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Oz

Akarsu akim verilerinin tahmini su bilimi agisindan kritik konularin basinda
gelmektedir. Ozellikle yaz aylarinda yagislarin azalmasia ek olarak su kullanimin
artmasi her yil iklimsel degisikliklerin etkisinin arttig1 diinyamizda tiim canlilar
kuraklik riskiyle yiiz ylize getirmektedir. Bu ylizden yaz aylarindaki suyun
kullanimin énceden planlanmasi ve bu konuya daha hassas bir sekilde yaklasilmasi
her gecen giin daha da zorunlu hale gelmektedir. Bu planlamanin yapilmasinda ise
akarsu akim debilerinin tahmini, su ihtiyacinin karsilanmasi acisindan énemlidir. Bu
calismada Beysehir Goliinii besleyen {ii¢ akarsu iizerinde bulunan, akarsu gozlem
istasyonlarindan temin edilen veriler ile makine 6grenmesi modelleri kurulmustur.
Rastgele Orman (RO) ve Adaptive Yiikseltme (AdaBoost) algoritmalarimn
kullanuldig1 bu modeller ile {i¢ girdi ve bir ¢ikt1 olacak sekilde; sonbahar, kis, ilkbahar
mevsimsel ortalama akis degerlerinden yaz mevsimi ortalama akisi tahmin edilmeye
caligtlmigtir. RO algoritmast test ve tahmin arasindaki belirleme katsayisi (R%) 0.9368
degerindedir. Kok ortalama kare hatasi: (RMSE) degeri ise 0.0275 olarak bulunmustur.
AdaBoost algoritmasi ise RO algoritmasina gore daha giiglii tahminde bulunarak test
ve tahmin arasindaki R? degeri 0.981, RMSE degeri ise 0.05 olarak bulunmustur.

Anahtar kelimeler: Makine Ogrenmesi, Tahmin, Akarsu Akim

*ISorumlu yazar

Bu makaleye atif yapmak icin
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Estimation of Summer Season Average Flow Values with
Machine Learning Algorithms

Abstract

Estimation of stream flow data is one of the critical issues in hydrology. In addition
to the decrease in precipitation, especially in the summer months, the increase in
water use puts all living things in our world at risk of drought, where the impact of
climatic changes increases every year. Therefore, it is becoming more and more
necessary to plan the use of water in the summer months in advance and approach
this issue more sensitively. In making this planning, estimation of stream flow rates
is important in terms of meeting water needs. In this study, machine learning models
were established with data obtained from stream observation stations on three
streams feeding Beysehir Lake. With these models using Random Forest (RF) and
Adaptive Boosting (AdaBoost) algorithms, there are three inputs and one output; An
attempt was made to estimate the summer average flow from the autumn, winter and
spring seasonal average flow values. The coefficient of determination (R?) between
RF algorithm test and prediction is 0.9368. The root mean square error (RMSE) value
was found to be 0.0275. The AdaBoost algorithm made a stronger prediction than the
RF algorithm, and the R? value between test and prediction was found to be 0.981
and the RMSE value was 0.05.

Keywords: Machine Learning, Prediction, Stream Flow
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Makine Ogrenmesi Algoritmalart ile Yaz Sezonu Ortalama Akim Degerlerinin Tahmini

1. Giris

Kiiresel iklim degisikliginin yasamsal
alandaki etkileri her gecen giin
artmaktadir (Ziervogel vd., 2014). Bu
etkilerin belki de en biiylik karsilig:
hidrolik goriilmektedir.
Yagislarin egilimlerinin azalmasi, su
¢evriminin bozulmasi, akarsu
akimlarinin diismesi, igilebilir temiz su
giderek
bu etkilere verilebilecek

alaninda

kaynaklarina
zorlagmasi
orneklerinden sadece birkag¢ tanesidir.
Iklimsel  degisiklige olarak
ortalama insan yagam siiresinin ve

ulasimin

ilave

nifusun artmasiy, temizlik kultliriniin
yayginlasmasi, sanayii kaynakl
ihtiyacinin da artmas: gibi sebeplerden
kaynakli su ihtiyac1 da her gegen giin
artmaktadir (Wang vd., 2016). Ozellikle
yagislarin azaldigr hatta durduguy,
bununla birlikte su ihtiyacinin arttig1 yaz
doneminde su ihtiyacinin karsilanabilir
olup olmadig1 sorusunun cevaplanmasi

su

ve buna bagl olarak su planlamasinin
yapilmasi adina tahminlerde bulunmak
adina makine 6grenmesi yontemlerinin
giicli tahmin becerilerinden
yararlanilmaktadir. Buna gore yaz
doénemine ait debi degerlerinin, o yila ait
diger mevsimlerdeki debi degerleri
ltizerinden  tahmin  edilmesi, su
yapilarmin yapilmasi, taskin koruma,
hidroelektrik
planlanmasi gibi su kaynaklar1 yonetimi
konusunda Onemli bir yere sahiptir
(Yang vd., 2023).

santral tesislerinin

Hidroloji alaninda tahmin algoritmalar:
bilisim  teknolojisinin  gelismesiyle
birlikte son yillarda olduk¢a artan
egilimdedir (Gliglii vd., 2014; Sisman ve
Kiziloz, 2020). Saplioglu (2023) ayhk
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akim tahmininde bulunmak adina K-En
Yakin Komsu (KNN), Yapay Sinir Ag1
(ANN) ve Uyarlanabilir Néro Bulanik
Cikarim Sistemi (ANFIS), olarak g
farkl yapay zeka modeli
kullanmislardir. Tiirkiye'nin batisindaki
Ege bolgesinde yer alan Gediz Nehri
Havzasmmin verilerini  kullanmiglardar.
Ozel ve Biiyiikyildiz (2019) yapay Sinir
Aglar1 (YSA), Destek Vektor Regresyonu
(DVR), Adaptif Ag Tabanli Bulanik
Cikarim Sistemi (ANFIS) metotlar:
kullanarak Konya Kapali Havzasi’'nda
yer alan Karaman
meteorolojik verileri kullanarak farkl
giris ile
buharlasma miktari tahmin etmislerdir.
En basarili sonucu sonucu veren
algoritmanin DVR oldugu sonucuna
varmiglardir. Cubukgu vd. (2022) Mersin
Lamas Nehri aylik ortalama akim
verileri kullanilarak Yapay Sinir Aglar
(YSA), Destek Vektor Makineleri (DVM)
Derin Ogrenme (DO)
optimizasyonlar1  kullanilarak  akim
modellemesi yapmislar ve sonug olarak
en iyi yontemin DO oldugu YSA ve
DVM yoéntemlerinin ise buna gore daha
basarisiz

istasyonuna  ait

kombinasyonlari aylik

ve

sonuglar verdigi
gozlemlemislerdir. Rasouli vd. (2012)
ginliik akim tahmininde bulunmak
adina Bayes sinir ag1 (BNN), destek
vektor regresyonu (SVR) ve Gauss siireci
(GP) kullanmislar ve c¢oklu dogrusal
regresyon (MLR) ile bu yontemleri
karsilagtirmiglardir. Cheng vd. (2020)
makine O0grenimi yontemlerini
akim
tahmininde bulunmuslardir. Yapay sinir
ag1 (ANN) ve uzun kisa siireli hafiza
(LSTM) yontemini kullanmuslardir. Lu

vd. (2023) derin 6grenme aglarina dayal

kullanarak giinlik ve aylik
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mevsimsel tahmininde

yagis
bulunmuslardir.

Bu calismada; Beysehir Goliinii besleyen
tic akarsuya ait akim degerleri
kullanilarak sonbahar, kis ve ilkbahar
mevsim ortalama akim degerlerinden
olusan veri kiimesi, makine §grenmesi
algoritmalarindan olan Random Forest
(RF) ve AdaBoost algoritmalari ile yazhik
mevsimsel ortalama akim degerleri
edilmeye calisilmistir. Yaz
donemi ortalama akigin giiclii tahmini

tahmin

hem su yonetimi hem de goliin
beslenmesinin ongorilebilirligi
agisindan  Onem tegkil etmektedir.

Ayrica literatiir incelendiginde benzer
calismalarin yapilmadigy goriilmiis ve
makine Ogrenmesi algoritmasmin bu
tarz
basarilarinin hidroloji alaninda daha
fazla kullanilmas1 hedeflenmigtir. Farkli
parametreler ile bircok tahin algoritmasi
olmasma ragmen mevsimsel ortalama
degerlerin  girdi
kullanuldig alternatif bir ¢alisma olmasi
hedeflenmistir.

tahmin algoritmalarindaki

parametresi olarak

2. Materyal ve Yontem

Makine 6grenmesi algoritmalar1 veriden
ogrenip; siniflandirma, tahmin etme gibi
becerilere sahip yapay zekdnin bir alt
kiimesidir. Bu calismada bu
algoritmalardan iki rastgele
orman (Random Forest) ve AdaBoost
kullanilmistur.

tanesi

2.1 Random Forest (Rastgele Orman)

Rastgele orman algoritmasi Leo Braiman
tarafindan gelistirilen topluluk makine
O0grenmesi

algoritmasidir  (Breiman,

76

2001). Topluluk siniflandirma
algoritmalar1 tek bir smiflandirma
yerine, birden fazla smiflandirma
kullanmaktadirlar.  Rastgele orman

algoritmas: yapisinda birden fazla karar
agact bulunmaktadir ve bu algoritma bu
karar agaglarindan aldig1 sonuglarin
ortalamalarini alarak sonug vermektedir
(Bayrakgi, 2022). Egitilmis bir k-say1
agac1 denklem 1’de tanimlanan rastgele
orman modelinde toplanir.

H(X, 8)) = XK ,(x,0) (= 1,2,3,...,m) (1)

Denklem (1)’de H(X,0j) ifadesi bir meta
karar agac
gormektedir. x, egitim veri kiimesinin
giris Ozellik vektoriinii temsil ederken,
0j ise agacin biiyiime siirecini belirleyen

siniflandirma  iglevini

bagimsiz ve diizgiin dagitilmis rastgele
bir vektordiir.

2.2 Adaptive Yiikseltme (AdaBoost)

Adaptive Boost (AdaBoost) algoritmasi
ornek ozellik uzayin yinelemeli olarak
arar ve egitim 0zelligi agirliklarimi bulur.
Yinelemeli siirecte egitim Orneklerinin
ozellik  agirliklar1  siirekli  olarak
ayarlanr (Freund, 1997). Bu
algoritmanin en temel Ozelligi zayif

modellerin iyi taraflarin1 alarak en
basarili modeli olusturmaktir.
AdaBoost'ta birden fazla model

olusturularak her modelin giiclii yonleri
birlestirilir. Algoritma daha sonra bu
modellerden bagarili bir model elde
etmeye calisir. AdaBoost algoritmasi
zayif modelleri birlestirerek en basarili
modelin ¢iktisini tiretir.
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2.1 Calisma Alani

Bu c¢alismada, Konya Havzasindaki
Beysehir Ilge siirlarinda yer alan ve
Beysehir Goliinii besleyen akarsular
tizerinde bulunan D16A104 Sarisu -
Eylikle, D16A111 Soguksu - Yesildag
Kopriisii, D16A015 Ustiinler akim
gozlem istasyonlarindan alinan, 1974 ile
2010 yillar1 arasindaki giinlitk akim
verileri kullanilmistir. Istasyonlara ait
enlem, boylam ve rakim bilgileri Tablo
1’de gosterilmistir. Ayrica istasyonlarin
harita tizerindeki konumlar1 da Sekil
1’de gosterilmistir. Eksik verinin ¢ok
olmasindan kaynakl bu {i¢ istasyondaki
veriler oncelikle 12 aylik veriler olarak
diizeltilmigtir. Ancak makine 6grenmesi
algoritmalarinin daha verimli ve hizlh
adma bu aylk veriler

ortalama  olarak 4
parametreye indirgenmistir. Bu sekilde

calismast
mevsimsel

algoritma mimarisi 3 girdi ve bir

Tablo 1. Istasyonlara ait cografi bilgiler.

¢iktidan olusan bir hale getirilmistir.
Girdi parametreleri olarak sonbahar, kis
ve ilkbahar ortalama akim degerleri,
tahmin edilecek olan ¢ikt1 parametresi
olarak da yaz mevsimi ortalama akim
degerleri kullanilmistir. Veriler, her
mevsimdeki verilerinin
yelpazesinin genis olmas1 dezavantajinu
azaltmak adina normalize edilerek O ile
1 araligma getirilmis ve veriler
boyutsuzlastirilmistir. Her bir
parametrede 70, toplamda 280 adet
verinin kullanildig1 bu ¢alismada, egitim
igin verilerin ylizde 8071, test icin ise
ylizde 20’si kullanilmistir. Elde edilen

akim

sonuclar hem egitimin  Ol¢iilmiis
giktilariyla hem de test igin ayrilmis
verilerin cikt1 degerleri ile

kiyaslanmustir. Bu kiyaslama da sagilma
diyagramlariyla gorsellestirilerek grafik
tizerinde korelasyon katsay1 degerleriyle
birlikte gosterilmistir.

Istasyon Enlem Boylam Rakim (m)
Sarisu - Eylikle 37°42'43"N 31°44'13"E 1140
Soguksu-Yesildag 37°32'31"N 31°29'32"E 1124
Ustiinler 37°36'57"N 31°35'29"E 1126

£ .8

Sekil 1. Istasyonlarin harita {izerindeki konumlar.

77
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2.3. Dogrulama Modelleri

Regresyon modelinin performansinin
degerlendirilmesi icin iki adet Olgiit
kullanilmistr.

2.3.1.Belirleme katsayis1 (R?)

Belirleme katsayisi, istatistikte, R? bir
modelin dogrusal regresyon ortaminda
bir sonucu tahmin etme veya agiklama
yetenegini degerlendiren bir Olciidiir.
Daha spesifik olarak R?,
degiskendeki (Y) dogrusal regresyon ve
yordayict  degisken (X, bagimsiz
degisken olarak da bilinir) tarafindan
tahmin edilen veya agiklanan varyansin
oranini gosterir. R? ne kadar yiiksek bir
degerde olursa model verileri o kadar iyi
tanimlar(Di Bucchianico, 2008). Formiil
asagidaki gibi verilmistir

bagimh

_ ZLio-9)?

R? = ——
-y )?

1 )

Denklem (2)'de; y; gercege dayal
degerleri, y; tahmine dayali degerleri ve
y; veri kiimesinin ortalama degerini
temsil etmektedir. N ise 6rnek boyutu
(deger sayisi) temsil etmektedir (Giiler

ve Kandemir, 2022)
2.3.2. Kok Ortalama Kare Hatas1

Kok ortalama kare hatast (RMSE), bir
regresyon modelinin iki ana performans
gostergesinden  biridir.  Bir
tarafindan tahmin edilen degerler ile
gercek degerler arasindaki ortalama
farki Olger. Modelin hedef degeri

model

78

(dogruluk) kadar iyi tahmin
edebildigine dair bir tahmin saglar.
Denklemi asagida verilmistir.

1
RMSE = szivzl Wl"l,l,l'2

Denklem (3)de; W popiilasyonun
toplam agirligini, N gozlem sayisini, w;
i. gozlemin agirhigini, u; ise i. gozlemle
iligkili hatay1 temsil etmektedir.

ne

(©)

3. Bulgular

Calismada Beysehir goliinii besleyen tig
adet akarsuda bulunan istasyonlardan
alinan veriler kullanilmistir. Tahmin
glicli yiiksek Random Forest (Rastgele
Orman) ve AdaBoost olmak tizere iki
gliclii makine Ogrenmesi algoritmasi
yardimuyla ilkbahar ortalama akim, kis
ortalama akim, sonbahar ortalama akim
girdi parametreleri kullamilarak yaz

edilmeye
mevsimsel

ortalama akim tahmin
calistlmigtir.  Calismada

ortalama secilmesinin sebebi, modelin
karmagikligini azaltmak ve yaz sezonu
icin ortalama bir tahminde bulunma
cabasidir. Sonsuz parametreye bagh
olan akim parametresinin sadece diger
mevsimlerdeki ortalama akim degerleri
ile tahmini modeli basitlestirmek adina
alinmus bir karar olup anlaml sonuglari

da  beraberinde  getirmistir.  Test
degerleri ile tahmin degerleri sagilma
diyagraminda gorsellestirilmistir.

Belirleme sayis1 ve kok ortalama kare
hatas1 degerleri ile de tahminin basarist
degerlendirilmistir.
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Rastgele Orman Algoritmasi

20.00
y = 0.9394x .
g 15.00 R?=0.9797 e °
o | e
> e
= 10.00 et
e | e
& s | e e ¢
Radi I Wty [
0" ®
@ ..o
0.00 -
0.00 5.00 10.00 15.00 20.00
Olgiilen Veri

Sekil 2. Rastgele orman algoritmasina ait sagilma diyagram.

Sekil 2’de rastgele Orman algoritmasiile  calisilmistir. Test ve tahmin arasindaki

tahmin edilen ve test amacayla determinasyon katsayisi (R?) 0.9368

kullanilan degerler bir grafik tizerinde  degerindedir. Kok ortalama kare hatasi

sagilma diyagramu ile gosterilmeye (RMSE) degeri ise 0.0275 olarak
hesaplanmustir.

Adaboost Algoritmasi

20.00
18.00 y =1.0165x PY
' R?=0.994

16.00
14.00 .
12.00 e
10.00 L
8.00
6.00 o .o
4.00 o
2.00
0.00

Tahmin Verisi

0.00 5.00 10.00 15.00 20.00
Olctilmiis Veri

Sekil 3. Adaboost algoritmasina ait sagilma diyagramai.
Sekil 3‘de adaboost algoritmasi ile sac¢ilma diyagrami ile gosterilmeye
tahmin edilen ve test amacyla c¢alisilmistir. Test ve tahmin arasindaki

kullanulan degerler bir grafik {izerinde determinasyon katsayist (R?) 0.981
degerindedir. Kok ortalama kare hatasi
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(RMSE) ~ degeri olarak

bulunmustur.

ise  0.05

4. Sonug ve Tartisma

akarsu akim debisinin
kaynaklar1  yonetimi
agisindan 6nem tegkil etmektedir. Bu

Yaz donemi
tahmini  su
calismada {i¢ mevsime ait ortalama
akarsu akim verileri girdi olarak
kullarularak yaz donemine ait akim
verileri tahmin edilmeye calisilmistir. Bu

baglamda makine O0grenmesi
algoritmalarindan  iki  tanesi bu
calismada kullanilmigtir. Bunlardan
Rastgele Orman algoritmasi
determinasyon katsayist (R%) degeri

0.9368 gelirken, kok ortalama kare hatasi
(RMSE) degeri 0.0275 olarak
hesaplanmistir. Adaboost algoritmasina
bakildiginda determinasyon katsayisi
(R?) degeri 0.981, kok ortalama kare
hatas1 (RMSE) degeri 0.0275 olarak
hesaplanmigtir.

Akarsu akim tahmini her gecen giin
daha da kritik hale gelmektedir. Burada
benzer  farkh
bolgelerde ve farkli verilerle alternatif
tahminlerde

yapilan  calismaya

yontemler  kullanilarak
bulunmak literatiire katki saglayacak, su
kaynaklar1 yonetiminde ilerleme
saglanacaktir. = Makine
yontemleri gii¢lii tahmin yetenekleri
bakimindan birgok benzer c¢alisma
acisindan  6nemlidir.  Ozellikle su
bilimleri alaninda bir¢cok tahmin
modelinde diger algoritmalarla
kullanilmalidir.

ogrenmesi

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarimi beyan
ederler.
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Yazarlik Katki Beyan1

Yazar 1: Kavramsallagtirma, Metodoloji,
Dogrulama, Analiz ve yorumlama,
Aragtirma, Yazma/orijinal taslak,
Yazma/inceleme ve diizenleme,
Gorsellestirme

Cikar Catismasi Beyam

Yazarin bu makalenin igerigiyle ilgili olarak beyan
edecegi hicbir ¢ikar catismasi yoktur.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz
edilen tiim veriler, yayinlanan bu makaleye dahil
edilmistir.

