandig diisiiniilmektedir. Konu
ile ilgili olarak, seker pancarinda Ekim ayinda
yapilan hasatlarda Eylill ayina gére a-amino azot
iceriginin  %18.6  oraninda azaldigini  bazi
arastirmacilar tarafindan da bildirilmistir [22].

Polar Seker Orani: Calismada kullanilan gesitlerden
Z tipindeki cesitlerin daha yiiksek polar seker
oranina sahip olmasi, seker igeriginin dnemli bir
kalitsal o6zellik oldugunu gostermektedir. Farkl
lokasyonlarda, degisik pancar cesitleri ile yapilan
arastirmalarda cesitlerin seker iceriklerinin 6nemli
varyasyonlar  gosterdigi  bircok  arastirmaci
tarafindan da bildirilmistir [23-27].

Pancar kok-govdesindeki seker konsantrasyonu
ceside, bitki sikligina, iklim ve toprak kosullarina,
giibrelemeye, vejetasyon siiresine, hasat zaman ile
hastalik ve zararli popiilasyonuna bagh olarak
onemli degisiklikler gostermektedir [27]. Gece-
giindiiz arasindaki sicaklik farkinin artmasi ve daha
uzun vejetasyon kosullar1 polar seker oranin
arttirici etkide bulunmaktadir. Calismamizda da gece
sicakliklarinin  azalmaya basladigi Ekim-Kasim
aylarina denk gelen hasat zamanlarinda (170-185.
giinler) polar seker orani degerleri artis géstermistir.
Bununla birlikte, son hasat zamani olan 200. giinde
baz1 c¢esitlerde polar seker oraninda belirlenen
azalmanin bu dénemde bahsedilen cesitlerin yaprak
miktarlarinin %60’dan fazla azalmasindan
kaynaklandig1 diistiniilmektedir. Yaprak miktari
azalan pancarlarda solunum (respirasyon) igin
gerekli enerjinin fotosentez ile karsilanamadig1 ve
kok-govdede depo edilen sekerlerin  yikimi
baslandigindan polar seker oraninin azaldig
diistiniilmektedir. Yapilan g¢alismalarda, bir¢cok
arastiricl hasat zamaninin gecikmesi ile birlikte polar
seker oranin arttigini bildirilmistir [28-31]. Buna
ilave olarak, ge¢ yapilan ve buna bagli olarak da kisa
vejetasyon periyodunda yetisen seker pancarlarinda,
polar seker orani ile beyaz seker orani ve veriminin
azaldig1 bircok arastirmaci tarafindan bildirilmistir
[32-35].

Dekara Polar Seker Verimi: Arastirmada cesitlerin
polar seker verimleri kok-govde verimleri ile polar
seker oranlar1 kullanilarak hesaplanmistir. Cesitlerin
hasat zamanlarina da baghh olarak polar seker
verimlerinde tespit edilen farkliliklar, koék-govde
verimleri ile polar seker oranlarinda belirlenen
farkhliklarla paralellik géstermistir. Bu nedenle, hem
kok-govde verimi hem de polar seker orani yiiksek
olan cesitlerde polar seker verimleri de yliksek
olarak tespit edilmistir. Calismada Esperia, Felicita
ve Agnessa ¢esitlerinde polar seker oranlarinin 185.
glinden sonra dnemli derecede azalmasi (Tablo 7),
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bu gesitlerde polar seker verimlerinin de azalmasina
neden olmustur. Bulgularimiza benzer olarak, seker
pancarinda hasadin Kasim sonuna kadar
geciktirilmesinin kok-govde ve seker verimi ile seker
oranini azalttigi Brown [36] tarafindan bildirilmistir.

Sonu¢ olarak; Seker pancari hasat zamanin
belirlenmesinde kullanilan c¢esidin biiyiik 6nem
tasidigl ve cesitlerin seker verimleri dikkate alinarak
hasat zamanlarinin belirlenmesi gerektigi
anlasilmistir.  Isparta  kosullarinda  yapilacak
iretimlerde Aranka ve Begonia ¢esitlerinin 200 giin,
diger cesitlerin ise 185 giinliik vejetasyon siiresini
doldurmalar1 gerektigi sonucuna varilmistir. Eyliil
basi sokiimiinde Aranka, Ekim basi sokiimiinde
Sandrina, Kasim basi sokiimiinde ise Sandrina ve
Esperia gesitleri 6n plana ¢ikmistir. Buna gore erken
sokiim yapilacak bolgelere Aranka ve Sandrina, geg
sokiim yapilacak bolgelere ise Esperia ve Sanrinda
cesitlerinin 6nerilmesinin yerinde olacagl sonucuna
varilmistir.
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Abstract: This paper aims to make a contribution to the mycobiota of Turkey and based on
two hypogeous species belonging to the order Boletales, Sclerogaster candidus (Tul. &
C.Tul.) Zeller & C.W.Dodge and Sclerogaster compactus (Tul. & C. Tul.) Sacc. The first taxon
is reported as new record for the macromycota of Turkey from Tonya district of Trabzon
province. New localities from Istanbul (Beykoz, Cekmekdy and Sile) province were given
for the second one. A brief description of Sclerogaster candidus, including its ecologic,
macroscopic and microscopic characters, and the original photographs of both taxa related
to their macro and micromorphologies and the collection localities were provided.

Tiirkiye’deki Sclerogaster R.Hesse Cinsi icin Yeni Bir Kayit ve Yeni Lokaliteler

Anahtar Kelimeler
Toprak alt1 mantarlar,
Makromantarlar,

Yeni kayit,
Sclerogaster candidus,
Sclerogaster compactus

Ozet: Bu makale Tiirkiye mikobiyotasina katki saglamay1 amaglamaktadir ve Boletales
takimina ait iki toprak alt1 tiir, Sclerogaster candidus (Tul. & C.Tul.) Zeller & C.W.Dodge ve
Sclerogaster compactus (Tul. & C. Tul.) Sacc., lizerinde gerceklestirilmistir. Birinci takson
Trabzon’'un Tonya il¢esinden Tiirkiye makromikotas1 i¢cin yeni kayit olarak rapor
edilmistir. Ikinci takson ic¢in ise Istanbul (Beykoz, Cekmekdy ve Sile)’dan yeni lokaliteler
verilmistir. Sclerogaster candidus’'un ekolojik, makroskobik ve mikroskobik 6zelliklerini
iceren Kkisa betimlemesi, ve her iki taksonun da makro ve mikromorfolojilerine iliskin
orijinal fotograflari ve toplanma lokaliteleri verilmistir.

1. Introduction

Sclerogaster R.Hesse is the only genus of the family
Sclerogasteraceae. The genus contain 10 confirmed
species [1] which are mainly characterized by
globose to irregular fruit bodies, white to pale
yellowish brown peridia, pale yellow to deep yellow,
yellow-brown or brown gleba, globose spores [2].

On field surways in Trabzon and istanbul provinces
in the years 2017 and 2018, some hypogeous
macrofungi samples were collected. As a result of
field and laboratory studies, they were identified as
Sclerogaster candidus (Tul. & C.Tul) Zeller &
C.W.Dodge and Sclerogaster compactus (Tul. & C.Tul.)
Sacc.

According to the available literature, two members of
the genus, S. compactus and S. hysterangioides (Tul. &
C.Tul.) Zeller & C.W.Dodge, have been reported from
Turkey [3]. A careful trace of the current checklists
[4, 5] and the studies published after the preparation
of these checklists [6, 7, 8, 9, 10, 11, 12, 13, 14, 15]

*Corresponding author: kayaabd @hotmail.com

show that, S. candidus has not been reported from
Turkey before.

The study aims to contribute to the mycobiota of
Turkey.

2. Material and Method

Sclerogaster samples were collected from Tonya
district of Trabzon province and Beykoz, Cekmekdy
and Sile districts of Istanbul province in 2017 and
2018. Ecological and morphological characteristics of
the samples were recorded and they were
photographed in their natural habitats. Then the
samples were brought to the fungarium, dried in and
air conditioned room and then kept in polyethylene
bags as fungarium materials. Micromorphological
investigations were carried out under a Nikon eclipse
Ci trinocular light microscope and a DS-Fi2 digital
camera and a Nikon DS-L3 displaying apparatus were
used for microstructural photographing.
Identification were performed with the help of Zeller
and Dodge [16, 17], Lebel and Trappe [18], Lebel and
Castellano [19], Vidal [20], Calonge and Pasaban [21],
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Lebel and Tonkin [22]. The samples are kept at
Karamanoglu Mehmetbey University, Kamil Ozdag
Science Faculty, Department of Biology.

3. Results

Sytematic of the taxa is in accordance with
speciesfungorum.org (accessed on 15 May 2018).

Basidiomycota R.T. Moore

Agaricomycetes Doweld

Boletales E.-]. Gilbert

Sclerogastraceae Locq.

Sclerogaster R. Hesse

Sclerogaster candidus (Tul. & C.Tul) Zeller &
C.W.Dodge (Figure 1)

Syn: [Hydnangium candidum Tul. & C.Tul,
Macowanites candidus (Tul. & C.Tul) ].M. Vidal,
Octaviania candida (Tul. & C.Tul.) Lloyd]

Macroscopic and microscopic features: Fruit body
about 30 mm in diameter, angiocarpic, globose to
subglobose when young, becomes somewhat
hemiangiocarpic when mature by slightly opening at
lower side. Surface smooth, pure white to yellowish

white, peridium thin and seperable from the gleba,
disintegrate at perimarginal zone, leaving the gleba
uncovered around the stipe. Gleba loculate,
labyrinthiform or sublamelliform, white to, light
yellowish. Odour and taste mild. Stipe rudimentary
and distinct in age, about 10 x 4 mm, generally
central, concolorous with the peridium. Basidia 30-40
x 14-18 um, clavate, hyaline, with 2-4 slender to
robust sterigmata of 4-6 pum long. Basidioles
claviform,  slighthly  smaller than  basidia.
Macrocystidia cylindrical, lanceolate to fusiform,
acute or mucronate. Basidiospores 8.5-14 x 6.5-11
um, subglobose to broadly eliptical, covered with 1.5-
2 pum long, cylindrical and amyloid warts.

Ecology: Solitary or gregarious, epigeous or
semihypogeous, on rich humus of deciduous woods,
preferably of Carpinus L., but also of Betula L., Corylus
L., Fagus L., Populus L., Quercus L., Tilia L., mixed with
Acer L. Fraxinus L. Sambucus L. Ulmus L. on
calcareous soil, from summer to autumn [20, 21].

Specimen examined: Trabzon, Tonya, Karasu
village, Fagus orientalis Lipsky-Castanea sativa Mill.-
Quercus sp. mixed forest, under soil, 40°57'N-
39°18'E, 740 m, 22.06.2017, Yuzun 5625.

Figure 1. Basidiocarps (a), basidia (b) and basidiospores (c) of Sclerogaster candidus
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Sclerogaster compactus (Tul. & C. Tul.) Sacc. (Figure
2)

Syn: [Octaviania compacta Tul. & C.Tul.,, Octaviania
compacta Massee, Octavianina compacta (Tul. &
C.Tul.) Kuntze, Sclerogaster broomeanus Zeller &
C.W.Dodge]

Specimen examined: Istanbul, Beykoz, Polonezkdy
Nature Park, pine forest, under dead pine needles,
41°06'N-29°11'E, 200 m, 05.03.2018, Yuzun 6281;
Cekmekdy, Resadiye village, pine-beech mixed forest,
41°05'N-29°15'E, 145 m, 05.03.2018, Yuzun 6283;
Sile, Ahmetli village, pine forest, 41°08'N-29°34'E,
125m, 07.03.2018, Yuzun 6295.

4., Discussion and Conclusion

Sclerogaster candidus produces a basidioma similar in
size and color to Russula mattiroloana (Cavara)
T.Lebel and Macowanites galileensis M.M.Moser,
Binyam. & Aviz.-Hersh. R. mattiroloana differs from S.
candidus with its ecology, under Abies Mill. and Picea

D.Don ex Loudon, and larger and more globose
spores, while M. galileensis differs with its globose,
sub-contracted spores [21].

Currently 14 hypogeus members of the order
Boletales within the families Boletaceae, Paxillaceae,
Rhizopogonaceae and Sclerogastraceae, and the
genera Octaviania Vittad., Alpova C.W.Dodge,
Melanogaster Corda, Rhizopogon Fr. and Sclerogaster
R.Hesse, exist in Turkey [3, 10, 22, 23, 24, 25, 26, 27].
With this study S. candidus was added to the
mycobiota of Turkey as the third and the fifteenth
member of the genus Sclerogaster and the hypogeous
Boletales, respectively. New localities were also
presented for an existing member, S. compactus, of
the genus.
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Figure 2. Basidiocarps (a, b) and basidiospores (c) of Sclerogaster compactus
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Anahtar Kelimeler Ozet: Bu calismada, N-heterosiklik karben (NHC) ligandi olarak bir seri eter-
N-Heterosiklik karben, fonksiyonalize benzimidazolyum tuzu sentezlendi ve yapilar1 'H NMR, 13C
Palladyum, NMR, FT-IR ve element analizi yontemleri ile karakterize edildi. NHC

Suzuki-Miyaura ¢apraz-eslesmesi,

in situ olusturulmus katalizor ligandlar1 ile Pd(OAc)2in etkilesiminden in situ olusturulan [PdX;(NHC):]

kompleksleri, sulu ortamda ve 1liml kosullar altinda fenilboronik asit ve aril
kloriirlerin Suzuki-Miyaura ¢apraz-eslesme tepkimelerinde katalizér olarak
kullanildi. In situ olusturulan [PdX;(NHC).] katalizorleri, elektron verici,
elektron cekici veya sterik engelli aril kloriirler i¢in ytliksek katalitik aktivite
gosterdi.

N-Heterocyclic Carbene/Palladium-Catalyzed Suzuki-Miyaura Cross-Coupling Reactions
in Aqueous Medium

Keywords Abstract: In this study, a series of ether-functionalized benzimidazolium salts
N'Het?FOCYChC carbene, as N-heterocyclic carbene (NHC) ligands were synthesized and their
Palladium, structures characterized by 1H NMR, 13C NMR, FT-IR, and elemental analysis

Suzuki-Miyaura cross-coupling,

o techniques. The in situ formed [PdX>(NHC).] complexes from the interaction
in situ formed catalyst

of Pd(OAc), with NHC ligands were used as catalyst in the Suzuki-Miyaura
cross-coupling reactions between phenylboronic acid and aryl chlorides
under mild reaction conditions in aqueous media. In situ formed
[PdX2(NHC)2] catalysts showed high catalytic activity for electron-donating,
electron-drawing or sterically hindered aryl chlorides.

1. Giris Arilboron tiirevlerinin aril halojentirler veya aril

triflatlar ile palladyum katalizorliigiindeki Suzuki-
Biariller dogal iiriinlerin ve biyolojik olarak aktif cogu Miyaura capraz-eslesmesi, kuskusuz gecis metal-
organik bilesigin yap1 tasini olusturmaktadir. katalizli capraz-eslesme tepkimeleri arasinda biaril
Biyolojik ve fiziksel 6zelliklerinden dolayi, biarillerin tiirevinin hazirlanmasi igin en etkili ve en 6nemli
hazirlanmasi organik sentezde 6nemli bir arastirma yontemlerden biridir (Sekil 1) [9,10]. Bu ydntemin
alanidir [1,2]. Gegis metal-katalizli ¢apraz-eslesme diger metal katalizli ¢apraz-eslesme tepkimelerine
tepkimeleri biaril bilesiklerinin hazirlanmasi i¢in hem kiyasla avantajlarindan biri aril boron tiirevlerinin
akademik hem de endiistriyel alanda geleneksel toksik olmayan, termal olarak havaya ve neme karsi
organik sentez  yoOntemlerine bir alternatif kararli bilesikler olmasidir. Bir diger avantaji ise,
sunmaktadir [3-7]. Organik sentezdeki 6neminden tepkimelerin liml kosullar altinda
dolay1 gecis metal-katalizli ¢apraz-eslesme gerceklestirilebilmesi ve eslesme ortagi olarak yapi
tepkimeleri son yillarda yogun bir ilgi gormektedir ve cesitliligine sahip ve kolay temin edilebilen aril
bunun bir sonucu olarak 2010 yili Nobel Kimya halojeniirlerin veya aril triflatlarin kullanilmasidir

Odiili, gecis-metal katalizli capraz-eslesme [11].

tepkimeleri alaninda yapmis olduklar1 basarili

calismalarindan dolayr Richard F. Heck, Ei-ichi Son  zamanlarda, Suzuki-Miyaura tepkimeleri

Negishi ve Akira Suzuki’ye verilmistir [8]. lizerinde yapilan ¢alismalarin ¢ogu c¢evreye Kkarsi
daha duyarli ve atom ekonomisi sunan siireglerin
gelistirilmesi {lizerine yogunlasmistir [12-14]. Bu

*ilgili yazar: murat.kaloglu@inonu.edu.tr 13
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calismalar  arasinda katalizor ~ yiiklemesinin
azaltilmasi, katalitik aktiviteye yardimct Kkatki
maddelerinin kullanimi, katalizériin modifikasyonu
ve ¢Ozlci sisteminin degistirilmesi gibi uygulamalar
en c¢ok ilgi goren calismalardandir. Suyun dogada bol
miktarda bulunmasi, ucuz olmasi, toksik olmamasi ve
organik bilesiklerden kolayca ayrilabilmesi gibi
ozelliklerinden dolayr kimyasal tepkimeler igin
¢oziici olarak suyun kullanimi, sadece yesil kimya
ilkeleri agisindan degil, ayni zamanda kimya
endiistrisi i¢in de olduk¢a 6nemlidir [15,16]. Bununla
birlikte, ¢oziicii olarak suyun kullanildigi Suzuki-
Miyaura tepkimeleri de giiniimiizde yogun bir ilgi
gormektedir [17-21].

@_ @ Il’d1

Y =OH,alkil X =Cl,Br, 1, OTf
Sekil 1. Suzuki-Miyaura ¢apraz-eslesme tepkimesi.

Katalizoriin modifikasyonu hem katalitik aktivite
hem de verimlilik acisindan en dnemli islemlerden
biridir. Katalizér modifikasyonu genellikle ligandin
sterik,  elektronik ve  kimyasal  06zelliginin
degistirilmesi ile kolaylikla yapilabilir [22]. Bu agidan
bakildiginda, N-heterosiklik karben (NHC) ligandlar
azot atomu uzerindeki slibstitliyentlerin
degistirilmesi ile sterik, elektronik ve kimyasal acidan
en uygun katalizériin hazirlanmasina imkan veren
etkili ligandlardir. NHC'ler gii¢lii 6-donor ve zayif n-
akseptor ozelligi sayesinde, koordine oldugu metal ile
glclii bir etkilesime girerek metal merkezinden
kolaylikla dissossiye olmazlar. Bu 6zellikleri
nedeniyle, NHC ligandlar1 ve bu ligandlarin gecis-
metal kompleksleri uzun siiredir Suzuki-Miyaura
capraz-eslesme tepkimelerinde yogun bir sekilde
kullanilmaktadir [23-25].

NHC ligandlarinin bahsedilen bu 6zelliklerinden ve
son zamanlarda Suzuki-Miyaura tepkimelerinde
yogun bir ilgi gérmelerinden dolayr bu c¢alismada,
NHC ligandi olarak eter-fonksiyonalize bir seri yeni

1a 1b

benzimidazolyum tuzu (1a-d) sentezlendi (Sekil 2).
Sentezlenen tiim NHC ligandlarinin yapilar1 'H NMR,
13C NMR, FT-IR spektroskopisi ve element analizi
yontemleriyle karakterize edildi. NHC ligandlarinin
palladyum komplekslerini sentezlemek amaciyla,
NHC ligandlar1 Pd(0OAc); ile etkilestirilmesine ragmen
izole palladyum-NHC kompleksleri elde edilemedi. Bu
nedenle palladyum-NHC kompleksleri, literatiirde de
yaygin olarak kullanilan in situ kosullarda hazirlandi
[23-25]. Sulu ortamda, NHC ligandlarinin Pd(OAc); ile
in situ kosullarda etkilestirilmesi ile olusturulan
katalizorlerin fenilboronik asit ile elektronik ve sterik
olarak farkli 6zelliklere sahip aril klortrler arasindaki
Suzuki-Miyaura capraz-eslesme tepkimelerindeki
katalitik 6zellikleri incelendi.

2. Materyal ve Metot

Gerceklestirilen tiim sentez calismalar1 argon gazi
altinda standart Schlenk teknigi kullanilarak yapildi.
FT-IR ol¢limleri, Perkin Elmer Spektrum 100
spektrofotometresinde ATR {initesi lzerinde 400-
4000 cm? araliginda alindi. NMR ol¢timleri, Bruker
UltraShield 300 MHz NMR spektrometresinde
gerceklestirildi. NMR o6lciimlerinde ¢6ziicii olarak
CDCl3, i¢ standart olarak TMS kullanildi. Bilesiklerin
kimyasal kayma degerleri (6), ppm olarak, eslesme
sabitleri (J) Hertz olarak verildi. 'TH NMR sinyal
yarilmalari, s = singlet, d = dublet, t = triplet, q =
kuvartet, m = multiplet olarak kisaltildi NMR
dlctimleri ve element analizleri inénii Universitesi
Bilimsel ve Teknolojik Arastirma Merkezinde
(IBTAM)  gerceklestirildi. Gaz kromatografisi
analizleri, Agilent 6890N Network GC System gaz
kromatografisi cihazinda, kolon uzunlugu 30 m, kolon
¢apt 0,32 mm, kolon dolgu biiyikligi 0,25 um ve
sicaklik araligi 50 °C’den 300 °C’ye kadar olan HP-5
kolonu yapildi. GC-MS analizleri ise, Schimadzu GC-
MS QP-2010 Plus kiitle spektrometresi-gaz
kromatografisi cihazinda HP-5 kolonu kullanilarak
GC-FID dedektori yardimiyla gergeklestirildi.

OMe

MeO
1c 1d

Sekil 2. Sentezlenen eter-fonksiyonalize benzimidazolyum tuzlari (1a-d).
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2.1. Eter-fonksiyonalize
tuzlarinin (1a-d) genel sentezi

benzimidazolyum

N-(2-(2-Etoksifenoksi)etil)benzimidazol (1,41 g, 5,0
mmol) kloroformda (10 mL) ¢6ziildii ve iizerine alkil
halojeniir (5,0 mmol) ilave edildi. Cozelti 60 °C’de 24
saat karistirlldi. Tepkime tamamlandiktan sonra
¢Oziiciiniin yarist vakumda uzaklastirildi. Cozelti
lizerine Et;0 (15 mL) eklenerek olusan tim Kkati
coktiiriildi. Coken kati filtreden siiziildi, Et;0 (3x10
mL) ile yikand1 ve vakum altinda kurutuldu. Ham
iriin EtOH/Et,0 karisiminda (1:2, h/h)
kristallendirilerek saflagtirildi. Sentezlenen tim
benzimidazolyum tuzlar1 beyaz kristal kat1 olarak
yliksek verimler ile elde edildi. Eter-fonksiyonalize
benzimidazolyum tuzlarina (1a-d) ait genel sentez
yontemi Sekil 3’de gosterilmistir.

Q\,ov_ Q(ov
P (4]
N

o

P\

out

= N+

R
(1a-d)

Sekil 3. Eter-fonksiyonalize benzimidazolyum tuzlarinin

(1a-d) genel sentezi.

RX

CHCly, 60 °C, 24 saat

Sentezlenen benzimidazolyum tuzlarinin (1a-d)
yapilart 1H NMR, 13C NMR, FT-IR ve element analizi
yontemleri ile karakterize edilmistir.

2.1.1. 1-(2-(2-Etoksifenoksi)etil)-3-(2-(N,N-diizo-
propilamino)etil)benzimidazolyum Kkloriir, (1a)

1a Bilesigine ait 1H NMR spektrumu Sekil 4’de, 13C
NMR spektrumu Sekil 5’de verilmistir.

- e T O - or

Sekil 4. 1a Bilesigine ait 1H NMR spektrumu.

Hi“ I L L ]
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Sekil 5. 1a Bilesigine ait 13C NMR spektrumu.
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1a Bilesigine ait baz fiziksel ve spektroskopik veriler
asagidaki gibidir.

Verim: 2,051 g, %92, 'H NMR (300 MHz, CDCl3, 25
°C): 6 (ppm) = 082 (d, 3/ = 6,4 Hz 12H,
NCH2CH2N(CH(CH3)2)2), 1,38 (t, 3/ = 7,0 Hz, 3H,
NCH2CH>0CsH4(OCH2CH3)-2), 2,95 (t,3] = 5,2 Hz, 2H,
NCH2CH2N(CH(CHs3)2)2), 3,01 (hept, 3] = 6,5 Hz, 2H,
NCH2CH2N(CH(CH3)2)2), 3,98 (q, 3/ = 7,0 Hz, 2H,
NCHzCHzOC6H4(OCH2CH3)-2), 4,51 (t, 3 = 5,7 Hz, 2H,
NCH.CH2N(CH(CH3)2)2), 4,56 (t, 3/ = 4,6 Hz, 2H,
NCH2CH>0CsH4(OCH2CH3)-2), 5,24 (t, 3] = 4,3 Hz, 2H,
NCH,CH20CsH4(OCH2CH3)-2), 6,81-6,93 ve 7,63-7,69
(m, 7H, NCe¢HsN ve NCH,CH,0CsH4(OCH2CH3)-2), 8,22
(d, 3/ = 6,3 Hz, 1H, NCHCH;0C¢H4+(OCH,CH3)-2),
11,24 (s, 1H, NCHN). 13C NMR (75 MHz, CDCl3, 25 °C):
6 (ppm) = 15,0 (NCH2CH20CsH4(OCH2CH3)-2), 20,7
(NCH2CH2N(CH(CH3)2)2), 44,1 (NCH2CH;N-
(CH(CHs3)2)2), 44,2 (NCH2CH:N(CH(CHz)2)2), 47,6
(NCH2CH2N(CH(CH3)2)2), 48,1 (NCH2CH20CsH4-
(OCH2CH3)-2), 63,8 (NCH:CH,0CsH4(OCH,CH3)-2),
68,5 (NCH:CH,0C¢H4(OCH.CH3)-2), 112,3, 112,7,
114,3, 115,2,120,8, 122,4, 126,8, 131,1, 132,5, 147,2,
14—8,7 (NC6H4N ve NCHzCHzOC6H4(OCH2CH3)-2),
143,2 (NCHN). Element analizi C25H36CIN302 (M.A. =
446,03 g.mol?1), Hesaplanan (%): C 67,32; H 8,14; N
9,42; Bulunan (%): C 67,41; H 8,18; N 9,48.

2.1.2. 1-(2-(2-Etoksifenoksi)etil)-3-(benzil)benz-
imidazolyum bromiir, (1b)

1b Bilesigine ait 'H NMR spektrumu Sekil 6’de, 13C
NMR spektrumu Sekil 7’de verilmistir.

Sekil 6. 1b Bilesigine ait 1H NMR spektrumu.

AL wh Al J e | |

Sekil 7. 1b Bilesigine ait 13C NMR spektrumu.

1b Bilesigine ait bazi fiziksel ve spektroskopik veriler
asagidaki gibidir.

Verim: 1,949 g, %86, H NMR (300 MHz, CDCls, 25
°oC): & (ppm) = 134 (t 3 = 68 Hz 3H,
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NCH;CH20C¢H4(OCH2CH3)-2), 3,96 (q, 3/ = 7,0 Hz, 2H,
NCHzCHzOC6H4(OCH2CH3)-2), 4,58 (t, 3] = 4,4 Hz, 2H,
NCH2CH,0CsH4(OCH2CH3)-2), 5,23 (t, 3/ = 4,5 Hz, 2H,
NCH;CH20CsH4(OCH2CH3)-2), 5,82 (s, 2H, NCH;CeHs),
6,81-6,95, 7,37-7,40 ve 7,48-7,63 (m, 12H, NCsH4N,
NCH2CH>0CsH4(OCH2CH3)-2 ve NCH2C¢Hs), 8,21 (d, 3/
= 8,1 Hz, 1H, NCH2CH,0CsH4(OCH>CH3)-2), 11,54 (s,
1H, NCHN). 13C NMR (75 MHz, CDCls, 25 °C): § (ppm)
= 15,0 (NCH2CH20CsH4(OCH2CH3)-2), 48,2
(NCH2CH20CgH4(OCH2CH3)-2), 51,8 (NCH2CsHs), 63,8
(NCH2CH20C6H4(OCH2CH3)-2), 68,3 (NCH2CH20CeH4-
(OCH:CH3)-2), 112,7, 113,1, 113,8, 115,0, 115,3,
120,9, 122,5,127,1, 127,2, 128,3, 128,4, 129,4, 129,5,
131,0, 131,4, 1324, 147,1, 148, 7 (NCsH4N,
NCHzCHzOC6H4(OCH2CH3)-2 ve NCHzCsHs), 14—3,4—
(NCHN). Element analizi C24H25BrN,0, (M.A. = 453,38
g.mol1), Hesaplanan (%): C 63,58; H 5,56; N 6,18;
Bulunan (%): C 63,66; H 5,62; N 6,26.

2.1.3. 1-(2-(2-Etoksifenoksi)etil)-3-(2-metilbenz-
il)benzimidazolyum Kloriir, (1c)

1c Bilesigine ait 1TH NMR spektrumu Sekil 8’de, 13C
NMR spektrumu Sekil 9’de verilmistir.

I
1 1oF4F 4 1A i

Sekil 8. 1c Bilesigine ait 1H NMR spektrumu.

T H‘Ah JL L

Sekil 9. 1c Bilesigine ait 13C NMR spektrumu.

1c Bilesigine ait bazi fiziksel ve spektroskopik veriler
asagidaki gibidir.

Verim: 1,903 g, %90, 'TH NMR (300 MHz, CDCls, 25

°C): & (ppm) = 1,34 (t, 3/ = 7,0 Hz 3H,
NCH2CH;0CsH4(OCH,CH3)-2), 2,32 (s, 3H,
NCH2C6H4(CH3)-2), 3,95 (q, 3 = 7,0 Hz, 2H,

NCH2CH,0CsH4(OCH,CH3)-2), 4,56 (t, 3] = 4,4 Hz, 2H,
NCH2CH,0CsH4(OCH,CH3)-2), 5,24 (t, 3] = 4,7 Hz, 2H,
NCH;CH20CsH4(OCH2CH3)-2), 5,75 (s, 2H,
NCH,CeH4(CH3)-2), 6,78-6,95, 7,24-7,28 ve 7,54-7,64
(m, 11H, NC6H4N, NCHzCHzOC5H4(OCH2CH3)-2 ve
NCH2CsH4(CH3)-2), 822 (d, 3] = 81 Hz 1H,
NCH2CH;0CsH4(OCH2CH3)-2), 11,55 (s, 1H, NCHN).
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13C NMR (75 MHz, CDCl3, 25 °C): § (ppm) = 15,0
(NCH2CH20CsH4(OCH2CH3)-2), 21,2 (NCH2C¢H4(CH3)-
2), 48,0 (NCH2CH20CsH4(0OCH2CH3)-2), 51,6
(NCH2C¢H4(CH3)-2), 63,8 (NCH2CH20CecH4(OCH2CH3)-
2), 68,5 (NCH,CH,0CsH4(OCH2CH3)-2), 112,6, 1131,
114,2, 115,3,120,8, 122,4, 127,0, 128,2, 128,3, 129,4,
130,1, 130,99, 132,8, 147,2, 148,6 (NCeH4N,
NCHzCHzOC6H4(OCHzCH3)-2 ve NCHzCeHs(CHs)-Z),
143,7 (NCHN). Element analizi C2sH37CIN20; (M.A. =
422,95 g.mol1), Hesaplanan (%): C 70,99; H 6,43; N
6,62; Bulunan (%): C 71,07; H 6,46; N 6,67.

2.1.4. 1-(2-(2-Etoksifenoksi)etil)-3-(4,4'-dimetok-
sitritil)benzimidazolyum Kkloriir, (1d)

1d Bilesigine ait 1H NMR spektrumu Sekil 10’de, 13C
NMR spektrumu Sekil 11’de verilmistir.

BTy

! Sr

Sekil 10. 1d Bilesigine ait 1H NMR spektrumu.

L l‘” il " J | |

Sekil 11. 1d Bilesigine ait 13C NMR spektrumu.

1d Bilesigine ait baz fiziksel ve spektroskopik veriler
asagidaki gibidir.

Verim: 2,795 g, %84, 'H NMR (300 MHz, CDCl3, 25
°C): 6§ (ppm) = 1,36 (t 3] = 7,0 Hz 3H,
NCH2CH20CsH4(OCH2CH3)-2), 3,96 (q, 3/ = 7,0 Hz, 2H,
NCH2CH20CsH4(OCH>CH3)-2), 4,25 (s, 6H,
NC((CsHs)((CeHs(OCH3)-4)2)), 4,55 (t, 3/ = 4,5 Hz, 2H,
NCH2CH>0CsH4(OCH2CH3)-2), 5,19 (t, 3] = 4,3 Hz, 2H,
NCH,CH;0CsH4(OCH2CH3)-2), 6,76-6,92 ve 7,62-7,73
(m, ZOH, NC5H4N, NCHzCHzOC6H4(OCH2CH3)-2 ve
NC((CeHs)((CeHs(0CH3)-4)2), 8,19 (d, 3/ = 8,1 Hz, 1H,
NCH2CH>0CsH4+(OCH2CH3)-2), 11,25 (s, 1H, NCHN).
13C NMR (75 MHz, CDCI3, 25 °C): 6 (ppm) = 15,0
(NCH2CH20CsH4(0OCH2CH3)-2), 33,8 NC((CsHs)((CeHs-
(OCHs3)-4)2), 47,9 (NCH2CH20CeH4(OCH,CH3)-2), 63,8
(NCH2CH20C¢H4(OCH2CH3)-2), 68,1 NC((CeHs)((CeHs-
(OCH3)-4)2), 68,2 (NCHCH20C¢H4(OCH,CH3)-2),
112,2,112,6,112,7,112,8, 114,4, 114,5, 114,6, 115,0,
120,8,122,4,122,5,127,0, 127,2, 127,3, 131,7, 131,8,
132,1, 132,3, 147,1, 148,6, 148,7 (NCeH4N,
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NCHzCHzOC6H4(OCH2CH3)-2 ve NC((CeHs)((CeHs-
(OCH3)-4)2), 143,3 (NCHN). Element analizi
C3gH37BrN204 (M.A. = 665,63 g.mol!), Hesaplanan
(%): C 68,57; H 5,60; N 4,21; Bulunan (%): C 68,70; H
5,65; N 4,28.

2.2. Suzuki-Miyaura capraz-eslesme tepkimesine
ait genel yontem

Vakum altinda 1sitilip havasi bosaltilan ve ardindan
argon gazi ile doldurulan 10 mL’lik bir Schlenk
tiipline fenilboronik asit (0,091 g, 0,75 mmol), aril
kloriir tirevi (0,5 mmol), Pd(OAc), (5,103 mmol, 1
mol%), benzimidazolyum tuzu (1a-d) (1,10-2 mmol, 2
mol%), K»CO3 (0,138 g, 1,0 mmol), dekan (i¢ standart
olarak) (0,025 mL) ve su (3 mL)/i-PrOH (1 mL)
karisimi1 eklenerek 50 °C’de, Tablo 3’de verilen
stirelerde  karistirilldi. Tepkime sonunda oda
sicakligina kadar sogutulan c¢ozelti EtOAc/heksan
(1:5, h/h) kanisimi ile ekstrakte edildi. Organik faz
ayrildi ve susuz MgSO; iizerinde kurutuldu, mikro
silikajel kolonundan gecirilen ¢o6zelti konsantre
edildi. Uriin karakterizasyonlar1 GC-MS ile yapild.
Tepkime verimleri aril Kloriir esas alinarak GC ile
belirlendi.

3. Bulgular

Eter-fonksiyonalize benzimidazolyum tuzlar1 (1a-d),
N-(2-(2-etoksifenoksi)etil)benzimidazoliin farkh alkil
halojeniirler ile kloroform i¢erisinde 60 °C’'de, 24 saat
etkilestirilmesi ile yiiksek verimlerde (%84-92) elde
edildi. Sentezlenen benzimidazolyum tuzlarinin
karakterizasyonu !'H NMR, 13C NMR, FT-IR
spektroskopisi ve element analizi yontemleriyle
gerceklestirildi. Benzimidazolyum tuzlarinin ait 'H
NMR spektrumunda asidik H(2)-protonuna (NCHN)
ait karakteristik singlet pikleri 6 = 11,24-11,55 ppm
araliginda gozlenmistir. Benzimidazolyum tuzlarinin
13C NMR spektrumunda ise C(2)-karben karbonuna
(NCHN) ait sinyaller 6 = 143,2-143,7 ppm araliginda
gozlenmistir. Benzimidazolyum tuzlarinin FT-IR
spektrumlarinda imino grubuna ait C=N titresimleri
1552-1570 cm arahiginda sinyal vermektedir.
Sentezlenen  benzimidazolyum  tuzlarina  ait
spektroskopik degerler literattrdeki diger
benzimidazolyum tuzlari ile karsilastirildiginda, elde
edilen spektroskopik degerlerin literatiir ile uyum
icerisinde oldugu goriilmektedir [21]. Sentezlenen
yeni benzimidazolyum tuzlarina ait bazi fiziksel ve
spektroskopik veriler Tablo 1'de 6zetlenmistir.

3.1. Aril Kloriirler ile Suzuki-Miyaura c¢apraz-
eslesme tepkimeleri

Eter-fonksiyonalize benzimidazolyum tuzlarinin (1a-
d), Pd(OAc); ile in situ kosullarda etkilestirilmesi ile
olusturulan katalizorlerin fenilboronik asit ve aril
Kloriirler arasindaki Suzuki-Miyaura ¢apraz-eslesme
tepkimesindeki Kkatalitik &zellikleri incelendi. ilk
olarak  tepkimeye ait optimum  kosullarin
belirlenmesi amaciyla, Pd(OAc). ile birlikte NHC
ligandi olarak 1a benzimidazolyum tuzu model ligand
olarak secildi. Fenilboronik asit ile birlikte katalitik
eslesme ortagi olarak elektronca fakir 4-
kloroasetofenon kullanildi. Cevreci ¢oziiciiler olarak
su/i-PrOH  karisimi  (3:1, h/h) tercih edildi.
Benzimidazolyum tuzu/Pd(OAc), (2:1) Kkatalitik
sistemi varliginda baz, sicaklik ve zaman gibi farkl
parametrelerin tepkime iizerindeki Kkatalitik etkisi
incelendi. Gergeklestirilen 6n denemeler sonucunda
elde edilen veriler Tablo 2’de verilmistir.

ilk olarak en iyi bazin bulunmasi icin NaOH, KOH,
Na;C0O3, K»CO3 ve CsyCO3 gibi farkli bazlar
kullanilarak fenilboronik asit, 4-kloroasetofenon ile
etkilestirildi (Tablo 2, deney no: 1-5). Yapilan
denemelerde 80 °C sicaklikta ve 2 saat sonunda en
yuksek verimin K;CO3z bazi varliginda gercgeklestigi
gozlendi (Tablo 2, deney no: 4). Bu nedenle
gerceklestirilen kosullar altinda en iyi bazin K,CO3
oldugu belirlendi. Tepkime sicakliginin verim
tizerindeki etkisini belirlemek amaciyla farklh
sicakliklarda bir dizi deneme yapildi (Tablo 2, deney
no: 6-9). Sicakligin kademeli olarak diisiiriilmesi ile
tepkime veriminin de azaldigi gozlendi. Ornegin;
tepkime 60 °C sicaklikta gerceklestirildiginde %100
verim gozlenirken (Tablo 2, deney no: 6), sicaklik 50
oC’'ye diisiirildigiinde tepkime veriminin degismedigi
gozlendi (Tablo 2, deney no: 7). Sicaklik 40 °C’ye
disiirildiigiinde ise tepkime veriminde belirgin bir
disiis gozlenirken (Tablo 2, deney no: 8), tepkime
oda sicakliginda gerceklestirildiginde verimin %32’ye
distigi gorildi (Tablo 2, deney no: 9). Bu nedenle
tepkime icin en ideal sicakligin 50 °C olduguna karar
verildi. Son olarak tepkime siiresinin verim
tizerindeki etkisi incelendi (Tablo 2, deney no: 10-
11). Tepkime siiresi 50 °C'de 2 saatten 1 saate
distirtildiigiinde %95 verim gozlenirken (Tablo 2,
deney no: 10), tepkime siiresinin 30 dakikaya
disiiriilmesi sonucunda %52 verim elde edildi (Tablo
2, deney no: 11).

Tablo 1. Sentezlenen benzimidazolyum tuzlarinin (1a-d) baz fiziksel ve spektroskopik 6zellikleri.

. e Verim E.n. FT-IR v(cn) H(2) 'H NMR C(2) 3C NMR
LHX  Molekiil formiili (%) (°C) (cm ) (ppm) (ppm)
1a C25H36CIN302 92 186-187 1563 11,24 143,2
1b C24H25BrN20> 86 120-121 1558 11,54 143,4
1c C25H27CIN20; 90 119-120 1552 11,55 143,7
1d C3gH37BrN;04 84 165-166 1570 11,25 143,3
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Tablo 2. Fenilboronik asitin 4-kloroasetofenon ile Suzuki-Miyaura capraz-eslesmesine ait optimum kosullarin belirlenmesi«
PdiOAc), (1 mol*s)

8] LHX (1a) (2 mol%:) 0
Baz (2.0 ckiv.)

Su/i-PrOH (3:1)

1,5 ekiv, 1,0 ekiv.
Zaman Sicaklik Verim

Deney No Baz (Saat) (°C) (%)>
1 NaOH 2 80 88
2 KOH 2 80 92
3 Na;COs3 2 80 87
4 K2CO3 2 80 100
5 Cs2C03 2 80 96
6 K2CO3 2 60 100
7 K2CO3 2 50 100
8 K2CO3 2 40 65
9 K2CO3 2 25 32
10 K2CO3 1 50 95
11 K2CO3 0.5 50 52
12 K2CO3 1 50 85¢
13 K2CO3 1 50 304

aTepkime sartlari: Pd(OAc)2 (5,103 mmol, 1 mol%), LHX (1a) (1,10-2 mmol, 2 mol%), fenilboronik asit (0,091 g, 0,75 mmol),
4-kloroasetofenon (0,077 g, 0,5 mmol), baz (1,0 mmol), dekan (i¢ standart olarak) (0,025 mL), su (3 mL), i-PrOH (1 mL).
bUriin verimleri 4-kloroasetofenon esas alinarak GC ile belirlenmistir.

cCoziicii olarak su (2 mL)/DMF (2mL) karisimi kullanilmigtir.

dCozilcl olarak su (4 mL) kullanilmistir.

Tablo 3. Fenilboronik asit ile farkl aril kloriirlerin Suzuki-Miyaura ¢apraz-eslesme tepkimesi®
PA{OAC); (1 mol%a)

R LHX (1a-d) (2 mol%)
won + o~ O-C
K005 (2,0 ekiv.)

Su/-PrOH (3:1). 50°C

R

Q

1.5 ¢kiv. 1.0 ckiv.

Deney No Aril kloriir LHX Biaril tiriini Z(z;;;l V(eo/?)r;l
1 1a 1 92
2 cu@ 1b 1 80
3 1c 1 85
4 1d 1 89
5 1a 1 87
6 1b 1 80
7 C'QOME 1c OMC 1 76
8 1d 1 84
9 1a 1 95
10 0 1b 0 1 85
11 o~ 1c 1 82
12 1d 1 88
13 1a 2 84
14 1b 2 64
i ‘ lc O-0 ..
16 1d 2 70
17 MeO, 1a MeO 2 80
18 1b 2 63
19 (‘I@ 1c 2 60
20 1d 2 75
21 1a 4 84
22 C|—§©> 1b 4 75
23 1c 4 70
24 1d 4 82

aTepkime sartlari: Pd(OAc)z (5,10-3 mmol, 1 mol%), LHX (1a-d) (1,10-2 mmol, 2 mol%), fenilboronik asit (0,091 g, 0,75 mmol), aril kloriir (0,5 mmol), K2CO3
(0,138 g, 1,0 mmol), dekan (i¢ standart olarak) (0,025 mL), su (3 mL), i-PrOH (1 mL), 50 °C.
bUriin verimleri aril kloriir esas alinarak GC ile belirlenmistir.
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Tepkime siliresinin 1 saatten daha kisa tutulmasi,
tepkimenin tam olarak gerceklesmedigini
gostermektedir. Bu nedenle gercgeklestirilen kosullar
altinda fenilboronik asitin 4-kloroasetofenon ile
etkilesmesi icin en ideal tepkime siiresinin 1 saat
oldugu belirlendi. Ayrica tepkimede farkh ¢oziicii
sistemlerinin de verim {izerindeki etkisi incelendi
(Tablo 2, deney no: 12-13). Tepkime, Suzuki-Miyaura
tepkimeleri i¢in literatiirde yaygin olarak kullanilan
su/DMF karisimi ile gerceklestirildiginde, %85 verim
gozlenirken, ¢oziici olarak sadece su tercih
edildiginde tepkimede gozlenen ¢Oozliinme
problemleri ile birlikte verimin %30’a kadar diistigii
gorilmektedir.

Tablo 2’de gergeklestirilen 6n denemeler sonucunda
belirlenen tepkime kosullar1 altinda, fenilboronik
asitin farkli aril Kloriirler ile Suzuki-Miyaura
eslesmesinde sentezlenen tiim NHC ligandlarinin (1a-
d) katalitik aktivitesi incelendi. Aril kloriir tiirevi
olarak para-substitiiye 4-kloroasetofenonun yani sira
4-Kklorotoluen ve 4-kloroanisol, ve ayrica sterik
engelli orto-substitiiye 2-klorotoluen, 2-kloroanisol
ve 2,6-dimetilklorbenzen kullanildi. NHC ligandi
olarak 1a-d benzimidazolyum tuzlari1 varliginda farkl
aril klorirlerin fenilboronik asit ile Suzuki-Miyaura
capraz-eslesme tepkimesine ait veriler Tablo 3’de
verilmistir.

Yapilan katalitik calismalarda NHC ligandlarinin (1a-
d) Pd(OAc); ile in situ kosullarda etkilestirilmesi ile
olusturulan Kkatalizérlerin Suzuki-Miyaura c¢apraz-
eslesme tepkimesindeki Kkatalitik o6zellikleri sulu
ortamda ve 1limli kosullar altinda incelenmis ve
olusturulan katalitik sistem ile yiiksek verimde
eslesme iriinleri elde edilmistir (Tablo 3, deney no:
1-24). Ornegin, aril klorir tiirevi olarak 4-klorotoluen
kullanildiginda %380-92 araliginda degisen
verimlerde eslesme iiriinleri elde edilirken (Tablo 3,
deney no: 1-4), 4-kloroanisol kullanildiginda %76-87
araliginda degisen verimler gozlenmistir (Tablo 3,
deney no: 5-8). Para-substitiiye aril Kkloriirler
arasinda en aktif tir olan 4-kloroasetofenon
varliginda en ytiksek verimler elde edimistir (Tablo 3,
deney no: 9-12). Orto-substitiiye aril Kkloriirler
kullanildiginda tepkime verimin arttirilmasi i¢in daha
yuksek tepkime siirelerine ihtiya¢ duyulmustur.

Ornegin, 2-klorotoluen ve 2-kloroanisol
kullanildiginda tepkimeler 2 saatte
gerceklestirilmistir.  2-Klorotoluen ile %64-84

araliginda degisen verimlerde eslesme iirtinleri elde
edilirken (Tablo 3, deney no: 13-16), 2-kloroanisol ile
%60-80 araliginda degisen verimler elde edilmistir
(Tablo 3, deney no: 17-20). 2,6-Dimetilklorbenzen
kullanildiginda tepkime siiresi 4 saate ¢ikarilmistir.
2,6-Dimetilklorbenzen ile %70-84 aralifinda degisen
verimler elde edilmistir (Tablo 3, deney no: 21-24).

Sonu¢ olarak bu c¢alismada, para-substitiiye aril
Kloriirlerin orto-substitiiye aril Kloriirlere oranla
daha kisa siirede ve daha yiiksek verimlerde eslesme
Uriinleri verdigi goriildii. Bu durum para-substitiiye
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aril kloriirlerin katalitik doéngii boyunca metal
merkezine oksidatif katiliminin sterik sebeplerden
dolay1 orto-substitiiye aril kloriirlere oranla daha
hizl gerceklesmesinden kaynaklandig:
disiiniilmektedir. Ayrica, gergeklestirilen katalitik
¢alismalarda NHC ligandlarinin katalitik aktiviteleri
karsilastirildiginda, 1a ve 1d ligandlarinin katalitik
aktivitelerinin 1b ve 1c ligandlarinin katalitik
aktivitelerine oranla daha fazla oldugu gorildi. Bu
durum 1b ligandinda eter grubuna ek olarak amin
grubunun da bulunmasi ve her iki fonksiyonel grubun
katalitik dongii boyunca metal merkezi ile etkilesim
icinde olmasi ihtimali ile agiklanabilir. Benzer sekilde,
1d ligandinda eter grubuna ek olarak hacimli 4,4'-
dimetoksitritil grubunun sterik o6zelligi sayesinde
rediiktif eliminasyon basamagini kolaylastirdigi
diistintiilmektedir.

4. Tartisma ve Sonug

Bu ¢alismada NHC ligandi olarak eter-fonksiyonalize
dort yeni benzimidazolyum tuzu (1a-d) sentezlendi.
Sentezlenen NHC ligandlarinin yapilar1 'H NMR, 13C
NMR, FT-IR spektroskopisi ve element analizi
yontemleriyle karakterize edildi. Sulu ortamda, NHC
ligandlarinin  Pd(OAc), ile in situ kosullarda
etkilestirilmesi  ile  olusturulan  katalizérlerin
fenilboronik asit ile farkli aril kloriir tiirevleri
arasindaki Suzuki-Miyaura ¢apraz-eslesme
tepkimelerindeki katalitik o6zellikleri incelendi.
Cevreci bir c¢oziici sistemi ile gerceklestirilen
katalitik tepkimeler sonucunda yiiksek verimlerde
eslesme Triinleri elde edildi. Bundan sonraki
calismalarda ise NHC ligandlarinin gecis-metal
komplekslerinin sentezlenmesi ve hazirlanan bu
bilesiklerin farkli C-C bag olusum tepkimelerindeki
katalitik aktivitesinin incelenmesi planlanmaktadir.
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Abstract: An organic compound (1'-4-iodophenyl) trihidroxysilane (OH-
IPhSi) functionalized as hole transporting material was synthesized and
used as interface self-assembled monolayers (SAM) on ITO film. To analyze
the effect of a SAM layers on the characteristics an organic light emitting
diode (Organic LED), a typical Organic LED device (ITO/OH-
[PhSi/polymer/LiF/Al) was fabricated. The SAM-treatment ITO device
performed a higher mobility than the bare ITO device. The carrier mobility
properties were calculated by space-charge-limited current measurements
(SCLC) technique for polyfluorene (PFO) polymer Organic LED devices.

indiyum Kalay Oksit Uzerinde Kendiliginden Organize Tek Tabaka Teknigi ile
Polifluoren Tabanlh Organik Isik Yayan Diyotun Tasiyic1 Mobilitesinin Gelistirilmesi

Anahtar Kelimeler

Organik LED,

Polifluoren,

Kendiliginden Organize Tek Tabaka

Ozet: Hole tasima malzemesi olarak islev géren bir organik bilesik (1'-4-
iyodofenil) trihidroksisilan (OH-IPhSi) sentezlendi ve indiyum kalay oksit
(ITO) anodu tlizerinde kendinden organize tek tabaka (KOT) olarak kaplandi.
Bir KOT katmaninin, bir organik 151k yayan diyot (Organik LED) iizerindeki
etkisini arastirmak igin, tipik bir Organik LED cihazi (ITO / OH-IPhSi /
polimer / LiF / Al) yapilmistir. KOT ile modifiye edilmis cihaz, ¢iplak ITO
cihazindan daha ytiksek bir mobilite gostermistir. Bunun yani sira, ytiklerin
mobilite 6zelliklerinin, polifloren (PFO) polimer Organik LED cihazlari i¢in

space charge limitli akim (SCLC) teknigi kullanilarak hesaplanmistir.

1. Introduction

Organic LEDs has become important in recent years
owing to the possible applications as commercial
devices in organic electronic industry such as mobile
phones and display screen etc.[1-4]. The interfacial
phenomena is important for performance and
stability of an organic LEDs. An assortments of
interfacial modifications have been taken to both
cathode/organic and anode/organic junctions to
enhance the charge injection, and device
performance[5]. The modification of indium tin oxide
(ITO) anode/hole transport layer (HTL) interface
play a significant role about hole injection. One of the
novel treatment techniques is to use SAM between
anode and HTL. The SAM layer is used for surface
modification in order to enhance the carrier mobility
and has had a powerful potential to improve the
interfacial compatibility between the hydrophilic ITO

*Corresponding author: alikemal.havare@gmail.com
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and hydrophobic organic layers[6, 7]. Moreover, the
other functions of SAMs in Organic LED: as increase
the work function of ITO, a current blocking layer and
enhance the stability of HTL layer and the adhesion
[8,9].

In this study, we investigated the electrical properties
of SAM treatment ITO surface to elucidate the
performance of ORGANIC LED devices. The new
generation OH-IPhSi -SAM molecule was synthesis to
modified ITO surface. Two different standard Organic
LED devices were fabricated which is the structure
ITO/PFO/LiF/Al and ITO/OH-IPhSi /PFO/LiF/Al to
compare their electrical characteristics by means of
carrier mobility via SCLC method. SCLC
measurements have been used to evaluate carrier
mobility under steady state of current in an organic
layer [10-12].
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2. Material and Method
2.1. Materials and Preparation of ITO

The polyfluorene (PFO, 99%) and ITO films with a
surface resistivity of 15-25 Q/sq were purchased
from Sigma Aldrich. Al metal with a purity of 99%
was used as cathode contact material in the Organic
LED devices. The synthesis of SAM material (a
trihidroxysilane derivative) was carried out by a
previously published procedure [J. Ohshita, A.
Yamashita, T. Hiraoka, A. Shinpo, and A. Kunai,
Polymeric Organosilicon Systems. 27. Preparation
and Reactions of Poly[(ethoxysilylene)phenylenes]
and Thermal Properties of the Resulting Polymers,
Macromolecules, 1997, 30, 1540-1549.] and it is
depicted in Schemel.

L OH @)

o—,léi-ﬂ + 1~< :)—.\Ig, — I [”’_"r‘_<\:/>']
‘-’] \1 OH

OH-IPhSi
HBCM. o8 [b]
n
HyC CgHiz CgHyz CHs
PFO

Figure 1. Synthetic pathway and structure of SAM molecule
OH-IPhSI (a), and structure of PFO polymer (b).

The aim of the development of the ITO surface is to
remove the impurities and to obtain reactive ITO
surface as well as to increase the interactions
between ITO and SAM interface. In order to refrain to
any contamination that may prevent bounding of
SAM on ITO, the tools are carefully cleaned in all
steps fabricating the device process. The ITO
substrates were cleaned by the following procedure;
firstly, the films are bathed in an ultrasound solution
of ultrapure water for 30 min, and then they are
rinsed in pure NaOH (30%) for 20 min after that they
are immerged in pure sulphuric acid (98%) during 20
seconds. The final step, the films are rinsed again in
an ultrasound bath of ultrapure water for 2 min.
These treatments are performed in order to provide
ITO surface more hydrophilic and reactive to help
formation of SAM properly. ITO coated glasses
(2.5%2.5 cm) were kept in 1ImM OH-IPhSi chloroform
solution for 24 hours in order to let the formation of
SAM film on ITO. Then the glasses were rinsed to
remove uncoated organic material and then dried
slowly by Nitrogen.

2.2. The formation of Organic LED layers

The layers of the Organic LED devices were formed
by thermal evaporation. The active polymer
polyfluorene (PFO) film is coated by spinning onto
the ITO/OH-IPhSi substrate. Metal layer, aluminum
(Al), was evaporated at a rate of 1 A/s under a base
pressure of 5x10-¢ mbar. The structure of Organic
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LED devices are in the configuration of ITO/PFO (70
nm)/LiF/Al (120 nm) and ITO/ OH-IPhSi /PFO (70
nm)/LiF (5nm)/Al (120nm).

LiF {5 nm)

PFO (70 nm)
SAM

ITo

Figure 2. The structure ofOrganic LED device layer by
layer.

3. Result

In our study, Polymer Organic LEDs create lights by
various steps as follows. By forward bias, positive
charge carrier (holes) are tunneling from the anode
to the highest occupied molecular orbital (HOMO) of
PFO at the same time negative charge carriers are
injected from the cathode to the lowest unoccupied
molecular orbital (LUMO) of PFO (Figure 3). In this
heterostructure device, interface barrier leads to an
injection-limited current. Hole injections is able to be
tunneling (Fowler-Nordheim injection) or be
thermionic emission injection[13]. As a result, the
injection of hole or electrons between layers is the
first step to form light. Therefore, enhancing the
interface between the contacts and the organic layer
becomes critical to obtain better device performance.

e-

wmo \
\‘% -30 . '35 _43
/ Al

&7
A
.7

Energy (eV)

pro  UF
Figure 3. The energy diagram of polymer Organic LED.

Similarly, the matching energy level of each layer is
an important point to balance the hole and electrons
in emissive layer to enhance the device performance.
The problem of the multilayers’ structure in Organic
LED device is mismatch of energy level may prevent
holes and electrons injection from anode and cathode
contacts. Modification of ITO anode by SAM and Al
cathode by LiF is popular solutions to overcome these
kinds of difficulty. SAM-OH-IPhSi form an extra
HOMO levels on ITO surface and it is shifted the
HOMO level of ITO toward HOMO of PFO after
modification. So that OH-IPhSi layer may aid the
holes to tunnel from fermi energy level of ITO to the
HOMO of PFO (Figure 3.). The easiest way to
understand how to SAM layer affect hole injection on
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the performance of the Organic LED device is to
measure Current-Voltage (I-V) and calculate the hole
mobility by Space charge limited current (SCLC).

14 T T T T T T T

® ITOPFO/AI
12 ITO/OH-IPhSIPFOIAI ]
10 - — = 0,0048726 E"fa,ESTngJ R= 097452 -

=y = 0,0038594 * 0"{1,1919x) R=0,99658

[--]

Current (mA)
L]

12
Voltage (V)

Figure 4. The current (I)-Voltage (V) characteristic of

ITO/PFO/LiF/Al and ITO/OH-IPhSi/PFO/LiF/Al Organic

LED device.

The current (I)- Voltage (V) characteristics of the
Organic LED with and without SAM treatments were
shown in Figure 4. The turn-on voltage of the OH-
[PhSi- Organic LEDs is lower than bare one that
implies the hole injection is increased by SAM
interface between ITO and the PFO layer (Figure 4.).
The curve of J-V is fitted to see in detail the increasing
current density for each device by exponential curve
fit. When the current density becomes 1 mA, the
voltage of ITO/PFO/LiF/Al and
ITO/OHIPhSi/PFO/LiF/Al is 2 V and 3.1 V,
respectively (Figure 5(a)). It can be seen easily from
Figure 5(a) that the OH-IPhSi -modified Organic LED
device shows higher current density for the same
voltage. It is means that OH-IPhSi-SAM layer let more
holes to get tunneling from ITO to HOMO level of PFO
and at the same time the balance of holes and
electron are adjusted in emissive layer (PFO layer).
As well as the logarithmic curve fit of J-V
characteristic data also shows that OH-IPhSi-SAM
layer increases hole injections at the interface of ITO
and organic layer (Figure 5(b)). The turn-on voltages
for both modified ITO with OH-IPhSi and bare ITO
devices are compared.

The device shows diode characteristic current that
the charges flow is ruled by Ohm’s law once the
external electric field is less than 104 V/cm, injected
charge density is less than intrinsic current flow
density. That is because the mobilities in organic
luminescent materials are low. Charge injection into
low mobility organic materials inherently leads to
charge accumulations in the organic layer. The
formed charge partially keeps out the applied electric
field, leading to its redistribution. With the
application of high external field (>105 V/cm), the
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injected current density is higher than intrinsic
charge density near the electrode/organic interface
because of low carrier mobility. Thus, the internal
electric field is improved by the space charges and
the current density ] is governed by the SCLC[11, 12]
and can be described as,
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Figure 5. The current density (])-Voltage (V) characteristic
of ITO/PFO/LiF/Al and ITO/OH-IPhSi /PFO/LiF/Al Organic
LED device with exponential curve fit (a), and logarithmic
curve fit (b).

L is the thickness of the organic layer, g, and € are the
permittivity of the free space and the relative
dielectric constant, respectively (Figure 6(a)).
Arbitrarily located dipoles in the organic layers and
randomly interaction and collision each charge lead
to decreases the hole mobility p. Thus, the mobility
concerning the electric field and is defined by Poole-
Frenkel equation[14],

H(E) = poexp(BVE) (2)
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Table 1. The maximum current, current density, the logarithm of J/E2 for ITO/ OH-IPhSi/PFO/LiF/Al and ITO/PFO/LiF/Al

device

Turn on Voltage

ITO/PFO/LiF/Al 7
ITO/ OH-IPhSi/PFO/LiF/Al 4.5

J(mA/cm?) In]J/E2(900V/cm2) p(cm2/Vs)
56.5 (7 V) -31.3 4.5x10-6
54.3(4.5V) -29.2 4.3x10-7

B is Poole-Frenkel factor and po is the zero-field
mobility. From the combinations of equa. (1) and (2),
the field dependent SCLC [15, 16]is described by

2
J = ez poexp(BVE) (3)
The carrier mobility is an important parameter for all
electronic devices in terms of performance. It is
calculated the hole mobility of ITO/ OH-
IPhSi/PFO/LiF/Al and ITO/PFO/LiF/Al using SCLC
technique (Figure 6(b)).
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Figure 6. The square root of the applied electric field
versus the logarithm of J/E2 for ITO/ OH-IPhSi/PFO/LiF/Al
and ITO/PFO/LiF/Al structure (a), the carrier mobility p of
these devices (b).

4, Discussion and Conclusion
SAM modification on the device leads to have better

performance comparing to unmodified one. SAM
layer cause lower the barrier of charge injection and
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improve the interfacial layers the between metal
contacts and organic layer (Figure 3). It is obvious
that ITO/OH-IPhSi/PFO/LiF/Al device indicate the
current increases faster than nonmodified device by
the linear fitting of In(J/E?) curve (Figure 6(a)). There
is a correlation between J-V characteristic results and
hole mobility result, the carrier mobility is 4.5x10-¢
cm?/Vs of OH-IPhSi modified Organic LED device and
4.3x107 cm?/Vs of ITO/PFO/LiF/Al at 900 V/cm
electric field. (Figure 6(b)). 10 times higher mobility
is obtained by modifying ITO surface with respect to
bare one. The literature is showed that the hole
mobility of the organic diodes are changes between
10-¢ and 10-3 cm2/Vs under the electric field and all
the results are found in this study is consistent with
the literature[16-19].
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Anahtar Kelimeler Ozet: Bu calismada, pomzada tane boyutu ve yogunlugunun kuru birim hacim

Pomza, agirhg (gevsek) degeri tlizerine etkilerinin belirlenmesi amaglanmistir. Calisma

x?ﬁﬁﬁum‘ ayrica, farkli ozgill agirliklara sahip olan pomza numuneleri kullanilarak

Ku%u birir‘n hacim agirlik hazirlanan yapi bloklariin termal iletkenliklerini de arastirmayir amaglamistir.

gIriK, .. s o 1 . . .. .

Termal iletkenlik Yapilan testlerde, Isparta bolgesi, Tiirkiye’den temin edilen pomza 6rnegi, 4.75 mm
ile 50 mm arasinda doért farkli boyutta siniflandirilmis. Her bir boyuttaki pomza
numunesi, farkli yogunluklarda pomza orneklerinin elde edilmesi amaciyla 1.2
g/cm3 ve 1.8 gr/cm3 arasinda, ¢inko Klorir (ZnCl;) kullanilarak hazirlanan agir
ortam sivilarinda laboratuvar olgekli yiizdiirme-batirma testlerine tabi
tutulmustur. Sonuglar, kuru birim hacim agirlik degerlerinin pomza numunelerinin
yogunluguna ve tane boyutuna bagh olarak degistigini; yiiksek yogunluklu pomza
numuneleri ile karsilastirildiginda diisiik yogunluklu pomza numunelerinin daha
diisiik kuru birim hacim agirlik degerleri sergiledigini gdstermistir. Buna ek olarak,
kiiclilen tane boyutu ve artan pomza yogunlugu ile birlikte kuru birim hacim
agirlik degerlerinin arttig belirlenmistir. Sonuglar ayrica, diisiik yogunluklu pomza
ornekleri kullanilarak hazirlanan yapi bloklarinin, yiikksek yogunluklu pomza
ornekleri ile hazirlanan yap1 bloklarindan daha iyi 1s1 iletkenligi sagladigini
gostermistir.

Influences of Physical Properties of Pumice on Its Dry Unit Volume Weight and Thermal

Conductivity
Keywords Abstract: This study aimed to determine the influences of particle size and density
Pumice, of pumice on its dry unit volume weight (loose) values. The study also aimed to

Particles size,

Density,

Dry unit volume weight,
Thermal conductivity

investigate the thermal conductivities of building blocks prepared using pumice
samples having different specific gravities. For the tests, as-received pumice
sample, obtained from Isparta province, Turkey, was classified in four different
size fractions between 4.75 mm and 50 mm. Each sized pumice sample was
subjected to laboratory scale float-sink tests in heavy medium liquids, prepared
using zinc chloride (ZnCl;), between 1.2 g/cm3 and 1.8 g/cm3 in order to get
pumice samples with different densities. The results showed that dry unit volume
weight (loose) values of pumice samples varied depending on the density and
particle size of pumice samples. The pumice samples having lower densities and
bigger particle sizes displayed lower dry unit volume weight values, compared to
those of higher densities and smaller particle sizes. The results also showed that
building blocks prepared using pumice samples having lower densities provided
better thermal conductivities than high-density pumice samples.

1. Giris Volkanin piiskiirme siddeti ve pomzanin gozeneklilik

derecesi magmadaki artan ¢6ziinmiis gaz miktar ile
Acik renkli, hafif ve yiiksek silis icerikli volkanik bir artarken, piskiirme sonucu olusan ince boyutlu
kaya¢ olan pomza, magmanin volkanik piiskiirme olanlar piimisit (pumicite), iri boyutlu olanlar ise
esnasinda hizla sogumasina ve basincin hizla pumis (pumice) ya da pomza adini almaktadir [1]. Bir
diismesine bagli olarak biinyesindeki ¢6zliinmis kristal yapisi olmadig: icin cam olarak kabul edilen
gazlarin ve suyun eriyikten hizla uzaklasmasi pomza, ortalama 1-2 ozgill agirhiga ve 5-6 Mohs
neticesinde gozenekli bir o6zellik kazanmaktadir. sertlik degerine sahiptir [2-4]. Gozenekler arasi camsi
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bir =zarla ayrilan pomzanin go6zeneklilik orani
%70’lere kadar c¢ikabilmekte ve makro boyutlardan
mikro boyutlara kadar genis bir boyut dagilimi
gostermektedir [5].

Pomza silingerimsi gozenekli yapisina baghh olarak
disik ozgil agirhk oOzelligi gostermektedir.
Birbirlerinden camsi zarlar ile ayrilan diizensiz ve
kiiresel, oval ve uzamis boru seklinde olabilen
gozenekli yapr pomzaya sese, 1siya ve soguya karsi
¢ok iyi bir yalitim o6zelligi kazandirmaktadir [6, 7].
Ayrica atese ve neme dayanakliligl, yiiksek basing
mukavemeti, normal betonla karsilastirildiginda
pomzali betonun deprem yiiklerine kars1 daha elastik
davranis gosterebilmesi ve pomza icerikli beton/yap1
elemanlarinin dona karsi dayanikli olmasi vb.
ozellikleri nedeniyle madenciligi yapilan pomzanin
yaklasik %80’i insaat sektdriinde kullanilmaktadir
[8,9].

Pomzanin insaat sektoriinde kullanimi c¢ogunlukla
hafif tuglalar, bloklar (bims vb.), asmolenler, paneller
vb. seklindedir. Yiiksek puzzolanik o6zellige sahip
pomza katkili beton kullanimi ile betonun hafif
olmasi, dolayisiyla bina yiiklerinin 6nemli o6l¢iide
azalmasi saglanmaktadir. Normal kum/¢akilin 6zgiil
agirliklar ile kargilastirildiginda pomza kullanimi ile
yaklasik 1/3-2/3 oraninda daha az o6zgil agirlikh
beton eldesi saglamaktadir [10]. Fiziksel 6zelliklerine
ek olarak pomza kimyasal olarak da inert (tesirsiz)
ozellik sergilemektedir [11].

Pomza dogada genellikle andezit, bazalt ve traverten
ile birlikte bulunmakla birlikte, pomza rezervleri az
miktarda plajiyoklas ve alkali feldispatlar, piroksen,
olivin, mika, amfibol ve kuvars da icermektedirler
[12]. Pomza ile Kkarsilastirildiginda gozenekli bir
yapisal oOzellik sergilemeyen ve daha yiiksek
yogunluklara (2-4.5 gr/cm3) sahip olan bu
minerallerin varligi, elde edilen iiriiniin yaliim
ozelligini dusiirirken, birim hacim agirhigim da
artirmaktadir. Bu sebeple, mekanik kazi1 yontemleri
ile acik isletme madenciligi uygulanarak iiretimi
gerceklestirilen ve kazi islemleri sonrasinda herhangi

icin cevherden bu minerallerin uzaklastirilmasi
gerekmektedir.

Bu baglamda bu ¢alisma kapsaminda Isparta, Gelincik
bolgesinden temin edilen ve 4.75 mm ile 50 mm
arasinda 4 farkli boyut araliginda siniflandirilan
tlivenan pomza numunesinin tane boyutuna ve
yogunluguna bagh olarak kuru birim hacim
agirliklarina olan etkileri incelenmistir. Calisma
ayrica farkli yogunluklara sahip pomza numuneleri
kullanilarak elde edilen yap1 bloklarinin termal
iletkenlik degerlerinin belirlenmesini de
amaglamistir.

2. Malzeme ve Yontem

Tiivenan pomza numunesi, Gelincik bdlgesi,
Isparta’da faaliyet gosteren ISBAS Bimsblok A.S.’den
temin edilmistir. 50 mm’den daha ince boyut
dagilimina ve yaklasik 642 kg/m® kuru birim hacim
agirhk degerine sahip olan tlivenan pomza
numunesinin X-1sin1 floresans (XRF) analizi sonuglari
% 60 SiO2, % 17.8 Al;03, % 4.7 Fe203, % 2.7 MgO, % 8
Na;0+K;0 ve % 5 CaO olarak belirlenmistir.

Deneysel c¢alismalar Oncesinde pomza numunesi
oncelikli olarak -50+25 mm, -25+15 mm, -15+10 mm
ve -10+4.75 mm tane boyutu araliklarinda
smiflandirilmistir. Her bir dar tane boyutu araliginda
elde edilen pomza numuneleri daha sonra ayr1 ayri
laboratuvar 6l¢ekli ylizdiirme-batirma testlerine tabi
tutulmustur. Yiizdiirme-batirma testlerinde
kullanilan 1.2-1.8 gr/cm3 yogunluklar arasinda 0.1
gr/cm3lik artis oranina sahip (Sekil 1) agir sivilar
¢inko Kkloriirin  (ZnCl;) suda ¢Oziinmesi ile
hazirlanmigtir. Agir sivilarin yogunluklar: her bir test
oncesinde tekrar kontrol edilmis, yogunluk degerleri
degisen sivilarin yogunluklari ¢inko klortr ilavesi ile
tekrar ayarlanmistir. Testler sonrasinda her bir
yogunlukta elde edilen pomza (ylizen) numuneleri
stizge¢ yardimiyla ayr1 ayr1 alinarak tanelerin
yuzeylerini kaplayan ¢inko Kkloriir ¢ozeltisinin
uzaklastirilmas: amaciyla yikanmis, suzilmis ve
100°C’de etiivde kurumaya birakilmistir.

bir zenginlestirme islemine tabi tutulmadan
¢ogunlukla eleme islemleri ile boyuta gore
siniflandirilmakta olan pomza kalitesinin artirilmasi
BESLEME
Yizen Yizen Yizen Yiizen Yiizen Yiizen Yizen
A & A A A r'y
{ _Batan _Batan % Batan % Batan 1 Batan T Batan
P P P o oL P |
L v Py Py R Pl R L
il
1.8gr/em?  1.7gr/cm? 1.6gr/em®* 1.5gr/cm? 1.4gr/cm? 1.3gr/cm? 1.2gr/cm?

Cinko kloriir (ZnCl;)’ It agir ortam sivilarn

Sekil 1. Laboratuvar 6lgekli ylizdiirme-batirma test diizeneginin sematik goriintiisi.
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Cogunlukla yogunluk, kiitle yogunlugu veya birim
kiitlesi olarak adlandirilan birim hacim agirligy;
kapasitesi kg/m3 olarak ifade edilen bir kabi
dolduran kuru numunenin agirhigi olarak tamimlanir.
Bu calisma kapsaminda her bir boyut araligindaki
pomza numunelerinin (farkli yogunluklarda) kuru
birim hacim agirliklari, uygun boyuttaki bir 6l¢ii
silindirine  (meziir) tartilmis bir  kisminin
yerlestirilmesi ve Kkaplanan hacmin belirlenmesi
yoluyla hesaplanmistir. Hesaplamalar her bir
degisken icin 2 numune hazirlanarak
gerceklestirilmis, aritmetik ortalama degeri nihai
birim hacim agirlign degeri olarak kabul edilmistir.
Tilivenan pomza numunesinin her bir dar tane boyutu
araligindaki % miktarlar1 ve kuru birim hacim agirhik
degerleri Tablo 1’de verilmistir. Sonuglara gore
tlivenan pomza numunesinin yaklasik %68’inin 15
mm’den daha iri boyutlu oldugu ve kuru birim hacim
agirhiklarinin kiiciilen tane boyutu ile ters orantili
olarak arttig1 goriilmektedir.

Tablo 1. Tiivenan pomza numunesinin tane boyu
dagilimina bagh kuru birim hacim agirlik degerleri.

Tane Boyutu % Birim Hacim Agirligt

(mm) Agirhk (kuru) (kg/m®)
-50+25 3241 643.08
-25+15 35.22 583.56
-15+10 12.93 649.85
-10+4.75 9.28 717.04
-4.75 10.16 762.10

Gercgeklestirilen ylzdiirme-batirma testleri

sonucunda elde edilen her bir farkli yogunluga sahip
pomza numuneleri kullanarak hazirlanan yap1
bloklarinin hazirlanma islemleri 10x10x10 cm3
hacimli kaliplarda Celik Makina markali beton presi
(Sekil 2 (a)) ile 25 MPa basing uygulanarak
gerceklestirilmistir. Cihaz ayni zamanda tek eksenli
basma ve dolayli cekme dayanimi yapma kabiliyetine
sahip olmakla birlikte max 200 ton yiikleme
kapasitesi saglamaktadir. Termal iletkenlik degerleri

ise EN 1946-2'ye uygun olarak ISBAS AS.
laboratuvarlarinda <1% hata paymna sahip ytiksek
hassasiyet ve dogruluk ile olgim islemleri

gerceklestiren Lambda-Messtechnik GmbH Dresden,
Lambda Meter EP500e (Sekil 2 (b)) ile belirlenmistir.

Sekil 2. Calismalarda kullanilan (a) Tek eksenli basing
dayanimi test cihazi ve (b) Termal iletkenlik 6l¢er, Lambda
Meter EP500e
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3. Deneysel Sonuglar

Calismanin bu béliimiinde tane boyutuna gore
siniflandirilmis pomza numuneleri ile gerceklestirilen
ylzdiirme-batirma test sonuglari, farkli yogunluklara
sahip pomza numunelerinin kuru birim hacim agirlik
degerleri ve pomza numuneleri kullanilarak
hazirlanan yapi bloklarinin termal iletkenlik degerleri
verilmistir. Birim hacim agirlik belirlemeleri igin
sonuglar azalan tane boyutu dagilimina gore alt
basliklar halinde sunulmustur.

3.1.-50+25 mm tane boyutlu pomza numunesinin
yogunluga dayali kuru birim hacim agirliklarinin
belirlenmesi

Tablo 2'de -50+25 mm tane boyutu araliginda
siniflandirilmis pomza numunesi ile gerceklestirilen
yluzdirme-batirma test sonuglari ile elde edilen her
bir yogunluk i¢cin % agirlikca numune miktarlar1 ve
Sekil 3’de her bir yogunluktaki pomza numunelerinin
kuru birim hacim agirliklar1 grafiksel olarak
verilmistir. Sonuglara goére beslemenin yaklasik %
37’si 1.8 gr/cm3den daha agir malzeme olarak
alinirken, yaklasik % 11.2'lik kismui ise 1.2 gr/cm3%den
daha hafif malzeme olarak yiiziin iriin olarak
alinmistir.

Dolayisiyla 1.2 gr/cm?®de ylizen pomza numunesinin
kuru birim hacim agirlik degeri 360 kg/m3 iken, artan
yogunlukla birlikte pomza numunelerinin kuru birim
hacim agirlik degerleri kademeli olarak artarak 1.5
gr/cm3de ylizen pomza numunesi i¢in 560 kg/m?3’e,
1.8 gr/cm®de yiizen pomza numunesi igin 700
kg/m3%e ve 1.8 gr/cm®*de batan pomza numunesi i¢in
ise 1000 kg/m?3’e ¢cikmaktadir.

Tablo 2. -50+25 mm tane boyutu araliginda siniflandirilmis
pomza numunesinin yiizdiirme-batirma test sonuclari

Yogunluk Agirhik

(gr/cm3) (%)
Yiizen 1.2 11.17
1.2 - 1.3 18.46
1.3 - 14 16.00
1.4 - 15 8.67
1.5 - 1.6 1.84
1.6 - 1.7 4.00
1.7 - 1.8 3.06
1.8 Batan 36.80

Besleme 100.00

3.2.-25+15 mm tane boyutlu pomza numunesinin
yogunluga dayali kuru birim hacim agirliklarinin
belirlenmesi

Tivenan cevherin yaklasik % 35’ini olusturan ve
deneysel calismalarda kullanilan ikinci en iri boyut
aralign  olan, -25+15 mm’'de Dboyuta gore
siiflandirilmis pomza numunesi kullanilarak elde
edilen ylzdirme-batirma test sonuglart ve
numunelerin yogunluga baglh kuru birim hacim
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agirlik degerleri sirasiyla Tablo 3 ve Sekil 4'de
verilmistir. Sonuglara gore, beslemenin yaklasik %
30'u 1,8 gr/cm¥den daha agir malzeme olarak
alinirken, yaklasik % 7’si ise yiizdiirme-batirma
testlerinde elde edilen en az yogunluklu malzeme
olarak 1.2 gr/cm¥lik agir sivida ylizen pomza
numunesi olarak elde edilmistir.

1100

900 A

Binm Hacim Agirlik

300 T T T
1.3 1,5 1,7 1,9
Yogunluk (gr/cm?)

Sekil 3. -50+25 mm tane boyutu araliginda simiflandiriimis

pomza numunesinin yogunluga dayali birim hacim agirhik
degerleri

Tablo 3. -25+15 mm tane boyutu araliginda siiflandirilmis
pomza numunesinin yiizdiirme-batirma test sonuclari

Yogunluk Agirhk

(gr/cm?) (%)
Yiizen 1.2 7.06
1.2 - 13 16.21
1.3 - 14 18.66
1.4 - 15 16.35
1.5 - 16 4.74
1.6 - 17 4.44
1.7 - 18 2.67
1.8 Batan 29.88

Besleme 100.00

Kuru birim  hacim agirliklarinin  pomzanin

gozeneklilik oram ile ters orantili oldugu, artan
gozeneklilik orani ile birlikte elde edilen numunelerin
birim hacim agirliklarinin azaldigi goriilmektedir. Bu
nedenle tiivenan cevherde ayni boyut araligl icin elde
edilen yaklasik 585 kg/m3lik kuru birim hacim
agirhgr degeri ile karsilastirilldiginda, 1.2 gr/cms3
yogunluklu cinko kloriir ¢ézeltisinde ylizen pomza
numunesinin birim hacim agirhig yaklasik % 40’lik
bir azalma ile 347 kg/m3%e diismektedir.

Artan malzeme yogunlugu ile birim hacim agirliklari
kademeli olarak artarak; 1.3 gr/cm?%de yilizen pomza
numunesi i¢cin 370 kg/m3e, 1.5 gr/cm3de yiizen
pomza numunesi icin 460 kg/m3e, 1.7 gr/cm3de
ylizen pomza numunesi i¢cin 600 kg/m3e ve 1.8
gr/cm3de yilizen pomza numunesi icin ise 750
kg/m3e ulasmaktadir. 1.8 gr/cm3de batan pomza
numunesinin birim hacim agirhigi ise bu boyut
araliginda elde edilen en yiiksek deger olan 910
kg/m?3’e kadar yiikselmektedir.
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Sekil 4. -25+15 mm tane boyutu araliginda siniflandirilmis
pomza numunesinin yogunluga dayal birim hacim agirhik
degerleri

3.3.-15+10 mm tane boyutlu pomza numunesinin
yogunluga dayali kuru birim hacim agirhiklarinin
belirlenmesi

Tablo 4 ve Sekil 5’de verilen sonuglara gore kiigiilen
tane boyut dagilimi ile birlikte pomza numunelerinin
gozeneklilik oranlar1 azalmakta, boylece daha iri
boyutlara kisayla 1.2 gr/cm3 ve 1.3 gr/cm3
yogunlukta yiizen iriin olarak elde edilen pomza
numunesinin miktar1 azalmaktadir. 1.2 gr/cm3
yogunluklu ¢inko Kkloriir ¢ozeltisinde beslemenin
yalmzca %1.2’si yilizen iirtin olarak alinirken, bu
deger 1.3 gr/cm3® yogunluk icin yaklasik olarak
%6.2'ye cikmaktadir. Belirtilen yogunluklar i¢in birim
hacim agirliklar1 ise sirasiyla 343 kg/m3 ve 390
kg/m3 olarak Dbelirlenmistir. Daha iri tane
boyutlarinda simiflandirilan pomza numunelerinin
birim hacim degerlerinde oldugu gibi, -15+10 mm
tane boyutunda simiflandirilmis pomza numunesinin
birim hacim agirhigi degerleri de yogunlukla dogru
orantili olarak artmaktadir. Elde edilen sonuglara
gore %12.5'i 1.6 gr/cm3 yogunluklu cinko Kloriir
cozeltisinde yilizen {riin olarak alinan pomza
numunesinin birim hacim agirhigi1 510 kg/m3 iken, bu
deger 1.8 gr/cm3 yogunlukta yiizen pomza numunesi
icin 730 kg/m?3’e ¢cikmaktadir.