Tesekkiir

Veri paylasimi ile c¢alismaya katkisindan
dolay1 DSi’ye tesekkiir ederim.
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Abstract

In pile foundation systems, displacements in important structures affected by both axial and
lateral loads must be limited within elastic limits. For elastic limits; effects of the important
parameters such as; pile diameter, pile spacing, pile length /pile diameter ratio and relative
density were examined. For this purpose, loadings were carried out in medium-dense and
extreme dense sand conditions with the following parameter considerations: pile length/pile
diameter ratios of 10, 15 and 30, pile spacings of 3D and 6D and for relative density of the soil
50% and 85%. By determining the vertical and lateral displacements of the pile foundation
system formed under axial and lateral load effects and loading related ground stresses, the
relationship between the foundation system and the ground was expressed. Experimental data
were analyzed in Plaxis 3D. From the results of the performed model tests and Plaxis 3D
optimum design parameters have been determined for soil-structure interaction in lateral
loaded pile foundation systems.
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Kombine Yiikleme Altinda Kaziklarin Tasariminda;
Kazik Uzunlugunun, Kazik Araliginin ve Roélatif Sikiligin
Etkisi

Oz

Kazikl1 temel sistemlerinde hem eksenel hem de yanal yiikler altindaki 6nemli yapilarda yer
degistirmelerin elastik sinirlar icerisinde sinirlandirilmasi gerekmektedir. Elastik sinirlar iginde
kalarak izin verilen deplasman yiikleme kosullari i¢in; kazik capi, kazik araligi kazik
uzunlugu/kazik ¢ap1 orani ve relative sikiliginin etkisi dikkate alinmalidir. Bu amagla deneyler
orta ve ¢ok siki kum kosullarinda kazik boyu/kazi ¢ap1 oranlar 10,15 ve 30, kazik araliklar: 3D
ve 6D ve zeminin rolatif sikilig1 %50 ve %85 olarak dikkate alinarak gerceklestirilmistir. Eksenel
ve yanal yiik etkileri altindaki yiiklemeye bagl olarak kazikli temel sisteminin diisey ve yanal
yer degistirmeleri ve zemin gerilmeleri belirlenerek temel sistemi ile zemin arasindaki iligki
ifade edilmistir. Deneysel veriler Plaxis 3D programinda da analiz edilmistir. Yapilan model
testleri ve Plaxis 3D sonuglarindan, yatay yiiklii kazikli temel sistemlerinde zemin-yap1
etkilesimi i¢in optimum tasarim parametreleri belirlenmistir.

Anahtar kelimeler: Kazikli Temel, Yanal Yiiklii Kazik, Kohezyonsuz Zemin, Plaxis 3D
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1. Introduction

Pile  foundations commonly
preferred the conditions of;
insufficient carrying capacity under
superstructure loads,
different or exceeding settlement and
shallow foundations not being sufficient.
These foundations are serviceable to
vertical, lateral or combined loads.
Lateral load analysis is required for pile
foundations in; (a) earthquake and wind
loads for high-rise buildings, (b)
horizontal loads caused by wave and
ship loads for harbour and shore
structures, (c) wind and wave loads for

are
in

occurrence of

off-shore structures. Horizontal loaded
piles are forced to lateral deformation
and bending. If the pile carrying capacity
is exceeded, plastic hinges are formed on
the pile and the pile load carrying length
is limited by the depth of plastic hinge
occurrence. In the condition that a
foundation member is loaded in the
horizontal direction until the failure,
which is the ultimate loading condition.
At the ultimate condition, related to soil-
structure interaction; active, passive and
state of rest conditions occur around the
pile. For piles under vertical loads,
calculations with empirical approaches
can be done, however, calculation and
design stages of lateral loaded piles are
much more complicated. In addition,
ground
settings, soil stratification, existence of
ground water, load types, rigid or
flexible pile, bearing condition of the pile
edge, single or group pile design are
among the parameters that affect the
horizontal loaded pile behaviour.

cohesive and cohesionless
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In literature from past to present, there
are many analytical and experimental
studies conducted on the design and
investigation of the behaviour of piles.
Behaviour of piles and pile groups under
lateral loading
categorised as; limit condition (Broms,
1964); Ground reaction method (Matlock
& Reese, 1960); Elastic continuity
approach (Poulos, 1971; Banerjee &
Davis 1978); Compression
Displacement (p - y) approach is
commonly used for the design of piles
exposed to lateral loading. This method,
which is based on the Winkler theory,
describes  the
empirically derived non-linear spring
and structure, with laterally loaded
ground model (Reese et al., 1974); With
the progression of the technology, this
problem can be investigated more
sensitively and faster by using Finite
Element Models (FEM) (Maqtadir &

condition can be

interaction between

Desai, 1986; Brown & Shie,
1991; Trochanis et al.,, 1991; Kimura et
al, 1995; Yang & Jeremic, 2005;

Rajagopal & Karthigeyan, 2008).

Expected performance level from the
piles is to not cause failure risk by not
exceeding the allowed displacement
limit during the service life, as a design
In order to meet the

effects with minimum

principle.

earthquake
damage, true behaviour of the structure
under horizontal loads and the
parameters affecting the behaviour must
be determined. Engineering parameters
that are important for the design of piled
foundations, such as; pile diameter,
distance between the piles, pile
dimeter/pile length ratio, material which
the pile is used in, ground properties,
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relative  density etc. should be
knowledgeable about. This is because
the pile behaviour under lateral load and
the wultimate lateral load carrying
capacity are determined by pile length
and diameter, pile frictional angle, pile
hardness, ground type and density. The
more preferred empirical p-y curves
accept more rigidity and underestimate
the ultimate resistance at a depth of 4
times the pile diameter. Therefore, these
curves need to be updated (Adeel et al.,
2022).

literature, and
numerical studies are carried out for
single pile, pile group,
ground and slope. Salini et al. (2009),
have investigated the effects of pile
diameter, pile length, pile material and
density, soil density and pile roughness
on the pile lateral load carrying capacity
with experiments using soft steel pile
model. It has been detected that as
length, diameter, weight and roughness
of the pile and the soil density increased
the lateral load carrying capacity of piles
increased aswell. The lateral load
capacity of the pile increased with

In experimental

horizontal

increasing diameter for the same length
due to pile stiffness. Pile group has more
lateral load carrying capacity compared
to single piles, this increase has been
determined as %100 in the conducted
study. Phanikanth et al., (2010a), lateral
load behaviour of fixed head single pile
in cohesionless soil for different degrees
of relative densities under dry and
submerged conditions. In the conducted
parametric study, displacement values
of short rigid piles with fixed cap in loose
sand has increased approximately %49
when the soil condition has been
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changed from dry to submerged. For
medium and high density of soil,
displacement increases for wet soil
condition compared to dry condition are
%30 and %33, respectively. For loose,
medium and high density of soil,
displacement increases for submerged
soil condition compared to dry condition
are %37, %25 and %29, respectively
displacement values for flexible piles.
Phanikanth et (2010Db),
investigated the effects of soils with
different degrees of relative densities
and changes in water content on the
lateral loaded piles. For short piles in
loose sand that are not socketed and
with free cap, approximately %58
increase has been observed in the
displacements in submerged condition

al. have

compared to dry condition. For
medium-dense and high-dense sand,
displacement increases are
approximately %30 and = %27,

respectively. Uncuoglu and Laman
(2013) lateral load capacity of rigid short
piles in sand soil; pile length, pile
diameter, pile section geometry and pile
material variables were investigated. For
this purpose, piles with different
materials, 3 different diameters, and L/D
ratios of 3,4,5 are utilised. Increasing the
pile diameter has positively affected the
stability of the short rigid piles that are
under overturning moment, lateral load
carrying  capacity  has
distinctively especially in the loose sand
condition. Increasing the pile length has
contributed to the system in both loose
and high-dense conditions. As a result,
the increase in the L/D ratio due to pile
length increase, diameter increase and
the change in soil relative density have

increased

increased the lateral load carrying



The Design of Piles under Combined Loading: Effect of Pile Length, Pile Spacing and Relative Density

capacity. Uray et al. (2019) investigated
the horizontal bearing capacity of a
horizontally loaded single pile for 25
mm horizontal displacement in the
Plaxis 3D program. Parameters such as
different corrected SPT, pile diameter
and pile length have been selected as
variable. It has been observed that the
variation of pile length (L) and pile
diameter (D) shows linear behaviour
after a certain L value in the design
graphs, in which the variation of the
lateral load (Q) of the individual pile is
given.

Piles are generally built in groups to
support the structures and pile group
behaviour is distinctively different from
single piles. Pile-ground-pile
interactions cause more deviation in the
pile group compared to single pile for
the same average load. Bending moment
of the pile group is significantly higher
than of the single pile due to ground
resistance getting weaker (Brown et al.,
1987). Chandrasekaran et al. (2010),
carried out static lateral load
experiments on soft model pile groups
buried in clay soil. In the experiments, 3
pile groups featuring piles with L/D
ratios of 15,30 and 40, placed in 3-9D
settings, are used. Lateral load carrying
capacity of the piles from 3x3 grid and
3D spacing group is approximately %40
lower than of the single pile. In the 7D
spacing, the maximum bending
moments were similar to those of a
single pile. Chore et (2012),
investigated lateral load applied two
groups of piles including non-linear
behaviour of cohesive soil with finite
element model method. Serial and
parallel  pile

al.

combinations are
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considered. Pile diameter of 30-40-50-60
cm and pile length of 3 m are considered.
Pile placement is done using spacings
between 2D-5D. It has been observed
that the lateral resistance of the pile
group increases with the increase in the
diameter of the pile. Increase in the
lateral load carrying capacity is higher in
the serial placement condition of the
piles compared to the parallel placement
condition of the piles. With the increase
in the pile diameter and placement,
positive bending moment has decreased
and negative bending moment has
increased.

Load transfer mechanism of the laterally
loaded piles in sloping ground is
complex. When the force applied to the
laterally loaded piles is in the slope
direction, lateral load carrying capacity
of the pile decreases significantly. This
condition is also dependant on the pile
location in regard to slope. Studies
conducted this subject
experimentally numerically
regarding the pile behaviour were
and Gandhi
(2011); in order to investigate the pile

on
and

investigated Sivapriya

behaviour in slope ground, conducted
experiments  with  changing pile
locations and slope. It is detected that as
the slope increases, the load carrying
capacity decreases and as the pile gets
further away from the slope, capacity
increases. As the soil resistance increase
and pile gets further away from the slope
and the applied load increased, bending
moment has also increased. Sivapriya
and Gandhi (2013), in clay soil, placed
with different distance than the slope,
single pile behaviour under lateral load
is investigated using 1 g model tests and
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Plaxis 3D analysis. Pile load carrying
capacity  has
approximately %10-50, affiliated to the
soil strength (cohesion) and the slope of
the ground.

seen to decrease

Finite element model has predicted the
bending moment higher compared to
the experimental tests. Deendayal et al
(2017) repeated experiments for L/D
ratios 20, 25 and 30 in a single pile
embedded in soft clay at a slope of 1V:
1H, 1V: 1.5H, 1V: 2H, 1V: 3H. The pile
bearing capacity decreases when the
ground surface changes from horizontal
to 1V: 5H slope. Test results were
compared with finite element model
PLAXIS 3D results. It has been observed
that increasing the slope decreases the
lateral load capacity both in the test and
in the finite element analysis. As the
passive resistance in front of the pile
decreases on the sloped surfaces, the pile
carrying capacity is reduced. The same
results were obtained for the L/D ratio
20, 25 and 30. In the experiments
conducted for aluminum piles, the
bending moment increased as the slope
increased. As the L/D ratio increased, the
distance at which the maximum bending
moment occurred decreased. Rathod et
(2018), (2012a-b)
investigated the behaviour of a laterally
loaded pile on sloping ground using the

al. Sawant et al

three-dimensional ~ finite  element
method. As the slope and edge distance
of the soil increased at any depth, the
displacement and bending moment
decreased. Effect of slope ground on the
pile has seen to decrease for S=5D offset
distance. Sawant and Shukla (2012b) as
expected, the bearing capacity of the

foundations decreases significantly as
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the distance between the foundations
and the slope edge decreases (Moem et
al., 2022).

For design engineers, pile behaviour
under axial load combined with lateral
load is in a complex condition. In recent
years, experimental and numerical
studies are carried out to investigate the
combined load effect. Lee et al. (2011),
showed that the presence of axial load on
a driven pile damages
capacity, as the lateral displacement of
the model pile head increases as the axial
load increases in sandy soil. Bending

its lateral

moments in the pile cap under axial load
compared to condition without axial
load, have increased %10, %36 and %39
for loose, medium-dense and high-dense
sands, respectively. Zadeh and Kalantari
(2011) indicate that the combined loads
in the lateral behaviour of the piles
significantly increase the lateral capacity
in sand and greatly reduce the capacity
in clayey soils. In sandy soils, based on
the level of the vertical loads, lateral load
carrying capacity of the piles increases
up to %40 percent along with the piles.
As the lateral response L/B ratio of piles
under combined vertical and lateral
loading increases, the combined loading
on the lateral capacity decreases. Zhang
et al. (2020), have investigated pile
behaviour in horizontal ground and
slope ground with test and finite
element method. 3D simulation of single
pile in different shapes was made using
ABAQUS program. Horizontal and
vertical load combinations were applied.
Tests and analyses carried out in order to
examine the load carrying capacity of the
ground has shown that the asymmetric
ground load around the pile causes



The Design of Piles under Combined Loading: Effect of Pile Length, Pile Spacing and Relative Density

lateral displacement to the pile, increase
in the slope angle decreases single pile
carrying capacity, vertical load causes
more horizontal displacement as the
slope angle increases.

With the literature considered, pile
foundation systems under combined
loading should be investigated
furthermore. In this experimental study,
parameters like lateral displacement
under axial and lateral load, ground
stresses caused by loading were
investigated and relation between the
ground and the pile foundation is tried
to be presented. In the pile foundation
design, knowledge about important
parameters such as pile diameter,
spacing between the piles, pile
length/pile diameter ratio, soil relative
density is necessary. Therefore, as a
result of the performed model tests, a
suitable approach for ground-structure
interaction lateral loaded pile
foundation systems chosen and
optimum design parameters are tried to
be identified.

in
is

2. Experimental studies

In this study, design parameters such as
settlement under axial and lateral load,
displacement
maximum moment were examined with
pile foundation system and relation
between the foundation system, the
structure and the ground was
investigated.  The of
displacements is expected, especially in
the structures serving under dynamic
loads such as wave load and earthquake
load, however, it is also expected for
these displacements to remain in elastic

deformation, and

occurrence
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With  this
considered, investigation of elastic and
post-elastic behaviour of structures and
obtainment of optimum  design
parameters are aimed. For model tests to
be carried out, different combinations
are made by changing engineering
parameters such as pile diameters, pile
spacing, pile length/pile diameter ratio,
relative density of the soil which pile
foundation is placed. Namings of the
combinations used in the study can be
seen in Table 1 In the definition of the
combinations, pile length, soil relative
density and pile placement spacing are
used. For 8 mm pile diameter,
Length/Diameter (L/D) ratio has been
selected 10,15 and 30 while pile lengths
are selected 80 mm, 120 mm and 240
mm. Spacing/Diameter (S/D) ratio is

boundaries. condition

selected 3 and 6 and raft slab size has
been selected 80*128 mm and 128*224
mm, accordingly. In sandy soil, selected
two conditions of relative relative
density are 50 (medium-dense) and 85
(high-dense). Effect of the soil relative
density has been investigated in the
tests. For the nomenclature in the Table,
L/D pile length to diameter ratios of
10,15 and 30, and medium-dense soil
relative density (M) and very high-dense
soil relative density (V) are specified.
Pile spacing conditions are specified 3/6
based on their properties.

In the tests, sand soil with the grain
diameter of 0,5-1,0 mm was used. In the
model tests, in order to determine the
properties of the wused soil; sieve
analysis, pyknometer (ASTM D854-14),
maximum and minimum void ratios
(ASTM D4253-16), direct shear box
(Astm D3080) tests for %50 and %85
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relative

densities

were

performed.

Granulometry curve of the soil is
presented in Figure 1.

Sieve analysis results of poorly graded
sand (SP) are presented in Table 2.

Table 1. Namings for tests and graphs.

(ASTM  6913). Relative  density
properties are presented in Table 3 and
Table 4. For %50 and %85 relative
density values, necessary engineerin
paramaters are determined for the
placement of the model in the test tank.

Test box 500*750*500 mm
Pile L/D Dr S/D Test
Diameter 10 15 30 50 85 3 6 Name
* * * E10M3D8
* * * E10V3D8
* * * E10M6DS
£ * * * E10V6D8
g * * * E15M3D8
5 * o E15V3D8
2 * * * E15M6DS8
§ * * * E15V6D8
A * * * E30M3D8
* * * E30V3D8
* % * E30M6DS8
* * * E30V6D8
100
= 80 ——————
g | (IR A .
E 0
A 60 S
‘E} 1{} 118/ S 00/ S 1N —
E _"] ________________________________________ —
;E 30 AR I I S IR I 10 I _—
Syl amEiiinniiiyae.
0 - AR S 1 1
0 - . .
1000000 10.0000 1.0000 0.1000 0.0100 0.0010 0.0001
Grain Diameter (mm)

Figure 1. Grain diameter distribution of sand soil.
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Table 2. Physical properties of the sand.

Granulometer parameters Unit Value
Coarse Sand Percentage % 0
Medium Sand Percentage % 100
Fine Sand Percentage % 0

D10 mm 0.48

D30 mm 0.65

D60 mm 0.85

D50 - 0.75

Uniformity Coefficient Cu - 1.77
Gradation Coefficient Cc - 1.03
Soil Class - SP

Table 4. Material properties of sand soil for high-dense and medium-dense

conditions.
%85 %50 Stell

Yary 1.70E-04 1.58E-04 77.8E-04

E(kN/cm?) 3.9 2.5 21000
v 0.3 0.3 0.3

G(kN/cm?) 1.385 0.81

) 42 39 -
c(kN/cm?) 0 0 -

In model tests, test tank and raft sizes
should be determined to keep the impact
of boundary effects on test results
minimal. In literature it is mentioned
that the boundary effects do not change
the test results and many studies are
conducted about what are the raft and
test tank sizes should be for the
occurrence of semi-infinite setting. As a
result of these studies, it has been
determined that boundary conditions
will not affect the experiment and thus

provide semi-infinite environmental
conditions if there is no spacing when
between the edge points of the

foundation and the tank edges is 2B and
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there is 2L length of soil after L pile
length is placed (Gandhi & Selvam, 1997;
Yetimoglu, 1998; Terzi et al, 2009;
Sadrekerimi, 2010; Sawwaf, 2010;
Yilmaz, 2010; Bagriagik & Laman, 2011).
In conclusion, sizes of the sand tank used
in the tests are 500*750*500 mm.

In all the tests, in order to standardise the
relative density of the soil layer,
pluviation method is used. Therefore,
sand grain placement is performed from
same height with same density. Sand
from the pluviation gains speed in the
pipe and is dropped from a fixed height
into the tank. This natural flow ensures
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the occurrence of soil layer with %50
relative density. Tank depth is 500 mm,
for every 50 mm a mark has been placed,
according to this: using oven cases with
30 mm diameter and 20 mm depth,
relative density is checked by taking
samples from top and bottom parts of
the tank, twice for each filling.

Soil is placed in layers of 50 mm height
into the tank. For very high-dense soil
placement, sandy soil is placed into the
tank in 50 mm layers of which are
compacted using electrical vibration
device until the desired layer thickness
obtained. During the compaction, in
order to obtain uniform relative density
and to prevent the sand grains from
breaking, a steel plate with the
dimensions of 120*120*2 was affixed.

In the test setup of which the schematic
view is presented in Figure 2.a; loading
beam, loading piston, loading arm, load
cell, displacement meter, piled raft
foundation, pressure gauges are present.
Loading piston capacity is 20 tonne and
has aloading speed of 0.5 mm/min. Load
cell inside the loading arm is for 5 tonne
and has a sensitivity of 0.01 kN.
Displacement meters are capable of
measuring to 50 mm with 0.01 mm
sensitivity. As can be seen in Figrue 2b,
piled raft foundation is placed in the
sand tank with a speed of 0.5 mm/min
and later load—settlement curves can be
obtained with the help of these systems.
With the pressure gauges, which are
presented in Figure 2c, pressure values
occurring at the bottom part of the raft
foundation can be measured.
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In order to get readings of the vertical
and horizontal loads affecting the piled
raft foundations, two electronical S type
load cells with 5 tonne capacity are used
during the tests. In the foundation
groups with raft slab size of 80*128 mm,
200 kg (0,2 kN) vertical load is applied
before applying the horizontal load. For
the foundation groups with raft slab size
of 128*224 mm, 500 kg (0,5 kN) vertical
load is applied before applying the
horizontal load. For the vertical loading,
0,6 times the ultimate vertical load is
determined and applied (Zadeh &
Kalantiri, 2011). Displacement of the
pile group has been determined with the
displacement meters placed on the raft
slab in vertical and horizontal directions.
During the tests, all the measurements
are transferred to computer using
datalogger. For displacements, mm unit
isused, kN unit is used for loads and kPa
unit is used for pressures.

3. Numerical Study

In the study, data from the tests are
verified with numerical analyses using
Plaxis 3D CE V20 programs (Plaxis 3D,
2013). The ground is modelled 3D as
50*75 cm in width and 50 cm in depth,
with the consideration of «case
dimensions. In order to reflect the
ground behaviour
parameters defined in the models were
selected carefully, which are presented
in Table 4. Angle of dilatancy has been
defined using {=0-30° formula in Plaxis
3D Foundation program.

more realistic,

Due to the non-linear stress deformation
behaviour of the ground in Plaxis 3D v-
2013 Reference Manual, this behaviour
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Raft Foundation
e Pl PP

4500 mm

Sand3o|t
750“‘"‘ pls

1. Displacement Meter
4. Sand Tank
6. Loading Arm

R "l,.?J “'

—

2-3. Loadcell
5. Load Frame
7. DPiled Raft Foundations

Figure 2. Experiment equipment and schematic illustration.

has been defined “Mohr-Coulomb
(MC)”. Pile and raft foundation have
been defined with Linear Elastic model
and selected material properties are
presented in Table 5.

Numerical analyses are carried out in
stages. These stages are as
following; definition of initial stress

four
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condition, forming of the piled raft
foundation, applying the vertical and
horizontal load.

Vertical load has been applied
distributed load on the foundation in
one stage. Horizontal load has been
applied incrementally with 0,2 kN each
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Table 5. Steel material properties.

Pile (8 mm) Foundation (3D) | Foundation (6D)
vk (N/em3) 0.077 0.077 0.077
E(N/cm?) 2.1x107 2.1x107 2.1x107
D(cm) 0.8 2 2
A(cm?) 0.5027 102.4 286.72
12-13(cm4) 0.0201

interval until the failure of the ground as
point load. After the acquisition of the
initial stresses, the displacement values
occurred in the initial phase have been
resetted to zero for the next stages of the
calculations.

Model tests subjected to static loading
are carried out in order to investigate the
effect of the boundary conditions on the
test results using two sand tanks with
the dimensions of 50*75*50 c¢cm and
75*150*100 cm. Numerical models are
created in Plaxis 3D program for
different foundation dimensions using
stiffness parameters presented in Table 3
and Table 4. Numerical analyses are
performed for 50*75*50 cm (Figure 3b),
75*150*100 cm (Figure 3c) and field
conditions (Figure 3d). As mentioned in
the literatiire (Ates et al, 2021) results
obtained from the reference tests are
compared to Plaxis 3D finite element
model program results. In all three
conditions, lateral displacement and
carrying capacity results were similar.
Therefore, the tanks used in the study
were acceptable for the test results.

Load-displacement graphs obtained
from the analyses for the evaluation of
the boundary condition, maximum pile
length used in the study are given
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comparatively for two different (relative
density) conditions. From the graphs,
results for the sample with L/D ratio of
30 for sand tank boundary conditions
can be seen matching. Therefore, the
sand tank with 50x75x50cm dimensions
used in the study is sufficient.

4. Research findings

In this study, piled foundation system
under vertical load has been analysed
under static incremental horizontal load.
Horizontal load initial condition has
been created for the changing vertical
load condition regarding the piled
foundation system geometry. In this
section, applied vertical load values for
two different slab size and settlement
conditions are presented comparatively.

Vertical Force- Vertical Displacement

In foundation groups with raft slab size
of 80128 mm vertical load is applied
before applying the horizontal load.
Displacement of the pile group is
measured with two different measurings
using displacement meters placed on the
raft slab in the vertical direction. For
medium-dense sand comparison with
L/D: 10,15 and 30, E1I0M3D8, E15M3D8,
E30M3DS8 tests are compared.
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a. Piled Raft Foundation 3D Plaxis Model

b.( x,y,2)50%75*50 cm.

c. (x,y,z) 150*75*100 cm.

d. (x,y,2)10*20*10 m.

Figure 3. Plaxis 3D numerical models overall view and tank dimensions.
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Figure 4. Verification of the finite element analysis and test results for L/D ratio of 30.

For very high-dense sand comparison
with L/D: 10,15 and 30, E10V3DS,
E15V3DS8, E30V3DS tests are compared

For the foundation groups with raft slab
size of 128*224 mm, 500 kg (0,5 kN)
vertical load is applied before applying
the horizontal load. Displacement of the
pile group is measured with two
different measurings using
displacement meters placed on the raft
slab in the vertical direction.
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For medium-dense sand comparison
with L/D: 10,15 and 30, E10M6DS,
E15M6D8,E30M6DS tests are compared.
For very high-dense sand comparison
with L/D: 10,15 and 30, E10V6DS,
E15V6DS, E30V6DS tests are compared.

Based on the superstructure load,
settlement occurs in the raft and pile
systems. When this settlement is
calculated: raft width, ground elasticity
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Figure 5. L/D ratio comparison under vertical force for medium-dense and very high-

dense soil.
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Figure 6. L/D ratio comparison under vertical force for medium-dense and very high-

dense soil.

module, ground poisson ratio should be
considered. From the test results, it was
seen that as the raft size increased, the
settlement decreased. In addition, as the
soil relative density increase, the ground
elasticity module will increase aswell
and as the elasticity module increases,
settlement of the piled raft foundation
decreases.

Short piled raft foundation was exposed
to more settlement compared to long
piled raft foundation. Because the
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settlement has decreased due to the
increase in the lateral friction. For
medium-dense soils and 6D placement,
maximum capacity for short piles has
been achieved at a greater displacement
while for the long piles maximum
capacity was reached at a smaller
displacement. For medium-dense soil,
3D pile placement was seen to be ideal
while for the high-dense soil, 6D was a
more optimum placement. For same
values of settlement, long piles have
more carrying capacity compared to
short piles.
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Horizontal Force — Horizontal Displacement

All samples brought to the final vertical
limit in the study were analysed under
static incremental lateral load. The
results obtained in this context are
presented in the section.

> Effect of Soil Relative Density
Ratio

In order to investigate the effect of soil
placement on the carrying capacity of
pile groups, tests are carried out for two
different relative density values. In the
model with raft slab of 80*128 mm; piles
with 8 mm diameter, L/D ratios of 10,15
and 30, and relative densities of 50 and
85 are utilised. Test names for these
models determined; E10M3DS,
E10V3DS, E15M3D8, E15V3DS,
E30M3D8 and E30V3D8. Tests are
repeated for these correlations. In 3D
placement condition, for all pile lengths,
horizontal load-vertical displacement
graphs are presented comparatively for
medium and high-dense soil conditions
with equal axis scaling. In graphs,
numerical analysis results created for all
model tests with the use of Plaxis 3D
finite element model program are also
presented.

are

Increase in the soil relative density
affecting  the carrying
capacity positively can be seen in all the
graphs. For the condition of pile
length/diameter ratio being 10, very
high-dense soil compared to medium-
dense, 2,72 times higher capacity was
obtained. For 15 length/diameter ratio,
this increase is 3 times and for 30, 1,8
times. Lateral displacement response of

horizontal
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L/D 30 condition compared to L/D 10
and 15 conditions was a more rigid slope
in the graphs. In performed model tests,
lateral soil resistance is exceeded at 8
mm position for L/D ratios of 10 and 15
in soil
However, a resistance occurrence was
observed at 8 mm in long pile but then
gained rigidity and went into collapse
mode at 15 mm position. As the vertical
stresses throughout the pile increase,
The
increase of the lateral stresses results
with higher passive forces being active
(Chatterjee, 2022). This condition reflects
that with the increase in the passive soil
pressure support, pile shows resistance
again.

medium-dense condition.

lateral stresses increase aswell.

This obtained result is in agreement with
Broms (1964b) study. According to
Broms (1964b); horizontally loaded pile
is forced to deform and bend in
horizontal direction. In cohesionless
soils, reaching the ultimate load and
plastic hinge occurrence on the pile
conditions are expressed related to
passive stresses. If the pile carrying
capacity is exceeded, plastic hinge
occurs on the pile and load carrying
length of the pile cannot increase any
further and is limited at the depth of the
plastic hinge. A ground element loaded
in the horizontal direction will be loaded
until the failure occurs. When the limit
the failure condition, is
reached, passive stresses are formed in
the ground.

condition,

From the results, first displacement
resistances of the high-dense placement
were seen notably higher compared to
the medium-dense placement, for all the
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pile lengths. From the comparison of the
graphs, lateral displacement resistance
for L/D ratio 10 and 15 occurred at 3 mm

and foundation system regained
resistance at 5 mm.
2
E10M3D8
P10M3D8
15
=
s ——E10V3D8
g —
£ f . p10V3D8
5
: 4
F0s i
I/
0 f
0 5 10 15
Horizontal Displacement mm
a) L/D ratio 10
2
E15M3D3
P15M3D8
215 ——E15V3D8 ettt
Z s,
Y P15V3D3 -
§ e
g! .
= .
5 .3
%05 /
7
0 s
0 5 10 15
Horizontal Dispalcement mm
b) L/D ratio 15
E30M3DB .
P30M308 P s
15 ——E30V3D8 _‘,;"'
2 P30V3DE
-
g
i, S
g /
5 /
Bs
F.i
ol
0 5 10 15
Horizontal Displacement mm
¢) L/D ratio 30
Figure 7. Graphs for L/D ratio of
10,15,30.
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For L/D ratio of 30, obtained results
that displacement
resistance compared to the other lengths
has proceeded without a notable loss
untii 8 mm. For the following
displacements, it was seen that rigidity
did not lose value and this condition
went on until 15 mm with positive
contributions to the capacity.

show lateral

Numerical analysis results of 8 mm pile
medium and very dense soil
conditions for different pile lengths have
shown that for the L/D ratio of 10
while high dense soil
condition ultimate value is matching,
settlement stiffness is seperated with the
test results.

for

condition,

For medium dense condition, ultimate
value has been found approximately 1,5
times of the test results. Displacement
stifness was also higher for the
numerical model in this condition. As
the pile length increased, the numerical
analysis and test results became more
consistent with each other. The most
ideal of the results has been obtained
from L/D ratio of 30, high dense soil
condition. The L/D ratio of 30, high
dense soil condition numerical analysis
result was matching with the test result
until the horizontal displacement value
that
observed

of 5 mm. Following point,
separations in pile
behaviour due to space between the
grains in the pile-soil interaction zone.
The analyses has shown that the
block/bulk behaviour occurring in the
pile-soil interaction zone with the
increase in the pile length and the soil
relative density is positively affecting the
alignment between the

was

numerical
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analysis and test results. Therefore, it can
be that the effects of
void/space between the grains and
deformation occurrence on the piles
should be taken into consideration for
numerical analysis.

concluded

In the model with raft slab of 128*224
mm; piles with 8 mm diameter, L/D
ratios of 10,15 and 30, and relative
densities of 50 and 85 are utilised. Test
names for these models are determined,;
E10M6DS, E10V6DS, E15M6DS,
E15V6D8, E30M6D8 and E30V6DS.

In 6D placement compared to 3D
placement, obtained horizontal force
values are average of 2 times high. In the
condition of pile length/diameter ratio
being 10, very high-dense soil compared
to medium-dense soil has resulted with
2,2 times higher horizontal carrying
capacity. For L/D ratio of 15 condition,
this increase is 1,5 times and for L/D ratio
of 30, it is 1,8 times as much.

Model test results of 6D pile setting
show that obtained capacity curve
behaviour in medium-dense and high-
dense conditions for L/D ratio of 10 is
similar to 3D setting. In design of the
laterally loaded piles, ultimate lateral
resistance of the soil affecting the pile is
the most important aspect (Zhang et al.,
2005). However, for L/D ratio of 15 and
30 conditions, the increase in the soil
density around the pile surroundings
has affected the behaviour distinctively.
For L/D ratio of 15 condition, first
displacement rigidity loss values are
matching. For L/D ratio of 30 condition,
displacement stiffness is exceeded for
the same lateral displacement again,
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however, obtained capacity increase for
this condition is twice as much.
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Figure 8. Graphs for L/D ratio of
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Comparison of the numerical analysis
results of 8 mm pile diameter for 6D
placement and the model test results
have shown that the consistency
between models has increased. This
condition can be explained with the
activity of the soil between the piles in
pile-soil  interaction zone under
horizontal load. In 3D placement, while
the side surfaces of the most outer piles
and pile toe provide resistance for lateral
load, in 6D placement, soil layer between
the piles is added to this resistance as
friction. Therefore, the zone under the

E30M3D8

Horizontal Force kN

]

0 5 10 15 20
Horizontal Displacement mm

a) Medium dense soil

slab is contributive to the block/bulk
behaviour. Thus, the gap between the
numerical analysis and the model test
gets narrowed.

» Effect of L/D Ratio

In the model with raft slab of 80*128 mm;
piles with 8 mm diameter, L/D ratios of
10,15 and 30, E10M3DS8, E15M3DS§,
E30M3DS8 tests are compared. For very
high-dense sand comparison with L/D
ratios of 10,15 and 30, E10V3DS,
E15V3DS8, E30V3DS8 tests are compared.

15

Horizontal Force kN

E30V3D8

0 5 10 15 20
Horizontal Displacement mm

b)Very dense soil

Figure 9. L/D ratio comparison in medium-dense and high-dense soils.

In figure 9, effect of change in the pile
length on the lateral carrying capacity in
medium and high-dense setting can be
seen. For condition,
behaviour for lateral displacement is
similar for all pile lengths. Behaviours
for L/D ratios of 10 and 15 are very
similar. For L/D ratio of 30, the passive
stresses caused by soil loading after 10
mm lateral displacement, has reflected
to results and increased the ultimate
carrying capacity twice as much. Graphs
of very high-dense setting shows that the
increase in the pile length has increased
lateral carrying capacity notably. Most

medium-dense
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distinctive difference in the graphs is
that collapse occurred soon after the
ultimate load is reached in L/D ratio of
10 condition, however, ultimate loads
are in a stoop rather than a focused point
for other pile length conditions.

In the model with raft slab of 128*224
mm; piles with 8 mm diameter, L/D
ratios of 10,15 and 30, E10M6DS,
E15M6DS8, E30M6DS tests are compared.
For very high-dense sand comparison
with L/D ratios of 10,15 and 30,
E10V6DS8, E15V6DS8, E30V6DS tests are
compared.
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Figure 10. L/D ratio comparison in medium-dense and high-dense soils.

In 6D setting, the increase in the pile
length, due to soil condition being
medium-dense, couldn’t provide much
contribution to L/D ratio of 30 condition
unlike to L/D ratios of 10 and 15
conditions. In medium-dense soil
setting, no further contributions to the
foundation system were detected from
pile length L/D ratio being higher than
15. However, increasing pile length
contributes to the carrying
capacity at the same rate in the very

high-dense soil setting.

lateral

From investigating the L/D ratio and the
lateral load carrying capacity relations, it
was detected that L/D ratio increasing by
the increase of pile length, which
increases the pile friction area, has a
positive impactful effect on the lateral
load carrying capacity of the pile (Ersoy
& Yildirim, 2014). Pile length increase
has provided more contribution to
lateral load carrying capacity in high-
dense sand setting compared to loose
sand setting (Uncuoglu & Laman, 2013).
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In the conducted experimental studies in
the literature, it was observed that lateral
support of the piles and lateral carrying
capacity of the foundation system is
higher in dense soil compared to loose
soil. Long piles due to having more
surface area contacting the surrounding
soil, can dissipate mroe energy (Nguyen
et al., 2017). It was observed that due to
increase in the L/D ratio also increasing
the carrying support provided by the
pile lateral friction, the lateral load
carrying capacity of the foundation
system has increased %70-200, which is
in agreement with the studies in the
literature.

In the study, 3D placement for 8 mm pile
12.8%22.4 slab
dimensions is modelled using Plaxis 3D
and the results from the model is
presented comparatively with 6D
placement results for the same size of
slab in Figure 11.

diameter and cm

For the determination of the lateral
displacement stiffness of the piled
foundation systems working under
horizontal loads, test and numerical.
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Figure 11. 3D and 6D Plaxis 3D analysis
results.

15

analysis results have shown that pile-soil
interaction zone is substantial. Biggest
slab used in this study with 6D
placement has been analysed also for the
3D placement in numerical analysis. For
the two different placements, by means
of lateral resistance, the change in the
interaction performance of the soil
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between the piles can be seen. 6D
placement compared to 3D placement,
for L/D ratio of 30 condition, has resulted
with 70% higher capacity for high dense
condition and 28% for medium dense
condition. For L/D ratio of 15, this
increase between the placements were
10% for high dense and 14% for medium
dense. For L/D ratio of 10, 12% for high
dense condition and 13% for (8 mm
displacement) medium dense condition.
Analyses show that the pile-soil
interaction between the piles positively
and significantly affects the lateral
displacement stiffness. This effect, the
gain, can be seen more clearly as the pile
length increases.

» Ground Pressure Comparison

For the structure and soil interaction, in
order to make an economical design in
such a way that the deformation remains
elastic and within acceptable limits, it is
important to determine the stresses and
displacements by the
deformation in the soil environment
caused by the loads acting on the
foundation soils.

caused

Due to soils having a complex structure,
in order to obtain realistic stress-
deformation analysis, model tests were
prepared and soil pressures caused by
the loadings changing
parameters were measured using the

and other
soil pressure gauges placed at certain
elevations.

Force-soil pressure graphs are presented
using the data obtained from the
pressure gauges placed at different
elevations for each test. For L/D ratio of
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10; E10M3D8 and E10V3D8 tests in
medium and high-dense conditions for
80*128 mm foundation, EIOM6D8 and
E10V6DS8 tests in medium and high-
dense conditions for 128*224 mm
foundation are utilised in comparison.
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In the tests for this category, soil
pressure gauges SP1, SP5 and SP6 has
been placed 25 cm into the tank at -10
cm, -15 cm and -20 cm elevations. In
order to observe the changes in the
lateral soil pressure, SP2 was placed 15
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Figure 12. Soil pressures for L/D ratio of 10 in medium-dense and very high-dense

soil.
cm into the tank at -15 cm elevation.

For L/D ratio of 15; E15M3D8 and
E15V3D8 tests in medium and high-
dense conditions for 80*128 mm
foundation, E15M6D8 and E15V6D8
tests in medium and high-dense
conditions for 128*224 mm foundation
are utilised in comparison.

0
-5 5 15 25 35
E15M3D8 SP1 E15M3D8 SP2
@ E15M3D8 SP5 @ E15M3D8 SP6
— _3g ©E15V3D8SP1 @E15V3DBSP2
g ® E15V3D8 SP5 @ E15V3D8 SP6
vy
ok S —
o
['}]
$  gm
-30

Soil Pressure (kPa)

45

For the tests in this category, soil
pressure gauges SP1, SP5 and SP6 has
been placed 25 cm into the tank at -15
cm, -20 cm and -25 cm elevations. In
order to observe the changes in the
lateral soil pressure, SP2 was placed 15
cm into the tank at -20 cm elevation.
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Figure 13. Soil pressures for L/D ratio of 15 in medium-dense and very high-dense

soil.
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For L/D ratio of 30; E30M3D8 and
E30V3D8 tests in medium and high-
dense conditions for 80*128 mm
foundation, E30M6D8 and E30V6D8
tests in medium and high-dense
conditions for 128*224 mm foundation
are utilised in comparison.

-5 0 5 10 15 20
E30M3 5P1 E30M3 SP2
-10 E30M3 SP5 @ E30M3 SP6
— E30V3 SP1 E30V3 SP2
g ® E30V3 SP5 ® E30V3 5P6
= -20
E — —
8 i OX

-30 .

Soil Pressure (kPa)

For the tests in this category, soil
pressure gauges SP1, SP5 and SP6 has
been placed 25 cm into the tank at -25
cm, -30 cm and -35 cm elevations. In
order to observe the changes in the
lateral soil pressure, SP2 was placed 15
cm into the tank at -30 cm elevation.
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Figure 14. Soil pressures for L/D ratio of 30 in medium-dense and very high-dense

soil.