Tablo 4. -15+10 mm tane boyutu araliginda siniflandirilmis
pomza numunesinin yiizdiirme-batirma test sonuglari

Yogunluk Agirhik

(gr/cm?3) (%)
Yiizen 1.2 1.18
1.2 - 1.3 6.15
1.3 - 14 12.76
1.4 - 15 22.13
1.5 - 16 12.52
1.6 - 1.7 6.17
1.7 - 1.8 3.99
1.8 Batan 35.10

Besleme 100.00
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Birim Hacim Agirlik
(kg/m?)
-
=]
=
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Sekil 5. -15+10 mm tane boyutu araliginda smiflandirilmis

pomza numunesinin yogunluga dayali birim hacim agirlik
degerleri

1.9

>

34. -10+4.75 mm tane boyutlu pomza
numunesinin yogunluga dayali kuru birim hacim
agirliklarinin belirlenmesi

Pomzalarin tane boyutlarnn kigiildiikee iligkili gang
minerallerinden serbestlesme dereceleri artmaktadir.
Ancak bu durum, o6zellikle pomza tanelerinin
¢ogunlukla makro gozeneklerden olusmasi
durumunda go6zeneklilik oranini olumsuz olarak
etkilemektedir. -10+4.75 mm pomza numunesi
(Tablo 5) kullanilarak elde edilen sonuglar, besleme
numunesinin % 50'den fazlasinin 1.4-1.6 gr/cm3
yogunluklu c¢inko kloriir ¢ozeltilerinde yilizen
malzeme olarak alindigini géstermistir.

Belirtilen yogunluklardan daha diisiik yogunluklarda
ise yilizen pomza numunesi elde edilemezken,
besleme malzemesinin yaklasik %37’si ise 1.8
gr/cm31ik cinko Kloriir ¢6zeltisinde batan malzeme
olarak alinmistir. Bu boyutta en diisiik birim hacim
agirhgr 1.4 gr/cm3de ylizen pomza numunesi icin
380 kg/m?3 olarak hesaplanmistir (Sekil 6).

Tablo 5. -10+4.75 mm tane boyutu araliginda
siniflandirilmis pomza numunesinin yiizdiirme-batirma
test sonuglari

Yogunluk Agirlik

(gr/cm?) (%)
Yiizen 1.2 0
1.2 - 13 0
1.3 - 14 0.95
1.4 - 15 10.88
1.5 - 16 37.98
1.6 - 1.7 5.33
1.7 - 1.8 7.89
1.8 Batan 36.97

Besleme 100.00

30

3.5. Termal iletkenlik analizleri

Yap1 bloklar1 iliretiminde normal agregalar yerine
pomza, perlit vb. gézenekli minerallerin kullanimi ile
hafif normal agregalarla iiretilmis yap1 bloklariyla
karsilastirildiginda hem agirlik bakiminda hem de
termal yalitim agisindan cesitli avantajlarin sagladigi
bilinmektedir [13-16]. Ancak, bu ¢alisma kapsaminda
gerceklestirilen ylzdiirme-batirma test sonuglarina
gore pomza ayni ocaktan uretimi gerceklestirilmis
numunede her bir dar tane boyutu araliginda farkh
yogunluklara sahip pomza tanelerinin bulundugu
gorilmistir.

1000 -
=
= 800 A
D
<~
£ E600 -
2 &
= 5/400 .
g
5
A 200 A
0 T T
1,1 1,3 1,5 1,7 1,9
Yogunluk (gr/cm?)
Sekil 6. -10+4.75 mm tane boyutu araliginda

siniflandirilmis pomza numunesinin yogunluga dayali birim
hacim agirlik degerleri

Bu baglamda c¢alismanin bu asamasinda 1.2-1.8
gr/cm3 yogunluk araliginda 0.2 gr/cm3 yogunluk artis
oranlarina sahip 4 farkli pomza numunesi dncelikle
ayrt ayr1 -16 mm tane boyutuna kirilmis ve
sonrasinda -16+8 mm, -8+4 mm ve -4 mm tane
boyutu araliklarinda siiflandirilmistir.
Siniflandirilan pomza numuneleri ve katki maddeleri
Tablo 6’da verilen oranlar sabit tutularak karistirma
islemine tabi tutulmustur.

Tablo 6. Hazirlanan yap1 bloklarinda kulanilan pomza ve
katki maddelerinin miktarlari.

Igerik A‘E”’Ol/glk
-16+8 mm pomza numunesi 20
-8+4 mm pomza numunesi 50
-4 mm pomza numunesi 17
Cimento 8
Su 5

Elde edilen homojen karisim 10x10x10 c¢cm3 hacimli
kaliplara aktarilmistir. Daha sonra kaliplara 25 MPa
basing altinda sikistirma islemi uygulanmis ve
kaliplardan ¢ikarilan yap1 bloklar1 kurumaya
birakilmistir (Sekil 7).
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Sonuglarin  yorumlanmasinda mW/m*K birimli
Lambda degerleri dikkate alinmis, kuruma islemleri
sonrasinda analizlere tabi tutulan yapi bloklarinin
termal iletkenlik degerleri Tablo 7’de verilmistir.
Sonuglara gore en yliksek termal iletkenlik veriminin,
deneysel ¢alismalarda kullanilan en disiik yogunluk
(1.2 gr/cm3'de yiizen) degerine sahip pomzalarin
kullanimu ile saglandig), artan pomza yogunlugu ile
birlikte termal iletkenlik degerlerinin arttig:

goriilmektedir. Bu deger 1.2 gr/cm3 ¢inko kloriir
¢ozeltisinde ylizen pomza numunesi i¢in 134.6
mW/m*K iken, artan yogunluk ile kademeli olarak
artarak 1.4 gr/cm3'de ylizen pomza numunesi i¢in
yaklasik 147 mW/m*K’ya ve 1.8 gr/cm3 yogunlukta
icin

ylizen pomza numunesi yaklasitk 197

mW/m*K’ya ¢cikmaktadir.

SR < |
Sekil 7. Pomza numuneleri kullanilarak hazirlanan yapi
bloklar1.

Tablo 7. Yap1 bloklarinin termal iletkenlik degerleri.
Termal iletkenlik

Igerik (MW/m*K)
-1.2 gr/lcm® pomza 134.6
-1.4+1.3 gr/lem® pomza 146.9
-1.6+1.5 gr/cm® pomza 162.3
-1.8+1.7 gr/lem® pomza 196.5

4. Tartisma ve Sonug

-50+4.75 mm boyut aralifinda 4 farkli boyutta
siniflandirilmis pomza o6rnekleri kullanilarak cinko
kloriir  ¢ozeltileri  kullanilarak  gergeklestirilen
laboratuvar Olcekli yiizdlirme-batirma test
sonuglarina gore 1.8 gr/cm3'den daha yiiksek
yogunluklara sahip numune miktari her bir dar tane
boyut aralig1 icin % 29-37 arasinda degismistir.
Azalan tane boyutu ile birlikte pomza tanelerinin
gozeneklilik oranlart dogru orantili olarak azalmas,
sonu¢ olarak kiiclilen tane boyutu ile birlikte 1.2
gr/cm3'ten daha hafif (ylizen) pomza numunelerinin
miktar1 da azalmistir. En iri tane boyutu olan -50+25
mm tane boyutu aralifinda 1.2 gr/cm3 yogunluklu
¢inko Kkloriir ¢ozeltisinde yiizen pomza miktari
beslemenin yaklasik %11.2’si iken, kiigiilen tane
boyutu ile birlikte bu deger -25+15mm tane boyutlu
pomza numunesi i¢in %7’ye, -15+10mm tane boyutlu
pomza numunesi icin ise %1’e kadar dismiistiir. 10
mm’den daha kii¢iik tane boyutlarinda ise 1.2-1.3
gr/cm3 yogunluklarda ylizen pomza numunesi elde
edilememistir.

Deneysel sonuglara gore en diisiik birim hacim agirhik
degerleri 1,2 gr/cm3 yogunluklu c¢inko Kklorir
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¢cozeltisinde ylizen pomza numunelerinden 350
kg/m3ten daha disiik degerler olarak elde edilmis
olup, artan pomza yogunlugu ile kademeli olarak
artarak 1000 gr/cm3'e kadar ulasmistir.

Termal iletkenlik analiz sonuglarina gore ise en iyi
termal iletkenlik degerleri en diisik yogunluklu
pomza numuneleri kullanilarak olusturulan yap1
bloklar ile elde edilmistir. Artan pomza yogunlugu ile
termal iletkenlik 6zelligi artarken, en ytliksek termal
iletkenlik degeri 1.8 gr/cm3 yogunluklu cinko kloriir
cozeltisinde yiizen pomza numunesi ile elde
edilmigtir.

Elde edilen sonuglara gore zenginlestirme islemleri
uygulanarak elde edilecek diisiik yogunluklu pomza
numuneleri kullanilarak daha yiiksek termal yalitim
ozellikleri sunabilecek yap1 bloklarinin tiretilebilecegi
sonucu ¢ikarilmistir.
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Anahtar Kelimeler
Ekstrem degerler teorisi,
Parametre tahmini,

Blok maksimum ydntemi,
Fitdistrplus

Ozet: Ekstrem (ug) olaylar dogada az olasilikla ortaya ¢ikmakla birlikte, ortaya
ciktiklarinda etki alanlari hem ekonomik hem de c¢evresel olarak biiyiik
olmaktadir. Bu yiizden bu tiir olaylarin hangi olasilikla ortaya ¢ikabilecegi, bu
konuda alinmasi gereken tedbirlerin neler olmasi gerektigi konusunda belirleyici
olmaktadir.  Ekstrem(ug¢) degerler dagilimlar1 ailesindeki dagilimlarin
parametrelerinin dogru belirlenmesi ekstrem olasiliklarin dogru hesaplanmasina
katkida bulunacaktir. Literatiirdeki Weibull, Frechet, Gumbell dagilimlarina iliskin
parametreler R programinda yer alan fitdistrplus fonksiyonu kullanilarak elde
edilecektir. Bu calismada iilkemiz niifusunun yogun olarak bulundugu Istanbul
bolgesi ve Eskisehir bolgesindeki maksimum ve minimum yagis miktarlarinin
dagilimi blok maksimum ydntemi kullanilarak arastirilacaktir. Bu dagilimlardan
elde edilecek sonugclar, potansiyel risklere ve firsatlara karar verilmesine yardimci
olacaktir.

Modelling of Maximum and Minimum Rainfall of Istanbul and Eskisehir Region by the

Family of Extreme Value Distributions

Keywords

Extreme value theory,
Parameter estimation,
Block maxima,
Fitdistrplus

Abstract: Extreme events are rarely occurred but once they appear they may end
up with serious consequences as both economic and environmental areas. There is
no question that it is important to predetermine consequences of this kind of
events. To determine possible consequences, we should accurately decide the
parameters of the family of extreme value distributions. The parameters of
Weibull, Frechet and Gumbell distributions in the literature will be obtained by
using fitdistrplus package in R. In this study, the distribution of maximum and
minimum precipitation of Istanbul which has high population rate in our country
and Eskisehir region will be investigated by using block maximuma. The results
which will be obtained from these distributions will help us to determine the
potential risks and opportunities.

1. Giris

yapilan ¢alismalara ek olarak, E. ]. Gumbel [4] teoriyi

U¢ (Ekstrem) olaylar c¢ogunlukla beklenmeyen,
olagandisi, nadir olarak gozlemlenebilen olaylardir.
Ancak bircogu oOnemli sonuclar dogurabilecek
niteliktedir. U¢ olaylarin ortaya ¢ikabilme ihtimalinin
hesabr bir¢ok disiplin icin oldukca onemlidir. Ug
olaylar sonucu ortaya ¢ikan ug degerler ise, bir veri
seti icerisindeki en biiyiik ya da en kiiciik degerlerdir.

Ug olaylarin ihtimallerini hesaplamak, bir¢ok bilim
dali i¢in ¢ok 6nemlidir. U¢ degerler teorisi ilk olarak
Frechet [1] tarafindan 1927 yilinda olusturulmaya
baslanmis ve bir yil sonra Fisher ve Tippet [2]
tarafindan 1928 yilinda yayimlanan makale ile
gelistirilmistir. Gnedenko [3] tarafindan 1943 yilinda

*ilgili yazar: mustafacavus@eskisehir.edu.tr
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pekistirmistir.

Ug degerler teorisi bir¢cok alanda kendine uygulama
bulmus olan bir teoridir. Baslica uygulama alanlarn
hidroloji [5, 7], finans [8, 9], telekomiinikasyon ve ug
olaylarla ilgili tim alanlardir. U¢ degerler teorisi ve
uygulama alanlan ile ilgili yapilan ¢alismalar su
sekilde 6zetlenebilir.

1928 yilindaki c¢alismasinda Fisher-Tippet, ug
degerler teorisinde ii¢ tiir limit dagilimi oldugunu [2],
Weibull [10] ve Gumbel [11] ise ug degerler teorisinin
uygun dagilimlara bagh olarak modellenebilecegini
gostermistir.
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Stephens [12] hazirladig: teknik raporda ekstrem(ug)
deger dagiliminin uygunluk testlerini incelemistir.
Oncelikle en ¢ok olabilirlik yontemi ile parametre
tahmini gostermis, sonrasinda ise tahmin edilen
parametreler iizerinden ¢esitli uygunluk sinamalarini
denemistir. Sukhatme [13], Durbin [14] ve Stephens
[15] testleri ele alinarak bir Monte Carlo simiilasyon
¢alismasi yapilmistir. Calisma sonucunda Stephens
testinin limit dagiliminin daha hizhh yakinsama
sonuglari verdigi gérilmistiir.

Gengay ve Selguk [16] gelismekte olan 9 farkh
piyasaya ait giinliilk borsa getirilerini incelemis,
varyans-kovaryans ve benzetim yontemlerinden
faydalanarak ug¢ degerler teorisi ile VaR tahminlerini
elde etmislerdir.

Gilli ve Kellezi [17] kuyruk riski 6l¢limlerinin ve ilgili
gliven araliklarinin hesaplanmasinda bir¢ok borsa
verisi lizerinde inceleme yapmislardir.

Goncu vd. [18] IMKB verilerini UDK yardimiyla
modellemis ve modellemede Gumbel, Frechet ve

Weibull  dagilimlarindan  yararlamlarak = VaR
hesaplamis ve geriye doniikk test sonuglarini
incelemislerdir.

Ferreira ve Hann [19] ¢alismasinda Blok maksimum
yontemi lizerinde, esik deger yontemine gore daha az
calisma yapildigr vurgusu yapilmistir. Bu ylizden
calismalarinda bu iki ekstrem deger belirleme
yonteminin teorik bir karsilastirmasini yapmistir. Bu
karsilastirmay1 yapabilmek i¢in ise tahmin y6ntemi
olarak 1985 yilinda Hosking, Walls ve Wood
tarafindan ortaya atilan Olasiliksal Agirliklandirilmis
Moment tahminini kullanmistir [20]. Calismanin
sonucunda Blok maksimum yoénteminin Esik deger
yontemine gore daha etkin bir ydntem oldugunu
gozlemlemistir. Miroslava [6] Belgrad sehrindeki
yillik maksimum yagis miktarlarini modelledigi
calismasinda mevsimsel oOzellik gosteren verilerde
blok maksimum y6nteminin esigi asan degerler
yontemine gore ekstrem degerleri belirlemede daha
etkin sonuglar verdigini gdstermistir. Bu nedenle
calismada  Blok  Maksimum (BM)  yontemi
kullanilmistir.

Bu ¢alismada amag¢ dogada az olasilikla ortaya ¢ikan
ancak etki alanlari hem ekonomik hem de cevresel
olarak biytik olan, tilkemiz niifusunun yogun olarak
yasadig1 Istanbul bélgesi ve Havacilik etkinliklerinin
yogun oldugu Eskisehir bolgesindeki ekstrem yagis
miktarlarinin BM ydntemi kullanilarak Ekstrem
Degerler Ailesi dagilimlar ile modellenmesidir.
Ozellikle Eskisehir bélgesi icin bdyle bir arastirma
yapilmamis olmasi ve diger calismalardan farkh
olarak maksimum yagis miktarlarinin yani sira
minimum yagis miktarlarinin da arastirilmasi bu
calismanin ayirt edici 6zelliklerindendir.

Calismanin izleyen boéliimlerinde sirasiyla, kullanilan
metodlar tanitilmis, sonrasinda uygulama
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calismasina yer verilmis ve bulgular, Tartisma ve
Sonug boliimiinde a¢iklanmistir.

2. Materyal ve Metot

Ekstrem Deger Teorisi, temellerini Fisher-Tippett [2],
Gnedenko [3] ve Gumbel [4] ¢alismalarindan alan sira
istatistigine dayal bir istatistiksel yaklasimdir. Rassal
degiskenlerin modellenmesi siirecinde Merkezi Limit
Teoremi’'nin oynadigl rolii, rassal degiskenlerin
ekstrem degerleri modellendigi zaman yerini
Ekstrem Deger Teorisi'ne birakir [16]. Her iki teori
de, limit dagilimlarinin nasil olmasi gerektigi
tizerinde durur.

Arastirma konusuna uygun olarak ekstrem degerleri
elde etmek icin sik kullanillan iki yontem
bulunmaktadir. Bu yontemlerden uygulamada
kullanilan, alt 6rneklem gruplar1 iizerinden ¢alisan
BM yontemine izleyen bolimde yer verilmistir.

2.1. Blok maksimum yéntemi

BM yontemi ile arastirma konusuna uygun olarak
belirlenen alt 6rneklemlere ait ekstrem degerler elde
edilir ve islemlere bu degerler iizerinden devam
edilir.

BM yontemi ile elde edilen ekstrem degerlerin limit
dagilimi Fisher ve Tippett [2] teoremi ile agiklanir.

Teorem (Fisher-Tippett): Veri seti n birimlik alt
orneklemlere ayrilsin. Bu alt drneklemlerden elde
edilen ekstrem degerler M, ile gosterilsin. Bu
durumda X,,, F dagihmi ile bagimsiz aym dagilmis,

rassal degiskenlerin bir dizisidir ve M, =
max(X;, X5, ..., X;,) olsun.
M, —d, a
L LR & (1)
Cn

olacak sekilde c,, > 0, d,, € IR sabitleri ve Hdejenere
olmayan dagilim fonksiyonu varsa bu durumda H
asagidaki ti¢ ekstrem dagilimdan birine aittir. Bu fi¢
ekstrem dagilimin birikimli dagilim fonksiyonlar
sirasiyla Frechet, Weibull ve Gumbel [1, 9, 10] olmak
lizere asagidaki gibidir:

F( )_{0 ,x<0 >0 )
a\X) = e_x—a,x>0;a ( )
W, (x) ={e'(")“'xﬁo @ <0 3)
« 1, x>0’
Gx) =e¢ " xelR (4)

Bu ii¢ ekstrem dagilim birbiri cinsinden rahatlikla
ifade edilebilmektedir. Birbiri cinsinden
yazilabilmeleri bu ii¢ ekstrem dagilimin bir dagilhim
ailesi olarak degerlendirilmesine neden olmaktadir.
X~F, dagilimina sahip oldugunda InX“~G dagilimina
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uyarken 1/X~W, dagilima uyar. Jenkinson-von Mises
gosteriminden yola ¢ikarak Genellestirilmis Ekstrem
Dagilimini ortaya atmislardir [2]. Bu dagilim
bahsedilen {i¢ ekstrem dagilimin genel bir gosterimi
olarak da diisiiniilebilir. Bu dagilima ait birikimli
dagilim fonksiyonu;

—(1+2zx)~1/7
Ez(x)={e v 2T %14ms0  (5)
e, z=0
Genellestirilmis Ekstrem Dagiliminin diger

dagilimlara déniisiimil ise su sekildedir;

e z=q !alinirsa E,(x)~F, dagilimma (a™' >
0)

e z=-a olarak
dagihmina(—a~! < 0)

e z = 0olarak alinirsa E,(x)~G dagilimina

-1 alinirsa

E,(x)~W,
doniistiirilmiis olur.

Bu dagilimda z degiskeni sekil parametresidir ve
dagilimin kuyruk davranisinm belirler. Ayricaa = 1/z

kuyruk indeksi olarak da bilinir. Kuyruk
davranislarina  goére  dagilmlar su  sekilde
simiflandirilabilir;

e Eger birikimli dagilim fonksiyonu F iistel
olarak azaliyorsa E,~A, Gumbel dagilimina
uyar ve z =0, sekil parametresi sifirdir.
Gumbel dagilmi tipindeki dagilimlar,
Normal, Log-normal, Ustel ve Gamma
dagilimlar gibi ince kuyruklu dagilimlardir.

e Eger birikimli dagilm fonksiyonunun
kuyrugu bir kuvvet fonksiyonuna gore
azaliyorsa, E,~F,, Frechet dagilimina uyar ve
z > 0 sekil parametresi sifirdan biytiktir.
Frechet dagilimi benzeri dagilimlar, Pareto,
Cauchy ve Student-t dagilimlar1 gibi kalin
kuyruklu dagilimlardir.

e Birikimli dagilim fonksiyonunun kuyrugu
sonlu ise E,~W,, Weibull dagilimina uyar ve
sekil parametresi z < 0, sifirdan kigiiktir.
Weibull dagilimina benzer dagilimlar Diizgiin
ve Beta dagilimi tipindeki dagilimlardir [15].

3. Bulgular (Eskisehir ve Istanbul Bélgelerine ait
Yilik Maksimum ve Minimum Yagis Miktarlari
Analizi)

Calismanin bu bélimiinde 1960-2015 yillar arasinda
Eskisehir ve 1965-2015 arasinda Istanbul-Kartal
bolgesinde meydana gelen aylik toplam yagis
miktarlart (mm) ele alinmistir. Blok maksimum
yontemi kullanilarak her yil meydana gelen en
yiiksek (maksimum) ve en diisiik (minimum) yagis
miktarlart belirlenerek en uygun ekstrem degerler
ailesi dagilimlari ile modellenmistir. Tablo 1'de blok
maksimum yodntemi ile elde edilen maksimum ve
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minimum yagis miktarlarindan olusan veriye iliskin
betimleyici istatistikler verilmistir.

Tablo 1'de goriildiigii gibi Istanbul-Kartal bélgesi
Eskisehir bolgesine gore ortalama olarak daha fazla
yagis almaktadir.

Tablo 1. Eskisehir ve Istanbul-Kartal bélgeleri igin
betimleyici istatistikler

Esk. Esk. ist. ist.

Maks. Min. Maks. Min.

N 52 52 47 47
Min 4490 0 80.30 0
1. Kantil 64.40 0.55 107.40 0.55
Medyan 78.20 1.80 132 2.90
Ortalama 80.18 3.07 135.40 4,12
3. Kantil 92.22 4.30 154.50 6.70
Maks. 129.70 11.70 222.90 20.60

Bolgelerin maksimum ve minimum yagis miktarlar1 R
programinda yer alan fitdistrplus paketi kullanilarak
modellenmistir [21]. Bu paket kullanicilara ekstrem
degerler  ailesindeki  dagilimlarin  parametre
tahminlerini ve farkli modellerin birbirleri ile
karsilastirilmasinda kullanilan Akaike Bilgi Kriteri
(AIC) ve Bayes Bilgi Kriteri (BIC) hesaplamasina
yardimc1 olmaktadir.

Sekil 1'de Eskisehir boélgesinde gerceklesen
maksimum yagis miktarlar i¢in Weibull, Gumbel ve
Frechet dagilimlari birikimli dagilim fonksiyonlarinin
karsilastirilmasi verilmistir. Gorildiagi gibi Gumbel
ve Frechet dagilimlar1 Weibull dagilimina goére veriye
daha iyi uyum goéstermislerdir.

1.0

CDF
0.6
1

04

—— Weibull

- Gumbel
Frechet

T T T T

100 120

0.0
1

data

Sekil 1. Eskisehir bolgesi maksimum yagis miktarlar icin
ktimiilatif dagihm fonksiyonlarinin karsilagtirilmasi

Sekil 2’de ise  yogunluk  fonksiyonlarinin
karsilastirilmasi verilmistir. Sekil 1°’de ki gibi Gumbel
ve Frechet dagilimlan veriye daha iyi uyum
gostermistir.

Sekil 1 ve 2’de elde edilen bulgular sayisal degerler
veren AIC ve BIC kriterleri ile de karsilastirilmalidir.
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Tablo 2'de Eskisehir bdlgesi maksimum yagis
miktarlar1 Weibull, Gumbel ve Frechet dagilimlar igin
model uygunluk Kkriterleri verilmistir. Bu kriterler
olusturulan modellerin veriye olan uyumsuzluk
degerleri olarak yorumlanir. Kriterlerin kiigiik
degerleri ilgili modelin veriye daha uygun oldugunu
gosterir. Goriligi gibi Sekil 1 ve 2’de elde edilen
bulgular kriterler ile de desteklenmektedir ve en
uygun model Gumbel dagilimidir.

—— Weibull
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-~ Frechet
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Sekil 2. Eskisehir bolgesi maksimum yagis miktarlari igin
dagilim fonksiyonlarinin karsilastirilmasi

Tablo 2. Eskisehir bolgesi maksimum yagis miktarlar i¢in
model uygunluk kriterleri

AIC BIC
Weibull 476.7821 480.6846
Gumbel 468.9486 472.8511
Frechet 472.6580 476.5605

Sekil 3’'te ise Eskisehir bolgesi maksimum yagis
miktarlari icin Weibull, Gumbel ve Frechet kiimiilatif
dagilim fonksiyonlarinin karsilastirilmasi verilmistir.
Gorildigi gibi Gumbel dagihmi diger dagilimlara
gore veriye daha iyi uyum gostermislerdir. Eskisehir
boélgesi maksimum yagis miktarlar1 i¢cin Gumbel
dagilimi parametre tahminleri Tablo 3’ te verilmistir.

Tablo 3. Eskisehir bolgesi maksimum yagis miktarlar i¢in
Gumbel dagilimi parametre tahminleri

Tahmin degeri Standart hata
Sekil 69.732 0.385
Olcek 17.991 3.484

Sekil 4’te Eskisehir bolgesi minimum yagis miktarlar
icin  Weibull, Gumbel ve Frechet yogunluk
fonksiyonlarinin karsilastirilmasi verilmistir. Sekil
1’de ki gibi Gumbel ve Frechet dagilimlar veriye daha
iyl uyum gostermistir. Tablo 4’te verilen uyum iyiligi
kriterlerine gore en uygun dagihm Weibull
dagihimidir.

Eskisehir bolgesi minimum yagis miktarlar1 icin
Weibull dagilimi parametre tahminleri Tablo 3’ te
verilmistir.
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Sekil 3. Eskisehir bolgesi minimum yagis miktarlan igin
kiimiilatif dagilim fonksiyonlarinin karsilagtirilmasi
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Sekil 4. Eskisehir bolgesi minimum yagis miktarlar igin
dagilim fonksiyonlarinin karsilastirilmasi

Tablo 4. Eskisehir bolgesi minimum yagis miktarlar i¢in
model uygunluk kriterleri

AIC BIC
Weibull 212.7494 216.4497
Gumbel 233.6865 237.3868
Frechet 229.1160 232.8163

Tablo 5. Eskisehir bolgesi minimum yagis miktarlar i¢in
Weibull dagilimi parametre tahminleri

Tahmin degeri Standart hata
Sekil 0.953 0.111
Olgek 3.325 0.536

Sekil 5 ve 6'da Istanbul-Kartal bélgesi maksimum
yagls miktarlar icin sirasiyla kiimilatif dagihm ve
dagihm fonksiyonlarinin karsilastirilmasi verilmistir.
Gumbel dagilimi Tablo 6’ da verilen kriter degerlerine
gore de en uygun dagihmdir. istanbul-Kartal bélgesi
maksimum yagis miktarlar1 icin Gumbel dagilimi
parametre tahminleri Tablo 7’ de verilmistir.
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Sekil 5. istanbul-Kartal bélgesi maksimum yagis miktarlari
icin kiimtlatif dagilim fonksiyonlarinin karsilastiriimasi
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Sekil 6. istanbul-Kartal bélgesi maksimum yagis miktarlari
icin dagilim fonksiyonlarinin karsilastirilmasi

Tablo 6. Istanbul-Kartal bélgesi maksimum yagis
miktarlari icin model uygunluk kriterleri
AIC BIC
Weibull 477.5685 481.2688
Gumbel 471.0467 474.7470
Frechet 473.4729 477.1732

Tablo 7. istanbul-Kartal bdlgesi maximum yagis miktarlari
icin Gumbel dagilimi parametre tahminleri

Tahmin degeri Standart hata
Sekil 118.126 4.526
Olcek 29.442 3.404

Sekil 7 ve 8'de ise Istanbul-Kartal bélgesi minimum
yagls miktarlar icin sirasiyla kiimiilatif dagihm ve
dagilim fonksiyonlarinin karsilastirilmasi verilmistir.
Weibull dagilimi Tablo 8 de wverilen kriter
degerlerine gore de en uygun dagilimdir. Istanbul-
Kartal bolgesi minimum yagis miktarlari icin Weibull
dagilimi parametre tahminleri Tablo 9’ da verilmistir.
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Sekil 7. istanbul-Kartal bélgesi minimum yagis miktarlari
icin kiimilatif dagilim fonksiyonlarinin karsilastiriimasi
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Sekil 8. istanbul-Kartal bélgesi minimum yagis miktarlari
icin dagilim fonksiyonlarinin karsilastirilmasi

Tablo 8. istanbul-Kartal bélgesi minimum yagis miktarlari
icin model uygunluk kriterleri

AIC BIC
Weibull 221.5973 225.1657
Gumbel 243.6320 247.2004
Frechet 235.6067 239.1751

Tablo 9. istanbul-Kartal bélgesi minimum yagis miktarlari
icin Weibull dagilimi parametre tahminleri

Tahmin degeri Standart hata
Sekil 0.901 0.107
Olgek 4.188 0.738

4. Tartisma ve Sonug¢

Grafiklerden de acik¢a goriildiigii gibi Eskisehir ve
Istanbul-Kartal bélgeleri icin elde edilen maksimum
ve minimum yagis miktarlarinin dagilimlar farklihk
gostermektedir.  Istanbul  bélgesinin, Eskisehir
bolgesine gore daha fazla yagis aldigi maksimum ve
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minimum yagis
gozlemlenebilmektedir.

dagilimlarindan

Calismada Ekstrem degerler teorisine uygun olarak
ele alinan bolgelerin maksimum ve minimum yagis
miktar1 verilerine Weibull, Gumbel ve Frechet
dagilimlar1 arasindan en iyi modelleyen dagilim R
yaziliminda yer alan fitdistrplus paketi kullanilarak
arastirillmistir.

Hangi dagilimlarin maksimum ve minimum verilerine
uygun oldugunun belirlenmesi i¢in kiimiilatif dagihim
fonksiyonlari ve dagihm fonksiyonlari
karsilagtirilmasinin yam sira Akaike ve Bayes Bilgi
kriterleri hesaplanmistir. Boylelikle gorsel araglarin
yani sira uyum iyiligi 6l¢tileri de kullanilmistir. Uygun
dagilim belirlendikten sonra dagilimin parametre
tahminleri ve tahminlere iliskin standart hatalar
verilmistir.

Eskisehir bolgesi maksimum ve minimum yagis
miktarlarinin modellenmesi i¢in uygun dagilimin
Weibull dagilimi oldugu belirlenmistir.

Istanbul-Kartal bélgesi maksimum yagis
miktarlarinin modellenmesi i¢in uygun dagilimin
Gumbel dagilimi oldugu belirlenmistir. Istanbul
bélgesi minimum yagis miktarlarinin modellenmesi
icin, Eskisehir bolgesiyle uyumlu olarak Weibull
dagiliminin en uygun dagilim oldugunu goéstermistir.

Ekstrem (maksimum ve minimum) yagis miktarlari
nadiren ortaya ¢ikmakla birlikte, ortaya ¢iktiklarinda
agir ekonomik ve cevresel sorunlara yol agmaktadir.
Bu calismada bu tiir olaylarin hangi siklikla ortaya
ciktiklar1 uygun dagilimlar belirlenerek ortaya
konmustur. Bu calismay1 literatiirde konu ile ilgili
yapilan c¢alismalardan ayiran o6zelligi Eskisehir ve
Istanbul-Kartal bolgelerinin ekstrem yagis
miktarlarini, Ekstrem Degerler Ailesi dagilimlar ile
modelleyen ilk calisma olmasidir.

Sonu¢ olarak, Eskisehir ve Istanbul-Kartal
bélgelerinin minimum yagis miktarlari icin Weibull,
maksimum yagis miktarlar1 icin Gumbel dagiliminin
daha iyi uyum sagladigi belirlenmistir.
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Ozet: Bir maden isletmesinde maliyet teskil eden parametrelerin basinda
hammadde temini gelmektedir. Hammadde iiretim maliyetlerinin en 6nemli
parametrelerinden biri de patlatma deliklerinin delinmesi isidir. Delme
islemlerinde istenen verimde c¢alisilmamasi durumunda hem isletmede is
organizasyonu hem de {retim maliyeti onemli o6lciide olumsuz yodnde
etkilenecektir. Bu ¢calismasinda DSI 18. Bélge Miidiirliigii'ne ait kirectasi ocaginda
kullanilan Atlas Copco Flexi ROC T35 model delici makineye ait akiskan ortam
basinci ve dénme hizi parametrelerinin degistirilmesi sonucunda delik delme
verimlerine etkisi incelenmistir. Delik delme hizinin belirlenmesi amaciyla Burdur
ili, Cavdir ilcesinde bulunan kiregtasi ocaginda c¢alisilan ortamdaki delik delme
streleri 6l¢iilmiis ve net ve briit delik delme hizlar1 hesaplanmistir. Laboratuvar
ortaminda da kayaclarin fiziko-mekanik o6zellikleri ile kimyasal ozellikleri
belirlenmistir. Elde edilen biitiin veriler birlikte degerlendirilerek akiskan ortam
basinci ve donme hizinin delme hizi tizerindeki etkileri incelenmistir. Sonug olarak
tlim akiskan ortam basing¢ degerlerinde ve her iki ddonme hizinda en iyi delik delme
hiz1 103 rpm dénme hizi degerinde elde edilmistir.

Investigation of Change in Drilling Speed Depending on Fluid Ambient Pressure and

Rotation Speed

Keywords
Drilling speed,
Drillability,
Limestone

Abstract: One of the most costly parameters in a mining operation is the raw
material procurment. One of the most important parameters of raw material
procurment cost is the drilling of blasting holes. If the drilling operations are not
performed at the desired efficiency, both the working organization in business and
the production cost will be significantly and adversely affected in the negative
direction. In this study, the effect of drilling parameters on the fluid ambient
pressure and rotational speed parameters of the Atlas Copco Flexi ROC T35 drilling
machine used in the limestone quarry of DSI 18th Regional Directorate was
investigated. In order to determine the drilling speed, the drilling times of the
working limestone in the limestone oven at Cavdir county in Burdur province were
measured and clear and gross drilling speeds were calculated. The physico-
mechanical properties and chemical properties of the rocks were also determined
in the laboratory environment. By evaluating all the data together, effect of fluid
ambient pressure and rotating speed on drilling speed are examined. As a result,
the best drilling speed at all fluid ambient pressure and at both rotational speeds
was obtained at a rotational speed of 103 rpm.

1. Giris

Kayaclarda delme islemi,
sektoriinde bir¢ok amacla kullanilmaktadir. Delme

kayacin delinmeye karsi gosterdigi dirence baghdir.
Bu diren¢ kayaglarin fizikomekanik 6zelliklerinin
yaninda delinen ortamin jeoteknik 6zelliklerine ve
calisma parametrelerine gore de degiskenlik

madencilik ve ingaat

islemleri, madencilik sektoriinde patlatma isleminin
gerceklestirilecegi deliklerin ~ delinmesi  i¢in
yapilmaktadir. Delme isleminin zorlugu veya kolaylig1

*ilgili yazar: iksantuncer@gmail.com
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gostermektedir. Ayrica kayaclarin delinebilirliginde
kayacin dokusu, kuvars igerigi, mineral tane boyutu
gibi mineralojik ve petragrofik 6zellikleri de etkilidir.
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Ocak isletmelerinde maliyeti artiran en Onemli
parametre hammadde temini i¢in hazirhk ve kazi
islemleridir. Hammadde tiretim islemlerinden delme,
patlatma ve nakliye icerisinden maliyetlerin
artmasina etken en oOnemli islem patlatma
deliklerinin delinmesidir. [1]

Cankurtaran ve Salmankas tilinellerindeki kayaclarin
delinebilirlik, asindiricilik, mekanik ve petrografik
ozelliklerinin arastirilmasi, net delme hizi ve bit
tiiketimi ile iligkilendirilmesi c¢alismalarinda tiinel
glizergah1 lzerindeki kazilan formasyonlardan
numuneler kullanmisdir. Kayaglarin  mekanik
ozellikleri (Tek eksenli basing dayanimi, Nokta yiik
dayanimi, Brazilian ¢ekme dayanimi ) ve goriiniir
porozite ile delinebilirlik indeksi arasindaki iliskiler
ortaya konulmustur. Tek eksenli basing dayanimi
(r=0.85), Nokta yiikk dayamimi (r=0.85), Brazilian
¢ekme dayanimi (r=0.77), goriiniir porozite (r=0.72)
ile delinebilirlik indeksi arasinda anlamli bir iligki
oldugu saptanmistir. Kayaglarin mekanik 6zellikleri
(Tek eksenli basing dayanimi, Nokta yiikk dayanimi,
Brazilian ¢ekme dayanimi ) ve goriiniir porozite ile
bit émrii ile arasindaki iliskiler ortaya konulmustur.
Tek eksenli basing dayanimu (r=0.73), Nokta yiik
dayanimi  (r=0.63), Brazilian ¢ekme dayanmim
(r=0.65), bit 6mri ile arasinda anlamh bir iliski
oldugu saptanmistir. Delinebilirlik indeksi ile bit
omri arasindaki ise (r=0.63) korelasyon degeri ile
anlaml bir iliski oldugu belirlenmistir [2].

Delinebilirlik indeksi ile kayag¢ 6zellikleri arasindaki
iligkileri 32 farkli numune i¢in Dbelirlemistirler
(kuvarsit, kirectasi, diyabaz, granodiorit, litik arenit,
kumtasi, siyenit, dolomit, porfirik bazalt ve andezit,
bazaltik andezit, dolorit, alkali granit, bazalt,
andesitik bazalt, traki andezit, dolomitik Kirectasi,
granit, marn). Kayaclarin mekanik 6zellikleri
(Schmidt cekici sertligi, Brazilian ¢ekme dayanimi,
Tek eksenli basing dayanimi, Shore sertligi ve Nokta
yik dayanimi) ile delinebilirlik indeksi arasindaki
iliskiler ortaya konulmustur. Tek eksenli basing
dayanim (r=0,71), Schmidt cekici sertligi (r=0,78),
Nokta yiik dayamimi (r=0,71), Shore sertligi (r=0,64)
ile delinebilirlik indeksi arasinda anlamh bir iliski
oldugu belirlenmistir. Brazilian ¢ekme dayanimi
(r=0,55) ile de delinebilirlik indeksi arasinda bir iliski
oldugu saptanmistir [3].

Acik ocaklarda kaya kiitlesi delme indeksi (RMDI)
degerlerinden delme hiz1i tahmin edilebilmesini
c¢alismalarinin  amaci  olmustur. Calismalarinda
Manyetit ve yan kaya¢ numunelerini kullanmislardir.
Kayaclarin mekanik o6zellikleri (Schmidt ¢ekici
sertligi, Elastisite modiilii, Brazilian cekme dayanimi,
Tek eksenli basin¢g dayanimi, P dalgasi sismik hiz, S
dalgast sismik hiz) ve Porozite ile delme hizi
rasindaki iliskiler ortaya konulmustur. Brazilian
¢ekme dayanimi (r=0,79), Tek eksenli basing
dayanimi (r=0,87) ve Schmidt cekici sertligi (r=0,89)
P dalgas1 sismik hiz (r=0,79), S dalgasi sismik hiz
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(r=0,73), porozite (r=0,70) ile delme hiz1 arasinda
anlaml bir iliski oldugu belirlenmistir. Elastisite
modiilii (r=0,44) ile de delme hiz1 arasinda azda olsa
bir iliski oldugu saptanmistir [4].

Bu calisma kapsaminda DSI 18. Bélge Miidiirliigii'niin
Burdur ili, Cavdir ilcesinde yapimi gerceklestirilen
Kiiciikalan Goleti ve Sulamasi ingaati Kiregtasi
ocaginda c¢alismalar  gercgeklestirilmistir.  Ocak
sahasinda gerceklestirilen patlatma deligi delme
hizinin delici makine ¢alisma parametrelerinden olan
akiskan ortam basinci ve déonme hizi degerlerinin
degisiminden nasil etkilendigi arastirilmistir. Elde
edilen verilerden delme verimi ortaya konulmustur.

2. Materyal ve Metot
2.1. Materyal

Calismada Burdur ili, Cavdir ilgesinde insaati
tamamlanan Kiiciikalan Goleti ve Sulamasi Ingaati
kirectasi  ocaginda  gergeklestirilmistir. ~ Ocak
sahasinda gergeklestirilen patlatma deligi delme
islemlerinde akiskan ortam basinci ve donme hizinin,
delme hiz1 tizerindeki etkisi arastirilmistir.

Calisilan ocak sahasinin yer buldurur haritasi1 Sekil
1’de verilmistir.

Il Yaklagik Calisma Alani

Sekil 1. Ocak sahasinin yer buldurur haritasi [5]

Ocak sahasi icerisinde iki farkli formasyon
olmasindan dolay1 ve bu iki formasyonda da delme
islemi gerceklestirildiginden delme islemi
gerceklestirilen lokasyonun birine 1 nolu ocak sahasi
digerine ise 2 nolu ocak sahas1 denilmistir. Bir ve iki
nolu ocak sahalarinin genel goriinimi Sekil 2’de
verilmistir.

2.1.1. Delici makine

Ocak sahasindaki delik delme islerinde Atlas COPCO
Flexi ROC T35 delici ekipman (Sekil 3) kullanilmistir.
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Sekil 3. Atlas Copco Flexi ‘ROC T35 delici makine [6]

Calisma sahasinda gergeklestirilen delik delme
islemlerinde Atlas Copco’ya ait 89 mm ¢aply, 5 kanalls,
diiz dolasimli, yar1 balistik butonlu, merkezden
girintili drop center (DC) delici u¢ kullanilmistir
(Sekil 4).

Sekil 4. Calismada kullanilan delici ug [6]
2.2.Metod

Delinebilirlik; bir matkabin kayag¢ icinde belirli bir
zamanda kayaci delerek ilerlemesidir. Bir diger ifade
ile kaya kiitlesinde delik delme kolayligidir. Delme
hiz1 ise kayac icerisinde, m/dk, cm/dk veya mm/dk
olarak olciilir. Delinebilirlik ile delme hizi aym
kavram olarak tanimlanabilir. Delinebilirlik kolay ya
da zor olarak delme hizi ise hizli ya da yavas olarak
ifade edilir. Delinebilirlige etki eden birgok parametre
vardir. Bunlar; makine ekipmana bagh parametreler
(donme hizi, baski kuvveti, matkap tipi v.b.), delme
islemine baglh parametreler (delme yontemi,
makinanin ¢alisma performansi ve bakimi, sondériin
deneyimi v.b.) ile jeolojik parametrelerdir (kayaclarin
mekanik dzellikleri, siireksizlikler, mineral bilesimi).
Makine, ekipman ve delme islemine bagh
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parametreler kontrol edilebilir parametreler olup,
jeolojik o©zelliklere bagli parametreler ise kontrol
edilemeyen parametrelerdir [7]. Delinebilirlige etki
eden parametreler Sekil 5’te verilmistir.

SONDAJ MAKINAST
OZELLIKLERI

JEOLOJIK OIELLIKLER
Kaya & Kaya Kutlesi
Dorme

{ Baska

GUg Ozellikleri

Kayanin uexanlh
Ozellikler:

Kaya Kutlesi
Kosullary

e
Delinebilirlik
T

"
GALISMA KOSULLARI
Matkap turm ve gap1
Baski kuvveti
Dolagim S1visi ozellikleri

Donme hiza Tork

Sekil 5. Delinebilirlige etki eden parametreler [8]

Calismada, delme islemleri esnasinda bir basamakta
gerceklestirilen delik delme islemlerinin yarisi
akiskan ortam basinci 5 bar ve donme hizi 107 rpm
iken gercgeklestirilmis, ayni1 basamaktaki kalan
delikler ise akiskan ortam basinci 5 bar ve donme hizi
103 rpm olacak sekilde gerceklestirilmistir. Diger
basamakta gerceklestirilen delik delme islemlerinin
yarisi akiskan ortam basinci 7 bar ve donme hiz1 107
rpm olarak gerceklestirilmis, ayn1 basamaktaki kalan
delikler ise akiskan ortam basinci 7 bar ve donme hizi
103 rpm olacak sekilde gerceklestirilmistir. Diger
basamakta gerceklestirilen delik delme islemlerinin
yarisi akiskan ortam basinci 9 bar ve donme hiz1 107
rpm olarak gerceklestirilmis, ayni basamaktaki kalan
delikler ise akiskan ortam basinci 9 bar ve donme hizi
103 rpm olacak sekilde gerceklestirilmistir.

2.2.1. Delme h1z1

Calisma sahasinda 1 nolu ocakta toplam 180 adet ve
2 nolu ocak sahasinda 229 adet delik delme islemi
gerceklestirilmistir. Her bir delikte delik boyuna goére
kullanilan tijlerin ayri1 ayri PRnet (m/dak) ve PRerit
(m/dak) degerleri siiredlcer ile tespit edilmistir.
PRerit, delme isleminin baslangic zamani ile bitis
zaman arasindaki gecen siireyi (toplam siire); PRnet
ise sadece delme islemi icin gecen siireyi (net delme
stiresi) belirtmektedir. iki ayr1 zamanin tutulmasinin
nedeni ise, delik delme siirecinde hem delme isinin
yapilmasi hem de deligin temizlenmesi ve tij ilave
edilmesinden dolayidir. Briit ve net delme hiz1 Esitlik
1 ve 2 ile hesaplanmistir.

H
PRpy = T (1)
H
PRyer = 7— (2)
Burada;
PRBrit : Briit delme hizi, m/dak
PRyet : Net delme hizi, m/dak
T : Toplam delik delme siiresi, dakika
Thet Net delik delme siiresi, dakika
H : Delik boyu, metre
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2.2.2. Fiziko-mekanik ozellikler

Tablo 2. 2 nolu ocak sahasinin fiziko-mekanik ozellikleri

[12]
Arazi calismalan siiresince ocak sahasinda olgiim 2 NOLU OCAK
(delik delme hizi1) yapilan noktalardan alinan kayac
orneklerinden  laboratuvar ortaminda  deney Minimum  Maksimum Ort. | Standart
numuneleri hazirlanmis ve ilgili standartlara (ISRM Deger Deger Deger Sapma
ve TSE) uygun olarak hazirlanan numunelerin fiziksel Birim
ve mekanik ozellikleri belirlenerek Tablo 1 ve Tablo Hacim
) R o 2.66 2.7 2.68 0.02
2’de verilmistir. Agirhik (du),
(g/cm3)
Calismanin bu asamasinda kiregtasinin fiziksel Agirlikga
ozelliklerinden, agirlikca su emme ve hacimce su E;‘I‘n 0.1 0.22 0.15 0.05
emme TSE 13755 (2009) [9], birim hacim agirlik TSE, (ASE) (ﬁ/o)
yogunluk, porozite TSE 1936 (2010) [10], mekanik m ~
ozelliklerinden sismik (Vp) hiz Shore sertligi, Schmidt acslche
cekici sertligi, Tek eksenli basing dayanmimi, Endirek Emme 0.23 033 0.28 0.14
¢ekme dayanimi (Brazilian), Nokta yiik dayanim (HSE), (%)
indeksi deneyleri ISRM (2007) [11] standartlarinda Gergek
yapllm1$t1.r: Bu deneylerin yapllmz'as'ln'lvnl Sebebl $.oy.h? Yogunluk 26.17 26.52 26.39 0.22
agiklanabilir:  kayacin  delinebilirligi  ile ilgili (do),
. . o 3
ozelliklerinin tam olarak ortaya konulmasi (kN/m?)
asamasinda katki saglayacak verilerdir. Sismik Hiz | < oo oo 6123.46 5975 132
(Vp), (m/s)
Tablo 1. 1 nolu ocak sahasinin fiziko-mekanik 6zellikleri Schmidt
[12] Sertligi 31 39 34.1 238
1 NOLU OCAK (N tipi)
Minimum | Maksimum | Ort. | Standart Schmidt
Deger Deger Deger | Sapma Sertligi 26 37 30.8 3.88
Birim Hacim (L tipi)
Agirhik 2.68 2.7 2.69 0.006 Shore
(dn),(g/cm3) Sertligi 42 79 575 7.6
Agirlikga Gorinir
Su 0.1 0.16 012  0.02 Porozite 0.23 0.33 0.28 0.14
Emme (ASE), (%) (%)
Hacimce Toplam
Su 0.17 0.33 025 | 006 Porozite 0.26 037 03 0.06
Emme (HSE), (%) (%)

VGergek Tek Eksenli
Yogunluk (do), | 2651 2661 | 2655 0.06 Basing 7 66,08 cese | 1628

(kN/m3) Dayanimi ' ' ' '
Sismik 1z (VP), | 15556 | 647419 | 6373 | 108 (02), (MPa)

(m/s) Endirek

Schmidt Gekme 6.47 8.05 7.29 0.65
Sertligi (N tipi) 28 47 35.8 6.3 Dayanimi

Schmidt (o), (MPa)

Sertligi (L tipi) 26 38 31.1 | 407 [\]])Okta Yik

ayanmm 3.92 5.77 456 0.84
Shore Sertligi 54 70 612 | 438 (Lso),

(MPa)

Gorlnir
Porozite (%) 0.17 0.33 0.25 0.06 3. Bulgular

Toplam 0.18 0.41 0.26 0.33 3.1. Delme hiz1 analizi
Porozite (%)

Tek Eksenli Ocaklarda gergeklestirilen delik delme islemlerinin
Basing Dayanimi 57.32 97.86 72911 16.72 PRerit ve PRnet degerlerinin ortalamalarinin makine
(oc), (MPa) L. ..

- calisma parametreleri ile 1 nolu ocak sahasi i¢in nasil
Endirek Cekme deistizi Tablo 3't 2 1 Kk sah L ]
Dayammi (o), | 627 | 83 | 761 | 073 egistigi Tablo 3'te ve 2 nolu ocak sahasi i¢in nasi

(MPa) degistigi ise Tablo 4’de verilmis olup, grafiksel olarak

Nokta Yiik gosterimi ise 1 nolu ocak sahasi icin Sekil 6-7 ve 2
Dayanimi ( Iss0)), 4.19 5.88 5.38 0.81 nolu ocak sahasi i¢in Sekil 8-9’da verilmistir.
(MPa)
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Tablo 3. 1 nolu ocak sahasi PRarit ve PRnetdegerleri [12]
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Doénme hizi (rpm)
107 103
PR Brit PR Net PR Brit PR Net
Ort. Ort. Ort. Ort.
(m/dk) | (m/dk) | (m/dk) | (m/dk)
5 5 1.11 1.27 1.29 1.42
|
<
M
E |7 1.06 1.21 1.31 1.43
S8
)
g
o]
&
:% 9 1.12 1.23 1.24 1.41
1,75
1,5 1 129 131 494
R e S——
S 1 ——107 rpm
E 0,75 1,11 1,06 1,12
- =li=103 rpm
:E 0,5 T T T 1
2 5 7 9
o

Akiskan Ortam Basinci (bar)

Sekil 6. 1 nolu ocagin makine ¢alisma parametreleri ile

PRerit degerlerinin degisim grafigi [12]

1,75
1,5

- 1,25

3 1

S~

E 075

% 0,5

2

o

o

1,42 143 141

O—_—=0

N—-—‘

127 121 1,23 =0=—107 rpm
=103 rpm

5 7 9

Akiskan Ortam Basinci (bar)

Sekil 7. 1 nolu ocagin makine ¢alisma parametreleri ile

PRnetdegerlerinin degisim grafigi [12]

Tablo 4. 2 nolu ocak sahasi PRarit ve PRnet degerleri [12

Donme hizi (rpm)

107 103
PR Brit PR net PR Brit PR net OFt.
Ort. Ort. Ort. (m/dk)
(m/dk) (m/dk) (m/dk)
85| 117 1.38 1.32 1.66
3]
=}
wv
fs*]
m
8
217 1.2 1.42 1.43 1.75
S
=}
3]
4
1723
2
9 1.19 1.42 1.54 1.93
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2
= 1,54
L7513 143
< 15
£E1,25
5 1 =0=—107 rpm
2075 | 117 120 119
€ o5 : : , —E=103rpm

5 7 9
Akiskan Ortam Basinci (bar)

Sekil 8. 2 nolu ocagin makine ¢alisma parametreleri ile
PRerit degerlerinin degisim grafigi [12]

2 4 1,66 1,75 3
1,75

=~

©

2 L5 pe———a

_g_ 1,25

2 0,7

g OI() g T T T 103 rpm

5 7 9
Akiskan Ortam Basinci (bar)

Sekil 9. 2 nolu ocagin makine ¢alisma parametreleri ile
PRnet degerlerinin degisim grafigi [12]

4. Tartisma ve Sonug

Delme islemlerinde kullanilan delici makinelerin
calisma parametreleri ile delme hiz1 degerleri
arasindaki iliskinin ortaya konulmasi her zaman ilgi
¢eken bir arastirma konusu olmustur.

1 ve 2 nolu ocak sahasinda gergeklestirilen delme
islemlerinde, delme hizlarinin 103 rpm ddénme
hizindaki PRuet ve PRurit delik delme degerlerinin, 107
rpm donme hizinda ki PRnet ve PRurit delik delme
hizlarindan daha ytiksek oldugu belirlenmistir.

2 nolu ocak sahasinin PRnet degerleri (Sekil 9) ve 1
nolu ocak sahasinin PRnet (Sekil 7) incelendigi zaman,
tiim akiskan ortam basinci degerlerinde ve her iki
donme hizi degerinde de PRpeti<PRnerz oldugu
goriilmektedir. Bu durum 2 nolu ocak sahasinin 1
nolu ocak sahasina gore daha kolay delinecegi
sonucunu vermektedir.

Bu calismadan elde edilen verilerin arastirmacilara
veri olusturmasi acisindan bir kaynak olacag
disiintilmektedir.
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Anahtar Kelimeler Ozet: Bu calismada 5 katli bir yapinin ve yerin deprem dalgalarim biiyiitme etkisi

D?Pfem, ve baskin frekanslari arastirilmistir. Bu amagla 2008 yilinda 5 katli yapinin ¢atisina
Bitylitme, ve yapmn inga edildigi yere ivmeélcer aygitlar yerlestirilmistir. Yer simfinin
évr:lftorlgleg'r an belirlenmesi amaciyla MASW o6lciisii alinmis, yerin ilk 30 m icin makaslama
er baskin pe,r iyod (kayma) dalgas1 hiz1 (Vs3o) hesaplanmistir. Bina ve yere yerlestirilen ivmedlgerler
Girisim ' kullanilarak moment biiyiikliigii 3, 4, 5 ve 6 olan, farkli kaynaklardan yakin ve uzak
mesafede bircok deprem Kkaydedilmistir. Yapinin ve yerin biiylitmesini elde
edebilmek i¢cin kaydedilen deprem sinyallerine referans yontemine gore spektral
oran ve tek istasyon yontemine gore yatay/diisey oran teknikleri uygulanmistir.
Bu tekniklerin uygulanmasi sonucunda binaya ve yere ait biyiitmeler, baskin
frekanslar ve binanin séniim orani belirlenmis, bina ve yerin girisim durumu
incelenmistir. Sonu¢ olarak yerden binaya gecen deprem dalgalarinin genlik
bliylitmesi deprem biyiikliigiine ve uzakligina bagh olarak 6-12 aralikta elde
edilmistir.
Ground and Structural Interaction Using Geophysical Methods
Keywords Abstract: In this study, it was investigated the amplification effect and dominant
Earthquake, frequencies of the earthquake waves, in the 5-floors building and the ground
Amplification, where was built it. With this purpose, accelerometers were placed on the roof and
Accelerometer,

ground of the 5-floors building in 2008. In order to determine the ground class, the
MASW measure was taken, shear wave velocity (V) was calculated for the first 30 m.
Accelerometers that were placed in the building and the ground recorded earthquakes
with moment magnitude of 3, 4, 5 and 6 at close and far distances from different
sources. Spectral ratio technique and horizontal / vertical spectral ratio technique have
been applied to earthquake signals depending on the reference method and single station
method in order to obtain the amplification of the building and the ground. As a result
of the application of these techniques, the resonance conditions, the dominant
frequencies, and the amplifications which belong to building and ground were
investigated. As a result, amplitude amplification of the earthquake waves passing from
the ground to the building depending on the earthquake magnitude and distance was
obtained between 6 and 12.

Spectral ratio,
Ground dominant period,
Resonance

1. Giris hareketinin  davranisi, kuvvetli yer hareketi

(ivmeodlger) kayitlarinin  incelenebilmesi  ile

Bir deprem meydana geldiginde kaynaktan yayilan
sismik dalgalar yollarinin bir bdliimini sert kaya
icinde son asamasi ise kayaya gore yumusak olan yer
tabakalar1 icerisinde gecirirler. Bu dalgalar
yeryiiziinde birka¢ saniyeden dakikalara varan
stirelerde titresim {retirler. Bu titresim siiresi
depremin biyiikligiine, merkez iissine olan
uzakligina ve yer 6zeliklerine baglh olarak degisir. Yer

*ilgili yazar: erkan.ates@afad.gov.tr
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miimkiindiir. Aliivyon bir yeralt1 yapisinda ilerleyen
bir dalganin genligi, sert kaya birimlerine oranla daha
biiyliik olacak ve yer hareketi yumusak birimlerde
daha fazla hissedilecektir.

Sismik dalgalar yer ylizeyine ulastiklarinda bazi
frekans icerigindeki dalgalar1 bastirirken bazi
frekanstaki dalgalarin genliklerinin artirmaktadir. Bu
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genlik artis1 yer biiylitmesi veya yer etkisi olarak
adlandirilmaktadir. Bu etkinin yumusak yer
ozelliklerine sahip alanlarda olusan hasarlarda biiytik
etkileri oldugu 1995 Kobe depremi gibi biiytk
deprem verilerinin incelenmesiyle kanitlanmistir [1].

Yer biiylitmesinin belirlenmesin de en gecerli yol
deprem (kuvvetli yer hareketi) kayitlar1 analizlerinin
kullanilmasidir. Yer etkisi deprem kayitlari tizerinde
baz1 yaklasimlar yapilarak gorilebilir. Bunlardan
birincisi Standart Spektral Oran (SSR) yontemidir [2].
Bu yontemdeki temel esas yer etkisi belirlenecek
deprem istasyonundaki kayitlarin yakin  bir
noktadaki kaya uzerindeki istasyon kaydina
oranlanmasidir. Yer etkisinin hesaplanabilmesi
kaynak etkisinin her iki kuvvetli yer hareketi
istasyonu icin ayn1 olmasi gerekmektedir. istasyonlar
arast uzakhigin deprem merkez iissiine olan
uzakligindan az olmalidir [3]. Yer etkisinin
bulunmasinda kullanilan bir diger yontem ise
yatay/diisey spektral oran (HVSR) yontemidir [4,5].
Bu yontem diisey bilesenin yer kosullarindan
etkilenmedigi varsayimindan yola ¢ikarak yatay
bilesen spektrumlarinin diisey bilesene oranlanmasi
prensibine dayanir. Bu ydntem referans istasyonu
gerektirmemesi nedeniyle daha kullanighdir.

Ulkemizde gercek deprem kayitlar kullanilarak yer
etkisinin  belirlenebilmesi  icin 1995 Dinar
depreminden sonra  kurulan art¢1  deprem
istasyonlarinin analizleri [6] ve Izmir ilinde kurulu
bulunan kuvvetli yer hareketi istasyon Kkayitlar
kullanilarak [7] yer etkisi hesaplanmaya ¢alisilmistir.

Deprem sirasinda yapida meydana gelebilecek hasar
olusma olasiliginin belirlenebilmesi icin beton
dayanimi, donati durumu, temel tipi, kisa kolon gibi
yapl parametrelerinin yani sira yerin dinamik
ozelliklerinin belirlenmesi gereklidir [8,9,10,11,12].
Tlim bu parametrelerin disinda yer ve yapi periyodu
da belirlenmelidir. Yer baskin salinim periyodu ile
yap1 salinim periyodunun ayni veya birbirine yakin
olmas1 durumunda yapi ile yer arasinda girisim
(rezonans) olusmasit ve buna bagh olarak hasar
olusma olasiligl bulunmaktadir. Birgok arastirmaci
tarafindan yapilan calismalarda giiriiltii kayitlarinin
analizleri ile yer etkilerinin yaninda bina
periyodlarini hesaplayarak yer ve bina arasinda bir
girisim durumunu ortaya koymaya calismislardir
[13,14,15,16,17,18]. Ancak bu ¢alismalar giriilti
kayitlar1  kullanilarak yapilan ¢alismalardir. Bu
calismada ise yapida ve yerde gercek deprem
kayitlar1 kullanilarak girisim durumu arastirilmistir.
Bu calismanin diger ¢alismalardan farki, bina ¢ati
katinda ve insa edildigi yerde kurulan birer
adet(toplam 2 adet) ivmedlger aygitinin kaydettigi
gercek deprem kayitlari ile bina, yer 6zelliklerini ve
girisim durumunu incelemesidir. Ulkemizde yer
ozelliklerinin  belirlenmesi  bakimindan gercek
deprem kayitlar1 kullanilmasina karsin, yapida daha
¢ok giriilti kayitlarinin analizleri kullanilmaktadir.
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Bu calismada gercek deprem kayitlar1 kullanilarak

yapt Ozelliklerinin belirlenmesi o6zelligiyle diger
calismalardan farkli  bir  yaklasim ortaya
konulmustur.

Bu amag ile Kuzey Anadolu Fay zonu iizerinde yer
alan ve bircok oOnemli depremlere maruz kalan
Kocaeli ilinde yer ve bina 6zelliklerini arastirmak icin,
Kocaeli Biiyiiksehir Belediyesi hizmet binasi c¢ati
katina ve insa edildigi yere ivmedlger cihazlar
yerlestirilmistir. Bu cihazlarin kaydettigi 16 adet
deprem, standart spektral oran (SSR) ile yatay/diisey
spektral oran (HVSR) yontemleri kullanilarak
degerlendirilmis, yer ve yapinin baskin salinim
frekanslari, biiylitme degerleri, yap1 soniim orani
bulunmus, yer ve yap1 arasindaki bir girisim durumu
incelenmeye calisilmistir. Gergcek deprem kayitlarinin
analizlerinin  yaninda kuvvetli yer hareketi
istasyonunun yer sinifinin belirlenmesi amaciyla
Yizey dalgalarinin ¢ok kanalli analizi (MASW)
yontemi uygulanmis ve ilk 30 m kayma dalga hiz1 ve
yer baskin salinim periyodu hesaplanmistir. Deprem
kayitlarinin SSR, HVSR analizlerinden ve MASW’dan
elde edilen yerin baskin salinim periyodlari
karsilastirilmistir.

2. Calisma Alam ve Kullanilan Yontemler
2.1. Calisma alaninin tanitimi

Marmara boélgesinin ii¢iincii biiyiik ili olan Kocaeli
Kuzey Anadolu Fay (KAF) tlizerinde yer almakta olup
bu fay zonunda meydana gelen depremlerden
etkilenmektedir.

Kocaeli il merkezine 12 km uzaginda KAF iizerinde
17 Agustos 1999 tarihinde yerel saat ile 03:02'de
meydana gelen moment biyikligi 7.4 olarak
hesaplanan deprem meydana gelmistir. Depremin
merkez lissii ve derinligi miilga Bayindirhk ve Iskan
Bakanligi Deprem Arastirma Dairesi tarafindan
hesaplanmistir.

1999 yilinda meydana gelen depremde Kocaeli ili
genelinde 31.625 konut agir, 29076 konut orta,
31.751 konut hafif hasara sebep olmustur [19].

Kocaeli il ve ilce merkezlerindeki konutlarin hasar
durumlarina yiizde olarak bakacak olursak, Kocaeli il
merkezinin % 10’u, Gebze % 0.48’i, Golciik % 35.70'i,
Kandira % 0.25’i, Karamiirsel % 14.19’u ve Korfez %
12.75'1 agir hasara ugramistir [14]. Goriilecegi iizere
depremde en yliksek hasar Golciik ilce merkezinde
olusmustur. Hasar durumundan da anlasilacag tizere
17 Agustos 1999 tarihinde Kocaeli ilinde etkili olan
depremden sonra, kent dokusunda ciddi bir doniisiim
ve degisim gerceklesmistir.

Deprem sonrast Kocaeli Biiyiiksehir Belediyesi
tarafinda Kocaeli ili mikro boélgeleme etiit islemleri
tamamlanmistir. Ayrica deprem aninda hasar
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yapabilen kuvvetlerin belirlenmesi amaciyla Kocaeli
Biiyiiksehir Belediyesi ve AFAD Deprem Dairesi
Baskanliginin isbirligi ile Kocaeli.NET yerel ivmedlger
deprem istasyon ag1 kurulmustur. Olast Dbir

depremde yap1 sagliginin izlenmesi ve yapiya gelecek
deprem kuvvetin belirlenmesi amaciyla 2008 yilinda
Kocaeli Belediyesi Hizmet binasinin ¢ati katina bir
adet ve binanin insa edildigi yere bir adet olmak
lizere 2 adet ivmedlcer aygitlar: kurulmustur. Calisma
konusu olan bina Sekil 1’de gosterilmistir.

Sekil 1. Calisma konusu bina
2.2. Yizey dalgalarinin c¢ok kanallh analizi
yontemi (MASW)

Yiizey dalgalarinin ¢ok kanalli analizi ilk olarak
[20,21,22] tarafindan ortaya atildi. Kaynag aktif olan
MASW teknigi [23] tarafindan gelistirildi. Bilindigi
lizere yiizey dalgalarinin 6nemli bir fiziksel 6zelligi
dispersiyondur. Yiizey dalgalarinin dispersiyon
egrisinin analizinden ortama ait kayma dalga hizlarn
elde edilir [24]. Kayma dalga hizinin elde edilme
asamalari Sekil 2’ de verilmistir
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Sekil 2. Cok kanalli yiizey dalgalarinin analizi[25]

Calisma alanlarinda yorumlanabilir nitelikte veri
toplamak icin yontemin kuramina uygun olarak
O0lclim yapmak gerekmektedir. Bu amag¢la MASW
yonteminde uygun veri toplamak i¢in kaynakta
yeterli miktarda enerjinin olusturulmasi ve verilerin
elde edilmesi icin uygun frekansli (4.5 Hz, 2 Hz)
jeofonlarin kullanilmasi gereklidir. MASW
yonteminde kayit olagan sismik kirilma yonteminde
oldugu sekilde alinir. Kaynak noktasi (Ofset) mesafesi
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ve 4.5 Hz' lik jeofonlar ile olusturulan serimin
araliklar1 ¢calisma amacina gore segilir. Giiriiltiiniin
bastirilmasi ve sinyallerin daha belirgin hale gelmesi
amaciyla vurus ayni noktada birkag¢ kez tekrarlanarak
y1gma islemi yapilabilir. Yer i¢inde ilerleyen rayleigh
dalgas1 yiizeydeki jeofonlar yardimiyla kayit altina
alinr.

Kaydedilen MASW verisine ilk olarak faz hizi-frekans
dontisimii uygulanir. Bu islem sonucu dalganin
dispersiyon egrisi hesaplanarak gériintiilenir. Olgiilen
veri ile yeraltinin kuramsal modelinin dispersiyon
egrileri birbiri ile ¢cakisana kadar hesaplama yapilir.
Bu isleme ters ¢o6ziimii denir. Ters ¢6ziim isleminden
sonra yeraltinin derinliklerine gore degisen bir
boyutlu kayma dalga hiz modeli olusur (Sekil 2).

MASW calismasindan derine dogru elde edilen kayma
dalga hizlari kullanilarak Yer baskin salinim periyodu
esitlik 1 den hesaplanir. Esitlik 1 deki H derinligi
kayma dalga hizina bagl 30 ya da 50m segilir. Bu
secim ilk 30m icerisinde Vs>500 m/s elde edilir ise
H=30m alinir tersi olmasi durumunda H=50m
kullanilmalidir [26].

_ 4y | 4(H-(hi+hy)

Tz =
Vs1

(1)

Vs2 Vs3

2.3. Kuvvetli yer hareketi él¢ciimleri

Yapinin insa edildigi yerde meydana gelebilecek
yatay ivmenin tahmini ve depremin uzaklikla olan
azalim iliskisinin gelistirilmesi ile depreme dayanikh
yap1 tasarimlar1 yapilabilir. Mihendislik agisindan
oneme sahip olan yer hareketlerinin 6zelliklerini ve
bu ozellikleri yansitan yer hareketi parametrelerini
tanimlamak gerekmektedir. Yer hareketi
parametrelerinin tanimlanmasi ve degerlendirilmesi
icin gercek depremler sirasinda 6l¢lilmus ivmedlger
kayitlarinin  incelenmesi gerekir. Yap1 saglig
izlenmesi amaciyla kurulacak ivmeodlger kayitgilar
yapinin bir deprem aninda salinimini, davranisini
belirlemek ve biiyiik bir deprem sonrasinda yapinin
olasi hasar alma durumunu tespit etmek amaciyla
kullanilir. Yapr sagligl izleme sistemlerinin yeni
deprem yonetmeliginde yiiksek yapilara kurulmasi
zorunlulugu getirilmistir.

Kuvvetli yer hareketinin siiresinin deprem hasari
tizerindeki etkisi ¢ok giiclii olabilir. Genligi yiliksek
fakat siiresi kisa bir hareket yapida hasar yapici bir
etki yaratmayacak ancak orta diizeyde genlikli ve
uzun siireli bir hareket, yapida 6nemli derecede yikici
hasara neden olabilmektedir.

2.3.1. Yatay diisey spektral oran yontemi (HVSR)

Yontemin esasiy; tek istasyonda kaydedilen deprem
dalgalarmin S fazlarmin Yatay (H) genlik
spektrumlarinin Diisey (V) genlik spektrumuna
oranlanmasina dayanir [4,5].
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Deprem kayitlarinda diisey bilesenlerin yer
tabakalarinin 6zelliklerinden etkilenmedigi buna
karsin yatay bilesenlerin, tabakalarin hiz ve yogunluk
ozelliklerine gore deprem dalgalarinin genliklerini
belli frekanslarda biiyitmeye ugratirlar. Bu teoriye
gore biliylitmeye ugrayan yatay bilesen
spektrumlarinin diisey spektruma oranlanmasi ile
yer/yapt transfer fonksiyonunun elde edilmesi
saglamir. Ozetle yontem diisey bileseni referans
bilesen olarak kullanmaktadir.

Hs

S m, H;
S=—=—=— 2
SR TETY )

Vp

Esitlik 2 de verilen Hs yatay bilesen spektrumlarini
Vs diisey bilesen spektrumunu Sz ise transfer
fonksiyonunu temsil eder.

2.3.2. Standart spektral oran yontemi

Standart spektral oran yontem ilk olarak [2]
tarafindan  kuvvetli yer hareketi kayitlarina
uygulanmistir. Zayif ve kuvvetli yer hareketi istasyon
kayitlarina uygulanan yontem, 1970 yilindan
gliniimiize yaygin olarak kullanilmaktadir [2].

- Mikrotremor veya kuvvetli yer hareketi kayitlarinin
yatay bilesenlerin S dalgasinin bir kismi pencere ile
cikarilir.

- Cikarilan yatay bilesen penceresinin yuvarlatilmis
hizli Fourier (FFT) genlik spektrumu alinir.

- Biiylitmesi hesaplanacak noktadaki yatay bilesen
yuvarlatilmis Fourier genlik spektrumu, referans
olarak kullanilacak istasyona ait yatay bilesen
yuvarlatilmis Fourier genlik spektrumuna
oranlanarak transfer fonksiyonu (TF) hesaplanmis
olur.

Tf(f) = Hs(f) + Hr() (3)

ile tamimlanir. Esitlik 3’te Hy(f) aliivyon noktasina ait
yatay bilesen Fourier genlik spektrumu, Hg(f)
referans noktasina ait yatay bilesen Fourier genlik
spektrumunu gosterir.

3. Bulgular
3.1. MASW sonuglar

Kocaeli belediyesi hizmet binasi bah¢esinde bulunan
ivmeodlger istasyonunun yer sinifinin belirlenmesi
amacilyla MASW olglisit alinmistir. Sismik saha
calismast icin kaynak, kablo, jeofon ve kayit
sistemlerinden olusan biitlinlesmis bir sistem
kullanilmistir. Enerji kaynagi olarak 50 kg agirlikh
elektromekanik bir kaynak sistemi kayit aygiti1 olarak
48 kanalli (2 adet 24 kanalli sistem) Geode marka
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sismik kayit aygiti kullamlmustir. Olgii alimlarinda
jeofon araliklar1 ve ofset 2 m, serim uzunlugu 96 m
olup, 48 adet 4.5 Hz diisey jeofonlar kullanilmistir.
Ornekleme araligi 1 ms, kayit uzunlugu 2 sn’dir.
Kullanilan aygitlar sekil 4’'te gosterilmistir.

Yiizeylenmis kaya istasyonu ~ Yer (Toprak) istasyonu

e S Jpp i e b S e TR
=1 il =1 L
"3 Sediman ' :
Dalga yolu _ _ Anakaya
Fourier Genlik Spektrumu
¢ 10E+001 Kaya 1.0E+001 & Yer (Toprak)
= 1.0E+000 1.0E+000
T 1.0E-001 M TOE-001 £ n ,.-r»wﬂr"h
@ 10E-002 pry A . 1.0E-002 _ '
© 10E-003 [ 1.0E-003 o
106004 Boisn o Lo . 10E-004 et
1 10 1 10
. Frekans(H;
Transfer Fonksiyonu ansiHz) Frekans{Hz)
veya

Spektral Oran
S(f)=H(f)ver/ H(f)aya

g - W, 'rli'll;‘.
1]

T Frekans(Hz) 10

Sekil 3. SSR yontemi temel veri islem [27] den
diizenlenmistir.

b) Gisco marka
- 50 kg ivmeli balyo:

Sekil 4. a) Sismik kayitei, b) 50-kg ivmeli balyoz,

Yapilan veri islem sonrasinda olusan dispersiyon
egrisi Sekil 5’te verilmis olup veri islem asamalari
sonucunda yer tabakalarinin ilk 30 m kayma dalgasi
hiz1 148 m/s (sekil 5b) bulunmustur. Istasyon
bulundugu yerde 2013 yilinda yapilan SPAC 6l¢iimii
sonucu bu ¢alismada gosterilen MASW sonuglariyla
uyumludur.

Faz Hizi(mls) h)

S-dalga H|:|Am!s
HEEFFREFEREE IS

0150 X0 250 30 40 450

134
160,
172
.. 159
137

~137,
-~ 159
et 160

154
148

14

Frekans{(H=zx)

g a7
144

138

Ortalama Vs 30 m=146 mis

Sekil 5. a) Dispersiyon egrisi, b)Derinlik hiz modeli
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Yer baskin salinim periyodunun 50 m etkinlige kadar
yapilan hesaplamada etkin derinlik 50 m Kkadar
ulasamadigl goéz oniine alindiginda son tabakanin
hizinin 50 m kadar ayni kaldig1 kabulune gore yapilan
hesapta baskin salinim periyodu 1.25 sn olarak
hesaplanmis, frekansta ise 0.80 Hz olarak
bulunmustur. Benzer sekilde Vs3=148 m/s
kullanilarak hesaplanan baskin salinim periyot 1.23
sn elde edilmistir.

3.2. Deprem (ivme) kayitlarinin analizleri
3.2.1. Standart spektral oran yontemi sonug¢lari

Standart spektral oran (SSR) yonteminde bir
depremde dinamik 6zellikleri hesaplanmasi istenilen
kayit¢inin  yatay bilesenlerinin  spektrumunun
referans istasyonun yatay bilesen spektrumuna
bolerek yer biiylitmesini belirlemektir.

Kocaeli Belediyesinin yap1 sagligi izlenmesi amaciyla
kurulan ivmeodlger  istasyonlar1 = Sekil 6’da

gosterilmistir

-

Sekil 6. Bina ve zeminde kurulan istasyonlarin konumlari
(Google Earth)

SSR yonteminde yer biiylitmesinin belirlenmesi

amaciyla referans istasyon olarak Meteoroloji
midirliginde bulunan ivmedlcer aygiti
kullanilmistir.  Bina  biyiitmesinin  bulunmasi

amaciyla yerde bulunan istasyon referans istasyon
olarak kullanilmistir. Kaydedilen kayitlar SSR
yontemi ile degerlendirilmistir.

Bina biiyiitmesinin belirlenebilmesi amaciyla 5. Katta
bulunan  ivmeodlgerler tarafindan  kaydedilen
kayitlarin yatay bilesenlerin S dalga penceresi FFT’si
alinarak birlestirilmis yerde bulunan kayitlarin yatay
bilesenlerine oranlanmistir. Yer biiylitmesinin
belirlenmesi amaciyla yerde bulunan istasyonun
yatay bilesenlerinin S dalga penceresi kayada
bulunan ivmedlger kayitlarina oranlanmigtir.

Kocaeli Biiyliiksehir Belediyesi binast ve yer
ozelliklerini anlamaya ydnelik Sekil 6’da konumlari
gosterilen iki farkli istasyon (bina cati kat1 ve yerde
bulunan istasyon) tarafindan ortak olarak kayit
edilen farkhi biytiklige, merkez {issiinden farkh
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uzakliga sahip 16 adet deprem verisi kullanilmistir.
Kullanilan depremlerin konumlar Sekil 7’de moment
magnitiidleri ve tarihleri Tablo 1'de gdsterilmistir.
Kocaeli Biiyliksehir Belediyesi binasinin kurulu
oldugu yerin biiylitmesini belirlemek icinse kayada
kurulu olan referans istasyon ile bina bahgesindeki
istasyon tarafindan ortak olarak kayit edilen farkli
biiytkliige, merkez iissiinden farkli uzakliga sahip 5
adet deprem verisi kullanilmis ve bunlar Sekil 8 de ve
Tablo 2 de sunulmustur.

Tablo 1. Bina ve yerde bulunan ivmedlgerlerin kaydettigi
ortak depremler

No | Enlem | Boylam | Mw Tarih U(zlzrl;l)l k
1 | 40,817 | 28,1925 | 44 | 3.10.2010 147
2 40,734 | 29,7567 | 4,2 | 20.01.2011 15
3 | 40,137 | 29,9643 | 4,7 | 11.07.2011 69
4 |39,1328 | 29,082 | 6,2 | 19.05.2011 195
5 | 40,8195 | 27,7498 | 5,3 | 25.07.2011 184
6 | 40,7608 | 30,4077 | 3,6 | 7.07.2012 40
7 | 39,6553 | 25,5912 | 5,6 | 8.01.2013 386
8 | 40,7427 | 30,284 | 2,8 | 10.11.2013 30
9 | 40,7743 | 31,8762 | 49 | 24.11.2013 164
10 | 40,4113 | 30,1001 | 4,5 | 22.10.2014 41
11 | 39,8775 | 30,3785 | 4,0 | 17.01.2015 105
12 | 40,2575 | 29,1608 | 4,3 7.06.2016 86
13 | 40,68 | 29,2128 | 4,2 | 25.06.2016 61
14 | 40,7058 | 30,1288 | 3,5 | 2.09.2016 18
15 | 38,7358 | 27,8156 | 5,1 | 27.05.2017 286
16 | 38,8488 | 26,3126 | 6,2 | 12.06.2017 372

Tablo 2. Kaya (referans istasyon) ve yerde (bina bahgesi)
bulunan ivmedlcerlerin kaydettigi ortak depremler

No | Enlem | Boylam | Mw Tarih U(zl?:;l)lk
1 | 40,7427 | 30,284 | 2,8 | 10.11.2013 30
2 | 40,7743 | 31,8762 | 4,9 | 24.11.2013 164
3 | 40,5956 | 29,1655 | 4,0 | 03.08.2014 67
4 | 39,8775 | 30,3785 | 4,0 | 17.01.2015 105
5 | 41,0000 | 29,0000 | 3,8 | 13.08.2015 54
Veri islem asamasinda GEOPSY  programi
kullanilmistir  [28]. Kullanilan Kkayitlarin  timii

saniyede 100 ornek olacak sekilde sayisallastirilmis.
Aygit etkileri giderilmistir. Yer ve yap1 lizerinde
meydana gelen deprem etkisini hesaplamak igin
deprem kayitlarin yalmizca S dalga fazi kullanilmigtir.
Bu amagla kullanilan tiim verilerden 5 sn uzunlukta
pencereler ile kesilen veriler 0,1-20 Hz BANDPASS
stizgec¢ kullanilmis ve veri uglar1 %5 kosiniis pencere
ile  yuvarlatilmis, FFT  kullamilarak  genlik
spektrumlar1 ahinmistir. ivme kayitlarinin yalnizca
yatay bilesenleri spektrumlarin bileskeleri alinarak,
referans istasyona oranlanmis, baskin frekans ve
biiylitme degerleri ortaya ¢ikarilmistir.
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Sekil 8. Yer bliyiitmesi i¢in kullanilan depremler

Veri islem asamalari asagidaki sirada verilmistir.
-Egilim etkisi giderimi

-Siizgecleme islemi (Bandpass, 0,1-20 Hz)

- Pencereleme secimi islemi

- Kayitlarin kenarlarina uygulanan tdérpiileme islemi
(taper, %5)

- FFT

-Yuvarlatma islemi (Konno ve Ohmachi, b=40) [29]
-Yatay bilesen spektrumlarinin orani (Bina/Yer,
Yer/Kaya)
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3.2.1.1. Bina/Yer SSR y6ntemi sonuglari

Bina baskin frekansi (1. Mod) ve biiylitmesini
belirlemek i¢in Tablo 1 de verilen farkl biiyiikliik ve
konumlardaki 16 adet depreme ait 32 ivme kaydi
kullanilmistir. Sonuglardan doért adet 6rnek depreme
ait grafikler Sekil 9 - Sekil 12'de sunulmustur. Sunus
sirasi a) grafiginde yer ve binada kurulu bulunan
ivme kayitlarinda segilen S dalga penceresi
belirtilmistir. Kayitlarin a) grafiginde sag st
kosesinde istasyonun kayit ettigi en biiyiik ivme
degeri (PGA) cm/s? biriminden verilmistir. b)
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grafiginde Secilen S dalga fazinin FFT’si alinarak
frekans ortamina gecilmis ve yo6n bagimliligindan
kurtulmak icin iki yatay bilesenin birlestirilmistir.
Yap1 biiylitmesi ve baskin frekansinin bulunmasi i¢in
yer istasyonu referans istasyon olarak diisiiniilmiis
ve bina kaydi yer frekansina oranlanmis ve sonuclar
ayr1 ayri grafiklenmistir. c¢) grafiginde ise kayitlarin
secilen S fazinin spektrumlar iki yatay bileseni ayri
ayrt sunulmustur. Sekil 13'de 16 adet deprem
verisinin veri isleminden elde edilen bina/yer

ler ile Yer ve Yapi Etkilesimi

spektral oran grafikleri elde edilmistir. Tim
kayitlarda goriilecegi lizere 2 Hz frekansinda ani bir
doruk goriilmektedir. Binanin baskin salinim frekansi
(1.Mod) bu frekans oldugu diisiiniilmektedir. Sekil
14'te ise bu 16 deprem kaydinin spektral oraninin
ortalamasini gérmekteyiz. Spektral oran yonteminde
bina yatay bilesen spektrumunun yer spektrumuna
oranlanmasi sebebiyle bina kayitlarindan yer etkisi
giderilmis ve saf bina transfer fonksiyonu elde
edilmistir.

o 0 g lb) 03.10.2010 Mw4.4 Depremi
25 istasyonlara olan mesafe 147 km .
1.27 cm/s2 =Bina
0.88 cnwszf| 2 ¥ =Yer
— ‘E gls —Bina/Yer
3.00cm/s2 || & =
52
Pedst " & T
3.27 cm/s2 ii &
Wode i ® 5
0.75 em/s2
e 0
. 20s 495 amap(s) 1m Sutgios' faidte
C BiNA .\ YER
)4“ K 40 i E N
140 10
.l"l.
' 8
1
S

Frekans(Hz)

Sekil 9. a) 03.10.2010 Mw 4,4 depremi ivme kayitlar1 (bina ve
bina/yer orani, c) Bina ve yer yatay bilesen spektrumlari

yer) ve secilen S fazi, b) Yatay spektrumlarin bileskesi ve

a}l‘ 1.30 cm/s2 07, ; ;
A b) 5 25.07.2011Mw 5.3 Depremi
5h Istasyonlara olan mesafe 184 km
1.28 cm/s2
YERE ===Bina
L)
078 cnvs2 || 2 _ A w—or
i
YER Z 8 E ===Bina/Yer
2.70 cm/s2 § 930
BINA N g2
2 W0
2.52 cm/s2 l?'l' £
X o
BiNA E Y $ o
106 cm/sz || @
BiNA Z
0
' 40s 1m20s 2m 0 1 7 3 4 5 6 7 8 9 10
Zaman(sn) Frelgns(l-lzi
BINA R
E ) N E YER N
120 120 20—
o~ 16
12
8
4
0.1 04 1 2 4 10 01 04 "1 2 4 o e R Gl a’
Frekans(Hz)

Sekil 10. a) 25.07.2011 Mw 5,3 depremi ivme kayitlar1 (bina ve
bina/yer orani, c) Bina ve yer yatay bilesen spektrumlari
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yer) ve secilen S fazi, b) Yatay spektrumlarin bileskesi ve
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Sekil 11. a) 24.11.2013 Mw4.9 depremi ivme kayitlar1 (bina ve yer) ve secilen S fazi, b) Yatay spektrumlarin bileskesi ve
bina/yer orani, c) Bina ve yer yatay bilesen spektrumlari

a) T | 1.26 cm/s2 b) 22.10.2014 Mw4.5 Depremi
YER '~ i W Istasyonlara olan mesafe 41 km
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Sekil 12. a) 22.10.2014 Mw 4,5 depremi ivme kayitlar1 (bina ve yer) ve secilen S fazi, b) Yatay spektrumlarin bileskesi ve
bina/yer orani, c) Bina ve yer yatay bilesen spektrumlari

KOCAELI BELEDIYESI HiZMET BINASI VE iNSA EDILDIGI YERDE KOCAELI BELEDIYE BINASI TRANSFER FONKSIYONU
14 BULUNAN IVME KAYITLARININ SPEKTRAL ORANI 0 (BINA/YER SPEKTRAL ORAN_ 16 ADET DEPREM ORTALAMASI)
~2010 Mw4.4 2011Mw 4.2 =2011 Mw6.2
8
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- 2013 Mw2.8  —2013 Mw4.8  —2014 Mw 4.5 g
£10 o
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£ E
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Sekil 13. Yapida ve yerde kaydedilen 16 adet deprem Sekil 14. Bina biiyiitmesi i¢cin SSR Yéntemi sonuglarinin
kaydinin spektral oran yéntemi (SSR) biiylitme sonuglari ortalamasi
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3.2.1.2. Yer/Kaya SSR yontemi sonuclari

Yer baskin salimim frekanst ve biiylitmesini
belirlemek icin Tablo 2’de verilen farkli magnitiid ve
lokasyonlardaki 5 adet depreme ait 10 ivme kaydi
kullanilmigtir. Depremlere ait 6rnekler Sekil 15 ve
sekil 16’te sunulmustur. Sunus siras1 a grafiginde yer
ve kaya kurulu bulunan ivme kayitlarinda secilen S
dalga penceresi belirtilmistir. Kayitlarin a) grafiginin
sag tust kosesinde istasyonun Kkayit ettigi PGA
degerleri cm/s? biriminden verilmistir. b) grafiginde
Secilen S dalga fazinin FFT si alinarak frekans
ortamina gecilmis ve yon bagimliligindan kurtulmak
icin iki yatay bilesenin birlestirilmistir. Yer biiylitmesi
ve baskin frekansinin bulunmasi ig¢in kayadaki
istasyon referans istasyon olarak diisiiniilmiis ve yer
kayd1 kaya frekansina oranlanmis sonuglar ayri ayri
grafiklenmistir. c) grafiginde ise kayitlarin segilen S

fazinin Spektrumlar1 iki yatay bileseni ayr1 ayri
sunulmustur.