Laterally loaded piles
designed according to bending moment

usually are

and displacement criterions, in many
conditions. the ultimate
carrying capacity of the soil surrounding
the pile can only be reached at very high
displacement values. The soil response is
nonlinear, although the ultimate
carrying capacity of the soil surrounding
the pile is in many cases not fully
activated. As a result of this; relation
load, moment and
displacement in laterally loaded piles are

Because

between

nonlinear, even at safe load values
(Duncan et al., 1994).

There are two factors causing the
nonlinear behaviour for laterally loaded
piles. First, load-displacement behaviour
of the soil surrounding the pile is
nonlinear. As the load is transmitted
from the pile to the ground at an

increasing rate, the displacement
increases with a greater rate. The second
is when the strength of the soil at the top
of the pile reaches it's ultimate value,
additional loads are transmitted to
deeper soils as they do not reach the
ultimate value of strength to the same
degree. To transfer loads to deeper soils,
the pile displaces more along the depth
and the soil resistance increases along
the depth. Therefore, the moments
increase much faster than the load acting
on the pile head. The analyses show that
for the larger value of the lateral load, the
maximum moment and soil resistance
occur at deeper depths, not at the pile
head (Duncan et al., 1994).

In the case of lateral loads, the piles act
as a transversely loaded carrier element.
Lateral load
surrounding soil by means of the soil's

is transferred to the
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lateral resistance. When a pile is loaded
laterally, some or all parts of the pile tries
to slide horizontally in the direction of
the applied load. This behaviour causes
the pile to bend, rotate or shift (Salgado,
2007). As the pile applies pressure on the
ground in front of it, compressive
stresses and deformations develop in the
soil that provides resistance to the pile
movement.

Accordingly; as the number of piles
increased, as the raft head grew and as
the carrying capacity increased due to
the increase in the soil relative density,
the stress values formed in the soil has
increased aswell. For the L/D ratio of 10,
the ground pressures increased by %100
when switched from medium-dense to
very high-dense setting, this increase is
%60 when switched from 3D to 6D
setting. For the L/D ratio of 15, the
ground pressures increased by %120
when switched from medium-dense to
very high-dense setting, this increase is
%50 when switched from 3D to 6D
setting. For the L/D ratio of 30, the

a) 3D visual

Figure 15. Loading direction and resistance surfaces.

ground pressures increased by %100
when switched from medium-dense to
very high-dense setting, this increase is
%50 when switched from 3D to 6D
setting. Because the load transferred to
the pile base is related to the stiffness of
the pile. The L/D ratio, which is the
slenderness (pile length / pile diameter),
is defined as a parameter of pile stiffness.
As the stiffness of the piles decreases, the
load transferred to the pile point
decreases (Birand, 2001).

In addition, the stress change depending
on the L/D ratio was also examined.
Ground loading conditions and loading
direction of the conducted experimental
study have been presented in Figure 15a.
Depending on the static incremental
load, stresses occurring in the ground
forms around the load resisting pile-soil
interaction surfaces (Figure 15.b). With
the increase of the L/D ratio depending
on the pile length, stresses are
concentreating on the pile ends and load
resisting surfaces. Visuals for the ground
stresses are presented in Figure 16.

b) Plan and section visuals
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Figure 16. Stress change with the increasing load.

Lateral load analysis procedures differ
for short, medium and long shafts. Short,
medium and long shaft classifications
are based on shaft characteristics (ie
length, diameter and bending stiffness)
and ground conditions described below.
A pile with an L/T <2 based on stiffness
is considered "short" as long as it
maintains a lateral deflection pattern
close to a straight line.

The pile is defined as “long” when L/T =
4. L is the length of the pile below the
ground surface and T 1is relative
hardness defined T = (EI/f)*2 where f is
the subsoil reaction coefficient (F/L3).
The relative hardness value changes

10
. Rigid pile
7
= [ ]
- B
[}
3 s
] L]
§ *
3
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L ]
2 * .
o »
1
. .
1]
o 1

with T, EI and f. For a short pile, the
bending stiffness (EI) in the analysis can
have a constant value (linear elastic). The
subfloor reaction coefficient f changes
with the deflection level and decreases
with increasing lateral load.

When (4 > (L/T) > 2) the shaft acts as a
"middle" pile. When a middle pile is
analysed as a long pile, it results in an
overestimated lateral response. It should
be noted that the classification of pile
type in this study (ie, assessment of its
relative stiffness, T) is based on the initial
bending stiffness of the shaft and the
average of the subsoil reaction
coefficient (f), including free-field
liquefaction effect (Report CA04-0252,
2008).

L ]
Flexible pile
L ]
»
L ]
L ]
- .
L ]
2 3 4

L/T Ratio

Figure 17. Horizontal load capacities based on L/T ratio.

106



The Design of Piles under Combined Loading: Effect of Pile Length, Pile Spacing and Relative Density

L/T ratios were calculated for two
different diameters (8 and 16 mm) and
three different L/D ratios 10, 15 and 30
depending on the pile diameter and
presented in a table. It is presented in
Figure 12 that the test results of the piles
classified as short and medium piles
depending on the L/T ratio show
behavioural differences depending on
the slenderness. For the short piles
failure condition, failure occurs as a
result of the soil reaching the limit state
before the piles reach the limit state,
while for the long piles failure condition,
failure occurs when the piles reach the
limit state.

5. Conclusions
In this study, model experiments were

the pile
vertical and

carried out to examine
foundations
horizontal loads in cohesionless soils for
their behaviour regarding the lateral
load carrying capacity and the variables.
The effects of relative compactness, pile
spacing and L/D ratio were investigated
in the experiments. Load-displacement

graphs and soil pressure values for

under

different depths are presented.

As
compactness

the soil resistance-
relationship, with the
increase in the relative compactness of
the soil, the lateral carrying capacity of
the soil increased 1.5-1.7 times for 80*128
mm piled foundation and 1.5-2.2 times
for 128*224 mm foundation. For this
reason, the overall lateral support of the
pile has increased and the results have
increased accordingly.

seen in
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The increase in soil resistance increased
the displacement stiffness applied by the
soil to the pile. When the raft foundation
condition of 80*128 mm, where the pile
spacing is placed in 3D, is changed to the
6D setting 128*224 mm raft foundation,
the contact area of the raft and the
ground has increased, thus increasing
the friction area and making a positive
contribution to the lateral load carrying
capacity.

The optimum pile spacing is specified as
1.5D-12D in the literature. When the pile
spacing increased from 3D to 6D, the
lateral load carrying capacity increased
by 50-70% in medium dense soil and
100% in very high dense soil. While the
optimum pile spacing is 3D in medium
dense soil setting, it is determined as 6D
in very high dense soil setting.

Lateral load carrying capacity increased
with the increase of L/D ratio from 10 to
30 based on the pile length. For the
80*128 mm foundation with L/D ratio of
10 in medium dense soil setting, with the
increase in the L/D ratio, an increase of
20 percent was achieved for L/D ratio of
15, and %90 increase for the L/D ratio of
30. These increases for L/D ratios when
compared for the very high dense soil
condition, it was detected %25 for L/D
ratio of 15 and %110 for L/D ratio of 30.
In the 128%224 m raft foundation, this
increase is 100%-165% in medium dense
sand, and 25%-75% in very high dense
sand.

Lateral bearing capacity has increased at
all pile lengths up to lateral
displacement of 10% of the pile
diameter. After this level, the lateral
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bearing capacity for L/D ratio 10 started
to decrease, but the lateral displacement
resistance continued to increase up to a
certain value at L/D 15 and L/D 30 ratios
where the pile length increased.

Soil pressures in horizontal loading
condition, in cases where the L/D ratio is
10 and 15, were formed at the pile point
the most and increased with depth, as
seen in the short pile behaviour. In the
L/D ratio of 30 condition, the maximum
soil resistance was formed at the higher
levels of the pile, and the stresses
measured from the pressure gauges at
the pile point decreased compared to
other lengths. Because as the slenderness
of the piles increases, the load
transferred to the pile point decreases.

From the finite element analysis carried
out using Plaxis 3D, for medium dense
soil, as the pile length increased, the
lateral carrying capacity has increased
the tests, 3D
placement, as the L/D ratio raised from
10 to 15 and for 6D placement as the L/D
ratio raised from 15 to 30, effect of the
pile increase has not been observed.

linearly. From for

Field conditions were considered for the
tests. Ground behaviour has been
observed to change as extra space/void is
formed between the grounds due to
loading. This behaviour could not be
addressed in the finite element models
and due to this, the ground has acted
more rigid and resulted with higher

capacity.

6D placement models compared to 3D
placement models have resulted with
higher lateral resistance capability. In 3D
placement even with the pile increase,
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the results were lower than of the 6D
placement. The reason for this condition
is the lateral surfaces of the outer piles
and soil-pile end point interactions. In
6D placement, soil-pile interactions
between the piles is also added to this
condition and therefore 6D placements
has  higher lateral displacement
resistance. This result has been obtained
in both test and the numerical models.

In the finite element analysis carried out
in Plaxis 3D program, as the pile length
increased in high dense soil a lineer
increase has been observed in lateral
carrying capacity. The high dense soil
condition results are matching for finite
element model analysis and test.
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Oz

Tiirkiye’de 6 Subat 2023 tarihinde Kahramanmaras ili merkezli meydana gelen
depremlerin ardindan betonarme binalarin gii¢lendirilmesinde lifli polimerlerin
kullanilmasi oldukca yayginlagmistir. Ozellikle mimari agidan eleman boyutlarmi
degistirmemesi, uygulamasmnin kolay, hizli ve pratik olmasi, malzeme g¢ekme
dayaniminin yiiksek olmasi, vb. sebeplerden dolay lifli polimer ile sargilama tercih
edilmeye baglanilmistir. Yapilan c¢alisma kapsaminda lifli polimer ile sargilanmig
farkli enkesit boyutlarindaki betonarme kolonlarin sargili beton basing dayanimi ve
buna karg1 gelen birim sekildegistirme degeri Deprem Bolgelerinde Yapilacak Binalar
Hakkinda Yoénetmelik (DBYBHY, 2007) ve Tiirkiye Bina Deprem Yonetmeligi'ne
(TBDY, 2018) gore hesaplanarak karsilastirilmigtir. Sargili beton basing dayaniminin
ve birim sekildegistirmenin hesaplanmasinda kullanilan girdi sayisinin fazla olmasi
nedeniyle ¢oklu regresyon analizi yapilarak etkili olan parametreler belirlenmistir. Bu
parametreler igin gesitli alt kiime sayilarinda Anfis modelleri olusturulmustur. Sargili
beton basing dayanimini ve birim sekil degistirmeyi en iyi tahmin eden Anfis modeli
tespit edilmistir.
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Obtaining the Stress-Strain Relationship of Reinforced
Concrete Columns Wrapped with Fiber Reinforced
Polymer

Abstract

Following the earthquakes that occurred in Kahramanmaras province on February 6,
2023, in Tiirkiye, the use of fiber reinforced polymers in strengthening reinforced
concrete buildings has become quite widespread. Especially in terms of architecture,
it does not change the element dimensions, its application is easy, fast, and practical,
its material tensile strength is high, etc. for these reasons, wrapping with fiber
reinforced polymers begun to be preferred. Within the scope of the study, the
wrapped concrete compressive strength and the corresponding unit strain value of
reinforced concrete columns of different cross-section sizes wrapped with fiber
reinforced polymer were calculated and compared according to the Turkish
Earthquake Code (TEC, 2007) and the Turkish Building Earthquake Code (TBEC,
2018). Due to the large number of inputs used in the calculation of confined concrete
compressive strength and strain, the effective parameters were determined by
performing multiple regression analyses. For these parameters, Anfis models were
created in various subset numbers. The Anfis model that best predicts the confined
concrete compressive strength and strain was determined.

Keywords: Fiber Reinforced Polymer, Reinforced Concrete, Column, Stress-Strain, Anfis
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1. Giris

Ulkemiz topraklarmin gok biiyiik bir
riski altindadir.
binalarin tasariminda

kismi  deprem
Betonarme
kullanulan Tiirkiye Deprem Tehlike
Haritas1 incelendiginde Dogu Anadolu,
Kuzey Anadolu ve Bati Anadolu fay
hatlar1 net bir sekilde goriilmektedir
(Sekil 1). 6 Subat 2023 tarihinde merkez

ussit  Pazarak ve Elbistan olarak

meydana gelen depremler Adana,
Adryaman, Diyarbakir, Elazig,
Gaziantep, Hatay, Kahramanmaras,

Kilis, Malatya, Osmaniye ve Sanlurfa
illerinde siddetli olarak hissedilerek
binalarin  hasar  gdrmesine
yikilmasina neden olmustur. Bu durum
tilke ekonomisine biiyiik zarar vermis ve
yapt  stokunun  deprem
performansinin incelenmesinin énemini
arttirmigtir.

veya

mevcut

TURKIYE DEPREM TEHLIKE HARITASI

Literatiirde yapilmis olan ¢alismalarda,
mevcut betonarme binalarda beton
basing dayamimimin diisiik olmasi,
nerviirsiiz donati kullanilmasi, tastyici
sistemin hatali secilmesi eksik
boyutlandirilmasi, planda ve diigeyde

ve

diizensizliklerin  bulunmasi, donati
detaylandirmasimin  hatali  yapilmasi,
tasarim  yOnetmeliklerinde  verilen

kurallara uyulmamasi, miithendislik ve
denetim hizmetinin alinmamasi, is¢ilik

hatalar;, vb. nedenlerden dolay1
kendilerinden beklenen deprem
performans seviyelerini saglamadig1

gorilmiistiir (inel vd., 2006; inel vd.,
2007; Ergiin vd., 2012a; Ergiin vd., 2012b;
Dincer & Mert, 2014; Tekeli vd., 2015;
Gilindogay & Tekeli, 2018, Alemdar &
Caymazer, 2018; Giindogay vd., 2019;
Kaya & Alakavuk, 2022; Isik & Tuncer,
2023).

Sekil 1. Tiirkiye deprem tehlike haritas1 (AFAD, 2018).

Depremde can ve mal kaybi en aza
indirebilmek ic¢in deprem performans
seviyelerini saglamayan betonarme
binalarin hizlt bir sekilde
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gliclendirilmesi veya
gerekmektedir. Ulkemizde gegmisten
glinimiize kadar kullanilmis olan

yonetmeliklerde betonarme

yikilmasi

mevcut
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binalarmm  deprem
degerlendirilmesi ve gii¢lendirilmesi ile

ilgili hesap kurallarindan ve ilkelerinden

performansinin

ilk  olarak Deprem  Bolgelerinde
Yapilacak Binalar Hakkinda
Yonetmelik'te (DBYBHY, 2007)

bahsedilmistir. Bu yoOnetmelik yerine
2019 yilinda giintimiiziin ihtiyaglarina
gore hazirlanmis ve detaylandirilmig
olan Tiirkiye Bina Deprem Yonetmeligi
(TBDY, 2018) yirarlige girmis ve
yapilan degisikliklerin etkisi farkh
konulardaki ¢alismalarda arastirilmistir
(Koger, vd., 2018; Ulutas, 2019; Unsal,
vd., 2020; Karaca vd., 2020; Dondiiren,
vd., 2021; Ozmen & Sayin, 2021; Aksoylu
& Arslan, 2021; Giindogay & Aksakal,
2022; Akyildiz & Ayhan, 2022).

TBDY (2018)'de betonarme binalarin
hem eleman hem de sistem bazinda
gliclendirme yontemleri hakkinda bilgi
verilmistir.  Eleman  gli¢clendirmesi,
betonarme elemanlarin (kolon, kiris ve
perde) dayanimlarin: ve sekil degistirme
kapasitelerini ~ arttirmaya yoneliktir.
Eleman boyutlarim1  degistirmemesi,
kolay, hizli ve pratik uygulanabilmesi,
yiiksek ¢ekme dayaniminin olmasi, vb.
nedenlerden dolay1 lifli polimer ile
sargilama yontemi,
elemanlarin gliclendirilmesinde

betonarme

gliniimiizde daha ¢ok tercih edilmeye
baglanmustir.

Lifli polimer ile sargilama yapilan
betonarme elemanlarda,
dogrusal olmayan icin
ideallestirilmis gerilme-sekil degistirme
iligkisi Onerilmektedir (TBDY, 2018).
Literatiirde betonun dogrusal olmayan
davranisinin incelendigi bir¢ok ¢alisma
bulunmaktadir (Hki & Kumbasar, 2001;

betonun
davranisi
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Ozmen vd., 2007; Uzbas, 2014; Yiiksel &
Foroughi, 2019; Isik, vd., 2019; Foroughi,
vd., 2021; Glindogay 2022; Kili¢ & Giillij,
2022; Aksakal & Glindogay, 2023).
Ancak iilkemizde lifli polimer ile yapilan
calismalara DBYBHY (2007)'nin
yliriirliige girmesinden sonra agirhik
verilmistir (Saymn, vd., 2010; Ozer &
Alacal;, 2021). Ornegin; Sahin ve
Bedirhanoglu (2008), lifli polimer ile
sarilmis betonarme kolonlarin basing
dayanumini bulanik mantik yontemiyle,

Murtazaoglu vd. (2015) ise ¢oklu
regresyon modelleriyle tahmin
etmiglerdir.  Ustabag  vd.  (2020)

betonarme koprii kolonundan almis
olduklar1 karot numuneleri lifli polimer
ile giliclendirerek deneysel ve analitik
olarak incelemigler
uyumlu  oldugunu
Deneysel calismalarda lifli polimer ile
sargilama  yapilan silindir = beton
numunelerin basmng¢ dayanimlarinda ve
sekil degistirme kapasitelerinde onemli
miktarlarda artis elde edilmistir
(Cetinkaya, vd., 2004; Ertiirkmen, vd.,
2017; Saribiyik, 2016; Alfageeh, vd., 2018;
Saribiyik, 2018; Yaman, vd., 2022).

ve sonuglarin

gormiislerdir.

Bu calismada lifli polimer ile sargilanmis
cesitli enkesit boyutlarindaki betonarme
kolonlarin beton basing dayanimi ve
birim sekil degistirme degeri DBYBHY

(2007) ve TBDY (2018)ye gore
hesaplanarak  kiyaslanmistir. TBDY
(2018) igin sargih beton basing

dayaniminda ve birim sekil degistirme
degerinde etkili olan girdi parametreleri

coklu regresyon analizi yapilarak
belirlenmistir. Bu parametreler icin
farkli alt kiime sayilarinda Anfis

modelleri olusturularak sargili beton
basing dayanumi ve buna karsilik gelen
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birim sekil degistirme degeri tahmin
edilmeye calisilmgtr.

2. Materyal ve Yontem
2.1. Lifli polimer ile sargilama

DBYBHY (2007) ve TBDY (2018)’de lifli
polimer ile sargilama yapilan betonarme
elemanlarda betonun dogrusal olmayan
davranigi icin iki dogrudan olusan
ideallestirilmis gerilme-sekil degistirme
iligkisinin kullanilmasi Onerilmektedir
(Sekil 2). Biikiim noktasindaki gerilme
ve sekil degistirme degerleri icin
sirasiyla sarilmamis mevcut betonun
basing (fem) 0.002
alinmaktadir. Gerilme-sekil degistirme
iliskisinin son noktasindaki degerler ise
lifli polimerle sargilanmis betonun
basing dayanimu ile (f..) buna kars: gelen
birim sekil degistirmeyi (&) ifade
etmektedir (Denklem 1-2).

dayanimi ve

fee = feml1 + 2.4 (fi/fem)] = 1260, (1)
Ece = 0.002[1 + 15 (f;/fey)*7®] 2)
Burada verilen f;, lifli polimer

sargilamanmn sagladig1 yanal basing
miktarini temsil etmektedir ve Denklem
3 ile hesaplanmaktadir.

5,000 . &

Sekil 2. Ideallestirilmis gerilme-sekil
degistirme iliskisi.
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1
==K, pr E¢ Ef

flz

(3)
Denklem 3’te verilen K,, betonarme
kesitin sekil etkinlik katsayisini; pg, lifli
polimer sargilamanin hacimsel oranini;
&y, lifli polimerin etkin birim uzamasin;
E¢ lifli polimerin elastisite modiiliinti
Sekil etkinlik
katsayisi, betonarme kesitin dikdortgen
dairesel ve elips olmas: durumlar: igin
farkli hesaplanmaktadir. Dikdortgen
kesitlerin sekil etkinlik katsayis1 kesit
boyutlarma (b, h) ve koselerde yapilan

temsil  etmektedir.

yuvarlatma yarigapina (r.) baghdir
(Denklem 4).

(b—2ro)*+ (h—2r.)?
K,=1- 4)

3bh

Lifli polimer sargilamanin etkin birim
sekildegtirmesinin hesabinda DBYBHY
(2007) icin Denklem 5’te, TBDY (2018)
icin ise Denklem 6’da verilen sinir
degerler dikkate alinmaktadir.

& < 0.50 &, < 0.004 5)

& <0.50& <0.01 (6)
Denklem 5-6'da verilen &g, lifli polimer
sargimin kopma birim uzamasini temsil
etmektedir.

2.2. Kesit ve malzeme o6zellikleri

Calisma kapsaminda lifli polimer
sargilama ile giliclendirilen betonarme
kolonlarin 6zellikleri belirlenirken son
50 yil i¢inde tilkemizdeki yap1 stokunun
tasariminda kullanilmis olan
yonetmelikler dikkate alinmistir. Bu
kapsamda 1975 ve 1998 yillarinda
yayimlanmis olan Afet Bolgelerinde
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Yapilacak Yapilar Hakkinda Yonetmelik
(ABYYHY), Yapilarin
Tasarim ve Yapim Kurallar1 (TS 500,
2000), DBYBHY (2007) ve TBDY
(2018)'de betonarme kolonun
tasariminda verilmis olan sinir degerler
Tablo 1’de verilmistir.

Betonarme

Tablo 1. Tasarim yOnetmeliklerinde
verilen sinir degerler.
bmin Ac fck

Yonetmelik (mm) (mm2 (MPa)
A](?;;{SY 250 75000 16
AE?Q{SY 250 75000 16

ooy
DZEE;IY 250 75000 20
(1;%11); 300 90000 25

Tablo 1’de verilen bmin, betonarme
kolonun minimum kesit boyutunu; A,
betonarme kolonun enkesit alanini; fo
ise minimum beton basing dayanimin
temsil etmektedir.

DBYBHY (2007)ye gore betonarme
kolonlara lifli  polimer sargilama
yapilabilmesi  igin kenar
boyutunun kisa kenar boyutuna orani
(h/b) ikiden, TBDY (2018)’ye gore ise iki
bucguktan fazla olmamalidir. Ayrica
betonarme kolonlarin koseleri en az 30
mm yarigapmda yuvarlatilmalidr.

uzun

Calismada beton basing dayanimi ve
birim sekil degistirme degeri arastirilan
betonarme kolonlarin kesit 6zellikleri ve
lifli polimer sarg1 detaylar1 Tablo 2'de

sunulmugtur. Kesitlerin kisa kenar

boyutu 250 ve 300 mm, uzun kenar
boyutu ise kisa kenar boyutuna esit veya
50 mm arttirilarak kombinasyonlar
yapilarak belirlenmistir. Lifli polimer
sargi ile giiclendirme incelendiginden
dolayzs,

belirtilen

tasarim  yonetmeliklerinde
basmng dayanimi
sinirlarimin altinda ti¢ farkli beton basing
dayanumi dikkate alinmistir. Calismada
Lifli polimer sarg: kat adedinin ve
yuvarlatma yarigapinin
etkisi de incelenmigtir. 324 adet beton
basing dayanimi ve birim  sekil
degistirme degeri hem DBYBHY (2007)
hem de TBDY (2018) icin elde edilmistir.

beton

degisiminin

Tablo 2. Kesit 6zellikleri ve lifli polimer
sargilama detaylar1.

Degisken Deger Aralig1
b (mm) 250-300
h/b 1.0-25
fem (MPa) 5-10-15
yali 1-2-3
rc (mm) 30-35

Tablo 2’de verilen n lifli polimer sarg:
kat adedini  temsil etmektedir.
Calismada tek dogrultulu karbon lifli
SikaWrap-300C sargi malzemesinin
ozellikleri dikkate alinmistir (Tablo 3).

Tablo 3. Sargi malzemesinin 6zellikleri.

Teknik Ozellikler
Yogunluk (g/cm?) 1.82
Kalinlik (mm) 0.167
Cekme Dayanimi (MPa) 4000

Elastisite Modiilii (GPa) 230
Kopma Uzamast (%) 1.7

2.3. Coklu dogrusal regresyon

Coklu dogrusal regresyon, birden fazla
bagimsiz  degiskenin  bir bagimh
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degisken iizerindeki etkisini inceleyen
istatistiksel bir analiz yontemidir. Genel
formiilii Denklem 7’de verilmistir.
Y=B+AX; +AX, + - +AX, (7)
Denklem 7’de wverilen Y, bagimh
degiskeni; B, sabit katsayiy; A,
regresyon katsayilarmi; X, bagimsiz
degiskenlerini; n ise girdi say1sin temsil
etmektedir. Buradaki amag, bagimsiz
degiskenler i¢in en iyi uyum saglayan
regresyon sabit  katsayilarini
belirlemektir. Bagimsiz degiskenler
kullarularak bagimli degiskenin degeri
tahmin edilebilmektedir.

ve

2.4. Anfis
Anfis, bularuk mantik sistemleri ile
yapay sinir aglarimi birlestiren bir

ogrenme yontemidir. Bulanik mantik
sistemlerinin esnekligi ile yapay sinir
aglarmin 6grenme yetenegini bir araya
getirerek karmastik sistemleri modelleme
ve tahmin etme imkani sunar. Buradaki
temel amag, girdi veri kiimesinden
alinan bilgiyi kullanarak ¢ikti degerini
tahmin etmektir (Sekil 3). Ozellikle,
karmasik olmayan veri kiimelerinde ve
giris degiskenlerinin arasindaki
iligkilerin belirsiz oldugu durumlarda
etkili olmaktadir. Ingaat miihendisligi ile
ilgili yapilmis olan bir¢ok ¢alismada da
tercih edilmistir (Kaya, wvd. 2014;
Saplioglu & Kiiglikerdem, 2018; Saltan &
Alaefary, 2018; Saplioglu &
Kucukerdem, 2018; Sungur, vd., 2022;
Acar & Saplioglu, 2022).
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Sekil 3. Anfis modellerinin yapist.
3. Bulgular

3.1. Sargili beton basing¢ dayanimlari ve
birim sekil degistirmeler

Calismada oncelikle DBYBHY (2007) ve
TBDY (2018) igin lifli polimer ile
sargilanmis cesitli enkesit
boyutlarindaki betonarme kolonlarin
beton basing dayanimi ve birim sekil
degistirme degerleri elde edilmistir. Elde
edilen sargilanmis beton  basing
dayanimi ve birim sekil degistirme
degerlerinin  yorumlanabilmesi igin
TBDY (2018) icin elde edilen degerler
DBYBHY (2007)'ye oranlanarak artis
ylizdeleri hesaplanmis ve Tablo 4te
sunulmustur. Ayrica mevcut beton
dayanimina gore sargili beton basing
dayanumlarimin dagilimi Sekil 4 ile Sekil
6 arasinda, sargl kat adedine gore birim
sekil degistirmelerin dagilimi ise Sekil 7
ile Sekil 9 arasinda verilmistir.
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Tablo 4. Beton basing dayanimi ve birim sekil degistirme degerlerinin artis orani.
n¢=1 kat nt = 2 kat ns = 3 kat
b h Ic fon =5 MPa fom =10 MPa fon =15 MPa fn =5 MPa fon=10 MPa  fam =15 MPa fom =5 MPa fom=10 MPa  fam =15 MPa
(mm) (mm) (mm) fe Ec fe Ec fec Ec fec Ec fec Ec fe Ec fe Ec fe Ec fec Ec
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

250 250 30 299 59.6 17.3 52.0 12.1 46.7 47.3 65.3 299 59.6 21.9 55.4 58.6 67.8 39.6 63.2 29.9 59.6
250 300 30 27.0 58.2 153 50.2 10.7 44.8 43.5 64.3 27.0 58.2 19.6 53.8 54.7 67.0 36.1 62.0 27.0 58.2
250 350 30 242 56.7 13.6 48.4 9.4 42.9 39.8 63.2 242 56.7 174 52.1 50.8 66.2 32.8 60.8 242 56.7
250 400 30 21.6 55.1 11.9 46.4 8.2 40.8 36.2 62.0 21.6 55.1 15.3 50.2 46.7 65.2 29.5 59.4 21.6 55.1
250 450 30 19.0 533 10.4 44.3 7.1 38.6 325 60.7 19.0 533 13.4 482 4.6 64.1 263 579 19.0 533
250 500 30 16.5 51.3 8.9 42.0 6.1 36.2 28.7 59.1 16.5 51.3 11.5 46.0 38.2 62.7 23.0 56.1 16.5 51.3
250 550 30 14.0 48.8 7.4 39.3 51 33.5 249 57.1 14.0 48.8 9.7 43.3 33.6 61.1 19.7 53.9 14.0 48.8
250 600 30 11.5 45.9 6.0 36.1 4.1 30.4 20.8 54.7 115 459 7.9 40.2 28.6 59.0 16.4 51.2 115 459
250 250 35 313 60.2 18.2 52.7 12.8 47.6 49.0 65.7 313 60.2 23.0 56.1 60.4 68.2 413 63.7 313 60.2
250 300 35 28.3 58.9 16.2 51.0 113 45.7 45.2 64.8 283 58.9 20.6 54.5 56.5 67.4 37.7 62.6 283 58.9
250 350 35 254 57.4 14.3 49.2 10.0 43.7 41.5 63.7 254 57.4 18.3 52.8 52.6 66.6 34.3 61.4 254 57.4
250 400 35 228 55.9 12.7 474 8.8 418 37.9 62.6 228 55.9 16.3 511 48.6 65.6 31.0 60.1 228 55.9
250 450 35 20.2 542 111 45.3 7.6 39.6 342 61.3 20.2 54.2 14.3 49.2 445 64.6 27.8 58.6 20.2 54.2
250 500 35 17.6 523 9.6 43.1 6.6 374 30.5 59.9 17.6 52.3 124 47.1 40.3 63.4 24.5 56.9 17.6 52.3
250 550 35 15.2 50.0 8.1 40.6 5.6 34.8 26.7 58.1 152 50.0 10.6 44.6 35.8 619 213 55.0 15.2 50.0
250 600 35 12.7 47.4 6.7 37.7 4.6 32.0 228 55.9 12.7 474 8.8 418 31.0 60.1 18.0 52.6 12.7 474
300 300 30 247 57.0 139 48.8 9.7 43.2 40.6 63.5 247 57.0 17.8 524 51.5 66.3 334 61.0 247 57.0
300 350 30 22.6 55.8 126 47.2 8.7 41.6 37.6 62.5 22.6 55.8 16.1 51.0 48.3 65.6 30.8 60.0 22.6 55.8
300 400 30 20.5 54.4 11.3 45.6 7.8 40.0 347 615 205 54.4 14.6 49.5 45.1 64.8 282 58.8 205 54.4
300 450 30 18.6 53.0 10.1 439 7.0 38.2 319 60.4 18.6 53.0 13.1 47.9 419 63.9 25.7 57.6 18.6 53.0
300 500 30 16.7 51.4 9.0 42.1 6.2 36.4 29.0 59.2 16.7 514 11.7 46.1 38.5 62.8 233 56.2 16.7 514
300 550 30 14.8 49.7 7.9 40.2 54 344 26.2 57.8 14.8 49.7 10.3 442 35.1 61.7 20.8 54.7 14.8 49.7
300 600 30 13.0 47.7 6.9 38.1 4.7 323 233 56.2 13.0 477 9.0 421 316 60.3 18.4 529 13.0 47.7
300 650 30 11.2 45.4 5.9 35.7 4.0 30.0 20.3 54.3 11.2 454 7.7 39.8 279 58.7 159 50.8 11.2 454
300 700 30 9.4 42.8 49 329 3.3 274 17.3 52.0 9.4 42.8 6.4 37.0 24.1 56.7 135 48.3 9.4 42.8
300 750 30 7.6 395 3.9 298 26 245 142 49.0 7.6 39.5 5.2 337 20.0 54.1 11.0 452 7.6 39.5
300 300 35 259 57.7 14.6 495 10.2 44.1 4.1 63.9 259 57.7 18.7 53.1 53.2 66.7 34.8 61.6 259 57.7
300 350 35 23.7 56.4 13.2 48.0 9.2 424 39.1 63.0 23.7 56.4 17.0 51.7 50.0 66.0 321 60.5 23.7 56.4
300 400 35 215 55.1 119 46.4 8.2 40.8 36.2 62.0 21.5 55.1 153 50.2 46.7 65.2 29.5 59.4 21.5 55.1
300 450 35 19.5 53.7 10.7 44.8 7.4 39.1 333 61.0 195 53.7 13.8 48.7 435 64.3 27.0 582 195 53.7
300 500 35 17.6 522 9.5 43.1 6.6 373 30.4 59.8 17.6 522 12.4 47.0 40.2 63.4 245 56.9 17.6 522
300 550 35 15.7 50.6 8.5 41.2 5.8 35.4 27.6 58.5 15.7 50.6 11.0 45.2 36.9 623 220 55.5 15.7 50.6
300 600 35 13.9 48.7 7.4 39.2 5.0 334 24.7 57.0 139 48.7 9.7 43.2 334 61.0 19.6 53.8 13.9 48.7
300 650 35 12.1 46.6 6.4 36.9 4.3 312 218 553 121 46.6 8.3 41.0 29.8 59.6 172 519 121 46.6
300 700 35 10.3 442 5.4 34.4 3.6 28.8 18.8 53.2 10.3 44.2 7.1 38.5 26.1 57.8 14.7 49.6 10.3 44.2
300 750 35 8.5 41.2 4.4 314 3.0 26.0 15.8 50.6 8.5 41.2 5.8 35.5 22.1 55.5 122 46.9 8.5 41.2
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Sekil 5. 10 MPa beton dayanimina sahip kesitlerin lifli polimerle sargilama sonucu beton basing dayanimlari.
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Sekil 6. 15 MPa beton dayanimina sahip kesitlerin lifli polimerle sargilama sonucu beton

basing dayanimlari.
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Sekil 7. 1 kat lifli polimerle sargilanan kesitlerin birim sekil degistirme degerleri.
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Sekil 9. 3 kat lifli polimerle sargilanan kesitlerin birim sekil degistirme degerleri.
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Tablo 4'te TBDY (2018) icin hesaplanan
sargili  beton basing dayammlar
DBYBHY (2007)’ye gore 1 kat sargilama
yapilan kesitlerde %7.6 ile %60.4, 2 kat
sargilama yapilan kesitlerde %3.9 ile
%41.3, 3 kat sargilama yapilan kesitlerde
ise %2.6 ile %31.3 arasinda daha yiiksek
elde edilmistir. Birim sekil degistirme
degerleri incelendiginde 1 kat sargilama
yapilan kesitlerde %39.5 ile %68.2, 2 kat
sargilama yapilan kesitlerde %29.8 ile
%63.7, 3 kat sargilama yapilan kesitlerde
ise %24.5 ile %60.2 arasinda artmistir.
Kesitin yuvarlatma yarigapinin artmas:
sargili beton basing dayanimini ve birim
sekil degistirme degerini arttirmistir.

Sekil 3-5'te verilen gri renkli yatay ¢izgi,
lifli polimer ile sargilama sonucunda
mevcut beton basing dayaniminin en az
%20 artmast smirini  gostermektedir.
DBYBHY (2007) ve TBDY (2018)’de lifli
polimer ile sargilama sonucunda beton
bu altinda
kalmamas1 gerekmektedir. Sekil 4-6
incelendiginde bu sartin saglanabilmesi
icin mevcut beton basing dayanimin
artmasi ile sargi kat adedinin arttirilmasi
gerekmektedir.

dayaniminin smirin

Kesitin uzun kenar
boyutunun kisa kenar boyutuna oramn
arttikca sargili beton basing dayanimi
diismektedir.

Sekil 7-9’da dusiik Dbeton basing
dayanumli  kesitlerde lifli  polimer
sargilama  yapimasi  birim  sekil
degistirme  degerini daha fazla

arttirmaktadir. Sargilama kat adedinin
artmast ile birim sekil
degerleri de artmaktadir. Kesitin uzun
kenar boyutunun kisa kenar boyutuna
orani arttikca birim sekil degistirme

degeri diismektedir.

degistirme
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3.2. Coklu regresyon ve Anfis sonugclari

Calisma kapsaminda TBDY (2018) igin
elde edilen 324 adet sargili beton basing
dayanimi ve birim sekil degistirme
degeri kullanilmistir. Girdi parametresi
olarak kesit 6zellikleri (b, h, h/b, fa) ve
lifli polimer sargilama detaylari (re, ns, py)
kullamilmustir.  Lifli  polimer sarg:
malzemesine ait tr ve Ew degerleri tiim
kesitlerde sabit oldugu icin girdi
parametresi olarak dikkate alinmamustir.
Girdi parametrelerinin tek tek dikkate
alindigr  c¢oklu  regresyon
yapilarak regresyon (R?) degerlerine
bakilmistir (Tablo 5). Boylece etkili olan
girdi parametreleri belirlenebilmistir.

analizi

Tablo 5. Girdi parametrelerinin
regresyon sonuglari.
1. R?
Girdi i P
b (mm) 0.018 0.038
h (mm) 0.121 0.259
h/b 0.110 0.235
fem (MPa) 0.719 0.327
Ic (mm) 0.001 0.002
ns 0.132 0.286
pr (%) 0.223 0.467

Tablo 5 incelendiginde hem beton basing
dayaniminda hem de birim gekil
degistirme degerinde b ve r. girdi
parametreleri digerlerine gore az etkili
veya etkisiz olmustur. Beton basing
dayanimu icin en etkili girdi parametresi
fem, birim sekil degistirme igin ise ps
oldugu goriilmiistiir.

Etkili girdi parametreleri belirlendikten
sonra girdi modelleri olusturularak en
uygun
calisilmigtir (Tablo 6-7). Bunun igin her

girdi modeli belirlenmeye
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girdi modelinin R? ve diizeltilmis
regresyon (Adjusted R?) degerleri
belirlenmistir. Her girdi parametresi
modeldeki R? degerini arttirir iken
Adjusted R? degerini sabit tutmakta
veya azaltmaktadir. Bu yiizden en
uygun girdi modeline karar verirken
Adjusted R? degerinin dikkate alinmasi
gerekmektedir (Denklem 8).

Tablo 6. f« icin girdi modellerinin R? ve

Adjusted R? sonuglar.
Girdi Modelleri R2? Adjusted R?
fom 0.719 0.718
fom - pg 0.942 0.941
fom - pg -1 0.983 0.983
fan - pe-h 0.986 0.986
fam - pe-h/b 0.988 0.988
fan - pr—h/b-ni  0.994 0.993

Tablo 7. Ec igin girdi modellerinin R? ve

Adjusted R? sonuglar.
Girdi Modelleri R?  Adjusted R?
Pt 0.467 0.466
P - fem 0.794 0.793
P - fem - 11t 0.868 0.867
pg - fem - h 0.891 0.890
ps-fem-h/b  0.893 0.892
pg - fem - h/b-ni  0.899 0.898
2
Adjusted R? = 1 — % (8

Denklem 8de verilen N, toplam 6rnek
sayisini; p ise bagimsiz degisken sayisini
temsil etmektedir.

Tablo 6 ve Tablo 7'ye gore hem sargili
beton basing dayaniminin hem de birim
sekildegistirmenin belirlenmesinde fcm,
Pt h/b
kullanilmasinin

ve ni parametrelerinin

uygun oldugu
goriilmiistiir. En uygun girdi modelleri
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i¢in sacilim diyagramlar1 Sekil 10-11"de,

bu modellere ait ise

denklemler
Denklem 9-10’da verilmistir.
fom nt
Sekil 10. fe icin girdi modellerinin
sacilimlari.
Pt fem h/b ni
Sekil 11. & igin icin girdi modellerinin
sacilimlari.