Sekil 17’de 5 adet depremden elde edilen transfer
fonksiyonlar1 bulunmustur. Sekil 18’de ise bu 5 adet
depremin sonucunun ortalamasi bulunmaktadir.
Spektral oran yonteminde yer baskin salinim frekansi
0,7 Hz bulunmustur.

Kullanilan 5 adet deprem ivme kaydinin analizleri
sonucunda baskin salinim frekans 0.67-0.70 Hz
biiyitme oram ise yaklasik 6,5 olarak bulunmustur.
Ancak  referans olarak  kullanilan  deprem
istasyonunun yiizeylenmis anakaya olmamasi
nedeniyle baskin frekansta diger yontemlere gore
kiiglikte olsa farkliliklar mevcuttur. Diger yontemler
ile karsilastirildiginda referans istasyonun kaliteli
olmamasina karsin baskin frekans degeri diger
yontemlerin sonuclari ile benzerlik gostermektedir.

a) - 0.16 cm/s2 b) 03.08.2014 Mw4.0 Depremi
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Sekil 15. a) 03.08.2014 Depremi Mw4.0 deprem kaydi ve segilen S fazi, b) Yatay spektrumlarin bileskesi ve yer/kaya oranj, c)
Yer ve kaya yatay bilesen spektrumlari

a) 0.45 cov/s2 b) 24.11.2013 Depremi Mw4.9
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kaya yatay bilesen spektrumlari
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Sekil 16. a) 24.11.2013 Mw 4,9 deprem kaydi ve secilen S fazi, b) Yatay spektrumlarin bilegkesi ve yer/kaya orany, c) Yer ve
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Kocaeli Belediyesi Hizmet Binasi Yerde ve Kayada
10 bulunan ivmedlger kayitlarinin Spektral orani
—10.11.2013 Mw2.8
8 we14,11.2013 Mw 4.8
o —17.1.2015 Mw4d.0
E 6 m—()3.08.2014 Mw4.0
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Sekil 17. Yerde ve kayada kaydedilen 5 adet deprem

kaydinin  spektral oran ydntemine (SSR) gore
degerlendirilmesi
Kocaeli Belediyesi Yer Transfer Fonksiyonu
Yer/Kaya Spektral Orani (5 Deprem Ortalamasi)
v
b
£
5
2,
=1
(a1]
2
1]
1] 1 2 4 5 6 7 8 9 10
Frekans(Hz)

Sekil 18. Yer biiylitmesi i¢cin SSR y6ntemi sonuglarinin
ortalamasi

3.2.2. Yatay/Diisey spektral oran yontemi
Depremde kaydedilen ivme kayitlari ile biliyiitme ve

baskin frekans hesaplamasinda iki adet yatay bilesen
spektrumunun diisey bilesene spektrumu spektral

oran (HVSR) yontemi Kkullanilmistir. Kullanilan
depremler yer ve binada kaydedilen 16 adet deprem
olup Tablo 1'de verilmistir. Her bir istasyon
tarafindan kaydedilen depremlerin 3 bilesene ait
spektral oranlar1 hesaplandiktan sonra yatay
bilesenlerin ortalamasi, diisey bilesene oranlanmistir.
Sekil 19-22’de 6rnek olarak 4 adet deprem kaydi
gosterilmistir.

Biiylitme analizi icin deprem kayitlarinin yalnizca S
dalga penceresi kullanilmistir. Her kayit icin
uygulanan islemler tamamen ayni olup, 0,1-20 Hz
arasinda Butterworth, Band-Pass pencereleme
uygulanmis, veri basina ve sonuna %5 kosinis
fonksiyonu ile yuvarlatildiktan sonra FFT ile
spektrumlari hesaplanmistir, daha sonra
spektrumlara yuvarlatma (Konno ve Ohmachi, b=40)
islemi yapilmistir [29].

Yontemin, hareketin diisey Dbileseninin yerel
jeolojiden  etkilenmedigi varsayimi nedeniyle,
bulacagimiz deger, bize o istasyona ait biiylitme ve
baskin frekans degerini verir. Her bir istasyon igin
spektral oran ve biiylitme degeri hesaplanmistir. Bu
spektral oran ve biiyiitme degerlerinin geometrik
ortalamasi alinarak her bir istasyon i¢in tek bir yer
biliylitme fonksiyonu ve baskin frekans degeri elde
edilmistir. Kullanilan veri islem asamalar1 asagida
belirtilmistir.

-- Egilim etkisi giderimi

-- Filtreleme islemi (Band pass, 0,1-20 Hz)

-- Pencereleme islemi

-- Torpiileme islemi (taper, %5)

-- Hizli Fourier Doniisiimii (FFT)

-- Yuvarlatma islemi (Konno ve Ohmachi, b=40)
--Yatay/Diisey orani hesab1

1.00 cm/s?

b) 07.07.2012_Mw3.6 Depremi
¢ S fazinin Yatay/Diisey Spektral orani

smfing_hv

—_
=)

4‘#SZamaln(srll) Cm

056 cm/s?

0.54 cmfs?

0.68 cm/s?

(i
L=J1

w=\er_hy

oy co

Yatay/Dusey Oran
e~

(==

4 5 6
Frekans(Hz)

Sekil 19.a) 07.07.2012 Mw 3,6 deprem kaydi ve secilen S fazi, b) Bina ve yer i¢in yatay/diisey oran spektrumlari
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1) emis2 |Ib) 10.11.2013 Mw 2.8 Depremi
0.46 cm/s? $ fazinin Yatay/Diisey Spektral oran:

0.46 cm/s2 w=Bing v

1.25 cm/s2

am\er hy

0.80 cm/s2

Yatay/Dlsey Oran

0.52 cm/s2

Taman(sn)

F N W v v 25.06.2016_Mw 4.2 Depremi
a) i S fazinin Yatay/Diisey Spektral Oram
YERE - .Wt‘m o =Bina_hv
0.75 cm/s2
YERZ g =\er hy
2.70 cm/s2
BINAN '
M 2.52 cm/s2
BINA E
‘ 1.06 cm/s2
BiNA Z
0s, ' ' 405 ' " 1m2os
Zamans(sn) Frekans(Hz)

Sekil 21. a) 25.06.2016 Mw 4,2 deprem kaydi ve secilen S fazi, b) Bina ve yer i¢in yatay/diisey oran spektrumlari

a 0.45 cm/s2 i
1 /s i) 24.11.2013 Mw 4.9 Depremi
0.50 cm/s2 § fazinin Yatay/Diisey Spektral orani
YERE ' - bbb ]
_— 035cms2 || =iha_hy
T b it
‘ | 1.60 cm/s2 g =Yer_hv
BINAN : _ 8
MM&IW» ‘ 130cms |8
BINAE " ‘ ] 6
i it 7
0.28 cm/s2 § :
BINAZ bbb e 2
prr s tm | dmaos ' | am ' 2maes 0
Zaman(sn) ¥ 0@ AFTEKE?IS(HZ)E s 2 B

Sekil 22. a) 24.11.2013 Mw 4,9 deprem kaydi ve segilen S fazi, b) Bina ve yer icin yatay/diisey oran spektrumlari
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Sekil 19-22’de goriilen dort adet grafikte, a da bina ve
yerde kaydedilen deprem kayitlari ve segilen S fazi, b
de ise Segilen S fazinda yatay bilesenlerin diisey
bilesenlere oranlanmasi sonucu binada ve yerde
hesaplanan transfer fonksiyonu goriinmektedir. Sekil
23’ te ise 16 adet deprem sonuglarini gérmekteyiz.

Deprem kayitlarina uygulana yatay/diisey spektral
b oran yéntemi yerde ve bina sonuglari
=YER HVSR
10
=BINA HVSR
[T}
E
36
>
3
[
2
0
0 1 2 4 5 6 7 8 9 10
Frekans(Hz)

Sekil 23. HVSR yo6ntemine gore ortalama yer ve bina
biiytitmeleri

Deprem kayitlarinin S fazinin uygulanan HVSR
(vatay/diisey spektral oran) yonteminin Sekil 23’de
verilen sonuglarina bakildiginda yer baskin salinim
frekanst 0,8 Hz biiylitme degeri ise yaklasik 6
civarinda hesaplanmistir. Bina sonuglarina baktigimiz
zaman ise 2 Hz frekansinda net bir keskin doruk

noktast  gorilmektedir. Ayrica yap1 transfer
fonksiyonunda 0,8 Hz frekansinda bir doruk
goriinmekte olup bu doruk yer etkisi olarak

yorumlanmustir. Sekil 23’de goriildiigu tlizere 0,8 Hz
frekansinda hem binada hem de yerde baskin
doruklar gorilmistiir. Bu etkinin binanin temelinin
serit temel olmasindan kaynaklanmasi
diisiintiilmektedir. Bina biiylitme degeri ise bu
yontemde diger yontemlere gore daha fazla ¢ikmis
olup bunun sebebi binanin diisey bilesenindeki
spektrumlarin  degerlerinin  diisiik  olmasindan
kaynaklanmaktadir.

3.3. Bina yer girisim durumu

Yapilan analizler sonucunda dogal yer baskin salinim
frekans1 yaklasik 0,8 Hz, titresim periyodu 1.25 sn,
bina frekansi 2 Hz, titresim periyodu ise 0,5 sn olarak
hesaplanmistir. Kocaeli Belediyesi Hizmet binasinin
girisim durumunu incelemek amaciyla 2 adet ¢alisma
yapimistir.

Birinci analizde s6z konusu bina eski esnek bina

oldugundan sertlik degeri C=0,1 veya C= 0,12
alinabilir. Bu degerlere gore;
Ta = 0.5T 4)
Tb = 1.5T (5)
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T.=0.5%1.25=0.625sn ve T,=1.5%1.25=1.875sn

N1 = Ta/C (6)

N2 =Tb /C (7)

N:=(0.625 /0.10)= 6.25 ve N2=(1.875/0.10)=18.75
olarak bulunmustur. Burada Ta, alt periyod ve Tb, list
periyod degeridir. S6z konusu bolgede Ni1=6.25,
N,=18.75 kat adetleri arsinda girisim bélgesinde yer
olanlarda girisim hasar1 olacagl disiinilmiistir.
Hizmet binasi 5 kath olmasi dolayisiyla girisim
bolgesi disinda kaldigi diistinilmektedir.

ikinci analizde [14] tarafindan onerilen denklem
kullanilmistir. Bu sistemde bina spektrumunun yer
spektrumu arasindaki oranlar kullanilarak girisim
tehlike seviyeleri belirlenmistir. Bu tehlike seviyeleri
3 gruba ayrilmistir. Yiiksek seviye, oran degeri <% 15
(bina frekansi ile yer arasindaki fark) oldugunda, orta
seviye, oran degeri% 15-25 oldugunda ve oran>% 25
oldugunda diisiik seviyededir.

Serbest alan frekansimiz 0,8 Hz bina baskin
frekansimiz 2 Hz olmas1 sebebi ile bina ve yer
arasindaki frekans farki >25 den fazla olmasi sebebi
ile girisim ¢ekincesinin distiik oldugunu
soyleyebiliriz.

Yapilan iki analiz sonucunda binanin girisim boélgesi
disinda kaldig1 diistiniilmektedir.

3.4. Bina soniim orani

Soniim orani yer ve yapilar icin 6nemli bir dinamik
parametredir. SOniim arttik¢a yapiya gelen deprem
yuki azalabilir. H/V spektrumundan yari-giic band
genisligi (Half-Power Bandwidth) yodntemiyle elde
edilir.

XK(HNV)

Xmax

X max

Jz

Frekans(Hz)

Sekil 24. Soniim orani hesaplama yontemi

Sonlim orani, yari-giic band genisligi yodntemiyle
belirlenen degerlerin asagidaki formilde yerlerine
yazilmasiyla hesaplanir.

0 —lxsf
"2,

(8)
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Burada 6n Sonim oram fn yapinin baskin salinim
frekansini ifade eder. Kocaeli Bliyiiksehir Belediyesi
binasinda bulunan ivmedlger istasyonu verilerinin

sonucunda Kocaeli Belediyesi hizmet binasinin
soniim orani %12 olarak hesaplanmistir.

3.5. Deprem kayitlar: analizlerinin
karsilastirilmasi

Bina ve yerde bulunan ivmeodlger istasyonlarinin
kaydettigi ivme kayitlar1 SSR ve HVSR yodntemlerine
gore degerlendirilmis baskin salinim frekanslar1 ve
biiylitme degerleri bulunmustur.

Binada yapilan ¢alismalarda (deprem kayitlarinin iki
farkli yontemle degerlendirilmesi) yaklasik 2 Hz
frekansinda biyiitmeler tespit edilmis olup bunun
bina frekansi oldugu disiiniilmektedir. Bu frekansta
SSR yontemi degerlendirilmesi sonucu biiyiitme
degeri yaklasik olarak 8 kattir. Ancak deprem
kayitlarinin S fazi1 kullanilarak HVSR tekniginin
ciktilarina baktigimizda aym frekansta biiyiitme
degerinin 10 kat oldugunu gorebiliyoruz.

Sekil 25’te bina igerisinde yapilan tiim calismalarin
sonuglart sunulmus olup, tim yontemlerde bina
frekans1 2 Hz olarak bulunmustur. Binada deprem
kayitlarinin yatay/diisey spektral oran teknigine gore
degerlendirilen kayitlarin tamaminda 0,8 Hz
civarinda yer etkisi gozlenmis olup bu etki SSR
tekniginde bulunmamaktadir. Bunun sebebi bina
kayitlarindan yer etkisinin giderilmesidir. Bu
nedenden dolay1 binada 0,8 Hz frekansindaki bu
doruk noktasinin yer etkisi olarak
degerlendirilmistir. Sonuglar Tablo 3’te gdsterilmeye
calisiimistir.

Yerde yapilan c¢alismalarda yer baskin salinim
frekansi 0.77-0.81 (Ortalama 0,8) Hz civarinda tespit
edilmis olup biiylitme degerleri yaklasik 6 kattir. SSR
yontemini uygulamanin sonucunda bulunan frekans
degeri diger yontemlerde bulunan baskin frekanstan
cok az farkhidir. Sonuglar Tablo 4’te gosterilmeye
calisiimistir.

Deprem Kayrtlarinin Degerlendirilmesi Sonucu Bulunan
12 Bina Biiyiitmeleri
==DEPREMLERIN(S FAZI) VERILERI
KULLANILARAK SPECTRAL ORAN
YONTEMI (Bina/Yer)

—DEPREMLERIN(S FAZI) VERILERI
KULLANILARAK BiNA YATAY/DUSEY
ORAN ORTALAMA

0 1 2 3 8 9 10

4 5
Frekans(Hzg

Sekil 25. Binada kullanilan yontemlerin karsilastirilmasi

FARKLI YONTEMLERLE YER BASKIN SALINIM
FREKANSININ VE BUYUTMENIN BELIRLENMES]

~——DEPREMLERIN(S FAZI) VERILERI

6 KULLANILARAK SPECTRAL ORAN YONTEMI
(YER/KAYA}
5 =—=DEPREMLERIN(S FAZI) VERILERI

KULLANILARAK YER YATAY/DUSEY ORAN

1 B
L ———————

o
[+] 1 2 7 8 9 10

a H 6
Frekans(Hz)

Sekil 26. Yerde yapilan SSR ve HVSR yontemlerin
sonuclarinin karsilastirilmasi

Tablo 3. Bina biiylitmesi icin kullanilan yontemlerin (SSR ve HVSR) sonuglari

SSR Yontemi HVSR Yontemi
Mw Uzakhik f To Bina/Yer f To H/V
(km) (Hz) (sn) biiyiitmeleri (Hz) (sn) bilyiitmeleri
4,4 147 2,05 0,49 8,8 2,15 0,47 8,5
4,2 15 1,96 0,51 6,2 1,96 0,51 14
4,7 69 2,05 0,49 12,6 2,05 0,49 12,3
6,2 195 1,78 0,56 8,8 1,78 0,56 11,5
5,3 184 2,05 0,49 7,2 2,05 0,49 9,6
3,6 40 2,05 0,49 5,6 2,05 0,49 14
5,6 386 1,87 0,53 6,7 1,96 0,51 11,2
2,8 30 1,7 0,59 6 2,05 0,49 12
4,9 164 1,96 0,51 10 1,96 0,51 12
4,5 41 1,87 0,53 11,2 1,7 0,59 11
4 105 1,96 0,51 9,4 1,96 0,51 15
4,3 86 2,05 0,49 10 1,96 0,51 11,9
4,2 61 2,05 0,49 7,4 1,96 0,51 14
3,5 18 1,96 0,51 8 2,15 0,47 9
51 286 1,96 0,51 8,4 1,87 0,53 11,4
6,2 372 2,05 0,49 6,3 1,96 0,51 9,7
Ortalama 1,96 0,51 8,3 1,97 0,51 11,6
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Tablo 4. Yer biyiitmesi i¢in kullanilan yéntemlerin
(SSR ve HVSR) sonuglari

Yontem | f(Hz) | To(sn) Biiyiitme
SSR 0,8 1,25 6
HVSR 0,7 1,42 6,5

4. Sonuclar

Kocaeli Belediyesi hizmet binasina ve bahgesine yapi
sagligl izleme amaciyla kurulan iki sabit ivmedlger
aygitinin kaydettigi deprem (ivme kaydi) kayitlarinin
farkli yontemlerle (SSR, HVSR) degerlendirilmis, yer
ve binaya ait biiylitme orami ve baskin salinim
frekanslar belirlenmistir.

Yapmnin insa edildigi yere kurulan ivmedlger
istasyonunun yer smifinin belirlenmesi amaciyla
yapilan MASW etiidiinden elde edilen Vs3p=147 m/s
ve NERHP siniflamasina goére yer sinifi yumusak
topraklar (E) olarak elde edilmistir. Vs ve Vszg
kullanilarak yerin baskin salimm periyodu 1,25 ve
1,23 sn olarak belirlenmistir. Benzer degerler SSR ya
da HVSR yontemlerinin sonucunda da elde edilmistir.
Ayrica yerin alt ve st periyodlar1 0,625 sn ve 1,875
sn olarak belirlenmistir.

SSR ve HVSR yontemlerinin ortak sonucu olarak bina
baskin salimim frekansi 2 Hz (periyot 0,5 sn) olarak
belirlenmistir. Bu durum, iki yénteminde yer-yapi
etkilesim ¢alismalarinda kullanilabilecegini
gostermektedir. Ayrica bu ¢alismada 5 katli yapi igin
bulunan binanin baskin salinim frekansi, rezonans
acisindan yer frekansi ile karsilastirildiginda yerin alt
ve ust frekanslarinin disinda kaldig: i¢cin uygun bir
frekans oldugu dusiiniilmektedir.

Biiytitmelerde ozellikle deprem kayitlarinin S
fazlarina uygulanan HVSR yo6nteminde SSR
yontemine gore daha yiiksek doruk degerleri
gozlenmistir. Deprem kayitlarinin S fazlarinin tek
istasyon yontemine gore degerlendirilmelerinde 0,8

Hz frekansinda yer etkisi gozlenmis olup, SSR
yonteminde binanin insa edildigi yer, referans
istasyon olarak kullanildigindan dolay1 bu etki

giderilmis ve saf bina frekansi elde edilmistir. Binada
yer frekans etkisinin HVSR yonteminde dogrudan
goriilmesinin sebebi bina temelinin radye temel
olmamasindan kaynaklandigi disiiniilmektedir.

SSR ve HVSR yontemlerinin sonuglarina gére yakin
depremlerde depremin biiyiikliigiine bagh olarak
daha biiylik bina biiyiitmesi elde edilmistir. Fakat
depremin bilytikligline ve uzakligina bagl bina
baskin salinim periyodunda 6nemli bir degisiklik
gorilmemektedir.

Bu calismada da gorilecegi lizere binanin statik
projesinde  belirtilen  bina  baskin  salinim
periyodunun uygun yapilip yapilmadigi ve bina
tepkisinin belirlenmesinde deprem kayitlarinin
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analizlerinin uygun sonuglar verdigi belirlenmistir.
Bu ¢alismanin sonuclarina gore 2 farkli yontemde
(SSR ve HVSR) yer-yap1 etkilesimi calismalarinda
baskin  salinim  periyodunda  etkili  olarak
kullanilabilecegini ancak bina biiyiitme degerinde
SSR  yonteminin daha dogru sonu¢ verdigi
distiniilmektedir.

Yeni Deprem yonetmeligi ile yiliksek yapilara
kurulacak olan yap1 sagligi izleme sistemlerinin
yapilar hakkinda verecegi bilgilerin ne kadar énemli
oldugu goriilmektedir. Ayrica bu sistemlerde yapinin
yaninda insa edildigi yer kosullarina ivmedlger
kurulmasi gerekmektedir.

Tesekkiir

Calismada  kullanilan  ivmedlcer  aygitlarinin
kurulmasi, siirekli olarak galistirilmasi ve verilerinin
sorunsuz kaydedilmesini saglayan Kocaeli

Biiyliksehir Belediyesi Zemin ve Deprem Sube
Midirligi ¢alisanlarina ve Basbakanlik Afet ve Acil
Durum Yonetimi Baskanligi(AFAD), Deprem Dairesi
Baskanlhig: Tiirkiye Kuvvetli Yer hareketi ve On hasar
Tahmin Sistemleri Calisma Grubu c¢alisanlarina
sonsuz tesekkiir ederiz.
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Anahtar Kelimeler Ozet: Mikrospor embriyogenesis olgunlasmamis erkek gametofitlerin in vitro
Pa!tllcan, o kiiltiir siiresince gametofitik gelisimden embriyo olusturmak tlizere uyarildig1 bir
]P\I/hkzo's(li)or kultird, sistemdir. Bu arastirmada, iki adet patlican (Solanum melongena L.) gesidinin
aploid,

mikrospor kiiltiir teknigine tepkisinin belirlenmesi amag¢lanmistir. Bu amacla, ilk
olarak uygun mikrospor gelisme donemindeki mikrosporlar (¢ogunlugu vakuol
mikrospor ve geng ¢ift cekirdekli polen) anterlerden izole edilerek 35°C‘de 3 giin
karanlik kosullarda én uygulamaya maruz birakilmigtir. On uygulama isleminden
sonra mikrosporlar %2 sakkaroz, 0.5 mg/l naphthaleneacetic acid (NAA) ve 0.5
mg/1 6-benzylaminopurine (BAP), pH 5.9, iceren NLN ortaminda kiltiire alinmis ve
bir ay boyunca 25°C‘de karanlikta bekletilmistir. Kiiltiir siireci boyunca mikrospor
embriyogenesis indiiksiyon siireci mikroskobik olarak analiz edilerek bu
gelisimsel sapmanin ilk evrelerine odaklanilmistir. Mikrosporlarin indiiksiyondan
hemen sonra kallus haline gelmeden 6nce simetrik bolinme ve ¢ok ¢ekirdekli
yapilar meydana getirdigi daha sonra ise mikrosporlarin direkt embriyo
olusturmadiklar1 ve kallus olusturdugu tespit edilmistir. Arastirmada bir ay
sonunda mikrosporlardan yalnizca kallus olusumu meydana gelmistir ve petri
basina toplam kallus sayist belirlenmistir. GO07-1 c¢esidinde ortalama 288
kallus/petri elde edilirken GO7-2 ¢esidinde 64 kallus/petri meydana gelmistir. Bu
arastirmanin mikrospor kiiltiirii tekniginin gelistirilebilmesi {zerine hem
uygulamali, hem de temel arastirmalar i¢in yol gosterici olacagi diisiiniilmektedir.

DH,
Mikrospor embriyogenesis

A Preliminary Research on Microspore Culture in Eggplant (Solanum melongena L.)

Keywords Abstract: Microspore embryogenesis is a process in which immature male
Eggplant, gametophytes are induced to divert them from their gametophytic pathway
Microspore culture, toward embryo development during in vitro culture. In this study, therefore, it was
g;plmd’ aimed to determine the response of two eggplant cultivars to microspore culture.
Miéros b ) For this purpose, the microspores were firstly isolated from the anthers at the
pore embryogenesis . - L
appropriate stage of microspore development (containing mostly vacuolate
microspores and young bicellular pollen) and subjected to pre-treatment at 35°C
for 3 days in dark conditions. After pre-treatment, the microspores were cultured
in liquid NLN culture medium supplemented with 2% sucrose, 0.5 mg/]
naphthaleneacetic acid (NAA), and 0.5 mg/l, 6-benzylaminopurine (BAP), pH 5.9,
and kept in the dark at 25°C for one month. During this culture process, the
microspore embryogenesis induction was microscopically analyzed and focused
on the initial stages of this developmental process. Immadiately after induction,
before the microspores develop into callus, they were induced to divide
symmetrically and form multinucleated structures, and then microspores did not
form direct embryos and formed callus. At the end of one month, only callus
formation occurred from microspores and total callus number per petri was
analyzed. The average calli for GO7-1 cultivars was 288 calli/petri, while it was 64
calli/petri dish for GO7-2 cultivars. It is thought that this research will guide both
practical and basic researches on the development of microspore culture
technique.

*ilgili yazar: onus@akdeniz.edu.tr
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1. Giris

Double haploid (DH) teknolojisi hibrit tohum tiretimi
icin gerekli homozigot saf hatlarin tek bir
generasyonda elde edilmesine olanak saglamasi ve
1slah programlarim1 hizlandirmasi nedeniyle klasik
1slah tekniklerine bir alternatif olusturmaktadir [1, 2,
3]. DH bitkileri elde etmenin en etkili yollarindan
birisi de mikrospor embriyogenesistir.

Mikrospor embriyogenesis olgunlasmamis erkek
gametofitlerin in vitro kiltiir siiresince anter kiiltiiri
veya mikrospor Kkiltliri yontemleri kullanilarak
gametofitik gelisimden embriyo olusturmak {zere
uyarildigi  bir sistemdir. Mikrospor Kkiiltiiriinde
haploid bitkiler mikrosporlardan elde edilen
embriyolardan direkt olarak veya mikrosporlardan
elde edilen kalluslardan organogenesis yoluyla
indirekt olarak elde edilebilmektedir [4]. Bu haploid
embriyolar ya kendili§inden ya da kromozom
katlama maddeleri ile muamele edildikten sonra
homozigot DH bitkilere doniistiirtilebilmekte ve 1slah

programlarinda  kullanilabilmektedir. Bu olgu
angiospermlerde 250’den fazla tiir icin
tanimlanmistir  [5]. Bunlardan yalmizca kolza

(Brassica napus L.), tiitiin (Nicotiana spp.), arpa
(Hordeum vulgare L.) ve bugday (Triticum aestivum
L.) olmak lizere dort tanesinin model tiirler olarak
kabul edildigi bildirilmistir [6]. Ancak Solanaceae
familyasina ait tiirlerde oldugu gibi agronomik olarak
6nemli olan bir¢ok tir hala  mikrospor
embriyogenesise karsi inat¢idir ve bunun nedeni
hakkinda ¢ok az bilgi bulunmaktadir [7].

Patlican, Solanum melongena L., Solanaceae ailesinin
Solanum cinsine ait diploid (2n=2x=24) bir sebzedir
ve llkemiz dahil pek ¢ok iilkede ekonomik degere
sahiptir.  Patlican = mikrospor  embriyogenesis
indiiksiyonu icin inatgi bir tiir olarak gorilmekle
birlikte DH bitkiler elde etmek miimkiindiir. Ancak
yontemin etkinligi hala smirli derecededir ve
indiiklenebilir genotip sayisi hala yetersizdir [7].
Mikrospor embriyogenesisle ilgili olarak bazi patlican
genotiplerinde anter kiltiiri yoluyla olumlu sonuglar
elde edilmistir ve anter Kkiltiriinden bitki
rejenerasyonu lzerine ilk rapor 1973 yillinda
yayimlanmistir [8]. Daha sonraki calismalarda da
haploid veya DH bitkilerin elde edildigi farkl
arastirmacilar tarafindan bildirilmistir [9-14]. Ilk
raporun yayinlanmasindan giiniimiize kadar anter
kiiltiirti icin Dumas de Vaulx ve Chambonnet [10]
tarafindan yayinlanan protokoliin modifiye edilerek
kullanilmasiyla DH hatlar elde edilmistir [15-20].
Patlicanda anter kiltiirii ile yapilan bazi basarili
calismalara ragmen bu yontemin pratik kullanimini
kisitlayan bir takim dezavantajlar bulunmaktadir
[7,19]. Anter kultiriindeki bu simirlamalarin,
mikrosporlarin dogrudan izolasyonu ve kiiltiire
alinmasiyla asilabilecegi diisiiniilmektedir. Ancak
mikrospor kiiltiiriiniin sagladigl avantajlara ragmen
patlicanda mikrospor kiltiiri ile ilgili cok az ¢alisma
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bulunmaktadir [21-25]. Mikrospor Kkiiltiri teknigi
yurt disinda bir¢ok tiirde 1slah programlarinda
basarili bir sekilde kullanilabilmesine ragmen
tilkemizde konu ile ilgili yapilan arastirma sayisinin
birkag ¢alisma disinda son derece sinirli oldugu tespit
edilmistir [25-30]. Teknikteki basar1 tiirlere ve
genotiplere gore farklilhik géstermektedir. Patlicanda
mikrospor kiiltiirii tizerine tilkemizde tek ¢alisma Bal
vd. [26] tarafindan yapilmis olup arastirmada sadece
mikrosporlardan elde edilen ¢ok cekirdekli yapilar
rapor edilmistir. Bu durum patlicanda mikrospor
kiltiirtiniin  tlkemizde gelistirilmesi gerekliliginin
acik bir kamitidir. Bu c¢alismada iki farkli patlican
cesidinde mikrosporlar izole edilerek kiiltiire alinmis
ve mikrosporlarin gelisim seyri incelenmistir.

2. Materyal ve Metot

Arastirmada bitkisel materyal olarak G07-1 ve G07-2
olarak adlandirilmis iki adet tescil asamasinda Fi
patlican ¢esidi kullanilmistir. Sera kosullarinda
yetistirilen bitkilerden gelisimin uygun asamasindaki
anterler (¢ogunlugu vakuol mikrospor ve geng cift
cekirdekli polenleri iceren anterler) belirlenen
uzunluklarda dijital kumpas yardimiyla secilmistir.
Anterler %70 etanol' de 30 saniye, ardindan %10‘luk
ticari camasir suyunda 5 dakika bekletilerek sterilize
edilmistir (Sekil 1a). Miyoshi [22] tarafindan
belirtilen protokol gore, sterilizasyondan sonra,
anterler steril bidistile suda ezilmis (Sekil 1b) ve
anter dokularina ait igerik, 40 um filtre ile siiziilmis
(Sekil 1c) ve 850 rpm de sogutmali santrifiijjde 4
dakika santrifiijlendikten sonra ii¢ kez steril bidistile
su ile yikanmistir. Mikrospor peleti steril distil su
icinde siispansiyon haline getirilmis ve mililitrede
500000 mikrospor olacak sekilde mikrospor
yogunlugu ayarlanmistir. Calismamizda patlicanda
yapilan mikrospor kiltiirii calismalarinda olumlu
etkisi bildirilen ilk {i¢ giinlik strede 35°C‘de
karanlikta bekletilerek sicaklik uygulamasi ve su
icinde kiiltiire alinmasiyla seker acligl uygulamasi
beraber uygulanmistir [22-24]. Daha sonra
mikrosporlar ilk olarak Miyoshi [22] tarafindan
belirtilen ve patlicanda mikrospor kiiltiiriinden kallus
elde edilen tek ortam olan; %2 sakkaroz, 0.5 mg/l
naphthaleneacetic acid (NAA) ve 0.5 mg/l 6-
benzylaminopurine (BAP) iceren NLN ortaminda (pH
5.9) kdiltire alinmistir. Kiiltiire alinan petri kaplari
25°C’'de bir ay boyunca karanlikta inkiibe edilmistir.

Kiiltiire alinan mikrosporlarin canliligini test etmek
amaciyla fluorescein diacetate (FDA) ile boyama
yontemi kullanilmistir. Bu amagla mikrosporlar
kiiltiire alindiktan hemen sonra ve 3 giinliik sicaklik
uygulamasinin ardindan FDA ile boyanarak
mikrosporlarin canhiliklar1 incelenmistir. Cekirdek
bolinmeleri ve embriyogenik gelisim gosteren
mikrosporlari incelemek amaciyla 4’,6-diamidino-2-
phenylindole (DAPI) boyama yontemi kullanilmistir.
Bu amagla mikrospor siispansiyonundan 200 pl
alinarak 8000 rpm de 2 dakika santrifiijlendikten
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sonra elde edilen mikrospor peletine 10 ul DAPI
soliisyonu eklenmis ve flouresans mikroskop altinda
inceleme yapilmistir [31].

Sekil 1. Mikrosporlarin anterlerden izolasyonu. a. Kabin
icerisinde anterlerin sterilizasyonun yapilisi. b. Mikrospor
izolasyonu amaciyla anterlerin ezilmesi. c. Anter
dokularinin uzaklastirilmasi amaciyla mikrospor
siispansiyonunun siizilmesinde kullanilan 40 pm filtre
sistemi. d. Mikrospor peleti elde etmek amaciyla santrifiij
tliplerine alinan mikrospor siispansiyonu.

3. Bulgular ve Tartisma

Bu calismada iki adet patlican ¢esidinde mikrospor
kiiltiirit  ¢alismas1 yapilmistir. Mikrospor Kkultiiri
calismalarinda ilk asama, en uygun doénemdeki
mikrosporlar1 iceren anterlerin belirlenmesidir. Bu
baglamda, ilk polen mitozu etrafinda doénen
mikrosporlarin/polenlerin embriyogenesise dogru
saptirmak i¢in en uygun asamada oldugu hakkinda
genis bir goriis birligi vardir [32, 33]. Diger bir
deyisle, bu asamalarin vakuol mikrospor ve geng cift
cekirdekli polen asamalar1 olduguna inanilmaktadir.
Bu calismada da mikrospor kiiltiirtinin yapildig:
asamada kiltlire alinan mikrosporlarin ¢ogunlugu
vakuol mikrospor veya geng¢ c¢ift cekirdekli polen
asamasindadir (Sekil 2a).

Kiltiire alinan mikrosporlarda canlilik 6nemli bir
konu olup; bu c¢alismada da kullanilan iki farkh
cesidin mikrospor canliliklar1 FDA ile boyanarak
tespit edilmistir (Sekil 21). Canli olan mikrosporlar
flouresans 151k altinda parlak gorinmektedir. Bizim
calismamizda canlilik mikrosporlarin izolasyonundan
hemen sonra ve stres uygulamasinin sonunda test
edilmistir. Mikrosporlarin kiiltiire alindigi andaki
sonuglara gore GO07-1 ¢esidinde mikrosporlarin
%35.90, stres uygulamasi sonunda ise %16.08
oraninda canli oldugu saptanmistir. Diger cesitte ise
kiiltire alindigi anda mikrosporlarin %28.44'nin,
stres uygulamasi sonunda ise %22.01 oraninda canli
oldugu tespit edilmistir.
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Sekil 2. Patlicanda mikrospor Kkiiltiirii. a. Kiiltiire alinan
mikrosporlar. b. Sporofitik gelisim gbsteren
mikrosporlarda simetrik béliinme. c. Normal gametofitik
gelisim gosteren polen (N ) ve gelisimlerini durduran
mikrosporlar (\\). d. Dort ¢ekirdekli mikrosporlar e. Alti
cekirdekli mikrosporlar. f-g. Cok c¢ekirdekli yapilar. h.
Kallus benzeri yapilar. 1. FDA ile boyanmis canl
mikrosporlarin flouresans mikroskop altindaki gériintiisii.

Mikrospor Kiiltlirii yoluyla mikrosporlarin tiim
gelisim siireci 151k ve flouresans mikroskobu altinda
incelenmistir. Gelisim siirecinin kullanilan cesitlerin
her ikisinde de ayni oldugu tespit edilmistir. Stres
uygulamalarina maruz kalan mikrosporlardan
bircogu hemen gelisimini durdurur ve/veya oliirken;
herhangi bir morfolojik degisim gdstermemis ve
baslangigta kiiltiire alindig1 halde kalmistir (Sekil 2c).
Bazilar1 ise olgun poleni meydana getirmek iizere
gametofitik gelisimi takip etmislerdir (Sekil 2c). Diger
bazi mikrosporlarin ise stres uygulamalar ile etkili
bir  bicimde  bélinmeleri  uyarilmistir.  Bu
mikrosporlarda stres uygulamasindan bes giin sonra
baz1 mikrosporlarin sporofitik gelisiminin baslangi¢
gostergelerinden biri oldugu kabul edilen simetrik
olarak boliindiikleri gézlenmistir (Sekil 2b). Stres
uygulamasinin ardindan 25°C de bekletildigi kiiltiirin
ilk haftasinda dort ve daha fazla hiicreli mikrosporlar
belirlenmis (Sekil 2 d-e) ve yaklasik 10 giin sonra ¢ok
hiicreli yapilar meydana gelmistir (Sekil 2f). ilk dért
hafta boyunca bu c¢ok hiicreli yapilarla birlikte
dizensiz kallus benzeri yapilar gozlenmeye
baslanmistir (Sekil 2h). Daha sonraki siirecte
herhangi bir embriyo olusumu goézlemlenmemistir.
Arastirmada bir ay sonunda mikrosporlardan
yalnizca kallus olusumu meydana gelmistir. GO7-1
cesidinde ortalama 288 kallus /petri elde edilirken
diger cesitte 64 kallus/petri meydana gelmistir.

Patlicanda yapilan o6nceki mikrospor kiiltiri
calismalarina paralel olarak mikrosporlardan kallus
meydana geldigi tespit edilmistir [22-24]. Bu durum
genel olarak androgenik sistemlerin ¢ogunluguyla
ilgili bilinenlerle karsilastirildiginda; normalde
mikrosporlarin embriyo iiretmek tizere indiiklenmesi
beklenirken kallus olusumu yoluna giderek farkli bir
gelisim takip ettigini gostermektedir. Buna gore,
patlican dahil, anter kiltiirlinden mikrosporlar
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embriyo olusturur ve kallus ¢ogunlukla anterlerdeki
somatik  dokularindan kaynaklanir. Mikrospor
kiltiriinde ise somatik dokular uzaklastirildigindan
dolayi, kalluslarin kokeninin mikrosporlar oldugu
sonucuna varabiliriz.

Bu nedenle patlicanda mikrosporlarin neden bu
kadar farkli davrandigi sorusu ortaya ¢ikmaktadir. Bu
soruya 151k tutmak icin, androgenesisde mikrospor
indiksiyonunun ilk asamalari 151k ve flouresans
mikroskobunda incelenmistir. Dogrudan
embriyogenesise gitmek tizere genetiksel olarak
programlanmis olan mikrosporlar; embriyo haline
gelmek icin farkli seviyelerde bircok degisiklige
maruz kalmaktadirlar. Bu degisiklikler ¢ercevesinde,
mikrosporlar énemli 6l¢iide biiyiir, hiicre merkezine
dogru c¢ekirdek yeniden konumlanir, sitoplazma
belirginlesir ve biiyiik vakuol kii¢iik parcalara ayrilir
[32]. Bu diizenlemeler bir¢ok tiirde indiiklenen
mikrosporlarda embriyogenik gelisimin gecici ve
erken morfolojik isareti olarak kabul edilmektedir
[34, 35]. Diger bir morfolojik gosterge ise
androgenesis indiksiyonunda c¢ekirdegin yeniden
konumlanmasinin ardindan godzlenen simetrik
boéliinmelerdir [36]. Bu c¢alismada da kullanilan
cesitlerde stres uygulamasiyla birlikte simetrik
bélinmenin meydana gelmesi ve ¢ok c¢ekirdekli
yapilarin olusumuyla her iki c¢esitte de bazi
mikrosporlarin sporofitik gelisime dogru yonlendigi
gozlemlenmistir (Sekil 2b-f).

Onceki yillarda yapilan bazi c¢alismalarda stres
uygulamasina maruz kalmasiyla béliinmeleri uyarilan
mikrosporlarin ya dogrudan embriyogenesise
yoneldigi ya da bazi durumlarda genotipe baglh olarak
¢ok hiicreli kallus benzeri yapilar meydana getirdigi
ve bunlardan uygun kosullar altinda organogenesis
yoluyla haploid veya DH bitkiler liretmenin miimkiin
oldugu bildirilmistir [23, 24]. Mikrosporlardan
dogrudan embriyo elde edilen tiirlere 6rnek olarak
mikrospor embriyogenesis icin model sistem olarak
tanimlanan kolza, arpa, tiitiin veya bugday gibi tiirler
gosterilmektedir [6]. Mikrosporlardan meydana
gelen kalluslardan elde edilen DH bitkilere 6rnek
bir¢ok tiirde bildirilmistir [4]. Mevcut arastirmada da
bir aymn sonunda mikrosporlardan yalnzca Kkallus
olusumu meydana  gelmistir ve  dogrudan
embriyogenesis meydana gelmemistir. Ayrica yapilan
mikroskobik incelemelerde mikrosporlarin dogrudan
kallusa doniismedigi belirlenmistir. Mikrospor kiiltiir

slirecinin detayh calisilmasi neticesinde,
indiiksiyondan hemen sonra patlican
mikrosporlarinin embriyogenesisin baslangi¢

asamasina girdigi mevcut arastirmada gozlenmistir.
Elde edilen bu sonug¢ onceki c¢alismalarla uyum
icerisindedir.

4. Sonug

Mikrospor kiiltiirii ile yapilan calismalar genelde son
yillarda artmis olmakla birlikte, yeni protokollerin
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gelistirilmesine ve standart hale getirilmesine halen
ihtiya¢ duyulmaktadir. Burada vurgulanmasi gereken
onemli noktalardan biri de tlkemizde o6zellikle
ekonomik olarak onemli bitkilerde sinirli sayida
arastirma bulunan mikrospor kiiltiiriine yo6nelik
arastirmalardir. Gelistirilecek olan metotlarin 1slah
programlarinda farkli genotipler i¢cin rutin olarak
uygulanacak etkin ve giivenilir bir teknoloji haline
getirilmesi gerekmektedir. Bu amagla bundan sonraki
calismalarda bu arastirmada belirtilen protokoliin
gelistirilmesi veya yeni protokollerin olusturulmasi
icin  mikrospor  kiiltiirii  icin farklh  ortam
kombinasyonlarinin ve farkli stres uygulamalarinin
denenmesi faydali olacaktir. Boylece verimli ve
gelecek vaat eden bir teknik olan mikrospor kiiltiirii
tizerine yapilan calismalarda o6nemli bir bosluk
doldurulmus olacak ve iilkemizde eksik bulunan
mikrospor kiiltiirii ¢calismalarin sayisinin artmasina
ve bu yontemin gelistirilmesine bu arastirmanin katki
saglayacag diisiiniilmektedir.
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Abstract: Indole, which has an important role in heterocyclic ring systems,
exhibits significant biological effects. Isatin (1H-indole-2,3-dione) has been used as
a reagent in a large number of synthesis due to its biological properties. In
addition, it is a heterocyclic ring system used for obtaining and other reactions of
indole and quinoline derivatives. In this study, two new Schiff base compounds
were synthesized by the reaction of 2-aminoantracene with an isatin/5-nitro-
isatin. The structure of the synthesized compounds, were elucidated by
spectroscopic methods using IR, 1H-NMR, 13C-NMR spectra and Mass analysis.

Baz1 Yeni isatin Tiirevlerinin Sentezi ve Yapilarinin Aydinlatilmasi

Anahtar Kelimeler
indol,

[satin,

Schiff bazi,
Heterosiklik kimya,
Sentez

Ozet: Heterosiklik halka sistemlerinde énemli bir rolii olan indol, 6nemli biyolojik
etkiler gostermektedir. Isatin (1H-indol-2,3-dion), biyolojik 6zellikleri nedeniyle
cok sayida sentezde bir reaktif olarak kullanilmistir. Ayrica, isatin, indol ve kinolin
tirevlerinin eldesinde ve reaksiyonlarinda kullanilan, bir heterosiklik halka
sistemidir. Bu calismada, iki yeni Schiff baz1 bilesikleri, 2-aminoantrasen ile
isatin/5-nitro-isatinin reaksiyonuyla sentezlendi. Sentezlenen bilesiklerin yapisi,
IR, TH-NMR, 13C-NMR spektrumlar1 ve Kiitle analizi kullanilarak spektroskopik
yontemlerle aydinlatildi.

1. Introduction

Isatin (1H-indole-2,3-dione) is an important starting

material in synthetic studies.

sedative, anticonvulsant, endogenous MAO inhibitor
and potent antagonist on atrial natriuretic peptide
receptor) and structural functional properties [1, 5-
8]. One of the most frequently used reactions in this
context is the Schiff base reaction [9, 10]. Schiff bases

4 3 ) are used as a substrat in different cyclization or
replacement reactions were synthesized using

5 different aldehyde and amine derivatives (11,12).
2—=0 Schiff bases possess antimicrobial (12-16) and

6 antifungal (17,18) activities. Some synthesized
H 1 heterocyclic amine compounds by starting isatin used

Isatin

A large number of heterocyclic compounds can be
synthesized using isatin. These heterocyclic
compounds are also suitable for use in drug synthesis
and design [1-4]. Isatin has recently been used as a
reagent due to its various biological (anxiogenic,

*Corresponding author: selinci@gmail.com
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in hair dyes [19-37], plastic materials [38], synthetic
dyes and chemicals used for natural fibers [39,40].

Due to all these properties, in this study, two new
derivatives of the isatin have been obtained by
reaction of isatin/5-nitroisatin with 2-
aminoanthracene for the potential dye property. The
reaction equation for work is given in Scheme 1.
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Scheme 1. Synthesis of new isatin derivatives (Compounds 2a,b) R; a:H, b:NO2

2. Material and Method

The general synthesis of Compounds 2ab is
summarized in Scheme 1. All reagents and solvents
were obtained from commercial suppliers. All
reactions  were  monitored by  thin-layer
chromatography on silica gel pre-coated F254 Merck
plates and the plates were examined under 254 nm
UV light. The mobile phase for the TLC was
chloroform:methanol (90:10). Melting points (mp)
were recorded by Electrothermal Digital Melting
Point Apparatus without correction. 'H- and 13C-NMR
spectrum was recorded on Varian Mercury 400,
400MHz  Digital FT-NMR instrument with
tetramethylsilane as internal standard. Chemical
shifts (§) were expressed in parts per million (ppm).
Significant 1H-NMR data are reported in the following
order: multiplicity (s, singlet; d, doublet; dd, doublet
of doublet; t, triplet; m, multiplet) and number of
protons. IR spectra were recorded on Perkin Elmer
Spectrum FT-IR spectrophotometer using attenuated
total reflectance (ATR) FT-IR method. Mass
spectrometry was conducted using Micromass ZQ LC-
MS spectrometer (ESI+ mode).

Preparation of the Compounds 2a, b (12)

Isatin/5-nitro-isatin (1a,b) derivative (0.01 mol), 2-
aminoanthracene compound (0.01 mol) and 3-4
dropwise acetic acid were stirred in 40 mL ethanol
for 4 hours at room temperature. The reaction
progress was monitored by TLC. The crude product
was filtered and crystallized from the mixture of
ethanol/water (3:1). The compounds (2a,b) obtained
were identified as isatin derivative Schiff base; 3-
(Anthracen-2-ylimino)-indolin-/5-nitroindolin-2-one
(Scheme 1).

The structure of the synthesized compounds, were
elucidated by spectroscopic methods as IR, 1H-NMR,
13C-NMR spectra and Mass analysis.

3. Results

3-(Anthracen-2-ylimino)-indolin- /-5-nitroindolin-2-

one (Compounds 2a, b) general procedure was
followed using isatin and 2-aminoanthracene to give
2a as a yellow solid (yield 92%; mp 254-5°C). IR
(ATR): V = 3149, 3046 (N-H and aromatic C-H), 1715
(C=0, ketone), 1607 (C=N) cm. tH-NMR (600MHz,
DMSO0-ds) 8§ 6.45 (1H, s, isatin Ar Cs-H), 6.95-7.58 (4H,
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m, isatin Ar Ce-H and anthracene Ar Cy, C¢,C7-H),
7.98-8.06 (4H,m, isatin Ar C4, C7-H and anthracene Ar
Cs, Cg-H), 8.18-8.58 (4H,m, anthracene Ar Csz, Cy, Co,
Ci0-H), 11.02 (1H,s,N-H) ppm. 13C-NMR (150 MHz,
DMSO-de) 6 111.6, 112.2, 113.9, 116.2, 118.6, 119.9,
120.8,122.1, 126.2, 126.4, 126.5, 127.1, 128.2, 128.6,
130.6, 131.6, 132.3, 141.9, 146.7 (Ar C), 153.6 (C=N),
164.3 (C=0). LC-MS (ESI+) (C22H14N20, Ma=322) m/z:
322.70(M+, base peak, 100%).

General procedure was followed using 5-nitro-isatin
and 2-aminoanthracene to give 2b as a yellow solid
(vield 88%; mp 270-1°C). IR (ATR): ¥ = 3117 (N-H),
1741 (C=0, ketone), 1619 (C=N), 1529, 1336 (NO2)
cml. 1H-NMR (600MHz, DMSO-d¢) 6 7.07-7.48 (3H,
m, anthracene Ar Cz, Ce¢, Cr-H), 7.50 (2H, m,
anthracene Ar Cs, Cg-H), 7.52-7.70 (4H,m, anthracene
Ar Csz, Cy, Co, C1o'-H), 7.72(1H,m, isatin Ar C7-H), 8.54
(1H,m, isatin Ar Ce-H), 8.66 (1H,m, isatin Ar Cs-H),
11.73(1H,s,N-H) ppm. 13C-NMR (150 MHz, DMSO-de)
§ 111.3, 1129, 1149, 116.3, 120.2, 122.8, 125.38,
1259, 126.1,126.9,128.1, 128.5, 130.5, 131.9, 132.2,
134.9, 138.7, 146.9, 147.5 (Ar C), 155.4 (C=N), 164.0
(C=0). LC-MS (ESI+) (Cz2H13N303, Ma=367) m/z:
367.90 (M+, base peak, 100%).

Spectral (IR, 'H-NMR, 13C-NMR) data of the
synthesized compounds (2a,b) were consistent with
the literature [41-43]. In the IR spectrum, the
vibration bands of the C=0 group found at 1715 and
1741; the N-H group was found at 3149 and 3117
cmL. In the 'H-NMR spectral data of Compounds 2a,b
showed aromatic protons at 6.45-8.58 and 7.07-8.66
ppm and N-H proton at 11.02 and 11.73 ppm,
respectively. And also, peaks has been found to
comply with the literature data as 13C peaks in
aromatic field were observed 111.60-164.30 ppm.
The findings obtained from the mass spectra of
compounds which we have synthesized confirm the
structures of the compounds.

4., Discussion and Conclusion

In this study, synthesis of 2 new Schiff base isatin
compounds; 3-(anthracen-2-ylimino)-indol-/5-
nitroindol-2-one derivatives (Compounds 2a,b) were
realized. Here, we synthesized some Schiff base
compounds by the reaction of isatin and anthracene
derivatives. Schiff bases are synthesized by various
methods; in this study we have completed the
reaction with high yield and purity by an effectively
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used method. It is expected that the conjugation
properties of the products obtained from the reaction
will increase. This situation is observed in the dark
color of the products obtained. Because of the
increased electronic conjugation of the resulting
derivative compounds, the potential dye properties of
these compounds are possible. Different isatin
derivatives will be synthesized and their
antimicrobial activities are planned to be examined.
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Anahtar Kelimeler Ozet: : Bu calismanin amacy, receteli veya recetesiz olarak satilabilen ve tiikketimleri her
Analjezik, gecen giin artan analjezik-antienflamatuvar ve beta-blocker grubu ilaglarin laboratuvar
Beta-blocker, ortaminda hazirlanan sentetik atiksularinin akut toksisitelerinin incelenmesidir. Farkli

Dap h nia magna, konsantrasyonlarda hazirlanarak analiz edilecek olan bu ila¢larin Lepidium sativum ve
Lepidium sativum,

Toksisite, Daphnia magna toksisite testleri kullanilarak akut toksisitelerinin degerlendirilmesidir.

ECso Ayrica kullanilan farkl biyolojik test metotlarinin duyarlilik yéniinden karsilastirilmasi
ve bu atiksularin bitki ve akuatik yasam i¢in toksisitesinin belirlenmesidir. Calismada,
ila¢ piyasasinda kolaylikla bulunabilen ve bununla birlikte kullanimlar: gitgide artan ii¢
farkl ila¢ tlirtiniin Daphnia magna ve Lepidium sativum toksisite testleri kullanilarak
toksisitelerinin belirlenmesi amaclanmistir. Test sonuglar1 incelendiginde her iki
toksisite testi icin farkli hassasiyetler gozlenmistir. Kullanilan yontemler icerisinde en
hassas degerlerin elde edildigi test yonteminin Daphnia magna toksisite test metodu
oldugu gorilmiistiir. Daphnia magna deneyinde ila¢ etken maddelerinin 24 saat ve 48
saat sonraki degerleri hesaplanmistir. Daphnia magna deneyinde sonuglarin okundugu
slireler acisindan karsilastirildiginda, 24 saat sonunda okunan degerlere gore 48 saat
sonunda alinan degerlerde artis oldugu tespit edilmistir. Analjeziklerden “Flurbiprofen”
etken maddesi icin 24 saat ve 48 saat sonraki degerler hesaplandiginda Toksik Birim
degerinin “gok toksik” oldugu belirlenmistir. Sonuglar géz 6niinde bulunduruldugunda
farkl toksisite testlerinin hassasiyetlerinin de farkli oldugu goriilmistir. Bu calisma
toksisite testlerinin ila¢ atiksular1 tizerinde kullanilabilirligi agisindan ve sonraki
calismalara 151k tutmasi agisindan énemlidir.

Assessment of Acute Toxicity of Some Pharmaceuticals Effects in Aquatic Environment

by Toxicity Test Methods
Keywords Abstract: Purpose of this study, determination of toxicity effects of synthetic drug
Analgesics, solutions (Flurbiprofen, Naproksen and Propranolol) by using toxicity test methods. In
Beta-blocker, this study, Lepidium sativum and Daphnia magna toxicity tests were used as a method to

Dap h nia magnd, determine potential harms to be caused to microbial ecology in receiver environment
Lepidium sativum,

Toxicity, by synthetic pharmaceutical solutions were preparing certain concentrations as

ECso working samples. When Lepidium sativum and Daphnia magna toxicity tests results
were evaluated, different sensitivities were determined for pharmaceutical wastewater
samples of different properties. When Lepidium sativum and Daphnia magna toxicity
test results were compared, Daphnia magna toxicity test method result was the most
sensitive values. Daphnia magna toxicity test method results were compared in terms of
times for 24 hours and 48 hours. It was observed that toxic values of pharmaceuticals
were increased at 48 hours when compared to the values read at 24 hours. Flurbiprofen
showed more toxic than other ingredients (Naproxen and Propranolol) both Lepidium
sativum and Daphnia magna. In this study, for plants and aquatic life toxicity of some
pharmaceuticals were determined and were compared in terms of sensitivity by using
different toxicity test methods. So these studies, in terms of feasibility toxicity test
methods are very important on pharmaceutical wastewaters. Also, looking from the
viewpoint of next studies of toxicity will be lightning.

*ilgili yazar: stongur@ktun.edu.tr 71
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1. Giris

Diinya niifusunun gitgide artmasi ile birlikte ntifusun
yogunlasmasina sebep olmustur. Ayrica, hizla gelisen
teknoloji yasami biiylik bir oranda etkisi altina alarak
tiiketimin artmasina neden olmaktadir.
Endiistrilesme ile birlikte yerlesim yerleri hizli bir
sekilde gelismektedir. Dolayisiyla endiistrilerden,
kurumlardan ve konutlardan yogun bir sekilde
kaynaklanan atiklarin ortaya ¢ikmasi kaginilabilir bir
durum degildir. Yeni teknolojik gelismelerin yasam
icin olumlu taraflar: olsa da, ekosistem i¢in olumsuz
sayabilecegimiz problemleri meydana getirmektedir.
Olusan atiklarin miktar1 ve 0zelliklerinin hem
degismesi hem de artmasi nedeniyle tehlike
olusturmaktadir. Sonug¢ olarak, bu durum Kkiiresel
capta ¢evresel kirliligi arttirmaktadir [1].

Fiziki o6zelliklerine goére atiklar; kati ve s atiklar
olmak iizere siiflandirilabilir. Uretim birimlerinden
olusan atik sular bununla birlikte hastaneler,
bakimevleri, c¢esitli isyerleri ve  konutlarin
kanalizasyon sular1 siv1 atiklar; bunun disindaki
atiklar da kat1 atiklar olarak degerlendirilebilir.
Atiklarin bir kismi dogal ortamda hizli bir sekilde
biyodegradasyona ugrayarak ¢evreye zarar vermeyen
bilesenlere doniisebilirken, agir metaller ve baz
organik yapidaki bilesikler ise, uzun yillar bozunuma
ugramadan yapilarini dogada koruyabilmektedirler.
Bu durumla birlikte, insan ve ekosistem iizerinde
zarar verici ve olumsuz etkilerini stirdiirmelerine yol
acmaktadir [2].

fla¢ ve kisisel bakim iiriinleri sektorii, son 40 yilda
hizla gelisme gosteren bir endiistri haline gelmistir.
Fakat ilaclarin iiretildigi veya tiiketildigi alanlarda
olusan ila¢g-kaynakli atiklar, 6zellikle gelismekte olan
iilkelerde, atik yonetimi konusunda gerektigi 6nemi
kazanamamistir. ilaglar, kolay igilebilmeleri ve uzun
siire depolanabilmeleri amaci ile miimkin oldugu
kadar dayamklilign  yiksek ve sivi fazda
hareketlilikleri yiksek olacak sekilde
tretilmektedirler. Bu ozelliklerinden dolay, ilag
icerisinde bulunan aktif maddeler ve
biyotransformasyon {iriinleri, ekosistemde birikerek
cevreye olumsuz diyebilecegimiz cesitli etkilere
neden olmaktadirlar. Antibiyotikler, antibakteriyel
ilaclar, agr1 kesiciler, betablokerler, kolesterol ilaglari,
sitostatik ilaglar, sentetik steroidler vb. cesitli
arastirmalarla son yillarda ekosistemde tespit edilen
ilaglardir [3].

llaglarin, ila¢ iiretim asamasinda kullanilan veya
sentezlerde yan iiriin olarak elde edilen birtakim
kimyasallarin atik olarak ¢evreye gectiklerinde
ortaya ¢ikabilecek olast  zararli  etkilerinin
degerlendirilmesi, bu maddelerin yeriistii ve yeralti
su kaynaklarina gecen miktarlarinin izlenmesi yakin
gelecekte ciddi problemlerin 6nlenmesi agisindan
onem verilmesi gereken bir konu halini almistir [4].
Cunki kullanilmayan veya raf émrii dolmus ilaglar
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¢Oop kutusuna ya da tuvaletlere dokiilerek; topikal
kullanilan ilaglar banyo yapilirken yikama suyuna
karisarak; agizdan alinan ilaglarin bir kismi ise,
bagirsaklardan emilmeden; emilen ilaglarin kendileri
veya metabolitleri de idrar ya da feges ile
kanalizasyon suyuna karisarak ekosistem acgisindan
tehlikeli bir cevresel kontaminasyon kaynagi halini
alir.

Toksik madde iceren atiksular, verildikleri alici
ortama yansittiklar1 zararl etkilerin yani sira bu tip
atiksular1 aritan biyolojik aritma tesislerindeki
mikroorganizmalar1 da olumsuz etkileyerek solunum
hizlarinin degismesine ve substrat kullanim hizinin
azalmasmma ve dolayisiyla aritma veriminin
diismesine neden olmaktadirlar [5].

Su kirlenmesi kontroliinde toksisite testleri; su hayati
cevre kosullarinin uygunlugunu, atik toksisitesi
iizerinde c¢evresel faktorlerin etkisini, test tiirl
lizerine atigin toksisitesini, atiksu aritim metotlarinin
etkisini, su kirliligi kontrolii ¢calismalarinda gerekli
aritim derecesini ve izin verilebilir atiksu desarj
oranlarinin belirlenmesinde ekotoksisite testleri
kullanilir. Ulkemizde ise, Su Kirliligi Kontrol
Yonetmeligine gore sadece endiistri kuruluslari icin
izin verilebilir attkk madde desarj miktarin1 ve su
kalite standartlarina uygunlugunun belirlenmesi
amaciyla toksisite testleri uygulanmaktadir [6].
Toksisite testlerinin, ¢evreye toksik desarjlarin
verilmesinin kontrol edilmesinde ve
denetlenmesinde kimyasal analizler ve biyolojik
analizler ile birlikte kullanilmasinin gerektigi EPA
tarafindan 6nerilmektedir [7].

Atiksu Kkalitesini ve atiksu desarjini izlemede
zehirliligin tespit edilmesi amaci ile atiksuyun toksik
seviyesinin bilinmesi gerekir. Bazi durumlarda
endustrilerin  atiksular1  kimyasal parametreler
acisindan desarj standartlarini saglarken, toksisite
test sonuclar1 atiksuyun potansiyel olarak toksik
oldugunu gostermektedir. Atiksuyun toksisitesinin
bilinmesi aritma tesislerinin randimanli bir sekilde
isletilebilmesi, alic1 ortamin korunmasi i¢in oldukca
onemlidir. Cevresel risk degerlendirmeleri ve su
kalite kontrol uygulamalarinda ekotoksisitenin tespit
edilebilmesi icin biyoanalizlerin yapilmasi 6nem
tasimaktadir ve gereklidir [8]. Biyolojik izleme
sistemleri biyosensor olarak kullanilan organizma
iizerindeki ekolojik sonuclarin diizeyini gosterir.

Calismanin amaci, piyasada en ¢ok bulunan, doktorlar
tarafindan regete edilen ya da regetesiz olarak
satilabilen ve tiiketimleri her gecen giin artan
analjezik - antienflamatuvar ve beta-blocker grubu
ilaglarin laboratuvar ortaminda hazirlanan sentetik
atiksularinin akut toksisitelerinin deneysel ortamda
belirlenmesidir. Calismada, evsel atiksu, endiistriyel
atiksu ve yiizeysel sularda en ¢ok Kkarsilasilan
Flurbiprofen, Naproksen ve Propranolol etken
maddelerine sahip ¢ ilag¢ tiirtiniin iki farkl toksisite
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test metodu ile c¢evreye olan toksik etkilerini
belirleme ¢alismalarini kapsamaktadir.

2. Materyal ve Metot

2.1. Sentetik atiksu numunesi hazirlama

Tlm ilaglarin stok ¢ozeltisi 2 g/L olarak hazirlanmis
ve bunlar kullanilarak deney ydntemine gore test

¢ozeltileri hazirlanmistir. Bazi ilaglar direkt toz
olarak saf su ile hazirlanmis, sudaki ¢oziiniirligii az

olanlar hidroalkolik (< %1 etanol) ¢ozelti ile
hazirlanmistir.

2.2. Lepidium sativum toKsisite testi

Lepidium sativum, Crucifare familyasindan

gelmektedir. Oncelikli olarak baslangi¢ asamasinda
kazik kok gerceklesmektedir. Kazik kok olusumu 4 - 6
c¢m araliginda uzunluga ulastiginda yan kék olusumu
gerceklesmektedir. Kazik kok zamanla kaybolarak
sacak kok seklini almaktadir. Gévde dallanmis otsu
bir yapiya sahiptir. Lepidium sativum tohumlari
genellikle kahverengi ve kahverengimsi kirmizi
renklerinde bulunmaktadir. Yaklasik olarak tohumlar
2 mm uzunlugunda, 1 mm genisliginde ve 0,6 - 1,0
mm araliginda kalinhiga sahiptir. Tohumlarin
minimum ¢imlenme giici %80 civarindadir.
Cimlenme toprakta 4°C sicaklikta baslamaktadir.
Lepidium  sativum  1limli, nemli iklimlerden
hoslanmaktadir. Yetistirilme sicakligt 10-15 °C
araliginda olmas gelisimi i¢in yeterli olmaktadir. pH
seviyesi 6,0 - 6,5 diizeyinde olmaldir. Lepidium
sativum fazla 15181 sevmemektedir.

Lepidium sativum toKksisite testi Devare ve Bahadir
(1994) fitotoksisite lizerine yaptiklar1 calisma ile
Braunschweig Teknik Universitesi Siirdiiriilebilir
Kimya ve Cevre Enstitiisii’'nde gelistirilen yonteme
gore diizenlenerek yapilmistir [9,14]. 6 adet kontrol
ve 3’er adet % 0,625, % 1,25, % 2,5, % 5, % 10
konsantrasyonlarinda hazirlanan numuneler icin
gerceklestirilmis, gerekli oldugu durumlarda bu
¢ozelti derisimleri azaltilmis veya yiikseltilmistir. 9
cm’lik cam petri kaplari icerisine 2’ser adet 90 mm
capinda Whatman 1 marka filtre kagidi yerlestirilerek
kontrol petri kaplarina 5’er mL saf su, numune
petrilerine ise hazirlanan farkli seyrelmelerdeki
numunelerden 5’er mL konulmus, filtre kagidi altinda
hig hava kabarcig1 kalmayacak sekilde
yerlestirilmistir. Her bir petri kabinin igerisine esit
biiyiikliikte, zarar gormemis Lepidium sativum
tohumlarindan 25’er adet esit araliklarla olacak
sekilde yerlestirilmistir. Petri kaplarinin kapaklari
kapatilarak 72 saat stiresince, yaklasik olarak 25°C
sicaklikta ve karanllk ortamda inkiibasyona
birakilmistir.

Toksisite testinin 72 saatlik inkiibasyon siiresi
sonunda her bir petri kabi icerisinde bulunan
Lepidium sativum tohumlarinin en iyi gelisim
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gosteren 20 tanesinin kok uzunluklari ve bitki
yukseklikleri 6l¢iilmiistiir. Buna gore, test siiresi
sonunda numunelerin Lepidium sativum
tohumlarinda gozlemlenen kok uzunluk ve ytlikseklik
ortalama degerleri kontrol petri kaplarinda olgiilen
ortalama kok uzunluk ve gévde yiikseklik degerleri
ile kiyaslanarak % inhibisyonlar1 hesaplanmis buna
bagh olarakta ECso degerleri ve Toksik Birimleri
bulunmustur.

2.3. Daphnia magna toksisite testi

Daphnia magna toksisite testi standart test (OECD,
2004; Test No: 202) prosediiriine gore yapilmistir
[10,11]. Standart freshwater ¢ozeltisi kullanilmadan
once 15 dakika siire ile havalandirilmistir. Daphnia
magna yumurtalar1 (ephippia) stirekli 1sik altinda
(11.000 lux), 20 - 22°C sicaklikta 72 saat inkiibe
edilerek larvalarin yumurtadan ¢ikmasi saglanmistir.
Yumurtlamaya  asamasina  gelen  daphnidler,
freshwater ¢ozeltisi kullanilarak kaplara aktarilmis
ve 24 saat icerisinde yeni ¢kmis daphnidler
toplanmistir.

Deney i¢cin hazirlanan sentetik numunelerin ¢6zeltisi
deney kaplarina konsantrasyon hacimleri giderek
artacak sekilde konulmustur. Farkli
konsantrasyonlardaki her bir derisimdeki numune
icin, test tabagindaki hiicrelere 5’er adet Daphnia
magna (Straus 1820) (Cladocera, Crustacea)
konulmustur.

Biyodeneylerde, kontrol grubu olusturularak her
kontrol grubuna, deney ortamiyla ayni sayida olacak
sekilde 5’er adet Daphnia magna (Straus 1820)
(Cladocera, Crustacea) konulmustur. 24 ve 48 saatlik
inkilibasyon siiresi sonunda her bir deneysel kaptaki
hareketsiz ve 6li Daphnia magnalar sayillmistir. Buna
gore, % inhibisyon orani kullanilarak grafiksel
interpolasyon ile ECso degerleri hesaplanmistir.

3. Bulgular

Deneyde Flurbiprofen, Naproksen ve Propranolol
etken maddelerine sahip i{i¢ ila¢g tlriinin farkl
seyrelmelerdeki numuneleri i¢in Lepidium sativum ve
Daphnia magna toksisite testlerinin hassasiyetleri
arastirilmigstir.

Sonuglarin kategorize edilmesi icin toksisite test
sonuglari, toksik birim (TB) olarak ifade edilmistir.
TB sonuglar1 TB=0 toksik degil, 0<TB<1 hafif toksik,
1<TB<10 toksik, 11<TB<100 ¢ok toksik seklindeki
siniflandirmaya gore degerlendirilmistir [12, 13].

TB = x100 (1)
Her,)

3.1. Lepidium sativum toKsisite testi

Flurbiprofen, Naproksen ve Propranolol etken

maddelerine sahip ilaglar i¢in Lepidium sativum
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toksisite test sonucu hesaplanan ECso degerleri ve
toksik birimleri asagida verilmektedir.

Tablo 1. Lepidium sativum ECso Degerleri (mg/L)

E.M.A. Flurbiprofen Naproksen Propranolol
Kok 91,32 779.21 132.26
Govde 82,35 485.71 242.92

*(E.M.A: Etken madde ad1)

Lepidium Sativum

14 [

1,2

. P

o8 [

o6 |7

Toksik Birim

a4

02 7

0

Flurbiprofen Propranolol Naproksen

0,12

|- Kok 1,09 0,75

| Govde

1,21 0,41 0,2

Sekil 1. Lepidium sativum deneyi toksik birimleri

Lepidium sativum toksisite testleri sonucunda toksik
birimleri Persoonee ve dig. (1993) yapmis oldugu
siiflandirmaya gore incelendiginde kullanilan ilag
numunelerinden  Flurbiprofen, Propranolol ve
Naproksen etken maddelerinin kokleri i¢in toksik
birimleri sirasiyla (TBrurbiprofeni1,09, TBpropranolo:0,75
ve TBnaproksen:0,12) ve govdeleri igin toksik birimleri
ise sirasiyla (TBriurbiprofeni1,21, TBpropranolo:0,41 ve
TBnaproksen:0,20) olarak bulunmustur. Bu degerlere

gore Flurbiprofenin “toksik”; Propranolol ve
Naproksenin ise “hafif toksik” oldugu tespit
edilmistir.

3.2. Daphnia magna toksisite testi

Flurbiprofen, Propranolol ve Naproksen etken

maddelerine sahip g ilag¢ tiri icin Daphnia magna
toksisite test sonucu 24 saat ve 48 saat sonra okunan

ECso degerleri ve toksik birimleri asagida
verilmektedir.
Tablo 2. Daphnia magna ECso Degerleri (mg/L)

E.M. A. Flurbiprofen Naproksen Propranolol
24 saat (mg/L) 2,21 10,39 10,16
48 saat (mg/L) 0,0018 2,3 0,47

*(E.M.A: Etken madde ad1)

Daphnia Magna

Toksik Birim

10 Vo

5 |- s

Flurbiprofen Propranolol Maprolsen
9,61

43,4

[maap 45,05
B 0

9,84
47,04

Sekil 2. Daphnia magna deneyi toksik birimleri

Daphnia magna toksisite testleri sonucunda toksik
birimleri Persoonee ve dig. (1993) yapmis oldugu
siiflandirmaya gore incelendiginde kullanilan ilag
numunelerinden  Flurbiprofen, Propranolol ve
Naproksen etken maddelerinin 24 saat icin toksik
birimleri sirasiyla (TBriurbiprofeni45,05, TBpropranolo:9,84
ve TBnaproksen:9,61) ve 48 saat i¢in toksik birimleri ise
sirasiyla  (TBriurbiprofen:H.Y,  TBpropranolol:47,04  ve
TBnaproksen:43,4) olarak bulunmustur. Bu degerlere
gore 24 saatlik test sonuglari icin Flurbiprofenin “cok
toksik”; Propranolol ve Naproksenin ise “toksik”
oldugu tespit edilmistir.

4. Tartisma ve Sonug

Yapilan deneyler sonucunda, deneyde kullanilan ii¢
farkl ila¢ tiirtiniin de toksik etkilerinin bulundugu
gorlilmiistiir. Test sonuclar1 incelendiginde her iki
toksisite testi, farkli karakterdeki ii¢ ilag¢ tiiri igin
farkli hassasiyetler gosterdigi tespit edilmigtir. Ug¢
farkli ilag tiirii icin, kullanilan yontemler igerisinde en
hassas degerlerin elde edildigi toksisite test
yonteminin Daphnia magna toksisite test metodu
oldugu belirlenmistir.

Her iki toksisite testi icin Toksik Birim (Tablo 3)
siralamasi; Lepidium sativum toksisite deneyinde,
kullanilan ila¢ numuneleri icin,
TBFlurbiprofen>TBPropranol>TBNaproksen; Daphnia magna
toksisite deneyinde de, kullanilan ilag numuneleri
i(;in, TBFlurbiprofen>TBPropranol>TBNaproksen olarak
bulunmustur.

Tablo 3. Toksisite testileri sonucu elde edilen toksik

birimler

TOKSIK BiRIM Flurbiprofen  Propranolol Naproksen
Lepidium 1,09 0,75 0,12
sativum (Kok)

Lepidium 1,21 0,41 0,2
sativum (Govde)

Daphnia magna 45,05 9,84 9,61
(24 Saat)

Daphnia magna H.Y 47,04 43,4
(48 Saat)

Not: H.Y: Hesap Yok
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Daphnia magna toksisite testi 24 saat ve 48 saat
sonraki sonuglar degerlendirildiginde, bu test
metodunun ilaclarin toksisitelerinin belirlenmesinde
Lepidium Sativum toksisite testine gore daha fazla
hassaslikla 6l¢tim yapilabilen bir test metodu oldugu

gorulmustiir.  Deneyde 24 ve 48 saat sonraki
toksiklik degerleri karsilastirilmistir.  Kullanilan
ilaglarda 24 saatlik sonuglar g6z Oniinde

bulunduruldugunda Propranolol ve Naproksen igin
“toksik”, Flurbiprofen i¢in “cok toksik”, 48 saatlik
sonuglar i¢in ise Flurbiprofen etken maddesine sahip
ilag icin sonu¢ elde edilememis ve Propranolol ve
Naproksen etken maddelerine sahip ilag numuneleri
icin “cok toksik” ozellik gdsterdigi belirlenmistir.
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Calisma sonucunda, toksisite testlerinin duyarhliklar
yoniinden karsilastirildiginda ila¢ numunelerinin
toksisitelerinin belirlenmesinde kullanilabilecek her
iki ekotoksisite testi icerisinde en uygun yontemin
Daphnia magna oldugu, maliyetleri ag¢isindan
karsilastirildiginda ise Lepidium sativum toksisite
testi oldugu goriilmiistiir. Ayn1 zamanda her iki
ekotoksisite  testi sonucunda Flurbiprofenin,
Propranolol ve Naproksenden daha fazla toksik etki
gosterdigi tespit edilmistir.

Yapilan deneyler, ilaglarin atiksularda bulunmasi
durumunda ¢evreye olumsuz etkilerinin oldugunu
kanitlamistir.  Atiksularda, yeraltisularinda, icme
sularinda, camurda, toprakta ve sedimentte ilag
kalintilar1 tespit edilmistir. Bu sonuglar ise ila¢larin
arittminin  ne derece onemli oldugunu Kkanitlar
niteliktedir.
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Anahtar Kelimeler Ozet: Bircok bilimsel calismada sayim verisi olarak adlandirilan negatif olmayan
Degisken secimi, tamsay1 degerleri alan nicel veriler kullanilmaktadir. Istatistigin en temel analiz
Sayim modeller, yontemlerinden biri olan regresyon analizi kapsaminda da sayim verileri olduk¢a

Sezgisel optimizasyon sik kullanilmaktadir. Bagimli degiskenin tamsay ile ifade edilebildigi regresyon

modelleri sayim modelleri olarak tanimlanir. Bu calismada sayim modelleri
kapsaminda model secimi incelendi. Sayim modellerinde model se¢imi icin klasik
secim yontemleri ve PSO algoritmasi kullanildi. Uygulamalar hem simiilasyon hem
de gercek veriler tizerinde yapildi. Sonug olarak klasik yontemlerle kiyaslandiginda
PSO algoritmasinin, modeldeki degisken sayisi arttikca ve bagimsiz degiskenler
arasindaki korelasyon degerleri yiikseldikce daha iyi sonuclar verdigi ve sayim
modelleri i¢in PSO algoritmasinin degisken seciminde alternatif bir yéntem olarak
kullanilabilecegi gosterilmistir.

Determination of Best Variable Set for Count Models by Particle S warm Optimization

Keywords Abstract: In most scientific studies quantitative data are used which take non-
Variable selection, negative integer values, called count data. Count data are also used frequently in
Count models, the context of regression analysis, which is one of the most basic analysis methods

Heuristic optimization of statistical analysis. The regression models in which the dependent variable can

be expressed by integers are defined as count models. In this study, the model
selection in the context of count models was investigated by using classical
selection methods and PSO algorithm. Applications were made on both simulation
and real data. As a result, it has been shown that PSO algorithm can be used as an
alternative method for PSO algorithm selection for count models when the number
of model variables increases and the correlation values between independent
variables increases as compared to classical methods.

1. Giris oldugu gibi, en uygun degisken kiimesi belirlenerek

regresyon  modeli  olusturulmalidir.  Bagimsiz
Bilimsel c¢alismalarda kullanilan nicel verilerin degiskenler arasinda yiiksek derecede iliskinin
bircogu belirli bir deger araligi icerisinde siirekli bulunmasi, gereksiz degiskenlerin modele dahil
degerlere sahip degildir. Verilerin bazilar1 uygulama edilmesi gibi cesitli hatalar regresyon modelinin
alanlarina gore negatif olmayan tamsayilar ile ifade tahmin performansin1 diisiirmektedir. Regresyon
edilmektedir. Bu veriler sayim verileri olarak modeli icerisinde en uygun modelin se¢imi igin
adlandirilir. Istatistigin en temel analizlerinden biri degisken secim algoritmalar1 uygulanmaktadir.
olan regresyon analizi kapsaminda da sayim verileri Degisken sec¢imi icin literatiirde en sik kullanilan ii¢
kullanilmaktadir. Bagimh degiskenin tamsayu ile ifade klasik yontem vardir. Bunlar; geriye dogru, ileriye
edilebildigi regresyon modelleri sayim modelleri dogru ve adimsal se¢im teknikleridir. Ancak bu
olarak tanimlanir. Sayim modellerinin tahmin glicii teknikler bir¢ok durumda iyi sonuglar
bagimsiz degiskenlerin modeli agiklayabilme giiciine vermemektedir [1,2]. Degisken sayisi arttikca klasik
baghdir. Bu amagla farkli regresyon modellerinde secim yontemleri ¢ofu zaman uygun modeli
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secememektedir. Ayrica ¢ok yliksek boyutlu verilerde
¢oklu baglanti sorunu sebebiyle Kklasik secim
yontemleri ile model belirlemek miimkiin degildir.
S6z konusu problemleri ¢ézmek amaciyla sezgisel
optimizasyon tekniklerinden yararlanilmaktadir [3].