Pr

foo = 2.634 + f., + 19.211p; — 1.651n¢
—1.525(h/b) (C))

Eee = [16.572 + 27.145p; — 0.753f 1,
—1.842n; — 2.884(h/b) ]10~3 (10)

Anfis icin 252 adet veri egitime, 72 adet
veri ise teste ayrilarak ii¢ ve dort girdili
modeller olusturulmustur. Modellerde
fem ve nt parametrelerinin deger aralig:
ti¢ adet oldugu icin alt kiime sayilar1 tiim
modellerde sabit tutulmus, h/b ve of
parametrelerinin alt kiime sayisi ise
degistirilmistir. Ornegin; 4  girdili
modelin  birinci  ve dordiincii
parametrelerinin alt kiime sayilar1 3 ile 6
arasinda degisirken, ikinci ve {igiincii
parametrelerininki ise 3 olarak sabit
birakilmigtir. Yani 4-3-3-4, 6-3-3-5, vb.

modelleri olusturulmustur. Buradaki
sayilar her bir parametrenin alt kiime
sayistni  ifade  etmektedir.  Anfis

modellerinden elde edilen R? ve mutlak
hata degerleri Tablo 8'de sunulmustur.
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Tablo 8. Anfis modellerine ait egitim ve test verilerinin sonuglari.

fec Ee
Model Girdiler Egitim Test Egitim Test
R2 Mutlak R2 Mutlak R2 Mutlak R2 Mutlak

Hata Hata Hata Hata
3-3-3-3 0.999 0.163 0.992 0.509 0.997 0.268 0.990 0.783
3-3-3-4 0.999 0.163 0.992 0.530 0.997 0.268 0.990 0.809
3-3-3-5 0.999 0.163 0.992 0.524 0.997 0.270 0.989 0.813
3-3-3-6 0.999 0.162 0.917 1.598 0.997 0.268 0.943 1.700
4-3-33 0.999 0.162 0.992 0.510 0.997 0.268 0.990 0.773
4-3-3-4 0.999 0.162 0.992 0.528 0.997 0.268 0.989 0.813
4-3-3-5 0.999 0.162 0.992 0.519 0.997 0.268 0.990 0.802
4-3-3-6 Wb - fon -~ 0.999 0.162 0.919 1.568 0.997 0.268 0.941 1.724
5-3-3-3 0.999 0.162 0.993 0.502 0.997 0.268 0.990 0.774
5-3-3-4 0.999 0.162 0.992 0.508 0.997 0.268 0.989 0.804
5-3-3-5 0.999 0.162 0.993 0.489 0.997 0.268 0.991 0.764
5-3-3-6 0.999 0.162 0.925 1.512 0.997 0.268 0.942 1.696
6-3-3-3 0.999 0.162 0.990 0.557 0.997 0.268 0.988 0.802
6-3-3-4 0.999 0.162 0.991 0.538 0.997 0.268 0.990 0.772
6-3-3-5 0.999 0.162 0.977 0.807 0.997 0.268 0.985 0.899
6-3-3-6 0.999 0.162 0.894 1.829 0.997 0.268 0.941 1.709
3-3-3 0.998 0.213 0.989 0.596 0.995 0.352 0.985 0.938
3-3-4 0.999 0.168 0.990 0.584 0.997 0.279 0.988 0.899
3-3-5 0.999 0.180 0.990 0.589 0.997 0.296 0.986 0.934
3-3-6 0.999 0.164 0.990 0.589 0.997 0.271 0.987 0.927
4-3-3 0.998 0.212 0.990 0.590 0.995 0.349 0.985 0.933
4-3-4 0.999 0.170 0.991 0.579 0.997 0.285 0.987 0.907
4-3-5 0.999 0.171 0.988 0.622 0.997 0.283 0.982 0.985
4-3-6 Wb f 0.999 0.170 0.991 0.560 0.997 0.270 0.987 0.914
5-3-3 /b - fom - 0.998 0.197 0.990 0.588 0.995 0.349 0.985 0.932
5-3-4 0.999 0.170 0.991 0.578 0.997 0.281 0.988 0.886
5-3-5 0.999 0.163 0.963 1.091 0.997 0.269 0.929 1.812
5-3-6 0.999 0.162 0.991 0.560 0.997 0.269 0.988 0.879
6-3-3 0.998 0.198 0.989 0.612 0.995 0.340 0.985 0.952
6-3-4 0.999 0.166 0.990 0.590 0.997 0.275 0.986 0.936
6-3-5 0.999 0.168 0.962 1.036 0.997 0.280 0.937 1.650
6-3-6 0.999 0.162 0.990 0.582 0.997 0.268 0.987 0.896
3-3-3 0.233 4.086 0.399 4114 0.537 3.406 0.657 3.835
3-3-4 0.233 4.086 0.400 4117 0.537 3.406 0.658 3.840
3-3-5 0.233 4.086 0.400 4116 0.537 3.406 0.657 3.841
3-3-6 0.233 4.086 0.327 4.369 0.537 3.406 0.615 4.096
4-3-3 0.233 4.086 0.400 4114 0.537 3.406 0.657 3.834
434 0.233 4.086 0.399 4116 0.537 3.406 0.656 3.841
435 0.233 4.086 0.400 4115 0.537 3.406 0.657 3.840
4-3-6 Wb -ni- 0.233 4.086 0.327 4.365 0.537 3.406 0.612 4.110
5-3-3 0.233 4.086 0.400 4113 0.537 3.406 0.658 3.834
5-3-4 0.233 4.086 0.399 4114 0.537 3.406 0.657 3.836
5-3-5 0.233 4.086 0.400 4.113 0.537 3.406 0.658 3.833
5-3-6 0.233 4.086 0.322 4.379 0.537 3.406 0.611 4.104
6-3-3 0.233 4.086 0.398 4115 0.537 3.406 0.657 3.833
6-3-4 0.233 4.086 0.398 4.118 0.537 3.406 0.657 3.834
6-3-5 0.233 4.086 0.395 4125 0.537 3.406 0.651 3.863
6-3-6 0.233 4.086 0.320 4.403 0.537 3.406 0.613 4.086
3-3-3 0.982 0.628 0.967 1.091 0.958 1.026 0.955 1.688
4-3-3 /b - fon - 1 0.982 0.624 0.970 1.019 0.958 1.021 0.957 1.589
5-3-3 0.982 0.621 0.971 1.031 0.959 1.018 0.958 1.628
6-3-3 0.984 0.594 0.971 1.029 0.962 0.974 0.960 1.598
3-3-3 0.986 0.558 0.967 1.033 0.964 0.946 0.944 1.712
3-3-4 -1 py 0.988 0.518 0.968 0.988 0.970 0.869 0.943 1.661
3-3-5 0.986 0.548 0.968 1.021 0.969 0.886 0.931 1.841
3-3-6 0.989 0.500 0.892 1.764 0.972 0.839 0.897 2.164
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Tablo 8 h/b ve ps
parametreleri i¢in alt kiime say1isinin bes
oldugu dort girdili 5-3-3-5 modeli hem
sargili beton basing dayanimi hem de

incelendiginde

birim sekildegistirme degeri icin en iyi
sonucu vermistir. Bu modelin egitim ve
test verilerinin sonuglar1 ic¢in sagilim
diyagramlar: Sekil 12’de verilmistir.

Tahmin Edilen Ecc (10-3)

’ O Egitim Verileri
D T T T T T T

0 5 10 15 20 25 30 3
Hesap Edilen Ecc (10°3)

30.0 30.0

oo oo

E 25.0 A E 25.0 A

g 20.0 A g 20.0 A

8 8

=1 =1

% 15.0 4 % 15.0 4

5 5

.5 10.0 + .5 10.0 +

=] =]

= =

E 5.0 - E 5.0

e 0 Egitim Verileri e O Test Verileri
0.0 T T 0.0 T T
0.0 10.0 20.0 30.0 0.0 10.0 20.0 30.0
Hesap Edilen fcc (MPa) Hesap Edilen fcc (MPa)
35 y 35 7
0 | y=09971x+3E-05 - 20 4 y=0.9247x+0.0009, %
(A ’
R2=0.9971

Tahmin Edilen Ecc (10-3)

’ 0 Test Verileri

0 5 10 15 20 25 30 35
Hesap Edilen Ecc (10-3)

]

Sekil 12. 5-3-3-5 modeline ait sac¢ilim diyagramlari.

4. Sonuclar

Calisma kapsaminda lifli polimer ile
sargilanmis farkli kesit Ozelliklerine
sahip betonarme kolonlarin beton basing
dayanimlar1 ve birim sekil degistirme
degerleri DBYBHY (2007) ve TBDY
(2018) igin elde edilmis ve sonuglar

kiyaslanmuigtir.  Sargili  beton basing
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dayaniminda ve birim sekil degistirme
degerinde etkili olan parametreler ¢oklu
regresyon analizleri yapilarak
belirlenmis ve cesitli Anfis modelleri
olusturularak tahmin edilmigtir. Elde
edilen sonuglar agsagida verilmistir.

¢ TBDY (2018) igin hesaplanan sargih
beton basing dayanimi ve birim sekil



Giindogay, A., 2024

degistirme degerleri DBYBHY
(2007)'ye kiyasla daha yiiksek elde
edilmistir. Bunun nedeni DBYBHY
(2007)'de lifli polimer sargilamanin
etkin birim sekil degistirme smir
¢ok diisiik  seviyede
olmasidir. Bu durum sargilamadan
dolay1r ortaya c¢ikan yanal basing
miktarin kisitlamaktadir.

Mevcut beton basing dayaniminin
artmasi halinde lifli polimer sarg: kat
adedinin arttirllmas1 gerekmektedir.
Bunun nedeni hem DBYBHY (2007)
hem de TBDY (2018)’de lifli polimerle
sargilama sonucunda mevcut beton

degerinin

basing dayaniminin en az %20 artmasi
zorunlulugudur.

Diisiik beton basing dayanimina sahip
kesitlerde lifli polimer sargilamanin

yapilmasi birim gsekil degistirme
degerini daha fazla arttirmaktadir.
Bunun nedeni lifli polimer

sargilamanin sagladigr yanal basing
miktariin beton basing
dayanimindan bagimsiz olarak elde

mevcut

edilmesidir.

Betonarme kolon kesitinin h/b orani
artmasi halinde sargi etki alanmn
etkisi azaldig1 i¢in lifli polimer sarginin
sagladig: katkis1
azalmaktadr.

Betonarme kolon kesitinin h/b orani
halinde  birim  sekil
degistirme degeri artmaktadir.
Betonarme kesitin koselerinde yapilan
yuvarlatma yarigapinin artmasi sargil
beton basing dayanimini ve birim sekil
degistirmeyi az miktarda da olsa
arttirmaistir.

Coklu regresyon analizleri sonucunda

yanal  basing

azalmasi

sargill beton basing dayanimimnin
belirlenmesinde en  etkili girdi
parametresi mevcut beton basing
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dayamimi, birim sekil
degerinde lifli
sargilamanin hacimsel oranidir.

¢ Anfis sonucunda dort girdili (h/b - fem -
ne - pf) ve alt kiime sayisinin 5-3-3-5
oldugu model sargili beton basing
dayaniminin ve birim sekil degistirme
degerinin tahmininde olduk¢a iyi
sonuglar vermistir.

Gelecekte yapilacak calismalarda farkh

kesit boyutlar1 / beton basing

dayarumlar1 / lifli polimer sargi

malzemeleri / sargr kat adetleri igin

calismanin genisletilmesi literatiire katki

saglayacaktir.

degistirme

ise polimer

Uluslararasi

yonetmelikler icin gerilme-sekil
degistirme diyagramlar1 elde edilerek
TBDY (2018)'nin sonuglariyla
kiyaslanabilir. Sonlu elemanlar
programlar1  kullanilarak  kesitlerin
modelleme  ¢alismalar1  yapilabilir.

Deneysel ¢alismalar yapilarak teorik
hesaplar ile uyumu incelenebilir.

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarini beyan
ederler.

Yazarlik Katki Beyani

Yazar 1: Kavramsallagtirma, Metodoloji,
Dogrulama, Analiz ve yorumlama,
Aragtirma, Yazma/orijinal taslak,
Yazma/inceleme ve diizenleme,
Gorsellestirme

Cikar Catismasi Beyani

Yazarlarm bu makalenin igerigiyle ilgili olarak
beyan edecekleri higbir ¢ikar ¢atismasi yoktur.

Verilerin Kullanilabilirligi
Bu calisma sirasinda olusturulan veya analiz

edilen tiim veriler, yaymnlanan bu makaleye dahil
edilmistir.
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Abstract

This study applied the hierarchical clustering algorithm to categorize bike-sharing
system stations operating in Izmir, Tiirkiye, based on their temporal usage patterns.
By distinguishing between transportation- and leisure-oriented trips, the research
provides insights into the operational dynamics of the system. The findings
highlighted spatial and temporal distinctions, with Konak Iskele Station consistently
emerging as a separate cluster for transportation-oriented trips, indicating its crucial
role due to its central location and proximity to public transportation hubs. In the case
of leisure-oriented trips, the analysis revealed three clusters on weekdays, with Konak
Iskele Station maintaining its prominence, particularly in the afternoon and late
evening hours. However, weekend trips were characterized by the identification of
two main clusters. These results emphasize the importance of tailored management
strategies for bike-sharing systems, suggesting that transportation-oriented trips may
benefit from more strategic station placements and enhanced connectivity to public
transit.
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Bisiklet Paylasim Sistemi Istasyonlarinin
Siniflandirilmasinda Hiyerarsik Kiimeleme
Algoritmasinin Uygulanmasi

Oz

Bu calismada, Izmir'de faaliyet gdsteren bisiklet paylasim sistemi istasyonlari,
zamansal kullanim sikligima gore hiyerarsik kiimeleme algoritmas: ile
siniflandirilmigtir. Arastirma, ulasim ve eglence amagcli yolculuklar arasinda bir
ayrim yaparak sistemin operasyonel dinamikleri hakkinda degerli bilgiler
sunmaktadir. Bulgular, Konak Iskele Istasyonu'nun ulagim amagl yolculuklar igin
stirekli olarak ayr: bir kiime olusturdugunu ve bu istasyonun merkezi konumu ile
toplu tasima merkezlerine yakinliginin ona Onemli bir rol kazandirdigim
vurgulamaktadir. Eglence amagl yolculuklar incelendiginde, yapilan analiz hafta ici
{i¢ ayr1 kiime ortaya koymustur. Konak Iskele Istasyonu'nun &zellikle 6gleden sonra
ve aksam geg saatlerde yogun bir sekilde kullanildig1 sonucuna varilmistir. Ote
yandan, hafta sonu yolculuklar igin istasyonlar iki ayr1 kiime halinde toplanmustir.
Bu sonuglar, bisiklet paylasim sistemleri icin 6zel yonetim stratejilerinin 6nemini 6n
plana c¢ikarmakta ve wulasim odakli yolculuklarin daha stratejik istasyon
yerlesimlerinden ve toplu tasimaya daha iyi baglantilardan faydalanabilecegini
gostermektedir.

Anahtar kelimeler: Bisiklet Paylasim Sistemi, Hiyerarsik Kiimeleme, Zamansal Kullanim,
Eglence Yolculuklar:
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1. Introduction

Bike-sharing systems (BSS) have become
a key element of sustainable urban
transportation, providing a flexible and
eco-friendly alternative for short-
distance travels (Bullock et al., 2017). By
offering an alternative to car usage, BSS
helps reduce traffic congestion and
improve air quality and supporting
cities' efforts towards sustainable
mobility goals (Fishman, 2016). While
numerous studies have examined the
factors influencing BSS usage, recent
research highlights the potential of using
advanced data such as
clustering  algorithms, better
understand travel behavior patterns of
bike-sharing system users (Zhou, 2015;
Du et al., 2019; Liu and Lin, 2019; Ma et
al., 2019; Chen et al., 2022; Zhu and Diao,
2020). These studies frequently employ
clustering algorithms to classify stations
based on temporal usage patterns over a
day. For example, Ma et al. (2019)
investigated the of
spatiotemporal  factors travel
behavior of BSS users, comparing three
clustering methods and ultimately using

analytics,
to

effects
on

the k-means algorithm to segment 477
BSS stations into seven distinct clusters.
Likewise et al. (2019) conducted two
based on the
temporal station usage intensity and trip
distances, using a Multinomial Logistic
Regression model to explore
relationships between BSS station usage
and land use structure. Zhou (2015)
analyzed the
characteristics of bike usage in Chicago
during 2013 and 2014, applying a
hierarchical clustering method to
categorize bike stations into five clusters

clustering analyses

spatiotemporal
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according to usage intensity and time of
day. This the
analysis of weekday and weekend travel
behavior across both years. Zhu and
Diao (2020) adopted a fuzzy c-means
clustering algorithm to classify BSS
stations in Hangzhou, China, into five
clusters based on temporal variations in
daily usage. Collectively, these studies
reveal that travel behavior patterns
derived from clustering analyses are
correlated with demographic
characteristics and land-use patterns. In
a related study, Du et al. (2019)
examined the spatiotemporal usage
patterns of the BSS in Shanghai. By
employing a hierarchical clustering
analysis, they identified temporal usage
characteristics of stations, grouping
them into three clusters based on peak
usage times: morning, evening, and both
morning and evening. Additionally, the
study employed a random forest
algorithm to identify key factors
influencing station usage frequency.
Chen et al. (2022) investigated factors
affecting BSS usage at rail stations in
Nanjing, China,
clustering to divide 90 stations into five

approach facilitated

often

utilizing  k-means

clusters based on peak bike rental and
return times. Beck et al. (2023) found five
different clusters via K-medoid analysis
and associated the built environment
and land use variables with each cluster.

In addition to the clustering algorithms-
based studies, travel characteristics of
bike-sharing trips and designing bike
routes have been focused on many
studies. For example, Pekdemir et al.
(2024) examined the factors influencing
the frequency of bike trips for different
purposes using the one-year BSS trips
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data for Izmir, Tiirkiye. The results
showed that the presence of car parks
and rail transit stations within a 600 m
catchment area of BSS stations was
associated with a higher frequency of
bike trips for transportation purposes. In
another study by Pekdemir et al. (2021)
the variations in the frequency of bike
trips were examined for different
seasons for the same city. Li et al. (2021)
reported similar results indicating that
the proximity to metro station was
positively associated with the bike
usage. Saplioglu and Aydin (2018)
proposed a GIS-based multicriteria
decision support system to identify safe
routes for connecting bike paths with
public bus stops. Accident prone areas,
bus lanes and car parks were identified
as the most influential variables. On the
other hand, Yemiscioglu et al. (2024)
found that slope was found the most
important criteria for designing the
bicycle routes. Another study by
Saplioglu and Giinay (2016) identified
key parameters for designing bicycle
routes on urban roads through survey-
based research.

The existing literature suggests that
clustering algorithms have primarily
been applied to large-scale BSSs trips,
where bicycles are predominantly used
for transportation purposes. However,
travel characteristics in BSSs designed
for recreational use, such as the Izmir
BSS system in Tiirkiye, have not been
extensively explored. This gap
literature forms the primary focus of this
study examines the
unique travel characteristics associated
with a smaller-scale, predominantly

in

research. This

leisure-oriented BSS. A distinctive
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feature of this research is its focus on
analyzing usage patterns through a
temporal frequency perspective, which
helps reveal the distinct dynamics of
recreational BSS system. By separating
travels for transportation and leisure,
this study offers new insights into the
operational dynamics of such systems.
In this study, a hierarchical clustering
algorithm was employed to analyze BSS
trip data, categorizing BPS stations
based on their daily temporal usage
patterns. The BSS trip data covers trips
recorded from 2021 to 2022 across 60
stations in Izmir, Tiirkiye, a period
which captures post-pandemic shifts in
mobility. The findings
clarify the travel patterns associated
with BSS trips, providing insights into
usage trends and behaviors. This study
makes a strategic contribution to urban
transportation planning by identifying
distinct usage trends in leisure-oriented
BSS.

recreational

2. Materials and Methods
2.1 Study area and Data Preprocessing

Data obtained from Izmir
Metropolitan Municipality for 60 BSS
stations, covering a two-year period of
BSS trip records from 2021 to 2022. The

location of the BSS is illustrated in Figure

was

1. This dataset includes information for
each trip, such as bicycle number, rental
station, rental time, drop-off station,
drop-off time, and trip duration. The
initial step was to eliminate noisy trip
data from the dataset (Pekdemir et al.,
2024; Guzel et al., 2025). Noisy trips were
characterized as those that returned to
the starting station within three minutes
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or had a duration of 150 minutes or more
(Pekdemir, 2024; Guzel et al., 2025).
Furthermore, official holidays within the
designated period were identified, and
trips occurring on these days were
excluded from the analysis.

N

-

Figure 1. BSS stations in Izmir, Tiirkiye.

2.2 Implementation of Hierarchical
Clustering Algorithm

Before  applying the  clustering
algorithm, it is essential to categorize
BSS trips based on their purpose. This
necessity
analyses of bike trips that indicated an
unbalanced relationship between travel
times and trip distances, as highlighted
in authors’” previous studies (Pekdemir
etal.,, 2024; Guzel et al., 2025). To prevent
any of interest, the
methodology for classifying BSS trips
was not discussed in this research but
detailed information can be found in
Guzel et al. (2025). Following the
classification of BSS trips into categories
of cycling for transportation and cycling
for leisure, a hierarchical clustering

arises from preliminary

conflicts

algorithm was applied to each trip
purpose, separately.

The
hierarchical model is grouping the object

fundamental principle of the
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into clusters based on their similarity.
The hierarchical approach was chosen
because it does not require a predefined
number of clusters, labels or categories.
The application of the hierarchical
clustering algorithm started by the
selection of choice of distance metric. A
suitable distance metric was selected as
Euclidean distance as similar in study
(Du et al, 2019). We applied Ward'’s
method, a hierarchical technique that
reduces within-cluster variance. This
approach progressively combines the
two nearest clusters at each step,
ensuring that the resulting clusters are as
consistent and homogeneous as possible
(Shalizi, 2009). More precisely,

ny +ny
—— X - Z||?
ny +n
dXUY,2) = |[+—————|ly - Z||
ny +ny + ny
ng
—— X = Y||?
\ ng+ny+ny

where X, Y, and Z denote the clusters and
ny, Ny, and n; represent the number of
clusters,
method offers

elements  within  those
respectively. Ward's
notable advantages.
minimize total variance within clusters,
Ward’s approach yields more balanced,

well-defined, and

By aiming to

homogeneous
clusters. Additionally, applying Ward's
method enhances the interpretability of
trip patterns across various temporal
and purpose-based categories. For
further details on hierarchical clustering
methods and their applications, we refer
the interested reader to the works of
Shalizi (2009) and Miillner (2011).
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Based on the focus of the study, the
hierarchical clustering algorithm was
applied to stations exhibiting similar
time-use patterns. To determine the
optimal number of clusters, an
experimental evaluation was performed
using the Silhouette score, which
measures the cohesion within clusters
and separation between clusters. This
score assesses how well each station fits
within its assigned cluster compared to
other clusters, with values ranging from
-1 to 1. A score close to 1 indicates that
the station is well-clustered and distinct
from neighboring clusters, while a score
near -1 suggests poor
meaning the station may belong to a
different cluster. The Silhouette score
can be expressed as follows:

J

where N, denotes the number of
elements over the cluster k. Moreover,
a(i) is the average distance of "
element to other points in the same
cluster whereas b(i) is the average
distance to the nearest other cluster. The
calculation of those values is as follows:

assignment,

1« b()-a()
max {Nk by max{a(j),b(j)}

M

a(i) = s Ljerying A ) )
b()) = mine =Y, di)) )

where |K;| stands for the number of
points of cluster involving i.

After categorizing the BSS trips by
purpose,
carried out based on the temporal usage

clustering analyses were
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patterns of the stations. These analyses
were conducted separately for weekday
and weekend trips, resulting in a total of
four distinct clustering analyses.

3. Results

The hierarchical structure of clusters for
transportation-oriented trips is shown in
Figures 2 and 3, representing weekdays
and weekends, respectively. In these
figures, each horizontal line corresponds
to a cluster, with the length of the line
indicating the distance between clusters.
The dendrogram demonstrates that BSS
stations can be grouped into several
clusters based on varying levels of
similarity. Accordingly, the Silhouette
analysis assesses the quality of the
clustering, where higher silhouette
scores reflect better cluster solutions.
The plot suggests that the optimal
number of clusters falls between 2 and 3,
as the silhouette coefficient reaches its
peak within this range. This indicates the
presence of two primary groups of BSS
stations, with distinct usage patterns.
The heatmap or hierarchical clustering
dendrogram results for the BSS stations
are depicted in Figure 4. It can be
observed that Konak Iskele Station
forms own cluster, while the
remaining 59 BSS stations fall into a
separate cluster. Additionally, Figure 4
highlights that Konak Iskele Station was
selected significantly more often than
the other stations. The clustering results
suggest a clear spatial and temporal
distinction between Konak Iskele Station
and the other stations, possibly
reflecting its central location, proximity
to the central business district, and ease
of access to public

its

transportation
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facilities. In other words, the fact that
Konak consistently forms a distinct
cluster suggests a strong station-specific
pattern that further
investigation.

requires

Regarding the clustering results for
leisure-oriented trips, Figures 5 and 6
display the hierarchical clustering
dendrograms for weekday and weekend

|

Hierarchical clustering dendrogram

Distance

BSS Stations

trips, respectively. Unlike
transportation-oriented cycling, three
distinct clusters were identified for
weekdays based on the silhouette score.
Once again, Konak Iskele Station formed
its own cluster, 20 BSS stations grouped
into a second cluster, and the remaining
39 stations comprised the third cluster.

Silhouette Analysis

0.55

e
w
=]

Silhouette Score
o
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&

e
Y
o

0.35

3.0 35 a.0

Number of clusters

Figure 2. Clustering analysis results for transportation trips for weekdays.
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Figure 3. Clustering analysis results for transportation trips for weekends.
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Figure 4. Hierarchical clustering dendrogram results for transportation trips.
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Figure 6. Clustering analysis results for cycling for leisure trips for weekends.
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‘Weekday

i

Figure 7.

For leisure-oriented trips, Konak iskele
Station is primarily used in the afternoon
and continues into the late evening
(Figure 7). Analysis of Cluster 2 (Figure
7) reveals that several stations are
preferred during morning peak hours
but also experience frequent usage
throughout the day. 3,
highlighted in green on the heatmap,
comprises stations that are less popular
and used infrequently during the day.
The temporal and spatial usage patterns
of these clusters suggest varying levels
of demand for leisure cycling,
potentially influenced by factors such as
closeness to recreational areas or access
to public facilities. In contrast, station
usage on weekends follows a different
pattern, as shown in Figure 7. The
Silhouette analysis indicated the
presence of two distinct clusters. The
hierarchical clustering dendrogram
(Figure 7) revealed that three stations
formed one cluster, while the remaining
stations were grouped into a separate
cluster. The stations in the first cluster (a
total of three) are primarily located in
recreational areas of Izmir, reflecting the

Cluster
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Weekend

leisure-oriented nature of their usage.
This distinct clustering on weekends
highlights a preference for certain
stations in leisure-oriented locations,
underscoring the impact of station
location on trip behavior. It can be
inferred that the distinctions between
the usage frequencies of stations on
weekdays and weekends were more
observable, particularly for leisure trips
(see Figure 7). This may be because
leisure trips are more likely to be
affected by factors such as recreational
preferences, seasonal activities, and free
time availability, which vary between
weekdays and weekends. Leisure trips
tend to increase on weekends, leading to
a concentration on trips at stations near
parks, or main attractions. On the other
hand, the number of clustered stations
for transportation-related cycling trips
remains consistent on both weekdays
and weekends. This likely reflects the

regularity and routine nature of
transportation-oriented trips.
Consequently, station wusage for

transportation trips is less affected by the
day of the week, as users often rely on
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predictable stations close to residential
or work areas, creating stable clustering
patterns across both weekdays and
weekends.

4. Discussion and Conclusions

This study provides a comprehensive
analysis of the travel behavior patterns
associated with the Izmir Bike-Sharing
System (BSS) by employing a
hierarchical clustering algorithm to
categorize stations according to their
temporal usage patterns. The results
yield valuable insights into the dynamics
of the system, particularly
distinguishing between transportation-
and leisure-oriented trips. The clustering
analysis for transportation-oriented trips
revealed a distinct spatial and temporal
separation, with Konak Iskele Station
consistently emerging as a separate
cluster. This distinct segregation
highlights Konak Iskele Station's
strategic role within the system, which
may be attributed to its central location,
accessibility, and integration with the
city's public transportation network.
This finding underscores the station's
importance, likely attributable to its
central location, proximity to the central
business district, and integration with
public transportation. On the other
hand,
gathered into one cluster, exhibiting
similar temporal usage characteristics.
This may be due to their locations in
residential or mixed-use areas with less

in

the remaining stations were

direct access to major transit hubs.

In contrast, the investigation into leisure-
oriented
clustering  patterns,

uncovered different
especially

trips
on
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weekdays where three unique clusters
were identified. Again, Konak Iskele
unique cluster,
indicating its central role in leisure trips,
especially during the afternoon and late
evening. Other stations in Cluster 2
demonstrated frequent use throughout
the day, while those in Cluster 3, were
less frequently used. The analysis of
weekend trips, however, indicated only
two main clusters, with three stations
forming a separate group. This
separation on weekends may indicate
that these stations are situated near
popular These
findings underscore the need for a
strategic approach in managing bike-
sharing systems by aligning station
placement and service availability with
observed demand patterns based on trip
purposes and temporal variations. For
instance, while transportation-oriented
trips may benefit from more strategic
placement of stations and improved
connectivity with public transit, leisure-
oriented  stations might require
enhancements in availability during
peak leisure times, particularly on
weekends. Future should
investigate the demographic and land-
use factors influencing the observed
clustering patterns.

Station formed a

leisure destinations.

research

Future research could explore the
application of alternative clustering
algorithms, such as k-means or C-fuzzy
clustering, to compare their effectiveness
in grouping trips based on purpose.
While this study focused on hierarchical
clustering with Ward’s method,
investigating ~ how  these  other
algorithms perform in terms of cluster
homogeneity and interpretability could
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provide valuable insights. Additionally,
incorporating a broader
factors, such as seasonal
variations, might further refine the
clustering process and offer a more
comprehensive understanding of trip
behaviors within bike-sharing systems,
which is the focus of the future research.

range of

external
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Oz

Siirdiiriilebilir bir ¢evre igin yesil binalar, enerji verimliligi ve sifir karbon emisyonu
hedefleri dogrultusunda yenilenebilir enerji sistemlerinin etkin kullanimi agisindan
onemlidir. Genis Olcekte bakildiginda, yesil binalarin yerlesim plani, giines
enerjisinden maksimum yararlanmay1 saglayacak sekilde tasarlandiginda, bina
Olgeginde enerji verimliligini artirir. Bu sebeple binalarin olusturdugu bir imar
adasinin veya bolgenin ana planlamasi, binalarin giines enerjisi kazanimi saglamak
i¢in ideal bir firsat olacak ve enerji bakimindan daha siirdiiriilebilir bir ortam
saglayacaktir. Bu calismada, Samsun ilinde, SEBE (Solar Energy on Building
Structures) algoritmasi kullanilarak, binalardaki giines enerjisinden en fazla verimin
alinabilmesi igin binalarin yerlesimini etkileyen imar adalarmin y6nelimleri {izerine
bir inceleme yapilmistir. Calismada iki farkli imar adasinda, imar adalarmin farkl
yonelimlerinde, duvarlarda biriken toplam giines enerji miktar1 hesaplanmistir.
Sonug olarak, yillik olarak duvarlarda biriken toplam giines enerji miktarinin, 7288
numarali imar adasinda, imar adasiin mevcut rotasyonu ile en yiiksek potansiyelde
oldugu, 12508 numarali imar adasinda ise 330°’lik rotasyon yani 30’ lik saat y&niiniin
tersine dondiiriilmesiyle giinesten maksimum verim alabilecegi hesaplanmigtir.

Anahtar kelimeler: Yesil Binalar, Giines Enerji Verimliligi, Imar Planlar:
*ISorumlu yazar
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Yesil Binalar icin Imar Plan: Tasarimlarinda Giines Enerji Verimliliginin Incelenmesi; Samsun Ornegi

Examining Solar Energy Efficiency in Development Plan
Designs for Green Buildings; Samsun Example

Abstract

Green buildings are important for a sustainable environment as they support energy
efficiency and zero carbon emission goals through the effective use of renewable
energy systems. On a larger scale, when the layout of green buildings is designed to
maximize solar energy utilization, it enhances energy efficiency at the building level.
For this reason, master planning of an area or region formed by buildings will be an
ideal opportunity to provide solar energy gain from buildings and will provide a
more sustainable environment in terms of energy. In this study, the SEBE (Solar
Energy on Building Structures) algorithm was used to investigate in Samsun province
for the orientations of zoning blocks that affect the layout of buildings in order to get
the most efficiency from solar energy in buildings. In this study, an examination was
made on the orientations of zoning islands that affect the layout of buildings in order
to get the most efficiency from solar energy in buildings. In order to obtain maximum
solar efficiency from the Digital Surface Model (DSM) taken in Samsun province the
island orientations in the development plans. The total amount of solar energy
accumulated on the walls in two different building blocks was calculated for different
orientations of the blocks. As a result, it was calculated that the total amount of solar
energy accumulated on the walls annually is at its highest potential in the current
rotation block numbered 7288, and that the zoning block numbered 12508 can obtain
maximum efficiency from the sun with a 330° rotation, i.e. a 30° counterclockwise
rotation.

Keywords: Green Buildings, Solar Energy Efficiency, Development Plans
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1. Giris

Gliniimiizde iklim ve gevre sartlarinda
yaganan olumsuzluklarin sebeplerinin
basinda, enerji tiretiminde kullanilan
yenilenemeyen enerji Kaynak Ari yer
Bu kaynaklardan enerji
dretimi  sirasinda  ortaya  ¢ikan
Karbondioksit (COz), Metan (CHs4) ve
Nitroz  oksit  (N20)
olusturdugu Sera Gazi Salinimi (SGS)
her gecen sene artmakta Crippa vd.
(2023) ve atmosferdeki 1s1 tutulumu ile
yeryiizii sicaklig ise her sene hissedilir
seviyede yiikselmektedir (IPCC, 2023).
Bu yiizden diinyada yenilebilir enerji
kaynaklarinin kullanimina biiyiik ilgi
bulunmaktadir (Yalcin ve Kilic, 2017;
Yalcin vd., 2023). Bununla birlikte enerji
tiikketimine bakildiginda;
mesken ve hizmet sektdriiniin toplam
enerji tiiketimine oram1 yiizde 36
civarindadir (Tikansak, 2014). Bu oranin
biiyiikliigiine istinaden konutlarda,
yenilenebilir  enerji  kaynaklarinin
kullaniminin arttirilip, enerji verimliligi

almaktadir.

gazlarinin

Tiirkiye'de

gbz oOniinde bulundurularak yesil
binalarin yogun oldugu ortamlar
gerceklestirilmelidir. Bunun

gerceklestirilmesi i¢in ise bina bazinda
yapilan enerji verimliligi calismalarinin

yaninda bu binalarin olusturdugu
bolgenin sartlar1 incelenerek yesil
binalara ~ uygun  hale  getirmek
gerekmektedir.

Bina Olgeginde enerji verimli binalar
sogutma,
binalarmn

incelendiginde; 1sitma,
aydinlatma amactyla
yapilanma kosullar1 ve yo&nelimleri
Oonemli bir kriter iken, genis Olcekte
bakilacak glines
enerjisinin miktarini

olursa, binalarda

depolanma
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etkileyen  etkenler;  dis

bina

cevresel
parametreler
parametreler olmak {izere iki bashk
altinda siralanabilir.  Dig
parametreler arasinda;
konumu (iklimi), meteorolojik veriler,
gilines 1s1im1 ve giineslenme siireleri,
bolgenin topografyast yer alirken; bina
olgegindeki parametreler arasinda bina
araliklari, bina yonlenmesi ve bina
formu gibi yer
almaktadir.

ve olgegindeki
cevresel
bolgenin

kentsel tasarimlar

Kentsel tasarimlarda enerji verimliligi ile
ilgili c¢alisma yapan Smmaz (2015),
inceledigi Lapseki kenti igin uydu
goriintiilerinde, enerji tedarigi
tiiketimi olan noktalar1 belirlemis, enerji
verimli yerlesme degerlendirme modeli
bulunmustur.  Ozellikle
kentlerde yerlesme formunun enerji
bakimindan kendine yeterlilik
belirlenmesi  konusu
tizerinde durmustur.

ve

Onerisinde

potansiyelinin

Demircan vd. (2017) c¢alismalarinda,
binalarda  pasif aktif  giines
sistemlerinin  incelemesini  yaparak,
enerji etkin bina tasarimi yapmuslardir.
Cevre binalarin etkilerini de géz dniinde
bulundurarak bir binanin giinesten en
fazla verim alacak sekilde; binanin
konumuna, formuna, bina kabuguna,

dikkat

ve

havalandirma durumuna

etmislerdir.

Ince ve Erdem (2020) Trakya Bolgesi igin
yaptiklar1 ¢alismada imar adalarindaki
olusturduklar1  golgeleri,
bulunduklar1  konumlar
bakimindan incelemesini yapmiglardir.

binalarin
binalarin

Giines acgilarini dikkate alarak yilin farkl

vakitlerinde  golge  yiiksekliklerini
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hesaplamislardir. Bu sekilde imar
adalar1 i¢inde binalarin yonlenimlerini
degerlendirmislerdir.
Yalgn vd. (2019), Izmir
ilgesinde yapmis olduklar1 c¢alismada
Cografik Bilgi Sistemi (CBS) ortaminda
glines potansiyelini incelemis SEBE

(Solar Energy on Building Structures)

Bergama

algoritmasmi  kullanarak  c¢atilarda
biriken enerji miktarlarini
belirlemislerdir.

Evren (2021), Istanbul Bahgelievler
Ilge’sinde bulunan sirinevler

mahallesinde bulunan yapi adalarmin
giines 15181 agisindan degerlendirmesini
yapmustir. Binalarin aydinlatilmasi ve
1sitilmast i¢in giines erisimi stiirelerini
glines acilarina gore belirlemisler. Bunu
adalarinda binalarin
yerlesimi farkli  yap1
yonelimleri dikkate alinmugtir.

yaparken yap1

ve adalarin

Akilli sehir uygulamalarinda enerji
verimliliginin 6nemi vurgulanarak,
binalarm yerlesim diizenlerinin

optimize edilmesinin sehir genelinde
enerji tasarrufuna katkida bulundugu
gosterilmistir (Dirik, 2023). Farzaneh vd.
(2021), akilli binalarin enerji
verimliligine yonelik yapay zeka
uygulamalarmi incelemis ve buna ait
cesitli yaklasimlar gelistirmislerdir.

Yapilan calismalar, iklim degisikliginin
etkilerini azaltmak igin yesil binalarin
yayginlasmasinin onemini ortaya
koymaktadir. Esfandi vd. (2024), enerji
verimlili§i projelerinde, yesil binalarin
tasarimlarinda enerji kazanimi tizerine
analiz  eden

belirleyici  etkenleri
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calismalarin derleme calismasini

yapmislardir.

Literatiirdeki ¢alismalar incelendiginde,
imar planlarinda bulunan imar adas:
yonelimlerinin yil igerisinde,
mevsimlerin giines hareketine gore bina

duvarlarinda Dbiriken giines enerji
miktarmin  hesaplandigi  ve enerji
korunumuna  yonelik  bir  Oneri
sunuldugu bir calisma

bulunmamaktadir. Bu ¢alismanin amaci,
Samsun ili Tlkadim ilgesindeki mevcut
iki imar adasinin imar adalarinin hali

hazirdaki ~ yonelimleri ve  farkh
yonelimleri i¢in bina duvarlarinda
biriken  glines  enerji = miktarlar
karsilastirilarak, imar adalarinin

glinesten en fazla verim almak i¢in imar
ada yonelimlerini degerlendirmektir.