Literatiir incelendiginde model se¢iminde yapilan
c¢alismalarin biiyik bir kisminin lineer ve lojistik
regresyon analizi tlizerine oldugu gorilmektedir.
Lineer regresyon analizi icin tabu arastirma [4],
genetik algoritma [2], hibrit genetik algoritma-
benzetimli tavlama metodu kullanilmistir [5]. Lojistik
regresyon analizinde tabu arastirma algoritmasi [6]
ve parcacik siiri optimizasyonu algoritmasini
kullanilarak optimum degisken kiimesinin se¢imini
incelemistir [7]. Genellestirilmis lineer modellerde
model secimi ilizerine farkli yontemler de
kullanilmistir. Poisson regresyon analizinde adimsal
bir model se¢im yontemi dnermistir [8]. McLeod ve
Xu genellestirilmis lineer modeler igcin degisken
secimi uygulayan bestglm isimli bir paket
gelistirmistir  [9]. Calcagno, ve Mazancourt
genellestirilmis lineer modellerde genetik algoritma
kullanarak degisken se¢imi uygulayan glmulti isimli
bir yazilim paketi olusturmustur [10]. Regresyon
modellerinde cezalandirma yontemleri de model
seciminde sikca Kkullanilmaktadir. Cezalandirma
yontemleri ile model se¢cimi konusunda bilinen en
genel yontem LASSO metodudur [11]. Bu metodun
ana fikri, modeldeki regresyon katsayilarini sifira
yaklastiracak sekilde daraltmaktir. LASSO tekniginde
cezalandirma i¢in elastik net [12], adaptif LASSO [13]
yontemleri gelistirilmistir.

Cezalandirma yontemleri kullanarak degisen yayilim
parametreli beta regresyon modeli icin degisken
secim teknigi uygulanmistir [14]. Beta regresyon
analizinde model se¢imi i¢in bootstrap teknigi
kullanilmistir [15].

Model secimi iizerinde son derece etkili olan bilgi
kriterleri icin de c¢ok sayida calisma mevcuttur.
Regresyon analizinde en ¢ok kullanilan Kkriterler
Akaike ve Bayesci bilgi kriterleridir. Akaike bilgi
kriteri yanlilik probleminin ¢6zimi ve Kkiiciik
orneklemlerde de iyi performans saglamasi igin
alternatif cezalandirmalar ile diizeltilmis ve yeni
Akaike tiirti kriterler onerilmistir [16,17] . Bayesci
bilgi kriteri de regresyon katsayilarina iliskin
kovaryans matrisi de cezalandirma terimine dahil
olacak sekilde diizenlenmis ve alternatif iki kriter
onerilmistir [18]. Kovaryans matrisini cezalandirma
terimine dahil ederek bilgi kriteri hesaplayan
yaklasim ilk olarak Bozdogan tarafindan dnerilmistir
[19]. Bu yaklasim, cezalandirma terimindeki
degisiklikler ile diizenlenerek alternatif Kkriterler
tlretilmistir [20, 21, 22].

Model se¢imi, istatistiksel modelleme igerisinde son
derece onemli bir konudur. Klasik model se¢im
algoritmalari, sayim modelleri kapsaminda modelin
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performansini optimize etme konusunda zayif
oldugundan, sezgisel optimizasyona dayali
yaklasimlar daha basarili  sonuglar saglama

potansiyeline sahiptir. Bu sebeple, ¢calismanin temel
motivasyon kaynagi, sayim modellerinde model
secimi slrecini parcacik siiri optimizasyonu
algoritmasi kullanarak gerceklestirmektir.

2. Materyal ve Metot
2.1. Poisson regresyon modeli

Poisson regresyon modeli sayimla elde edilen
verilerin modellenmesinde kullanilan temel bir
yaklasimdir. Y; (i = 0,1,2, ...), ortalamasi y; olan belli
bir zamanda meydana gelen olaylarin sayisi olsun. Bu
durumda Y; ler Poisson rasgele degiskenidir ve
olasilik fonksiyonu

e_uiu.Yi
fys ) = — -

i.

yi =012, ... (1)

ile verilir. Burada, ortalama ve varyans E(Y;) =
Var(Y;,) = ;' dir. Log-olabilirlik fonksiyonu esitlik
(2)'de verildigi gibidir.

Lwy) = Xitdyiln(w) — w — In(y;D} (2)
X:nx (p+ 1) boyutlu agiklayic1 degisken matrisi
olsun. Y; ve X'in i-nci satir vektorii arasindaki iliski
esitlik (3)’'de verilmistir.

In() = n; = x{B (3)
Bu model poisson regresyon veya log-linear model
olarak bilinir. ' nin en ¢ok olabilirlik tahmin edicisi
B, Fisher scoring yontemi ile elde edilebilir.

Poisson regresyon modelinde iki temel varsayim
vardir. Birincisi, olaylar zamana goére birbirinden
bagimsiz gergeklesir. ikincisi, sarth beklenen deger ve
varyans birbirine esittir. Ikinci varsayimda
bahsedilen esitlik durumu, esit yayilim olarak bilinir
ve uygulamada c¢ogunlukla esit yayilim durumu
saglanmamaktadir ve genelde varyans ortalamadan
biiytik ¢ikmaktadir.

2.2. Negatif binomial modeli

Poisson regresyon modelinde, bagimli degisken icin
varyansin ortalamadan biiyiik olmasi, bagimh
degisken degerleri arasinda pozitif korelasyonun
bulunmasi veya verilerin olasiliklar1 arasindaki
degisimin yiiksek ¢ikmasi gibi durumlar asir
yayillima neden olabilir. Ayrica verinin dagilimsal
varsayimlarinda bir ihlal s6z konusu oldugu
durumlarda da asir1 yayilim ortaya c¢ikabilir.

Asir1 yayillim durumunda en sik bagvurulan yaklasim
Negatif Binomial Regresyon Modelidir (NBRM).
NBRM, modele gozlemlenemeyen heterojenlik terimi
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dahil edilerek gelistirilebilecegi gibi bir ¢ok farkli
yontem ile de elde edilebilir [23].
Negatif binomial dagilimin olasilik fonksiyonu
asagida verildigi gibidir:

Iyi+a ™)/ at B\

x:) = 4
Pr(yilx:) yi! T(a™1) \a™t +p; (a‘l + ui> )
Burada I'(.) ile gamma fonksiyonu ifade edilmektedir
ve a sabit bir parametredir. Negatif binomial dagilimi
icin y’'nin beklenen degeri Poisson dagilimi ile

aymidir. Yani, y; = E(y;|x;) = eXif “dr.
Ancak varyansj, esitlik (5)’ de verildigi gibidir:

Var(yilx) = w(1 + ) = P +aetif)  (5)
NBRM'de, y - nin varyansi, beklenen degerinden
biiytiktiir. Ciinki, pve o ‘nin her ikisi de pozitiftir.
Esitlik (5), a = 0 oldugunda p; olur. Yani, a =0
oldugunda negatif binomial dagilimi poissona
indirgenir. NBRM parametreleri tahmininde en ¢cok
olabilirlik yontemi kullanilabilir [23].

2.3. Sifir yogunluklu poisson model

Sifir yogunluklu Poisson (ZIP) model, iki asamali bir
karisim modelidir. Bu model, sifir degerli gézlemlerin
iki farkl sekilde ortaya ¢iktigin1 varsayar. Birinci
durum w; olasiligl ile gerceklesir ve sadece sifir
tiretir. ikinci durum (1 — wj;) olasiigl ile meydana
gelir ve p ortalamali standart bir Poisson sayim verisi
elde edilir.

Genelde birinci durumdan elde edilen sifirlar yapisal
sifirlar olarak ve Poisson dagilimindan kaynaklanan
sifirlar 6rneklem sifirlari olarak adlandirilir [24].

Bu iki asamali siireg iki bilesenli bir karisim dagilimi
verir ve olasilik fonksiyonu asagidaki gibidir.

w;+ (1 —w)e H, y; =0,
(v lx: w: w:) = e Hi Vi <w <
Wil pewd =9 _ yl'h yi=123,. 0Swis1 (6)
il

Bu olasilik fonksiyonu Y~ZIP(u, w) ile gosterilir. Y’'nin
ortalama ve varyansi asagidaki gibidir.

E(yp) = m(1 —wy)

Var(y) = (1 — wp) (i + wip?) (7)

Gorildigi gibi Y nin marjinal dagilimi w > 0
oldugunda asir1 yayilima izin vermektedir. w =0
oldugunda standart Poisson dagilimina
indirgenmektedir.

Log olabilirlik fonksiyonu esitlik (8)'de verildigi
gibidir.
(8)

o S I(y; = 0) In[w; + (1 — wj)e™™] +
Law (o wiy) = Z{l(yi > 0)[In(1 = wy) = +ylnp; — ln(y!)]}
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ZIP modeli asagidaki iki link fonksiyonu eklenerek
elde edilebilir.

In(y;) =X'B

logit(w;) = In—r— =
ogit(w;) = In——=

(9)

X'y
2.4. Parcacik siirii optimizasyonu

Pargacik Siirii Optimizasyonu (PSO), siiri halinde
hareket eden baliklar ve boceklerden esinlenerek
gelistirilmis bir optimizasyon yontemidir [25]. Temel
olarak siirii zekasina dayanan bir algoritmadir. Stri
halinde hareket eden hayvanlarin yiyecek ve giivenlik
gibi durumlarda, ¢cogu zaman rastgele sergiledikleri
hareketlerin, amaclarina daha kolay ulasmalarin
sagladig1 gorilmiistir.

Algoritma temel olarak asagidaki basamaklardan
olusur [26];

L. Rasgele iretilen baslangi¢ pozisyonlar1 ve
hizlar ile baslangig siiriisii olusturulur.
IL. Siirti icerisindeki tiim pargaciklarin uygunluk

degerleri hesaplanir.

IIL Her bir parcacik icin mevcut jenerasyondan
yerel en iyi (pbest) bulunur. Siirii icerisinde
en iyilerin sayis1 parcacik sayis1 kadardir.

IV. Mevcut jenerasyondaki yerel eniyiler
icerisinden kiiresel en iyi (gbest) secilir.

V. Pozisyon ve hizlar asagidaki gibi yenilenir.

Vig = W * Viq + ¢, *rand, * (Pgq — Xjq) + ¢, * rand, * (Pgd - Xid)
Xiqa = Xiq + Via

Burada X;q pozisyon ve V;; hiz degerlerini verirken,
rand,ve rand, degerleri rasgele tretilmis sayilardir.
W, atalet agirlik degeri ve c;, c, dlgeklendirme
faktorleridir.

VI Durdurma kriteri saglanincaya kadar II, III,
IV ve V adimlari tekrar edilir.

2.5. Bilgi Kriterleri

Log-olabilirlik fonksiyonuna dayali olan bilgi kriteri
tabanli model se¢im teknikleri, hem i¢ ice hem de i¢
ice olmayan say1 ile ifade edilen modeller igin
kullanilabilirler. Modele daha fazla parametre
eklendiginde log-olabilirligin artacagi disiinilir.
Log-olabilirlik artisinin cezasi, gozlem sayis1 kadar
parametre sayisini da hesaba katar. Bu ¢alismada, iki
bilgi kriteri 6l¢lisii ele alinmistir.

2.5.1. Akaike bilgi kriteri

Akaike bilgi kriteri (AIC) istatistiksel modellerin
uyum iyiligi icin kullanilan bir kriterdir.

AIC=-2L+2p =D(8) + 2p (10)
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Burada p, modeldeki parametre sayisini ve L ise log-
olabilirlik fonksiyonunu géstermektedir.

2.5.2. Bayesci bilgi kriteri

Ayn1 zamanda Schwarz kriteri olarakta bilinen
Bayesci bilgi kriteri (BIC) istatistiksel modellemede
¢ok sik kullanilan bir kriterdir.

BIC = -2L+ (Inn) p (11
Burada n, veri setindeki goézlem sayisim p ise
parametre sayisini gostermektedir.

3. Bulgular

Uygulama asamasinda iki farkli simiilasyon ve bir
gercek veri seti uygulamasi yapildi Simiilasyon
tasarimlar1 ¢oklu baglanti bulunan ve bulunmayan
regresyon modelleri icin uygulandi. Model secim
yontemlerinden ileriye dogru (i), geriye dogru (G),
adimsal (A) ve PSO metotlar1 kullanilarak sayim
modelleri icin model secimi sonuglar1 elde edildi.
Uygulama asamasinda se¢im yontemlerinin se¢mis
oldugu sayim modellerine iliskin AIC ve BIC degerleri
incelendi. AIC ve BIC degeri daha diisiik olan se¢cim
yontemi daha basarili olarak kabul edildi. Analizler R
yaziliminin 3.4.3 versiyonu kullanilarak yapilmistir.
Ayrica “pso”  ve “COUNT” paketlerinden
yararlanilmistir.

Simiilasyon ¢alismasi -1

Calismanin bu béliimiinde ¢oklu baglanti problemi
iceren regresyon modelleri olusturuldu. Simiilasyon
tasarimi i¢in toplam on agiklayici degisken ile
Poisson, negatif binomial ve sifir yogunluklu
regresyon modelleri i¢in klasik secim yontemleri ve
PSO algoritmalar1 uygulandi. Bagimsiz degiskenler
asagidaki sekilde tiiretildi:

x; =10+ & (12)

X, = 10 + 0.3g; + ae, (13)

X3 = 10 4+ 0.3g; + 0.5604a¢, + 0.8282a¢&; (14)
X, =—8 + x4 + 0.5x, + 0.3x3 + 0.5¢, (15)
xs == =5+ 0.5x; + x, + 0.5¢&;5 (16)

€1, €, €3, &, €5 ~ N(0, 1) dagilimh hata terimleridir.
Esitlik 12-16 icin a parametresi c¢coklu baglanti
diizeyini kontrol etmektedir. Bu ¢alismada ge¢mis
calismalar baz almnarak a =0.03 alindi ve bagimh
degisken tiiretimi asagidaki sekilde yapildi:

A= -8+ x; + 05x, + 03x3 + 0.5¢ (17)
g, i= 1, 2,., n icine ~N(0,1) i¢in dagilhmh hata
terimidir. Esitlik (17)’ den bulunan A degerleri ile y ~
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Pois(A), NegBin(A) ve ZINFPois(A) biciminde sirasiyla
Poisson, negatif binomial ve sifir yogunluklu Poisson
dagilimli bagimh degiskenler tiiretildi. Bagimsiz
degiskenler kiimesine bagimh degiskenler ile iliskisi
olmayan bes adet diizgiin dagihmh degiskenler R; ~

Diizgiin(0,1) j=1,2,3,4,5 ilave edildi.

1. Simiilasyon tasarimi icin 6rneklem sayilari sirasi ile
n=30,50,100,200,500 olarak alind1.

Simiilasyon ¢alismasi -2

Bu simiilasyon ¢alismasinda ¢oklu baglanti problemi
icermeyen  regresyon  modelleri  olusturuldu.
Simiilasyon tasarimi i¢in sirasiyla p=2,3,..15
degisken ve n=100 i¢in Poisson, negatif binomial ve
sifir yogunluklu regresyon modelleri kapsaminda
klasik secim yontemleri ve PSO algoritmalari
uygulandi. Bagimsiz degiskenler birbirinden bagimsiz
olarak X, k=2,3,..15 i¢in N(0,1) dagihimina uygun
olarak tiretildi. Bagimsiz degiskenler arasindaki
korelasyon yapisi, ¢oklu baglanti  problemi
icermeyecek bicimde cor(X;, X;)=0.1017114, j=2,3,...15
icin tlretildi. Bagimsiz degiskenler ile bagimh
degiskenlere ait A parametreleri ise su sekilde
tiiretildi:

A=XB + ¢ (18)
e ~ N, 1) dagilimh  hata terimidir.
=(0.1,0.3,0.5,...,s) biciminde artimsal olarak secildi.
Bu denklemdeki s, toplam degisken sayis1 dogru
orantili olarak 0.1 birim artimh  degerlerini temsil
etmektedir. Esitlik (18)’ den elde edilen A degerleri ile
y ~ Pois(A) , NegBin(A) ve ZINFPois(A) biciminde
sirasiyla Poisson, negatif binomial ve sifir yogunluklu
Poisson dagilimli bagimli degiskenler tiiretildi.

Gercek veri uygulamasi

Gergek veri uygulamasi icin R programinda “COUNT”
paketi icerisinde yer alan “affairs” hazir veri seti
kullanildi [27]. Bu veri setinde bagimli degisken tam
sayidir ve veri seti sayim verilerini modellemek i¢in
son derece elverislidir. Bu veri seti lizerinde klasik
degisken secim yontemleri ve PSO algoritmasi ile
model secimi uygulandi ve modellerin AIC-BIC
degerleri elde edildi.

Tablo 1. 1. Simiilasyon tasariminda Poisson regresyon
modeli icin AIC Kriteri sonugclari

Secim yontemi

n

AIC- AIC-G AIC-A AIC-PSO
30 80.76578 80.76578 80.76578 80.61614
50 132.17770  132.17770  132.17770  132.10880
100 268.25710  268.25710  268.25710  268.21730
200 536.20400 536.20400  536.20400  536.19640

500 1333.94000 1333.94000 1333.94000 1333.94400
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Tablo 2. 1. Simiilasyon tasariminda Poisson regresyon
modeli icin BIC kriteri sonuclar1

daha diisiik olan Poisson regresyon modellerini
secmistir.

Secim yontemi
n . Tablo 5. Affair verisi kapsaminda Poisson regresyon
BICI BIC-G BIC-A BIC-PSO modeli i¢cin AIC Kriteri sonuglari

30 85.28353 85.28353 85.28353 85.04804 Secim Yontemi AIC

50  139.04800  139.04800  139.04800  138.69240 AIC- 2823.17500
100 277.98830 277.98830  277.98830  277.75140 AIC-G 2823.17500
200 54867820 548.67820 548.67820  548.62150 AIC-A 282317500
500 1351.59000 1351.59000 1351.59000 1351.54300 AIC-PSO 2822.76500

Tablo 1 ve 2’ de Poisson regresyon modeli icin elde
edilen 1.simiilasyon tasarimi sonuglari
gosterilmektedir. Bu sonuglara goére 1. simiilasyon
tasarimi kapsaminda PSO algoritmas: klasik se¢im
yontemlerine gore AIC ve BIC degeri daha diisiik olan
modelleri se¢mistir. Coklu baglant1 iceren durumlar
icin PSO daha dogru sonuclar iceren Poisson
regresyon modellerini elde etmektedir.

Tablo 3. 2.Simiilasyon tasariminda Poisson regresyon
modeli icin AIC Kriteri sonuglari

Secim yontemi

%(p/n)

AIC-i AIC-G AIC-A AIC-PSO
2 267.40070 267.40070 267.40070 267.40070
3 268.60160 268.60160 268.60160 268.60160
4 272.08920 272.08920 272.08920 272.08920
5 272.11820 272.11820 272.11820 272.11820
6 267.45050 267.45050 267.45050 267.45050
7 27193650 27193650 27193650 271.93650
8 271.58820 271.58820 271.58820 271.58640
9 271.71860 271.71860 271.71860 271.71860
10 277.01660 277.01660 277.01660 277.01660
11 273.66320 273.66320 273.66320 273.64400
12 270.79890 270.79890 270.79890 270.79850
13 271.18850 271.18850 271.18850 271.18420
14 270.99200 270.99200 270.99200 270.98880
15 271.99420 27199420 27199420 271.96750
Tablo 4. 2.Simiilasyon tasariminda Poisson regresyon
modeli icin BIC kriteri sonuglari

Secim ydntemi

%(p/n)

BIC-i BIC-G BIC-A BIC-PSO
2 273.09360  273.09360  273.09360  273.09360
3 276.73480  276.73480  276.73480  276.73480
4 28254640  282.54640  282.54640  282.54640
5 284.29230  284.29230  284.29230  284.29230
6 281.29520  281.29520  281.29520  281.27240
7 287.23950  287.23950  287.23950  287.23950
8 288.10370  288.10370  288.10370  288.10370
9 289.49090  289.49090  289.49090  289.45200
10 296.19300  296.19300  296.19300  296.16350
11 293.12780  293.12780  293.12780  293.07570
12 291.82580  291.82580  291.82580  291.69400
13 29245620  292.45620  292.45620  292.38310
14 293.33440  293.33440  293.33440  293.25460
15 295.22230  295.22230  295.22230  295.11200

2. simiilasyon tasarimi sonuclar1 Tablo 3 ve 4’ te
verilmistir. Sonuglar incelendiginde PSO
algoritmasinin klasik yontemlere gore daha iyi
sonuglar verdigi goriilmektedir. Ayrica ¢coklu baglanti
problemi icermeyen durumlarda o6zellikle degisken
sayisi yiikseldik¢e PSO algoritmasi AIC ve BIC degeri
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Tablo 6. Affair verisi kapsaminda Poisson regresyon
modeli icin BIC kriteri sonugclari

Secim Yontemi BIC
BIC-I 2878.86300
BIC-G 2878.86300
BIC-A 2878.86300

BIC-PSO 2873.51200

Poisson regresyon modeli gergek veri sonuglari Tablo
5 ve 6’da gosterilmektedir. Bu sonuglara goére PSO

algoritmas1 Affairs veri setinde klasik se¢im
yontemlerine gore daha basarili sonuglar elde
etmektedir. PSO algoritmasinin sectigi Poisson

regresyon modellerinde AIC ve BIC degerleri klasik
yontemlerin  sectii  modeller g6z  Onilinde
bulunduruldugunda daha diisiik degere sahiptir.

Negatif binomial regresyon modeli i¢in 1. ve 2.
simiilasyon tasarim sonuglar1 ve gercek veri
uygulamasi asagida verilmistir.

Tablo 7. 1. Simiilasyon tasariminda Negatif binomial
regresyon modeli icin AIC kriteri sonuclari

Secim yontemi

n

AIC-1 AIC-G AIC-A AIC-PSO
30 82.2550 82.2550 82.2550 82.1273
50 134.1402 134.1402 134.1402 134.1179
100 270.5371 270.5371 270.5371  270.5230
200 536.2455 536.2455 536.2455  536.2729
500 1330.745 1330.745 1330.745 1330.727

Tablo 8. 1. Simiilasyon tasariminda Negatif binomial
regresyon modeli i¢in BIC kriteri sonuglar1

Secim yontemi

n

BIC-i BIC-G BIC-A BIC-PSO
30 88.3657 88.3657 88.3657 88.1724
50 142.7844 142.7844 142.7844  142.4788
100 282.5406 282.5406 282.5406  282.5349
200 551.6531 551.6531 551.6531  551.7423
500 1353.393 1353.393 1353.393 1353.117

Tablo 7 ve 8'de negatif binomial regresyon modeli
icin elde edilen 1. simiilasyon tasarimi sonuglari
gosterilmektedir. Bu sonuglara gore 1. simiilasyon
tasarimi kapsaminda PSO algoritmasi klasik se¢im
yontemlerine gore AIC ve BIC degeri daha diisiik olan
modelleri se¢mistir. Coklu baglanti iceren durumlar
icin PSO daha dogru sonuglar iceren negatif binomial
regresyon modellerini elde etmektedir.



H. Kog vd. / Pargacik Siirtii Optimizasyonu Yontemi ile Sayim Modelleri i¢in En Uygun Degisken Kiimesinin Belirlenmesi

Tablo 9. 2.Similasyon tasariminda Negatif binomial
regresyon modeli icin AIC kriteri sonuclari
Secim yontemi

%(p/n
®/m AIC-i AIC-G AIC-A AIC-PSO
2 269.6135 269.6135 269.6135 269.6135
3 270.5622 270.5622 270.5622 270.5622
4 270.1624 270.1624 270.1624 270.1624
5 271.8613 271.8613 271.8613 271.8613
6 276.1486 276.1486 276.1486 276.1486
7 272.1477 272.1477 2721477 272.1477
8 273.6337 273.6337 273.6337 273.6337
9 274.8716 274.8716 274.8716 274.8716
10 275.6479 275.6479 275.6479 275.6479
11 275.8439 275.8439 275.8439 275.8423
12 276.6164 276.6164 276.6164 276.607
13 278.2293 278.2293 278.2293 278.1894
14 278.6634 278.6634 278.6634 278.6287
15 275.8236 275.8236 275.8236  275.8094

Tablo 10. 2.Simiilasyon tasariminda Negatif binomial
regresyon modeli icin BIC kriteri sonuglari
Secim yontemi

%(p/n

o/ BIC-i BIC-G BIC-A BIC-PSO
2 277.9403 277.9403 277.9403 277.9403
3 281.3456 281.3456 281.3456 281.3456
4 283.0921 283.0921 283.0921 283.0921
5 286.5748 286.5748 286.5748 286.5748
6 292.5683 292.5683 292.5683 292.5683
7 298.1889 298.1889 298.1889 298.1889
8 292.6785 292.6785 292.6785 292.6673
9 295.3407 295.3407 295.3407 295.3357
10 296.9031 296.9031 296.9031 296.8889
11 298.3031 298.3031 298.3031 298.2632
12 300.1552 300.1552 300.1552 300.1241
13 302.7383 302.7383 302.7383 302.5759
14 302.0067 302.0067 302.0067 301.9964
15 301.2273 301.2273 301.2273 301.1695

Negatif binomial regresyon modeli i¢in elde edilen 2.
simiilasyon tasarimi sonuglar1 Tablo 9 ve 10’da
verilmistir. Coklu baglanti problemi igermeyen
durumlarda 6zellikle degisken sayisi ytikseldikce PSO
algoritmasinin AIC ve BIC degeri daha diisiik olan
negatif binomial regresyon modellerini sectigi
gorilmektedir.

Tablo 11. Affair verisi kapsaminda Negatif binomial
regresyon modeli icin AIC kriteri sonuclari

Secim Yontemi AIC
AIC-i 2299.23355
AIC-G 2299.23355
AIC-A 2299.23355

AIC-PSO 2296.10252

Tablo 12. Affair verisi kapsaminda Negatif binomial
regresyon modeli icin BIC kriteri sonuglari

Secim Yontemi BIC
BIC-1 2223.51400
BIC-G 2223.51400
BIC-A 2223.51400

BIC-PSO 2221.10300

Tablo 11 ve 12’de negatif binomial regresyon modeli
gercek veri sonuglar1 gosterilmektedir. Bu sonuglara
gore PSO algoritmasi Affairs veri setinde klasik secim
yontemlerine gore daha basarili sonuglar elde
etmektedir.

Sifir yogunluklu Poisson regresyon modeli icin 1. ve
2. similasyon tasarim sonuglart ve gercek veri
uygulamasi asagida verilmistir.

Tablo 13. 1. Simiilasyon tasariminda Sifir yogunluklu
Poisson regresyon modeli i¢in AIC kriteri sonuglari

Secim yontemi

n

AIC-i AIC-G AIC-A AIC-PSO
30 88.3450 88.3450 88.3450 87.9373
50 146.2702 146.2702 146.2702 144.9679
100 281.7771 281.7771 281.7771 280.6280
200 562.3625 562.3625 562.3625 561.2836
500 1402.643 1402.643 1402.643 1401.8672

Tablo 14. 1. Simiilasyon tasariminda Sifir yogunluklu
Poisson regresyon modeli i¢in BIC Kkriteri sonuglari

Secim yontemi

n

BIC-i BIC-G BIC-A BIC-PSO
30 94.2478 94.2478 94.2478 93.8963
50 149.7452 149.7452 149.7452 149.2356
100 301.3602 301.3602 301.3602 300.7895
200 592.3547 592.3547 592.3547 592.1254
500 1412.6325 1412.6325 1412.6325 1412.1362

Tablo 13 ve 14’ de sifir yogunluklu Poisson regresyon
modeli i¢in elde edilen 1. simiilasyon tasarimi
sonuglar1 gosterilmektedir. Bu sonuglara gore 1.
simiilasyon tasarimi kapsaminda PSO algoritmasi
klasik se¢im yontemlerine gore AIC ve BIC degeri
daha diisiik olan modelleri se¢gmistir. Coklu baglanti
iceren durumlar icin PSO daha dogru sonuglar iceren
sifir yogunluklu Poisson regresyon modellerini elde
etmektedir.

Tablo 15. 2.Similasyon tasariminda Sifir yogunluklu
Poisson regresyon modeli icin AIC Kkriteri sonuglari

Secim yontemi
%(p/n
(o/n) AIC-i AIC-G AIC-A AIC-PSO
2 276.2348  276.2348  276.2348  276.2348
3 276.9852 276.9852  276.9852  276.9852
4 277.3247  277.3247  277.3247  277.3247
5 278.1456  278.1456  278.1456  278.1456
6 279.0523 279.0523  279.0523  279.0523
7 280.8563 280.8563  280.8563  280.8563
8 281.3659 281.3659  281.3659  281.3659
9 282.1748  282.1748  282.1748  282.1748
10 283.8741 283.8741  283.8741  283.6235
11 284.6398  284.6398  284.6398  284.5236
12 285.1862 285.1862  285.1862  285.1021
13 286.9963 286.9963  286.9963  286.7253
14 288.6548  288.6548  288.6548  288.6321
15 291.3258  291.3258  291.3258  290.9652
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Tablo 16. 2.Simiilasyon tasariminda sifir yogunluklu
Poisson regresyon modeli i¢in BIC kriteri sonuglari
Secim yontemi

%(p/m) -

BIC-1 BIC-G BIC-A BIC-PSO
2 285.3659 285.3659 285.3659  285.3659
3 289.6258  289.6258 289.6258 289.6258
4 291.0785 291.0785 291.0785 291.0785
5 292.8574  292.8574  292.8574 292.8574
6 298.5217  298.5217 298.5217 298.5217
7 300.9852 300.9852 300.9852  300.9327
8 301.2386  301.2386 301.2386 301.2321
9 296.2178  296.2178 296.2178  296.1993
10 299.5982 299.5982 299.5982  299.5821
11 302.2185 302.2185 302.2185 301.9962
12 303.1587  303.1587 303.1587 302.8754
13 303.6726  303.6726 303.6726  303.3627
14 304.1289 304.1289 304.1289 304.0185
15 303.8756  303.8756 303.8756  303.5214

Tablo 15 ve 16’ da sifir yogunluklu Poisson regresyon
modeli i¢in elde edilen 2. simiilasyon tasarimi
sonuclar1 gosterilmektedir. Coklu baglanti problemi
icermeyen durumlarda PSO algoritmasinin daha iyi
sonuglar verdigi goriilmektedir.

Tablo 17. Affair verisi kapsaminda Sifir yogunluklu Poisson
regresyon modeli icin AIC kriteri sonuclari

Secim Yontemi AIC
AIC-I 1928.21512
AIC-G 1928.21512
AIC-A 1928.21512

AIC-PSO 1928.07231

Tablo 18. Affair verisi kapsaminda Sifir yogunluklu Poisson
regresyon modeli i¢in BIC kriteri sonuglari

Secim Yontemi BIC
BIC-1 1958.16705
BIC-G 1958.16705
BIC-A 1958.16705

BIC-PSO 1955.52127

Sifir yogunluklu Poisson regresyon modeli gercek
veri Tablo 17 ve 18de verilmektedir. PSO
algoritmasinin  sectigi sifir yogunluklu Poisson
regresyon modellerinde AIC ve BIC degerleri klasik
yontemlerin  sectigi ~ modeller g6z  Onilinde
bulunduruldugunda daha diisiik degere sahiptir.

4. Tartisma ve Sonug

Bu calismada sayim modelleri kapsaminda model
secimleri incelendi. Sayim modellerinde model se¢imi
icin klasik se¢cim yontemleri ve PSO algoritmasi
kullanildi. Calisma sonucunda klasik degisken se¢im
yontemleri olan ileriye dogru, geriye dogru ve
adimsal se¢im yontemleri ve PSO algoritmasi ile elde
edilen sonuglar Kkarsilastirildi. Karsilastirma igin
degisken secimi algoritmalar1 ile elde edilen
regresyon modellerinin bilgi kriteri degerleri (AIC ve
BIC) baz alind1. Bilgi kriteri degerleri dogrultusunda;
secilen degisken kiimeleri ile olusturulan regresyon
modellerinin performans:1 degerlendirildi. Klasik
secim  yontemlerinin model se¢ciminde hem
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simiilasyon hem de gercek veriler icin aym bilgi
kriteri degerlerine sahip olan sayim modellerini
sectigi tespit edildi. Optimizasyon algoritmalarina
dayali olmayan seg¢im yontemlerinin c¢alisma
mantigina kosut olarak ayni saymim modellerinin
secilmesi dikkat c¢ekici bir sonugtur. Simiilasyon ve
gercek veri setlerine uygulanan analizler sonucunda
her ikisinde de PSO algoritmasinin klasik yontemlere
gore daha diisiik bilgi kriteri degerine sahip
regresyon modelleri sectigi goriilmiistir.

Sonug olarak klasik yontemlerle kiyaslandiginda PSO
algoritmasinin, modeldeki degisken sayisi arttik¢a ve
bagimsiz degiskenler arasindaki korelasyon degerleri
ylikseldikce daha iyi sonuglar verdigi farkli model
yapilart [28] gibi sayim modellerinde de PSO
algoritmasinin degisken seciminde alternatif bir
yontem olarak kullanilabilecegi gosterilmistir.
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Abstract: The minarets are among the most beautiful, meaningful and delicate
works of Islamic architecture. At early times, although these slender structures
were built short and with masonry stone, as time progressed, the construction of
minarets with reinforced concrete and that are thin-walled and long were
preferred. This has caused many reinforced concrete minarets to be damaged or
destroyed under wind and earthquake forces. With regard to this issue, because of
the severe winds, many minaret collapse incident took place in Turkey. Due to this
reason, in this study, the wind loads acting on a selected reinforced concrete
minaret have been calculated in details according to TS498 and TS-EN-1991-1-4
standards. In the calculations made, the effects of soil structure interaction on the
calculated wind loads were also examined. At the end of the study, the wind loads
obtained in the calculations were compared. The obtained results show that soil
structure interaction is a negative effect on wind loads, this interaction increases
them and that the soil structure interaction should be included in wind load
calculations.

Betonarme Minarelerin Zemin-Yapi Etkilesimiyle Riizgar Yiikii Hesaplamasinda TS498

ve TS-EN-1991-1-4"iin Kullanilmasi

Anahtar Kelimeler
Minare,

Riizgar yikd,
Zemin-yap1 etkilesimi,
Viskoz simirlar

Ozet: Minareler, islami mimarinin en giizel, anlamli ve bir o kadar da narin eserleri
arasinda bulunmaktadir. Bu narin yapilar, ilk zamanlarda, yigma ve kisa bir sekilde
yapilmis olmalarina ragmen, zaman ilerledikce, betonarme, ince cidarli ve uzun
minarelerin yapimi tercih edilmistir. Bu durum ise bircok betonarme minarenin
riizgar ve deprem kuvvetleri altinda hasar gérmesine veya yikilmasina sebep
olmustur. Bu konu ile ilgili olarak, siddetli riizgarlardan dolayi, Tirkiye'de de
bircok minare yikilmasi olay1 gerceklesmistir. Bu sebepten dolayi, bu calismada,
TS498 ve TS-EN-1991-1-4 standartlarina gore, secilen bir betonarme minareye
etkiyen riizgar ytkleri ayrintili bir sekilde hesaplanmistir. Yapilan hesaplamalarda
ayrica, zemin yapi etkilesiminin, hesaplanan riizgar yiiklerine etkileri de
incelenmistir. Calismanin sonunda, yapilan hesaplamalar sonucunda elde edilen
riizgar yiiklerinin karsilastirilmasi yapilmistir. Elde edilen veriler, zemin yapi
etkilesiminin riizgar yiikleri iizerinde olumsuz bir etkisi oldugunu, bunlari
arttirdigini ve riizgar yiikii hesaplamalarinda zemin yapi etkilesiminin de dahil
edilmesi gerektigini gostermektedir.

1. Introduction

completing the magnificence and impressiveness of
the mosques in terms of visuality. For this reason,

The minarets used since ancient times are one of the
indispensable structures of Islamic architecture. In
the early days, they were used to announce the
arrival of prayer times to people that are far from the
mosques (Hodja's reading the azan from the minaret).
With the developed technology, by constructing tall
and slender minarets, they were also used for
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designers prefer to construct taller and slender
minarets. This makes the minarets more vulnerable
to earthquake and wind forces.

As in all structures, various types of loads are acting
on minarets. Among these, earthquakes and wind
loads can be shown as the most important ones.


https://orcid.org/0000-0000-0000-0000

E. Tiirkeli / The use of TS498 and TS-EN-1991-1-4 in the Wind Load Calculation of Reinforced Concrete Minarets Considering Soil-Structure Interaction

Recently, so many minarets have been reported to be
severely damaged or destroyed due to wind loads [1,
2, 3, 4]. Researches [5] show that many minarets in
Turkey were built without any engineering service,
only with the experience of craftsmen and
contractors and without considering ground
conditions and seismicity. For this reason, it is
necessary to examine the minarets in details
considering the soil-structure interaction (SSI).

Regarding the structural behavior and SSI of
minarets, there are so many studies in the technical
literature. Doganglin investigated many buildings
that were damaged during the Bing6l Earthquake.
Among these structures, the structural damages of
minarets were also presented [6]. Temiiz investigated
the calculations of wind loads of minarets according
ACI-307 and TS-498 and performed the structural
design of these structures according to results
obtained from the cited standards [2]. Sezen et al.
examined the dynamic behavior of minarets, taking
into consideration the structural elements such as
balconies, doorways and ladders [5]. Pena et al.
investigated the seismic behavior of the old masonry
tower named as Qutb Minar in India [7]. Livaoglu
examined the dynamic behavior of a steel chimney
taking into account SSI and high-temperature effects
[8]. Cordero and Fernandez continued the
measurement work initiated for the Andalusian
minarets by Félix Hernandez and Basilio Pavén [9].

In view of the search of the technical literature,
although in many studies, the structural behavioral
studies of minarets under wind and earthquake loads
have been investigated, a few of them dealt with the
SSI effect of these stuctures. Because of this reason,
this study may be helpful to complete the abscence of
the subject in the literature.

In this study, wind loading of reinforced concrete
(RC) minarets considering SSI effects was
investigated. For this purpose, finite element model
of a selected minaret superstructure is constructed
and wind loads are calculated for the selected model
with and without SSI. Wind load calculations were
made according to TS498 and TS-EN-1991-1-4
standards that were adopted in 1997 and 2007,
respectively. Also, the obtained results were
compared with each other.

2. Research Significance

There are so many constructed RC minarets in
Turkey and the construction of many of them are in
progress. In their service lives, these tall and slender
structures are prone to strong wind and severe
ground motions. After these miserable events, many
of RC minarets are collapsed or heavily damaged.
Therefore, the exact behavior of these slender
structures should be determined to prevent the lose
of lives and economy. From literature survey, it is
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apparent that there are a few studies dealing with the
wind response of RC minarets that is considering the
effect underlying soil. Therefore, it is inevitable to
make such a research study about the effect of SSI on
wind loading of RC minarets. It is believed by the
author that this study will enlighten the ways of
designers and theoretician that are studying about
the wind responses of RC minarets.

3. Material and Method

In this study, TS-498 [10] and TS-EN-1991-1-4 [11]
standards that adopted in 1997 and 2007 were used
for the determination of wind forces acting on
minarets, respectively. The procedures for these
standards are briefly described below.

3.1. TS-498 wind load procedure

Wind load according to TS-498 [10],

W=C-q-4 (1)
is calculated with Eq.1. In Eq.1, Cr, g and A is denoting
the aerodynamic load factor, suction pressure
(kN/m?) and affected area (m?2), respectively. In
TS498, a table is presented to determine the Cr
coefficient. In this table, the Cr coefficient for the
minaret superstructure used in the study is 1.60.
Furthermore, for q (suction pressure), the suction
pressures specified in TS-498 are shown in Table 1
depending on the height from the ground.

Table 1. Wind speed and suction depending on height [10]

Height from Wind Speed Suction
ground (m) ™ (q) (kN/m?)
(m/s)
0-8 28 0.5
9-20 36 0.8
21-100 42 1.1
>100 46 1.3

3.2.TS-EN-1991-1-4 wind load procedure

Wind load according to TS-EN-1991-1-4 [11],

Fo = csCq ¢t qp(Ze) " Aper (2)
is calculated with Eq.2. In Eq.2, cscq, ¢, Qp(Ze) and Arer
is denoting structural factor, force parameter for
structure, peak velocity pressure at reference height
ze and reference area for structure, respectively. In
this study, z. reference height, as already mentioned,
is included in the calculations equal to the height of
the corresponding minaret superstructure. The
structural factor given in Eq.2 can be calculated by
using Eq.3 [11].

_ 1+2-kp Iy (ze)V B2+R?

CCq =
s-d 1471y (Ze)

(3)
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In Eq.(3), kpis denoting peak factor, B2 is denoting the
background factor (recommended value of the
background factor is 1.0), R? is denoting resonance
response factor and Iv(ze) is denoting the turbulence
intensity at reference height z.. Turbulence intensity
Iv(z) can be calculated from Eq.(4) or Eq.(5) which
one is suitable for the given condition [11].

— ki _
I,(z) = co(z)-ln(%) Zmin £ Z = Zmay (4)
Iv(Z) = Iv(Zmin) Z < Zmin (5)

Furthermore, the recommended value for the
turbulence coefficient, ki is 1.0. Also, for the
orography coefficient co(z), it is recommended that
1.0 value be used if there is no turbulence-induced
velocity increase on the terrain. In this study, it was
assumed that the modeled minaret was located in the
sea or coastal area exposed to open sea effect.
Because of this reason, in the standard, it is presented
that the smallest z value in Eq.4 and 5 is 1.0 m. and
the value of zo is 0.003 m., respectively. It has been
noted that although the various correlations are
presented for calculating the background coefficient
(B?), the use of the value 1.0 will be on the more
secure side. For this reason, the value of 1.0 is used as
the background coefficient in this study. In the
calculation of the resonance response coefficient,
Eq.6 given in the technical literature has been taken
into consideration [12].

_ 2FQpPp
5464

R? (6)
In Eq.(5), F is denoting wind energy spectrum, @y is
denoting size effect (breadth of the structure), gn is
denoting size effect (height of the structure), &s is
denoting structural damping expressed by the
logarithmic decrement and 6. is denoting

aerodynamic damping. The parameters forming the
Eq.6 are given in Eq.7, Eq.8, Eq.9 and Eq.10 [11].

F= 4C
[1+70.8((.‘2)]% (7)
Py = ﬁ 8
1 [Vm(Z'e) ( )
Dy = ﬁ 9
1 [Vm('ze) ( )
-C bV (Ze
§, = L me) (10)

nyx'Me

In Eq.(7), Eq.(8), Eq. (9) and Eq.(10), C, nix h, b,
Vm(ze), p, crand me are denoting the non-dimensional
frequency, the vibration frequency of minaret at 1st
mod(Hz), total height of the minaret, the outer
diameter of the section considered, the mean wind
velocity at the top of the minaret, density of air (taken
as 1,25 kg/m3) [11], force coefficient and equivalent
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mass per unit length, respectively. Further,
approximate values of the logarithmic decrement of
structural damping, 8s, are presented in Table 2.

Table 2. Approximate values of logarithmic decrement of
structural damping [11]

Structural Type Structural Damping,

Os
Reinforced Concrete 0.1
Steel Structures 0.05
Composite Structures 0.08
(Reinforced Concrete+Steel) '
Reinforced Concrete Towers 0.03

and Chimneys

The non-dimensional frequency given in Eq.(7) can
be calculated by using Eq.(11) [11].

€ ==t (11)

Vm(2)

In Eq.(11), Lc denotes the turbulence length scale that
is recommended as 150 m [12]. The mean wind
velocity Vim(z) at a height z above the terrain can be
determined using Eq.(12) [11].
Vin(@) = ¢ (2) "o () (12)
In Eq.(12), Vv is denoting basic wind velocity given in
Eq.(13), cr(z) is denoting the roughness factor and
Co(z) is denoting the orography factor. The calculation
procedure for the basic wind velocity Vy is shown in
Eq.(13) [11].
Vb = Cdir * Cseason * Vb0 (13)
In Eq.(13), cair is denoting the directional factor, Vy,0 is
denoting the fundamental value of the basic wind
velocity and lastly cseason is denoting the season factor.
It is stated in Eurocode 1 that the values of both the
directional factor cair and the season factor cCseason can
be taken as 1.00. Therefore, in this study, the values
of both the directional factor cdir and the season
factor cCseason is taken as 1.00. Moreover, the
fundamental value of the basic wind velocity Vo is

calculated based on logarithmic velocity profile
described with Eq.(14) [13].

\4 _ Ln(H/Zo)

G (14)
In Eq.(14), V is denoting the speed of wind at height H
and Vo is denoting the wind speed at height Ho from
the ground. Ho is generally is taken as 10.00 meters. It
is stated in Eurocode 1 that the value of the
orography factor co(z) that is given in Eq.(12) can be
taken as 1.00 unless otherwise specified in different
sources. Therefore, for this study the value of the
orography factor is taken as 1.00. The recommended
procedure for the determination of the roughness
factor for Eq.(12) at height z is given by Eq.(15) and
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Eq.(16) which one is suitable for the given condition
[11].

z

¢ (2) =k, -In (Z) Zmin = Z = Zmay (15)

Cr (2) = Cr (Zmin) Z = Zmin (16)
In Eq.(15), kr is denoting the terrain factor that can be
determined by using Eq.(17) [11].

Zo

0.07
k, = 0.19 - ( )
Zo,11

In this study, it is assumed that the minaret is
constructed to the sea or coastal area exposed to the
open sea effect. Therefore, from a table provided in
TS-EN-1991-1-4, the values of Zmin, Zo and Zmax are
selected as 1.00 m, 0.003 m and 200 m, respectively.

(7}

In order to calculate the aerodynamic damping, the
second parameter is the force coefficient whose
symbol is cr. For a finite circular cylinder, the force
coefficient can be calculated from Eq.(18) [11].

Cr = Cro " Py (18)
In Eq.(18), Cro is denoting the force coefficient of
cylinders without free-end flow and i, is denoting

end-effect factor. In order to calculate the force
coefficient given by Eq.(18), the first parameter that
should be determined is the force coefficient of
cylinders without free-end flow whose symbol is cro.
The parameter ctocan be found by using graph shown
in Fig.1 [11].

o
14
o pinded |
1.2 i Kib
107°
1.0
10°
0,8 10
__ oM .
o (Relg)* <10
0,6
0,4
0,2
0,0 >

10° 2 3 4
Figure 1. Different Values of Parameter Cro For Different
Values of Reynolds Number and k/b ratios [11]

6 810° 2 3 4 6 810" Re

The graph shown in Fig.1 is constructed by using
Eq.(19) and Eq.(20) that belong to Reynolds Number
and k/b ratios for the sections considered. The
equations used in the construction of the graph
shown in Fig.1 are as follows [11]:

o 011
£0 ™ (Re/106)14

(19)
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0.18log(10-k/b)

cro =12+ 1+0.4-log(Re/106)

(20)

In Eq.(19) and Eq.(20), Re is denoting Reynolds
Number, k is denoting the equivalent surface
roughness and b is denoting the diameter of the
section considered. In this study, equivalent
roughness for rough concrete is selected as 1.00 mm
for the calculations.

End-effect factor y, can be determined from the

graph shown in Fig.2 as a function of solidity ratio
and slenderness [11].
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Figure 2. Values of End-Effect Factor (1) As a Function of
Solidity Ratio () Versus Effective Slenderness (A) [11]

The solidity ratio can be calculated from Eq.(21) [11].

= (21)
A rectangular structural element is shown in Fig.3

that is used for showing these two types of areas.

VAVAVAN

|
I 2 |

Figure 3. The Graphical Representation of Solidity Ratio
(o) [11]

b
|

In Fig.3, A is denoting the projection areas of the
structural elements and Ac is denoting the total area.

Effective slenderness A can be found from the table
provided in the standard showing the recommended
values of effective slenderness. According to the table
given in TS-EN-1991-1-4, for circular cylinders whose
height is above or equal to 50 meters, effective
slenderness can be calculated from Eq.(22) or Eq.(23)
which gives smaller values than the other [11].

A=0.71/b (22)

A=70 (23)
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Peak factor, which is defined as the ratio of the
maximum value of the fluctuating part of the
response to its standard deviation, can be calculated
from Eq.(24) or Eq.(25) which gives higher values
than the other [11].

0.6

k, =+/2In(vT) + NETCD) (24)
k, =3 (25)

The up-crossing frequency (should be equal or less
than 0.08 Hz.) in Eq.(24) can be calculated from

Eq.(26) [11].
R?
V= Mix[perre

In Eq.(24), T is denoting the average time which is
T=600 sec [11].

(26)

Peak velocity pressure qp(z) can be calculated by
using Eq.(27) [11].

4@ =[1+7-1,@] 5 p- Vi) (27)
The reference area for the sections of the structure is
calculated by assuming that the area swept by the
wind is the projection of the cylinder that is

considered. In this study, p is denoting the density of
air which is 1.25 kg/m3[11].

4. Finite Element Model of Soil and Minaret

The finite element model of the minaret and the soil
was produced in SAP2000 structural analysis
program [14]. The upper structure of the minaret is
modeled using shell elements. Also, the foundation
and the soil under the foundation is modelled using
solid elements (Fig.4).

Figure 4. The finite element model of minaret, foundation,
soil and viscous boundaries
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The minaret is constructed from RC whose unit
weight, elasticity module and Poisson’s ratio is 23.5
kN/ms3, 30.000.000 kN/m?2 and 0.2, respectively [18].
The geometrical features of the minaret are given in
Fig.5. There are a total of three door openings in the
minaret, one at the ground level and the other at the
level of the balconies. The height of the door openings
is 1.50 m. and they are considered to draw an arc of
approximately 30 °. The wall thickness of the minaret
is 0.18 m. Furthermore, the height and the diameter
of the foundation is 1.0 m and 6.0 m, respectively. The
characteristic compressive strength of the concrete is
preferred to be used as 16 MPa which is often utilized
in practice. In addition, the interaction effect between
minaret and the mosque superstructure have not
been examined in this study since this interference
can change the analysis results. Furthermore, the
earthquake analysis of the minaret considered is not
included in the scope of this study.

2.00

3.00

0.50

0.80

4.0:0

2.00

Viscous Boundaries

3.00

Figure 5. Geometrical features of the minaret

The mechanical properties of the underlying soil is
selected from the technical literature whose type,
Elasticity Module, Poisson's ratio and density are soft,
35000 kN/m?, 0.4 and 1800 kg/m3, respectively [15].
By using a general acceptance, it is assumed that the
length of soil under the minaret is 2.50 times the
diameter of the foundation. Furthermore, viscous
dampers were added to the boundaries of the soil to
examine the effect of SSI (Fig.4-5). It is assumed that
the thickness of the soil is 20 m. and after this height
the soil is anchored to the main rock that it can be
accepted as rigid. Also, it is assumed that the soil is
homogeneous in itself. Viscous dampers at the
boundaries were modeled using the method
proposed by Lysmer and Kuhlemeyer [16]. According
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to this method, the boundary condition is a pair of
stresses expressed as follows [17],

c=a'p-V,-9, (28)

T=b-p-V, 9 (29)
In Eq.(28) and Eq.(29), o and t are the normal and
shear stress on the boundary, respectively. Also, vn
and w are the normal and tangential particle
velocities of the boundary. The other parameters in
the cited equations are, p, Vp, Vs, a and b which are
denoting the unit mass, velocities of P and S waves in
the boundary material, dimensionless parameters,
respectively. Also, the damping coefficients of the
dashpots are for normal and shear directions [17]:

ch=ap-ly-V, (30)

cec=b-p-ly-V (31
where, lo, is the length of the boundary to which the
dashpots are attached. The solid and shell structural
elements (Fig.4) that forms the chimney, foundation
and soil are divided into the appropriate number of
finite elements for the purpose of structural analysis
and imaging. As a result of this process, 1412 shell
elements and 12720 solid elements were utilized in
the structural analysis. Although the minarets are tall
and slender structures, it can be said that the first
mode mass participation ratios obtained from the
analyses are generally higher than the other modes.
Because of this reason, in order to obtain the effect of
SSI on the wind load of RC minarets, the first mode
periods of RC minarets with and without soil are
compared with each other. After the structural
analyses, the first mode of RC minaret without soil
and without foundation is obtained as 0.24622 s
(Upper structure is directly anchoraged to the ground).
Also, the first mode of RC minaret with soil and
foundation (Fig.4) is obtained as 0.55204 s. This
shows that SSI is very effective on the dynamic
response of RC minarets. The first mode period of RC
minaret with soil and foundation increased
approximately 124 % compared with the first mode
of RC minaret without soil and foundation.

5. Results of Wind Load Calculations

In this section of the study, the wind loads acting on
RC minaret given in section 3 is calculated according
to TS498 and TS-EN-1991-1-4.

5.1. According to TS 498

In the wind load calculations according to TS498, as
can be seen from Eq.(1), there is no parameter
related to the vibration or structural behavior of the
considered structure. Therefore, the wind load values
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calculated according to TS 498 are independent of the
effect of SSI.

Table 3. Wind loads according to TS498

No Height from cf q A w
ground (m) (kN/m?) (m?) (kN)
0 0-3 1.6 0.5 7.5 6.00
1 3-5 1.6 0.5 4.3 3.44
2 5-8 1.6 0.5 54 432
3 8-11 1.6 0.8 5.4 6.91
4 11-14 1.6 0.8 5.4 6.91
5 14-16.6 1.6 0.8 4.68 599
6 16.6-19.6 1.6 0.8 1.8 230

As can be seen from Table 3, the wind load values
calculated according to TS498 do not include the
effects due to the dynamic behavior of the structure
and the effects due to SSI. Therefore, for TS498, there
is no difference in the wind load values acting on the
minaret with and without soil flexibility. The values
in Table 3 is valid for the minarets with and without
the effect of SSI. Moreover, in wind load calculations
using TS 498, no wind speed value is used, but only
the relation of the suction force due to the height is
emphasized.

5.2. According to TS-EN-1991-1-4

According to TS-EN-1991-1-4, wind speed Vo at the
height Ho (generally taken at 10 m) is the first
variable to be considered in the wind load
calculation. In this study, calculations were carried
out assuming that Vo wind speed is 45 m/s
(approximately 162 km/h). This value is equivalent to
the speed of the storms. The procedure given TS-EN-
1991-1-4 for wind loading calculation includes the
dynamic behavior of the considered structure as the
first mode natural frequency (depending on the first
mode period of the structure) is an important
parameter in the calculations. Therefore, for the
purpose of comparison, the wind loading for RC
minaret with and without soil flexibility is given
seperately.

5.2.1. Calculations without ss1 effect

The fundamental value of basic wind velocity
depending on Vo can be calculated as given in Table 4.
In this calculation, logaritmic velocity profile is

utilized as described in Eq.(14).

Table 4. Fundamental value of basic wind velocity

Height from  Ho Zo Vo Vb,0

ground(m) (m) (m) (m/s) (m/s)
0 0-3 10  0.003 45 38.321
1 3-5 10  0.003 45 41.155
2 5-8 10  0.003 45 43.762
3 8-11 10  0.003 45 45.529
4 11-14 10  0.003 45 46.867
5 14-16.6 10  0.003 45 47.812
6 16.6-19.6 10  0.003 45 48.733
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Also, basic wind velocity is given in Table 5.

Table 9. Wind energy spectrum and non-dimensional

frequency
Table 5. Basic wind velocity Turbule First Mean
Height From nce Mode Wind
No Ground Voo Cair  Cseason Vo Length  Natural  Speed At C F
(m) (m/s) (m/s) Scale  Frequency Top
0 0-3.00 38321 1.000 1.000 38.321 (m) (Hz) (m/s)
1 3.00-500  41.155 1.000 1.000 41.155 150 0246  81.340 0454 0.108
2 5.00-8.00 43.762 1.000 1.000 43.762
3 8.00-11.00 45529 1.000 1.000 45.529 Peak VelOCity pressure is given in Table 10.
4 11.00-14.00 46.867 1.000 1.000 46.867
5 14.00-16.60 47812 1.000 1.000 47.812 Table 10. Peak velocity pressure for different sections
6 16.60-19.60 48.733 1.000 1.000 48.733 I-li‘iiogr?lt 0 V(@)
No Iv(z) - qp(2)
Then the values of roughness factor for different Gr((;;l)n d (kg/m?) — (m/s)
sections is calculated as given in Table 6. 0 0-3.00 0145 1250 50295 3183.122
Table 6. Roughness factor for different sections L 3.00-500 0135 1250 58009 4087.620
Height From 2 5.00-8.00 0.127 1.250 65.592 5075.001
No Ground 2 n@/m) ke G(2) 3 800-11.00 0122 1250 70.995 5836.997
(m) (m) 4 11.00-1400 0.118 1250 75228 6467.791
0 0-3.00 0.003 6.908 0.190 1.312 5 14.00-16.60 0.116 1.250 78.293 6942.694
1 3.00-5.00 0.003 7419 0.190 1.410 6 16.60-19.60 0.114 1.250 81.340 7430.154
2 5.00-8.00 0.003 7.889 0.190 1.499
3 8.00-11.00 0003 8.207 0.190 1.559 Reynolds Number is calculated and given in Table 11.
4 11.00-14.00 0.003 8.448 0.190 1.605
5 14.00-16.60  0.003 8619 0.190 1.638 Table 11. Reynolds Number -calculated for different
6 16.60-19.60  0.003 8.785 0.190 1.669 sections
Height
By using the values found in Table 4, 5 and 6, the No From Vim(z) v (m2/s) Re
mean wind velocity can be calculated in Table 7. Gr(ou)nd (m/s)
m
Table 7. Mean wind velocity for different sections 0 0-3.00 50.295 0.000015 8,382,534.840
Height From v y 1 3.00-500 58009 0.000015 8,314,604.690
No  Ground  Giz)  Co(2) b m(2) 2 500-800 65592 0.000015 7,871,040.446
(m) (m/s)  (m/s) 3 800-11.00 70.995 0.000015 8,519,358.483
0 0-3.00 1.312 1.000 38.321 50.295 4 11.00-14.00 75.228 0.000015 9,027,393.694
1 3.00-5.00 1.410 1.000 41.155 58.009 5 14.00-16.60 78.293 0.000015 9,395,111.809
2 5.00-8.00 1.499 1.000 43.762 65.592 6 16.60-19.60 81.340 0.000015 9,760,793.678
3 8.00-11.00 1.559 1.000 45.529 70.995
4 11.00-14.00 1.605 1.000 46.867 75.228 Then, force coefficient of cylinders without free-end
5 14.00-16.60 1.638 1.000 47.812 78.293 flow (Table 12) is calculated.
6 16.60-19.60 1.669 1.000 48.733 81.340

The size effect parameters are calculated in Table 8.

Table 8. Size effect parameters (height and breadth of the

structure)
Outer First Mean
Diamete Mode Wind Height
rAtTop  Natural of the
Speed . ) Bn
of The  Frequenc Minare
At Top
Tower y (m/s) t (m)
(m) (Hz)
1.800  0.246220 81.34 19.60 0.983 0.89

In Table 9, the value of wind energy spectrum
calculated by using non-dimensional frequency is
given.
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Table 12. Force coefficient of cylinders without free-end

flow
Height
No From Ground k/b Re Cro
(m)
0 0-3.00 0.0004 8,382,534.840  0.885
1 3.00-5.00 0.0004 8,314,604.690 0.893
2 5.00-8.00 0.0005 7,871,040.446 0.901
3 8.00-11.00 0.0005 8,519,358.483  0.904
4 11.00-14.00  0.0005  9,027,393.694 0.906
5 14.00-16.60  0.0005  9,395,111.809  0.908
6 16.60-19.60  0.0005  9,760,793.678  0.909

After that, the value of end-effect factor depending on
solidity ratio and effective slenderness is calculated
by using the graph given in Fig.2 and given in Table
13.
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Table 13. The end-effect factor

0.7*1/b A @=A/Ac Un

7.622 70.000 1.000 0.680

Then, the force coefficient is calculated in Table 14.

Then, the structural factor which is the main
parameter of the wind loading provided in TS-EN-
1991-1-4 is given in Table 18.

Table 18. Structural factor for different sections

kp Iv(ze) R2 B2 CsCd
Table 14. The for.ce coefficient for different sections 3.000 0.114 2643 1.000 1.282
No Fm:eégr};tund - " C 3000 0114 2622 1000  1.280
(m) 3.000 0.114 2.602 1.000 1.278
0 0-3.00 0.885  0.680  0.602 3.000 0.114 2.594 1.000 1.277
1 3.00-5.00 0.893 0.680 0.607 3.000 0114 2.589 1.000 1277
L swnn o b0 S5 S om 2w 1o 177
4 11.00-14.00 0906  0.680  0.616 3.000 0.114 2.582 1.000 1.276
5 14.00-16.60 0.908 0.680 0.617
6 16.60-19.60 0.909 0.680 0.618 At last, the wind loading acting on RC minaret

Aerodynamic damping given with Eq.10 is calculated
and shown in Table 15.

Table 15. Aerodynamic damping for different sections

Mgan First Mode
Wind
Cr p Speed Mme Natural
(kg/m3) (kg/m)  Frequency

At Top (H2)

(m/s)
0.60 1250 81.340 2289.060 0.246220 0.195
0.60 1.250 81.340 2289.060 0.246220 0.197
0.61 1250 81.340 2289.060 0.246220 0.199
0.61 1250 81.340 2289.060 0.246220 0.200
0.61 1250 81.340 2289.060 0.246220 0.200
0.61 1250 81.340 2289.060 0.246220 0.200
0.61 1250 81.340 2289.060 0.246220 0.201

By using the values calculated in Table 8, Table 9 and
Table 15, the resonance response factor is calculated
and given in Table 16.

Table 16. Resonance response factor for different sections

F Db On 8s 8a R2
0.108 0.983 0.894 0.030 0.195 2.643
0.108 0.983 0.894 0.030 0.197 2.622
0.108 0.983 0.894 0.030 0.199 2.602
0.108 0.983 0.894 0.030 0.200 2.594
0.108 0.983 0.894 0.030 0.200 2.589
0.108 0.983 0.894 0.030 0.200 2.585
0.108 0.983 0.894 0.030 0.201 2.582

After calculating resonance response factor, the up-
crossing frequency given with Eq.26 is determined
and shown in Table 17.

Table 17. Up-crossing frequency

B2 R2 \Y
1.000 2.643 0.210
1.000 2.622 0.209
1.000 2.602 0.209
1.000 2.594 0.209
1.000 2.589 0.209
1.000 2.585 0.209
1.000 2.582 0.209
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without SSI effect is determined and given at the last
column of Table 19 in bold and italics.

Table 19. Wind loading of RC minaret without SSI effect

Height From

Fw

Ground CsCd C ap(z) Aref (i)

(m)

0-3.00 1.282 0.602 3183.122 7.50 18416
3.00-5.00 1.280 0.607 4087.620 4.30 13.663
5.00-8.00 1.278 0.613 5075.001 5.40 21.461
8.00-11.00 1.277 0.615 5836997 5.40 24.751

11.00-14.00 1.277 0.616 6467.791 5.40 27.479
14.00-16.60 1.276 0.617 6942.694 4.68 25.598
16.60-19.60 1.276 0.618 7430.154 1.80 10.550

5.2.2. Calculations with ss1 effect

In the preceding section, wind loading of considered
RC minaret without SSI effect is detailed given in
Table 4-19. Therefore, there is no need to give
detailed wind load calculation of considered RC with
SSI effect. Therefore, only main parameters of wind
load acting on the considered RC minaret is given in
Table 20.

Table 20. Wind loading of RC minaret with SSI effect

Height From

Ground CsCd Ct an(2) Arer (:Iv;
(m)

0-3.00 1440 0.602 3183.122 7.500 20.682
3.00-5.00 1.437 0.607 4087.620 4.300 15.343
5.00-8.00 1.435 0.613 5075.001 5.400 24.098
8.00-11.00 1.434 0.615 5836.997 5.400 27.791

11.00-14.00 1.433 0.616 6467.791 5.400 30.854
14.00-16.60 1.433 0.617 6942.694 4.680 28.742
16.60-19.60 1.433 0.618 7430.154 1.800 11.845

5.2.3. Comparison of wind loadings

In this part of the study, the wind loadings of the
considered RC minaret according to TS498 and TS-
EN-1991-1-4 are compared with each other.
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Figure 6. Graph of the wind loads obtained from TS498 and
TS-EN-1991-1-4

From Fig.6, it can be clearly seen that the wind
loadings obtained for all sections according to TS-EN-
1991-1-4 is approximately 200-300 % larger
compared to those obtained from TS498. It is because
of the reason that the equation provided in TS498 do
not include the dynamic behaviour of the structure.
However, in the equation provided in TS-EN-1991-1-
4, the mode frequency of the structure is included in
the calculations. Also, by using TS498, the wind speed
is considered in the suction pressure as the only
parameter that changed wind speed is the total
height from the ground. Although this is the case for
TS498, in TS-EN-1991-1-4, logarithmic velocity
profile is utilized in determining wind speed that is
used in the calculations. Also, from Fig.6 and for both
standards considered, it is clearly seen that there are
two sudden drops in the wind loads that are
calculated (although the wind speed increases with
height). These are the places where there is a
decrease in the reference area that is affected from
the wind. The first drop place is the transition
segment that is between pulpit (boot) and cylindircal
body of the considered RC minaret. The second drop
place is the spire part which has the conical shape on
top of the considered RC minaret. Other than these,
for all sections considered, by using TS-EN-1991-1-4,
considering SSI has an adverse effect on the wind
loading that it increased the wind loading
approximately 12 %.

6. Discussion and Conclusion

In this study, the wind loads of a selected RC minaret
is calculated according to two Turkish Standards
namely TS498 and TS-EN-1991-1-4. Then, some
comparisons are performed in order to show the
effect of these cited standards on the wind loads
acting. Also, the effect of SSI on the wind loads is
investigated. In the SSI investigations, the boundaries
of the soil is modelled by using viscous boundaries
which have a general usage among scientists about
this subject. Some of conclusions deducted from the
findings of this study are given below:

For all sections considered, the wind loadings
obtained from TS-EN-1991-1-4 are approximately
200-300 % higher than the ones obtained from
TS498. However, from Fig.6, it can be clearly seen
that the general trend of the wind loadings are
following the same path along the height of the
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minaret. Also, the dynamic behavior of the minaret
has an importance in the wind loads that are
calculated by including the first mode natural
frequency of the minaret in the equation of standard
TS-EN-1991-1-4. Because of this reason, two different
wind loadings are obtained for all sections by
considering the effect soil flexibility with the same
standard (TS-EN-1991-1-4). By adding soil flexibility
to the system (viscous boundaries), the wind loadings
increased approximately 12 %. Moreover, only
considering SSI in the dynamic analysis, the first
mode natural frequency of the minaret changed from
0.24622 s to 0.55204 s. This shows that SSI is very
effective on the dynamic response of RC minarets.
This should be the case in all real life civil engineering
structures.

In conclusion, minarets are tall and slender
structures that are very important for Islamic
architecture. Therefore, it is very important for us to
preserve and herit these structures to the next
generations. To do that the wind and other
destructive effects should be determined precisely
and application projects of these slender structures
should be prepared according to the findings of these
investigations.
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Appendices

A Affected area (m2)

A Projection areas of the structural elements

Ac Total area

Aref Reference area for structure

b Outer diameter of the section considered

B2 Background factor

C Non-dimensional frequency

Cdir Directional factor

Ct Force coefficient

Cr Aerodynamic load factor

cf Force parameter for structure

Cto Force coefficient of cylinders without
free-end flow

co(z)  Orography coefficient

cr(z)  Roughness factor

CsCd Structural factor

Cseason  Season factor

F Wind energy spectrum

h Total height of the minaret

Iv(ze) Turbulence intensity at reference height ze

k Equivalent surface roughness

ki Turbulence coefficient

kp Peak factor

Kr Terrain factor

Lc Turbulence length scale

Me Equivalent mass per unit length

Nix Vibration frequency of minaret at 1st
mod(Hz)

q Suction pressure (kN/m?)

gpr(ze) Peak velocity pressure at reference height z.

Rz Resonance response factor

Re Reynolds Number

T Average time (T=600 sec.)

\' Speed of wind at height H

Vo Wind speed at height Ho from the ground

Vb Basic wind velocity

Vb,0 Fundamental value of the basic wind velocity

Vm(z) Mean wind velocity at a height z

Vm(ze) Mean wind velocity at the top of the minaret

) Size effect (breadth of the structure)

Oh Size effect (height of the structure)

Os Structural damping expressed by the
logarithmic decrement

Sa Aerodynamic damping

P Density of air (taken as 1,25 kg/m3),
End-effect factor.

v,
A Effective slenderness
v Up-crossing frequency



Silleyman Demirel Universitesi
Fen Bilimleri Enstitiisii Dergisi
Cilt 23, Ozel Say1, 94-98, 2019

Stileyman Demirel University
Journal of Natural and Applied Sciences
Volume 23, Special Issue, 94-98, 2019

DOI: 10.19113/sdufenbed.538585

Effect of Stitch Types Used in Apparel Production on Aerobic Mesophilic Bacteria

Growth

Behiye Elif SAMLI*1, Ziimriit BAHADIR UNAL?2

L2Ege Universitesi, Miithendislik Fakiiltesi, Tekstil Miihendisligi Boliimii, 35100, Bornova, {zmir, Tirkiye

L(ORCID: https://orcid.org/0000-0002-4436-0636)
2(ORCID: https://orcid.org/0000-0001-5028-3844)

(Alinis / Received: 04.12.2017, Kabul / Accepted: 26.12.2018, Online Yayinlanma / Published Online: 12.03.2019)

Keywords
Bacteria,

Stitch types,
Antibacterial yarn,
Hygiene,

Textiles

Abstract: In this study, the effect of stitch types (those commonly used in apparel
production) on antibacterial activity was investigated. Determination of best stitch
types through hygienic environments, where dangerous situations exist such as
infection was intended. For this purpose, the antibacterial activity of various
stitches was tested within the framework of the ASTM E2149 standard. Bleached
reusable clinical aprons’ fabrics, those comprising 65% polyester - 35% viscon
mixture were named as alpaca weave fabric. Onto these alpaca fabrics, 3 different
stitches with various yarns (3 threads overlock + chain stitch, lockstitch with lap
felled seam and 5 threads overlock) were applied. Evaluation of findings showed
that there are no significant differences according to stitch types.

Hazir Giyim Uretiminde Kullanilan Dikis Tiirlerinin Aerobik Mezofilik Bakteri

Bilyiimesine Etkisi

Anahtar Kelimeler
Bakteriler,

Dikis ttirleri,
Antibakteriyel iplik,
Hijyen,

Tekstil

Ozet: Bu calismada, hazir giyim iiretiminde yaygin olarak kullanilan dikis cesitleri
arasinda antibakteriyel etkinlik bakimindan farklilik olup olmadig arastirilmistir.
Bdoylece enfeksiyon gibi tehlikeli durumlarin varliginda hijyenin 6nemli oldugu
ortamlar i¢in en uygun dikis ¢esidine karar verilmesi hedeflenmistir. Bu amagla,
cesitli dikislerin antibakteriyel aktivitesi ASTM E2149 standardi g¢ercevesinde
tespit edilmistir. Cok kullanimlik klinik dnliiklerde kullanilan 65% polyester - 35%
viscon karisimli agartilmis alpaka dokuma kumasa antibakteriyel etkinligi olan ve
olmayan dikis iplikleriyle 3 iplik overlok + zincir dikis, kot dikisi ve 5 iplik overlok
dikisleri olmak tizere 3 farkl dikis uygulanmistir. Bulgular degerlendirildiginde
dikis cesidine gore anlaml bir farklilik olmadig belirlenmistir.

1. Introduction

textiles, including uniforms or apparel, as a vector for

Microorganisms such as bacteria, viruses, fungi and
yeasts are present almost everywhere (on the body,
air, soil). Inanimate and common surfaces in hospital
areas are metal, glass, plastic, ceramics, and textiles.
In the medical, technical, industrial, home furnishing
and apparel sector, some of the textiles finishing
processes include antimicrobial aiders. When
conditions are proper for microbial growth,
microorganisms could easily multiply exponentially.
Antibacterial clothes are preferable in food or health
sectors; i.e. multi-use clinical coats, linens for
hospitals, etc. since hygienic conditions are very
important. The literature illustrates healthcare

* Corresponding author: behiye.elif.samli@ege.edu.tr
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transmission of microorganisms that cause infections

and illnesses, patients and the community [1].
Antibacterial fabrics are important not only in
medical applications but also in terms of daily life
usage. Therefore, textile finishes with added value
particularly for hygienic clothes are genuinely
appreciated and there is an increasing demand on the
global scale. The antibacterial materials like fabrics,
clothes are become important to avoid cross-
contamination by pathogenic microorganisms,
especially bacteria such as Staphylococcus aureus,
Escherichia coli and Klebsiella pneumoniae, to restrict
the uncontrolled growth of bacterial population and
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to destruct metabolism in microbes (to cut odour
formation). E. coli is also considered a potential
pathogen and resides mainly in the small intestine.
However, it can also be found in the inguinal and
perineal areas contaminated by urine and feces [2].
Cloths for medical and hygienic use have become
important in the textile industry. There are many
studies on the association between microorganisms
and fabrics, and it is clear that microorganisms can
survive on pieces of stuff. People come into contact
with Coliform bacteria at various sources sites. It
appears that Coliform bacteria can survive on fabrics
longer than the values mentioned in earlier studies
[3]. Previous papers concluded that apparel is often
contaminated with micro-organisms or pathogens
that can cause infections or illnesses. There are
various studies in the literature on antibacterial
containing cloth materials, their safety, sufficiency,
etc. Many parameters affect the antibacterial activity
of the new textiles developed; application method,
materials, used fabric structures, exposed surfaces,
environmental conditions (light, temperature, period,
etc.) [3-7]. In the apparel industry, there are 3 main
stitch types and other methods developed from these
types. In order to produce novel products, there is
not any common comment about the effect of stitch
type on antibacterial activity of fabrics. Due to stitch
type, fabric layer thickness, amount of yarn used,
stitch volume and densities could vary unpredictably.
These parameters may affect antibacterial activity.
The studies in the literature were about the
examination of the antibacterial properties of the
fabric or sewing thread. Differently, in this study, the
effect of stitch types of the fabric on the antibacterial
property was investigated. The critical focus of this
study was the determination of the effect of stitch
type on bacterial growth and additionally,
determination of most effective stitch type for
lowering bacterial growth (if it exerts an antibacterial
effect).

2. Materials and Methods
2.1. Materials

Multiuse clinical coats are used widely used in many
places, beside hygiene required sectors i.e. medical,
food. The garments used in laboratory coats possess
diverse characteristics. In this study, a widely used
white coat garment was focused on. These garments
do not maintain antibacterial activity, bleached
previously, comprising 65% polyester - 35% viscon
mixture which named as alpaca weave fabric. Fabrics
have 202.7 gr/m2? weights, 22 threads/cm warp
density, 19.8 threads/cm weft densities and fabric
texture is (1x1) plain weave. Stitches were performed
with 24 Tex (yarn counts), 120 tkt (ticket number),
having same twist count polyester Core Spun yarns.

In recent years, many antibacterial materials have
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been developed targeting the textile industry. These
materials exhibit many differences, according to their
chemical structure, working mechanisms, adhesion
characteristics, resistance to external effects. Their
price and interactions with microorganisms, effects
on people and the environment also may vary. The
most common active ingredients in antibacterial
applications are triclosan, quaternary ammonium
salts, and heavy metals i.e. Ag, Cu, Zn, etc. [8-9].
Antibacterial yarns, used in analyses, were treated
with zinc. Table 1 shows the chemical composition of
yarns in form of Material Safety Data Sheet (MSDS).

Table 1. The chemical content of the antimicrobial yarn

Active ingredient % Rate
Zinc. 2-pyridinethiol-l-oxide 48
Non-active substance 52
Total 100

In the scope of material surface preparation
processes, stitches widely used in apparel production
were applied; those were 3-5 thread overlock, chain
stitch and seam margin. Stitch density was set
constant. Repetitions of trials were applied in the
same machine with the same settings. Stitch density
of fabrics is 3 stitch/cm. Yarn and stitch samples used
in the study are listed in Table 2 according to their
codes.

Table 2. Stitch types

Sample

Code Stitch types Yarn Types
3 thread overlock +
Al chain stitch antimicrobial yarn
(504+101)
3 thread overlock +
N1 chain stitch normal yarn
(504+101)
5 thread overlock - .
A2 (516) antimicrobial yarn
N2 5 thread overlock normal varn
(516) y
Lockstitch (301, Lap - .
A3 felled seam) antimicrobial yarn
N3 Lockstitch (301, Lap normal yarn

felled seam)

The fabric was assessed for its antibacterial activity
according to the method, ASTM E2149 [10]. Stitched
fabrics used in sewing aprons were sampled in form
of 2 x 2 cm square shapes. While cutting materials for
taking samples, surfaces with a dense amount of
stitches were preferred. In Figure 1, stitched
materials and square cut fabric samples were shown.

In analyses, to observe microbial growth Escherichia
Coli (gram (-) bacteria; RSHM # 4024) was selected.
E.coli is a fecal coliform bacteria. Coliform bacteria
are frequently used as indicator microorganisms,
showing presence fecal contamination within the
material (resulting from wunhygienic preparation
conditions or insufficient sanitary procedures) [11].



B. E. SAMLI ve Z.BAHADIR UNAL/ Hazir Giyim Uretiminde Kullanilan Dikis Tiirlerinin Aerobik Mezofilik Bakteri Biiyiimesine Etkisi

Figure 1. Stitched fabrics (a,b) and square cut samples
incubated in Erlenmeyer flasks (c ) and at a thermal shaker

2.2. Methods

Various analysis methods are used for the
determination of antibacterial activity of textile
products. In the study, analyses were performed
within the framework of standard ASTM E2149. This
test method was developed to detect the resistance of
antibacterial treated fabrics against microbial growth
under dynamic conditions. The reason for selecting
dynamic shake flask method in this study is for
antibacterial stitches are in fabric samples.

Foil wrapped samples, and glass materials were
sterilized in an autoclave at 121°C and 1.5
atmospheric pressure for 15 min. Antibacterial
incorporated fabric sample, sample (having definite
antibacterial activity), and non-treated fabric sample
were tested all together.

Trials were replicated three times. Fabrics were held
in KH2POs buffer solution rather than a broth
medium. E. coli bacteria were diluted 10”5 fold in
appropriate dilution liquids. The numbers of bacterial
colonies were adjusted with the help of Mc Farland.
Dilutions were made with 0.1% peptone solution. 50
ml buffer solution (KH2POs, Potassium di-hydrogen
phosphate) was used for pH stabilization. Reliability
of the dilution was checked with Mc Farland device.
The cell concentration of bacteria for this work was
0.5 CFU/ml (colony forming units per one microliter)
which is equal to 2.5 x 107 CFU E.coli / ml. 2 x 2 cm
cut stitched samples were inoculated with 1075
CFU/ml (500 pl densities) inoculum (E.coli). Flasks
were incubated in a shaking incubator at 37°C/100
rpm/1 h. Broth media was prepared with Spread
Plate method. Inoculation was done onto Nutrient
agar and Soy agar media in sterile dishes. 100pul
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liquor was taken with Automatic Micropipette (Finn
Pipette, Thermo Fisher, USA) from Erlenmeyer flasks
containing fabric samples in 105 CFU E.coli/ml
solution and inoculated onto dishes.

Disk diffusion method was used for antimicrobial
susceptibility test (adapted from ASTM 2149
standard and the method used by Bauer et al. 1966).
Method’s principle was based on evaluating the area
of clear zones proving the presence of inhibitory
substances preventing microbial growth on media
(because of releasing the antibacterial component)
[12].

Petri dishes were incubated under aerobic conditions
at 37°C for 24 hours. The flasks were put back into
the incubator and incubated at 37°C at 100 rpm for
24 hours. 100pl liquor was taken from 24 h incubated
solution and inoculated onto dishes. As follows, the
growth of bacteria after 24 hours was checked. Petri
dishes were incubated for 1 hour and 16-24 hours
(overnight), as stated in the standard, and microbial
growth was observed. Cut fabric samples taken from
Erlenmeyer flask and incubated at 37°C 24 h on
dishes.

3. Results

E. coli inoculated on the surface of fabrics those
stitched with ordinary and antibacterial yarns, and
bacterial growth on those fabrics observed and
compared with each other. After, 1-hour incubation
in a shaking incubator, there was no significant
bacterial growth. After 24-hour incubation, bacterial
population extremely increased and reached to
uncountable amount; i.e. for the appearances of the
overlock stitched samples after 1 hour and 24 hours
incubation, see Figure 2.

Figure 2. Petri dishes inoculated with E.coli after 1 hour
(left) and 24 hours (right) incubation.

There was bacterial growth on fabrics -with both
ordinary and antibacterial stitch yarns-, but the
growing population was higher in ordinary stitched
clothes (Figure 3).
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24 h incubation)

To detect the presence of bacterial colonies on
surfaces, fabrics were removed out of flasks and
placed on agar media. Microbial growth was
observed on stitched square fabric samples. In
antimicrobial effectiveness test in solid media,
presence of zones (inhibitory area for microbial
growth around antibacterial loaded disc/fabric)
proves the inhibiting the effect of the antimicrobial
stitches. According to results, no clear zones were
observed around antibacterial stitch yarns. So, there
is not any significant evidence showing the
preventive effect of antibacterial stitches on
microbial growth. Numbers of bacteria colonies were
very dense and uncountable; as a result, any
statement on the effectiveness of different stitch
types on antibacterial activity could not be concluded.
In all samples, bacterial growth was very high and
uncountable. That’'s why; results did not compare in a
mathematical way and did not present in tables or
plots.

Stitch types affect growth the pattern of
microorganisms on Petri dishes. The differences in
growth appearance were sourced from the surface
property of the fabrics (the pressure within fabric
and stitches) and were not related with an
antibacterial property of the stitch yarns, see Figure
4.

The growth of bacteria on fabric surfaces proved the
suitability of textile surfaces for bacterial growth.

4. Discussion and Conclusion

There are various studies on antibacterial textiles and
products offered to the market, having a limited shelf
life and antimicrobial effect. In this study, the effect of
different stitch types used in cloth manufacture was
investigated. Unlike other researches, this study was
focused on cloth and yarn analyses. That's why; ASTM
E 2149 method was modified for this study. It was
confirmed that bacteria and active antibacterial
component were effectively transferred into solution
with shaking. Results of analyses proved the growth
of E. coli on fabrics. The components of cloth
structure; fabrics layer and the amount of yarn of the
sewing types show the difference. The high amount of
yarn and layers of the stitches in the fabric may
create a suitable environment for the growth of
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Figure 4. E.coli growth on 2x2 cut fabric samples.

bacteria. For this reason, it will be useful to
determine the type of stitching that can provide the
best hygiene with its structure and shape. Initially, it
was aimed to compare stitch types in terms of their
antibacterial activity, but in all samples, there was an
excess amount of bacterial growth preventing
microbial count. That's why any comparison or
sorting did not apply between samples. As a result, it
could be concluded that any significant difference
was not observed in antibacterial properties of stitch
types used in this study (within conditions/dilutions
applied).

Excess microbial growth might be arising from the
insufficient concentration of the active antibacterial
components in yarns. Different from the standard
method, the effect of stitches in ordinary fabrics was
also investigated. It was concluded that bacterial
growth might be sourced from a dilute concentration
of the active antibacterial components (lower than
standard amount) on stitches of fabric. Because the
applied standard was about the detection of the
antibacterial property of the fabrics. The standard
used for the square cut fabric samples and, there is
not a standard in literature for investigation of
antibacterial activity of stitch yarns on fabrics. It is
estimated that antibacterial components will
effectively be transferred into solution with shaking
and by the time would inhibit the growth of bacteria
in buffered solution. Since the fabric samples -in all
types of stitches- contain less amount of yarn on the
fabric (compared to the target antibacterial fabrics of
the standard method), it could be concluded that the
amount of applied antibacterial component does not
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allow evaluation of the antibacterial property. This
unexpected result may be explained in long-term and
more detailed next coming studies by advanced
modified or with a novel experimental method. It is
predicted that the level of antibacterial activities
within stitch types would be sensitively differentiated
with the newly adopted test methods.

Antibacterial stitches could be applied to fabrics
during the preparation of samples. However, more
detailed analyses need to be done to detect the effect
of different stitch types.
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Abstract: When the population is heterogeneous, stratified random sampling is
generally preferred for estimation the population parameters. There are a lot of
sample allocation methods in stratified random sampling. However, most of
sample allocation methods ignore the selection cost or assume the selection cost as
equal in all strata. Bankier also suggested a power allocation method without
considering the cost function [1]. However, in real life applications, it is very rare
to come across such cases. Therefore, it would be more realistic to take the cost
into account for allocation procedures. In this study, a new power allocation
method is proposed by taking into account a non-linear cost function constraint in
Bankier’s method. The Neyman allocation and square root allocation results are
also obtained by using this new allocation method. The performance of the
proposed method is examined for different model parameters and their different
cases using data from 2012 Structural Business Survey of TURKSTAT.

Tabakal Tesadiifi Orneklemede Dogrusal Olmayan Maliyet Kisit1 Altinda Yeni bir Gii¢

Paylastirma Yontemi

Anahtar Kelimeler
Tabakali tesadiifi 6rnekleme,
Neyman paylastirma,
Optimum paylastirma,
Dogrusal olmayan maliyet
fonksiyonu,

Dogrusal olmayan
programlama

Ozet: Yigin heterojen oldugunda, yigin parametrelerini tahmin etmek icin
genellikle tabakali tesadiifi 6rnekleme tercih edilir. Tabakal tesadiifi 6rneklemede
¢ok sayida 6rnek paylastirma yontemi bulunmaktadir. Bununla birlikte, 6rnek
paylastirma yo6ntemlerinin ¢ogu tabakalardan birim se¢me maliyetini ihmal
etmekte ya da biitiin tabakalar icin esit varsaymaktadir. Bankier da maliyet
fonksiyonunu goz oniine almayan bir gii¢ paylastirma ydntemi onermistir [1].
Bununla birlikte uygulamalarda, maliyetin olmadig1 durumlarla karsilasmak yok
denecek kadar azdir. Bu ylizden, paylastirma islemi icin maliyeti géz oniine almak
daha gercekgi bir yaklasim olacaktir. Bu calismada, Bankier'in modeline dogrusal
olmayan maliyet kisitin1 ekleyen yeni bir gii¢c paylastirma y6ntemi dnerilmistir.
Onerilen yéntemin performansi, farkh model parametreleri ve parametrelerin
farkli durumlan icin 2012 TUIK Yapisal Is Istatistikleri verisi kullanilarak
incelenmistir.

1. Introduction

the unit selection in each stratum is equal or so low
that it can be ignored. A compromise among two or

The main aim of sampling methods is increasing the
precision of the estimator using prior information
about the population. In practice, there exist several
sampling methods implemented for this purpose. It is
possible to increase precision with stratified random
sampling by constituting homogenous strata when
the population is heterogeneous. Equal, proportional,
optimum, and Neyman allocation methods are the
most popular allocation methods in stratified
sampling [2]. Typically, it is assumed that the cost of

* Corresponding author: sinemsahin@gazi.edu.tr
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more allocation methods have been proposed
especially for populations in which strata sizes and
variances differ excessively. One of the most famous
compromise strategies used in the design of several
surveys is power allocation. Power allocation has
been proposed by Carroll [3] and Felligi [4]. Bankier
proposed a new power allocation method, which was
derived from Neyman and equal allocation methods
[1]. In this model, the selection cost for each stratum
is assumed equal. Costa et al. proposed another
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allocation in which cost is ignored and equal and
proportional allocation methods are wused [5].
Longford studied an allocation method which
minimizes both variance of the estimation of the
strata means and variance of the estimation of the
population mean [6]. Choudry et al. [7] compared the
performance of their proposed allocation method
with the Bankier, Costa et al., and Longford methods
using real life data. Sahin Tekin et. al. [8] are
proposed a new compromise allocation method with
non-linear cost constraint using the model given by
Costa et. al. [5].

In practice, a case of equal selection cost or ignorable
cost in strata rarely occurs. For this reason, it would
be more realistic approach to take the cost into
consideration to determine the sample sizes of strata.
Linear cost function in Eq.(1) is generally used if
strata costs are taken into account.

L
t=t,+ > tn, (1)
h=1

Here, t is defined as total cost for survey, tois fixed
cost, tnis selection cost for one unit from stratum h,
and nnis the sample size of the stratum h (h=1,2,..,L).
It is very easy to determine the sample size n» when
the cost function is linear as in Eq.(1). This function is
appropriate when the selection cost for one unit from
stratum h is not significantly different. However, the
selection of one unit from stratum h may not result in
one unit increase in the cost function. For instance, in
a rural area survey study, after the cost of
transportation is disbursed, more than one unit can
be observed without an additional cost. In this case,
the selection cost of one sampling unit from stratum
h would result in less than one unit increase in the
cost function. In contrary, the selection cost of one
sampling unit in stratum h may also result in more
than one unit increase in the cost function. In such
cases, cost function is in a non-linear form. Cochran
[2], Bretthauer et al. [9], and Chernyak [10] have
defined the non-linear cost function as given below:

L
t=t,+ > t.n: 2)
h=1

Here, a indicates the effect on the cost function for
the selection of one sampling unit from stratum h. If a
is smaller than 1, the selection of one sampling unit
from the strata affects the cost function less than one
unit and if a is larger than 1, the selection of one
sampling unit from the strata affects the cost function
greater than one unit. Egs.(1) and (2) have the same
results when o is equal to 1. a is a positive value
determined by the researcher. Since the selection
cost of one unit differs between strata, it is suggested
to use the cost function in Eq.(2).
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In this study, a new power allocation model is
proposed, which takes into account the non-linear
cost function. This model using a non-linear cost
constraint is a modified version of Bankier’'s power
allocation method. The proposed power allocation
method is obtained and presented in Section 2. By
applying the proposed model to 2012 Structural
Business Survey (SBS) data of TURKSTAT, the results
for different parameters and their different levels are
discussed in Section 3. Finally, a summary concludes
the paper in Section 4.

2. A New Power Allocation Method

Stratified random sampling is frequently used in
surveys. Providing that target population is separated
into L homogenous strata; for stratum h, stratum size,
and weight as well as sample size selected in the
strata are defined by N», Wh=Ni/N, and n» (h=1,2,...L),
respectively. Population mean Y = Zhwh\fh is
estimated via weighted sample mean y_ = Zhwhyh .

In stratified random sampling, when the strata sizes
are considerably different, standard allocation
methods may lead to some problems. For instance,

Neyman allocation minimizes the variance of Y
under the constraint of n = Zh n, - However, it may

cause some strata estimators to have large coefficient
of variations (CV (y,) =C, / \/n, ). On the other hand,

equal allocation (nn=n/L) is efficient for the
estimation of strata means. Nevertheless, its CV is

larger than Neyman allocation for )_lst estimator.

Bankier proposed a power allocation method
utilizing Neyman and equal allocation methods [1].
Let C, :Sh/Y_h be the coefficient of variation of ht

stratum. The loss function,

F=Y {xicv(y,)) (3)

. S . . L
is minimized subject to the constraint n :Zh_lnh

and Bankier's power allocation method is given
below:

nB — Chxr?
" thhxf?

Here, q is a constant in the range of 0<qg<1as

n, h=12,....L (4)

determined by the researcher, Xi is some measure of
size or importance of stratum h. As seen in Eq.(4),
Bankier’s power allocation does not take the cost into
account. Therefore, the new power allocation method
is obtained by minimizing the loss function in Eq.(3)

L
with t=t,+ Zth ne constraint.
i=1



S. T. Sahin Tekin vd. / A New Power Allocation Method with a Nonlinear Cost Constraint in Stratified Random Sampling

Theorem: In stratified random sampling with the

. . L
non-linear cost function ¢ — t, +zthni? , >0, the
i=1
loss function given in Eq.(4) is minimum for a

specified cost t when

(x2C2 )
Zh(Xﬁthz/th )ﬁ

n

n, =

(5)

Proof:

min{F} = min{zh{x,?CV(Vh)}z}

with respect to F subject to

L
t=t,+ > t,ng
i=1

Take A as the Lagrangian multiplier and minimize

o

ﬁ}z + (>0 g =)

L= Zh{xg

for chosen na.

Hence, to minimize the loss function F for fixed t, we
have

a+l 2q2
Aat,ng™ = XC;
and
1
. Xﬁth2 a+l
" Aat,
1
2qC2 a+l

L
n_Zh " _Zh < Jat,

1
1 (k2962 fyJo
T 2 Ch ftn ot

Ao+l o a+l
dividing ns by n, we obtain Eq.(5).

The new power allocation model in Eq.(5) is a
modification of Bankier’s power allocation method
since it utilizes a non-linear cost constraint. When
a =1, the cost function in Eq.(2) would be in linear

form. If g=1, ¢ =1, and XthhY_h, then Eq.(5)

turns into the optimum allocation method.

NS
NS

Ifq=0, =1, and Ch =C for each stratum, then

Eq.(5) turns into the square root allocation method as
shown below:

(6)

U
T

3. Real Data Example

N, =

(7)

In this section, we discuss how the proposed
allocation model works for sample size allocation.
Moreover, the performance of the model was
analyzed for different cases. For this purpose, a
subset of 2012 SBS data were used. For analyzing the
performance of the proposed model, pre-defined
strata and population values of some parameters
were needed. Therefore, enterprises in
manufacturing sector with more than 20 employees
from SBS were included as enumeration. By this way,
we assumed this part as population and defined the
size groups as strata. Turnover of these enterprises
specified as target variable (Y) and used in the
analysis. Strata sizes (Ni), strata population means (
Y, ), strata standard deviations (Si), and strata CVs

(Cn) are given in Table 1 for five size groups. Besides,
in Table 1, each size group indicates each stratum.
For the proposed model implementation, cost
function tsvalues were needed. However, they are not
included in 2012 SBS. Therefore, t» values were
produced hypothetically.

Table 1. Population values for SBS

Size va
Groups N, Y, S, C, |t
20-49 17427 5,510,399 10,200,503 1.85 | 0.96
50-99 4752 14,836,096 48,390,547 | 3.26 | 0.30
100-249 3315 36,550,161 55,473,303 152 | 1.21
250-499 986 99,548,400 | 116,525,154 | 1.17 | 0.98
500-999 371 253,470,468 | 359,408,319 | 1.42 | 0.94
Turkey 26851
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The proposed model in Eq.(5) allocates the pre-
determined sample size n to strata. By the help of this
model, it would be possible to estimate average
turnover for both Turkey and specified strata levels

approaching to target CV(Y,) and CV(Y,) values.

Since tnvalues are taken into consideration, we can
make efficient estimations as far as cost function
permitted. The Non-Linear Programming (NLP)
model, proposed by Choudry et al. [7], was used to
decide the sample size. This model is given in Eq.(8).

(8)
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with respect to f'subject to

CV (yh) < Cvoh

CV(V.) VW) ;(ysl)<cvo 1<n,<N,,

h=12,...,L.

Using Eq.(8) and 2012 SBS parameter values in Table
1, we obtain the model in Eq.(9), which determines
the sample size. For the proposed model allocation,
our target values for CVs were specified as
CV(y,)<0.15 for the strata means Yy, and

CV(Y,)<0.06 for the weighted sample mean y,. As
a result of Eq.(8), the following was obtained:

min{n}zmin{n1+n2+n3+n4+n5} 9)
n, >150.96,n, >430.72, n; > 99.31,
n, =57.32, ng =72.07

0.1372 0.2296 0.1468 0.0573 0.0772
+ + + +
nl nZ n3 n4 n5

<0.00397

1<n, <17427, 1<n, <4752, 1<n, <3315,
1<n, <986, 1<n, <371.

Minimum sample size n=902 was obtained using the
NLP allocation satisfying the specified CV values. This
sample size calculated by iterative methods using
MATLAB 2017a. Using the proposed allocation model,
overall sample size n=902 was allocated to strata, and
then CV(Yy,), CV(y,) values were evaluated. The

new allocation method was analyzed whether
CV(Y,) and CV(y,) indicators provide the target

values. For the analysis, some combination of @ and q
variables were used as follows:

q=0,0.2, 0.4, 0.5, 0.6, 0.8, 1 and =0, 0.25, 0.5, 0.75,
1,1.25,1.5,2

where 0<gq<1and >0 Results are given in
Tables 2-8.

Tables 2-8 in Appendix A.

When q =0, strata size ( Nh , h=1,2,..,5), and strata
mean [Y_h, h=1, 2, ..,5) have no effect on the
determination of the sample size. For this reason, the
coefficient of variation (Ch, h=1, 2, ..,5) and costs of
strata (t,,h=1, 2, ..,5) are important factors on
sample size calculation. However, the coefficient of
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variation ( Cy, ) is more effective than strata costs(t, ).

As seen in Table 2, when ¢ =0, the maximum
sample size is obtained from the 274 stratum with the
largest Cy, and the minimum sample size appears in
the 4t stratum with the smallest Cy, . However, as o
increases, the sample size of the 274 stratum
decreases and the sizes of other strata increase. In
other words, the sample size differences between
strata reduce. As « increases, the target value for the
population, which isCV (yg) <0.06, would be ensured.
Besides that, when a <0.75, target values for strata
CV (V1) £0.15 are not ensured for the strata with Cy,

values closer with each other. For the 27d stratum, all
cases provide the target values except & = 2. As seen
in Table 2, all target values are ensured for
1<a<15

As q increases, strata sizes and strata means also

affect the sample sizes. As q increases, a more proper
allocation giving more weight to the size of strata and
mean of strata would be attained. For the same «
value, all CV(y}) values of the strata decrease, except

the 214 stratum, and approach the target value 0.15 as
q increases. For example, in Table 3, while q=0.2

and « =0.25, CV(yy) is 0.18, and, in Table 6, while
q=06 and «=025, CV(yy) is 0.15 for the 3
stratum. Thus, for the same « value, CV(y;) values
reduce as g increases in all strata other than the 2n4
the
Furthermore, as q increases, CV (V) values reduce

stratum, which belongs to largest C,

for the same a value. Besides, as ¢ increases, the

range between strata sample sizes decrease for the
same ¢« value.

For fixed q, as & increases, CV(yy) values reduce in

all strata except for the 2nd stratum. For example, in
Table 3.5, while g =0.5 and « =0, the target value is

CV(¥4)=0.19, and while q=05 and «=0.75, the
target value is CV(yy)=0.12 for the 4t stratum.
Moreover, as « increases, CV(yg) values decrease
and provide the target value.

As seen in the results provided in Tables 2-8, for
0.75<a <1, all values of q provide the target value

CV (Vst) <0.06. Moreover, the target value for strata
CV(¥4) <£0.15 is also provided for all cases except for

some cases of the 27d stratum. As the coefficient of
variation for the 27 stratum is greater than other
strata, we obtain different results for this stratum
compared to the others.

4. Discussion and Conclusion

Coefficients of variations (CV) for target variables are
used as quality indicators regarding accuracy and
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reliability in most of the EU commission regulations
about quality of statistics. For this reason, satisfying
the specified CV values becomes an important issue.
Traditional allocation methods in stratified random
sampling have some difficulties to cover the needs
related to CV, especially for official statistics. Bankier
[1], Costa et al. [5], and Longford [6] have proposed
some compromise models that can be used to
overcome these difficulties. Choudry et al. [7] utilized
non-linear programming in satisfying specified
reliability requirements. However, none of these
models used the cost function. Therefore, a new
allocation model is proposed in the present study
satisfying the specified CV values which takes into
account the non-linear cost function.

In this newly proposed model, as g value increases
for the same a value, CV(y,) and CV(yg) decrease

and then approach to target values when strata
coefficient of variation values are close to each other.
For fixed q, as a value increases, CV (y,) and CV (yg)

indicators decrease and then approach to target
values. For fixed «, as g value increases, the survey
cost decreases. For the same g value, the survey cost
increases as a increases.

According to the results of the application data, when
a C, of stratum is substantially larger than others, for
the same a value, CV (y}) increases as q increases. For
fixed g, CV(yj) also increases as a increases. As seen

in the results, the most important advantage of this
model is the flexibility of the researchers in assigning
the a and g values based on their needs. Besides,
when Cn values are closer with each other, the
proposed model is effective in ensuring the target
values. Proposed model make more productive the
survey studies compared to classical allocation
methods not using the cost function, since it handles
the allocation issue in more realistic way by using the
cost. This model can also be improved for
multivariate stratified random sampling.
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Anahtar Kelimeler
Mermer blok iiretimi,
Zincirli kesici,

Kesim parametreleri,
Kesim performansi

Ozet: Bu ¢alismada, mermer ocaklarinda blok iiretimi amaciyla kullanilan zincirli
kollu kesme makinelerinin kesim performanslar1 arastirilmistir. Bu amag
dogrultusunda, dncelikle dort farkli ocakta kullanilan kollu kesim makinelerinin
ozellikleri, keskilerin tipi ve keski diizeni incelenmistir. Her bir ocakta kesimde
zincir donlis hiz1 ve makine yiiriiylis hiz1 gibi parametreler degistirilerek birim
zamanda kesilen yiizey alanlart 6l¢iilmiistiir. Makinenin kesim hizi, zincir hizi,
keski seti uzunlugu ve kol kesme agisi gibi parametrelere bagh olarak keski seti
kesme derinligi hesaplanmistir. Kesim parametrelerinin kesim performansina
etkisini incelemek amaciyla, kesim sonrasinda c¢ikan pasadan toz numuneler
alinarak elek analizleri yapilmis ve pasa irilik indeksleri belirlenmistir. Ayrica
calisma yapilan dogaltaslarin laboratuarda bazi fiziko-mekanik o6zellikleri
belirlenmistir. Calismanin sonucunda, 4 farkli ocakta kullanilan zincirli kesicilerin
verimli ¢calismasi icin optimum ¢alisma parametreleri 6nerilmistir.

Investigation of the Performance of Chain Saws Used in Marble Quarries

Keywords

Marble block production,
Chain saw,

Cutting parameters,
Cutting performance

Abstract: In this study, the cutting performance of the chain saw machines used
for block production in marble quarries was investigated. For this purpose, firstly,
the specifications of the chain saw machines used in the four different quarries,
type, and sequence of cutting tools are examined. In each quarry, the areal cutting
rates were measured by changing the parameters such as arm pressure and chain
speed during the cuttting. Cutting depth of cutting tool sequence is calculated
according to parameters such as machine cutting speed, chain speed, length of
cutting tool sequence and angle of cutting arm. In order to investigate the effect of
cutting parameters on cutting performance, sieve analyzes were carried out by
taking dust samples from each cut pile and grain size indexes were determined. In
addition, some physical and mechanical properties of natural stones were
determined in the laboratory. As a result of this study, optimum working
parameters are proposed for the efficient operation of chain sawing machines used
in 4 different quarries.

1. Giris

(water jet), lazer 1s1nlar ile kesme ve karma iiretim
yontemleridir. Tim ocaklar giinlin teknolojik

Mermer ocak isletmeciligi, uygarlik dénemlerinin ilk
tarihlerinde baslamis, temel prensipleri
degismemekle beraber, yliksek liretim kapasitelerini
saglayan mekanizasyonun bu alana gelmesiyle
glnlimiizdeki seklini almistir. Mermer ocaklarinda
kullanilan baslica {iretim yontemleri; oluk-kanal
acma, delik delme-ii¢cli kama, helezon tel kesme,
elmas tel kesme, zincirli kesicilerle kesme, elmas disk
kesicilerle kesme, termal sok (rock jet), basingh su

*ilgili yazar: muhammedalicaliskann@gmail.com
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kosullarina gore tel kesme yontemini kullanirken
uygun ozellik tasiyan ocaklarda da zincirli kollu
kesicilerle blok tiretimi yapilmaktadir [1].

Zincirli kesme makineleri diisiik veya orta dereceli
asindirici olan mermer ve traverten gibi yumusak ve
orta sert dogal taslarin, hem acik ocaklarda hem de
yeralti ocaklarinda blok olarak cikarilmasinda ve
sayalama amaci ile diisey veya yatay kesim yapmada
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kullanilabilmektedir [1]. Zincirli kesme makinesi ana
Uiniteleri Sekil 1'de verilmistir.

Zincir dontisii ve araba hareketi, bir elektrik motoru
ile tahrik edilen 2 ayr1 hidrolik motor vasitasiyla
saglanir. Sistem {i¢ ana iiniteden olusmaktadir:
Kol/bigak, ray sistemi ve ana gévde ve kumanda
panosu. Ana govde ray lizerinde hareket ederken kol
ve lzerindeki kama tipi keskiler yardimiyla kesme
islemi gerceklestirilir. Kol uzunluklar1 9 m’ye kadar
olabilmektedir. Kolun kesme dilim kalinlhig: tretici
firmaya baglh olarak 42 mm (en yaygin) veya 38 mm
olabilmektedir [1].

Ana govde ve

¢ kumanda panosu

Q Kesme kolu

Sekil 1. Zincirli kesme makinesi ana tniteleri [2].

Ray sistemi

Zincirli kesme makinelerinin avantajlari:

o Ozellikle 6-7 m’den yiiksek basamaklarda
elmas boncuklu tel kesme makineleri ile
birlikte kullanildiklarinda, tel gecirmek icin
gereken delik sayisini azaltarak zamandan ve
iscilikten tasarruf saglar. Diger bir degisle,
delik ¢akistirma problemini ortadan kaldirir.

¢ Yeni bir basamaga yatay veya diisey olarak
kolaylikla giris yapabildikleri ve licgen parca
kesme islemini ortadan Kkaldirdiklar1 icin
liretim ve zaman kayiplarini azaltirlar.

¢ Dogrudan satilabilir iiriin ¢cikarabilirler.

¢ Olduk¢a diizgiin ytizeyler olusturduklar: icin
mitkemmel ¢calisma ortami olustururlar.

Literatiirde mermer ocaklarinda kullamlan zincirli
kollu kesme makineleriyle ilgili cok fazla ¢alismaya
rastlanilamamaktadir. Onen(; ve Demirocak,
yaptiklar1 calismada tabaka duruslarina gére blok
kesim yontemlerini inceleyerek tabaka kalinliklar
fazla olmayan, mohs sertlik skalasina gore sertlikleri
3-4 arasinda bulunan, albenisi fazla olan kayaglarin
kesimlerinde zincirli kesiciyi kullanmanin iyi
sonuglar verdigini ifade etmislerdir [3]. Copur vd.,
yaptiklart ¢alismada zincirli kesme makinelerinin
diistiik veya orta dereceli asindirici olan mermer ve
traverten gibi yumusak ve orta sert dogal taslarin,
hem acik ocaklarda hem de yeralti ocaklarinda blok
olarak c¢ikarilmasinda ve sayalama amac ile diisey
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veya yatay kesim yaparak kullanilabileceklerini
soylemislerdir. Elmas boncuklu tel kesme makineleri
ile birlikte kullanildiklarinda (bu yaygin kullanim
seklidir) ocak verimini artirdiklarini ve bir traverten
acik ocaginda kullanilan elmas boncuklu tel kesme
makinelerinin yanina sadece bir adet zincirli kesme
makinesi ilave edilerek, ocagin genel veriminin %20
arttigim agiklamislardir [4]. Demirel vd., yaptiklarn
calismada yerli ve yeni imalat olan Kollu Zincirli
Kesme makinesinin (DZK-3400), Denizli
Kaklik/Kocabas traverten ocaklarinda deneme
uygulama sonuglarini degerlendirmislerdir. Dogaltas
ocak isletmelerinde blok iiretim verimliliginin
artirilmasi ve blok liretim kalitesinin yiikseltilmesine
yonelik elmas tel kesme yontemine alternatif olarak,
kollu zincirli kesme makinesinin yeni bir yontem
olarak denemelerini gerceklestirmislerdir. Basta
traverten ocaklar1 olmak tizere tiim dogaltas
ocaklarinda kullamimi ile birim zamanda daha az
maliyetle daha fazla blok tiretimi gergeklestirmesini
amagclamislardir [5]. Ayrica mermer ocaklarinda kollu
zincirli kesme makinesinin uygulanabilirligini elmas
tel kesme makinesi ile karsilastirarak ac¢iklamislardir

[5].

Copur vd., yaptiklar1 ¢calismada, dogal taslarin blok
olarak kesilmesinde kullanilan zincirli kesme
makinelerinin performanslarini etkileyen makine ve
dogal tas parametrelerini incelemislerdir. Bu
makinelerin cesitli dogal taslarda daha verimli
calisabilmelerini saglayacak  verimli  kesme
prensiplerini ortaya koymuslardir. Bu amagcla, ilk
once cesitli dogal tas liretimi yapan ocaklara gidilmis

ve arazide jeolojik kosullar, zincirli kesme
makinelerinin  6zellikleri ve c¢alisma (isletme)
parametrelerini belirlemisler, kullanilan zincirli

kesme makinelerinin performanslarini (kesme-kazi
hizlar1) elektronik ortamda kaydetmisler, keski
asinma sekillerini incelemisler ve godzlem-ol¢iim
yapilan yerlerden blok numuneler almiglardir. Alinan
blok numunelerini laboratuarda bir seri deneye tabi
tutmuslardir. Dogrusal kazi deney setinde 0°, 15°, 30°
ve 45° yanal acilart olan keskiler cesitli kesme
kosullarinda (kesme derinligi, keskiler arasi mesafe,
vs) kesilerek, numunelerin kazilabilirliklerini (keski
kuvvetleri, spesifik enerji, optimum kesme
geometrisi) ortaya koymuslardir. Fiziksel ve mekanik
ozellikleri belirlemeye yonelik olarak, tek eksenli
basing dayanimi, ¢cekme dayanimi, shore scleroscope
sertligi, Schmidt c¢ekici sertligi, statik elastisite
modiili, akustik deneyler (dinamik elastisite modiili
ve poisson orani), cerchar asindiricilik deneyleri ve
ince kesitlerin petrografik analizlerini yapmislardir.
Deney sonuclarini kullanilarak, standart zincirli
kesme makinelerinin ¢alismasini simule eden
deterministik bir bilgisayar modeli gelistirmislerdir.
Modelin gecerliligini sinamak i¢in, modelleme
sonuglarini, yerinde yapilan performans kayitlar ile
kiyaslamislardir. Son olarak, kazilabilirligi ve
performansi etkileyen en 6nemli dogal tas mekanik
ozelliklerini belirleyerek, makine performanslar1 ve
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laboratuar kesme performansi ile bu parametreler
arasinda istatistiksel iligkileri inceleyerek istatistiksel
performans tahmin modellerini gelistirmislerdir. Bu
modellerin, zincirli kesme makinesi secimi, tasarimi
ve performans tahmininde, fizibilite/planlama
asamasinda kullanilabilecegini agiklamislardir [6].

Yesilkaya vd., yaptiklari ¢alismada Denizli havzasinda

Denizli Cimento  Fabrikasi ¢evresi  -Kaklik
dolaylarindaki-traverten ocaklarinda, blok
tretiminde  kullanilan  zincirli ~ kollu  kesme
makinelerinin kesme performanslarini

incelemislerdir [7]. Sarusik yaptig1 ¢alismada zincirli
kollu kesme makinesinin basta traverten ocaklari
olmak tizere tiim dogal tas ocaklarinda kullanimi ile
birim zamanda daha az maliyetle daha fazla blok
tiretimi gercgeklestirildigini gézlemlemistir. Traverten
ocaklarinda elmas tel kesme yontemi ile blok
verimliligi % 7-14 degerlerinde iken blok verimliligi
Kollu Zincirli Kesme Makinesinin (DZK-3400)
kullanimiyla % 65-80 degerlerine yiikseldigini
hesaplamistir [8].

Copur vd., yaptiklart ¢alismada zincirli kollu kesme
makinesini kullanan dogaltas ocaklarin1 ziyaret
ederek dogaltas oOrnekleri almis ve zincirli kollu
kesme makinesi ile ilgili kayitlar tutarak bu
makinenin performansi ve makinenin kullanim
kosullarini  arastirnuslardir.  Orneklerin fiziksel
ozelliklerini tamimladiktan sonra keski tipi Kkesici
araglarint  kullanarak dogrusal kesim testleri
yapmislardir. Taslarin kesilebilirliklerini belirlemek
icin farkli yan acgilara sahip keski araglar ile kesme
performans1 arasindaki iliskileri ve mekanik
ozellikleri arastirmislardir [9].

Yesilkaya vd., yaptiklar1 ¢alismada Isparta-Senirkent
civarindaki bir kirectasi (bej mermer) ocaginda, blok
tiretiminde elmas tel kesme ile kombine olarak
kullanilan zincirli kollu kesme makinelerinin ¢alisma
hizlari, uygulama kosullari, malzeme gereksinimleri
ve kesme performanslarini incelemislerdir [10].

Onceki arastirmalarda, zincirli kollu kesicilerle blok
kesiminde kesici kol basinci, makine yiiriiyiis hiz1 ve

zincir doniis hizi  gibi makine ¢alisma
parametrelerinin  kesim  performansina  etkisi
incelenmemistir. Ocakta isletmeciler tarafindan

uygulanan makine parametrelerinde kesim hizlarn
Olciilmiistiir. Bu tez ¢alismasinda bu parametrelerin
kesim performansina etkisi 4 farkli dogaltas ocaginda
gerceklestirilen dlciimlerle incelenmistir.

2. Materyal ve Metot

Bu calisma kapsaminda inceleme, gézlem ve olciimler
yapmak icin Antalya-Burdur-Denizli civarindaki iki
bej, bir limra ve bir traverten ocagina numune temini
icin de mermer isleme fabrikalarina gidilmistir. Saha
¢alismalarinda dncelikle sirket ve ocak ile ilgili genel
bilgiler, ocakta ¢calisma diizeni ile ilgili bilgiler, ocakta
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kullanilan zincirli kollu kesme makineleri ile ilgili
bilgiler elde edilmeye c¢alisilmistir. Bu bilgiler
toplandiktan sonra zincirli kollu kesme makinesi
performans ve isletme parametreleri kayitlar
tutulmustur.

Makinelerin kullanim kilavuzlar1 incelenerek ve
teknik o6zellikleri arastirllarak makine iizerinde
bulunan basing gdstergelerinden ¢alisilan basing
degerleri ve makine iizerinde bulunan zincir dénme
hiz gostergesinden zincir donme hizi degerleri
okunmustur.

2.1. Calisma yapilan dogaltas ocaklari

Tureks bej mermer ocagindan 'Diana Royal' ve
'Cappuccino’ adi verilen iki farkli seleksiyonda tas
tiretilmektedir. Ocagin goriiniir + muhtemel rezerv
miktar1 80000000 m®'tiir. 250 hektarhk alamn
yaklasik %75'i kirectasindan olusmaktadir. %25'lik
kisimdan ise yan kaya¢ olarak aliivyonlar ve Kkilli
ofiyolitler ¢cikmaktadir. Ocakta catlak sistemleri dogu-
bat1 yonlerinde yer almaktadir. Catlak egimleri %70-
%90 arasindadir. Ocakta su geliri yoktur. Ocakta yilda
ortalama 25000 m?® blok iiretimi yapilmaktadir.
Ortalama blok boyutlart 4 m®- 8 m® arasinda
olmaktadir. Fabrika blok isleme kapasitesi ise 60000
m3/yil'dir.

Tureks bej mermer ocaginda blok iiretiminde énce 10
cm ¢apinda yatay sondaj delikleri delinerek 45-55 kw
giiciindeki elmas boncuklu tel kesme makineleri ile
alt kesim yapilmaktadir. Daha sonra kademe
tizerinde kademe boyunca degisen uzunluklarda
Fantini 70 SUPER-H zincirli kollu kesici ile diisey
kesim yapilmaktadir. Ocakta kesme yiiksekligi
yaklasik 3,5 metredir. Kesme uzunlugu 20-40 metre
arasindadir.

Adalya bej mermer ocagindan ‘'Adonis' olarak
adlandirilan tas {retilmektedir. Ocagin goriinir
rezerv miktar1 600000 m3'tiir. 150 hektarhik alanin
yaklasik %90" kirectasindan olusmaktadir. %10'luk
kisimdan ise yiizeye yakin kisimlarda kil ¢cikmaktadir.
Ocakta catlak sistemleri dogu-bati yonlerinde yer
almaktadir. Catlak egimleri %70 - %90 arasindadur.
Ocakta su geliri yoktur. Ocakta yilda ortalama 15000
ton blok iiretimi yapilmaktadir. Ortalama blok
boyutlar1 200 cm x 150 cm x 100 cm olmak iizere 2
m3-3 m® arasinda olmaktadir. Fabrika blok isleme
kapasitesi ise 7800 ton/y1l'dir.

Adalya bej mermer ocaginda blok iiretiminde 6nce 10
cm capinda yatay sondaj delikleri delinerek 45-55 kw
glcilindeki elmas boncuklu tel kesme makineleri ile
alt kesim yapilmaktadir. Daha sonra kademe
iizerinde kademe boyunca degisen uzunluklarda
Fantini 70 SUPER-H zincirli kollu kesme makinesi ile
disey kesim yapilmaktadir. Kesme yiiksekligi
yaklasik 7,2 metredir. Kesme uzunlugu 10-20 metre
arasindadir.
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Tablo 1. Ocaklarda kullanilan zincirli kollu kesme makinelerinin teknik 6zellikleri

Tureks dlap a-royal Adalya adonis bej Demmer traverten Natgralmar
bej limra

Uretici Firma FANTINI FANTINI DEMMAK GARRONE
Model 70 SUPER-H 70 SUPER-H DZK 3400 MCRH 740
Uretim Yih 2012 2014 2013 2007
Agirlik 10.000 kg 10.000 kg 9.000 kg 10.000 kg
Boyutlar 4160x2150x2380 mm 4160x2150x2380 mm 4160x2150x2380 mm -
Toplam Kurulu Giig 63,87 kw 63,87 kw 45,97 kw 63 kw
Maksmium Kol 4,90 metre 8,70 metre 4,30 metre 5,40 metre
Uzunlugu
Kol Doniis Agisi 360° 360° 360° 360°
i\_l/llazll(SImum Zincir 0,7 m/sn 0,7 m/sn 1,5m/sn 1,8 m/sn
iflazll“‘m“m Araba 15 cm/dak 15 cm/dak 18 cm/dak 20 cm/dak
Kesim Kalinhig1 40 mm 38 mm 40 mm 42 mm

Demmer Denizli-kaklik traverten ocagindan yumusak
ve orta sert seklinde olmak iizere iki farkl traverten
tretilmektedir. Yumusak travertenin yogunlugu 2,15
g/cm® iken orta sert travertenin yogunlugu 2,20
g/cm?®'tiir. Ocagin gériiniir +muhtemel rezerv miktari
100000000 m*'tiir. Olusum tamamen Kirectagidir.
Yiizeyden 30 metre tabana dogru pasa mevcuttur. Yer
yer bazi kisimlarda fosiller ¢ikmaktadir. Ocagin bazi
yerlerinde kirllmalar goriilmektedir ve faylardan
dolay1 olusan kirilmalar yiizeyden tabana dogru
gitmektedir. Ayrica ocagin bazi yerlerinde goriilen
faylarda yesil renkte ince seritler goriilmektedir.
Ocakta su geliri olmamaktadir. Ocakta yilda ortalama
50000 m? blok iiretimi yapilmaktadir. Ortalama blok
boyutlar1 3,5 m® - 4 m? arasinda olmaktadir. Fabrika
blok isleme kapasitesi yalnizca denizli traverteni icin
10000 m3/yil'dir. Demmer Denizli-kakhk traverten
ocaginda blok iiretiminde once kademe boyunca
Demmak DZK 3400 zincirli kollu kesme makinesi ile
diisey kesim yapilmaktadir.

Zincirli kollu kesme makinesi kademe {izerinde
ilerledikce kademe altindan 10 cm c¢apinda yatay
sondaj delikleri delinerek 20 - 25 kw giiciindeki
elmas boncuklu tel kesme makineleri ile diisey
kesimler yapilmaktadir. Kesme yliksekligi yaklasik
3,8 metredir. Kesme wuzunlugu 80-90 metre
arasindadir. Zincirli kollu kesme makinesinin kol
uzunlugu disli dahil 4,30 metredir.

Natiirelmar limra ocagindan 'Anatolion Aritto’, 'Myra'
ve 'Parla Bianca' olarak adlandirilan 3 farkh
seleksiyonda tas Ttretilmektedir. Ocagin gorinir
rezerv miktar1 5000000 ton'dur. Ocakta tretilen tas
kirectasi olusumudur. Yap: sadece ana kayadir yani
limradir ancak ylizeye yakin kesimlerde fosilli
dolomitik yap1 goriilmektedir. Ocakta ¢atlak
sistemleri kademelere dik ve glineydogu-kuzeybati
istikametindedirler. Ocakta su geliri yoktur. Ocakta
yilda ortalama yaklasik 100000 ton blok iiretimi
yapilmaktadir. Ocak verimi yaklasik olarak % 60'dir.
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Ortalama blok boyutlar1 200 cm x 160 ¢cm x 150 cm
olmak iizere 4 m3- 5 m® arasinda olmaktadir. Fabrika
blok isleme kapasitesi ise yi1lda 48000 ton'dur.

Natiirelmar limra ocaginda alt kesimler Garrone
MCRH 740 zincirli kollu kesici ile yatay olarak

yapimaktadir. Kesme genisligi yaklasik 3,30
metredir. Kesme uzunlugu 20-40 metre arasindadir.
Ocaklarda  kullanilan  zincirli  kollu  kesme
makinelerinin  teknik  6zellikleri Tablo 1'de

verilmistir.

Dogaltas ocaklarinda kullanilan zincirli kollu kesme
makinesi keski grubundaki keski dizilimleri Sekil 2,
Sekil 3, Sekil 4 ve Sekil 5'de verilmistir.

PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD PCD

OOO0O0O0OOOOOOOOOOO

A B 1 2 3 4 =5 6 7 8 9 10 11 12 13 14

Sekil 2. Tureks bej mermer ocaginda kullanilan Fantini 70
SUPER-H zincirli kollu kesme makinesi keski grubundaki
pcd keskilerin dizilimi

PCD Kare Yildiz Yildiz Yilchz Yildiz Kare Yildiz Yildiz Yildiz Yildiz Ciftli Yildiz Ciftli Kare

¥ [
O Osevevede Ldwww o O

CMF0 CMFO F2Z F3 F3A F3B CMFO0 F4 F5 6DF F6S F6A CMFé6

Sekil 3. Adalya bej mermer ocaginda kullanilan Fantini 70
SUPER-H zincirli kesme makinesinde keski grubundaki
pcd kare ve yildiz keskilerin dizilimi

Kare Kare Kare Kare Kare Kare Kare Ciftli Kare Ciftli Kare Ciftli Kare

I
ottt 5 53 0

1 2 3 4 6 7 8 9 10

Sekil 4. Traverten mermer ocaginda kullanilan Demmak
DZK 3400 zincirli kollu kesme makinesi keski grubundaki
kare keskilerin dizilimi
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Kare Kare Kare Kare Kare Kare Kare Kare Kare Ciftli Kare Keskiler arasi mesafe 80 mm

L]

1 2 3 4 5 6 7 8 o 10
Sekil 5. Natilirelmar limra mermer ocaginda kullamlan Kesim
Garrone MCRH 740 zincirli kollu kesme makinesi keski genigligi

40mm

grubundaki kare keskilerin dizilimi

Dogaltas ocaklarinda kullanilan zincirli kollu kesme
makinelerindeki kesme diizenleri Sekil 6, Sekil 7,
Sekil 8 ve Sekil 9' da verilmistir.

|
Set uzunlugu 920mm

Sekil 8. Traverten Demmak DZK 3400 zincirli kesme
makinesinde kesme diizeni

Keskiler aras: mesafe 100 mm

Keskiler aras mesafe 90 mm

Kesim

40mm

Kesim
| genisligi
40mm

Set uzunlugu 1600mm
Sekil 6. Tureks bej Fantini 70 SUPER-H zincirli kesme
makinesinde kesme diizeni

Keskiler arast mesafe 124mm

Set uzunlugu 930 mm

Sekil 9. Limra mermer ocaginda Garrone MCRH 740
zincirli kollu kesme makinesinde kesme diizeni

Kesim
genisligi
S 3. Bulgular

Calisma yapilan dogaltas ocaklarinin fabrikalarindan
alinan numunelerin Siileyman Demirel Universitesi

dogaltaslar laboratuarinda yapilan deneylerle fiziko-
Set uzunlugy 1550mm mekanik o6zellikleri belirlenmistir. Dogaltaslarin

Sekil 7. Adalya bej Fantini 70 SUPER-H zincirli kesme fiziksel ve mekanik ozellikleri Tablo 2'de
makinesinde kesme diizeni verilmektedir.

Tablo 2. Dogaltaslarin fiziksel ve mekanik 6zellikleri

Birim hacim GOruntir . Tek eksenli
o N : Schmidt  P-dalga hiz
Dogal Taslar agirhk porozite sertlisi (m/s) basing dayanimi

(g/cm?) (%) 8 (MPa)

. Ortalama 2,66 1,20 27,20 6178,55 99,83
Cappuccino deger

Bej Standart 0,02 0,52 1,10 199,74 19,21
Sapma

. Ortalama 2,70 0,26 38,80 6379,47 143,99
Adonis deger

Bej Standart 0,01 0,06 1,10 123,26 12,18
Sapma

Ortalama 2,35 5,61 23,20 4214,80 50,78
. deger

Limra Standart
0,01 0,38 1,10 41,32 7,77

Sapma

Ortalama 2,23 5,73 18,00 3096,91 19,93
deger

Traverten Standart
0,10 1,13 1,41 254,86 9,46

Sapma
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Tablo 3. Tureks diana royal-cappuccino bej ocaginda kesimde yapilan performans 6l¢lim sonuglarinin 6zeti

Ayarlanan Ayarlanan Zincir Makine KeskKi seti

L . . . o e . Pasa

zincir donts makine dontis ylriyts Kesim hizi kesme L

N e irilik

hizi ylriyts hizi basinci basinci (m2/h) derinligi indeksi
(m/sn) (cm/dk) (bar) (bar) (mm)
0,49 3 93 46 4,68 1,17 376
0,52 3 95 47 4,89 1,15 -
0,55 3 100 48 5,31 1,18 364
0,58 3 112 49 51 1,08 -
0,62 3 115 49 4,68 0,93 360
0,58 1,5 82 26 3,7 0,78 368
0,58 2,25 84 27 3,95 0,83 -
0,58 3 88 42 51 1,08 372
0,58 3,75 115 51 6,78 1,43 -
0,58 4,5 130 60 6,15 1,30 377

Tureks bej ocaginda kesimde yapilan performans
Olclim sonuglarinin 6zeti Tablo 3'de verilmistir.
Kesimde kol kesme derinligi 3,5 m, kol kesme agisi
75°, keski seti uzunlugu 1,6 m'de makine yliriiyls hizi
3 cm/dk’da sabit iken zincir doéniis hiz1 0,55 m/sn
degerine artirildiginda zincir doniis basincinda ve
kesim hizinda az bir artis olmaktadir. Zincir hiz1 0,55
m/sn’den yiiksek bir degere ayarlandiginda zincir
basinci hala artmakta, makine kesimde zorlanmakta
ve kesim hizinda azalma olmaktadir (Sekil 10). Zincir
hizi 0,55 m/sn degerine kadar keski kesme
derinliginde o6nemli bir degisiklik olmamis daha
biiyiik zincir hizi degerlerinde kesme derinligi
azalmistir (Sekill1). Zincir hiz1 artisiyla pasa irilik
indeksinin azaldig1 kesimden daha kiiciik boyutta
pasa ¢ciktig1 gézlemlenmistir (Tablo3).

—;',bg.ﬁ_

Kesim Hizi (m2/h)

O R, N W B U O

0,5 0,55 0,6 0,65

Zincir Hizi (m/sn)

0,45

Sekil 10. Tureks bej mermer ocaginda ana kesimde zincir
hizinin kesim hizina etkisi

1,40
1,20 -—W‘\
1,00

— 0,80
0,60
0,40
0,20
0,00 T T T 1

0,45 0,5 0,55 0,6 0,65
Zincir Hizi (m/sn)

mm)

Keski Seti Kesme
Derinlig

Sekil 11. Tureks bej mermer ocaginda ana kesimde zincir
hizinin keski seti kesme derinligine etkisi

Tureks bej mermer ocaginda kesimde yapilan
performans 6l¢lim sonuglarina gore zincir hiz1 0,58
m/sn’de sabit tutulup makine ylriyis hiz

113

artirildiginda kesim esnasinda hem zincir doniis
basinci, hem de makine yiiriiylis basinci artmaktadir.
Makine yiiriiylis hizinin artirilmasiyla kesim hizi ve
keski kesme derinligi artmakta, 3,75 cm/dk
degerinden sonra kesim performansi diismektedir
(Sekil 12 ve Sekil 13). Ancak makine yiiriyiis hizi
3,75 ve 4,5 cm/dk degerlerine artirildiginda zincir
doniis basinci sirasiyla 115 ve 130 bar, makine
ylriylis basinct ise 51 ve 60 bar seviyelerine
yukselmistir. Bu degerlerde makine zorlanmaya
baslamistir. 4,5 cm/dk yirime hiz1 degerinde
makinenin uyari lambasi yanmis, bu degerde sadece
2 dakika siire tutulabilmistir. Aksi halde makine
kendini korumaya alip c¢alismay1r durduracaktir.
Makine yiirtiylis hizinin artmasiyla beraber pasa irilik
indeksinin arttigl yani kesimden ¢ikan pasanin da
daha biyiik boyutlarda oldugu gdzlemlenmistir
(Tablo 3).

8
E m
~ 6
é #
24
£
i 2
M
0 T T T ]
1 2 3 4 5
Makine Yiiriiyiis Hizi (cm/dk)

Sekil 12. Tureks bej mermer ocaginda ana kesimde makine
yuriiyls hizinin kesim hizina etkisi

2,00

00

£ 150

[}

8 ﬁ

[}

ET 1,00 —

w

g E

¥ = 0,50

=

1]

(%]

= 0,00 . . . )

3

g 1 2 3 4 5
Makine Yiirityiis Hizi (cm/dk)

Sekil 13. Tureks bej mermer ocaginda ana kesimde makine
ylriiylis hizinin keski seti kesme derinligine etkisi
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Tablo 4. Adalya bej mermer ocaginda kesimde yapilan performans 6l¢iim sonuglarinin 6zeti

Ayarlanan Ayarlanan Zincir Makine KeskKi seti

L . . . . e . Pasa

zincir donts makine doniis yuruyus Kesim hizi kesme L

- v irilik

hizi ylriyts hizi basinci basinci (m2%/h) derinligi indeksi
(m/sn) (cm/dk) (bar) (bar) (mm)
0,35 3,75 120 31 8,89 1,47 437
0,39 3,75 115 30 8,90 1,32 -
0,42 3,75 110 30 8,92 1,23 429
0,45 3,75 108 29 8,93 1,15 -
0,49 3,75 103 29 8,95 1,06 422
0,42 2,25 80 10 3,73 0,51 413
0,42 3 90 22 4,59 0,63 -
0,42 3,75 110 29 8,52 1,17 420
0,42 4,5 130 30 9,10 1,25 -
0,42 5,25 150 35 10,42 1,43 421

Ocakta operator tarafindan kesimde alinan ortalama
kesim miktarlar 2,80 m?/h ile 4,30 m?/h arasindadir.
Ana kesimde zincir doniis hiz 0,50 m/sn ile 0,55
m/sn arasinda, makine yiriiylis hiz1 ise 3,0 cm/dk ile
3,5 cm/dk arasinda alimirsa yaklagik olarak 5 m?/h ile
5,5 m?/h arasinda liretim gerceklesecektir. Sonug
olarak bu degerlerde iliretim miktar1 artisi olacag:
goriilmektedir.

10

9 e e e
= 8
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% 5
£ 4
z 3
% 9
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0,3 0,35 0,4 0,45 0,5

Zincir Hizi (m/sn)

Sekil 14. Adonis bej ocaginda ana kesimde zincir hizinin
kesim hizina etkisi

1,60
1,40
1,20
1,00
0,30
0,60
0,40
0,20
0,00

L

\\L

Keski Seti Kesme Derinligi (mm)

0,3 0,35 0,4 0,45 0,5

Zincir Hizi (m/sn)

Sekil 15. Adonis bej ocaginda ana kesimde zincir hizinin
keski seti kesme derinligine etkisi

Adalya bej mermer ocaginda kesimde yapilan
performans o0lciim sonuglarinin 6zeti Tablo 4'de
verilmistir. Adalya adonis bej mermer ocaginda ana
kesimde kol kesme derinligi 7,2 m, kol kesme acis1
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75°, keski seti uzunlugu 1,55 m'de makine yiiriyis
hiz1 3,75 cm/dk degerinde sabit tutulup zincir déniis
hiz1 artirildiginda, zincir déniis basinci ve makine
ylriylis basinci kismen azalmakta kesim hizi ise az
bir miktarda olsa artmaktadir (Sekil 14). Ayni makine
ylriyls hizinda zincir hizinin artmasi keski kesme
derinliginin azalmasina neden olmaktadir (Sekil 15).
Zincir hiz1 artisiyla pasa irilik indeksinin azaldig
kesimden daha kiigik boyutta pasa ¢ktg
gozlemlenmistir (Tablo 4).

Adalya bej mermer ocaginda kesimde yapilan
performans 6l¢ciim sonuglarina gore zincir hiz1 0,42
m/sn’de sabit tutulup makine yiriylis hiz
artirlldiginda kesim esnasinda hem zincir doénis
basinct hem de makine yliriiyiis basinci artmaktadir.
Makine yiiriiytis hizinin artirilmasiyla kesim hizi ve
keski kesme derinligi artmaktadir (Sekil 16 ve Sekil
17). Ancak makine 3,75 cm/dk’dan daha biyik
degere artirildiginda hem kesme derinligi hem de
kesim hizinda stabil bir artis olmamaktadir. Makine
yuriyiis hiz1 4,5 cm/dk degerine artirildiginda zincir
doniis basinct 130 bar seviyesine yiikselmis ve
makinenin kirmizi uyari lambasi yanmistir. Bu
degerde devam edilmesi halinde makine kendini
korumaya alip c¢alismayr durduracaktir. Makine
yuriiyiis hizinin artmasiyla beraber pasa irilik
indeksinin arttig1 ve kesimden cikan pasanin da daha
biiyiik boyutlarda oldugu gézlemlenmistir (Tablo 4).

12
- 10 N
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~ y = '
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5 6
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g 4 To—
% 2
0 T T T ]
2 3 4 5 6
Makine Yiiriiyiis Hizi (cm/dk)

Sekil 16. Adonis bej ocaginda ana kesimde makine
ylriiylisi hizinin kesim hizina etkisi
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Makine Yiiriiyiis Hizi (cm/dk)

Keski Seti Kesme Derinligi

Sekil 17. Adonis bej ocaginda ana kesimde makine ytriiyts
hizinin keski seti kesme derinligine etkisi

Ocakta operator tarafindan kesimde alinan ortalama
kesim miktar1 7 m?/h ile 8 m?/h arasindadir.
Kesimde zincir doniis hizt 0,42 m/sn ile 0,49 m/sn
arasinda ve makine yuriiyiis hizi ise 3,5 cm/dk ile 4
cm/dk arasinda alinirsa yaklasik olarak 8,5 m?/h ile 9
m?/h iiretim gerceklesecektir. Sonu¢ olarak bu
degerlerde  lretim  miktar1  artist  olacagl
goriilmektedir.

Demmer Denizli-Kaklik traverten ocaginda ana
kesimde kol kesme derinligi 3,8 m, kol kesme agisi
80° ve keski seti uzunlugu 0,92 m olup makine
yuriiyis hizi ve zincir hizi degerleri kontrol
diigmelerinden ayarlanmistir. Kesim esnasinda
ampermetreden akim degerleri okunmus ve bu
degerler stirekli degistigi icinde ortalamalari alinarak
kaydedilmistir.

Tablo 5'de kesim oOncesi ayarlanan makine yiiriyis
hizi ve zincir doniis hizi degerlerinde; c¢alisma
esnasinda gostergelerden okunan akim, kol kesme
acisi, kesme hizi ile kesimden c¢ikan pasanin irilik
indeksi degerleri verilmektedir.

Denizli Traverten ocaginda kesimde yapilan
performans 6l¢ciim sonuglarina gore makine yiirtyts
hizi 16,36 cm/dk’de sabit iken zincir hiz1
artirlldiginda zincir daha rahat dénmis ve kesim
hizinda 6nemli bir degisim olmamistir (Sekil 18).
Zincir hiz1 arttik¢a keski kesme derinligi azaldigindan
(Sekil 19) makinenin ¢ektigi akimda azalmistir. Zincir
doniis hizinin artmasiyla pasa irilik indeksinin

azaldig1 ve kesimden kiiciik boyutta malzeme elde
edildigi goriilmiistiir (Tablo 5).
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Sekil 18. Traverten ocaginda ana kesimde zincir hizinin
kesim hizina etkisi
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Sekil 19. Traverten ocaginda ana kesimde zincir hizinin
keski seti kesme derinligine etkisi

Kesimde zincir dontis hizi 0,6 m/sn de sabit tutulup
makine yiiriylis hiz1 artirildiginda makinenin ¢ektigi
akimda artmistir. Traverten ¢ok saglam bir yapida
olmadig1 icin makinede zorlanma olmamistir ve
degerler anlik ¢ok biiyiik bir fark olmadan degisiklik
gostermistir. Makine ylriiylis hizinin artmasiyla
kesim hiz1 az miktarda olsa artmistir (Sekil 20).
Makine yiirtylis hizinin artmasiyla kesme derinligi de
artmistir (Sekil 21). Makine yiriiyltis hiz1 arttikca
kesimden c¢ikan pasanin da irilik indeksinin arttig
yani daha biiyiikk boyutlarda pasa ¢ktig
gozlemlenmistir (Tablo 5).

Ocakta operator tarafindan kesimde alinan ortalama
kesim miktarlar1 6,80 m?/h ile 7,10 m?/h arasinda
degismektedir. Ongoriilen calisma parametrelerinde

Tablo 5. Denizli traverten ocaginda kesimde yapilan performans 6l¢ciim sonuglarinin ézeti

Ayarlanan zincir Ayarlanan makine

Keski seti kesme

déni e Akim 6l¢iimleri Kesim hizi Lo Pasa irilik

oniis hizi yuriyis hizi 2/h derinligi indeksi

(m/sn) (cm/dK) (amper) (m2/h) (mm) indeksi
0,45 16,36 28 7,55 1,11 440
0,53 16,36 26 7,57 0,95 -
0,6 16,36 24 7,59 0,84 434
0,68 16,36 22 7,58 0,74 -
0,75 16,36 21,5 7,58 0,67 406
0,6 6,54 22 6,87 0,76 390
0,6 8,18 23 6,91 0,76 -
0,6 9,82 23,5 7,06 0,78 410
0,6 11,45 24,3 7,18 0,79 -
0,6 13,09 25,1 7,33 0,81 428
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kesim hizinda 6nemli bir artisin saglanamayacagi
goriilmektedir. Dolayisiyla mevcut calisma kosullari
uygun goriinmektedir.

8
= | ¢——————o—
~ 6
£
E 4
£
3 2
~
0 T T T 1
6 8 10 12 14
Makine Yiiriiyiis Hizi (cm/dk)

Sekil 20. Traverten ocaginda ana kesimde makine ytriiyts
hizinin kesim hizina etkisi

0,82
0,81
0,80
0,79
0,78
0,77

0,76 ,—-/

0,75 T T |
1 6 11 16

Makine Yiiriiyiis Hizi (cm/dk)

Sekil 21. Traverten ocaginda ana kesimde makine ytiriiyts
hizinin keski seti kesme derinligine etkisi

/

(mm)

Keski Seti Kesme Derinligi

Natiirelmar limra ocaginda ana kesimde kol kesme
derinligi 3,30 m, kol kesme acis1 70° ve Kkeski seti
uzunlugu 0,93 m olup makine yliriiyiis hizi ve zincir
hiz1 degerleri kontrol diigmelerinden ayarlanmistir.

Tablo 6'da ana kesim dncesinde ayarlanan makine
yuriiyiis hizi ve zincir hizi degerlerinde; ¢alisma
esnasinda gostergelerden okunan makine yliriiyiis
basinci ve zincir doéniis basinci, kesme hizi ile
kesimden ¢ikan pasanin irilik indeksi degerleri
verilmektedir. Kesimde makine yiiriiylis hizi 6
cm/dk’da sabit iken zincir doniis hizi 0,9 m/sn ye
kadar arttik¢a zincir déniis basinci azalmakta, makine

olmamaktadir. Zincir hizi kesim hizim ¢ok fazla
etkilememis (Sekil 22), keski kesme derinligi ise
onemli ol¢lide azalmistir (Sekil 23). Zincir hizi
artisiyla birlikte pasa irilik indeksinin azaldig:
kesimden daha kiigiik boyutta pasa ¢iktigi
gozlemlenmistir (Tablo 6).

7
—~ 6
< 5 *\*f
E
T 4
N
T3
£
G 2
]
|
0 T T T T \
0,5 0,6 0,7 0,8 0,9 1
Zincir Hizi (m/sn)

Sekil 22, Limra ocaginda ana kesimde zincir hizinin kesim
hizina etkisi

_ 080

B

T 060

[a]

£ =0,40 \

g E

s 0,20

(]

wv

2 0,00 . . ; .

x 0,3 0,5 0,7 0,9 1,1
Zincir Hizi (m/sn)

Sekil 23. Limra ocaginda ana kesimde zincir hizinin keski
seti kesme derinligine etkisi

Natiirelmar Limra ocaginda kesimde yapilan
performans 6l¢ciim sonuclarina gore zincir hizi 0,9
m/sn’de sabit tutulup makine yiriylis hiz
artirildik¢a hem zincir doéntis basinci hem de makine
yuriiyiis basinci artmaktadir. Kesim hizinda artis
olmus (Sekil 24), kesme derinligi de artmistir (Sekil
25). Ancak yilrime hizi 10 cm/dk'dan fazla
oldugunda kesim hizi ve kesme derinliginde ¢ok
biiyiik artis olmamistir. Yiirime hizi 14 cm/dk’da
basing 120 bara gelmis ve kol ilizerine ytkiin asiri
bindigi ve kolun kastigi goézlemlenmistir. Makine

yiiriiyis ~ basincinda ~ 6nemli  bir  degisiklik yurliyiis hizinin artmasiyla beraber pasa irilik
Tablo 6. Natiirelmar limra ocaginda kesimde yapilan performans 6l¢ciim sonuclarinin zeti
Ayarlanan Ayarlanan Zincir Makine Keski seti Pasa
zincir donts makine doniis yuriyis Kesim hiz1 kesme irilik
hiz1 yuriyis hizi basinci basinci (m2/h) derinligi indeksi
(m/sn) (cm/dk) (bar) (bar) (mm)
0,54 6 80 14 5,56 0,76 370
0,63 6 78 15 5,37 0,63 -
0,72 6 68 13 517 0,53 357
0,81 6 60 15 4,97 0,45 -
0,9 6 57 14 4,77 0,39 332
0,9 6 42 80 4,37 0,36 328
0,9 8 44 95 6,52 0,53 -
0,9 10 45 100 7,38 0,60 401
0,9 12 43 115 7,56 0,62 -
0,9 14 47 120 7,98 0,65 413
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indeksinin arttig1 ve kesimden cikan pasanin da daha
biiylik boyutlarda oldugu gézlemlenmistir (Tablo 6).

Kesim Hizi (m2/h)

O R, N WRAUULION OO

9 11 13 15
Makine Yiiriiyiis Hizi (cm/dk)
Sekil 24. Limra ocaginda ana kesimde makine yiiriiytls
hizinin kesim hizina etkisi

wv
~

0,70
0,60
0,50

__ 040

E 0,30
0,20
0,10
0,00

—r

/
¥

Keski Seti Kesme Derinligi

1 6 11 16

Makine Yiiriiyiis Hizi (cm/dk)

Sekil 25. Limra ocaginda ana kesimde makine yiiriiytls
hizinin keski seti kesme derinligine etkisi

Ocakta operator tarafindan kesimde alinan ortalama
kesim miktarlar1 6 m?/h ile 6,5 m?/h arasindadur.
Kesimde zincir doéniis hizi 0,6 m/sn ile 0,7 m/sn
arasinda makine ylriyiis hizi ise 8 cm/dk ile 10
cm/dk arasinda alinirsa yaklasik olarak 6,5 m?/hile 7
m?/h arasinda iiretim gerceklesecektir. Sonug olarak
bu degerlerde {iretim miktar1 artist olacag:
gorilmektedir.

4. Tartisma ve Sonug¢

Zincirli kollu kesici makinenin ana kesim esnasinda
zincir hizinin artirilmasiyla keski seti kesme derinligi
azaldigindan pasa irilik indeksi de azalmakta yani
kesimden daha kiiciik boyutta kirint1 cikmaktadir.
Sabit makine yiriiyiis hizinda zincir hizi arttikca
makinenin daha rahat kestigi gorilmiistiir. Ancak
daha 6ncede belirtildigi gibi kesme derinligi diistik ise
pasa irilik indeksi azalacak yani pasanin parga boyutu
incelecek ve bunlarin sonucunda spesifik enerji
artacaktir. Genel olarak zincir hizindaki degisimin
kesme hizina ¢ok fazla bir etkisinin olmadig1 sadece
kesimin zorlugunu etkiledigi gorilmiistiir.

Ocaklarda zincirli kollu kesici ile yapilan kesme
deneyleri sonucunda makinede Olgiilen basing
degerleri ile makinenin zorlanma durumu (titresim
vb) gibi makine ile ilgili parametreler, kesme
derinligi, kesme hizi ve ¢ikan pasanin boyutu gibi
parametreler dikkate alinarak optimum c¢alisma
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kosullar1  belirlenmeye ¢alisilmis ve Oneriler
getirilmistir. Bu onerilen degerler ana kesimler de
uygulanarak kesimler tamamlanmistir.

Bu ¢alisma ve arastirmalar sonucunda, zincirli kollu
kesme makinelerinin c¢esitli sebeplerden dolay:
optimum kesme kosullarinda calismadigl
anlasilmaktadir. Optimum kosullarda calisabilecek bu
makinelerin ocaklarda bu belirlenen parametrelerde
calistirarak kesim yapilmasinda kesim veriminin
artisina ve hatta genel ocak veriminin de artisina
katki saglayacagi ortadadir. Ayrica bu belirlenen
optimum degerlerde kesim yapilmasinda makinenin

asirt1  zorlanmadan kesim yapmasindan makine

omriine de olumlu katki saglayacagi

unutulmamalidir.
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Abstract: In this study we compared the efficiency and robustness of several
estimators, namely, the least squares (LS) estimators, the Huber and Tukey M-
estimators, the S-estimators and the MM-estimators for the parameters of the
general linear regression (GLR) model via simulation. First, the programs for each
method were written by using Matlab. Then, an extensive simulation study was
conducted under several models. The results are consistent with the literature but
some important points were also found to be remarked. As the literature suggests, in
general, the MM-estimators are the most efficient estimators, and among the robust
estimators discussed here, the S-estimators are the least efficient ones. Naturally, the
LS estimators are badly affected by the deviations from the assumed model because
of their sensitive nature. Moreover, it was found that while the LS estimator of the
variance of the error term is unbiased, the robust estimators discussed here are
generally biased. Additionally, the MM-estimator of the variance of the error term is
less biased than the other robust estimators and its bias gets smaller faster as the
sample size increases compared to the others. At the end of the study, to be more
illustrative, two real life data examples were given with the related comments.

Genel Dogrusal Regresyon Modelinin Parametrelerine Yonelik Tahmin Edicilerin
Simiilasyon Yoluyla Karsilastirilmasi ve iki Gercek Hayat Veri Ornegi

Anahtar Kelimeler
Genel dogrusal regresyon
modeli,

En kiiciik kareler,
M-tahmin edicileri,
MM-tahmin edicileri,
S-tahmin edicileri,
Dayanikli

Ozet: Bu calismada genel dogrusal regresyon modelinin parametrelerine yonelik bir
¢ok tahmin edicinin ki bunlar en kiiciik kareler (EKK) tahmin edicileri, Huber ve
Tukey M-tahmin edicileri, S-tahmin edicileri ve MM-tahmin edicileri olmak iizere
etkinlik ve dayaniklihklarim simiilasyon yoluyla karsilastirdik. Oncelikle her bir
yontem icin Matlab kullanilarak program yazildi. Daha sonra bir ¢cok model altinda
kapsamli bir simiilasyon ¢alismasi yiiriitiildi. Sonuglar literatiirle uyumlu olmakla
beraber iistiinde durulmasi gereken bazi o6nemli noktalar da bulunmustur.
Literatliirde oOnerildigi sekilde genel olarak MM-tahmin edicileri en etkin tahmin
edicilerdir ve burada ele alinan dayanikl tahmin ediciler arasinda S-tahmin edicileri
en az etkinlige sahiptirler. Dogal olarak EKK tahmin edicileri hassas yapilar
sebebiyle varsayillan modelden sapmalardan kotii bir sekilde etkilenmektedirler.
Ayrica hata teriminin varyansinin EKK tahmin edicisi yansizken burada ele alinan
dayanikli tahmin edicilerinin genelde yanh oldugu bulunmustur. Bunun yaninda
hata teriminin varyansinin MM-tahmin edicisi diger dayanikli tahmin edicilere gore
daha az yanliyken 6rneklem hacmi arttikca da yan miktar1 digerlerine gore daha
hizli bir sekilde azalmaktadir. Calismanin sonunda daha aydinlatici olmasi igin ilgili
yorumlariyla beraber iki gercek hayat verisi 6rnegi verilmistir.

1. Introduction

Y= X

nx1

+ ¢
n><( p+l) (p+l)><1 nx1

(1)

The general linear regression (GLR) model covers
many particular cases and for this reason it can be
used for general purposes [1]. The GLR model can be
given as follows

* Corresponding author: ssazak@yahoo.com

119

Here, Y is the vector of the response variable, X is the
matrix of the independent variables, § is the vector of
the parameters, ¢ is the vector of the error term, n is
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the sample size and p is the number of slope
parameters. The assumptions related to Eq. (1) are

E(e)=0
Var(e) = 6°1
rank(X)=p+1

where [ is the identity matrix. The second assumption
implies constant variance and the independence of
the error terms (under normality). In some
situations, instead of the second assumption, the
following assumption can be made for flexibility
about the variance of the error terms and their
independence but at an expense of much more
complicated estimation process.

Var(e) =X

In real life, there are very rare situations where the
parameters are known. Thus, the sample should be
used effectively to estimate the parameters of
interest. The least squares (LS) method is generally
used for the estimation of the parameters since it is
very easy and straightforward but also known to be
very sensitive against deviations from the assumed
models and distributions. Quite many estimators
which are called robust have been proposed so far to
compensate for the sensitive nature of the LS
estimators but none of them were fully efficient
under normality although some of them possess
satisfactory efficiencies. In this study we intended to
compare the efficiency and robustness of the most
popular estimators related to the GLR model via
simulation. In the literature their efficiencies are
already known but there are more points to be
revealed about their properties. For this purpose, we
first wrote programs for each method by using
Matlab and conducted an extensive simulation study
by using our own programs. Using our own programs
in the simulations is an important contribution in the
area. We also found some interesting features of the
robust estimators of the variance of the error term.
Conducting the regression analysis of the real life
data sets using several graphical and numerical tools
is another merit of the study. This paper is organized
as follows. In Section 2 we give more detailed
information about the literature and the methods
used in this study. Section 3 presents the simulation
results and the related comments. In Section 4 two
real life data examples are given to illustrate the
usage of the mentioned methods in the estimation of
the parameters of interest with the related graphics
and comments. The final section includes discussion
and some concluding remarks.

2. The Literature Review and the Methods
Included in the Study

In this section we will introduce the methods used in
this study in detail.
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2.1. The least squares method

The LS method is based on finding the estimators
which minimizes the error sum of squares and used
in many areas because of its easiness in the
estimation process. Specifically, it is defined as
follows

(2)

n
min Zglz
i1

[t can also be defined by using the matrix format as

min ¢'s (3)
Depending on Eq. (1), taking the derivative w.r.t. g
gives the following LS estimator of g

B=(XX)XY 4

The LS estimator of ¢2 is the minimized errors sum

of squares divided by the degrees of freedom of the
residuals which is given below for our case as

5 -xp)lv-xz) ee

— - 5
n—-(p+1) n-(p+1) )

2.2. The weighted least squares method

The weighted least squares (WLS) method is based
on finding the estimators minimizing the weighted
error sum of squares. In fact both the WLS and the LS
are special cases of the generalized least squares
(GLS) which is based on finding the estimators
minimizing the Mahalanobis distance of the errors.
The WLS method with the given weights w; is

defined as

(6)

n
min ZWisiz
=

If we define W = diag(wi;i =1,...,n) , we can also give
nxn

its definition by using the matrix format as follows

min &'We

(7)

Taking the derivative w.r.t. g gives the following WLS
estimator

B=(XWX)XWY (8)

2.3. The iteratively reweighted least squares
algorithm

Most of the robust estimation methods require
iteration since they cannot be obtained explicitly. In
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order to solve them by iteration, generally, the
iteratively reweighted least squares (IRWLS)
algorithm is utilized. Andersen [2] gave the definition
of its steps as follows

Step 1: In the beginning, let iteration number g be
zero, q=0. 39 is obtained as an initial estimate by
using the LS method.

Step 2: At iteration number g, the residuals ei(q) are
obtained by using the estimate 3@. By using the
residuals e/, we calculate the estimate for the

standard deviation of the error term 6@ with the
median absolute deviation (MAD) from the formulas
given below as proposed by Hampel et al. [3].

6@ =1.4826 MAD (9)

MAD (e®) = median| e/¥ —median(e(¥) (10)

The coefficient 1.4826 in Eq. (9) is used to make the
estimator of the standard deviation unbiased under
normality (see Hampel et al. [3] for details).

Step 3: The residuals are standardized with 6 as

(a)

u® =% and the weights W% are obtained by
o

using u®.

Step 4: The WLS estimator 3%V is obtained which
minimizes the weighted error sum of squares

n

ZWi(q)giz . When expressed in the matrix format, it
i=1

can be given as below

f@ _ (x W (@ x )*1 X W @y (11)

where W (@ = diag(wi(“);i =1,...,n).

nxn

Step 5: The condition given in Eq. (12) is checked for
convergence at iteration q for a prespecified small
value 0 . The iteration stops at convergence.
Otherwise, we continue to Step 6.

“ A _ @ “

“ /}(q+1) <0

(12)

Step 6: Iteration number q is increased by 1 unit,
q=q+1. Then, we go to Step 2.

2.4. The least median of squares

The least median of squares (LMS) method was found
by Rousseeuw [4]. It is based on minimizing the
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median of the squares of the errors which is given
below
min median(s?) (13)

The LMS method is known to have high break down
point (BDP) but low efficiency under normality [5].

2.5. The M-estimators

The M-estimators were introduced by Huber [6] as a
result of a search to find a robust alternative for the
LS method which is known to be very sensitive to
possible shifts from the assumed model. The
principle of the M-estimation is minimizing the sum
of a selected p function of the errors instead of the

sum of squares of them. Thus, in this sense, the LS
method is a special case of the M-estimation method.
More specifically, the definition of the M-estimators
can be given by the following expression

min " p(z;) (14)
i=1

There are many alternatives for p function serving

different purposes which can be found in Tiirkay [7].
Though depending on the selection of p function, in

general, the M-estimators are robust with low BDP
and high efficiency w.r.t. the LMS estimators. In
general, p functions are not linear, and for this

reason, the estimation process requires iteration. It is
quite common to use the IRWLS algorithm to obtain
the estimators. Susanti et al. [8] gave an algorithm
which can be used to obtain the M-estimators. Its
only difference from the IRWLS algorithm is that it
includes some tests about the validity of the
regression model, the existence of outliers and the
significance of the independent variables in the
model. For the M-estimators, we used two weight
functions, namely, the Huber and Tukey bisquare
weight functions. The weight function of Huber is [7]

w :{ 1 ?f lui|<c (15)
c/|ui if |u|>c
The weight function of Tukey bisquare is [7]
2\2
W - (1-(%} J it Ju;|<c 16)

0 if Ju;|>c

We used ¢=1.345 and ¢=4.685 in our study,
respectively, for the cases of the Huber and Tukey M-
estimation as suggested by Holland and Welsch [9] to
maintain 95% asymptotic efficiency w.r.t. the LS
estimators under normality.
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2.6. The S-estimators

The S-estimators which possess high BDP were found
by Rousseeuw and Yohai [10]. They are called the S-
estimators because they are based on the scale
estimation of the errors. It is the generalized form of
the LMS method [11]. The S-estimation method
minimizes the sum of the function p of the scaled

errors satisfying the conditions defined in Rousseeuw
and Yohai [10]. It is aimed to increase the efficiency
of the LMS method by using a robust but more
efficient scale estimator than the median [8]. In this
sense, it is defined by the following expression

n
g.
min Zp(_l) (17)
i-1 Os

For a specific sample, according to Rousseeuw and
Yohai [10], the following equation is solved to obtain
the S-estimators

I e
- iy=K
- _2:1 p(&s) (18)

Here, K is the expected value of p under the standard
normal distribution, & is the S-estimator of scale for
the error term and e; are the residuals calculated by
using the S-estimator of the g vector [5]. Susanti et

al. [8] gave an algorithm to obtain the S-estimators as
follows

Step 1: 3 is obtained as an initial estimate by using
the LS method.

Step 2: The residuals e; =Y, —Y, are obtained by
using the latest estimate j.

Step 3: By using the residuals obtained in the
previous step, we calculate the estimate for the
standard deviation of the error term by using the
following formula

1.4826 MAD  for iteration =1
(19)

n
iZ:wiei2 for iteration > 1
nK 4=

Step 4: The residuals are standardized as u; = S

S

Step 5: The weights W; are obtained by the following
formula

122

2
[1(‘“] ] it |u|<c
¢ for iteration =1
Wi 0 if ‘ui‘ >c (20)
for iteration >1

Step 6: § is obtained from Eq. (8) by using the
weights w; by utilizing the WLS method.

Step 7: The steps 2-6 are repeated till convergence
between the latter and former estimates is
established.

Rousseeuw and Yohai [10] suggested using c=1.547
so that the BDP of the S-estimators is 0.5 (50%).
Stuart [12] stated that the following objective
function p(u;) which is associated with the Tukey

bisquare weight function can be used in obtaining the
S-estimators

ulou o uw e
5 = +— if |u|<c
pU;) = %, % (21)
- if |u|>c
6

By taking numerical integration in Matlab, we
obtained the corresponding BDP values for some
specific values of ¢ and K where K is directly related
to the value of c. Rousseeuw and Yohai [10] also
provided the asymptotic relative efficiencies of the S-
estimators for some selected values of ¢ w.r.t. the LS
estimators under normality. Table 1 given here is in
exact conformity with the corresponding tables in
Rousseeuw and Yohai [10] and Stuart [12].

It was noted by Rousseeuw and Yohai [10] that the S-
estimators with the tuning constant ¢=1.547 can
hardly be used as a final estimate because of a very
low asymptotic efficiency of 28.7% w.r.t. the LS
estimators under normality but they can be used as
an initial estimate because of the high BDP of 50%.

Table 1. The asymptotic relative efficiency and BDP of the
S-estimators corresponding to some selected values of ¢
and K for the Tukey bisquare function

BDP Efficiency c K

50% 28.7% 1.547 0.1995
45% 37.0% 1.756 0.2312
40% 46.2% 1.988 0.2634
35% 56.0% 2.251 0.2957
30% 66.1% 2.560 0.3278
25% 75.9% 2.973 0.3593
20% 84.7% 3.420 0.3899
15% 91.7% 4.096 0.4194
12% 95.0% 4.685 0.4368
10% 96.6% 5.182 0.4475
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2.7. The MM-estimators

The MM-estimators were found by Yohai [13] to
maintain both high efficiency under normality and
robustness with high BDP at the same time. He
suggested using the S-estimators with the tuning
constant c=1.547 in the early stage to maintain a BDP
of 50%, and using the S-estimators for the standard
deviation and the M-estimators for g both with the

tuning constant ¢=4.685 in the remaining stages to
maintain an asymptotic relative efficiency of 95%
w.r.t. the LS estimators under normality using the
Tukey bisquare function in all stages. The steps of the
algorithm to obtain the MM-estimators are [8]

Step 1: 3 is obtained as an initial estimate by using

the S-estimation method with the tuning constant
c=1.547.

Step 2: The residuals e; =Y, —Y, are obtained by

using the latest estimate 3.

Step 3: By using the residuals obtained in the
previous step, we calculate the estimate for the
standard deviation 6 by using the S-estimation

method but with the tuning constant c=4.685.

Step 4: The residuals are standardized as u; = ?—i .
Os

Step 5: The weights w; are obtained by using the
Tukey bisquare function as in Eq. (16) with c=4.685.

Step 6: j is obtained from Eq. (8) by using the
weights W; by utilizing the WLS method.

Step 7: The steps 2-6 are repeated till convergence
between the latter and former estimates is
established.

3. The Simulation Results

In order to compare the efficiency and robustness of
the estimators mentioned in this paper, namely, the
LS estimators, the Huber and Tukey M-estimators,
the S-estimators and the MM-estimators, an extensive
simulation study was conducted including several
models. Although all the programs in this study were
written in Matlab for the GLR model given in Eq. (1),
for easy interpretation and commentary, the
simulations were conducted for the simple linear
regression model which is a special case of the GLR
model and also given below (see Mutlu [14] for
details)

Y=0F+/X+e (22)
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In this model, g, is the intercept, g, is the slope
parameter and ¢ is the error term. Without loss of
generality, g, =0, B, =1 and o?=1. The sample

sizes were taken as n=30, 50 and 100 for
nn=[300000/n] Monte Carlo runs. The models
(distributions) included in this study are

Model 1: Bivariate normal;

X ~N(0,), £~ N(021)

Model 2: Design variable X and normal error term;
X =1...n, ¢~ N(01

Model 3: Mixture type outlier model;

X

1,...0, &~z N(k?)+@-7)N(0]), 7=0.1
Model 4: Dixon'’s outlier model;
X =1...n, £~ N(O,k?)+(n—r) N(0J),r =[0.5+0.1n]

Remark: For the models 2-4, X is a design variable
instead of a normally distributed (or a stochastic)
variate. Although this is not realistic in most of the
situations in real life, X is generally assumed to be a
design variable in regression analysis for easiness in
theoretical inferences. See Sazak et al. [15] for a
detailed discussion on this topic. Since this is quite
common in the literature, we took X as a design
variable for these models.

We produced f,, §; and 62 for all the estimators we

mentioned before and obtained their simulated
means, biases, variances and mean square errors
(mse), and calculated the relative efficiency (REff) of

the estimators w.r.t. the LS estimators. The REff of él

W.I.t. éz, both being the estimators of 8, can be
given by the following formula

AA mse é
REFF (4, | ,) = 1007202 (23)
mse(6;)
For all the iterative algorithms, we used ¢ =0.00001
in Eq. (12) to check whether the convergence is
established. For easy interpretation, we scaled the

errors by dividing them by \/1—7[+7rk2 and
J=(r/n)+(r/n)k? 3 4,

respectively, so that 0% =1. For these models, we
took k=3.

for model and
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Table 2. The simulated values for the model 1 with n=30

Po B o?

LS 0.001489  1.000279  0.999613

HuberM  0.001497  0.999944  0.944790

mean TukeyM  0.001333  0.999670  0.941852
S 0.000706  1.000546  0.878201

MM 0.001425  1.000059  0.937580

LS 0.001489  0.000279  -0.000387

HuberM  0.001497 -0.000056 -0.055210

bias  TukeyM  0.001333 -0.000330 -0.058148
S 0.000706  0.000546  -0.121799

MM 0.001425  0.000059 -0.062420

LS 1.033659 1.121631 2.145740

Huber M 1.094252 1.184038 5.102216
nxvar TukeyM  1.123756 1.216181  5.087551
S 1.436233  1.590554  3.311405

MM 1.084026 1.173604 1.923670

LS 1.033726 1.121633 2.145745

HuberM  1.094319  1.184038  5.193660
nxmse TukeyM  1.123810 1.216184  5.188986
S 1.436248  1.590563  3.756454

MM 1.084087 1.173604  2.040559

LS 100.0000  100.0000  100.0000

Huber M 94.4629 94.7295 41.3147

REff Tukey M 91.9840 92.2256 41.3519
S 71.9740 70.5180 57.1216

MM 95.3545 95.5717 105.1547

Table 3. The simulated values for the model 1 with n=50

Depending on the simulation results, in general, we
see a quite good efficiency of the MM-estimators even
for the bivariate normal distribution. We see that all
the estimators of B, and g, produce unbiased

estimates. When we investigate the estimation of 42,
all the estimators have downward bias other than the
LS estimator. In general, the biases of the robust
estimators tend to decrease as the sample size
increases but the bias of the S-estimator of ¢ is the
largest of all. For this model, as expected, the best
performance was shown by the LS estimators but the
MM-estimators have quite high efficiencies compared
to the other robust estimators. The MM-estimator of
o has higher efficiency than the LS counterpart with
the advantage of producing a biased estimator.
Although this may sound weird, some methods
deliberately produce bias to have smaller variance
and mse such as ridge regression. As the sample size
increases, the bias of the MM-estimator of &2
becomes almost zero which makes it slightly less
efficient than the LS estimator but its efficiency is still
quite impressive such as 99.71%. The worst
performance was shown by the S-estimators for the
model 1. This is not a surprising result since the S-
estimators are generally used for the initial stages in
iterations.

Table 4. The simulated values for the model 1 with n=100

Bo

B

2

Po B o?

LS 0.001333  1.000241 0.999707
Huber M  0.001097  0.999719  0.982784
mean TukeyM  0.000892  0.999861 0.981396

S 0.000767  0.999654  0.962741
MM 0.000974  0.999879  0.980696
LS 0.001333  0.000241  -0.000293

Huber M  0.001097 -0.000281 -0.017216
bias TukeyM  0.000892 -0.000139 -0.018604

S 0.000767 -0.000346 -0.037259
MM 0.000974 -0.000121 -0.019304
LS 1.002436  1.043011 2.049762

Huber M  1.041683  1.090182 5.204749
nxvar TukeyM  1.045447  1.094382 5.199698

S 1.356219  1.396886 3.516815
MM 1.039586  1.086767  2.018372
LS 1.002614  1.043017  2.049771

HuberM  1.041804  1.090190  5.234387
nxmse TukeyM  1.045527 1.094384  5.234308

o
LS 0.001380 1.000013 0.999432
Huber M 0.001154 0.999671 0.968208
mean TukeyM 0.000986 0.999679 0.965943
S 0.000897  0.999442 0.926836
MM 0.001103  0.999801 0.962087
LS 0.001380  0.000013  -0.000568
Huber M 0.001154 -0.000329 -0.031792
bias  TukeyM 0.000986 -0.000321 -0.034057
S 0.000897 -0.000558 -0.073164
MM 0.001103 -0.000199  -0.037913
LS 1.026472  1.072909 2.099407
Huber M 1.075403  1.122060 5.187122
nxvar TukeyM 1.089619 1.137526 5.162613
S 1.406942 1.467706 3.499878
MM 1.071375 1.117582 1.986270
LS 1.026567  1.072909 2.099423
Huber M 1.075470 1.122066 5.237660
nxmse TukeyM 1.089667 1.137531 5.220606
S 1.406983  1.467722 3.767527
MM 1.071436  1.117584 2.058141
LS 100.0000 100.0000 100.0000
Huber M  95.4529 95.6191 40.0832
REff  TukeyM  94.2092 94.3191 40.2142
S 72.9623 73.1003 55.7242
MM 95.8122 96.0025 102.0058

S 1.356278  1.396898 3.655640
MM 1.039681 1.086769  2.055635
LS 100.0000  100.0000 100.0000

Huber M 96.2383 95.6729 39.1597

REff  Tukey M 95.8956 95.3063 39.1603
S 73.9239 74.6667 56.0715

MM 96.4348 95.9742 99.7147

Tables 2-4 include the simulation results for the

model

1 for n=30, 50 and 100,

respectively.

We give the simulation results for the model 2 in
Tables 5-7. The results are quite similar with those in
the model 1.
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Table 5. The simulated values for the model 2 with n=30

Table 7. The simulated values for the model 2 with n=100

Po B o? Bo b1 o’
LS 0.003337  0.999842 1.003854 LS -0.001105  1.000039 1.003695
Huber M  0.003404  0.999847 0.949110 Huber M  -0.000274 1.000037  0.986725
mean TukeyM  0.003845  0.999846 0.945773 mean TukeyM -0.000314 1.000040 0.986074
S 0.005157  0.999749 0.882981 S -0.001225 1.000059  0.967540
MM 0.003903  0.999836 0.942574 MM -0.000654 1.000044  0.985599
LS 0.003337 -0.000158 0.003854 LS -0.001105  0.000039  0.003695
HuberM  0.003404 -0.000153  -0.050890 HuberM  -0.000274  0.000037  -0.013275
bias TukeyM  0.003845 -0.000154  -0.054227 bias TukeyM -0.000314 0.000040 -0.013926
S 0.005157 -0.000251  -0.117019 S -0.001225 0.000059  -0.032460
MM 0.003903 -0.000164 -0.057426 MM -0.000654  0.000044  -0.014401
LS 4115740  0.013261 2.158996 LS 3.913309  0.001211 2.023032
Huber M  4.342526  0.013989 5.100173 Huber M  4.133156  0.001274  5.267381
nxvar TukeyM  4.458823  0.014340 5.072576 nxvar TukeyM  4.141214  0.001278 5.251880
S 5.809854  0.018699 3.349994 S 5.364764  0.001626 3.653573
MM 4307334 0.013878 1.948387 MM 4.098923  0.001267  2.019453
LS 4116074  0.013262 2.159442 LS 3913431 0.001212 2.024397
Huber M  4.342873  0.013990 5.177867 Huber M  4.133164  0.001274  5.285004
nxmse TukeyM  4.459266 0.014341 5.160792 nxmse TukeyM  4.141224  0.001278 5.271272
S 5.810652  0.018701 3.760800 S 5.364914  0.001626 3.758937
MM 4307791  0.013879 2.047320 MM 4.098965 0.001267  2.040192
LS 100.0000  100.0000 100.0000 LS 100.0000  100.0000 100.0000
Huber M 94.7777 94,7948 41.7052 Huber M 94.6837 95.0919 38.3046
REff ~ Tukey M 92.3038 92.4763 41.8432 REff  Tukey M 94.4994 94.7722 38.4043
S 70.8367 70.9162 57.4198 S 72.9449 74.5178 53.8556
MM 95.5495 95.5550 105.4765 MM 95.4736 95.6138 99.2258

Table 6. The simulated values for the model 2 with n=50

Bo

B

2

o
LS -0.000948 1.000072  1.003932

Huber M  -0.000097 1.000051 0.972852

mean TukeyM -0.000329 1.000068 0.970896
S 0.001156 1.000007 0.931397

MM -0.000342 1.000068 0.967362

LS -0.000948 0.000072  0.003932

Huber M  -0.000097 0.000051 -0.027148

bias TukeyM -0.000329 0.000068 -0.029104
S 0.001156 0.000007 -0.068603

MM -0.000342 0.000068 -0.032638

LS 3.975830 0.004751 2.089644

Huber M  4.228725 0.005057 5.243984

nxvar TukeyM  4.272772 0.005109 5.211853
S 5.635368 0.006741 3.504558

MM 4.194087 0.005018 1.987915

LS 3.975875 0.004752  2.090417

Huber M  4.228726 0.005058 5.280835
nxmse TukeyM  4.272778 0.005109 5.254204
S 5.635435 0.006741 3.739876

MM 4.194093 0.005018 2.041177

LS 100.0000 100.0000 100.0000

Huber M 94.0206 93.9492 39.5850

REff  Tukey M 93.0513 93.0001 39.7856
S 70.5513 70.4876 55.8954

MM 94.7970 94.6913  102.4124
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In this part of the study we investigate the robustness
of the estimators we mentioned before by using the
model 3 and 4. The simulation results belonging to
the model 3 are given in Tables 8-10. This model
represents the mixture type outlier model. For g,

and g, , although there are no big differences

between the M-estimators and the MM-estimators, in
general, we can say that the MM-estimators
outperform the M-estimators. The LS estimators are
the least efficient ones because of their sensitive
nature. The S-estimators show the worst
performance among the robust estimators mentioned
here. For %, we see very interesting results. The
only unbiased estimates are produced by the LS
estimator and all the robust estimators produce
downward bias and this downward bias does not get
smaller as the sample size increases. This fact makes
the LS estimator of ¢?, asymptotically the most
efficient one. Although the robust estimators are
taking advantage of their bias compared to the LS
estimator for small sample sizes (such as 30), as the
sample size increases, their relative efficiencies drop
steadily and dramatically. Most of the robust
estimators of o2 get worse than the LS estimator
after the sample size of 30. The only robust estimator
of o2 which survives after 30 is the MM-estimator.
Even at the sample size of 100, it is 113.61% efficient
w.r.t. the LS estimator of ¢2 but surely, it will not last
so long since the bias stays the same.
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Table 8. The simulated values for the model 3 with n=30

Table 10. The simulated values for the model 3 with n=100

Bo b1 o’ Po b1 o’
LS 0.001812  0.999928  1.004437 LS -0.000890 1.000031 1.003803
Huber M 0.002853 0.999862  0.625516 HuberM  -0.000530 1.000035 0.644339
mean TukeyM 0.003889 0.999802  0.622030 mean TukeyM -0.000420 1.000031 0.643750
S 0.004803 0.999774  0.589114 S -0.000734 1.000051 0.638170
MM 0.002743  0.999852 0.795836 MM -0.001269 1.000040 0.804471
LS 0.001812 -0.000072  0.004437 LS -0.000890 0.000031 0.003803
Huber M 0.002853 -0.000138 -0.374484 HuberM  -0.000530 0.000035  -0.355661
bias TukeyM 0.003889 -0.000198 -0.377970 bias  TukeyM -0.000420 0.000031  -0.356250
S 0.004803 -0.000226 -0.410886 S -0.000734  0.000051  -0.361830
MM 0.002743 -0.000148 -0.204164 MM -0.001269 0.000040 -0.195529
LS 4.146446  0.013257 7.600526 LS 3.972222 0.001215 7.619661
Huber M 3.042198 0.009834  2.342228 HuberM  2.820909 0.000866 2.335945
nxvar TukeyM 3.049290 0.009853  2.331207 nxvar TukeyM  2.764601 0.000854 2.355297
S 3.612089 0.011630  1.622072 S 3.289559 0.000987 1.696334
MM 3.023759 0.009782  3.167211 MM 2.765930 0.000857 2.884842
LS 4.146544 0.013257 7.601116 LS 3.972301 0.001215 7.621107
Huber M  3.042442 0.009835  6.549373 HuberM  2.820937 0.000866  14.985453
nxmse TukeyM 3.049744 0.009854 6.617053 nxmse TukeyM  2.764619 0.000854  15.046700
S 3.612781 0.011631  6.686889 S 3.289613 0.000987  14.788463
MM 3.023985 0.009782  4.417699 MM 2.766091 0.000858 6.707997
LS 100.0000 100.0000  100.0000 LS 100.0000 100.0000 100.0000
HuberM 136.2900 134.7958  116.0587 HuberM  140.8150 140.3023 50.8567
REff  TukeyM 135.9637 134.5325 114.8716 REff  TukeyM  143.6835 142.2524 50.6497
S 114.7743 1139761  113.6719 S 120.7528 123.0198 51.5341
MM 137.1219 135.5210 172.0605 MM 143.6071 141.6382 113.6123

Table 9. The simulated values for the model 3 with n=50

Bo b1 o’

LS -0.001575 1.000089  1.004148

Huber M  -0.000906 1.000069 0.637626

mean TukeyM -0.000779 1.000069 0.634845
S 0.000942 1.000013 0.617546

MM -0.001254 1.000074 0.800916

LS -0.001575 0.000089 0.004148
Huber M  -0.000906 0.000069 -0.362374
bias TukeyM -0.000779 0.000069 -0.365155
S 0.000942 0.000013 -0.382454
MM -0.001254 0.000074 -0.199084

LS 3.999825 0.004730 7.563032

Huber M 2917305 0.003494  2.292132

nxvar TukeyM  2.893122 0.003476 2.300236
S 3.498770 0.004157 1.660401

MM 2.867689 0.003459 2.995086

LS 3.999949 0.004730 7.563892

Huber M 2917346 0.003495 8.857890

nxmse TukeyM  2.893153 0.003476 8.967129
S 3.498814 0.004157 8.973945

MM 2.867768 0.003459 4.976805

LS 100.0000 100.0000 100.0000

HuberM  137.1091 135.3626  85.3916

REff  TukeyM  138.2557 136.0714  84.3513
S 114.3230 113.7934  84.2873

MM 139.4795 136.7475 151.9829
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Tables 11-13 include the simulation results for the
model 4 which represents the Dixon’s outlier model.
For this model, the effect of the outliers on the LS
estimators is more devastating than that in the model
3. Here, for B, and pB,, the M-estimators are

performing better than the MM-estimators. Among
the M-estimators, there are no big differences. Again
for B, and B;, compared to the model 3, the S-
estimators are doing better, at least not as bad as
they are doing in the model 3. When we investigate
the situation in the estimation of ¢2, we see that,
similar to the model 3, all the robust estimators have
downward bias and it stays the same regardless of
the sample size but the effect of this bias is much
more devastating than that in the model 3. Even at
the sample size of 30, only the MM-estimator could
survive since only the MM-estimator is better than
the LS estimator of ¢2. For the large sample size
(n=100), even the efficiency of the MM-estimator
drops below 100% (91.89%) w.r.t. the LS estimator.
The M-estimators and the S-estimator of 2 are very
badly affected from the bias similar to the model 3
but here the situation is much worse. This simulation
result also shows the asymptotic superiority of the LS
estimator of o2 because of its unbiasedness, surely
for the distributions with finite mean and variance.
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Table 11. The simulated values for the model 4 with n=30

Table 13. The simulated values for the model 4 with n=100

Bo b1 o’ Bo b1 o’
LS 0.006609  0.999687 0.975827 LS -0.002047 1.000047  0.997094
HuberM  0.004079  0.999825 0.628920 Huber M  -0.000643 1.000034  0.644137
mean TukeyM  0.002677 0.999897 0.622735 mean TukeyM -0.000302 1.000030 0.642874
S 0.003628  0.999827 0.582426 S -0.002288  1.000065  0.636052
MM 0.004482 0.999802 0.775523 MM 0.000028  1.000023  0.800574
LS 0.006609  -0.000313  -0.024173 LS -0.002047 0.000047 -0.002906
HuberM  0.004079  -0.000175 -0.371080 Huber M  -0.000643 0.000034 -0.355863
bias  TukeyM  0.002677 -0.000103  -0.377265 bias TukeyM  -0.000302  0.000030 -0.357126
S 0.003628 -0.000173  -0.417574 S -0.002288  0.000065 -0.363948
MM 0.004482  -0.000198  -0.224477 MM 0.000028  0.000023  -0.199426
LS 8.527658  0.021458 5.368042 LS 8.095279  0.001940  5.380468
Huber M 5.103122 0.013861 2.238542 Huber M  4.702883  0.001223  2.313005
nxvar TukeyM  5.135022 0.014034 2.217537 nxvar TukeyM  4.691248  0.001213  2.333000
S 5.385578  0.015130 1.467573 S 4892428 0.001298 1.604173
MM 5.208504  0.014078 1.958859 MM 4816244  0.001240 1.878930
LS 8.528968  0.021461 5.385571 LS 8.095698  0.001940  5.381312
HuberM  5.103621  0.013862 6.369550 Huber M  4.702925  0.001223 14.976870
nxmse TukeyM  5.135237  0.014035 6.487409 nxmse TukeyM  4.691257 0.001214 15.086909
S 5.385973 0.015131 6.698603 S 4.892952  0.001299 14.849970
MM 5.209106  0.014080 3.470560 MM 4.816244  0.001240  5.855995
LS 100.0000 100.0000 100.0000 LS 100.0000  100.0000  100.0000
Huber M  167.1160 154.8168 84.5518 HuberM  172.1418  158.6241 35.9308
REff TukeyM  166.0871 152.9132 83.0158 REff  TukeyM  172.5699  159.8695 35.6688
S 158.3552 141.8333 80.3984 S 165.4563  149.3665 36.2379
MM 163.7319 152.4235 155.1788 MM 168.0915  156.4915 91.8941

Table 12. The simulated values for the model 4 with n=50

Po b1 o’

LS -0.000190 1.000042  0.995350

Huber M  -0.000022 1.000036 0.637060

mean  Tukey M 0.000774  1.000021  0.632556
S -0.001331 1.000069  0.612412

MM -0.000125 1.000043  0.792943

LS -0.000190 0.000042 -0.004650

Huber M  -0.000022 0.000036 -0.362940
bias Tukey M 0.000774  0.000021 -0.367444
S -0.001331 0.000069 -0.387588

MM -0.000125 0.000043 -0.207057

LS 8.405250 0.007788  5.437603

Huber M 4.909027 0.004933  2.244378

nxvar  Tukey M 4906349 0.004928  2.233783
S 5.144559  0.005396  1.533913

MM 5.019659 0.004994 1.974759

LS 8.405252  0.007788  5.438684

Huber M 4.909027 0.004933  8.830636

nxmse Tukey M 4906379  0.004928  8.984543
S 5.144647  0.005396  9.045138

MM 5.019659 0.004994  4.118397

LS 100.0000 100.0000  100.0000

Huber M 171.2203  157.8654 61.5888

REff Tukey M 171.3127  158.0146 60.5338
S 163.3786  144.3154 60.1283

MM 167.4467 1559370  132.0583
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4. Real Life Data Examples

In this section we illustrate the methods explained in
this study with two real life data examples. For both
examples we will explore the data sets in detail using
several graphical and numerical tools and give the
results with the related comments.

4.1. The real life data example 1

For the first example we will work on the R air
quality data set containing 153 daily readings of air
quality values between May 1 and September 30 in
1973 from New York including 6 variables. Because
of the missing values in the data set, only 111
observations will be used in the regression analysis
[12]. The response variable Y is the mean ozone
concentration (in parts per billion) from 13:00 to
15:00 hours at Roosevelt Island. There are three
independent variables which are X;; the solar

radiation in Langleys in the frequency band 4000-
7700 from 08:00 to 12:00 hours at Central Park, X,;

the average wind speed (in miles per hour) between
07:00 and 10:00 hours at LaGuardia Airport and X;;

the maximum daily temperature
Fahrenheit again at LaGuardia Airport.

in degrees

First we assume that the GLR model given in Eq. (1)
and the very general conditions related to this model
given just after it are right which we will check in the
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following stages. Then, we obtain and give the
parameter estimates produced by the estimators
mentioned in this study in Table 14. It is quite
surprising to see that the S-estimators produced the

smallest MSE and the largest R? values with great
differences from the corresponding values produced
by the other estimators despite the known low
efficiency of the S-estimators in the literature. While
the Huber and Tukey M-estimators and the MM-
estimators produced close results, the Huber M-
estimators are slightly worse. The LS estimators
produced the poorest result regarding the MSE and
R?. Now we will investigate the validity of the model,
the assumptions and possible outliers if any. Please
note that the estimate of 52 and the MSE value for
the LS method are the same while for the other
methods they are different.

Table 14. The regression estimates for the example 1

LS Hub.M  Tuk M S MM

Bo  -64342 -78862 -84.704 -83.902 -84.107
p1 1.652 1.750 1.782 1.799 1.780
£ -3.334  -2.656 -2.298 -2.768 -2.344
Ps  0.060 0.049 0.045 0.049 0.046
o2  448.624 314.227 324.661 281.779 361.789
MSE 448.624 291.179 236.205 58324 246.935
R2  0.606 0.657 0.679 0.765 0.675

In order to verify the current model, we conduct
residual analysis based on the LS estimates. The plot

of Y vs. the studentized deleted residuals () is

given in Figure 1 (see Neter et al. [1] for the
definitions).

6 T T T T T T
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Figure 1. The plot of Y vs. tici for the example 1

Figure 1 shows no sign of a mispecified model or
invalidity of the assumptions since the residuals are
randomly distributed without any systematic band
while showing a couple of positive outliers one of
which being very extreme and tagged on the plot. The
boxplot of t,; given in Figure 2 also supports the
existence of the outliers.

128

<X
o

Values

2k — 4

:
1
Column Number

Figure 2. The boxplot of ticiy for the example 1

The quantile-quantile (Q-Q) plot of t . under

[0)
normality is given in Figure 3 which is in fact needed
just for the hypothesis testing process and the
possible full efficiency of the LS estimators. It also
shows the existence of the outliers one of which being
very extreme while also showing the approximate
normality of the remaining residuals.

QQ Plot of Sample Data versus Standard Normal
T T T T T

X:2.612
Y:5.144

Quantiles of Input Sample

3 c c : c c
-3 -2 -1 0 1 2 3
Standard Normal Ouantiles

Figure 3. The Q-Q plot of tici for the example 1

From all the plots obtained here, we can observe that
there are totally 3 outliers one of which being very
extreme. These are, from the largest magnitude to the
smallest, the 77% (t, , =5.1440), the 34" (¢, =2.8963)

and the 23 (t;; =2.6813) observations. One should

discard these observations unless a robust method is
utilized. The existence of the outliers may be the
reason of the high performance of the S-estimators
for this real life data set.

4.2. The real life data example 2

For the second example we will work on the data set
obtained from 22 patients who applied to Hacettepe
University Hospital in Ankara, the capital city of
Turkey [16]. The data set contains 3 independent
variables, X; ; the amount of the osteocalcin

hormone, X, ; the amount of the parathyroid
hormone and Xj; the age. The response variable Y is

the bone mineral density. Again, we assumed the GLR
model and the related conditions in the first place
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and obtained the estimates depending on them. The
estimates are given in Table 15. It is again surprising
to see that the best result is obtained by using the S-
estimators regarding the MSE and R2 although the S-
estimators are known to be inefficient compared to
the other robust estimators. The MSE and R? values
of the other robust estimators are very close to each
other. The LS estimators show the poorest
performance producing the largest MSE and the

lowest R? values.

Table 15. The regression estimates for the example 2

LS Hub.M  Tuk M S MM
Bo 1.0874  1.0772 1.0856 1.0446  1.0853
b 0.0288  0.0335 0.0340 0.0402 0.0336
B2 -0.0022 -0.0024 -0.0024 -0.0025 -0.0024
B3 -0.0060 -0.0061 -0.0062 -0.0059 -0.0062
o’ 0.0039  0.0031 0.0030 0.0022 0.0032
MSE  0.0039  0.0031 0.0029 0.0005  0.0029
R? 0.4029  0.4842 0.5047 0.7424  0.4970

Now we will investigate the validity of the model and
the assumptions accepted in the beginning of the

study. The plot of YV vs. ti; is given in Figure 4. This
plot verifies that the model is right and the
assumptions are valid since there is no systematic
behavior and any change in the variability of the
residuals. We just observe one outlier on the negative
side of the residuals, possibly showing an observation
which is much smaller than the others. This outlier is

also detected by the boxplot given in Figure 5.
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Figure 4. The plot of Y vs. tici

| ]

1 ]

x: 1
Y: -2.794 7

for the example 2

Values

N
1
Column Number

129

Figure 5. The boxplot of tici for the example 2

The Q-Q plot of tig)

6. The Q-Q plot shows that there is one outlier and
the rest of the residuals have almost a perfect normal
distribution. The outlier is the 7t observation with
=-2.7939.

under normality is given in Figure

tiy

QQ Plot of Sample Data versus Standard Normal
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Figure 6. The Q-Q plot of ticiy for the example 2
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Again for this real life data set, we can say that the S-
estimators may be better because of the existing
outlier since they are known with their extreme
robustness despite their inefficiency compared to the
other robust estimators.

5. Discussion and Conclusion

In this study we compared several estimators for the
parameters of the GLR model including the LS
estimators, the Huber and Tukey M-estimators, the S-
estimators and the MM-estimators via simulation by
using our own programs written in Matlab. We
obtained results consistent with the literature but
also found some interesting results to be remarked.
The MM-estimators are, in general, the most efficient
ones as expected. The S-estimators are the least
efficient ones among the robust estimators studied in
this paper. The LS estimators are naturally the most
efficient ones under normality but too sensitive to the
deviations from the assumed models. We have also
found that the robust estimators of the variance of
the error term are generally biased and in some
situations they stay biased despite the increase in the
sample size whereas the LS estimator of the variance
of the error term is always unbiased. Among the
robust estimators of the variance of the error term,
the MM-estimator is less biased than the others and
its bias tends to get smaller faster compared to the
others in most of the situations. In order to be more
illustrative, we gave two real life data examples using
some extra statistical measures and graphics to check
the validity of the GLR model and the assumptions

made. We also gave the values of the MSE and R? for

the comparison of the estimators mentioned here.
Surprisingly, the S-estimators showed brilliant
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performance in both examples despite their known
low efficiency compared to the other robust
estimators. The existence of the outliers may be the
reason of this performance. This fact also made the LS
estimators the worst of all. The case studies are
beneficial for illustration but they are also useful to
see that all the real life data sets are original and they
have to be considered on their own.
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Abstract: In this study, it was aimed to reveal aroma-active compounds and
sensory properties of Cokelek cheese made from milk, yogurt and Tuluk yogurt.
For this purpose, aroma active compounds in Cokelek samples were determined
by Gas Chromatography-Olfactometry. Furthermore, sensory properties of cheese
samples were determined by Spectrum® analysis. As result, 17 identified and 2
unknown aroma active compounds were determined in Cokelek samples. Butyric
acid, Furaneol® and sotolon were identified at high intensities in all cheeses. It
was determined that the intensity of butyric acid was higher in Cokelek made from
yogurt while the intensities of Furaneol®and sotolon were found to be higher in
Cokelek made from milk. “Cooked”, “Whey”, “Creamy”, “Rancid” “Fermented”,
“Yeast”, “Sour”, “Salty”, “Sweet” and “Umami” were defined as characteristic
sensory terms for Cokelek cheeses. It was determined that cooked, creamy and
sweet were perceived in Cokelek made from yogurt while yeast aroma was found
to be a higher in Cokelek made from Tuluk yogurt.

Farkli Yontemlerle Uretilen Cokelek Peynirinin Aromatik ve Duyusal Ozellikleri

Anahtar Kelimeler
Cokelek peyniri,
Aroma aktif bilesen,
GC-Olfaktometri

Ozet: Bu calismada siit, yogurt ve tuluk yogurdundan yapilan Cékelek peynirinin
aroma aktif bilesenleri ve duyusal 6zeliklerinin ortaya ¢ikarilmasi amacglanmistir.
Bu amacla, c¢okelek orneklerinin aroma aktif bilesenleri Gaz kromatografi
Olfaktometri (GCO) yontemi kullanilarak belirlenmistir. Ayrica, peynir
orneklerinin duyusal 6zellikleri Spectrum® analizi kullanilarak tespit edilmistir.
Sonug olarak, Cokelek orneklerinde toplam 17 adet tamimlanmis ve 2 adet de
bilinmeyen aroma aktif bilesen belirlenmistir. Biitirik asit, Furaneol® ve sotolon
gibi bilesenlerin ¢okelek 6rneklerinde yiiksek yogunlukta oldugu tespit edilmistir.
Biitirik asitin aroma yogunlugunun yogurttan iiretilen ¢okelekte en yiiksek oldugu,
Furaneol® ve sotolonun ise siitten yapilan ¢okelek peynirlerinde ytiksek oldugu
belirlenmistir. Cokelek peynirleri icin belirlenen karakteristik duyusal terimler
“Pismis”, “Peyniralti suyu”, “Kremams1”, “Ransit’, “Fermente”, “Maya”, “Eksi”,
“Tuzlu”, “Tathl” ve “Umami”dir. Yogurttan yapilan ¢okelek peynirlerinde pismis,
kremamsi ve tath 6zelliklerin daha yiiksek algilandigi, Tuluk yogurdundan yapilan
cokeleklerde ise maya aromasinin daha ytiksek oldugu belirlenmistir.

1. Introduction

from milk products such as milk and yogurt, it can
also be obtained by filtering the curd produced from

Cokelek cheese is a type of cheese produced in almost buttermilk (yayik ayran) [1, 2]. The curd produced by
every region in Turkey. Although, it can be produced this method can be used as a supplementary raw

*Corresponding author: igun@mehmetakif.edu.tr 131
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material in the production of some Kiip and skin
Tulum cheeses. Cokelek cheese, is known as
"Eksimik" in Western Anatolia and Trakya region,
"Kes", "Kesik" or "Urda" in the Mediterranean region,
"Minzi" or "Minci" in the Eastern Black Sea region,
and "Jaji", "Cacik" and "Torak” in the Eastern Anatolia

Region [1, 3-5].

There were many studies on the physical, chemical
and microbiological properties of the Cokelek cheeses
produced in Turkey [1, 6, 7]. For instance, Agaoglu et
al. [6] determined the average moisture, fat, protein,
ash, acidity values and aerobic mesophilic bacteria
and yeast counts of 25 Cokelek cheese samples
produced in Van and its region as 81.84%, 1.2%,
8.04%, 0.94%, 1.2% lactic acid, 9.8x106, and
1.3x105cfu/g, respectively. The average chemical
composition and microbiological properties of 14
Cokelek cheeses available in the market in Antalya
and Burdur had 28.55% in dry matter, 17.48 ° SH
acidity, 3.54% fat, 0.9% salt, 1x10! cfu/g total
bacteria, 2x103 cfu/ g yeast-mold, 8.8x10% cfu/g
coliform bacteria, and 5.1x102 cfu/g S. aureus.
Moreover, 50% of the Cokelek samples examined
were reported to contain E. coli [1]. Onganer and
Kirbag [7] studied fresh consumed Cokelek cheeses in
Diyarbakir. it was reported that the total count of
microorganisms in this cheese was 8.49 log cfu/g, the
heterofermentative lactic acid bacteria were 8.58 log
cfu/g, the psychrophilic bacteria were 8.51 log cfu / g,
the proteolytic microorganisms were 8.49 log cfu/g,
yeast-mold count was 6.67 log cfu/g, S. aureus was
7.53 log cfu/g, Salmonella spp. was 7.80 log cfu/g,
Bacillus spp. was 7.70 log cfu/g, and Clostridium spp.
was 7.81 log cfu/g.

There are limited studies investigating the aroma
profile and sensory properties of Cokelek cheese-
focused on studying the production technique and
some physical, chemical and microbiological
properties. The use of yogurt as a raw material in
many regions, different storage conditions, and the
use of different storage materials significantly affect
the aromatic and sensory properties of the Cokelek
cheese. Simsek and Sagdi¢ [8] investigated that the
effect of starter culture types and different
temperature treatments on some properties of
Cokelek cheese produced from goat milk. The
researchers found that cokelek cheeses produced
with yoghurt culture applying 95°C for 30 min had
lowest saturated fatty acid content and the highest
appearance and flavour scores. Another study by
Giiler [9], it was revealed that the profiles of organic
acid and volatile compounds of Surk cheese which is
artisanal c¢okelek with herbs and spices in Hatay
region in Turkey. For Surk cheese, butanoic acid,
hexanoic acid, octanoic acid, decanoic acid were
found to be as major acids while carvacrol, y -
terpinene, p-cymene and eugenol were major
phenolics
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Several researchers also investigated aroma and
sensory properties of some traditional cheeses like
Cokelek Cheese in Turkey. In this context, Simsek and
Tuncer [10] investigated fresh and traditional
Akcakatik Cheese made from by drying strained
yogurt with or without adding cloves or black cumin.
The researcher found that acetaldehyde, diacetyl,
ethanol and ethyl acetate are major flavor
compounds of Akcakatik cheese. Moreover, it was
found that ripened Akcakatik cheese had a higher
intensity of diacetyl and acetaldehyde than the fresh
Akcakatik cheese samples. In a another study, volatile
and sensory properties of traditional Dolaz (Tort)
cheese made from whey by Okur and Giizel-Seydim
[11], it was found that acetaldehyde, acetone, etanol,
acetic acid, diacetyl and 1-butanol were major
volatile compounds in Dolaz cheese while soft,
yellowish-light brown color, granular structure were
defined as characteristic appearance terms for Dolaz
cheese. Hayaloglu et al. [12] determined about 100
volatile compounds in Tulum cheese ripened in
Goat’s Skin or Plastic Bags for 90 days. The
researcher found that the main volatiles were short-
chain fatty acids as butanoic acid, 2-methyl propanoic
acid, 3-methyl butanoic acid, ketones as 2-butanone,
2-heptanone and diacetyl, and primary alcohols as 3-
methyl 1-butanol, 2-butanone and 2-methyl 1-
propanol, aldehydes as acetaldehydes and 2-propanal
and esters as 3-methylbutyl acetate, ethyl butanoate
and ethyl lactate.

It is important to characterize the aromatic profiles
and sensory properties of foods [13], particularly
when the properties governing flavor and the
appearance and structural characteristics of a food
play a significant role in its value [14]. The
characterization of the aromatic profiles and sensory
properties of dairy products such as cheese, yogurt,
and Kefir, can improve and/or standardize the
methods of producing the product preferred by
consumers and control the product's originality and
authenticity, for example, the ripening period
required in cheese or the determination of its quality
[15].

This study aimed to determine flavor compounds
profile and sensory properties of Cokelek cheeses
produced by three different methods by using
instrumental and sensory analysis.

2. Material and Method

In the present study, Cokelek cheese produced from
cow milk, yogurt and Tuluk yogurt (cow milk kept in
a goat skinbag (Tuluk) for 20 days) Aroma authentic
standards used in the study were obtained from
Sigma-Aldrich (St. Louis, Mo, USA), Merck
(Darmstadt, Germany), Bedoukian Research Inc.
(Danbury, CT, USA), and Aromsa (Gebze, Kocaeli).
Milk Cokelek cheeses were symbolized as MC (milk
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Cokelek), YC (yogurt Cokelek), and TC (Tuluk yogurt
Cokelek).

2.1. Preparation of Tuluk

For the preparation of Tuluk, 6-7 months-old female
goat skin prepared by shaving and dry salting method
for at least 3 months were used. The excess fat and
meat pieces on the skin were removed, feet and arm
parts of the skin were tied, the bottom part was
covered with rope and wooden rods using a special
technique and readied for use (Figure 1 and Figure
2). The bottom part of the Tuluk is closed with rope
and wooden rod by a special technique.

2.2. Cheese production

The Cokelek cheese is a lactic acid clot; therefore, its
characteristics are different from other cheeses. The
production of the Cokelek cheese was carried out in
April-May. The production stages of Cokelek cheeses
was shown in Figure 3. Cheese production was
carried out in two replications.

2.3. Determination of aroma-active compounds

The samples were analysed by using solid phase
microextraction (SPME) method [16] and gas
chromatography-olfactometry [17]. 3 g of cheese
sample was prepared with a PTFE / silicone septa cap
and amber (Perkin-Elmer) coloured 40 mL vials were
weighed and 1 g NaCl was added. The sample was
kept in a 40°C water bath for 30 minutes to stabilize
the flavor of the aroma substances in the headspace.
Subsequently, SPME fiber (2 c¢cm-50/30 um DVB /
Carboxen / PDMS stable flex, Supelco, Bellefonte,
USA) was immersed in the vial crown and incubated
at 40 °C for 30 min and stained with fiber GCO (6890,
Agilent Technologies, Wilmington, and aroma
compounds were determined by injection of SPME
fiber to GC-O. HP-INNOWAX (30 m x 0.25 mm
internal diameter (id) x 0.25 pm film thickness)
column was used in the GCO (J & W Scientific, Folsom,
CA, USA). GC conditions; carrier gas: Helium, inlet
pressure: 11.54 psi, total flow: 54.1 ml/min, flame
ionization detector temperature: 250°C, oven
temperature program: Initial temperature and
duration: 40°C, 3 minutes, Ramp: 10 C/ min, final
temperature and duration: 200°C 25 minutes [18].

Figure 1. Preparatio}l of Tuluk (Goat Skin Bag)

The GCO procedure was conducted by an experienced
panelist in two replicates. The concentrations of the
aroma active compounds in the Cokelek cheeses were
measured on a 10-point scale (0: not present-10: very
high). The definitions of the aroma active ingredients
are provided by both the retention index determined
under GCO conditions and by smelling the authentic
standards under the same conditions [19].

2.4. Sensory analyses

The sensory properties of the Cokelek samples were
determined by Spectrum® analysis [20]. Sensory
evaluations were performed by a panel of 7
experienced (4 male and 3 female experts, aged 24-
45 years) individuals. The intensities of the terms
determined in the samples by panel members were
evaluated on a 10-point scale (0 = very low, 10 = very
intense). Cokelek samples were presented to the
panelists randomly and in two replicates, encoded
with 3 different codes in white plastic plates at room
temperature. Reference materials and sensory terms
used for the evaluation of cheese samples were
presented in Table 1.

Table 1. Sensory terms and references (Meilgaard et al.

[20]).

Descriptor References
Cooked Milk heated to 85°C for 30 min
Whey Whey powder solution (5%)
Creamy Dairy cream or butter
Rancid 10 pL butyric acid/methanol
Fermented Fresh yogurt

Yeast Dough

Fruity Peach, apricot.

Sour 0.08% Citric acid

Salty 0.5% Sodium chloride
Sweet 2% saccharose

Umami 1% monosodium glutamate

2.5. Statistical analysis

One-way ANOVA analysis was used in the study to
determine the differences in the aroma-active
components and sensory characteristics of cheese
samples. TUKEY multiple comparison (TUKEY-HDS)
test was used to determine significant differences
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Figure 2. Production of ¢okelek cheese
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Figure 3. Production Steps of Cokelek Cheese made by different methods
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between samples [21]. SPSS for Windows (version
20.0) statistical package program was used for the
statistical analyses.

3. Results and Discussion

The flavor of fresh cheeses usually comes from the
carbonyl compounds such as acetaldehyde and
diacetyl, which are the result of lactose or citrate
fermentation of starter bacteria used during
production [22]. In this study, the intensity of aroma
active compounds of freshly consumed and
differently produced Cokelek cheeses were
determined. Aroma active compounds determined in
the Cokelek cheeses were presented in Table 2.

Seventeen active aroma compounds were detected in
cheese samples. The specified aroma-active
compounds including acid, aldehyde, ketone, ester,
lactone, and sulphur type compounds. The two aroma
components of the aroma components identified in
the cheese leaves are not identifiable as chemical
substances. The intensity of the common active
aroma compounds of the samples produced by all
three methods were also determined at different
levels. The differences observed in the active aroma
compounds of the Cokelek samples produced by
different methods vary depending on the
fermentation process and the method of production.
It was determined that butyric acid (cheese, acid),
Furaneol® (burned sugar) and sotolon (spice, burnt)
were at higher intensity in comparison with other
aroma active compounds in all Cokelek cheese
samples (Table 2). The aroma intensity of butyric
acid in MC was found to be lower (P<0.05) than YC.

Table 2. Aroma active compounds of Cokelek cheeses

The aroma intensity of the butyric acid in Tuluk
Cokelek was found to be similar to the density of the
MC sample (P> 0.05). This differences can be based
on hydrolysis rate of free fatty acids in Cokelek
samples. It is well known butyric acid is formed by
hydrolysis of free fatty acid and mostly identified in
ripened cheeses [12, 15, 17].

Sotolon and Furaneol® are particularly susceptible
to thermal degradation of sugars and Maillard
reactions, both of which can be detected in heat-
treated milk and dairy products (by thermal
degradation of lactose). Fureneol® associated with
caramel and / or burned sugar flavor [17, 24]. The
intensity of Furaneol® in the samples of MC, YC, and
TC was 4.38, 1.38, and 1.38, respectively. Furaneol®
intensity of MC sample was higher than the other
Cokelek samples (P<0.05). The intensity of the
sotolon which is associated with the spice and burnt
aroma was determined the highest in MC (3.5). There
was no significant difference (P>0.05) between MC
and YC samples in terms of D-decalactone (peach)
(P<0.05). The intensity of this aroma in the TC sample
was higher (1.08) compared with the MC an YC
(P<0.05). This differences can be attribute to
differences of the cheese making procedures.

Ethylbutyrate, ethylpentanoate and 2-phenylethanol
(rose) were not detected in MC. However, the
intensities of these aroma compounds were similar
for YC and TC samples (P>0.05). Moreover, the
intensity of hexanoic acid (sweaty, sour) in the YC
sample was found to be higher than that in the TC
sample (P<0.05). Conversely, 2-methyl butyric acid
(sweaty, acid) and p-cresol (animal), which are

Aroma Intensity® (Meanz S.D)

RI Volatiles Aroma Quality Cokelek Cheeses

MC MC MC
805 Dimetylsulfide Sulphur Nd 1.50+0.75 Nd
980 Unknown 1 Ester, apple Nd 0.20£0.17 Nd
1051 | Ethylbutyrate Fruity, apple Nd 0.50+0.002 0.50+0.002
1133 | Ethylpentanoate Bubble gum Nd 0.38+0.212 0.33+0.172
1198 | Ethylhexanoate Fruity, sweet Nd 0.38+0.212 0.33+0.172
1362 | (Z)-1,5-octadien-3-one | Metallic, dirty Nd 0.45+0.132 0.25+0.03P
1501 | Methional Potatoes 1.45+0.38b 2.00£0.35 3.38+0.322
1530 | Butyricacid Acid, sour 2.35+0.95b 4,13+0.192 3.38+0.652
1559 | 2-methyl butyric acid Sour, acid Nd Nd 2.25+0.65
1662 | Phenyl acetaldehyde Rose, flower Nd Nd 0.25+0.13
1769 | 2-acetyl 2-tiazoline Popcorn 0.75+0.31 Nd Nd
1859 | 2-phenylethanol Rose, sour Nd 1.25+0.652 1.08+0.422
1899 | Hexanoic acid Sweaty, sour Nd 2.50+0.252 0.75+0.28P
1964 | Furaneol Burnt sugar 4.38+0.94~ 1.38+0.32b 1.38+0.21b
2055 | Unknown 2 Fishy 0.50%0.00 Nd Nd
2068 | p-cresol Barny Nd Nd 0.40+0.20
2145 | Sotolon Herb, burnt 3.50+0.562 1.75+0.22b 1.88+0.32b
2249 | D-decalactone Peach, fruity 0.40+0.2b 0.50+0.31b 1.08+0.282
2369 | y-dodecalactone Sweet 1.13+0.45P 3.08+0.352 1.63+0.21P

MC; Milk Cokelek, YC: Yogurt Cokelek, TC: Tuluk Cokelek RI: retention index on HP-INNOWAX column, 2: aroma quality
determined on olfactory port, b aroma intensity (10 point scale), S.D: standard deviation. Nd: Not Detected
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expressed as the off-flavour in dairy products were
detected only in MC. Unknown compound 6 was
detected only in the TC sample. This unknown
compound was associated with fishy aroma by GC-0
panelists. Moreover, the unknow compound 2 that
was associated with ester/apple aroma was detected
at a significant level only in the YC sample. The active
aroma active compounds of Cokelek cheese involve
the esterification of ethyl butyrate, ethyl pentanoate,
and ethyl hexanoate; and the degradation of
methionine and 2-methyl butyric acid protein and
amino acids with the degradation of butyric acid,
hexanoic acid and lactone-derived decalactone,
particularly fatty acids[18, 23, 24]. The 2-methyl
butyric acid from the aroma components was found
to be high only in the sample of TC. This was
associated with the possibility that the fermentation
can continue in tuluk and the proteins may be broken
up at a later stage.

In general, the aroma detected in all three Cokelek
samples is due to the active aroma components
detected in many dairy products [17,18, 22, 24, 25].
In a study conducted by Ercan et al. [25], the intensity
of butyric acid, decanoic acid (sour, candle), hexanoic
acid, ethyl hexanoate (sour orange) and 2-butenedial
(cheesy) aroma-active components in sepet cheese
collected from the Aegean region were high. Avsar et
al. [15] found that in the Erzincan tulum cheese, some
of the Cokelek cheeses contained high levels of acetic
acid (vinegar), butyric acid, 3-methyl butanoic acid
(sweaty), propanoic acid (cheesy, sweaty), diacetyl
(butter), hexanal, ethyl butanoate, ethyl hexanoate
and methionine in the Erzincan Tulum cheese.
Another study [26] reported that the intensity of
diacetyl, butyric acid, hexanoic acid, ethyl butanoate,
ethyl hexanoate, 3-methyl butyric acid (cheesecloth,
oily) aromas was high in Gruyere, Manchego and
Ragusano cheese ripened for 12 months.

The sensory properties determined by the panel

members for the Cokelek cheeses were shown in
Table 3. The aromatic terms specified for the Cokelek

Table 3. Sensory properties of Cokelek cheeses

Sensory Cokelek Cheeses (Mean + S.D)
properties MC YC TC
Cooked 4.23+0.242 | 2.46+0.22b | 2.68+0.28b
Whey 2.70+0.252 | 2.65+0.22a | 2.78+0.32a
Creamy 2.74+0.352 | 1.28+0.26> | 1.13+0.19>
Rancid 0+0 1.04+0.262 | 0.70+0.262
Fermented 1.07£0.30> | 2.59+0.262 | 2.72+0.24a
Yeast 0.04+0.04¢ | 0.73+0.32b | 1.50+0.362
Fruity 0.08+0.04> | 0.39+0.122 0+0
Sour 0.84+0.21> | 3.14+0.252 | 3.80%0.272
Salty 1.14+0.18> | 2.11+0.202 | 2.51#0.172
Sweet 2.03+0.312 | 0.89+0.13> | 0.82+0.13b
Umami 0.08+0.052 | 0.10+£0.062 | 0.18+0.02a

MC; Milk Cokelek, YC: Yogurt Cokelek, TC: Tuluk Cokelek,

S.D:standard deviation
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cheeses are "cooked", "whey", "creamy", "rancid",
"fermented” and "yeasty". Taste terms are "sour",
"salty”, "sweet" and "umami". Significant differences
were found between Cokelek samples in terms of
cooked, creamy, fermented, yeast aromas and also
sour, salty and sweet tastes. (P<0.05). According to
this observations, the scores of cooked, creamy and
sweet in MC were found to be a higher than the other
Cokelek samples (P<0.05). Fermented aroma was
perceived lower in MC samples than other samples
(P<0.05), whereas the yeast aroma was perceived
higher in TC samples than in other samples (P<0.05).
These results probably based on the ripening of
yogurt in Tuluk and its subsequent use in Cokelek
cheese production.

TC samples were found to be saltier and sour than
the other samples probably due to long fermentation
stage of Tuluk yogurt. The sweetness intensity was
determined in the Cokelek cheese produced from cow
milk (P<0.05). The aroma and taste terms for the
Cokelek cheeses are determined by panelists as the
basic sensory terms in many dairy products, similar
to aroma active ingredients [15, 18, 27]. Drake et al.
[27] identified cooked, whey, creamy, sulphur,
brothy, salty, sweet, sour and bitter taste
characteristics in 11 different cheddar cheeses. In
another study [28], sharp, milky, rennet, creamy and
toasty aromatic properties were determined in
Idiazabal, Manchego, Roncal and Zamorano cheeses
produced in Spain. Leuven et al. [29] found creamy,
fruity, nutty, pungent and animal aroma
characteristics and sweet, salty sour and bitter
(caffeine) taste characteristics in Gouda-type cheeses.
The study determined that sweet, bitter flavor
characteristics and fruity and nutty aromas were high
in Gouda type cheeses made from raw milk and
ripened in 6 weeks while the sour taste and sharp
aroma were high in cheeses produced from
pasteurized milk. The characteristic aroma and flavor
characteristics of the Ezine cheese produced in
Turkey are expressed as cooked, creamy, whey,
rancid, goatish, animal, fermented, sour, salted and
umami [30]. In addition to similar taste and aroma
properties, sulphur, yeasty/ moldy, bitter (caffeine),
acrid, nasal and tongue burner and tongue biting
aroma and taste characteristics were determined in
Erzincan Tulum cheese, while aroma and taste
characteristics similar to Ezine cheese including
sulphur, nutty, meat juice-like, mold and tongue
biting sensory properties were determined in Kars
Kasar cheese [15].

Although there are many studies on the volatile
components of traditional dairy products produced in
Turkey, studies on the determination of the flavor
components and their sensory properties had the
highest effect on the aroma profile and a limited
effect in that of the volatile components. Other widely
consumed cheese varieties include white cheese,
cheddar cheese, and Tulum cheese. In this study, it
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was determined that the Cokelek cheeses made by
using different production techniques and raw
materials had a higher amount of active aroma
components than those produced using milk and
yogurt. In terms of sensory properties, it was
determined that the MC samples had cooked, creamy
and sweet characteristics, whereas the TC samples
had a higher yeast aroma. The yogurt fermentation
process, which is preserved in tuluk and produced by
removing its serum, continues and the level of
proteolysis changes. Similar studies in other
traditional cheese types are also significant in terms
of presenting the product quality and sensory
qualities.

4., Conclusion

In this study, it was determined that sensory and
aroma characterization of Cokelek cheese, which
produced by different raw materials There were
significant differences in profiles of aroma active
compounds and sensory properties of Cokelek
cheeses, and variations were observed among the
cheeses based on the production methods. It was
determined that Total 19 aroma-active compounds
were found in the cheese samples. Ester type aroma
active compounds were found in cheese samples at
lower intensity while butyric acid, methional, y-
dodecalactone and Furaneol® major aroma-active
compounds with higher intensity for Cokelek cheeses.
Eleven sensory attributes were developed in Cokelek
cheese by panel members. Cooked, Whey, Creamy
and Sweet were the most characteristic terms for
Cokelek cheese. Similar studies in other traditional
cheese types are also significant in terms of
presenting the product quality and sensory qualities.
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Ozet: Oksidatif stresin basta kanser olmak iizere ateroskleroz, hipertansiyon ve
kardiyovaskiiler hastaliklar gibi pek ¢ok hastalifin patogenezinde rol oynadigi
cesitli arastirmalar sonucunda gorilmiistiir. Fenolik bilesikler ise insan sagligi
bakimindan antioksidan fonksiyonlar1 ile 6n plana ¢ikan maddelerdir. Fenolik
antioksidanlarin serbest radikaller ile reaksiyona girme egilimi antioksidan
aktiviteyi tanimlamaktadir. Bu ¢alismada 10 adet fenolik bilesik gaz etanol ve su
fazlarinda Spartan 14 programi ile DFT//B3LYP metodu ve 6-31+G(d) temel seti
ile HAT, SET-PT ve SPLET oksidasyon mekanizmalari gaz, su ve etanol fazlarinda
modellenmistir. Elde edilen verilere gore BDE, ETE, PA, IP, PDE ve A(Enomo-ELumo)
degerleri hesaplanarak antioksidan aktiviteleri siralanmistir.  Yapilan
hesaplamalardan elde edilen tiim sonuglar degerlendirildiginde bilesik 1 olarak
tanimlanan 2-hexadecyl-2,5,7,8-tetramethylchroman-6-ol molekiiliiniin
antioksidan aktivitesi calisilan yontem ve fazlarda en ytiksek olarak bulunmustur.

Determination of Antioxidant Activities by Density Function Method of Some Phenolic

Compounds

Keywords

B3LYP,

Antioxidant activity,
HAT,

SET-PT,

SPLET,

DFT

Abstract: Oxidative stress is implicated in various disease pathologies including
cancer, atherosclerosis, hypertension, and cardiovascular disease. Phenolic
compounds have antioxidant functions in terms of human health. The tendency of
phenolic antioxidants to react with free radicals identifies their antioxidant
activity. In this study, HAT, SET-PT and SPLET oxidation mechanisms were
modeled in the gas, water and ethanol phases with the DFT // B3LYP method and
6-31+G(d) basis set with 10 phenolic compounds using Spartan 14. Antioxidant
activities were ranked by calculated BDE, ETE, PA, IP, PDE and A(Exomo-ELumo)
values according to the obtained data. The antioxidant activity of 2-hexadecyl-
2,5,7,8-tetramethylchroman-6-ol, identified as compound 1, was found to be
highest in the methods and phases studied when all the results obtained from the
calculations made were evaluated.

1. Giris

Oksidatif stres, antioksidanlarin yetersizligi sonucu

Insan sagligi bakimindan antioksidan fonksiyonlari
ile 6n plana ¢ikan maddeler E ve C vitaminleri,
karotenoidler ve fenolik maddelerdir. Serbest

oksidatif dengenin bozulmasi sonucu meydana gelen
hiicre ve doku hasar1 veya hiicre oliimleri olarak
tanimlanmaktadir [1-3]. Serbest radikaller gida
oksidasyonunda 6nemli bir rol oynar ve olmasi
gerekenden ¢ok artis gosterdiginde meydana gelen
oksidatif stres kardiyovaskiiler hastaliklar, kanser,
solunum ve bosaltim bozukluklari, diabet, yaslanma
gibi bircok rahatsizlifa sebep olmaktadirlar [4, 5].

*ilgili yazar: vildan.enisoglu@uskudar.edu.tr
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radikaller ile reaksiyona girerek uzaklastiran fenolik
antioksidanlarda hidroksil grubunun yeri, siibstitiie
gruplarin 6zelligi ve hidrojen bag olusumu gibi
aktiviteyi etkileyen bircok faktor yapi-aktivite
iligkileri (SAR) ile bulunmustur [6]. Fenolik maddeler
aromatik hidrokarbon yapisinda bir veya daha fazla
hidroksil grubu iceren olduk¢a 6nemli bir madde
grubudur [7]. Teorik bir parametre olan ve fenolik
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antioksidandan H atomu koparilmasindan sonra
iretilen serbest radikal arasindaki olusum 1sis1
farki(AH), antioksidanlarin aktivitesini 6l¢gmeKk i¢in iyi
bir indeks olarak ortaya ¢ikmistir [8]. Ote taraftan
literatiirde antioksidan aktivite tayininde kullanilan
lic ana antioksidan mekanizma vardir: hidrojen
atomu transfer (HAT), tek elektron ve proton transfer
(SET-PT) ve swrali proton Kkaybi elektron
transferi(SPLET) mekanizmalari [9].

HAT mekanizmasi

HAT mekanizmasi, oksidatif zincir reaksiyonunu
kirmak i¢in antioksidan molekiiliin homolitik O-H bag
boéliinmesiyle beraber bir H atomu ile birlestigi ve
antioksidan radikalinin tek adimda olustugu ve Bag
Ayrisma Enerji (BDE)'nin hesaplandigi (Denk. 1)
mekanizmadir. BDE, HAT mekanizmasina iligkin
onemli bir sayisal parametredir ve ilgili hidroksil
grubunun stabilitesini karakterize eder, diisitk BDE
degerine sahip olan bagin stabilitesi diisiiktiir ve

kolayca kirilabileceginden olduk¢a gii¢lii  bir
antioksidatif etki gosterir [10].

R+ AntiOx:H - RH + AntiOx- (HAT Mek.)
BDE = H(ArO") + H(H-)- H(ArOH (D

SET-PT mekanizmasi

iki basamakta gerceklesen SET mekanizmada birinci
adimda bir katyonik radikal ara iiriin olusmasi ve
serbest radikal bilesiginin anyonik forma geg¢mesinin
ardindan, 2. adimda anyonik formdaki serbest radikal
antioksidan molekiilinden bir H atomu alarak
noétralize olur. Bir fenolik bilesigin elektron bagislama
yetenegi, tim molekil ilizerinde genisletilmis bir
elektronik delokalizasyon ile ilgilidir. Yiiksek bir -
delokalizasyon derecesine sahip olan bir fenolik
bilesik daha aktiftir. SET mekanizma antioksidasyon
olaymin enerjetik olarak agiklanmasinda Iyonizasyon
Potansiyeli (IP)’'ni (Denk. 2) ve katyon radikalinin
deprotonasyonuna ait Proton Ayrisma Enerjisi
(PDE)'ni (Denk. 3) kullanarak o6nemli bir enerji
degerinin hesaplanmasindan sorumludur.

R+AntiOx:H—R:+AntiOx' H*—>R:H+AntiOx (SET Mek.)

IP=H(ArOH*)+H(e")-H(ArOH) (2)

PDE=H(Ar0)+H(H+)-H(ArOH+) (3)

SPLET mekanizmasi

U¢ adimda gergeklesen SPLET mekanizmasina gore
birinci adimda olusan AntiOx- anyonun olusumu
sozkonusu bilesikteki OH- grubunun Proton Afinitesi
(PA, Denk.4) ile iliskilidir. Elektron Transfer Enerjisi
(ETE, Denk.5) tarafindan yonetilen ikinci adimda
AntiOx-radikal formu olusurken, son adimda serbest
radikalin ndtralize olmus formu elde edilir. Yiiksek
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antioksidatif aktivite diisiik PA ve ETE degerleri ile
iliskili oldugu belirtilmektedir.
AntiOx:H — AntiOx + H* (Proton ilgisi ile iligkili)

AntiOx + R- - AntiOx- + R (€ transfer enerjisi ile iligkili)

R- + H*— RH
PA=(ArO-)+H(H*)-(ArOH) (4)
ETE=H(Ar0)+H(e")-H(Ar0") (5)

Antioksidan ozellikleri tayin etmekte kullanilan diger
onemli Kkriterler ise molekiiler tanimlayici olarak
ifade edilen elektronegatiflik (), elektron afinitesi
(EA), kimyasal sertlik (1) ve elektrofilisite indeksi
(w) parametreleridir. Kimyasal sertlik, yiik
transferine  karst  direncin  bir  dlglistdir;
elektronegatiflik ise, elektronlar1 kimyasal bir bag
icinde ¢cekme egiliminin bir dl¢tsiidiir. Bir verici ve
bir alic1 arasindaki maksimum elektron akisi, atomlar
arasindaki baglanma enerjisinin ayrigsmasi tarafindan
yonetilir ve faktor elektrofilisite indeksi ile belirlenir.
Bu calismada x, 1, S ve w degerleri Koopman’in
teorisine gore notral molekillerin HOMO-LUMO
enerjilerinden elde edilen IA=-Enomo ve EA=-ELumo
degerleri Denk. 6-9’da kullanilarak elde edilmistir
[11].

X =-p~(IP + EA) /2 6) S~1/(2n) (7)

n = (IP -EA) /2 (8) w=p?/2n %)

Bu ¢alismada 10 farkl fenolik antioksidan bilesiginin
(Sekil 1) antioksidan aktivite siralamalarin
olusturmak ic¢in literatiirde Onerilen ¢ temel
mekanizma (HAT, SET-PT ve SPLET) DFT//B3LYP
metodu 6-31+G(d) temel kiimesi ile modellenmis ve
molekiiler tanimlayicilar elde edilerek molekiillerin

antioksidan aktivite siralamasi yapilmistir.
2. Materyal ve Metot

S6z konusu calismada literatiirde [6] yapisal olarak
antioksidan aktiviteye sahip oldugu oOne siiriilen
fenolik antioksidan bilesiklerin HAT, SET-PT ve
SPLET mekanizmalar i¢in tek nokta enerji
hesaplamalar1 yapilarak BDE, IP, PDE, PA ve ETE
degerleri; Enomo ve Erumo dagilimlari ve degerlersi;
antioksidan aktivite icin 6nemli bir veri olan y, EA, n
ve w degerleri paket programlar kullanilarak elde
edilmistir.

Bilesiklerin konformer taramalar1 yar1 ampirik PM6
yontemi [12, 13] ile Spartan’14 [14] programinda
yapilmistir. Elde edilen en kararli konformerlerin
geometri  optimizasyonlar1  GaussView5  [15]
gorsellestirme programi kullanilarak  yogunluk
fonksiyonu teoremi (DFT) [16] B3LYP metodu ve 6-
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o Ci6Has
2-hexadecyl-2,5,7,8-tetramethylchroman-6-ol
(1)

1 2

4-allyl-2,6- dlmethoxyphenol 4-allyl-2- methoxyphenol (E)-4-(prop-1-en-1-yl)benzene-1,2-diol
)

[1,1"-biphenyl]-4,4'-diol
2)

OH
lOH 1OH 1
OH O O
! H
’ 2-methoxyphenol
(10)
2-allyl-6-methylphenol 3',5-diallyl-[1,1'-biphenyl]-2,4'-diol 5,5"-diallyl-[1,1"-biphenyl]-2,2"-diol 4-ethylphenol

(6) ) ®) )
Sekil 1. incelenen (1):2-hexadecyl-2,5,7,8 tetramethylchroman-6-ol; (2):[1,1'-biphenyl]-4,4'-diol; (3): 4-allyl-2,6-
dimethoxyphenol; (4): 4-allyl-2-methoxyphenol; (5): (E)-4-(prop-1-en-1-yl)benzene-1,2-diol; (6): 2-allyl-6-methylphenol;
(7): 3',5-diallyl-[1,1'-biphenyl]-2,4'-diol; (8): 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diol; (9): 4-ethylphenol; (10): 2-methoxyphenol
fenolik  antioksidan bilesiklerinin 2D yapilari (ChemDraw 15.0) ve OH numaralandirilmalari

bilesiklerin BDE degerlerine gore antioksidan

31+G(d) temel seti ile Gaussian09 [17] programinda
aktiviteleri gaz fazinda 1>5-OH2>3>2>9>6>4>7-

gerceklestirilmistir. Fenolik bilesiklerin antioksidatif
ozelliklerini arastirmak icin yaygin ve etkili bir OH1>5-0H1>10>7-OH2>80H2>8-OH1, etanol ve su
yéntem oldugu icin, DFT hesaplamasi uygulanmistir fazinda  1>5-OH2>3>5-0H1>4>9>10>2>7-0H1>8-
[10]. Optimize yapilar HAT, SET-PT ve SPLET OH2>8-OH1>6>7-0H2 ol’fu-‘ak goz}enmlgtlr. Elde
mekanizmalari ve zamana bagli tek nokta enerji (TD- edilen BDE siralamasindaki ilk ti¢ deger calisilan tum
SP) hesabindan elde edilen Exomo ve Erumo degerleri ortamlarda ayni  bulunurken polar fazlardaki
DFT//B3LYP/6-31+G(d) [18, 19] metodu ile gaz, 51.rale}ma tamam'en ayni .olarak .‘Ee.zsplt edilmistir.
etanol ve su ortamlarinda Spartan’l4 programi Bilesik 1, 3 ve 5'in yapisi incelendiginde 1 numaral
kullanilarak hesaplanmis ve HOMO-LUMO dagilimlari bilesigin OH grubunun bagh oldugu benzen
goriintillenmistir. Ayn metot ile hesaplanan H(H*), halkasinda o- ve p- pozisyonlarinda 3 adet -CHs

H(e) ve H(H) degerleri gaz, etanol ve su fazlarinda grubunu olmasi ve bu grubun indiiktif ve mezomerik
hesaplanmustir. olarak e verme 6zelligi bisiklik yapida bulunan ilgili

bilesigin antioksidan 6zelliginin azaltmasina karsilik
bisiklik  formu  tarafindan 6nemli  oranda
desteklendigini gostermektedir. Ote taraftan bilesik
5’te OH2 grubu iki tarafindan indiiktif olarak e- ¢ceken

3. Bulgular ve Tartisma

incelenen fenolik antioksidan bilesiklerin HAT ve siibstitiientlere daha yakin komsu olmasi sebebi ile
SPLET mekanizmalarin = gaz, etanol ve su OHl'e g6re daha kuvvetli antioksidan karakter
ortamlarinda DFT//B3LYP/6-31+G(d) metodu ile tasimaktadir. Bilesik 4 ile yapisal olarak ¢ok
modellenmesinde elde edilen BDE ve ETE degerleri benzeyen bilesik 3’e baktigimizda ise OH grubunun o-
Tablo 1’de listelenmistir. Tablo 1 incelendiginde pozisyonlarinda iki adet e ¢eken gruplarin varhg:
literatiirde Zheng ve arkadaslar1 tarafindan yapilan indiiktif ~olarak yapiya antioksidan karakter
calismada da oldugu gibi polar faza gecildiginde BDE kazandirmis olmasi OH grubunun etrafindaki
degerleri daha diisik bulunmustur. Calisilan siibstitiie gruplarin sayisinin ve karakterinin énemini
molekiiller arasinda en disiik BDE degeri bilesik 1 vurgulamistir. SPLET mekanizmanin
icin de gaz, etanol ve su fazlarinin hepsinde olmak modellenmesinden elde edilen gaz, etanol ve su
tzere sirasiyla 345.0385 Kjmol, 331.4765 Kjmol?, fazlarindaki ETE degerleri asagida Tablo 1'de
328.3524 Kjmol! olarak hesaplanmistir. Incelenen verilmistir.
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Tablo 1. DFT//B3LYP/6-31+G(d) yontemi ile hesaplanan O-H bagi icin BDE ve ETE degerleri (Kjmol-1)

BDE ETE

bilesik gaz etanol gaz etanol su

1 345.0385 331.4765 328.3524 -1041.8475 -810.4869 -795.2230
2 382.5955 371.4951 367.8633 -1005.6594 -769.0483 -752.5066
3 368.5388 354.9616 351.6868 -1042.1967 -803.6944 -786.2677
4 390.7222 367.5235 362.8509 -1030.1007 -779.4527 -760.6617
5-OH1 393.2500 366.7697 361.2985 -1021.2804 -766.8300 -746.7200
5-OH2 351.8763 343.7816 340.1529 -1001.3100 -772.9036 -757.7424
6 389.6158 379.5055 376.8750 -1011.2754 -766.2099 -750.6727
7-OH1 392.0620 375.7547 372.4878 -1003.9114 -768.3849 -751.4504
7-OH2 395.3394 387.3589 385.0598 -974.6084 -757.8146 -742.2008
8-OH1 398.8615 379.9786 376.8606 -977.2489 -756.4034 -740.0975
8-OH2 398.7654 379.8941 376.7713 -977.1350 -756.2485 -739.9436
9 382.6551 370.7566 367.1092 -1022.3500 -769.8932 -752.8663
10 395.2942 371.7267 367.1470 -1029.3562 -772.9501 -754.3164

Tablo 1 incelendiginde polar fazlarda literatiir ile
uyumlu olarak ETE degerlerinin yiikseldigi
gozlemlenmistir [19]. En dusiik ETE degeri gaz
fazinda bilesik 3 i¢in (-1042.1967 Kjmol1), polar
fazlarda ise bilesik 1 icin elde edilmistir (etanol ve su
fazlar1 i¢in sirasiyla -810.4869 Kjmol!, -795.2230
Kjmol1). Diisik ETE degerleri yiiksek antioksidan
etkiyi temsil etmeleri nedeni ile arastirilan
bilesiklerin arasinda yapilan incelemede gaz fazinda
3>1>4>10>9>5-0H1>6>2>7 OH1>5-OH2>8-0H1>8-
OH2>7-0H2, etanol fazinda 1>3>4>10>5-
OH2>9>2>7-0H1>5-0H1>6>7-0H2>8-0H1>8-0H2
ve su fazinda 1>3>4>5-OH2>10>9>2>7-OH1>6>5-
OH1>7-0OH2>8-0H1>8-0H2 seklinde siralanmistir.
Elde edilen siralamaya bakildiginda ilk ti¢ bilesik ayni
cikmistir. Ancak yaklasik olarak 0.35 Kjmol-''liikk bir
fark ile gaz faz1 ve polar fazlarda elde edilen
siralamada bilesik 1 ve bilesik 3 farkli siralamada
bulunmustur.

SET-PT mekanizmasinin ikinci adimindan elde edilen
PDE degerleri Tablo 2’de listelenmistir. Tablo 2
incelendiginde PDE  degerleri polar fazlara
gecildiginde onemli 6l¢iide diistiigii gozlenmistir. Gaz
fazinda en diisiik PDE degeri bilesik 9 (926.0960
Kjmol1) icin elde edilirken polar fazlara gelince

edilmistir. SET-PT mekanizmasi icin gaz fazinda PDE
degerleri siralamasi 9>6>5-0H2>10>3>4>8-0H2>8-
OH1>2>5-OH1>7-OH1>7-OH2>1; etanol fazinda 8-
OH2>8-0H1>6>9>5-0H2>7-0H1>3>1>10>4>7-
OH2>2>5-0H1 ve su fazinda 8-OH2>8-0H1>6>9>5-
OH2>1>3>7-0H1>10>4>7-0H2>2>5-0H1 olarak
gozlenmistir.

SPLET mekanizmadan elde edilen PA degerleri gaz,
etanol ve su fazlarn icin asagida Tablo 2’de
listelenmistir. Tablo 2 incelendiginde etanol fazindaki
PA degerlerinin gaz fazindaki degerlerden yaklasik
600 Kjmol!, su fazindaki PA degerlerinin ise gaz
fazindaki degerlerden yaklasik 630 Kjmol! disiik
oldugu saptanmistir.

Bilesik 5’in 2-OH grubunun diger molekiillerin OH
gruplarinin PA degerlerinden daha kiigiik oldugu
dolayisiyla 2-O- anyon olusumunun diger anyon
olusumlarindan daha kolay olabilecegi anlamina
gelir. SPLET mekanizmasinda PA'larin degerine gore
en ylksek antioksidan etki gosteren bilesik 5'tir.
Bilesiklerin antioksidan siralamasi gaz fazinda 5-
OH2>7-0H2>8-0H2>8-0H1>1>2-OH1>2-OH2>7-

OH1>6>9>3>5-0H1>4>10; etanol fazinda 5-OH2>5-
OH1>8-0H2>8-0H1>2>9>1>7-0H1>10>7-0H2>6> 4
>3 ve su fazinda 5-OH2>5-OH1>8-OH2>8-OH1

bilesik 8'in OHZ (etanol ve su fazlan igin sirasiyla >0>2510>4>1>7-0H1>7-0H2>6>3 olarak
693.4811 Kjmol-, 680.9179 Kjmol-1) grubu i¢in elde saptanmustir.
Tablo 2. DFT//B3LYP/6-31+G(d) yontemi ile hesaplanan PDE ve PA degerleri (Kjmol-1)

PDE PA
bilesik gaz etanol su gaz etanol su
1 992.5241 701.8745 688.8196 1487.8559 822.8962 792.4835
2 981.9690 719.3073 706.5898 1489.2248 821.4763 789.2780
3 972.1880 701.8916 688.9664 1511.7054 839.5888 806.8626
4 972.7979 709.3029 695.6616 1521.7928 827.9090 792.4208
5-OH1 986.7172 723.1282 708.9939 1515.5003 814.5327 776.9266
5-OH2 945.3436 700.1401 687.8484 1454.1563 797.6181 766.8035
6 939.0327 694.1742 683.0697 1501.8611 826.6483 796.4559
7-OH1 988.6530 701.8853 689.1165 1496.9433 825.0725 792.8464
7-OH2 991.9304 713.4895 701.6885 14709177 826.1064 796.1687
8-OH1 976.8911 693.5656 681.0072 1477.0803 817.3149 785.8662
8-OH2 976.7950 693.4811 680.9179 1476.8703 817.0754 785.6231
9 926.0960 698.4380 687.1317 1505.9750 821.5826 788.8837
10 952.2757 708.6239 695.4632 1525.6203 825.6096 790.3716
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Bu calismada incelenen fenolik antioksidan tiirevi
bilesiklerin ~ SET-PT  mekanizmasi  iizerinden
hesaplanan IP degerleri Tablo 3’te listelenmistir.
Tablo 3 incelendiginde elektronun en kolay
koparildig1 bilesik 1 olarak gozlenmistir. Gaz
fazindaki siralama 1>3>2>7>5>4>8>10>6>9
seklinde iken etanol ve su fazlarinda
1>5>2>3>4>10>9>7>6>8 seklinde tespit edilmistir.

Tablo 3. DFT//B3LYP/6-31+G(d) yontemi ile hesaplanan
IP degerleri (Kjmol-1)

bilesik gaz etanol su

1 -546.5157 -689.4652 -691.5591
2 -498.4037 -666.8794 -669.8183
3 -502.6793 -665.9972 -668.3714
4 -481.1058 -660.8465 -663.9026
5 -492.4973 -675.4256 -678.7873
6 -448.4470 -633.7358 -637.2866
7 -495.6211 -645.1977 -647.7206
8 -477.0597 -632.6541 -635.2384
9 -442.4711 -646.7486 -651.1143
10 -456.0115 -655.9644 -659.4080

Antioksidan aktivitenin 6nemli bir kriteri olan
elektron verme yetenegi Enomo ile ilgilidir, distk
Enomo proton vermekteki zayif yetenekleri, yiiksek
Enomo ise daha giiclii elektron bagislama yeteneklerini
gosterir [20]. Diger 6nemli bir parametrede diisiik
Ewumo degeridir. Enomo-ELumo arasindaki bandgap
degeri ne kadar diisiik olursa e- bir iist orbital
seviyesine daha kolay gececegi icin daha kolay
iyonize hale gecmeyi ve yiiksek antioksidan aktiviteyi
temsil eder [21, 22]. Asagida Tablo 4'te

DFT//B3LYP/6-31+G(d) yontemi ile elde edilen gaz,
etanol ve su fazlarindaki Enomo-ELumo, bandgap ve
molekiiler tamimlayici parametreleri listelenmistir.
Calisilan 10 adet fenol tiirevi antioksidan bilesik icin
gaz, etanol ve su fazlarinda sirasiyla -5.35 eV, -5.66 eV
ve -5.7 eV degerleri ile elde edilen en yiiksek Enomo
degerine sahip bilesik 1 olarak saptanmistir. Enomo-
ELumo arasindaki bandgap’e bakildiginda da en diistuk
deger calisilan tiim ortamlarda yine bilesik 1 i¢in elde
edilmistir. Diisiik bandgap enerjisinin molekiiliin
antioksidan 6zellik tasidig1 anlamina gelmesi ¢calisilan
bilesiklerin antioksidan aktivite siralamalar1 gaz
fazinda 1>7>5>2>8>3>4>6>9>10 seklinde iken
etanol ve su fazlarinda 1>5>2>8>7>4>3>9>6>10
seklinde siralanmistir. Diger taraftan
DFT//B3LYP/6-31+G(d) yontemi ile gaz, etanol ve su
fazlarinda hesaplanan ve Tablo 4’te listelenen y , n, ,
S ve w molekiiler tanimlayic1 degerleri literatiirdeki
farkl antioksidan molekillerin yogunluk fonksiyonu
teorisi ile elde edilen degerleri ile kiyaslandiginda
bilesiklerin elektron verici karakter tasidiklar tespit
edilmistir [23, 24], ki bu o0zellik antioksidan
aktivitelerinin bir gostergesidir.

Tablo 5-7’te fenolik antioksidan tilirevi bilesiklerin
DFT//B3LYP/6-31+G(d) yontemi ile elde edilen
HOMO-LUMO dagilimlart verilmistir. HOMO-LUMO
goruntiileri incelendiginde HOMO orbitallerinin
fenolik halkada yogunlastign gorilirken LUMO
orbitallerinin o6zellikle stbstitiie gruplar tzerinde
molekiile yayildig1 gorilmistir.

Tablo 4. DFT/6-31+G(d) metodu ile gaz fazinda hesaplanan molekiiler tanimlayicilar: Enomo (eV), ELumo (eV), bandgap (eV)

molekiiler bilesik
tanimlayicilar 1 2 3 4 5 6 7 8 9 10
Exomo -5.35 -5.78 -557 -5.74 -5.68 -6.01 -5.9 -6.16 -6 -5.84
ELumo -085 -067 -023 -039 -0.61 -0.65 -094 -1.02 -0.44 -0.19
N bandgap -4.5 -511  -534 -535 -5.07 -5.36 -496  -514  -5.56 -5.65
o0 X 3.1 3.23 2.9 3.07 3.15 3.33 3.42 3.59 3.22 3.02
T -3.1 -3.23 -2.9 -3.07 -3.15 -3.33 -342  -359 322 -3.02
n 2.25 2.56 2.67 2.68 2.54 2.68 2.48 2.57 2.78 2.83
S 0.22 0.2 0.19 0.19 0.2 0.19 0.2 0.19 0.18 0.18
W 2.14 2.04 1.58 1.76 1.95 2.07 2.36 2.51 1.87 1.61
molekiiler bilesik
tanimlayicilar 1 2 3 4 5 6 7 8 9 10
Exomo -5.66 -5.9 -5.88 -597 -5.84 -6.28 -6.12  -6.26  -6.14 -6.05
_ ELumo -1.1 -0.8 -0.37 -056 -0.78 -0.73 -0.92 -1.1 -0.6 -0.4
= bandgap -4.56 -5.1 -5.51 -541 -5.06 -5.55 -5.2 -5.16  -5.54 -5.65
g X 3.38 3.35 3.13 3.27 331 3.51 3.52 3.68 3.37 3.23
T -338 -335 -313 -327 -331 -3.51 -3.52 -3.68 -337 -3.23
n 2.28 2.55 2.76 2.71 2.53 2.78 2.6 2.58 2.77 2.83
S 0.22 0.2 0.18 0.18 0.2 0.18 0.19 0.19 0.18 0.18
W 2.51 2.2 1.77 1.97 2.17 2.03 2.38 2.62 2.05 1.84
molekiiler bilesik
tanimlayicilar 1 2 3 4 5 6 7 8 9 10
Exomo -5.7 -592 -593 -6.01 -587 -6.31 -6.16 -6.3 -6.17 -6.09
ELumo -1.13  -0.81 -0.4 -0.59 -0.81 -0.75 -094 -1.12  -0.62 -0.43
= bandgap -4.57 -511 -5.53 -542 -5.06 -5.56 -522 -518 -555 -5.66
@ X 3.42 3.37 3.17 3.3 3.34 3.53 3.55 3.71 3.4 3.26
1 -342  -337 -3.17 -3.3 -3.34 -3.53 -3.55 -3.71 -3.4 -3.26
n 2.29 2.56 2.77 2,71 2.53 2.78 2.61 2.59 2.78 2.83
S 0.22 0.2 0.18 0.18 0.2 0.18 0.19 0.19 0.18 0.18
W 2.55 2.22 1.81 2.01 2.2 2.24 241 2.66 2.08 1.88

143



V. E. Atalay ve H. Ocak / Bazi Fenolik Bilesiklerin Yogunluk Fonksiyonu Yontemi ile Antioksidan Aktivitelerinin Tayin Edilmesi

Tablo 5. HOMO-LUMO Gaz Fazi goriintiileri

FFIRAIR

-0.85 -0.67 -0.23 -0.39 -0.61 -0.65 -0.94 -1.02 -0.44 -0.19

LUMO(eV)

o,
)

)

T 145 21511 3|534 4535 5|507 6|536 7|496 8(514 9|556 10/5.65
<

o]

-5,35 -5.78 -5.57 -5.74 -5.68 -6.01 -5.9 -6.16 - -5.84

EFEEnisEy

Tablo 6. HOMO-LUMO Etanol Fazi goriintiileri
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Tablo 7. HOMO-LUMO Su Faz1 Goriintiileri
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4. Sonug

Bu c¢alismada Spartan 14  programi ve
DFT//B3LYP/6-31+G(d) yontemi ile 10 adet fenolik
bilesigin gaz etanol ve su fazlarinda HAT, SET-PT ve
SPLET mekanizmalari modellendi. Elde edilen
verilere gore BDE, ETE, PA, IP, PDE ve A(Eunomo-ELumo)
degerleri hesaplanarak antioksidan aktiviteleri
siralanmistir. HAT mekanizmadan elde edilen BDE
degerlerindeki ilk ii¢ fenolik antioksidan aktivite
calistlan  tim  fazlarda  1>5-OH2>3  olarak
gozlenmistir. SPLET mekanizmanin
modellenmesinden elde edilen ETE degerlerine bagh
siralamada ise gaz fazinda 3>1>4, etanol ve su
fazinda 1>3>4 seklinde iken PA degerlerine bagh
antioksidan aktivite siralamasi gaz fazinda 5-OH2>7-
OH2>8-0H2, etanol ve fazinda 5-OH2>5-OH1>8-0H2
olarak saptanmistir. SET-PT mekanizmasindan elde
edilen PDE degerlerine baghh antioksidan aktivite
siralamasinda 9>6>5-OH2; etanol ve su fazinda 8-
OH2>8-0H1>6 olarak gozlenirken IP degerlerinden
elde edilen gaz fazindaki siralama 1>3>2 seklinde
iken etanol ve su fazlarinda 1>5>2seklinde tespit
edilmistir. Bir diger 6nemli parametre olan A(Enomo-
EvLumo) bandgap enerji degerlerine bakildiginda ise
antioksidan aktivite siralamalar1 gaz fazinda 1>7>5
seklinde iken etanol ve su fazinda 1>5>2 seklindedir.
Elde edilen tiim sonuglar degerlendirildiginde bilesik
1 olarak tanimlanan 2-hexadecyl-2,5,7,8-
tetramethylchroman-6-ol molekiliiniin antioksidan
aktivitesi calisilan yontem ve fazlarda en yiiksek
olarak bulunmustur.

Yazarlar bu c¢alisma ile ilgili herhangi bir c¢ikar
catismasi olmadigini beyan ederler.

TesekKkiir

Yazarlar bilgisayar kaynagi ve yazilim destegi nedeni
ile Marmara Universitesi Fen-Edebiyat Fakiiltesi'ne
ve Safiye Sag Erdem’e tesekkiir ederler.
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Keywords Abstract: In this study we examined possible antimicrobial properties of clay
Naturalclay, specimen taken from Davutoglan Bird Sanctuary which is located in Kiztepe skirts
Antimicrobial activity, as a remote ecological environment to industrial areas. Antimicrobial effects of

Clay minerology Gram (-) (Escherichia coli, Pseudomonas aeruginosa) and Gram (+) (Bacillus subtilis,

Enterococcus faecalis, Staphylococcus aureus) pathogenic bacteria species on clay
samples collected from the region were investigated. Between 0.5-1.5 g/mL
concentration range clay has been shown to affect bacterial growth with the
bacterial inoculations of 105 cfu/mL. X-ray diffraction (XRD), X-ray fluorescence
(XRF) and thermogravimetric (TG) studies of clay minerals and chemical structure
have been determined in parallel with the study of antimicrobial activity in order
to support these results and to explain the findings. In addition, scanning electron
microscopy (SEM) and Brunauer-Emmett-Teller (BET) methods were used to
determine the pore structure and surface area of the clay. The obtained results
were correlated with antimicrobial activity. According to XRD, XRF and TG analysis
results, illite, dolomite and calcite were found to be major clay minerals from the
samples taken from the area. It was found that they have a large surface area of
57,002 m2/g according to BET results. It is also concluded that since the large
surface area gives strong absorbent properties and supplies a suitable interface for
oxidation, suppression of the bacterial growth is observed.

Davutoglan Kus Cenneti Kilinin Kimyasal ve Mineralojik Yapisinin Antimikrobiyal
Etkinligi Acisindan Degerlendirilmesi

Anahtar Kelimeler Ozet: Bu calismada endiistri bélgelerine uzak bir ekolojik ortam olan Davutoglan
Dogal _kiL ) o Kus Cenneti Kiztepe mevki eteklerinden alinan kil érneginin olas1 antimikrobiyal
Antimikrobiyal aktivite, ozellikleri incelenmigstir. Bélgeden alinan kil 6rneklerinin Gram(-) (Escherichia coli,

Kil mineralojisi Pseudomonas aeruginosa) ve Gram(+) (Bacillus subtilis, Enterococcus faecalis,

Staphylococcus aureus) patojen bakteri tiirleri tizerindeki antimikrobiyal etkileri
arastirilmistir. Kilin 0.5-1.5 g/mL konsantrasyon araliginda 105 cfu/mL bakteri
inokiilasyonlarina karsi bakteriostatik etkide oldugu gosterilmistir. Bu sonuglari
desteklemek ve bulgular1 agiklamak amaciyla antimikrobiyal aktivite ¢alismasina
paralel olarak kil érneginde X-isinlar1 kirinimi (XRD), X-1sinlar1 floresans (XRF),
Termogravimetri (TG) calismalar ile kilin minerolojik ve kimyasal yapisi
belirlenmistir. Ayrica kilin gézenek yapisi ve ytlizey alanini belirlemek i¢in taramali
elektron mikroskobu (SEM) ve Brauer-Emmet-Teller (BET) yontemleri
kullanilmistir. Tiim bu analizlerden elde edilen sonuglar antimikrobiyal aktivite
degerleri ile iligkilendirilmistir. Sahadan alinan kil 6rneklegi XRD, XRF ve TG analiz
sonuglarina gore illit, dolomit ve kalsit icerdigi tespit edilmis ve BET sonuglarina
gore kil 57,002 m?/g gibi genis ylizey alanina sahip oldugu bulunmustur. Genis
ylzey alani kuvvetli absorbans 6zellik kazandirdigindan ve bu genis ylizey alani
oksidasyon icin uygun bir ara ylizey oldugundan bakteriyal iiremeyi baskiladigi
sonucuna varimistir.

*Corresponding author: bsopaci@ahievran.edu.tr
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1. Introduction

Humankind has been wusing and preparing
equipments made from clays since Neolithic or even
Chalcolithic period [1]. Possibly because of the fact
that the ceramic surface is not a suitable medium for
bacterial or fungal growth, it is one of the widespread
material in use today. The medicinal effects related
with antimicrobial properties of the clays have
already been known for a long time [2, 3].

Clays differ in terms of their chemical and physical
properties and are classified into different classes
according to these properties. However, the clay
structure is mainly composed of alumina and silica,
which is called as alumina silicate. The chemical
properties of the non-clay minerals are enriched by
structural participation, such as Ca, Na, Mg, K, quartz
[4]. The other elements that enrich the micro-
chemical structure of the clays are organic substances
and salts. Unlike the expectation in industrial
practice, this micro-chemical environment is the most
important properties in medicinal and cosmetic use
[4, 5].

Geophagia is an old and widespread behaviour, which
is known as consumption of soil minerals and pure
clay structures such as illite and smectite by human
and animals [6, 7]. Clay minerals as a natural nano-
structures as well are also good adsorbent, ion-
exchanger material they are rich in mineral and
therefore have a widespread healing effects mainly
on skin and gastrointestinal diseases [8, 9]. One of the
most striking researches about the therapeutic
effects of clays has been conducted by Williams et al.
on the antimicrobial efficacy of the French green clay
[10, 11, 12]. Upon the finding of effective treatment of
very dangerous necrotizing fasciitis type infectious
disease called Bruli ulcer [11], the relationship
between the mineralogical and chemical structures
was investigated [10]. As a result, it has been stated
that the illite-smectite feature of the French green
clay is mainly effected by the reduced iron species
present in the structure and by the pH buffering
ability -by increasing the Fe2* solubility- in the
aqueous medium [10, 13]. Apart from the French
green clay, various therapeutical features and
antimicrobial effects have been studied and many
clay types have been examined in terms of their
mineralogical properties. [14, 15, 16] Disinfection of
drinking water by clays reported for deactivation or
killing of pathogenic microorganisms in water [17]. It
is interesting that different clay species may have
different microchemical properties and mineralogical
structures with similar therapeutic properties. For
example, some clay species seem to owe their
effective antibacterial properties to the aluminum
compounds they contain [18]. The conclusion that
can be drawn from all these research above is the
non-clay minerals are the most important factor, and
the antimicrobial effect is originates from the
multifactorial properties of the clay including
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microchemical structure (E.g. the pH buffering
feature of the clay which increases the solubility of
the active soluble mineral) [10, 19].

The identification of the antimicrobial natural
minerals, such as different clays types, and the
investigation of their effect spectra and mechanisms
are important for us for two main purposes. An
important advance in terms of medical use is the
growing number of pathogenic microorganisms that
the medical world has so far pointed out to develop
antibiotic resistance to existing chemical agents.
When the action mechanisms of clay and natural
minerals are examined, it appears that they are
caused by a number of physical and chemical
interactions that cannot be specific to the metabolic
processes and thus bacteria cannot easily become
resistant [13, 20]. The second important issue is the
environmental impact and environmental
management. Natural minerals and clays of soil
structure has controlling effect on the micro-fauna of
the soil environment [20]. This indicates a mutual
environmental interaction, that is, while the chemical
and physical structure of the clay in the environment
shapes the micro-fauna, the vice versa is also
happens at the same time. The micro-fauna will have
an impact on all other living species present in the
environment. For this reason, the impact on micro-
fauna, as a possible antimicrobial factor is important
for the evaluation and management of environmental
conditions. From the above-mentioned critics, in this
study, the microbial activities of clay sample taken
from the Davutoglu Bird Sanctuary near Davutoglan
Village, Cayirhan Settlement Unit of Nallithan District
of Ankara province, were investigated. Besides the
discovering of potential therapeutic effects of
Cayirhan clay the information that can be elucidated
from clay samples collected from the region. In-vitro
antibacterial effects of clay against different
pathogenic bacteria (E. coli, S. aureus, P. aeruginosa, E.
faecalis, B. subtilis) were studied. Possible
antimicrobial effects of clay have been investigated
on these bacterial strains. The reason for the
selection of this territory is that being far from the
industrial regions. Only Cayirhan Thermal Power
Plant is located in the region, and the central bird's
sanctuary is about 8.5 km away. Davutoglan is a
bird's sanctuary where is located in the place where
the Aladag Stream meets the Sariyar Dam. Aladag
Stream Born in Bolu province borders from Biiyiik
Kartal hill, it flows in the borders of Seben district
and flows into Sakarya River in Sariyar dam lake area.
There is no industrial structure in the basin and a
HES. For this reason, the river is among the least
polluted rivers in Turkey and especially as one of the
richest fauna areas of our country. However, Sakarya
River is not at the same situation. Although the
Sakarya River has a very large basin area and 3
different sources (Sakaryabasi, Baskurt and Pinarbasi
sources), the river has a variable flow regime. The
amount of water from these sources is not small, but
the abundance of agricultural land around the river
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and especially the watering of these land in the river
upstream, the withdrawal of water from the Sakarya
River drastically reduces the river. The Porsuk and
Ankara Streams that pass through the city center of
Eskisehir and the Alpu district increase the BOD
value of the river water. Especially the situation of
Ankara Stream is a worrisome dimension, because
Ankara's Stream is the water that is treated by Tatlar
refining plant where the household waste of the large
settlement unit such as Ankara is refined. In addition,
these streams are mixed in the treated waters from
the purification plants of Ayas, Polatli and Nallihan
districts. Because of this reason, Sakarya River is
unfortunately polluted at the upper side of the basin
and most of these pollution elements accumulate as
sediments in Sariyar Dam. The Aladag Stream meets
the Sariyar Dam Lake and the area is protected by the
Ministry of Environment, but still in the area clean
water is contaminated with polluted stream. The
vicinity of the Davutoglan bird sanctuary is at the
level of the river. There is green clay layer is seen up
to 200 m and red clay is located upper side of the
hills. The geological survey of the region has been
known for a long time [21, 22].

In this study, antimicrobial examination of green clay
specimens taken from Davutoglan bird sanctuary was
made. X-ray diffraction (XRD), X-ray fluorescence
(XRF) and thermogravimetric (TG) studies have been
carried out in parallel with the microbiological study
in order to evaluate the results of antimicrobial
examination together with clay structure. The
purpose of the XRD study is to determine clay and
other minerals in the green clay, the XRF study was
carried out to know the major components and the
amount of heavy metals. TG method was applied to
support XRD studies and to determine the amount of
clay moisture and amount of carbonate minerals. In
addition, the clay surface was imaged with a scanning
electron microscope at a micro level and the major
components were once again identified using the XRF
(Energy Dispersive X-ray Analysis) feature of the
electron microscope, and the result was compared
with the XRF. The Brunauer-Emmett-Teller method
(BET) was used to determine the surface area of the
clay, and the surface area was determined by N2 gas
absorption. The results of the antimicrobial activity
were interpreted with the help of chemical structure
of the clay.

2. Material and Method
2.1. Apparatus

The TG study was carried out with Shimadzu DTG-
60H apparatus. The thermogravimetric analyses
were carried out in Pt pans at 10 °C/min heating rate
under nitrogen atmosphere. The temperature and
heat calibrations of both devices were carried out
using In and Pb metals.
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The surface area of complexes and pyrolize product
NiO were measured by BET method in Quantachrome
Nova 2200e device using N2 with 18 hours degassing
time at 110 °C equilibrium temperature.

The major and minor components of the clay were
determined Spectro XLABII polarized XRF device and
XRD pattern of the clay was obtained using Bruker D8
Advance diffractometer. The surface morphology was
also confirmed by Scanning electron microscopy
(SEM, FEI NOVANANOSEM 650).

2.2. Sampling of green clay

The green clay samples were collected from
Davutoglan bird sanctuary located in close proximity
of Davutoglan Village at the beginning of the spring
season in which there was a semi dry environmental
condition. The samples were collected from the
sediment of the basin in the area on which migratory
bird colonies hosting. The area at this part was
consisting partly watery and majorly muddy and dry
soil and clay zones at the season. The muddy and dry
clay zones of the area was the most suitable part for
collecting samples. Samples were dried and
preserved in plastic bags at room temperature in a
dry and dark environment until it will be used.

2.3. Antimicrobial activities

Bacterial cultures (E. coli, P. aeruginosa, E. faecalis, B.
subtilis, S. aureus) used in this study are stored in
Tryptic soy broth containing 20% glycerol at -80 °C.
24 hrs fresh cultures prepared in Hinton Mueller
agar. For antimicrobial activity collected clay samples
are suspended in Hinton Mueller Broth and these clay
(0.5-1.5 mg/mL) containing media are inoculated at
final bacterial concentration of 10* cfu/mL. Before
suspending in the media the clay samples are well
grinded with a mortar until it became a powdery dust
and sterilized in the oven at 100 °C. Antimicrobial
test was performed by pipetting 10 pL samples at 30
min, 1, 2, 3 and 4th hrs and was spread on agar and
cultivated at same growth condition. The colonies on
which occurred on the agar was observed and
counted at 24t hours. To be able to observe the
bacteriostatic effect it was necessary to check the
bacterial growth from overnight culture as well.

3. Results

3.1. Antimicrobial assessment of Davutoglan clay

We employed two G(-) (E. coli, P. aeruginosa) and 3
G(+) (E. faecalis, B. subtilis, S. aureus) common
pathogen bacterial species to evaluate the possible
bacteriosidic or bacteriostatic effect of Davutoglan
clay. Bactericides function by impeding nourishment,
disrupting essential metabolic activities, suffocation
(precipitation of a solid phase rendering the cell wall
impermeable), poisoning (delivery of a toxin), or
physical disruption (cell lysis by bursting or
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penetration) [23]. Bacteriostatic antibiotics on the
other hand limit the growth of bacteria by interfering
with bacterial protein production, DNA replication, or
other aspects of bacterial cellular metabolism.
However, there is not always a precise distinction
between them and bactericidal antibiotics; high
concentrations of some bacteriostatic agents are also
bactericidal, whereas low concentrations of some
bactericidal agents are bacteriostatic [10].

To show the antibacterial agent’s bacteriosidic and
bacteriostatic activity it is necessary to observe
growth inhibition prolonged time (up to 24 hrs) of
cultivation with antibacterial agent. According to our
observation in all the bacterial strain that have been
examined against Cayirhan clay were show
suppression growth at first 1-4 hours. Table 1 shows
that the clay slurry has a slight bacteriostatic effect at
the given concentrations of clay (0.5-1.5 mg/mL) and
bacterial strain 105 cfu/mL. Growth of control
experiment was also weak at first hours but clay
applied samples in most cases shows growth
suppression by clay. Growth of samples taken from
24 hrs were confirming the observation that clay
samples has bacteriostatic effect rather than
bacteriosidic activity (Picture 1). As the control
experiment clay slurry with no bacteria addition was
not show growth. There was bacterial colony forming
with no culture media addition to clay. Clay poultices
prepared with de-ionized water incubated and
growth over layer of poultices observed (Picture 2).

The results of the antimicrobial activity test indicate
that the clay sample suppresses the growth of the
bacterial population but after 24 hours there is
inevitably an increase in the bacterial population. In
recent studies in the literature, the inhibition of
bacterial growth by clay specimens was reported [18,
19]. In these studies, it was indicated that soluble Al3+
and Fe3* ions originating from the clay inhibited the
bacterial population and that the population did not
increase due to the stress which was caused by the
Al3* ion on the cell membranes. In another study, it
was reported that the high surface area of clay is a
suitable environment for oxidation and this results in

the antimicrobial effect of oxidative stress [10]. The
elemental analysis results of the clay samples taken
from the Davutoglan bird sanctuary basin, which
were determined by XRF method, are given in Table 2
and XRD pattern obtained in order to determine the
composition of clay is given in Graph 1 SEM image
and EDX analysis of the clay was also performed and
the results obtained with XRD was confirmed by EDX
(Picture 3).

Picture 1. Growth of P. aeruginosa with clay (first row) and
control experiments (second row) at 1, 4 hrs and overnight
cultures

The growth was abundant single type colony
greenish yellow colors. Usually this type of Fe rich
clay minerals shows sulphur reducing bacterial
growth [24].

- . "
Picture 2. Colony formation over the clay sample prepared
with deionized water

Table 1. Number of viable cells from the petri dishes of 1 hrs, 4 hrs and overnight cultures of clay applied and control

experiment
P. aeruginosa E. coli B subtilis E. faecalis S. aureus
Clay CG Clay CG Clay CG Clay CG Clay CG
1hrs - 10 - 2 38 22 62 30 112
4 hrs 10 172 1 18 10 54 91 168 50 390
o/n Biofilm Biofilm Biofilm Biofilm Biofilm  Biofilm  Biofilm  Biofilm Biofilm Biofilm

0/n, overnight culture; Clay, growth on clay added media; CG, control experiment
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Table 2. Elemental analysis results found in Davutoglan clay with XRF

Major Components (%)

Minor elements (ppb=ug/kg)

Component %

Component  ppb

Component  ppb Component  ppb

1 Na20 4.67 1 Co 34.3 15 Mo 3.0 29 TI 0.8

2 MgO 4.54 2 Ni 534 16 Cd 0.9 30 Bi 0.6

3 AlLO3 14.19 3 Cu 21.2 17 In 0.9 31 Th 6.5

4  SiOz 52.39 4 Zn 61.5 18 Sn 11 32 U 10.6

5  P20s 00023 | 5 Ga 176 19 Sb 1.1

6 Cl 0.02 6 Ge 0.8 20 Te 14

7 K20 3.09 7 As 8.6 21 | 4.8

8 Fe203 4.995 g Se 0.2 22 Ba 401.9

9 CaO 3.89 9 Br 14 23 La 30.1

10 SO3 0.12 10 Rb 93.1 24 Ce 42.2

11 MnO 0.06 11 Sr 2846 925 Ta 2.7

12 TiO2 0.51 12 Y 7.6 26 W 2.5

13 V205 0.019 13 Zr 126.2 27 Hg 0.7

14 LOI 11.47 14 Nb 16.0 28 Hf 4.1

70 4 Existing of 4.54% MgO and 3.89% CaO in Davutoglan

60 ] clay indicates that some calcite + dolomite is also

50 present in the mineral structure. Mineral mixtures
2 40-] coming from clay and limestone usually named as
g a0 ] marls by geologist, in some geological literature
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Graph 1. The XRD pattern of Davutoglan clay

Picture 3. SEM analysis and EDX results of Davutoglan clay
XRF analysis shows large clay minerals in the clay
material and some carbonates of the IIA group
elements
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sources this green clay in this region is also named as
Davutoglan-Cayirhan marls [21, 22]. The composition
which is given in the Table 2 was also supported by
XRD pattern of the clay (Graph 1). There are 4
significant diffractions observed in the XRD curve.
They were diffracted at 26 values of 15.593, 26.027,
29.495 and 30.480° respectively. The first intense
peak is probably from the clay mineral called illite,
the second peak from quartz or illite mineral. As it is
known, the clay is dominated by aluminum oxides
and hydroxides between the two-dimensional silicon
dioxide plates. Part of the Al (III) ion in the clay can
be replaced by Mg(Il), Ca(ll), K* and Na* ions.
Because of this reason, it can be concluded that all of
the amount of MgO and CaO calcite found in the clay
can’t be originated from dolomite mineral. Some Ca
(I1) and Mg (1II), should be possibly coming from illite
mineral. The intense peak at 26.027 ° can be
attributed to SiO2 platelets illite mineral or from free
Si02. The peaks observed at 29.495 and 30.480 °
show calcite and dolomite minerals existence in the
clay.

XRF results show that there are sufficient amounts of
Al3* and Fe3* in Davutoglan clay. In this case, it was
expected that to show we should have observed more
effective antimicrobial activity on the bacterial
species that have been tested according to the
literature. Instead we observed a limited
antimicrobial effect which can be expressed as
growth suppression at the given bacterial inoculation
and clay concentration. But in the literature, the pH
value for growth inhibition is in the weak acidic
region which is 4.6-4.7 [18,19]. Inhibition was
observed in the acidic medium. At this pH value, the
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solubility of Al3* ion for the clays is quite high [25]. At
pH = 4.6, there is sufficient amount of Al3* in the
medium, which prevents the bacterial population
from increasing. When it comes to our experimental
condition we see an alkali pH (9.7-10). After
Davutoglan clay was mixed with distilled water and
suspended, the pH value was measured as 9.7-10. The
solubility of Al3* and Fe3* ions at this pH is too small
to be measured. Considering that clay minerals and
exchangeable ions also has a buffering effect, it would
be cleared up why there were no significant
antimicrobial effect although the sufficient amount of
Al3* and Fe3+ exist. For this reason, there is also no
possibility to link the cause of the weak antimicrobial
effect observed in this study to Al3+ and Fe3* ions. The
reason for the poor antimicrobial activity observed
might possibly is the broad surface of the clay as a
suitable interface for oxidation.

The calcite and dolomite limestone minerals of
Davutoglan clay structure are supported by the
results of thermogravimetric analysis (Graph 2).
According to the Graph 2, a mass loss of about 2% is
observed in the sample heated to about 100 °C. It is
because of the water absorbed by the clay, since this
mass loss is endothermic. Then, as the temperature
rises, a mass loss of about 11% from a temperature of
200 °C to a temperature of 800 °C is observed. These
mass losses are probably due to dehydration of clay
minerals in the material and decarboxylation of
carbonate minerals, namely calcite and dolomite. The
endothermic signal beginning at 630 °C and
completed at 800 °C is the decarboxylation signal of a
typical CaCO3 mineral. The XRF analysis results are
consistent with the TG given as the heating mass loss
given as LOI (Lost of ignition). In TG operation, Oz gas
was supplied at a temperature of 800 °C and there
were no exothermic signal was observed at this
temperature range, indicating that there is no organic
residue in the clay sample. As can be seen from the
XRF results, the clay is a quite a poor in P element. In
summary, only the potassium is present in the clay as
nutritive element, the organic matter and the P in the
clay are also very few. The solution obtained by
treating the media obtained from clay by rinsing it
with hot water and then mixing with H.SOs+ and
KMnO4 found to be free of any organic material [26].
In this case, there are no organic or inorganic
nutrients in the clay. Only K of NPK essential
nutrients and Ca, Mg and Fe are essential elements
[27]. But there was still bacterial colony forming was
observed on the poultices obtained with no culture
media addition to clay. Clay poultices prepared with
de-ionized water incubated and growth over layer of
poultices observed (Picture 2). The growth was seen
as abundant single type colony greenish yellow
colors. This might be the type of metal reducing
bacterial colonies that can be absorbed by the clay
[28].
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Davutoglan Bird Sanctuary is located in the place
where Aladag Stream meets with the Sakarya River,
more precisely in the Sariyar Dam pond. Aladag
Stream is originated from the Kartalkaya region of
the Koroglu Mountains in the Bolu province of
Turkey. It flows into the Seben county boundaries
and merges with the Sariyar dam at Kiztepe location
2 km away from Davutoglu village within the
boundaries of Nallithan district. There is no industrial
facility on the road of river and it is not in a big
settlement. There is a small irrigation pond just
around Kartalkaya called Aladag pond. There are 4
villages and 2 HES on the flow route and there are no
treatment plants. In summary, Aladag Stream is one
of the rare rivers that can drift in the summer and
winter, yet remain untouched by urbanization and
industrial pollution. The surrounding area with rice
farming and fruit gardens but still is not a region with
high population density. It cannot be said that Aladag
Stream is affected too much by agriculture and
industrial pollution. Due to this reason, it is not highly
probable that the nutritional materials for microbial
growth can be carried to Davutoglan. The risk of
aquatic pollution in Davutoglan is actually coming
from the Sakarya River. Especially in the spring
season, the dam causes a lake formation in the bird
sanctuary a few km in diameter. It is more probable
that the pollutants that may come from the Sakarya
River are likely to accumulate around the sanctuary
because the clays and marl are strong absorbent
materials. The poor antimicrobial activity of the
Davutoglan clay can be explained by the large surface
area of the clay and the formation of a suitable
interface for oxidation due to this large surface [10].
It would be possible to increase the bacterial
population if there are appropriate nutrients for the
bacteria in the environment. However, the results of
the analysis show that for now, there is no dangerous
accumulation on the clay. Otherwise, if the nutrient
elements accumulate, it is obvious that the
antimicrobial effect will be observed much less
because the Davutoglan clays do not have Al3* and
Fe3* release due to the alkali aqueous environment.
Also the natural microbial fauna would be effected
and as a result the chemical properties of the clay and
soil would be changed in return.
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4. Discussion and Conclusion

Antimicrobial activity was determined by using five
bacterial cultures on green clay specimens taken
from the Davutoglan Bird Sanctuary in the Nallithan
district borders. Initially, a weak antimicrobial
activity was observed, but after 24 hours
antimicrobial activity could not prevent the bacteria
from proliferation. The situation was explained in the
light of the literature. It was concluded that
Davutoglan's clay did not produce Al3* and Fe3+
release due to their alkali environment in aqueous
mixtures and therefore did not produce a strong
antimicrobial effect. It is also concluded that the area
is still protected from organic pollution which gives a
balanced microbial fauna but still should be accepted
as delicate for the chemical and biological
environment of the bird sanctuary soil.
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Anahtar Kelimeler
ispeng tavugu,
Minyatiir tavuk,
Morfolojik
Karakterizasyon,
Yerli tavuk irklar

Ozet: Bu arastirma, uzun yillardir iilkemiz sartlarina basari ile uyum saglamis Ispeng
genotipine ait horoz ve tavuklarda bazi morfolojik standartlar1 belirlemek amaciyla
yapilmistir. Arastirmada Ispenc¢ genotipine ait 105 horoz ve 146 tavukta 27 farkl
morfolojik parametre incelenmis ve drneklemeler Ankara, Izmir ve Antalya illerinde
yetistirilen farkh yas donemlerindeki farkhh Ispen¢ popiilasyonlarinda yapilmistir.
Arastirma bulgularina gore Ispeng genotipinde viicut deri rengi beyaz olarak saptanmis
ve tiim hayvanlarda yanak ve sakal tiiyleri gézlenmistir. Ispen¢ genotipinin her iki
cinsiyetinde de ayak bileklerinde paca tiiyleri saptanmis ve her ayakta 5 adet parmak
olusumu gozlenmistir. ispen¢ horoz ve tavuklarinda ortalama canl agirlik sirasiyla 0.733
ve 0.582 kg, viicut uzunlugu 41.85 ve 35.59 cm, a¢ik kanat uzunlugu 50.04 ve 54.46, sirt
uzunlugu 11.58 ve 10.98 cm, gogis genisligi 61.42 ve 55.32 mm ve boyun uzunlugu 71.71
ve 69.17 mm olarak saptanmistir. Horozlarda yas donemi ile birlikte kafatas1 uzunlugu
(P<0.05), kafatas genisligi (P<0.05), ibik uzunlugu (P<0.001), ibik genisligi (P<0.001) ve
okiiler genislik (P<0.05) degerleri 6nemli diizeyde artarken, tavuklarda yas dénemi ile
birlikte kafatasi uzunlugu (P<0.05), ibik uzunlugu (P<0.001), ibik genisligi (P<0.001) ve
okiiler uzunluk (P<0.05) degerlerindeki artis énemli bulunmustur. Sonug¢ olarak bu
arastirma Ispen¢ genotipi lzerinde yapilan ilk c¢alisma niteligindedir. Arastirma
bulgularinin ispen¢ genotipinin yerli tavuk irki olarak tescil edilme siirecine katki
saglayacag diisiiniilmektedir.

Some Morphological Characteristics of ispen¢ Roosters and Chickens

Keywords

ispenc fowl,
Miniature chicken,
Morphological
characterization,
Native chicken breeds

Abstract: This research was carried out to determine some morphological standards of
Ispeng roosters and chickens that have successfully adapted to the conditions of Turkey
for many years. In the study, 27 different morphological parameters were investigated on
105 roosters and 146 chickens of Ispen¢ genotype and the birds were sampled from
different populations of different age groups that are grown in Ankara, izmir and Antalya
provinces. According to the research findings, the skin colour was white in the ispenc
genotype and muff and beard feathers were observed in all animals. Both genders of the
Ispeng genotype were feather legged and 5 toes were observed in each foot. The average
body was 0.733 and 0.582 kg, body length was 41.85 and 35.59 cm, open wingspan was
50.04 and 54.49, back length was 11.58 and 10.98 cm, chest width was 61.42 and 55.32
mm and neck length was 71.71 and 69.17 mm in roosters and chickens, respectively.
With increasing age, there was a significant increase in skull length (p<0.05), skull width
(p<0.05), comb length (p<0.001), comb width (p<0.001) and ocular width (p<0.05) in
roosters, and skull length (p<0.05), comb length (p<0.001), comb width (p<0.001) and
ocular length (P<0.05) in chickens. It is thought that the results of this first research on
the ispeng genotype will provide an important contribution to the ispeng genotype, which
has the potential to be registered as a native chicken breed.

1. Giris bagl talep artis1 sanayi ve teknolojinin de gelisimi ile

entansif hayvancilik uygulamalarinda yiiksek verime
Hayvansal iretim her gegen giin artan insan sahip az sayidaki kiiltiir ve sentetik irklar iizerine
poplilasyonunun ihtiyaglarinin  karsilanmasinda yogunlasilmasina sebebiyet vermistir. Bu yonelim
olduk¢a dnemli bir paya sahip olmaktadir Thtiyaclara yerli (lokal) irklarin iiretimde daha az tercih

*llgili yazar: dozdemir@akdeniz.edu.tr 155



D. Ozdemir/ ispeng Tavugu ve Horozlarinda Bazi Morfolojik Ozellikler

edilmesine ve dolayisiyla giderek yok olmalarina
neden olmaktadir. Birlesmis Milletler Gida ve Tarim
Organizasyonu'nun (FAO) 2015 yilinda yayinladig:
gida ve tarimda kullanilan hayvan genetik
kaynaklarini konu alan raporunda diinya iftlik
hayvanlar1 genetik kaynaklarinin % 17’sinin yok
olma tehlikesiyle karsi karsiya oldugu, bu
kaynaklarin % 58’inin risk durumuyla ilgili ise hi¢bir
kayit bulunmadig1 belirtilmistir [1]. Ayn1 raporda
2000 ve 2014 yillar1 arasinda 100 adet ciftlik hayvam
irkinin yok oldugu ve en fazla genetik kaybin kanath
tiirlerinde yasandigi belirtilmistir [1].

Ticari tavuk¢ulugun baslamasindan bu yana tavuk
genetik cesitliligi, yiiksek verimli hatlara olan ilgi
nedeniyle biiyiik bir kayba ugramis ve bunun
sonucunda diisiik ticari verime sahip bir¢ok yerel
tavuk 1rki yok olma tehlikesiyle karsi karsiya
kalmistir [2, 3, 4]. Tim diinyada oldugu gibi
ilkemizde de hayvansal iiretimde en hizli gelisme
tavukculuk sektoriinde saglanmis, ihtiya¢ duyulan
yumurta ve pili¢ eti liretimi tamamen yiiksek verimli,
yabanci orijinli hibritler tizerine odaklanmistir; diisiik
verimli yerel tavuk irklar iiretim prosesinde tercih
edilmemistir. Glinlimiizde Tiirkiye’deki mevcut tavuk
irklari, envanteri ve risk durumlar1 hakkindaki
bilgiler olduk¢a smirli kalmistir. Mevcut tavuk
irklarinin atasi olarak kabul edilen Kirmizi Orman
Tavugu'nun M.0. 2000’li yillarda Cin ve Hindistan
bolgesinde ilk evcillestirilmelerinden bu yana Asya ve
Avrupa arasinda bir koprii gorevi goéren ve birgok
medeniyete ev sahipligi yapmis Anadolu’da cesitli
yerel tavuk irklarinin varligina ragmen, bugiin sadece
Denizli ve Gerze tavuk irklarinin resmi olarak
taniniyor olmasi bu konuda yapilan c¢alismalarin
yetersizligini goz oniine sermektedir.

Son zamanlarda gen kaynaklarinin korunmasina
yonelik tiim diinyada bilimsel, ekonomik, yasal ve
sosyal gelismeler hiz kazanirken, uzun yillardir
tilkemizde bulunan yerel tavuk genotiplerimizle ilgili
ne yazik ki yeterli diizeyde bilgi saglanamamistir [5].
Yerli tavuk 1rki tanimlamalarina katkida bulunmak
amaciyla planlanan bu arastirmada, ge¢misten
gliniimiize {lkemizin c¢esitli bolgelerine uyum
saglamis ve verimli bir bicimde yetistiriciligi yapilan
Ispenc¢ tavugu ve Ispen¢ horozu incelenmistir. Bu
genotipe dair herhangi bir bilimsel arastirmanin
bulunmamasi nedeniyle arastirma bulgularinin hem
gen kaynaklarinin korunmasina hem de alan yazina
bir katki saglayacagi diistiniilmektedir.

Kiigiik viicut yapisi itibariyle minyatiir bir tavuk 1rki
olan ve Tiirkiye’de uzun yillardir hobi ve siis tavugu
yetistiricileri tarafindan ilgi ile yetistirilen Ispenc
genotipi, halk arasinda hareketli, agresif tavirlari
sebebiyle “cin” ve ayak bilegini tamamen orten
tiyleri nedeniyle “pacall” gibi isimlerle de tarif

edilmektedir. Irki yetistiren ilgili yetistiricilerin
internet lizerinden katildig1 tartisma platformlarinda
[6] Ispen¢ tavugunun Osmanh Imparatorlugu
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déneminde ¢ogunlukla gayri Miislimler tarafindan
yetistirildigi ileri siiriilmektedir. Nitekim “ispenc”
isminin Osmanlh Imparatorlugu déneminde gayri
Miisliimlerden alinan bir ¢esit tarim vergisi anlamina
gelen “Ispenc¢” kelimesinden tiiredigine dair bilgiler
de literatiirde yer almaktadir [7]. Denizli ve Gerze
tavuk 1rklarinda oldugu gibi Ispen¢ genotipinin
iilkemizdeki ge¢misi hakkinda da somut bir bilgi
bulunmamasina ragmen Mersin'in Mut ilgesi
yakinlarinda yer alan ve M.S. 5. Yiizyila ait Dag Pazari

Kilisesinin taban mozaiklerinde Ispen¢ tavugu
figiirlerine  rastlanmistir ~ [8]. Kendine has
ozellikleriyle uzun yillardir {lkemizin ¢esitli

bélgelerinde yetistirilen Ispenc genotipi, kiigiik viicut
yapisi ve farkli renk varyetelerinin yani sira disiik
yem tiiketimi (60-65 g/gilin) ve yumurta verimiyle
(160-180 adet/y1l) de hobi tavukculugu yapan
yetistiriciler tarafindan tercih edilen bir kiimes
hayvan1 olarak dikkat c¢ekmektedir (yetistirici
kosullarinda elde edilen verilerdir). Avrupa Kanath-
Guivercin-Kafes Kusu-Tavsan ve Kobay Yetistiricileri
Birligi (EE) tarafindan 2016 yilinda yayinlanan
minyatiir tavuk irki standartlar1 raporunda diinya
genelinde 151 adet minyatiir tavuk irki
tanimlanmigtir [9]. Tamimlanan minyatiir tavuk
irklan arasinda heniiz yer almayan Ispeng genotipi
Hollanda ve Belgika’da yetistirilen minyatiir tavuk
irklariyla fenotipik olarak benzerlik gosterse de sahip
oldugu ibik yapisi, parmak sayisi, viicut durusu, kili¢
ve paca tuyleri gibi spesifik karakterler bakimindan
Avrupa’daki benzerlerinden farklilik gdstermektedir.

Son yillarda ¢iftlik hayvanlar1 genetik kaynaklarinin
biyocesitliliginde yasanan kayiplar dikkat ¢ekici hale
gelmis ve mevcut hayvan irklarinin tanimlanmasina
yonelik arastirmalara olan yonelim artmistir. Ciftlik
hayvanlar1 genetik kaynaklarinin tanimlanmasinda
son zamanlarda genomik karakterizasyon yontemleri
gelistirilmis olsa da hayvan genetik kaynaklarinin
cesitliliginin etkili bir sekilde degerlendirilmesinde
fenotipik  karakterizasyon = 6n  kosul olarak
gosterilmekte ve hayvan irklarinin
tanimlanmalarinda  genomik  bilginin mutlaka
fenotipik ve morfolojik tanimlamalarla desteklenmesi
gerektigi  bildirilmektedir [10]. Bu kapsamda,
arastirmanin amaci uzun yillardir tilkemiz sartlarina
basari ile uyum saglamis, yerli tavuk irki olarak tescil
edilme potansiyeli olan Ispen¢ genotipine ait tavuk ve
horozlarda bazi morfolojik standartlari belirlemek ve
irkin tescili i¢in gerekli fenotipik ve morfolojik
verileri saglamaktir.

2. Materyal ve Metot

Arastirmanin hayvan materyalini Ispen¢ genotipine
ait ¢esitli yas donemlerindeki 146 tavuk ve 105 horoz
olusturmugstur. Ornekleme yapilan hayvanlar Ankara
(Polath), izmir (Urla, Menderes, Karabaglar, Buca),
Antalya (Konyaalti, Kepez, Muratpasa) illerindeki
Tirkiye Siis Tavuklar1 ve Bahg¢e Hayvanlan
Federasyonu’na bagh Ispen¢ Kuliibii iiyesi yetistirici
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kiimeslerinden saglanmistir. Hayvanlarin yaslarina
ait veriler yetistiriciler tarafindan tutulan kayitlardan
saglanmistir. Ispen¢ tavuk ve horozlarina ait baz
fenotipik o6zelliklerin belirlenmesinde FAO [10]
tarafindan tavuklar i¢in onerilen fenotipik 6l¢iim
yontemleri ve Francesch vd.nin [11] belirttigi
zoometrik 6l¢lim yontemleri kullanilmistir. Tavuk ve
horozlara ait ¢ift uzuvlarin 6l¢ciimiinde hayvanin
sadece sag tarafindan oOrnekleme yapilmistir.
Olciimler sirasinda bir kisi hayvani  6lgiim
pozisyonunda tutmus diger kisi Ol¢im yapmistir.
Kisiye bagh 6l¢tim hatalarini minimize edebilmek icin
tlim 6l¢limler yazar tarafindan yapilmistir.

Bireysel olarak orneklenen tavuk ve horozlarda 3
kategoride toplam 27 morfolojik parametre
incelenmistir.

2.1. Genel viicut dl¢iimleri

Canli agirlik, viicut uzunlugu, agik kanat uzunlugu,
sirt uzunlugu, goégis genisligi ve boyun uzunlugu
olmak lizere 6 morfometrik parametre saptanmistir.

Canlt agirlik: Tartimlar bireysel olarak 0.01 g
hassasiyetteki portatif dijital terazi ile yapilmistir.

Viicut uzunlugu: Olgiim yapilacak tavuk veya horoz,
lizerinde serit metre bulunan o6l¢iim diizlemine sirt
istii yatirilmis; gaga ucu ile kuyrugun son ug¢ noktasi
arasindaki mesafe dl¢ilmistir.

Actk kanat uzunlugu: Sirt Ustd 6lgiim diizlemine
yatirilan hayvanlarin kanatlar1 agilarak her iki
kanatin en uzun primer tiiyleri arasindaki mesafe
serit metre ile 6l¢ilmustiir.

Sirt uzunlugu: Son boyun omurunun viicut ile
birlestigi nokta ile pigostil arasindaki mesafenin 0.01
mm hassasiyetteki dijital kumpas ile o6l¢liimiiyle
saptanmistir.

Gégiis genisligi: Olciim diizlemine yatirillan tavuk ve
horozlarin g6giis genislikleri 0.01 mm hassasiyetteki
dijital kumpas ile 6l¢tilmiistiir.

Boyun uzunlugu: Ol¢iim yapilacak tavuk veya horoz
sol tarafi iizerine 6l¢iim diizlemine yatirilarak boyun
omurlarinin viicutla birlestigi nokta ile ense kokii
arasindaki mesafe 0.01 mm hassasiyetteki dijital
kumpas ile 6l¢tilmistir.

2.2. Bas Olgiimleri

ibik uzunlugu, ibik genisligi, okiiler uzunluk, okiiler
genislik, gaga uzunlugu, gaga genisligi, kulak lobu
uzunlugu, kulak lobu genisligi, sakal uzunlugu ve
sakal genisligine ait dlgiimler Sekil 1’de gosterildigi
iizere 0.01 mm hassasiyette dijital kumpas
kullanilarak yapilmistir.
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Kafatast Uzunlugu: Gaganin kafatas1 birlesimi ile
oksipital kemik arasindaki mesafenin 0.01 mm
hassasiyetteki  dijital kumpas ile Olglimiiyle
saptanmustir (Sekil 1).

Kafatasi genisligi: Gz hizasindan kafatas1 kemiginin
genisligi 0.01 mm dijital kumpas ile o6l¢iilmiistiir
(Sekil 1).

2.3. incik ve ayak él¢iimleri

Incik ve ayaklar iizerinde yapilacak incelemelerde
parmak sayisi, orta parmak uzunlugu, incik uzunlugu
ve incik c¢ap1 olmak iizere 4 morfolojik o6l¢clim
yapilmistir. Her bireyde ayak parmak sayilari
kaydedilerek orta parmak uzunlugu, incik uzunlugu
ve incik ¢apt 0.01 mm hassasiyetteki dijital kumpas
ile 6lciilmiistir.

Morfolojik 6l¢iimler disinda irka ait goz rengi, viicut
tily rengi, deri rengi, kulak lobu rengi, ayak deri rengi
ve ibik sekli gibi kalitatif fenotipik o6zellikler de
bireysel olarak kaydedilmistir.

EI ’ y N & A AR TN
Sekil 1. ispen¢ horozunda bas bélgesi morfolojik dlgiim
yerleri. 1U: Ibik uzunlugu, iG: ibik genisligi, GU: Gaga
uzunlugu, GG: Gaga genisligi, OU: Okiiler uzunluk, OG:
Okiiler genislik, KU: Kafatast uzunlugu, KG: Kafatasi
genisligi.

2.4. Istatistik Analiz

Ornekleme yapilan hayvanlara ait kalitatif fenotipik
ozelliklerin cinsiyete bagh frekans dagilimlar1 SPSS
22.0 istatistik paket programi  kullanilarak
hesaplamustir [12]. incelenen bireylerin kantitatif
morfolojik o6zelliklerinin (canli agirhik ve viicut
Olciimleri) cinsiyet ve yasa bagl olarak degisimi SPSS
23.0 istatistik paket programinin Genel Dogrusal
Model prosediiriine gore analiz edilmis, gruplara ait
ortalamalarin kargilastirlmasinda Duncan ¢oklu
karsilastirma testi uygulanmistir [12].
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3. Bulgular ve Tartisma

Ornekleme yapilan toplam 251 adet ispenc genotipli
hayvanda her iki cinsiyette ibik sekli giil ibik olarak
saptanmistir. Incelenen tiim hayvanlarda viicut deri
rengi beyaz olarak saptanmis, her iki cinsiyette de
yanak ve sakal tiyleri gériilmiistiir. Ispenc
genotipinde diger tavuk irklarindan farkl olarak her
iki cinsiyette bes adet parmak bulundugu ve ayak
bileklerinin tamamen tlylerle kapli oldugu
saptanmistir. Farkli renk varyetelerine sahip olmasi
nedeniyle siis tavugu yetistiricilerinin begenisini
kazanan Ispen¢ genotipine ait gdzlenen viicut tiiy
renkleri ve tily renklerinin frekanslar1 Tablo 1 ve
Sekil 2’de verilmistir. Arastirma bulgularina gore
ispenc genotipinde horozlarda (%14.3) ve tavuklarda
(23.3) en fazla goriilen tiiy rengi, temel sar1 viicut
tiiyleri lizerine beyaz noktalarin olusturdugu sari
karyagdi desenidir. Horozlarda altin keklik deseni
(gold patridge) % 10.5 ve kirmizi tiiy rengi % 4.8
olarak gozlenirken bu renk desenleri tavuklarda
goriilmemistir (Tablo 1). Ispen¢ genotipinde her iki
cinsiyette de viicut tily renklerinin agirlikli olarak sari
ve altin tonlarinda oldugu saptanmistur.

Tablo 1. ispen¢ genotipine ait horoz ve tavuklarda
gozlenen viicut tily rengi frekanslari.

Viicut Ty Rengi Uluslararasi Horoz Tavuk
Renk Tanimi % %
Sar1 Karyagdi Buff Mottled 14.3 233
Mavi Blue 8.6 11
Altin Karyagdi Gold Mottled 7.6 1.4
Siyah Karyagdi Black Mottled 8.6 6.8
Altin Gold 7.6 6.8
Altin Keklik Deseni Gold Patridge 10.5 -
Beyaz White 9.5 6.8
Sar1 Buff 7.6 16.4
Kahverengi Karyagdi  Brown Mottled 6.7 17.8
izabel Isabel 7.6 4.1
Kirmizi Red 4.8 -
Lekeli Splash 6.7 5.5
N 105 146

Ispen¢ genotipine ait horoz ve tavuklarda gozlenen
goz rengi, kulak lobu rengi ve ayak deri rengi
ozelliklerine ait frekanslar Tablo 2’de verilmistir.
ispen¢ genotipinde horozlarda (% 88.6) ve
tavuklarda (% 82.2) yaygin olarak rastlanan goz
rengi turuncu olarak tespit edilmistir. Kulak lobu
rengi tavuklarda agirlikh olarak beyaz (% 53.4) ve
beyaz tizeri mavi (% 42.5) olarak degisim gosterirken
horozlarda en sik rastlanan kulak lobu rengi kirmizi
(% 79) olarak saptanmigtir (Tablo 2). Ispeng
genotipinde ayak deri rengi beyaz, gri, yesil ve sari
olmak tizere dort grupta toplanmistir. Tavuklarda en
yaygin ayak deri rengi gri (% 55.5) ve beyaz (% 26.7)
olarak saptanirken horozlarda gorillen ayak deri
rengi sirasiyla beyaz (% 34.3), gri (22.9), yesil (%
21.9) ve sar1 (% 21) olarak belirlenmistir (Tablo 2).
Farkli yas dénemlerindeki Ispen¢ tavuk ve
horozlarinin genel viicut 6l¢limlerine ait ortalamalar

Tablo 3’te verilmistir. Ispen¢ horoz ve tavuklarinda
ortalama canl agirliklar sirasiyla 0.733 kg ve 0.582
kg olarak saptanmistir.

Tablo 2. ispen¢ genotipine ait horoz ve tavuklarda
gozlenen goz rengi, kulak lobu rengi ve ayak deri rengi
frekanslari.

Go6z Rengi Horoz % Tavuk %
Kahve Rengi 11.4 12.3
Turuncu 88.6 82.2
Sar1 Tonlar1 - 5.5
Kulak Lobu Rengi

Kirmizi 79 4.1
Beyaz 15.2 53.4
Beyaz Uzeri Mavi 5.7 425
Ayak Deri Rengi

Beyaz 34.3 26.7
Gri 229 555
Yesil 219 11.6
Sar1 21 6.2
N 105 146
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Horozlarda canhi agirlik, viicut uzunlugu, kanat
uzunlugu, sirt uzunlugu ve gogiis genisligi
ortalamalarinda ilerleyen yas donemi ile birlikte artis
gozlenmis ve bu ozelliklerin ortalamalarinin yas
donemlerine gore degisimi o6nemli bulunmustur
(P<0.001). Tavuklarda canl agirlik (P<0.001), sirt
uzunlugu (P<0.05) ve gogis genisligi (P<0.001)
ozelliklerine ait ortalamalarin yas dénemlerine gore
degisimi 6nemli bulunmustur (Tablo 3).

Farkli yas doénemlerindeki Ispen¢ horoz ve
tavuklarinin  bas  bolgesi  morfolojik  6l¢iim
ortalamalar1 Tablo 4’te verilmistir. Horozlarda yas
donemi ile birlikte kafatasi uzunlugu (P<0.05) ,
kafatas1 genisligi (P<0.05), ibik uzunlugu (P<0.001),
ibik genisligi (P<0.001) ve okiiler genislik (P<0.05)
degerleri onemli diizeyde artarken, tavuklarda yas
dénemi ile birlikte kafatasi uzunlugu (P<0.05), ibik
uzunlugu (P<0.001), ibik genisligi (P<0.001) ve
okiiler uzunluk (P<0.05) degerlerindeki artis 6nemli
bulunmustur (Tablo 4). ilerleyen yas ile birlikte
horozlarda gaga uzunlugu (P<0.05) ve gaga genisligi
(P<0.001) ozelliklerindeki artis énemli bulunurken
tavuklarda gaga uzunlugu ve genisliginde yas ile
birlikte ©6nemli bir degisiklik saptanmamistir.
Horozlarda, kulak lobu uzunlugu (P<0.05), sakal
uzunlugu (P<0.05) ve sakal genisligi (P<0.01);
tavuklarda ise kulak lobu uzunlugu (P<0.05), sakal
uzunlugu (P<0.01) ve sakal genisligi (P<0.05)
Ozeliklerinin yas donemlerine gore degisimi 6nemli
bulunmustur (Tablo 4). ispen¢ horoz ve tavuklarinin
ayak ve bacak bolgesi morfolojik 6l¢iimleri Tablo 5’te
verilmistir. Ispen¢ horoz ve tavuklarinda incik
uzunlugu degerlerinin yas donemine gore degisimi
onemli bulunmazken, tavuklarda orta parmak
uzunlugu (P<0.05) ve horozlarda incik ¢ap1 (P<0.01)
degerlerinin yas donemlerine gore degisimi dnemli
bulunmustur.
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Mavi
(Blue)

San Kar Yagdi
(Buff Mottled)

San
(Buff

Black Mottled
(Siyah Kar Yagdi)

Altin Karyagdi
(Gold Mottled)

T A
Kahverengi Karyagjdi izabel
(Brown mottled) (Isabel)

Altin
(Gold)

Kirmizi

(Red)

A

Altin Keklik Deseni
(Gold Patridge)

Lekeli
(Splash)

Sekil 2. ispeng genotipli tavuk ve horozlarda gériilen viicut tity renkleri. Renklerin uluslararasi miisabakalarda kullamlan

tanimlamalar1  parantez igerisinde belirtilmistir. ~Sekil arastirmaci tarafindan dl¢im yapilan hayvanlar
kullanilarak olusturulmustur.
Tablo 3. Ispenc horoz ve tavuklarinin farkh yas dénemlerine ait genel viicut lciimleri
Yas Donemi Canli Agirhik Vucu‘E Aqik KaI}at Sirt Uzunlugu Gogu§ " Boyun Uzunlugu
(hafta) N (kg) Uzunlugu Uzunlugu (cm) Genisligi (mm)
(cm) (cm) (mm)
HOI‘OZ kkk kekk kekk kekk kekk -
20-52 35 0.659%0.012 39.21+0.31a 58.46+0.262 10.86+0.072 58.61+0.462 72.31+0.43
52-104 40  0.754+0.01b 42.94+0.34b 58.67+0.282 11.84+0.06 61.55+0.49b 71.60+0.40
104+ 30 0.785%0.01c 43.40£0.32b 60.00£0.27> 12.03+0.07¢ 64.09+0.43¢ 71.24+0.46
Ortalama 0.733+0.01 41.85+0.19 50.04+0.16 11.58+0.04 61.42+0.27 71.72+0.25
TaVuk kskk - - * kokk -
20-52 66  0.537+0.012 36.25+0.30 54.82+0.25 10.80+0.082 52.48+0.422 69.60+0.60
52-104 40  0.585%0.01b 36.67+0.38 54.60£0.32 11.04+0.102»  56.58+0.51P 68.29+0.73
104+ 40  0.624+0.01¢ 36.85+0.38 53.97+0.32 11.10+0.10b 56.89+0.51b 69.23+0.73
Ortalama 0.582+0.01 36.59+0.20 54.46+0.17 10.98+0.05 55.32+0.29 69.17+0.39

*kk: P<(,001; *: P<0.05; -: P>0.05. Her bir cinsiyet icin aym1 siitunda farkh harfler tasiyan ortalamalar arasindaki fark 6nemli bulunmustur. - : Onemsiz
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Tablo 4. ispenc horoz ve tavuklarinin bas bblgesi morfolojik lciimleri.
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Yas

Kafatasi

Kafatasi

ibik

ibik

Okiiler

Donemi N Uzunlugu Genisligi Uzunlugu Genisligi Uzunluk OkUI%rn?f; islik
(hafta) (mm) (mm) (mm) (mm) (mm)
HOFOZ * * kkk kskok - *
20-52 35 41.32£0.34~ 23.57+0.162 38.83+0.682 17.09+0.352 10.43+0.17 7.07£0.132
52-104 40  42.03%0.372b 24.22+0.15P 46.89+0.63b 18.66+0.38 10.86+0.16 7.83£0.12b
104+ 30 42.69+0.32b 24.27+0.17b 47.20£0.65P 21.35+0.32¢ 10.37+0.18 7.58+0.14b
Ortalama 42.02+0.20 24.02+0.09 44.31+0.39 19.03+0.20 10.55+0.10 7.49+0.08
TaVuk * _ kokk kskok * -
20-52 66 39.04+0.302 22.89+0.13 23.16+0.442 8.7340.21a 9.02+0.152 6.65+0.10
52-104 40 40.14+0.400 22.88+0.18 28.49+0.57b 9.77+0.29b 9.1940.192b 6.89+0.12
104+ 40 40.37£0.400 22.45+0.18 30.03+0.57¢ 10.75+0.29¢ 9.64+0.19b 6.90+0.12
Ortalama 38.86+0.21 22.74+0.09 27.23+0.31 9.75+0.16 9.29+0.10 6.82+0.07
"Yas . Gaga Uzunlugu Ga.ga%w Kulak L(ibu Kulak. L.OP 4 Sakalv Sakal Genisligi
Donemi N (mm) Genisligi Uzunlugu Genisligi Uzunlugu (mm)
(hafta) (mm) (mm) (mm) (mm)
HOI‘OZ * kokk * - * k3%
20-52 35 17.18+0.172 9.8740.092 15.00+0.212 12.85+0.14 15.21+0.212 11.78+0.172
52-104 40 17.36+£0.17ab 10.49+0.09> 15.97+0.200b 13.03+£0.13 15.12+0.20a 11.73+0.162
104+ 30 17.71+£0.15b 10.67+0.11b 15.27+0.232 13.00£0.15 15.89+0.23b 11.03+0.19>
Ortalama 17.42+0.09 10.34+0.06 15.41+0.12 12.96+0.08 15.41+0.12 11.51+0.10
Tavuk - - * - ok *
20-52 66 16.91+£0.16 9.98+0.08 12.11+0.13a 10.37£0.11 11.08+0.18a 7.01+0.162
52-104 40 16.66+0.21 10.03£0.10 12.53£0.17ab 10.38+0.15 11.76+0.22b 7.40%0.202b
104+ 40 16.91+£0.21 10.17+0.10 12.87+0.17b 10.49+0.15 12.13+£0.22b 7.57+0.20P
Ortalama 16.83+0.11 10.06x0.06 12.50£0.09 10.41+0.08 11.66+0.12 7.33x0.11

*kk: P<(,001; **: P<0.01; *: P<0.05; -: P>0.05. Her bir cinsiyet igin aym siitunda farkli harfler tasiyan ortalamalar arasindaki fark 6nemli bulunmustur. - : Onemsiz

Sabelpoot

Barbu d).lccle
i

Barbu d’Anvers

ispenc

Canh Agirhk

Horoz 850 g, Tavuk 650 g Horoz 750 g, Tavuk 650 g = Horoz 700 g, Tavuk 600 g = Horoz 659 g, Tavuk 537 g

ibik Sekli Balta Balta
Paca Tiiyleri Yok Var

| Yanak ve Sakal Tiyleri Yok | Var
Parmak Sayis1 4 4

Giil Giil

Yok Var

Var Var
4 5

Sekil 3. ispeng genotipinin Hollanda Bantam, Barbu d’Uccle ve Barbu d’Anvers minyatiir irklar ile karsilastiriimasi [13].

Ulkemizde ¢ok uzun yillardir yetistiricili§i yapilan
ispen¢ genotipi sahip oldugu canli agirhk sinirlar
sebebiyle minyatiir tavuk irklar1 kategorisinde yer
almaktadir. EE tarafindan 2016 yilinda yayinlanan
minyatiir tavuk irki standartlar1 raporunda diinya
genelinde 151 adet minyatir tavuk irki tanimlanmis
[9] ve bu tavuk irklar1 arasinda Hollanda’'da
yetistirilen Sabelpoot (Dutch Bantam) ve Belgika'da
yetistirilen Barbu d’Anvers ve Barbu d’Uccle 1rklar,
ispen¢  genotipi ile  fenotipik  benzerlikler
gostermektedir.  Ancak  viicut canli  agirhg
bakimindan birbirine benzer agirlikta olan bu 1rklar,
ibik sekli, ayak bilegi etrafindaki tiiylenme, parmak
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sayist ve viicut durusu bakimindan birbirlerinden
ayrilmaktadir (Sekil 3). ispeng genotipi ayak bilegini
kaplayan paca tiiyleri goriiniimii itibariyle Sabelpoot
ve Barbu d’Uccle (Sabelpoot x Barbu d’Anvers)
irklarina benzerlik goéstermektedir. Ancak her iki
irkin da viicut yapisi, viicut durusu ve ibik sekilleri
Ispen¢ genotipinden farklik géstermektedir. Ispeng
genotipi her ne kadar sahip oldugu giil ibik sekli ile
Barbu d’Anvers 1rkina benzerlik gésterse de Ispeng
genotipinde gil ibik yapisi sekil ve papilla siralari
itibariyle Barbu d’Anvers irkindan farkhilik
gostermektedir. Barbu d’Anvers irkindaki gil ibik
sekli kafatasi lizerinden oksipital kemige dogru basik
bir kuyruk biciminde uzamirken, ispen¢ genotipinde
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giil ibik sekli yogun papillal;, genis ta¢ seklinde ve
daha yuvarlak bir bicimdedir. Bu durum Ispenc
genotipinin ibik sekli bakimindan farkli bir allelik
yapiya sahip oldugunu ifade etmektedir.

Minyatiir tavuk irklarinda disiik viicut agirhg ve
minyatiir viicut tipinin otozomal ve cinsiyete bagh
kaliim gosteren ciicelik genleri (adw, dw, dwB) etkisi
ile gerceklestigi bilinmektedir [14, 15, 16]. Ispeng
tavuk ve horozlarinda canl agirlik ve morfolojik yapi
incelendiginde Ispen¢ fenotipinde de ciicelik
genlerinin  etkileri = gorilmektedir.  Arastirma
bulgularina gére Ispen¢ tavuk ve horozlarinda ergin
canli agirlik ortalamalari sirasiyla 537 ve 659 g olarak
saptanirken, hafif ve orta agir kategorisinde tescil
edilmis yerli tavuk irklarimizdan Gerze tavuk ve

horozlarinda ergin canli agirlik sirasiyla 1100 ve
1850 g olarak, Denizli irki tavuk ve horozlarinda
ergin canli agirlik sirasiyla 1100 ve 2050 g olarak
bildirilmistir [17]. ispen¢ genotipinde, canli agirhk
ortalamalarinda oldugu gibi diger morfolojik
Olciimlerde de cilicelik genleri etkileri goriilmektedir.
Ispen¢ tavuk ve horozlarinda 20-52 haftalik yas
dénemine ait incik uzunlugu sirasiyla 56.42 mm ve
59.64 mm olarak saptanirken, Raut vd. [18] 20
haftalik yastaki clice tavuk ve horozlarin incik
uzunlugunu sirasiyla 51 mm ve 60 mm olarak
bildirmistir. Cozzi vd.'nin [19] italyan minyatiir tavuk
irki Mericanel della Brianza iizerinde yaptiklari
morfolojik 6lgiimlerde horoz ve tavuklara ait incik
uzunlugu (sirasiyla 5.45 cm ve 5.12 cm) ve incik ¢cap1

Tablo 5. Ispenc horoz ve tavuklarinin ayak ve bacak bblgesi morfolojik élciimleri.

Yas Donemi N Parmak Sayisi Orta parmak
(hafta) (adet) Uzunlugu Incik Uzunlugu incik Capi
(mm) (mm) (mm)
Horoz - - ok
20-52 35 5 40.11+0.22 59.64+0.26 9.95+0.11a
52-104 40 5 40.64+0.20 59.46+0.27 10.86+0.10P
104+ 30 5 40.07+£0.24 59.78+0.28 11.07+0.12b
Ortalama 40.27+0.13 60.09+0.15 10.62+0.06
Tavuk * - -
20-52 66 5 37.07+0.18a 56.42+0.30 9.11+0.09
52-104 40 5 37.59+£0.23ab 56.60+0.38 9.25+0.11
104+ 40 5 37.99+0.23b 56.78+0.38 9.36%0.11
Ortalama 37.55+0.12 56.60+0.21 9.24+0.06

*kk: P<(,001; *: P<0.05; -: P>0.05. Her bir cinsiyet icin aym siitunda farkh harfler tasiyan ortalamalar arasindaki fark 6nemli bulunmustur. - : Onemsiz

(sirasiyla 6.3 mm ve 4.7 mm) Ozelliklerine ait
ortalamalar Ispen¢ horoz ve tavuklar i¢cin saptanan
degerlerden daha disik bulunmustur. Minyatiir
tavuk 1rklarinda yapilan arastirmalarda irktan irka
farklilik gostermekle birlikte horoz ve tavuklarda
incik uzunlugunun 18 haftalik yasa kadar dogrusal
olarak arttig1 ve 46 haftalik yasa kadar sabit kaldig1
bildirilmistir [20]. Bu sonuglara benzer bir bigimde
Ispen¢ horoz ve tavuklarinda incik uzunlugu
degerlerinin yas donemine gore degisimi 6nemli
bulunmamistir.

Tavuklar genel olarak her ayakta dort adet parmaga
sahiptirler fakat Silkie, Beijing-You, Dorking, Fizan ve
Sultan gibi tavuk irklar ekstra ayak parmaklarina
sahiptirler [21]. Tavuklarda, insanlarda, farelerde ve
diger omurgalilarda ¢oklu parmak olusumuna neden
olan ve yiiksek dilizeyde kalitsal olan bu “gok
parmaklilik” (polydactyly) durumuna Po geninin
neden oldugu saptanmistir [22, 23]. Otozomal
dominant karakterdeki Po (polydactyly) geninin
etkisi Ispen¢ tavuk ve horozlarinda da goriilmekte ve
bu gen etkisiyle Ispen¢ genotipinde her ayakta bes
adet parmak olusumu izlenmektedir. Minyatiir tavuk
irklar1 arasinda rastlanmayan bes parmak 6zelliginin
ispen¢ genotipinde bulunmasi, ispen¢ genotipinin
diger minyatiir irklardan en 6nemli genetik farklilig
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olarak gosterilebilir.
4. Sonug

Sonug¢ olarak Ispen¢ tavuk ve horozlarinda baz
morfolojik 6zellikleri incelemek amaciyla yapilan bu
arastirma, Ispeng genotipi lizerine yapilan ilk bilimsel
arastirma niteligini tagimaktadir. Ozellikle sahip
oldugu viicut olgiillerine goére Ispen¢ genotipi
Avrupa’da en kii¢ciik minyatiir irklar i¢cin kullanilan
tam Bantam (tam cilice) kategorisi icerisinde yer
alabilecek olan Ispen¢ tavuk ve horozlar icin
saptanan morfolojik standartlarin ve fenotipik
gozlemlerin molekiiler genetik yontemler
kullanilarak  desteklenmesi, Ispen¢ genotipinin
genetik karakterizasyonun yapilmasi ve benzer
minyatiir tavuk irklariyla genetik akrabaliklarinin
arastirllmasi Ispen¢ genotipiyle ilgili daha detayh
bilgiye sahip olunmasina olanak saglayacaktir.

Tesekkiir

Arastirmanin yiiriitiilmesinde ve érnekleme sirasinda
yardimlar1 ve desteklerinden 6tiirii basta Aleksandra
Rywacka olmak iizere ispenc¢ Clup ve Tiirkiye Ispeng
Kuliibii iiyelerine ve Tiirkiye Siis Tavuklari ve Bahge
Hayvanlar1 Federasyonu’'na tesekkiirlerimi sunarim.
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Keywords Abstract: Customer satisfaction is the key to the survival and profitability of all
Sharing economy, businesses. In the ever-changing business world, this concept has gained more
Customer satisfaction, importance. In particular, in industries where new firms based on new business

Fuzzy set theory,

) models emerge, the traditional firms find it more difficult to compete with the new
New business model

business models in terms of customer happiness. Sharing economy, which is
defined as “renting non-frequently used resources (e.g. houses, cars, various
commodities) in return of a certain price via digital platforms”, is one of these new
concepts that have inspired new business models. A sharing economy-based
company, Uber, has gained popularity in a short time. In this study, customer
satisfaction levels of Uber and classical taxi firms are compared and the
performance of each firm in various service dimensions is measured. Data is
collected via questionnaires and analyzed using the fuzzy set theory models.
According to the results, Uber performs much higher in all service dimensions with
respect to the classical taxi firms. By evaluating the results from a managerial
perspective, recommendations are developed for Uber and similar sharing
economy-based firms, and the classical firms who want to compete with these new
business models.

Bulanik Kiime Teorisinin Miisteri Memnuniyeti Karsilagtirmasinda Kullanilmasi

Anahtar Kelimeler Ozet: Miisteri memnuniyeti tiim isletmelerin hayatta kalmasi ve kar edebilmesi

Paylasim ekonomisi, icin elzemdir. Stirekli degisen is diinyasinda bu konsept daha da Onem

Mugteri memnuniyeti, kazanmaktadir. Ozellikle yeni is modellerine dayanan firmalarin ortaya ciktigi

Bulanik kiime teorisi, sektorlerde klasik sirketler miisteri mutlulugu agisindan yeni sirketlerle rekabet

Yeni is modeli etmekte zorlanmaktadirlar. Az kullanilan kaynaklarin (6r: ev, araba, gesitli esyalar
vs.) dijital platformlar yardimiyla belli icretlerle kiralanmas1 olarak
tanimlanabilecek olan paylasim ekonomisi, bu sekilde yeni is modellerie ilham
veren konseptlerdendir. Paylasim ekonomisi tabanl firmalardan biri olan Uber,
kisa zamanda popiilerlik kazanmistir. Bu calismada, Uber ve klasik taksi firmalari
miisteri memnuniyeti agisindan karsilastirilarak iki tip firmanin gesitli hizmet
boyutlarinda nasil performans gosterdigi Ol¢iilmektedir. Veri toplama anket
yontemiyle gerceklestirilmis olup veri analizinde ise bulanik kiime teorisi
kullanilmistir. Elde edilen sonuglara gére Uber biitiin hizmet boyutlarinda klasik
taksi firmalarina gore ¢ok daha yiliksek miisteri memnuniyetine sahiptir. Sonuglar
degerlendirilerek Uber ve benzeri paylasim ekonomisi tabanli firmalara ve onlarla
rekabet edebilmek isteyen klasik is modellerine sahip firmalara gesitli yonetimsel
onerilerde bulunulmustur.

1. Introduction instance, a house that is uninhibited most of the time,

a car that is not used every day, some house
Sharing economy is defined as a peer-to-peer model appliances that are not used in daily life, etc.) with
of distributing underutilized resources via a fee- the people who need them over a certain time period.
based agreement that is realized using digital The sharing economy concept which is built upon this
platforms [1]. The underlying principle in the sharing principle is gaining popularity all over the world, and
economy is to meet the underutilized resources (for the firms who create new business models using this

* Corresponding author: nur.cavdaroglu@khas.edu.tr 163
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concept, such as AirBnb and Uber, are growing
bigger every day.

Although sharing economy has gained importance in
the last decade, not much is done on this topic so far
in terms of scientific research. To our knowledge
there is no study focusing on how the firms working
according to the sharing economy principles are
better off or worse than the classical firms in the
same sector in terms of customer satisfaction. It is
evident that customer satisfaction is the key to a
successful and profitable growth of a company, and a
firm must pay attention to the aspects of its business
which raises complaints among the customers. This
study focuses on Uber, one of the important firms
operating on the sharing economy principles, and
aims to create an understanding for similar firms as
well as the classical firms who are in competition
with them in terms of creating better customer
satisfaction levels.

Uber is a transportation company which was founded
in 2009 in San Francisco and is now operating in 45
countries. Uber users and drivers get into contact by
using an Uber app in digital platforms, and Uber
receives a commission over each ride. Since Uber
prices are on average 26% cheaper than regular taxi
service and since Uber creates a higher customer
satisfaction, Uber has gained popularity in a short
time [2]. However, there has been no work so far
regarding which of the services Uber provides to its
customers are more appealing and what is the main
reason why Uber is preferred to normal taxi. With
this work, it will be evident how the customers are
evaluating Uber across various service dimensions,
and the weak and strong aspects of Uber and the
classical taxi firms. The method which is used to
conduct the analysis is the fuzzy logic.

The fuzzy logic is a theory which takes into account
the fact that people do not have exact opinions in an
uncertain world where there are no absolute answers
and the facts are changing dynamically. The fuzzy set
theory was first developed by Zadeh [3], then it was
presented as a decision-making methodology by
Bellman and Zadeh [4], and has been used in a
number of problems in various sectors and fields
since then. For instance, Biiylikdzkan et al. [5] apply
fuzzy set theory to perform capacity planning in a
logistics company, Thomassey et al. [6] use fuzzy
logic for forecasting in textile industry, Hwang and Yu
[7] apply the same theory for project management of
R&D projects and Bottani and Rizzi [8] perform
quality control using the fuzzy logic techniques.

The fuzzy set theory has also been used extensively in
measuring the customer satisfaction levels in the
transportation industry. For instance, Celik vd. [9]
evaluated the public transportation modes in Istanbul
by using a type-2 fuzzy logic model which is formed
by integrating TOPSIS and GRA methods, and found
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that the metrobuses, despite their several
problematic aspects, were the most effective mode of
transport in terms of customer satisfaction. Tsaur et
al. [10] analyzed the data they collected via
distributing a questionnaire to tour operators by
using fuzzy logic and TOPSIS methods, and measured
the service quality of three different airline
companies. Chou et al. [11] again used survey data
and weighted fuzzy SERVQUAL method to evaluate a
Taiwanese airline from the customer satisfaction
perspective. Pakdil and Aydin used fuzzy logic theory
and SERVQUAL method to measure how optimistic,
pessimistic or normal customers would evaluate the
airline service quality [12].

In this study, the fuzzy set theory is used to evaluate
the customer satisfaction levels across several service
dimensions in Uber and normal taxi. Since customer
satisfaction is an area where the same words (e.g.
service quality perception as “good”) could translate
into different satisfaction levels for different
customers, fuzzy logic would be an appropriate fit to
evaluate this performance measure. For this
purpose, a survey is conducted on Uber and normal
taxi customers asking them to evaluate several
service quality dimensions of both types of firms. The
detailed information about the questionnaire and
data analysis is presented in Section 2. The results of
the analysis are elaborated in Section 3. This study is
a pioneer in the topic of the sharing economy and the
results will be illuminating for the researchers and
the entrepreneurs who will be active in the same
area.

2. Material and Method

The methodology to be used in this study is fuzzy
logic theory. By using this method, the survey data is
analyzed and the results are interpreted from a
managerial perspective.

2.1. Fuzzy set theory

The fuzzy set theory is based upon fuzzy numbers. It
was first defined by Zadeh [3]. According to this
theory, people tend to think about the facts in
decision making using “linguistic variables” rather
than certain numbers as 0 and 1. For instance, they
define their views about the quality of a service by
using expressions as “very bad, bad, average, good,
very good”. However, if they are asked to evaluate the
same service by using a grade between 0 and 100,
two people using the same linguistic variable (e.g.
“average”) could be observed to make quite distinct
numerical evaluations (for instance one participant
giving a grade of 40 while the other giving 70).

Fuzzy set theory aims to convert the linguistic
variables to quantitative values by taking into
account the uncertainty in the decision making
process of people. Working by the principle of some
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kind of a confidence interval, the fuzzy numbers can
be defined by taking into account the variations in the
human expressions. For instance, a triangular fuzzy
number that corresponds to the linguistic variable
“average” can be defined asY = (¢, a,b) = (2,3,4),
indicating that the decision makers grade a service
they refer to as “average” by a numerical value of
minimum 2, on average 3, and maximum 4. Moreover,
several arithmetic operations can be defined on fuzzy
numbers depending on the form of the number. For
instance,

The addition operation on triangular fuzzy numbers:

(LIIMI'UI) @ (LZ'MZ'UZ)
= (Ll + LZ'MI + Mz, Ul
+U,)

(1)

The multiplication operation on triangular fuzzy
numbers:

(Ll'Ml' UI) @ (LZ'MZ'UZ) (2)

= (LyLy, M1 M;, U Uy)
The subtraction operation on triangular fuzzy
numbers:

(LI'Mlﬂ Ul) e (LZ'MZ' UZ)
= (Ll — Ly, My — My, Uy
- Uy)

(3)

are defined as in the above formulations.

By these operations it is possible to evaluate the
minimum, average and maximum values of each
triangular fuzzy number that would define the
customer satisfaction level of a service dimension.
For instance, suppose that the survey was conducted
to measure the service quality of i service dimensions
by the participation of m people. Let Ej;
(Ll-j,Mij, Uij) be the triangular fuzzy number which
defines the value of participant j on the service
dimension i. The overall value of service dimension i
will be represented by the fuzzy number E; =
(L;, M;, U;), which can be computed according to the
following formulas developed by Buckley [13]:

L; = ZLU /m (4)
=
=

U; = ZUU /m (6)
=

Finally, by using a procedure called “defuzzification”,
the fuzzy numbers can be converted to crisp real
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numbers. The technique that 1is wused for
defuzzification in this paper is “the center of area”
method, which uses the following formula:

_ [(U; = L) + (M; — Ly)]
3

BE; + L;, vi (7)

According to the fuzzy numbers theory, there are
several types of fuzzy numbers (e.g. triangular,
trapezoidal... etc.) that can be defined. Similarly,
various procedures for defuzzification exist such as
the center of area, the mean of maximum, a-cut
method, etc. For the sake of brevity, different
methods will not be discussed here. Similar studies in
the past literature have used triangular fuzzy
numbers and the center of area method for
defuzzification [10, 11, 12]; therefore, the same
methods are used in this paper.

2.2. The questionnaire design

The aim of this study is to measure and compare the
customer satisfaction levels in various service
dimensions of Uber and normal taxi. In this vein, the
service dimensions that are evaluated are displayed
in Table 1.

Table 1. The dimensions of the service quality
Price
Accessibility
Time to arrive at the door
Using the shortest route
Courtesy
Easiness of the payment method
Appropriateness of the pick-up and drop-off locations
Safety

The price dimension refers to the amount of payment
for the ride across the same distance. Accessibility is
explained as finding a vehicle as soon as desired,
while time to arrive at the door is the waiting time
until the found vehicle reaches the customer. Using
the shortest route is elaborated as “customer’s trust
in driver finding the shortest route to destination”.
Courtesy refers to the politeness of the driver and
using appropriate language/manners. Easiness of the
payment method is how customers perceive the
efficiency of the payment method they use in
reciprocating the service of the driver, while
appropriateness of the pick-up and drop-off location
is again the customer perception regarding whether
they find the location at which the driver takes them
in or drops off as suitable, safe, close to their
destination point, etc. Finally, safety refers to how
safe the customer feels using the services of each
company involving the traffic safety (e.g. careful
versus careless driving) and personal safety (e.g.
whether they feel intimidated by the driver’s
approach or not).

For the purposes of the study, 140 participants who
used Uber and normal taxi in the past have been
reached and they were asked to answer questions to
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evaluate the service dimensions displayed in Table 1.
The demographics of the survey participants are
summarized in Table 2.

Table 2. The demographics of survey participants

variable %
Woman 32
gender Man 68
18-25 26
age 26-35 50
36-45 18

45+ 7
Single 49
Marital status Married, no kid 19
Married, with kids 32

Less than high school degree 3

. High school degree 25
Education College degree 53
Graduate degree 20

Taxi/Uber usage Daily 58
frequency Weekly 34
Monthly 7

Less than once in a month 1

How many of the 0-2 20
last 10 taxi rides 3-5 18
are with Uber 6-8 34
9-10 28

A 5-point Likert scale was used in the survey
questions. According to this scale, the participants
indicated their satisfaction level across each one of
the service dimensions by one of the options “very
bad”, “bad”, “average”, “good” and “very good”. The
fuzzy number correspondence of each linguistic
variable is displayed in Table 3, which is adapted
from Chou et al., who is using a similar 5-point Likert
scale [11].

Table 3. Fuzzy correspondences of linguistic variables [3].

Very bad (0.0, 1.0, 2.0)
Bad (1.0, 2.0, 3.0)
Average (2.0,3.0,4.0)
Good (3.0,4.0,5.0)
Very Good (4.5,5.0,5.0)
3. Results

The answers of the survey participants are evaluated
and each service dimension of Uber and normal taxi
are measured in terms of triangular fuzzy numbers.

The first two columns of Table 4 show the overall
evaluation of the survey participants for each service
dimension of Uber and normal taxi respectively.
These numbers are computed using the formulas (4),
(5) and (6). The defuzzified numbers are presented in
the nest two columns. These numbers are found by
the formula in (7). Finally, the last column is the gap
between the defuzzified numbers of Uber and normal
taxi across each service dimension and show the
quality difference from the customers’ perspective.

According to the results tabulated in Table 4, Uber’s
services are considered as superior to normal taxi
services across all service dimensions. However,
courtesy, easiness of payment and using the shortest
route turn out to be the first three service dimensions
Uber makes the most difference with respect to the
normal taxi. Uber receives its own lowest score in the
price dimension (3.95); however, since normal taxi
also receives a relatively low score in this dimension
(2.11), the fourth highest gap between the service
quality of both types of firms is the price. The service
dimension for which the quality gap is lowest is the
time to arrive at the door (1.47).

Looking at the rankings within Uber’s own scores, it
is found that the highest scores are attained in the
easiness of the payment method (4.43) and courtesy
(4.40). The fact that Uber allows various payment
methods (cash, credit card, Paypal in some
countries...) with the help of the Uber app in digital
platforms, and the fact that the payment process is
shortened by predefining credit card information
within the app are the reasons for Uber’s high score
in this service dimension. Again, as Uber drivers can
be rated over the platform, they have to attain a much
more courteous and professional attitude towards
the Uber customers, which brings the second highest
score of Uber in the courtesy dimension. The ensuing
service dimensions Uber received the higher scores
are safety (4.23), accessibility (4.11) and using the
shortest route (4.05), respectively. Finally, the rest of
the service dimensions are ranked as the
appropriateness of pick-up/drop off points (4.05),
time to arrive at the door (4.00) and price (3.95).

When the quality of the service dimensions of the
classical taxi firms is considered, it is observed that

The results are presented in Table 4.

Table 4. The analysis of the survey results according to the fuzzy set theory

Price
Accessibility
Time to arrive at the
door
Using the shortest route
Courtesy
Easiness of the
payment method
Appropriateness of
pick-up/drop-off points
Safety

Uber

(3.18, 4.01, 4.66)
(3.46, 4.20, 4.69)

(3.28, 4.07, 4.66)

(3.37,4.13, 4.65)
(3.85, 4.51, 4.84)

(3.89, 4.54, 4.86)

(331, 4.09, 4.66)
(3.61,4.33,4.76)

Normal taxi

(1.15,2.12, 3.07)
(1.38,2.36,3.32)

(1.56, 2.54, 3.48)

(0.92,1.90, 2.86)
(0.84, 1.83, 2.80)

(0.95, 1.94, 2.90)

(1.33,2.31,3.27)
(155, 2.54,3.51)

Uber Normal taxi Ga
(defuzzified) (defuzzified) p
3.95 2.11 1.84
411 2.35 1.76
4.00 2.53 1.47
4.05 1.89 2.16
4.40 1.82 2.58
443 1.93 2.50
4.02 2.30 1.72
4.23 2.53 1.70
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the highest score is attained at the safety (2.53) and
the time to arrive at the door (2.53) dimensions. The
primary reason for this occurrence is the fact that the
customers often use a certain taxi stop to call their
taxis, and regard that taxi stop as a department
where they can file their complaints at. The next
service dimensions ranked according to their scores
are accessibility (2.35) and the appropriateness of
the pick-up/drop-off points (2.30), which strengthens
the former claim that working with a taxi stop could
enhance the quality perception in the eyes of a
customer. The lowest scored service dimensions are
using the shortest route (1.89) and courtesy (1.82),
again confirming the fact that unlike Uber, taxi
drivers have no penalty mechanism in terms of their
attitudes towards the customer, leading to lower
customer satisfaction levels.

4, Discussion and Conclusion

In this study, the customer satisfaction levels of a firm
that operates according to the sharing economy
principles, Uber, and the classical taxi companies are
compared. The results of the analysis are interesting
and insightful in many aspects. According to the
analysis results tabulated in Table 4, Uber achieves
higher customer satisfaction levels in all service
dimensions with respect to normal taxi firms. If
classical taxi companies would like to compete with
Uber and alike in the future, they must prioritize
improving service dimensions such as courtesy,
easiness of the payment method and finding the best
transportation route. All of these dimensions require
providing training to taxi drivers for interacting more
professionally with the customer and having
competence regarding the traffic condition and the
geography of the city. Moreover, introducing a public
rating system which would allow normal taxi
customers to rate and comment on the drivers could
help improve the attitude of the taxi chauffeurs.
Furthermore, making taxis accept credit card as a
payment method mandatory would help improve the
customer satisfaction levels.

On the other hand, if the results should be evaluated
from the perspective of Uber and similar companies,
it must be noted that despite their higher customer
satisfaction levels compared to classical taxi firms,
these firms need to improve their services in some
aspects as well. For instance, they can improve the
customer happiness in the price dimension. Uber is
known to practice various pricing models in different
locations [14]. For instance, when the demand
surpasses supply, the “surge pricing” strategy, which
aims to balance supply and demand, is utilized.
Similarly, offering several transport vehicles that
differ in the comfort and luxury helps Uber to do
price discrimination. Implementation of these
practices by taking into account the social and
geographical conditions of each city would improve
the customer satisfaction levels. Again, for instance,
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determining a standard for pick-up/drop-off points
and improving the time to arrive at the door are the
issues that need to be focused on by Uber. Due to the
“network effect”, which can be defined as the
phenomenon that as the number of users of a certain
product/service increases, the service quality
improves as well, the service quality of Uber in terms
of these issues will clearly be enhanced as more
people start using Uber [15]. Hence, Uber must pay
attention to improving driver happiness, too; so that
an increased number of drivers would want to join
Uber which in turn brings a higher number of
customers who are happier.

Although our study focuses on the comparison of
Uber and normal taxi services, it also embodies
several insights regarding the competition of classical
firms and the firms who are built upon a sharing
economy-based new business model. The firms with
the new business models often decrease the market
share of the older firms. Our study presents the clues
that the reason for this occurrence must be searched
in the customer satisfaction levels. Hence, if the
classical firms want to compete with the new
platforms in a stronger fashion, it is evident that they
should improve their service levels in the aspects
they are lacking the most.

One limitation of our study could be the objectivity of
the sample population. Although 140 people is a good
number for drawing objective results, the only
requirement for questionnaire participation is
“having used Uber at least once”. Therefore, the
points that were awarded to Uber might be reflecting
the average of very few experiences (which are
rather good) on some participants’ side. The high gap
between the scores of taxi firms and Uber could be
due to prolonged bad experiences of the participants
in using regular taxi services. Therefore, in order to
confirm the objectivity of the results, it would be
appropriate to conduct a similar study in a few years’
time when the users have obtained a good amount of
travel experience with Uber, too.

Our study can be extended by adding more detailed
versions of the service dimensions, by introducing
different weights to each service dimension taking
into account the customer perspective, by
introducing the driver opinions besides the customer
opinions, etc. However, despite the limitations, our
study is a first to analyze the issues in the sharing
economy, which is bound to gain more importance in
the future, by using fuzzy logic. We hope to spur more
attention to the topic in the future.
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Anahtar Kelimeler
Mimari tasarim,
Yere 6zgii tasarim,
Elestirel rejyonalizm,
Kenneth Frampton,
AHP

Ozet: 20. yiizyilda kiiresellesme ile mimari tasarimin yerle olan iliskisi kopmus, her tiirlii
bolgesel sinir ortadan kalkmistir. Bu baglamda mimarlik, bélgesel bir olgu olmaktan
¢ikmis, artik sinirlart olmayan evrensel bir olgu haline gelmistir. Calisma, ‘mimari
tasarim-yer’ iligkisini dogru kurmanin yani yerin ruhunun somutlastirilmasinin yolu
olarak Elestirel Bélgeselciligin ¢6zim olabilecegini savunmaktadir. ‘Elestirel Bélgeselcilik
(Critical Regionalism)’ yaklasiminda ‘yer’e ait degerlerle, cagdas yer yonelimli tasarim
yapmak amaglanmaktadir. Calisma kapsaminda Elestirel Bolgeselcilik kavramin
gelistiren Kenneth Frampton'in 1987’lerde sdylemlestirdigi 10 maddesi yorumlanarak
dokuz kriter belirlenmis ancak bu kriterlerin giinimiiz kosullarinda yetersiz oldugu
disiiniilerek tarafimizdan doért kriter eklenerek “bir yapiyi elestirel rejyonalist-o yer’e
(bélgeye) ait” olarak nitelendirebilmenin on ii¢ evrensel kriteri, dért grup halinde ortaya
konulmustur. Calismanin asil amaci bir yapinin elestirel rejyonalist-o yer’e (bdlgeye) ait
olarak adlandirnlabilmesi i¢in hangi kriterlerin etken oldugu ve bu kriterlerin 6ncelik
siralamasini tespit etmektir. Bu dogrultuda doktor unvanina sahip Selguk Universitesi,
Gazi Universitesi, Orta Dogu Teknik Universitesi’nden Restorasyon Anabilim Daly,
Mimarlik Tarihi Anabilim Dali, Bina Bilgisi Anabilim Dalinda gérevli toplam 34 uzmandan,
bir tasarimin o yere ait olarak algilanmasinda belirlenen kriterlerin ne kadar etken
olduklarini puanlamalari istenmistir. Sonuc¢lar AHP (Analitik Hiyerarsi Prosesi)
metoduyla analiz edilmis ve ¢alisma kapsaminda ortaya konulan kriterlerin gecerliligi ve
tim bu kriterlerin o6ncelik sirasit belirlenerek “bir yapwyn elestirel rejyonalist-o yer’e
(bélgeye)” ait olarak nitelendirmede dncelikli kriterler tespit edilmistir.

Determination of the Priority Order of Place-Specific Architectural Design Criteria by

AHP Method

Keywords
Architectural design,
Place-specific design
Critical regionalism,
Kenneth Frampton,
AHP

Abstract: In the 20th century, the relationship between globalization and architectural
design had been broken down and all regional borders was eliminated. In this context,
architecture has ceased to be a regional phenomenon and has become a universal
phenomenon with no boundaries anymore. The study advocates that critical regionalism
can be a solution as a way of embodied the spirit of the place, establishing the
‘architectural design-place’ relationship correctly. In the ‘Critical Regionalism’ approach, it
is aimed to design contemporary place-oriented with the values of ‘place’. In the scope of
study, the ten points voiced by Kenneth Frampton in 1987 is interpreted and nine criteria
are designated, however after conceiving these criteria are inadequate in present
conditions, four more criteria are added and the thirteen universal criteria of being able
to qualify “a structure as critical regional - a belonging to that place (region)” have been
demonstrated in four groups. The main aim of this study is to determine, which criteria
are eligible to name a structure as critical regional (a belonging to that place) and the
priority ranking of these criteria. Within this context, 34 Dr. titled experts who are from
Restoration Department, Architecture History Department and Building Knowledge
Department of Selcuk University, Gazi University and Middle East Technical University
were asked to score how much the determined criteria are influential in perceiving a
design’s belonging to that place. Results were analyzed with AHP (Analytical Hierarchy
Process) method and the priority criteria have been identified in determining “a structure
as a belonging to that place (region) - as critical regional”, after designating the validity of
the principles set forth in the scope of the study and the priority of all these criteria.
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1. Giris

Mimari eser ‘yer’ le baslar. Mimarlikta yer kavrami,
¢ogu zaman, mimari tasarimi bicimlendiren ya da
bicimlendirmesi gereken temel etmenlerden biri
olarak degerlendirilmektedir. Mimari, yer ile birlikte
vardir. Yer mimariyi kurmakta, mimari de yeri
doniistirmektedir. ‘Yer’ kavrami mimaride belirleyici
rol oynayan ve yapiyl ‘anlaml’’ kilan bir o6zelliktir.
Mimari tasarim, yeri ile uyumlu oldugu siirece
basarili sayilmaktadir. Yalitilmis bir kavram olarak
yer/mekan (i¢inde insani yasam barindiran olusum),
tek  basmma  anlamsizdir.  Yer'in  mimariyle
biitlinlesmesi, tiimel bir gerceklik olarak ele
alindiginda, gevresindeki olgularla anlamli bigimde
iliskiyi saglayan bilesenlerin siirece dahil olmasidir.
Bu bilesenler tiim dogal, yapay, sosyal, psikolojik,
politik, ekonomik, tarihsel, kiiltiirel verileri
icermektedir. Mimari dil, yerin zaman i¢inde kendini
ifade etme bicimi ise bu ifade bicimi, “yer”le kurulan
yasamsal iliskinin, her defasinda bir 6nceki olusumla
yeniden anlam kazanmasi, onunla iligki kurmasidir.
Norberg-Schulz [1] mimari tasarim-yer iliskisini
soyle ozetler: “Mimarlik, biitiinciil bir ¢evrenin
goriniir kilimmasidir... Genel anlamda bu, yerin
ruhunun somutlastiriimast demektir... Mimarligin
gérevi anlamli yerler yaratmaktir. Béylece insanin
mesken tutmasint saglamaktir.” Mimarlik Abel [2]'in
belirttigi gibi, eger bir cesit varolus bicimiyse, bu
noktada “yer” insanin varligi ekseninde ontolojik bir
boyut kazanmaktadir. Mimarlik disiplini insanin yer
ile kurdugu iliskiyi yansitan bir aract konumundadir.

Tim siirecte insanin ‘yer’e iliskin algisinin degisimi
mimarlik anlayisinin da degisimine yol ag¢mustir.
Insanlarin mekanlarim kurgulama bicimleri degisen
sosyo-ekonomik ve toplumsal kosullar ile birlikte
degisim gecirmistir. 20. ylizyilda kiiresellesme egilimi
ile Modernizm'in getirdigi olanaklar, gelisen teknoloji
ve dolayisiyla tiretim bicimleri ile birlikte, ‘yer’i esas
almayan evrensel, standart, yerel verileri dislayan
rasyonalist mimari bicimler tasarlanmistir. Modern
donemde zaman ve mekan Kkavraminin yer
baglamindan kopmasi, evrensel bir islupla yerlerin
artik her yer olmasi ‘yersizlesmenin baslangici’ olarak
kabul edilir. Kiiresellesme sonucu bdlgesel sinirlar
ortadan kalkmis, cevresel, dogal, kiiltiirel, ulusal
degerler yok olmaya baslamistir. Dénemin bakis
acisin1 Corbusier [3] soyle oOzetler “...Tiim insanlar
ayni organizmaya, ayni fonksiyon yapisina sahiptirler.
Tiim insanlar aym ihtiyaglara sahiptirler...” Kendini
tarihten soyutlayan modern mimarligin rasyonalist
ilkeleri, mimarhigin biitin cografyalar {zerinde
benzer ¢oziimler ve bicimler ile aynilasarak ‘yer’le
iliskisinin kopmasi, zamanla elestirilmeye baslanmis
ve modern karsiti elestiriler ortaya ¢ikmistir. Modern
mimarhigin evrensel  tavrina kars1 ¢ikan
postmodernizm doéneminde ise yerel olma kaygisiyla,
gorsel imgeler ilizerinde yogunlasan ‘yer’i bir temsil
nesnesine indirgeyen ‘yer’ den kopuk mimari
bicimler tasarlanmistir [4]. Oyle ki modernler
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tarafindan  geleneksel ~mimarligin  kural ve
sinirlamalarindan kurtulmak icin reddedilen tarihsel
formlar, postmodernlerce modernist dogmadan
kurtulmak ve kendi ¢ogulcu, 6zgiir mimarliklarini
olusturmak icin kullanilmistir [5]. Venturi'nin Mies’'in
‘less is more’ deyisine gonderme yaptigi, “.. Ben,
nesnelerin “yalin” olanindan ¢ok kirma olanini, “basina
buyruk” olanindan ¢ok uzlasanini, “dosdogru” olanini
degil, carpitilmisini, “actk¢a dile getirilenini” degil,
anlami belirsiz olanini, sapkin oldugu kadar kisilik disi
olanini, “ilging” oldugu kadar can sikici olanini
severim” seklindeki ¢ikisi mimarlarin yeni déneme
bakisini da ¢ok net ortaya koyuyordu [6]. Venturi,
Mies van der Rohe’nin “az ¢oktur” soziinii elestirerek
tam karsiti bir baskaldirisla “az, sikicidir” demistir.
Harvey [7], bu durumu mekansal engellerin ¢okiisii
olarak nitelendirmistir. Modernizme tepki olarak
dogan postmodernizm de yer’le iliskisini basarili
kuramamis yerel ve bolgesel mimari elemanlar bir
dekor olarak kullanmis, ‘yer’ yersizlesmistir. Halbuki
gercek yerellik yer’in fiziksel kosullarini ve kiiltiirel
gecmisini goz oniine alarak tasarim yapmaktir. iste
bu noktada ‘yersizlesmeye ¢dziim olarak’ 1980’lerin
soylemlestirdigi kavramsal c¢ercevesi ile tek-
tiplesmelere karsi diren¢ noktalar1 ortaya koyan
‘Elestirel Bélgeselcilik (Critical Regionalism)’ anlayisi
karsimiza ¢ikmaktadir. Elestirel bolgeselci yaklasim,
topografya, iklim, 151k gibi bolgesel nitelikleri, kiiltiire
iliskin verileri, mimarligin tektonik ifadesi ile
birlestirmis, sahnesel olmayan, insanin algilayabildigi
ve hissedebildigi, bulundugu yere ait bir mimarlhk
onerisinde bulunur.

1940’ yillarda gelismeye baslayan bdlgeselcilik
anlayisinda, elestirel bir bakis acisinin sekillenmesine
on ayak olan kisi, Levis Mumford’dur. Levis Mumford,
Skyline makalesinde, 1930’larin Uluslararasi Stiline
karst modernizmin yerli ve insancil bi¢cimi olarak
niteledigi “bolgesel stili” O6nermekte ve makine
estetigine yiliklenmektedir [8]. Mumford’a gore
evrensel-bolgesel ve mekanik-insana ait olan
dengede tutulup sindirildikten sonra insanin
istekleri, doga, iklim, bitki ortiisii ve topografya ile
birliktelik saglanmalidir [9]. Elestirel Bolgeselcilik
kavramini ilk kez Lefaivre ve Tzonis 1981 deki “The
Grid and The Pathway” adli makalede ortaya
koymustur [10]. Lefaivre ve Tzonis, ‘Elestirel
Bolgeselcilik’ cercevesinde degerlendirilebilecek bir
binanin iki ac¢idan elestirel oldugunu belirtir.
Bunlardan birincisi, tasarimlarin ait oldugu boélgeselci
gelenegin mesru olup olmadigi konusunda soru
soruyor olmalari, ikincisi ise daha detayl ele alinacak
olan yabancilastirma / yadirgatma’dir.

‘Yabancilastirma/yadirgatma’ bdlgeye ait olani,
yorumlayarak yeniden kullanmak olarak
tanimlanirken, ‘Elestirel’ olmanin kosullarindan birini
olusturur [11]. Bu gelismelerden sonra ‘Elestirel
Rejyonalizm’ kuramini en gii¢cli olam teorisyen
mimar Kenneth Frampton tarafindan ortaya
konulmus; 1983 yilinda alti, 1987 yilinda on adet
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olmak lizere manifesto niteliginde maddeler ortaya
koymus ‘Elestirel Rejyonalizm’in yayginlasmasini
saglamistir. Frampton [12] makalelerinde mimarinin
sadece moda ya da sahneleme gibi algilanip
tasarlanmasiyla ilgili endiselerini dile getirmistir.
Yerel kimlik ve ifadenin reddine Kkarsi, yeri ve
tektonigi anlayan gercek mimari Onermistir. Yerin
kiltiird, topografyasi, baglamy, iklimi, 15181 ve tektonik
formu binay belirler [13]. Frampton [14]’a gore; bina
serbest duran bir nesne olmayip o6zellikle o yere
uygun halde yapilmalidir. Elestirel bdolgeselci
yaklasim, topografya, iklim, 1s1k gibi bolgesel
nitelikleri, kiiltiire iliskin verileri, mimarligin tektonik
ifadesi ile birlestirmis, sahnesel olmayan, insanin
algilayabildigi ve hissedebildigi, bulundugu yere ait
bir mimarlik 6nerisinde bulunur.

Gelecek donem mimarisinde “yer” ve “yerin ruhu”
kavramlarinin mimari tasarimdaki énemi daha ¢ok
hissedilecek  dolayisiyla  tasarlanacak  mimari
tiriinlerde bu anlayisa uygun olacaktir varsayimindan
yola cikarak c¢alisma, yerin ruhunu yasatabilecek
kriterlerin gelistirilmesine ihtiya¢ oldugunu tespit
etmistir.

Yapilan literatiir arastirmasi sonucunda “bir yapiyi
elestirel rejyonalist-o yer'e (bélgeye) ait olarak
adlandirmak icin, en ¢ok hangi kriterler etkendir? Bu
kriterlerin oncelik siralamasi nedir?” sorularina cevap
veren bir calisma olmadigl tespit edilmistir. Bu
calisma; bu boslugu doldurmak ve gelecek
calismalara bir altlik olabilmek icin bir adim olarak
gorilmiistiir. Calismanin hedefi; “bir mimari iiriinti
elestirel rejyonalist-o yer'e (bélgeye ait) olarak
adlandirmak icin gerekli evrensel tasarim kriterlerini
belirlemek ve bu kriterlerin éncelik siralamasini tespit
etmektir”. Bu amagcla yapilan literatiir taramasina
bagh olarak yapilan degerlendirmeler sonucunda
rejyonalizm konusunda en kapsamli ‘Elestirel
Bolgeselcilik’ kuraminin Kenneth Frampton’a ait
oldugu goriilmiis, 1987 yilinda ‘Bolgeselci Mimarlik
icin On Nokta: Gecici Bir Polemik’ bashgi altinda
ortaya koydugu maddeler yorumlanmis, bu
yorumlardan anahtar kelimeler belirlenmis ancak bu
kriterlerin giinlimiizde yetersiz oldugu disiintilerek
tarafimizdan yeni kriterler eklenerek bir yapiy1
“elestirel rejyonalist-o yer’e (bolgeye) ait” olarak
adlandirmanin kriterleri, dért grup halinde ortaya
konulmustur. Ayrica ¢alisma ortaya konulan tasarim
kriterlerinin kavramsal dilizeyde test edilmesine
yonelik, uzmanlarla bir analiz calismasi yaparak,
kriterlerin gecerliliklerini ve oOncelik sirasi tespit
edilmistir.

2. Materyal ve Metot

Arastirmanin amacina uygun veriler toplanirken
literatliir taramasi, gozlem, goriisme ve anket veri
toplama tekniklerinden yararlanilmistir. Oncelikle
kriterleri belirlemek icin konu ile ilgili literatiir
taramasi yapilmistir. Yapilan literatiir arastirmasi
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sonucu rejyonalizm konusunda en giincel ve kapsaml
olmasi1 nedeniyle Kenneth Frampton’'in 1987 yilinda
ortaya koydugu on madde benimsenmis, bu on
madde analiz edilip anahtar kelimeler belirlenerek,
bir yapiy1 o yer’e ait olarak adlandirmanin “dokuz
kriteri” ortaya konulmustur ancak bu kriterlerin
giiniimiiz kosullarinda yetersiz kaldig1 diisiincesiyle
“dort kriter” daha eklenerek toplam “on ii¢ kriter”, “bir
mimari lrinii elestirel rejyonalist-o yer’e (bdlgeye)
ait’olarak nitelendirmek icin ortaya konulmustur.
Ayrica kriterlerin gecerliliklerini ve 6ncelik sirasini
tespit etmek amag¢l uzmanlarla anket g¢alismasi
yapilmis, elde edilen anket sonuglari, karar analiz
tekniklerinden AHP (Analytic Hierarchy Process)
yontemi ile degerlendirilmistir.

2.1. Yer’e ozgii mimari tasarmm Kriterlerinin
belirlenmesi

Yapilan genis kapsamli literatiir arastirmalari
sonucunda elestirel bolgesel konusunda en kapsaml
manifesto nitelifinde maddeler ortaya koyan
arastirmacinin  Kenneth Frampton oldugu tespit
edilmistir. Frampton, bu madelerin ilkini 1983 yilinda
‘Mimari Direnis icin Alt1 Nokta’ (Towards a Critical
Regionalism: Six Points For an Architecture of
Resistance) bashgi altinda toplamistir. Frampton
1987 yilinda, 1983 yilinda ortaya koydugu bu alti
maddeden yola ¢ikarak ‘Bolgeselci Mimarlik i¢in On
Nokta: Gegici Bir Polemik’ basligi altinda maddelerini
gelistirmistir. Frampton'un 1983 yilinda ortaya
koydugu alt1 nokta ve 1987 yilinda ortaya koydugu
on noktada bir takim kavramlar tekrar ederken, diger
kavramlar eklenmis veya eksiltilmistir. Literatiir
taramasina bagl olarak yapilan degerlendirmeler
sonucunda gecmisten giliniimiize Elestirel
Bolgeselcilik ile ilgili en énemli kurami 1987 yilinda
‘Bolgeselci Mimarlik icin On Nokta: Gegici Bir
Polemik’ bashgi altinda Kenneth Frampton'in ortaya
koydugu Dbelirlenmistir  (Tablo 1). Kriterler
belirlenirken oncelikle bu on madde okunmus ve
yorumlanarak  anahtar  kelimeler  (kriterler)
belirlenmistir.

Tablo 1. Ten points on an Architecture of Regionalism: A
Provisional Polemic

1.Critical Regionalism And Vernacular Form

2.The Modern Movement

3.The Myth and the Reality of the Region

4. Information and Experience

5.Space/Place

6.Typology/Topography
7.Architectonic/Scenographic

8.Artificial/Natural

9.Visual/Tactile

10.Post-Modernism and Regionalism: A Summation

Calisma kapsaminda Frampton'in bu on maddesi
yorumlanarak analiz edildiginde bir yapiy1 elestirel
bolgesel olarak adlandirmada yer’e ait olmanin
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gostergesi olarak “topografyaya uyum”, “dogaya
saygt”, ‘“dogal aydinlatmanin kullanimi”, “iklim
verilerinin dikkate alma”, “yapinin rengi ve dokusuyla
birlikte ¢evre dokuyla uyumlu olmasi”, “yerel
malzemenin kullanimi”, “dokunsal olma” “yerel yapim
tekniginin kullanmimi”, “yerel mimari elemanlarin
kullanimi” kavramlarina isaret ettigi gorilmistur.
Ancak yerel elemanlarin basit duygusallikla
baglanilan vernakiiler seklinde degil yorumlanarak
kullanilmasi  gerektigine  vurgu  yapmaktadir.
Yukarida belirlenen anahtar kelimeler c¢alisma
kapsaminda bir mimari {liriini ‘elestirel rejyonalist-o
yer’e (bdlgeye) ait’ olarak adlandirmanin dokuz
kriteri olarak belirlenmistir. Ancak bu kriterlerin bir
yapiy1 elestirel bolgesel olarak tek basina adlandirma
da yetersiz oldugu diisiiniilmistiir. Bolgesel yapilar
incelendiginde, “fonksiyonunu disa yansittiklart”, “sade
bicim diline sahip olduklart”, “insan dlgegine yakin
olduklar1” ve “cevre yapilarla élgekli olduklart” tespit
edilip, daha once belirlenen dokuz Kkritere,
tarafimizdan dort kriter daha eklenip toplam on li¢
adet evrensel kriter, bir mimari Uriinii “elestirel
rejyonalist” olarak adlandirmanin giincel kriterleri
olarak belirlenmistir (Tablo 2).

Tablo 2. Bir mimari iriinii ‘elestirel rejyonalist-o yer’e
(bolgeye) ait’ olarak adlandirmanin tasarim kriterleri

A-CEVRE-DOGA ILISKISi

A.1. Arazinin topografik yapisina uyum

A.2. Dogaya saygil yaklasim

A.3. Dogal aydinlatma/giin 15181nin dikkate alinmasi
A.4. Iklim verilerinin dikkate alinmasi

A.5. Yapinin rengi ve dokusuyla birlikte ¢evre dokuyla
uyumlu olmasi

B-BICiM

B.1. Yerel mimari elemanlarin yorumlanarak kullanimi
B.2. Yerel yapim tekniklerinin yorumlanarak kullanimi
B.3. Yapinin sade bi¢im dilinin olmasi

B.4. Yapinin fonksiyonunu disa yansitmasi

C-MALZEME
C.1. Yerel malzemenin yorumlanarak kullanimi
C.2. Dokunsal olma

D-OLCEK
D.1.Yapinin insan dl¢egine yakinligi
D.2.Yapinin ¢evredeki yapilarin dlcegine uyumu

2.2. Anket
toplanmasi

teknigi ile wuzmanlardan veri

Calisma kapsaminda ortaya konulan kriterlerin
kavramsal diizeyde gecerliligini ve oncelik sirasimi
belirlemek icin uzmanlarla bir anket c¢alismasi
yapimistir. “Bir yapiy1 elestirel rejyonalist-o yer'e
(bélgeye) ait” olarak nitelendirmek i¢in belirlenen 13
kriterin igerisinde yer aldig1 bir anket formu
hazirlanmis ve uzmanlardan bu kriterleri 6nem
sirasina gore puanlamalar1 istenmistir. Calismanin
orneklemi segilirken, calismanin i¢ dinamikleri etkili
olmus, kriterler arasinda dogru siralamay1 ancak
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“rejyonalizm” konusunda uzmanlar yapabilecegi icin
doktor unvanina sahip anket konusunda uzman, Gazi
Universitesi, ODTU ve Selcuk Universitesi bina bilgisi,
restorasyon ve mimarlik tarihi kiirsiisiinde yer alan
mimari tasarim stiidyosu dersi yiiriiten 34 uzman
mimar secilmistir. Orneklem icin gerekli érneklem
biiytikliigii hesaplandiginda (Tablo 3);

Yigin ortalamasi igin X ve s sirasiyla ornek
ortalamasi ve 6rnek standart sapmasi olmak {izere

1-a anlamllik ve d duyarhilik diizeyinde giliven
aralig1 Denklem 1’ deki gibi ifade edilir.

P Xt % <P<K=ty \Sm) = P[Xitnllam ‘%] = P(Xid):l—a 1)

10 akademisyen ile pilot ¢calisma uygulamasi yapilmis
asagidaki bulgular ve talepler dogrultusunda érnek
hacmi hesaplanmistir. 13 soruya (Kriterlere) verilen
cevaplar degerlendirilmis ve bunlar arasinda en
yiksek  standart sapma  6rnek  hacminin
belirlenmesinde kullanilmistir (Tablo 4).

S
d= tn—l,l—a/Z ﬁ

2,58 2,58
10-1,1-0,05/2 W = t9,0,975 W

JN =ty 4,52,58=2,262*258 =583

1=t

ve

N = 34,058 = 34 olarak belirlenmistir.

Bu amagla hazirlanan A4 basih anket soru formlari,
calisma kapsaminda literatiir arastirmalari, gézlem
ve goriisme teknikleri neticesinde belirlenen 13 adet
kriterin gruplandirilarak (dlgek, malzeme, cevre-
doga, bicim) oncelik seviyesinin sorulmasi seklinde

olusturulmustur. Anket formu, calismanin
kapsaminda Dbelirlenen “bir yapmin elestirel
rejyonalist-o  yer'e (bolgeye) ait”  olarak

nitelenmesinde etken oldugu diistinilen on g
kriterin her birinin 6nem derecesine gore, uzmanlar
tarafindan 1-10 araliginda (HIC 6nemli degil / COK
onemli) degerlendirmesini saglayacak sekilde
tasarlanmistir.

Hazirlanan anketler, uzmanlarla yiiz yiize 1 ay
icerisinde tamamlanmigtir. Orneklem icin gerekli
orneklem biiyiikligi hesaplanmis, 34 adet uzman
mimarla anket yapilmistir. Toplam 34 akademisyene
uygulanan anket sonuglarinin 2 tanesinde eksik
cevaplamalar olmasi nedeni ile 32 anket, analize
uygun bulunmus ve degerlendirilmistir. Anket
uygulamasi sonucu elde edilen veriler, bilgisayar
ortamina uygun hale getirilmistir.
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Tablo 3. ilkelere pilot calismada verilen cevaplarin istatistikleri

Standart

Ortalama
Sapma

N | Minimum | Maximum Varyans

Yapinin arazinin topografik yapisina uygun konumlanmasi

10 8,00 10,00 9,4000 ,69921 ,489

Yapinin dogaya saygih ve biitiinciil bir yaklasimla
tasarlanmas: (Yapmin topraga, su kaynaklarina, Flora,

Faunaya, cevresel sistemlere saygili olmasi)

10 6,00 10,00 8,8000 1,47573 2,178

Yap1 tasarlanirken dogal aydinlatma/giin 1s5181nin dikkate

alinmasi(Yapidaki pencereler, doluluklar, bosluklar dikkate
alindiginda yapinin  dogal aydinlatma  diisiintilerek
tasarlanmasi)

10 6,00 10,00 7,7000 1,25167 1,567

Yap! tasarlanirken iklim verilerinin dikkate alinmasi
(Yapinin giines 15181, dogal 1s1tma, dogal havalandirma, dogal
golgelendirme diisiiniilerek tasarlanmasi)

10 6,00 10,00 8,0000 1,33333 1,778

Yapinin rengi ve dokusuyla birlikte ¢evre doku ile uyumlu
olmasi (Yap:t cevre iliskisi agisindan yapinin ait oldugu
cevredeki yapilarin malzemesi ve rengiyle biitiinlesik bir
sekilde tasarlanmasi, tek basina ayrik durmamasi)

10 3,00 9,00 7,5000 1,95789 3,833

Yapida yerel mimari elemanlarin (kemer, kolon, sagak
uzunlugu pencere/kapi sovesi, cati egimi vs.) yorumlanarak
kullanimi

10 5,00 10,00 7,9000 1,91195 3,656

Yapida yerel yapim tekniklerinin (yigma, ahsap kalip
sistemi vs.) yorumlanarak kullanim

10 2,00 10,00 6,3000 | 2,58414 | 6,678

Yapinin sade bir bicim diline sahip olmasi (yapinin tasarim
anlayisinin yalin ve anlasilabilir olmasi)

10 5,00 10,00 7,4000 1,77639 3,156

Yapinin fonksiyonunu disa yansitabilmesi (yapinin
fonksiyonunun disaridan izleyen tarafindan net bir sekilde

algilanabilmesi)

10 5,00 8,00 6,8000 1,22927 1,511

Yapida yerel malzemenin (Fiziki ¢evrede bulunan tas,
toprak, ahsap, kerpi¢ vs yerel malzemeler...) yorumlanarak
kullanimi

10 4,00 10,00 7,6000 2,17051 4,711

Yapida  kullanilan  malzemeler dikkate alindiginda
dokunsalligin hissedilmesi (sadece gorsel duyulara degil,
ayn1 zamanda koku, ses, 1s1 gibi farkli algilara hitap edebilen
malzeme kullanimi)

10 5,00 9,00 6,8000 1,39841 1,956

Yap: kiitlesinin insan élcegine yakinhig (Olciiler oranlar
dikkate alindiginda yapinin insani ezmeyen, insancil bir

tavrinin olmast)

10 4,00 10,00 8,4000 1,95505 3,822

Yapr Kkiitlesinin ¢evredeki yapilarin dlgcegine uyumu
(Yapim ait oldugu cevredeki mevcut yapilar ile orantili ve
6lcekli olmasi)

10 5,00 10,00 8,3000 1,49443 2,233

Tablo 4. Ornekleme hacmi i¢in kullanilan parametre ve
degerleri

7. kriterin 6rnek standart sapmasi () 2,58
Gliven aralig1 diizeyi (1- ) 0,95
Duyarlilik (d) 1,00
L. tip hata (@) 0,05
Pilot calismanin hacmi 10
L50.075 2,262

2.3. AHP yontemiyle Kkriterlerinin 6ncelikli agirhik
degerlerinin belirlenmesi ve 6nem siralamasinin
yapilmasi

Anket uygulamasi sonucu elde edilen veriler,
bilgisayar ortamina uygun hale getirilmis, anket
verileri karar analiz tekniklerinden AHP (Analytic
Hierarchy Process) yontemi ile degerlendirilmistir.
Bu calismada AHP yontemi, c¢alisma kapsaminda
ortaya konulan ‘bir yapiy1 elestirel rejyonalist-o
yer’e (bélgeye) ait olarak tanimlayan kriterlerin
birbirilerine gére énem agirhiklarr’ tespit ederek

‘bir yapinin elestirel rejyonalist-o yer'e (bélgeye)
ait olarak nitelenmesinde géreli 6nem agirhgi en
yiiksek olan kriterin tespiti’  amaciyla
kullanilmaktadir. Sekil 1'de goriildiigii gibi 4 kriter
grubu ve bu kriter gruplarinin farkl sayida kriterleri
vardir. Uzmanlar ankette bu o6lciitleri 1-10 skalasinda
degerlendirmislerdir.

Anket sonuclar1 6rneklem olarak secilen 32 uzmanin
degerlendirmesi baz alinarak hesaplanmistir. Cikan
sonuglarin birbirine oranlamasi sonucunda en az 1,
en cok 10 arasinda degerler bulunmustur. Cikan
oransal degerlere karsilik AHP’nin 1-9 temel dlgegine
gore yapilan araliklandirmalar sonucunda degerler
verilmis ve ikili karsilastirmalarda bu degerler
kullanilmistir. Uzmanlarin verdigi 6nem puanlarinin
toplanmasi sonucu A-1 kriteri 297 puan ile en 6nemli
ve C-2 kriteri ise 156 puan ile en 6nemsiz kriter
olarak belirlenmistir. Kriter grubu olarak 270,4
ortalama puan ile A kriter grubu en 6nemli ve 185,5
puan ile C kriter grubu ise en énemsiz kriter grubu
olarak belirlenmistir.
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DUZEY 1: DUZEY 2: DUZEY 3:
Amag 1lke Gruplart Tlkeler
r,_J~._.‘ A e
e R .
A.l. Topografyaya uyum
A.2. Dogaya saygrh yaklasim
A.{Iv]{E_n{)ﬁA A3, Dogal aydinlatmamn kullanimi

Bir yapiy elestirel
rejyonalist-o
yer'e{bilgeye) ait
olarak

adlandirmanin
kriter) iiag:

A.4. Iklim verilerin dikkate alinmas:

AS. Yapin rengi ve dokusuyla birlikte
cevre dokuyla uyumlu clmas:

B.1. Yerel mimari elemanlann kullanimi

B.2. Yerel yapim tekniklerinin kullanmm

B.3. Yapmun sade bir bicim dilinin olmas:

B.4. Yapmn fonksiyonu disa yansitmasi

C.1. Yerel malzemenin kullamm

C.2. Malzemenin dokunsal olmasi

D.1. Yapin insan dlcegine yakinhg

D.2. Yapiin cevredeki yapilann dlcegine
uyumu

Sekil 1. Degerlendirme kriterlerine ait olusturulan hiyerarsik organizasyon semasi

Ancak bu degerlendirmeler karsilastirmali
degerlendirmeler degildir. Bu sebeple, élciitler
arasindaki degerlendirmeleri yapilabilmesi icin

oransal degerlerin belirlenmesi ve analizi
gerekmektedir.

Oransal degerlerin verilerden toplanarak
belirlenmesi ve AHP  6nem  derecelerinin
belirlenmesinden sonra  AHP analizi ile
karsilastirmal (hiyerarsik) degerlendirmeler
belirlenmisgtir.

e Olgiitler Arasinda Onem Siralarinin Belirlenmesi
ve AHP 6nem dereceleri
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Oranlama i¢in asagidaki degerler incelenebilir.
A-1/C-2=297/156=1.903

Bunun anlami; A-1 kriterine verilen puanlarin
toplami, C-2 kriterine verilen puanlarin toplaminin
1.903 katidir. 1,903 orani Tablo 5'de yapilan AHP
onem derecelendirmesinde 2 degerini almaktadir. Bu
nedenle, A-1 kriteri, C-2 kriterine gore 2 Kkat
onemlidir denir. Diger karsilastirmalarda da
oranlamaya gore aralik degerleri verilmis ve ikili
karsilagstirmalar ayni mantik gercevesinde
yapimistir.
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Tablo 5. 1-10 temel Olgegine gore yapillan AHP
derecelendirmesi [15, 16]

Gergel St . Tanim Aciklama
Oran Derecesi
Esit iki faktor ayni
1,000 - .
1 derecede derecede 6nem
1,111 . .
onemli tasimaktadir.
Uzlasma
1,112- Ara gerektiginde
2292 2 deser kullanilmak tizere
’ & iki ardisik yargi
arasindaki degerler.
iki faktérden biri
Orta e " .
2,223 - 3 derecede digerine gore biraz
3,333 Snemli daha 6nem
tasimaktadir.
Uzlasma
3,334 - Ara gerektiginde
4 444 4 deser kullanilmak tizere
’ & iki ardisik yargi
arasindaki degerler.
Kuvvetli iki faktérden biri
4,445 - . .
5 derecede | digerine gore fazla
5,555 N . )
onemli onem tasimaktadir.
Uzlasma
5,556 - Ara gerektlgm"de
6.666 6 deser kullanilmak iizere
’ g iki ardisik yargi
arasindaki degerler.
Cok iki faktérden biri
6,667 - 7 kuvvetli digerine gore ¢cok
7,777 derecede fazla onem
onemli tagimaktadir.
Uzlasma
7,778 - Ara gerektiginde
8888 8 degter kullanilmak iizere
’ iki ardisik yargi
arasindaki degerler.
iki faktdrden biri
8,889 - 9 Kesin digerine gore asir1
10.000 6nemli derecede 6nem
tagimaktadir.

A matrisinin 13 adet siitun toplami

AHP’nin ikinci adimda; uzmanlarin, tiim Kkriterlerin
birbiri iizerindeki 6nem derecelerinin belirlenmesi
icin ikili karsilastirma matrislerinin olusturulmasina
dayanir. ilk olarak ‘amaca’ gore kriterler ikili olarak
karsilastirthr. On {i¢ kriterin amaca gore ikili
karsilastirma yargilarinin matris halinde
diizenlenmis sekli ise Denklem 2’deki gibidir.

11212 22222222
1111 2 22222221
051 1051 22222211
tr 111 2 22222211
050005051 22222211
05050505051 21 21 20508
A=05 05 050505051 1 105105053
0505050505 1 1 1 105205205
0505050505051 1 10510508
05050505051 2 2 21 20508
05 050505050510510510505
05001 1 1 22222211
11112222221 1)

Ardindan olusturulan ikili matrisler, ‘normalize
edilmis agirhk vektoriiniin hesaplanmasi’ ve ‘satir
ortalamas1’ seklindeki islem ve hesaplamalara tabi
tutularak, amag icin ‘goreli dnemleri’ belirlenmistir
Oncelikle A matrisindeki 13 adet siitunun toplami
bulunmus, siitun toplamlarina gére normalizasyonu
hesaplanmis ve elde elden sonucun satir ortalamasi
degeri bulunarak kriterlerin goreli onem agirhigi
hesaplanmistir. Denklem 3’den Denklem 6’e kadar
sirasiyla verilmistir.

A=[a, a, a, a, as a, a; a; Ay 8y Ay dy, Ags) (3)

13
burada a,; = Zaji ,i1=1..13 ve j=1,.13
=t

13
ay = Zajl =8y, +8, +a3 +8, +85 +85 +8;; 85 +8y +80+ 85, T8+ 8y
=1

=1+1+05+1+05+05+05+05+05+05+05+05+0,5=8,0

13
atZ = ZajZ = a12 + a‘22 + a32 + a42 + a52 + a‘62 + a72 + a82 + a92 + a102 + a112 + a122 + a132

i

=1+1+1+1+05+05+05+05+05+05+05+05+1=9,0

13
a3 = Zaj3 =Q3t Ay + g3+ A5+ 853+ g3 75+ 8g3 + g3 T3 T 8331353+
=
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=2+1+1+1+05+05+05+05+05+05+05+1+1=10,5

13
ay = ZajA =, t3y, ta85,+3,, t35, +85, +37, +Ag, T3y, + ;94 + 3114 T35, T334
j=1

=1+1+05+1+05+05+05+05+05+05+05+1+1=9,0

13
Qs = Zajs =85+ 8y5 + 835 + 85 + 85 +8g5 + 875 +8gs T Ags + 8yo5 + 855+ Ayps T Ay35
=1

=2+2+1+2+1+05+05+05+05+05+05+1+1=130

13
& = Zaj6 =8y + 8y T 836 T8y T 85 T 8gp + 876 T Age + g T Qg5 T A1t g T Ayzs
j=L

=2+2+2+2+2+1+05+1+05+1+05+2+2=185

13
&y = Za” =8y 8y + 8, +8y; +8s5; T 85 +87; 85 +8g; T 897 T 817 T8y T8y
j=L

=2+2+2+2+2+2+1+1+1+2+1+2+2=220

13
g = Zajs =8g + 8y + 835 + 8y +8s5g +8gg + 875 +8gg T Agg + 8495+ 815 T Aypg T3
=L

=2+2+2+2+2+1+1+1+1+2+05+2+2=205

13
Qg = Zan =89 +8y9 + 839 +8y9 +859 + 859 + 879 +8gg +8gg +8yg9 T 8y59 T g9 + 8459
=L

=2+2+2+2+2+2+1+1+1+2+1+2+2=220

13
Q0 = Zajlo = 8yq9 T 8p10 T 8319 T 8410 T 8519 + 10 T 8710 + 8g10 T 8910 T 81010 T 1110 T 1210 T Suz10
j=L

=2+2+2+2+2+1+05+05+05+1+05+2+2=18,0

13
Ay = Zajll = 8yqy + 8yy T 8gq9 +8yqy T 8519 85y + 8709 T 8gyq F8gyq H8y011 T Bipgg T gyt Bz
-1

=24+2+2+2+2+2+1+2+1+2+1+2+2=230

13
Ay = zajlz =8y +8y1p T 8315 T 841y + 8515 + 8615 + 8715 + 815+ 8915 010 T Bypgp T App1p + iapp
=1

=2+2+1+1+1+05+05+05+05+05+05+1+1=12,0

13
Az = Zaj13 =83+ 813 T 835+ 8yy3 8513 T g3+ 8713+ 813 T 8g3 F 8113 T Aygag T Aiprt Bigis
j=L

=2+1+1+1+1+05+05+05+05+05+0,5+1+1=110 olmak iizere

AT:[8,O 90 105 90 130 185 220 205 220 180 230 120 11,0] olur.
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A matrisinin siitun toplamlarina gére normalizasyonu

| 0|

o
8,

|+

o
[8}

102
9 105
101
9 105
101
9 105
101
9 105

05 05
9 105

05 05
9 105

05 05
9 105

05 05
9 105

05 05
9 105

05 05
9 105

05 05
9 105

05 1
9 105
101
9 105

18,5
05

18,5
1

185
05

18,5
1

18,5
0,5

18,5
2

18,5
2

18,5

22 205
22 205
22 205
22 205
22 205
22 205
22 205
22 205
22 20,5
22 20,5
1 05
22 205

22 205

22 205

Normalize edilmis agirlik vektorleri

(0125 0111
0125 0111
0,063 0111
0125 0111
0,063 0,056
0,063 0,056

A, =|0,063 0,056

0,063 0,056
0,063 0,056
0,063 0,056
0,063 0,056
0,063 0,056
10,063 0111

0,190
0,095
0,095
0,095
0,048
0,048
0,048
0,048
0,048
0,048
0,048
0,095
0,095

W goreli 6nem vektorii

Wl
W,
W3
W4
WS
We
W =| w,
WB
WQ
Wio
Wll
W12
Wig

[(0125+
0125+
(0,063+
0125+
(0,063+
(0,063+

=/ (0,063+
(0,063+
(0,063+
(0,063+
(0,063+
(0,063+

0,063+

0111+
0111+
0111+
0111+
0,056 +
0,056+
0,056 +
0,056 +
0,056 +
0,056 +
0,056+
0,056 +
0111+

0111
0111
0,056
0111
0,056
0,056
0,056
0,056
0,056
0,056
0,056
0111
0111

0,190+
0,095+
0,095+
0,095+
0,048+
0,048+
0,048 +
0,048+
0,048+
0,048+
0,048+
0,095+
0,095+

0111+
0111+
0,056 +
0111+
0,056 +
0,056 +
0,056 +
0,056 +
0,056 +
0,056 +
0,056 +
0111+
0111+

0154
0154
0,077
0,154
0,077
0,038
0,038
0,038
0,038
0,038
0,038
0,077
0,077

0,154+
0154 +
0,077+
0,154+
0,077+
0,038+
0,038+
0,038+
0,038+
0,038+
0,038+
0,077 +
0,077+

0,108
0,108
0,108
0,108
0,108
0,054
0,027
0,054
0,027
0,054
0,027
0,108
0,108

0,108 +
0,108+
0,108+
0,108 +
0,108+
0,054 +
0,027 +
0,054 +
0,027 +
0,054 +
0,027 +
0,108 +
0,108+

0,091
0,091
0,091
0,091
0,091
0,091
0,045
0,045
0,045
0,091
0,045
0,091
0,091

0,091+
0,091+
0,091+
0,091+
0,091+
0,091+
0,045+
0,045+
0,045+
0,091+
0,045+
0,091+
0,091+

0,098
0,098
0,098
0,098
0,098
0,049
0,049
0,049
0,049
0,098
0,024
0,098
0,098

0,098+
0,098 +
0,098+
0,098 +
0,098 +
0,049 +
0,049 +
0,049 +
0,049+
0,098 +
0,024 +
0,098 +
0,098+
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0,091
0,091
0,091
0,091
0,091
0,091
0,045
0,045
0,045
0,091
0,045
0,091
0,091

0,091+
0,091+
0,091+
0,091+
0,091+
0,091+
0,045+
0,045+
0,045+
0,091+
0,045+
0,091+
0,091+

0111+
0111+
0111+
0111+
0111+
0,056 +
0,028 +
0,028+
0,028 +
0,056 +
0,028+
0111+
0111+

0111
0111
0111
0111
0111
0,056
0,028
0,028
0,028
0,056
0,028
0111
0111

0,087 +
0,087 +
0,087 +
0,087 +
0,087 +
0,087 +
0,043+
0,087 +
0,043+
0,087 +
0,043+
0,087 +
0,087 +

0,087
0,087
0,087
0,087
0,087
0,087
0,043
0,087
0,043
0,087
0,043
0,087
0,087

0,167 +
0,167 +
0,083+
0,083+
0,083+
0,042+
0,042+
0,042+
0,042 +
0,042+
0,042+
0,083+
0,083+

0167
0,167
0,083
0,083
0,083
0,042
0,042
0,042
0,042
0,042
0,042
0,083
0,083

0182)/13]

0,091)/13
0,091)/13
0,09)/13
0,091)/13
0,045)/13
0,045)/13
0,045)/13
0,045) /13
0,045) /13
0,045)/13
0,091)/13

0,091)/13

0,182]
0,091
0,091
0,091
0,091
0,045
0,045
0,045
0,045
0,045
0,045
0,091
0,091 |

[0,125]
0111
0,089
0,104
0,081
0,060

=| 0,045

0,050

0,045

0,063

0,043

0,089

10,094 |

(4)

(5)

(6)
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Yukaridaki sonuglara gore kriterlerin ‘bir yapiy1
elestirel rejyonalist-o yer’e (bolgeye) ait olarak
adlandirma’ amaci icin, birbirilerine gore oOnem
agirliklar1 ve hiyerarsik siralamalari ise 1'den 10’ a
kadar olmak lizere Tablo 6’da gosterilmistir (bazi
kriterler ayn1 puani almistir). Goreli 6nem agirhgi
en yiiksek olan Kkriterin, ‘arazinin topografik
yapisina uyum’ Kriteri oldugu tespit edilmigtir.
ikinci sirada énem agirhigina sahip olan kriter
‘dogaya saygili yaklasim’ Kriteri ve iiciincii sirada
onem agirhigina sahip olan kriter ‘iklim verilerinin
dikkate alinmasr’ kriterinin oldugu tespit
edilmistir.

Kriter 6nem agirlig1 siralamasinda; doérdiinct sirada
‘cevredeki yapilarin 6lgcegine uyum’ Kriteri, besinci
sirada ‘yapmin insan 6lcegine yakinligi’ ve ‘dogal
aydinlatma/giin 1siginin dikkate alinmast’ kriterleri,
altinc1 sirada ‘yapinin rengi ve dokusuyla birlikte cevre
dokuya uyumu’ Kriteri, yedinci sirada ‘yerel malzeme
kullanimr’ kriteri, sekizinci sirada ‘yerel mimari
elemanlarmin kullanimr’ kriteri, dokuzuncu sirada ‘sade
bicim diline sahip olma’ Kkriteri, onuncu sirada ‘yerel
yapim tekniklerinin kullanimi’ ve ‘fonksiyonunu disa
yansitabilmesi’ kriterleri, on birinci ve son sirada
‘dokunsal olma’ kriteri yer almaktadir. Tutarlilik
orani (CR) 0.014 olarak hesaplanmis olup, 0,10’dan
kiiciik oldugundan karar vericinin kriterlere iliskin
yargilarinin tutarh oldugu goriillmektedir.

Tablo 6. 13 kriterin hiyerarsik siralamasi ve énem agirlik
degeri

Onem sirasi ilkeler Onem Agirhik Degeri

1 Al 0,125
2 A2 0,111
3 A4 0,104
4 D2 0,094
5 A3 0,089
5 D1 0,089
6 A5 0,081
7 C1 0,063
8 B1 0,060
9 B3 0,050
10 B2 0,045
10 B4 0,045
11 Cc2 0,043

TOPLAM 0,999

3. Bulgular

Calisma kapsaminda ortaya konulan on ¢ kriter
uzmanlar tarafindan test edilip gegerli not almis ve
¢alisma kapsaminda mimari tasarimda “elestirel
rejyonalist-o yer’e (bélgeye) ait tasarim kriterleri”
olarak literatiire kazandirilmistir. Uzmanlara gore
bir yapiy1 o yer’e (bélgeye) ait olarak adlandirmada en
onemli kriterin ‘arazinin topografik yapisina uyum’
kriteri oldugu tespit edilmistir. ikinci sirada énem
agirhgina sahip olan ilke ‘dogaya saygili yaklagsim’
ilkesi ve ticiincii sirada 6nem agirligina sahip olan ilke
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‘iklim verilerinin dikkate alinmasr’, ilkesinin oldugu
tespit edilmistir. ilke 6nem agirhg siralamasini;
dordiincii sirada ‘gevredeki yapilarin édlgegine
uyum’ ilkesi, besinci sirada ‘yapinin insan élgegine
yakinhigr’ ve ‘dogal aydinlatma/giin isiginin
dikkate alinmast’ ilkeleri ile siralama devam
etmektedir. Uzmanlar tarafindan en az éneme sahip
ilkenin ‘dokunsal olma’ ilkesi oldugu tespit edilmistir.

Ayrica  ¢alisma  kapsaminda  ortaya  konulan
Frampton'in on maddesinde yer almayan 6lcek basligi
altinda iki yeni kriterin ‘Yapinin ¢cevredeki yapilarin
6lcegine uyumu’ kriteri ve ‘yapinin insan élgegine
yakinhgr kriterinin uzmanlar tarafindan ilk beste
stralanmast ¢alismanin bilime olan katkisini
vurgulamaktadir.

Yapilan c¢alisma sonucunda elde edilen veriler
15181nda, bir mimari iriini “elestirel rejyonalist-o yer’e
(bélgeye) ait” olarak tanimlamada yeni bir bakis agisi
kazandirilmistir:

4. Tartisma ve Sonug

Mimarlik, yerytziinde, ‘yer’ den basladig: ve o ‘yer’de
olustugu zaman, anlamh hale gelir. Mimarlik disiplini
insanin ‘yer’ ile kurdugu iliskiyi yansitan bir arag
konumunda olup tiim siirecte insanin ‘yer’e iliskin
algisinin degisimi mimarlik anlayisinin da degisimine
yol acmistir. Insanlarin mekanlarim kurgulama
bicimleri degisen sosyo-ekonomik ve toplumsal
kosullar ile birlikte degisim gecirmistir. Endustri
oncesi ve sonrasi toplumlarda, mekan ve yer
olgularinin ele alinislart temelde birbirlerinden
farklhidir. Benzer sekilde, ¢agdas mimari icinde yer
alan modern ve postmodern doénemlerdeki mekan
anlayislar1 da, kendi baglamlarinda birbirlerinden
farkhdir.

Sanayi devriminin sonrasinda ortaya ¢ikan
modernizmde zaman-mekdn anlayisi geleneksel
toplumlarin zaman-mekdn kavrayisindan farkhdir.
Geleneksel toplumlarda iiretim ve ‘yer’ zamanla
biitiinlesik  bir olusum iken sanayilesme ve
kapitalizm; tiretim sistemlerini, dolayisiyla zamani,
‘ver'den  koparip  nesnellestirerek  dlgilebilir,
evrensel, nicel bir deger haline getirmistir.
Modernizmin gelenegi, kiiltiiri yerel degerleri
reddetmis, sadece insanlarin fiziksel ihtiyaclarim
karsilamaya yonelik rasyonel, nesnel ve evrensel
kurallarla, ‘yer’ olgusunu tiimiyle hice sayan kentler
ve mekanlar yaratmaya baslamistir.

Modernizm mekanin fiziksel gereksinimlere cevap
verirken, duygusal beklentilere cevap vermedigi ve
bunun “insan mekan iliskisinin tarihsel stireklilik ve
yerel degerler icinde incelenerek ortaya yeni bir
mekan anlayis1 ile ¢oziilebilecegi” disiinceleri ile
1980’lerde ortaya c¢ikan postmodernizm, insan
mekan iligkisini yeniden yorumlamistir. Ancak post-

modern tasarim sdylem icinde, yerel ve Kkiiltlirel
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degerlerin baglamindan koparilarak kullanilmasi,
mimarligin ¢ogulcu ortamda farkh =zevklere ve
tiilketim metasina donlismesine neden olmustur.
Kiiresel sermayenin arayislari ve beklentileri
dogrultusunda degisim siirecine giren kentler ve

kentsel mekanlar giderek birbirine benzemeye,
aynilasmaya baslamistir.  Simgeler, goriintiiler,
semboller o6nemli hale gelerek, yerellik ve

ozglnliiklerin i¢ci bosaltilmis seyirlik birer meta
haline getirilmistir.

‘Yer'e 06zgli degerlerin yitirilmesi, mimarligin
kendisine o6zgii yapisim1 kaybetmesine yol agmis;
modernlesme ile baslayan postmodernizm ile devam
eden degisim siiregleri sonunda, ‘bulunulan’ yerden
ve ‘yasanan’ zamandan bagimsiz, her yere ve zamana
ait olabilecek mekanlar iretilmeye baslanmistir.
Schulz, yerlerin kendine 06zgii degerlerine wvurgu
yaparak, insanin varolusunu hissetmesinin yerin
ruhunu yansitan mimari ¢evrelerle miimkiin
olabilecegini ifade etmektedir. Schulz [1] yerin ruhu
kavraminda, yeri deneyimlemenin, yerin kendine has
ozelliklerinin a¢iga ¢ikarilmasinin, mimarligin esas
gorevi oldugunu aksi halde mimarligin ‘anlamsiz’ bir
is olacagim soylemektedir [17]. Her yerin kimligini
olusturan, ona 0zgl bir karakteri, 6zelligi oldugunu
ve mimarligin bunu ortaya ¢ikarmasi gerekliligini
savunmaktadir. Yerin kimliginin ne oldugunu
anlamak icin de, yerin sahip oldugu o6zellikler
tanimlanmali ve yerin ruhu yeni tasarima
aktarilmalidir. Calisma, yerin ruhunun
somutlastirmanin araci olarak yer ve yerellik odakl
bir mimarlik o6neren ‘Elestirel Bolgeselcilik’
kavramini savunmaktadir. Elestirel Bolgeselcilik, hem
kiltiirel stirekligi saglamayi, hem de evrensel
uygarlik icinde kalabilmeyi amac¢layan yer odakl bir
yaklasimdir. Elestirel Bolgeselci yaklasimda, iklim,
151k gibi bolgesel nitelikleri, kiiltiire iliskin verileri,
mimarligin tektonik ifadesi ile birlestirilir. Boylece
sahnesel olmayan, insanin algilayabildigi ve
hissedebildigi, bulundugu yere ait bir mimarlhk
olusur.

Calisma kapsaminda yapilan literatiir arastirmasi
sonucunda, elestirel bolgeselcilikle ilgili calismalarin
genellikle teorik diizeyde kaldigi tespit edilmistir.
Elestirel bolgeselciligin mimari tasarim kriterlerinin
eksik ve yetersiz oldugu belirlenmis, konuyla ilgili
¢alisma yapilmadig: tespit edilmistir. Bu ¢alismayla
bu bosluk doldurulmus “elestirel rejyonalist tasarim

kriterleri” ortaya konulmus ve bu kriterlerin
gecerliligi, oOncelik sirasi uzmanlar tarafindan
belirlenmistir.

Elde edilen veriler 6ngoriilen hedeflere ulasmada
tasarimc1 icin yol gosterici bir rehber niteligi
tasimaktadir. Calisma kapsaminda  gelistirilen
elestirel bolgesel tasarim kriterlerinin  mimari
tasarim stlirecinde aktif bir sekilde kullanilmasiyla
elde edilen mimari tasarimlar yapay donamimlara
ihtiyac  duymaksizin  bulundugu ¢evre ile
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biitiinleserek gercgeklik duygusu yaratacaktir. Ciinkii
mimari tasarim, ancak c¢evresini saran, mikro
6lcekten makro olcege kadar sosyal, kiiltiirel, fiziksel
ve teknolojik olarak ontolojik biitiinligi saglayip
‘ver’le iliskisini basarili kurdugu  olciide
yasamaktadir.
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Abstract: In this paper, a unified approach for the dynamic analysis of non-uniform
piezoelectric rod is presented. It is assumed that the cross sectional area of the rod is
varying along the longitudinal axis, arbitrarily. Therefore, the partial differential equations
that govern the non-uniform piezoelectric isotropic rod in a forced vibration analysis
are obtained with a variable coefficient taking into account mechanical and electrostatic
equations. Analytical solutions of these equations are only possible for simple cross-
section areas. First, the governing equations are transformed to the Laplace space and then
solved numerically by pseudospectral Chebyshev approach for arbitrary cross-section area
under four different load functions. The final results are transformed to the time domain
using modified Durbin’s procedure. The technique is validated for simple cross-section
area results that can also be solved analytically.

Diizgiin Olmayan Piezoelektrik Cubugun Dinamik Analizi icin Pratik Bir Yontem

Anahtar Kelimeler
Zorlanmug titregim,
Piezoelektrik ¢ubuk,
Laplace doniisiimii,
Pseudospectral Chebyshev
yontemi

Ozet: Bu calismada, diizgiin olmayan piezoelektrik cubugun dinamik analizi i¢in birlesik
bir yaklagim sunulmaktadir. Cubugun enine kesit alaninin rastgele olarak uzunlamasina
eksen boyunca degistigi varsayilmaktadir. Bu nedenle, zorlanmis titresim analizinde
diizgiin olmayan piezoelektrik izotropik ¢ubugu idare eden kismi diferansiyel denklemler,
mekanik ve elektrostatik denklemler dikkate alinarak degisken bir katsayil1 olarak elde
edilirler. Bu denklemlerin analitik ¢coziimleri sadece basit kesit alanlar1 i¢in miimkiindiir.
Ilk olarak, sistemi idare eden denklemler Laplace uzayina doniistiiriiliir ve daha sonra dort
farkl1 yiik fonksiyonu altinda rastgele kesit alani i¢in pseudospektral Chebyshev yaklagimi
ile sayisal olarak ¢oziiliir. Nihai sonuglar, modifiye edilmis Durbin prosediirii kullanilarak
zaman uzayina doniistiiriilir. Yontem, analitik olarak da ¢oziilebilen basit kesit alanina
sahip piezoelektrik cubuk sonuglari ile dogrulanmugtur.

1. Introduction

plications. Vibration behavior of non-uniform rods with
variable cross section were investigated extensively in the

Smart materials are new generation materials that have
ability to change their properties in a particular manner in
response to specific stimulus input. Piezoelectric materials
are very common example of smart materials that are able
to deform under an electric field or produce an electric
sigmal as a result of any mechanical effect. Piezoelectric
materials, considered to be active smart materials and there-
fore, they can be used as force transducers and actuators.
These materials find application in the field of structural
engineering such as monitoring the civil engineering struc-
tures to evaluate their stability. Some materials, such as
rods and beams, are designed with variable cross-section
due to technical advantages in specific piezoelectric ap-

* Corresponding auhor: durmusyarimpabuc @ osmaniye.edu.tr
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literature [1-6]. Studies on the piezoelectricity are usually
related to finite and infinite dimensional structures in differ-
ent geometries such as thin rods, solid or hollow cylinders,
plates, discs, cylindrical shells. In the case of compli-
cated geometrical shapes and material properties, applying
numerical methods is often inevitable. Piezoelectric trans-
ducers can be treated as rods in terms of mathematical
modelling. Thus, it is important to confirm the vibration
behavior of piezoelectric rods.

Chen and Zhang [7] obtained analytical equations of a
non-uniform cross section rod. For piezoelectromagnetic
beam, one dimensional equations derived by Zhang et al.
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[8] for the flexure and extension with shear deformation
from three dimensional equations. Nadal and Pigache [9]
established accurate electromechanical model of a piezo-
electric transformer by using Hamilton’s principle to obtain
the equations of motion for free vibrations. Li and Zhifie
[10] furthered the field based on the elasticity theory and
piezoelectricity with state space based differential quadra-
ture method to the free vibrations of a functionally graded
piezoelectric beam under different boundary conditions.
By the help of piezoelectric patch actuator, active vibra-
tion controlling in structural elements like beam and plate
etc. is also promosing research area. The optimal time
dependent vibration control of the Timoshenko beam is
examined by Yildirim [11] and with damping effect by
Kucuk [12]. The optimal control is determined by using
maximum principle in their paper. The vibrations activated
by extarnal force in a rectangular plate with Kelvin-Voigt
damping are controlled by piezoelectric patch actuators
bonded two sides of the plate in Yildirim’s study [13]. He
analytically solved the problem by using Galerkin expan-
sions. In our previous studies, free [14, 15] and forced lon-
gitudinal vibrations [16] of non-uniform piezoelectric rod
is solved numerically by complementary function method
(CFM), pseudospectral Chebyshev method and analyti-
cally by Bessel functions for an arbitrary cross-section area.
Differentiation matrices that signify the approximations
at grid points play an important role in the implementa-
tion of spectral collocation methods [17]. Constructing
procedure of Chebyshev differentiation matrices with the
help of Chebyshev points (grid point) is found in [18] and
the implementation for numerical solution of convection-
diffusion problem in [19]. In this study, forced longitudinal
vibration of non-uniform piezoelectric (PZT-4) fixed-free
supported rod is solved in Laplace domain numerically
by Chebyshev pseudospectral approach for arbitrary cross-
section area under four different load functions. Durbin’s
Laplace inversion procedure is used to get the results in
the time domain [20]. Then, the numerical and analytical
consequences are compared.

2. Material and Method

Rosen type transducers provide the most efficient tools in
piezoelectric applications. The transducer consists of two
parts including a driving portion and receiving portion that
is operated by exploiting extensional vibrations of these
parts. Each of the driving portion and receiving portion
with different coordinates and under different polarization
conditions are to be considered as a piezoelectric rod.
The non-uniform piezoelectric rods polarized along
the longitudinal axis are considered for three different
cross-sectional areas: power, exponential and cosinusoidal
form [16].

Constitutive equations of piezoelectric materials that
exhibit linear behavior define electromechanical properties
and can be derived in variety ways to tailor for desired
properties [7]. Under the assumption of material properties
do not change along the x-axis, and with the consideration
of mechanical and electrostatic equations together, the
governing equation of the system can be written in the
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following form [7, 14],

Fu, 1 i _p P
dx? " A(x) dx dx & dr?

(D

where u is the extensional displacement, A(x) is the cross
sectional area varying along the longitudinal axis, ¢j; =
52
e ~ L .
¢+ é—“ and ¢11,€11 and &p; elastic, piezoelectric and
11
dielectric constants for longitudinal motions respectively.
Clamped-free supported rod which is electrically open on
two ends is considered, therefore the initial and boundary
conditions become,

u(x,0) =0, %(x, 0)=0 (2a)
w05y =0, 2" ilU) (2b)

ox 1= 511A(l)

where P(t) represents load functions applied to the free

end of the rod. Four different types of loading functions
have been applied to the system: step, sinusoidal impulsive,
arbitrary and ramped [16, 21]. If Laplace transformation
is applied to Equation (1) by using initial conditions (2a),
the following ordinary differential equation is obtained

U"+P(x,5)0"+0(s)U =0 3)
with
1 dA 2
)= i e 0=

where ()’ denotes the derivative with respect to x, U =
U (x,s) is the Laplace transformation of u, and s is the
Laplace transform parameter. And, the transformed bound-
ary conditions (2b) written in the following way:

aw . pls)
ox Y T A

U(O,S) =0, 4

where p(s) is the Laplace transform of the load P(r) [16].
3. Pseudospectral Chebyshev Model

Pseudospectral Chebyshev Model used to perform forced

vibration analysis of non-uniform piezoelectric rod by re-
ferring to the study of Gottlieb [22] and Trefethen [17] that
depends on discretization the governing equations (3) with
respect to the spatial variable using pseudospectral Cheby-
shev method. With regard to collacation points, the first
order (n+ 1) x (n+ 1) Chebyshev differentiation matrix

0=2x0 <X+ <Xy, withxj = =[1 —cos(jr/n)]

| —

(j=0,1,---,n) will be denoted by D. First-order
Chebyshev differentiation matrix D provides highly
precise approxtimation to U’(x;),U"(x;),..., simply
by multiplication differential matrix with vector data
U'(x;)=(DU);, U"(xj) = (D*U);, suchlike where U =
[0o,...,0,)7 discrete vector data at positions x;. The com-
putation procedure of the Chebyshev differentiation matrix
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and codes as a m-file can be found in notable references,
see e.g., Trefethen [17], where the collocation points x; are
numbered from right to left and defined in [—1, 1]. With
a small revision, the method can be implemented to any
interval.

3.1. Formulation

Three different cross-section forms depend on the longi-
tudinal axis are considered in this research. The cross-
sectional areas are given in the following forms:

X n
Power form: A, (x) = A (a + bf) (5a)

Exponential form: A,(x) = Age T (5b)

Cosinusoidal form: A (x) = A Cos> [a”l—x + b] (5¢)

The linear ordinary differential equation in Laplace do-
main (3) is basically converted to a linear system by using
the differential matrix operator. First and second-order
derivatives in Equation (3) can be discretized with differ-
ential matrix in the following way:

%(xoas) U (xo,5)
| p| v ©)
40, 5) Un,s)

and
T (x0,5) | U (x0,5)
U (x1,5) D U(x.1,s) -
s | LU

Rearranging the Equation (3) by using differential matrix
approximation,

MU =0 (®)
linear equation system is obtained, where
M = D? 4 P(x,5)D + Q(s) 9)

Here, P(x,s) is a variable coefficient and depending on the
cross-sectional areas. This coefficient takes the following
forms for three different cross-section:

b
Power form: P(x,s) = (alj—ibx)’
Exponential form: P(x,s) = ;,
2
Cosinusoidal form: P(x,s) = —?Tun {a? + b] .

When boundary conditions (4) are applied to this linear
system (8), nontrivial solution is obtained in Laplace space.
Then, the results are transformed into the time domain by
using inverse Laplace transformation (modified Durbin’s)
procedure.
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4. Results

This section will present some numerical example showing
the capability of the presented method and also to confirm
the simulated results with analytical examinations for
constant cross-section case. For this purpose, a general
objective computer program is coded in Matlab to analyze
the forced vibration of non-uniform piezoelectric rods.
Material constants for PZT-4 was taken from [23]. The
geometrical parameters a, b are taken as 0.8, —0.2
and inhomogeneity parameter n is taken as 1, 1.5, 1.8
for the entirety of this study. The results for n = 0 are
corresponding to uniform cross-section with constant
material properties. Comparison of analytical results
are presented for uniform rod to ensure the efficacy and
adequacy of the present method and monitored in Table
1 [16]. It can be noted from Table 1, the pseudospectral
Chebyshev method results match quite well (six-digit
accuracy for N = 10) with the analytical results. Figure
3(a-1) show the displacement on the end of the rod (x =)
for different geometrical models subjected to dynamic
loads. As shown in Figure 3(a-1), the inhomogeneity
parameter is a useful parameter for controlling the
displacement amplitude.

5. Discussion and Conclusion

In this study, a unified numerical approach for the dynamic
analysis of non-uniform piezoelectric rod is presented. It is
assumed that the cross sectional area of the rod is varying
along the longitudinal axis, arbitrarily. The numerical mod-
els of the forced vibration of non-uniform piezoelectric
(PZT-4) rods are obtained in the Laplace space and then
solved numerically by pseudospectral Chebyshev method.
Inverse transformation into the time domain is achieved by
modified Durbin’s method. It can be concluded from this
research that:

 This unified procedure can be easily applied to any
dynamical problems.

* The solution procedure has sufficient accuracy, small
computational costs and ease of application.

* In terms of design perspective, the inhomogeneity
parameter constitutes an adjustment variable for par-
ticular applications. This further enables control on
the displacement amplitude.
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Table 1. Comparison of displacement () at the end of the rod (x = L) for constant cross-section. (u x 10%)

Step Load Sinusoidal Load Arbitrary Load I Periodic Load
Numeric Analytic[16] Numeric Analytic[16] Numeric Analytic[16] Numeric Analytic[16]
0.004884 0.004884 0.000350 0.000350 -0.014654 -0.014654 0.000046 0.000046
0.070423 0.070423 0.074244 0.074244 -0.096752 -0.096752 0.009464 0.009464
0.077362 0.077362 -0.017375 -0.017375 -0.167576 -0.167576 0.014953 0.014953
0.010689 0.010689 -0.053253 -0.053253 0.243588 0.243588 0.024008 0.024008
0.062570 0.062570 0.064356 0.064356 -0.016346 -0.016346 0.033869 0.033869
0.083473 0.083473 -0.003522 -0.003522 -0.212244 -0.212244 0.039452 0.039452
0.013151 0.013151 -0.061249 -0.061249 0.220716 0.220716 0.048004 0.048004
0.054286 0.054286 0.057556 0.057556 0.041104 0.041104 0.054218 0.054218
0.088319 0.088319 0.010472 0.010472 -0.256964 -0.256964 0.051812 0.051812
0.017159 0.017159 -0.066794 -0.066794 0.185620 0.185620 0.049435 0.049435
x107™

0 L L L L L L L L L L
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01

t
Figure 1 (a):Step load with power form cross section
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!
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Figure 1 (b):Step load with exponential form cross sec.
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25 x10 ,

0 L L L L L L L L L L
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
t

Figure 1 (c):Step load with cosinusoidal form cross sec.
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Figure 1 (e):Sinusoidal load with exponential form cross
section
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Figure 1 (f):Sinusoidal load with cosinusoidal form
cross section
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Figure 1 (g):Arbitrary load with power form cross sec.
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Figure 1 (h):Arbitrary load with exponential form cross
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Figure 1 (i): Arbitrary load with cosinusoidal form cross

section
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Figure 1 (j):Ramped load with power form cross sec.
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Abstract: In this paper we investigate some properties of the Hyperharmonic function
defined by

(P (z4+w)—F W), w,z+weC\(Z U{0}).

Using this definition we introduce harmonic numbers with complex index and we give
some series of these numbers. Also formulas for the calculation of harmonic numbers
with rational index are obtained. For the simplicity of differentiation we reorganized
representation of HZ(W). With the help of this new form we get higher order derivatives
of the Hyperharmonic function more easily. Besides these, owing to the fact that the
Hyperharmonic function is composed of some important functions, we interested in
properties and connections of it. We get connections between the Hyperharmonic function
and trigonometric functions. Infinite product representation, integral representation and
differentiation identities of this function are also obtained.

Hiperharmonik Fonksiyon Uzerine

Anahtar Kelimeler
Harmonik sayilar,
Hiperharmonik sayilar,
Gamma fonksiyonu,
Digamma fonksiyonu,
Beta fonksiyonu

Ozet: Bu calismada

Z -
B = v ) W), woetwe\ (2 U0))
2 (w)
esitligi ile tanimlanan Hiperharmonik fonksiyonun bazi 6zellikleri aragtirilmistir. Bu
tanimdan faydalanarak karmagik indeksli harmonik sayilar tanitilmig ve bu sayilarin bazi
serileri verilmistir. Ayrica rasyonel indeksli harmonik sayilarin hesaplanmasi icin for-

miiller elde edilmigtir. HZ(W) fonksiyonunun tiirevlerinin daha kolay hesaplanabilmesi
icin, mevcut gosterim yeniden diizenlenmistir. Bu yeni gosterim yardimiyla Hiperhar-
monik fonksiyonun yiiksek mertebeli tiirevleri daha kolay hesaplanabilmektedir. Bunlarin
yani sira, Hiperharmonik fonksiyonun 6zel bazi fonksiyonlarin birlesimi biciminde ifade
edilebildigi gerceginden hareketle, baz1 6zellikleri ve baglantilar1 calisilmistir. Hiperhar-
monik fonksiyonun trigonometrik fonksiyonlarla iligkileri elde edilmis, sonsuz carpim
gosterimi, integral gosterimi ve bazi tiirevsel 6zdeslikleri verilmistir.

1. Introduction

be the n-th hyperharmonic number of order . These num-
bers can be expressed by the binomial coefficients and the

The n-th harmonic number H, is the n-th partial sum of
the harmonic series:

=1 —

n
H,=Y
k=1

J.H. Conway and R.K. Guy have defined the notion of

hyperharmonic numbers ([4]). H,EO) = %, andforallre Z+
let

Hr(lr) _ ZH/Er7]> (1)
k=1

Corresponding author: adil @akdeniz.edu.tr
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ordinary harmonic numbers ([4, 11]):

r + -1
H,§>:<nril )(Hn+,_1_1-1,_1). )

Hyperharmonic numbers have been studied in a variety of
contexts, including in Euler sums (see [5-7, 11, 14, 15, 17—
19)).
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In [11] Mez6 and Dil generalized (2) as:
k+r—1
k
_ (ntk
U n
The representation in (2) is quite interesting because the

right-hand side can be written in terms of continuous func-
tion instead of discrete variables n and r. Starting with

H(k+r)

n

(r)
Hn+k -

n+k+r—1 ’
< >H£? 3)

n

this point, we define Hyperharmonic function H.") where
w,z+w € C\(Z U{0}). In this paper we investigate
properties of this function and introduce relations in which
it plays particular roles.

2. Material and Method

The polygamma function of order m is a meromorphic
function on C and defined as the (m+ 1) —th derivative of
the logarithm of the usual gamma function I'(z) as:

- am dm+1
g (z) = ﬁ‘P(z) = Wlnr(z).
Here ,
w@@:w@—?g

where W (z) is the digamma function. For all m > 0 the
function W(") (z) is holomorphic on C\ (Z~ U {0}) ([13]).
With the help of I'(z) and W (z) we can state the hyperhar-
monic number of order r as:

(n_ (), _
H,’ = AT () (W(n+r)—¥(r) “4)
where (x), = x(x+1)---(x+n—1) = % is the

Pochhammer symbol.
Considering (4), Mez6 [10] defined the Hyperharmonic
function as:

(W)_ (Z)w
M=)

(W (z+w)—¥(w)), (5)

where w,z+w € C\ (Z~U{0}). Using this definition,

Mez6 computed the first derivatives of ng) respect to
variables z and w. For the simplicity of differentiation we
reorganized representation of ng). Using this new form
we get the higher derivatives of HZ(W) more easily. We also
consider the special case of H") as H'" := H,, and we
call H, as a harmonic numbers with complex index. Some
representations of H; in terms of infinite series are given.
Also formulas for the calculation of harmonic numbers
with rational index are obtained. Besides these, owing to
the fact that the Hyperharmonic function is a compose of
some important functions, we interested in investigating
properties and connections of it.

3. Results
3.1. Harmonic numbers with complex index

In this section we consider two special cases of the Hyper-

(w)

harmonic function H; ’; these are z =1 and w = 1. The
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case z = | is not interesting because we get
(Dy
' (w)
By considering the well-known identity ([16])

wm+w=wwﬂé

H" = B0 = (P (1+w)—¥(w)).

(6)

it turns out that

H" = (7)
for any w € C\ (Z~ U{0}).
On the other hand setting w = 1 in (5) we have

HZ(I) .

_ (2)
N

(¥(z+1)-P(1))
from which it follows that

®)

where 7 is the Euler-Mascheroni constant. So we extended
the definition of harmonic numbers; more precisely we
have "complex indexed harmonic numbers".

With the help of (8) and the following fractional values of
W function (see [1])

Hz:‘P(Z+1)+y7

—y—2In2

and

n—1 1
—y—-2In2+2) ——
R O T

v(1en)

we get "fractional indexed harmonic numbers":

H , =-2In2
2
and forn > 1
n—1 1
Jtéif:f2m2+22%5517.
For instance:
Hi =H 3 =-2In2+2,
2 2
8
H;=H s =-2In2+—.
2 2 3

Actually we can give a more general result than above. Let
p and g be positive integers such that 0 < p < g, Gauss
proved the following equation,

v (p) =—7— Ecot@ —Ing
q 2 q
2] 27np n
+2Y cos hl(zgn). 9)
n=1 q q

Here | 4| denotes the greatest integer in 4. In the light of
this equation one can calculate harmonic numbers with
negative rational index as:

14]

T T 2w T

Hg,lszcot—pflanrZ E cos npln <ZSinn>,
q 2 q - q
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where —1 < g —1 < 0. For instance

3.1.1. Some series expansions of H,

Equation (8) is important because using series expansions
of the digamma function ¥ (z) we get series expansions
for H,.

For the function ¥ (z+ 1) let us consider the following
well-known series expansion,

Y(z+1)= 7+Z 5 zeC\Z™,
(see [1]) and Taylor series
Y1) =—y- Y Clk+1) (-2, [z<1,
k=1
([2]) and Newton series
Y(s+1)=—y— Z ( )
k=1
Then immediately we have
= b4
H, = , e C\Z™, 10
‘ /;1 k(k+z) ° \ (10
Ho=—Y (k1) (=2, lal <1,
k=1
and k+1
= s
meL ()
k=1
respectively.

3.2. Differentiation identities of the Hyperharmonic
function

In [10] Mezd gave the first derivative of HZ(W) with respect
to the variables w and z. In this section we consider the
higher order derivatives of H."’

Derivatives with respect to the variable w To obtain
higher order derivatives we write another representation of

H™. Since

C(z+w)
= ——" 11
(Z)W F (Z) ( )
equation (5) yields
W) r (Z + W)
HW = ——F—7T-—"= (¥ -¥ 12
which can equally well be written
w_ (W) _
H; “ Tt (P(z+w)—FWw)). (13)
Equation (13) is more suitable form of HZ(W) to obtain

derivatives with respect to w.
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Let us note that
d

)= ), (B w) - W), (14
In the light of (14) we have

n+1

@) =T+ 1)L (15)

dwn+1 dw n

Therefore to obtain the higher order derivatives of HZ(W) we
can consider the higher order derivatives of (w).. For the
sake of simplicity let us denote

D(z,w) = (z+w)—¥(w).
As an example here we give the first few higher order
derivatives of (w), using the abbreviations ® (z,w) = ®,,;
d
E (W)z = (W)zq)
d2
dw2 { }
A (1)
— (w). { @} +30l®, + 0 |
d4
5 {cp‘* + 6020 + 4, D
w
+c1>$§”> 3 (cpﬁf,))z}
& 5 3 ) 2 )
ﬁ (W)z = (W)z {q)w + IOCDWCDW + IO(I)W(I)W
+50,00" + @) 1 100, @/ + 150, (%)z}
d° 6 4 o) 1 2003 @)
s ()= (w), {cpw 1504 ) 12003 @

+15020)" + 60,3} + D))

14502 (@&9) + 600,000 1 150! 0"

+15 (@) +10 (@Eﬁ’))z}

Using these information, for instance we have

ddWH( ") = HY (W (24 w) — ¥ (w))
+£%bwﬁ+m—ww» (16)

Remark 3.1. d%HZ(W) is also given in [10] but there is a
misprint.

Derivatives with respect to the variable z Let us make
a preparation to get the higher order derivatives of H."

with respect to variable z.

Since )
z
7 ety
we have
H(W) (z+1),,_, (¥ (z4w) —¥(w)) (17)
¢ I'(w)
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Now we are ready to obtain the derivatives of ") with
respect to z. For instance we have

d 1 d
d?HH Ty e L@+ Dy (B tw) =¥ ()]
(18)
Also we know that
d
% (W)z = (W)ZCI)w
So we get
%HZ(W) = H" (P (2 +w) — (2 +1))
ﬂ !
Jrzl"(w)\P (z+w). (19)

Remark 3.2. Equation (19) also given in [10]. Considering
(17) together with the derivatives of (w), given before we

(w)

obtain the higher order derivatives of H; "’ more easily.

3.3. Relationship with some important special func-
tions

Having regard to importance of the trigonometric functions
we firstly investigate connections between the trigonomet-
ric functions and the Hyperharmonic function. To this
aim we need to remind some well-known facts about the
Gamma and the Digamma functions. One of facts is the
Legendre’s duplication formula for the gamma function

(16D

1
[(27) =n 22571z )F<z+2>. (20)
Also the Digamma function satisfies the following reflec-
tion formula ([2]),

—mcotmz. 21D

Y(z)—¥(l—2)

The following lemma shows a connection with the trigono-
metric functions.

Proposition 3.3. For the non-integer values of z we have,

3
(1-2) —T2cotmg

2l 2 Ir (4 ) r(1—2) 22

Proof. Replacing in equation (12) w by 1 —z and z by
2z — 1, we obtain

I'(2)

(1-2) _
Hyt' = C(27)T(1-2)

271 (¥(z)—¥(1—-2)

which combines with the functional relation (21) to give

I'(z)

(1-2) _
H CT(2)T(1—2)

e (—meotrmz).
Using the Legendre’s duplication formula (20) for I' (2z)
we obtain desired equation. O

Remark 3.4. As aresult of Proposition 3.3, it can be seen

1
271

easily that H2(n = 0 for all positive integer n.
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We have one more relation with the trigonometric func-
tions. For this we remind the following reflection formula
for the gamma function ([2]):

T

()T (1—z2)= (23)

sinmz’
Proposition 3.5. For the non-integer values of z we have,

sin 7z

H = Tz

(¥(z)+mcotnz+7).

Proof. In (12) replacing w with 1 — z we have

H(lfz) _ 1

B E N ) ey

(—y=¥(1-2).

Here using equation (21) and (23) we complete proof. [J
Now as a result we give an infinite product representation
of the Hyperharmonic function, for this recall that :

o = (- 5)

(25)

(see [3]).
Corollary 3.6. We have the infinite product

Z2
(1—”2). (26)

As an application of this formula let us consider the case
when z approaches to an m € Z". Then we write

oo

H' = — (¥ (2) + meotnz+7) 11

n=1

o 2
A =TT (1-%)
n=1 n
n#m
Z2
X Z11ﬁn’}l— (¥ (z) + weotmz+ ) (1 - mz) .
2 = m?
“2(-%)
mn:1 n
n#m

For example we have

and

Proposition 3.7. The following relation holds:

7T ()
r(o)r ()

P _
where p.q & Zand & ¢ 7.".

,;k;) p+kq

Proof. Replacing in equation (12) z by % and w by pT_l,
we obtain
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Also we remind the following known equation for the
Digamma function ([8])

() +(5

In view of these two equations we get the desired result.

O
We continue this section to obtaining relations of HZ@) with
two other important functions; B(z,w) and 8 (z). The func-
tion B(z,w) is usual Beta function which has the following
connections with the Gamma function:

ZZ

n=2k=0

p+kq

_TE@T W)
Blzw) = — ) 27)
And the function B (z) is defined as ([8]):
z+1 z
B(z)‘P<2> - (3). (28)

It is time to present the Hypeharmonic function in terms
of B and I functions.

Proposition 3.8. We have

I'(2z)
I2(z)

HEZ) — 22 B (22).
2
Proof. Replacing in equation (12) z by % and w by 5, and
considering (28) we obtain
(=)
1
L()r(3)

Besides, from the Legendre’s duplication formula (20) we

have
1 r
F < + _ 21—Z \/E (Z>
2 L)

which combines with (29) to give desired result. O
The following proposition shows the relation between the
Hyperharmonic function with the digamma and the Beta
function.

1Y = 2B(2). (29)

Proposition 3.9. We have
(W (z+w) ¥ (w))
zB(z,w)

Proof. Combining (27) and (12) we have (30). O
Equation (30) connects the Hyperharmonic function with
the well-known the Beta function. This equation enables
us to investigate some properties of the Hyperharmonic
function considering properties of the Digamma and the
Beta function. Also equation (30) is convenient to obtain
special values of the Hyperharmonic function using infor-
mation about W (z) and B(z,w) functions. For example,

H" =

(30)

HE%) 4ln2,
2 T
() _27In3 3
3 87r\f
and
H( ) 4ln2 2
i n\/f 3v2

Using equation (30) we obtain more general relation than
these special values:
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Corollary 3.10. We have

) sin 7z
HY =—H, ;.
=" g—1) !

Proof. Replacing z by 1 —z and w by z in (30), we obtain

2 (2= 1)B(z,1-2)
Remembering, B(z,1 —z) = 51 ([1]) and also with the

help of equation (8) we get desired result. O
Yet another benefits of the Proposition 3.9 is obtaining
some relations about the Hyperharmonic function consid-
ering properties of B(z,w) function. The following propo-

sition shows a symmetry between H\") and H'?.

Corollary 3.11. The Hyperharmonic function has the fol-
lowing symmetric relation:

Hz(w)_w<‘P(z+w)—‘P(w)> a1
Y 2 \¥(+w) -¥() /)
Proof. (30) can be written as
Blzw) = FEF W)(wf) ), (32)
zH;

Also we know from (27) that B(z,w) is a symmetric func-
tion i.e.

B(z,w) = B(w,z). (33)
In view of equation (32), equation (33) shows validity of
(31). O

In the paper [11] authors gave a recurrence relation for the
Hyperharmonic function. Here we obtain more general
recurrence than (3).

Corollary 3.12. The following recurrence holds for HZ(W)

wr1) ) (@+w) (P (+w+1) =¥ (w+1))
oo = WE W) W)

(34)

Proof. Under the condition Re (z) > 0 and Re (w) > 0 the
Beta function has the following recurrence:

Y B(z,w)

Blzwt1) = z+w

O
At the end of this section we give a relation between HZ(W)
and the higher order Bernoulli polynomials given by the

identity:

which combines with (32) to give the desired result.

oo

=) B

v=0

tnext

tV
(x) o
Note that higher order Bernoulli polynomials satisfy the
following relation (see [12]):

vl am

m! dxm=v

B (x) = (= 1) (x—2)...(x—m)].

Proposition 3.13. Let m and v be positive integers such
that m > v+ 1, then we have

(35)

m—v—1
(m+1) (1 _(_1ymtl d (x)
By (I—-x)=(=1)"""v! a1 Hin -
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Proof. Considering (35) we see

m-—yv
m-+1 L' d
m! dxm—V

B (1-x) = (-1)

In the light of (15) we get the result.

(x)m .
O

3.4. Integral representations of the Hyperharmonic
function

For the real variable x, considering the series representation
(10), we can state y by a definite integral of H, as

1
/ Hdx=vy
0

and also more generally
"N
/ Hidx=ny+In(n!).
Jo

Besides, in the light of (8) and the following well-known
equation (see [8])

11_ a
/ ﬁxbfldx:‘l‘(a—i—b)—‘l’(b) where a,b € R
01—

we get the following integral representation of Héw as

(@), /1 1—x 5
= dx.
ar) o 1-x°
As a result of this we have
1] —x@

o 1—x

HY

= dx.

In [9] authors proved that

T(a)T(b)

Flarp) (Y~ ¥(ath)

1
/ (1= %) Mnxdx =
0

where a,b € R™. Using this equation with (12) we have

(F(a—’_b))>2/01xb_l (1 —)c)afl Inxdx.

T'(a)T (b
Setting b = 1 we get

by _ 1

a

H}

I
H, —a/ (1—x)*""Inxdx.
0

Now we give another integral relation for H,Sy ):

Proposition 3.14. Let n € Zt and y € R\ (Z~ U{0}).

Then
/ Hdy

Proof. Considering (6) we write

Y(y+n)—¥()

vtk
which combines with (13) to give
n—1
1
HY = (v )'n y
n! = y+k
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The above equation can be written as

d (y),

(y)
H _

Hence the formula has been established. O
The Digamma function has the following integral represen-
tation ([1]):

oo e*t _ e*Z[
W) =— -—
(z) }/+/0 = dt (36)

Owing to this representation of the W we have the follow-

ing result.

Proposition 3.15. We have

(W), [=e(1-e)
F(z-l—l)/o 1—e! dr.

Proof. Let us write the integral representations of ¥ (z+ w)
and ¥ (w) via equation (36). Hence we get

/oo e—wt (1 _ e—zt)
0 1—e?
which implies (37) after multiplying both sides of this

(W),
I(z+1)" [

H" = 37)

Y(z+w)—¥(w) dt

equation by

4. Discussion and Conclusion

So far we present some formulas to calculate special values

of HZ(W). Actually more general results can be obtained
with the help of (9). In the light of (9) and (13) one can cal-
culate all rational upper and lower indexed hyperharmonic

numbers as:
(2
ey () +()
) @))

__\e); (\p (m
P 1
r ( o+ 1) 4
In our work we present a way to obtain higher derivatives
of the Hyperharmonic function with respect to the variables
z and w. Closed formulas for these derivatives are open
problems; they might be quite complicated.

n
H,"'

q1

+
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