2. Yesil Binalar ic¢in Imar Plam
Tasarimlarinda Giines Enerji Kazanimi
Yesil bina tasarimlarinda  enerji
verimliligi i¢in dikkat edilmesi gereken
etkenlerin basinda iklim gelmektedir
(Spagnolo ve Dear, 2003). Bu nedenle,
binalarin konumu ve yerlesimi de,
bolgenin iklim sartlarina
gereksinimlerine gore Dbelirlenmelidir.
Binalarin ihtiya¢ oldugu
zamanlar giines 1s1nim kazaniminin en
fazla oldugu, 1sitilmaya ihtiyag olmadig:
zamanlarda da glines
kazaniminin en az oldugu yon ve egime
gore
bulundugu iklim kusaginda, binalarin
dogu-bat1 ekseninde yerlesimi ile
kazanim bir miktar daha arttirilmis olur.
Yap1 kabugu ne kadar yiiksek seviyede
151 yalitimu yapilirsa, yapi i¢i hacimlerde

ve

1sitilmaya

1s1n1m

yerlestirilmelidir. ~ Tiirkiye'nin
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1s1 kazanci o kadar artacaktir (Berkoz
vd., 1995).
Binalarin bulundugu bolgenin
topografik karakteri ise egim, yon,
yansiticilik performansia bagli olarak
yerlesim konumunun belirlenmesine
etken olmakta ve yerlesimin giineslenme
potansiyelini olusturmaktadir (Sekil 1).

Sekil

1. Topografik  karakterin

glineslenme potansiyeline etkisi.

Uygun egim ve yonelim ile giineslenme
potansiyeli  arttirilarak,
iklimlendirme i¢in harcanan enerji en
aza indirgenir ve daha siirdiiriilebilir bir
yapili c¢evre olusturulmus olacaktir
(Evren, 2021).

1sitma ve

Kentsel tasarimlarda; yiiksek binalar
yakinlarindaki binalar1 golgelemektedir.
Bu durum, serin alanlarin istenildigi
durumlar icin bir avantaj olmasimna
karsin, giines erisimi istenilen alanlar
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bir Imar
yonetmelikleri,
diizenlemek i¢in giin 15181 veya giines
gerekli kilar. Bunun
zamansal yonelim ve giines acilari

igcin sorun  olabilir.
bina yerlesimini

erisimini icin

dikkate alinmalidir.

Binalar; yiikseklikleri, konumlar1 ve
aralarmdaki mesafe nedeniyle,
birbirlerine giines 1sinim1 ve riizgara
kars1 bir engel gorevi gorebilirler. Giines
1sininin 1sitma etkisinin kullanimi veya
korunmasi, zamanda binalar
arasindaki mesafe ve boyutlariyla da

ayni

ilgilidir. Bu nedenle, bina yonelimleri
tasarlanirken riizgarin faydali etkilerini
yok etmeyecek ve giinesten yararlanmak
tizerine c¢alisilmalidir (Gliltekin  ve
Demircan, 2017).

Bina ve bina topluluklar: tasarlanirken,
binalarin  giines 15181
yoniinden olumsuz etkilenmemesi icin
aralarindaki dikkatli bir
sekilde ayarlanmalidir. Bu sebeple, en
kiiciik bina alani, komsu binalarin
olusturdugu en uzun golge derinligine

ve riizgar

mesafeler

esit ya da daha biiyiik olmalidir (Koca,
2006). Boylelikle, oOzellikle 1sitma ve
sogutma amaglh enerji tiiketiminin en
yliksek oldugu donemlerde giinesten
bir sekilde faydalanmak
miumkiin olur (Yasan, 2011; Tunaly,
2012). Giintimiizde, giines 1siimi ve
agisindan

simiilasyon yazilimlariyla
belirlenmekte ve en ideal ¢ozlimler
gelistirilmektedir.

verimli

rizgar
araliklari

en uygun bina

Binanin yo6nii, i¢ mekanlarda dogal
havalandirma 15181
diizenlemek ve gereksiz 1s1 kayiplarim

saglamak,

Oonlemek i¢in kritik bir tasarim unsuru
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olarak degerlendirilebilir. Bu yiizden,
binanin yer aldigi iklim bdlgesinin
gereksinimlerine godre binalar,
giinesten ve riizgardan faydalanacak
hem de gerektiginde korunabilecek
sekilde planlanmalidir. Dis
faktorleri, Ozellikle giines 1smnim1 ve
riizgar, binanin yoniine gore farklilik

hem

iklim

gosterir.  Glinesin 1sitic1  etkisi  ve
riizgarm sogutucu etkisi, binanin yonii
dogrultusunda  degisir. Bir bina
tasarlanirken g0z oniinde

bulundurulmas1 gereken kurallardan
birisi kis aylarinda giines kazancini en
iist diizeye cikarmaktir. Yaz aylarindaki
dik giines 1sinlar1 ve kuzey yarimkiirede
kis giinesinin daha yatay aclarla
gelmesi, glineye bakan cephelerin kisin
daha giines
saglarken, yazin bu cepheler sagak ya da
giinesliklerle kolayca korunabilir. Bu
ylizden  enerji binalarin
tasariminda gilineye bakan cepheler
biiyiik bir 6neme sahiptir (Demircan ve
Giiltekin, 2017).

fazla 151811 almasini

verimli

3000E 35°00°E 40'00°E 45'00°E

formu, binanin
ozellikleri,  sekil
uzunluk-derinlik orami), yiikseklik, cati
tipi, ¢ati egimi ve cephe egimi gibi
unsurlarla tanimlanir. Bir yapmin dis
cevreden ayrilmasini saglayan
farkliliklar ~ asagida  verilmektedir

(Berkoz vd., 1995):

Bina geometrik

faktori  (binanin

- Binanin toplam ytizey alani,

- Farkli yonlere bakan ve egimleri farkl
olan cephe ytizeyleri,

- Farkli yonlere bakan ve egimleri
degisen cat1 yiizeyleri,

- Cephe ve cat1 ylizeyleri arasindaki
oranlar.

2. Materyal ve Metot
2.1 Calisma Alan1
Calisma alan1 Samsun ilkadim flcesi'nde

F36-b-17-d-3-c pafta numarali 12508 ve
7288 numarali yap1 adalaridir (Sekil 2).

TURKIYE

< 7 Jo samsun

N ,,..,;;

4
144

sroonf
ooy 7 500N

Ada: 12508

300E
SAMSUN

%000€ 4000E

Sekil 2. Calisma alanu.
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Ada: 7288
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Bu alanda fotogrametrik nokta bulutu 12508 yap1 adasi, bitisik nizam 4 kat ve
elde edilmistir. Calismada, kentsel imar 31 adet parselden olusmaktadir. 7288
adasinda ve binalarda; olusan giines  yap1 adasi ise, blok nizam 5 ve 6 kat
enerjisinden en yiiksek seviyede olmak iizere 25 adet parselden
faydalanmak igin fotogrametrik nokta  olusmaktadir. Calisma alanin imar plani
bulutundan tiiretilmis Sayisal Yiizey @ ve parsel durumu Sekil 3'te
Modeli (YM) kullanilmisgtir. gosterilmistir.

1 e EH . # o | e S <
Sekil 3. Calisma alani imar plani ve parsel durumlari; a) 12508 numarali imar adast,
b) 7288 numarali imar adasi.

2.2 Materyal net termal radyasyonu (lww), yiizeye
yayilan gilines radyasyonu (ka), ylizeye
Bina duvarlarma gelen yillik toplam  dogrudan gelen giines radyasyonu (kai)
enerji miktarinin  belirlenmesi icin  ve = riizgdr  yoniiwa)  degerleri
meteorolojik verilere ihtiya¢  kullamilmistir.
duyulmaktadir. Bu nedenle F36-b-17-d-
3-c pafta numarasina ait meteorolojik  Bagil nem degeri, "2 metre sicaklik
veriler ~ Avrupa  Birligi  destekli  degeri"(°C) ve "2 metre ¢iy noktas:
Copernicus iklim Degisikligi Servisi  sicaklik degeri"(°C) degiskenleri
(C3S) tarafindan saglanan ERA5  kullanarak hesaplanmistir. Riizgar yonii
Yeniden Analiz Veri tabanindan temin = (wdair) hesaplamak icin "10 metre
edilmistir. Bu calisma 2023 yili verilerin  yiikseklikteki — riizgarin ~ U-bileseni
tim yil i¢cin mevcudiyetinden dolayi, (doguya dogru olan bilesen)" ve "10
2023 yilmin tamamui igin  saatlik  metre ylikseklikteki riizgarin V-bileseni
kaydedilen bagill nem (RH), hava (kuzeye dogru olan bilesen)"
sicakligl (Taim, ylizeye ulasan toplam  degiskenlerini kullanarak
glines radyasyonu (kawn), yiizeye gelen  hesaplanmistir. Yiizeye yayilan giines
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radyasyonu (kaiff), yiizeye ulasan toplam
giines radyasyonu (kdown) ile dogrudan
radyasyon (kair) arasindaki fark olarak

Tablo 1. Meteorolojik verilerin bir kismi.

hesaplanmustir. Elde edilen meteorolojik
verilerin Ornek bir zaman dilimindeki
kismi Tablo 1’de sunulmustur.

Yiizeye Yiizeye
Ulasan  Gelen Yiizeye Yiizeye
. Bagil Sicak Toplam  Net Yayilan Dogrudan  Riizgar
Y,ﬂ G,u n S?at Nem ik Giineg Termal Giines Gelen Giines  Yonii
(i) (ia) () (RH) (Tar) Radyas Radyas Radyasyonu Radyasyonu  (wdir)
yonu yonu (kaife) (kair)
(kdown) (ldown)
6 87 35.89 904563 35.89 21.95 223
2023 1 7 81 149.74 907029 149.74 114.95 220
8 76 263.25 915715 263.25 222.97 219
9 62 11 343.18 926779 343.18 301.55 219
Calisma alami1 olarak secilen adada  belirlenebilmesi ic¢in farkli agilarda
bulunan bina duvarlarina gelen yilhk  dondiirtilmistiir. Agilarin
toplam enerji miktarindaki degisiklerin  belirlenmesinde adalarin uzun
belirlenebilmesi  igin  fotogrametrik  kenarlarmin doguya bakmasi esas
nokta bulutundan tiiretilmis YM’leri  aliip, en uygun ada agisi tespit

bina duvarlarma gelen yillik toplam

enerji miktarmdaki degisimlerin

edilmistir. Elde edilen YM'leri Sekil 4'te
sunulmustur.

Sayisal Yizey Modeli

Band 1 (Gray)

137.493195
111.892357

0 10 20m

A

Baki
Band 1 (Gray)
[ buz Alanlar

Duvar Yiksekiigi

Band 1 (Gray)

Giineybats
[ Bati
[ Kuzeybati

12.099
0

B Kuzey

Sekil 4. Calisma alani sayisal yiizey modeli,

2.3 Metot

Glines enerjisi potansiyelini belirlemek
icin bir¢ok algoritma vardir. SEBE,

duvar baki ve duvar yiikseklikleri.

diinyada yaygin olarak kullanilan 2
boyutlu giines radyasyonu modelidir.
SEBE 2,5 boyutlu bir modeldir ve giines
radyasyonunu hesaplamak i¢in YM
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kullanur. Kentsel alanlarda giines

radyasyonunun tahmini, model
alanindaki zemin topografyasinin yamn
sira bina ve bitki Ortiisiinden dogru
golge desenleri iiretmekle ilgili oldugu
icin hayati bir konudur. Golgelerin
tespiti icin giinegsin yiiksekligi ve
azimutu kullanilir. SEBE modelinde ilk
olarak, duvar pikselleri {iretmek icin YM
tizerinde bir kenar algilama filtresi
kullanlir. Her duvar pikseli daha sonra
duvar yiiksekligine bagh olarak 1 m'lik
segmentlere ayrilir (Lindberg vd., 2015).
Ardindan, golgeleri hesaplamak igin
duvarlarin yiikseklik, egim ve baki

katmanlar1 olusturulur.
2.3.1 Duvar Yiiksekligi

Duvar yiiksekligi, Lindberg ve digerleri
(2015a) tarafindan sunulan bir filtre
kullanilarak YM'den duvar piksellerini
ve yiiksekliklerini tanimlamak igin
dort kardinal

noktanin incelendigi 3 x 3 piksel

kullanilir. Bu model,
cekirdek minimum filtresi kullanilarak
gerceklestirilmistir. Binalarin tizerindeki
pikseller belirlenir ve bina kenarlar:

olduklarmi belirtmek i¢in degerler atanur
(UMEP, 2019).

2.3.2 Baki

Baki degeri, duvar-yiizey yoniidiir ve
degerler o konumdaki yiizey ytizlerinin
pusula yoniinii gosterir (Yalgin, 2019).
YM'den tiiretilmistir ve kuzey, giiney,
bat,
glineydogu  ve

dogu, kuzeydogu, kuzeybati,

glineybat1  olarak

ayrilmistir (Tablo 2).

Tablo 2. Baki degerleri.
Baki Degeri °
0.0°-22.5°
22.5°-67.5°
67.5°-112.5°
112.5° - 157.5°
157.5° - 202.5°
202.5°-247.5° Giineybati

247.5° - 292.5° Bat1
292.5° - 337.5°
337.5° - 360.0°

Yon

Kuzey
Kuzeydogu
Dogu
Giineydogu
Gliney

Kuzeybati
Kuzey

YM ve YM’den elde edilen bina duvar
yiikseklikleri ve baki degerleri Sekil 5'te
sunulmustur.

Sayssal Yazey Modeli
Band 1 (Gray)

H 128.801453
78.608246 ° 5 om

A

Duvar Yikseklig
. o Band 1 (Gray)

24.0472
0

Sekil 5. Kontrol alanu sayisal yilizey modeli, duvar bak: ve duvar yiikseklikleri.
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2.3.3 SEBE
potansiyelinin hesaplanmasi

ile giines enerjisi

SEBE dogrudan radyasyon ve Giines'e
dik (I), dagmik (D) ve kiiresel (G)
degerleri kullamir. Bu degerler yaygin
olarak dogrudan bulunamadigindan,
gozlem istasyonlarindan elde edilen
saatlik meteorolojik veriler kullanilarak
hesaplanir. I, Denklem 1 kullanilarak
tahmin edilir (Lindberg wvd. 2015):
burada n Gines'in ufuk {izerindeki
yiikseklik agisidir. DSM tizerindeki bir
cati pikselinin (R) toplam radyasyonu
denklem 4'teki gibi hesaplanir (Lindberg
vd., 2015): burada p yarimkiiredeki
I
radyasyon, D dagmik radyasyon ve G

yama sayisidir. dogrudan gelen

kiiresel radyasyon, a yiizey albedosu ve
w Giines'in gelis agisidir.

__ diisey mesafe

Egim(°) = tanf = Satay mesafe 1
Egim(%) = %xwo )

= ®)
R =Y [lwS+DS+G(1 - S)al; (4)

Denklem 4 ve 5'te S, her piksel icin
hesaplanan golgedir (Lindberg vd.,
2015). Burada Sb ve Sv sirasiyla bir
Boolean degeri (var = 0 veya yok = 1) ile
bitki

temsil edilen binalardan ve

ortiisiinden gelen golgelerdir.
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S=5-(010-S)(1~-1) @)
Yeryan51ma =(G-a)/2 (6)
AA - co?z)si) (7)

Yansima terimi, yarim kiirenin yalnizca
yarist i¢in, yani bir duvar pikseli icin

goriintir kisim icin dikkate alinir
(Lindberg vd., 2015).
Belirli alanlardaki gilines enerjisi

potansiyelini belirlemek igin gergek alan
dikkate alinir ve her bir pikselin alam
(Ar) belirlenir. Gergek alan (Aa), raster
pikselin egimi (5i) olmak iizere su
sekilde hesaplanabilir (UMEP, 2019).

3. Bulgular

Bu calismada, YM'den tiiretilen veriler
ve meteorolojik veriler kullanilarak bina
duvarlarina gelen yillik toplam enerji
miktarmi hesaplamak igin SEBE modeli
kullanilmistir. Duvarlarda biriken enerji
miktarlari, adalarin mevcut durumlari
ve farkli yonelimleriyle birlikte Sekil 6 ve
Sekil 7’de gosterilmistir. Bu sekillerde,
enerji araliklarina gore renk skalalar:
Her iki adada da
metrekareye diisen enerji miktar1 olarak,
200 ile 1400 kWh/m? arasinda deger elde
edilmistir.

verilmistir.
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Sekil 6. Calisma alari dondiiriilmiis ada duvarlarindaki y1111k toplam enerji

miktarlari.

Duvarlardaki Yillik Ort. Enerji

Duvarlardaki Yillik Ort. Enerji__:

396 kwh/m’

BEERE

i

Samsun - ikadim - Selshiye - Ada No: 7288

Danaklik
Duvarlardaki Yillik Ort. Enerji

Danaklak 45"

Duvarlardaki Yillik Ort. Enerji

Sekil 7. Kontrol alami dondiirilmiis
miktarlari.

1344 kwh/m?

Bina duvarlarina gelen yillik toplam
enerji miktarlarinin farkli yonelimlerine
gore degisimlerinin belirlenebilmesi igin
adalarin uzun kenarlarinin doguya
bakmasi esas alinip adalar saat yoniinde
15, 30, 45, 75, 330, 345 derece
dondiirilmustiir.

Elde yillik
miktarlar1 yonelim agilaria gore Tablo

edilen toplam  enerji

3’te verilmigtir.

1757
339 kwh/m?

ada duvarlarindaki yillik toplam enerji

P oE g

Danaklak :345°

Duvarlardaki Yillik Ort. Enerji  :375  kwh/m’®

Tablo 3. Yillik toplam enerji miktarlar:.

Yillik Toplam
Enerji Miktar1
Déniikliik (°) (kWh/m?)

Ada
Ada 12508 788
Mevcut Konum 549 417
15 540 396
30 530 372
45 525 344
75 485 339
330 553 375
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4. Sonuglar

Bu calismada, yesil binalarin giines
elde
miktarlarina bina tasariminin etkilerinin

1stnimindan edecegi  enerji
yanisira, binalarin olusturdugu imar
etkili

oldugu incelenmistir. Samsun Ilkadim

adalariin  yonelimlerinin de

ilgesi, 12508 ve 7288 adalar1 incelemeye
tabi tutulmustur. Gergege daha yakin
sonuglar elde edebilmek igin bdlgenin
yilik meteroloji verileri hesaplara
katilmigtir. Hali hazirda mevcut imar
adalarinda bulunan binalarin gormiis
olduklar: yillik toplam giines enerjisi
farkli

durumlarinda da hesaplanmistir. Tablo

miktarlari acilarda  olmasi
3’te verilen bu enerji degerlerinde; Ada

12508 i¢in saat yoniinde 330°'de en fazla

degerini, Ada 7288 icinse mevcut
durumunda en  fazla  degerini
gormiistiir.

Calismamizda uygulanan yontem, yeni
imar plan1 yapilacak  bolgelerin
yonelimlerinde kullanilabilecegi gibi
yeniden kentlesme yapilacak bolgelerde
de yonelimleri igin
kullanilabilecektir. Bu sekilde giinesten
en fazla verim alinabilecek bir cevre
saglanacak, yenilenebilir
sistemleri icin de Onceden hazirlanmig
bir saglanmig olacaktir. Bu
bulgular, o0zellikle enerji verimliligi
calismalariyla ilgili literatiirdeki diger

bina

enerji

ortam

arastirmalarla karsilastirildiginda, imar

planlamalarinin  stirdiiriilebilir ~enerji
kullanimina olan etkisini bir kez daha

ortaya koymaktadir.
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Benzer  calismalar  incelendiginde,
Demircan ve Giiltekin (2017) tarafindan
yapilan arastirmada binalarin pasif ve
aktif gilines sistemleriyle nasil daha
hale getirilebilecegi
vurgulanmistir. Onlarin ¢alismasinda
bina konumu ve formunun giines
enerjisi verimliligini artirmada onemli
oldugu sonucuna ulasilmistir. Bu
calismada da benzer sekilde, binalarin
yerlesim yonleriyle giinesten alman
enerjinin optimize edilebilecegi
gosterilmistir. Ancak bu calismada,
yalmzca bina diizeyinde degil, imar
adas1 diizeyinde yapilan analizler farkh

verimli

yonelimlerin toplam enerji kazanimini
nasil etkileyebilecegini daha genis bir
perspektiften ele almistir.

Istanbul’ daki

Evren  (2021) yap1
adalarinda giines enerjisi kazanimin
degerlendirdigi ¢alismada, binalarin

yonelimlerinin giines 1s1$1na  erisim
acisindan ne kadar oOnemli oldugu

bu
adalarimnin

belirtilmistir. Evren'in c¢aligmasi,
calismadaki gibi yap:
yonelimiyle giines enerjisi kazanimi
arasindaki iliskiye odaklanmis, ancak
daha ¢ok golgelenme ve binalarin 1sik
yogunlagmistir. Bu
glines  enerjisinden
faydalanma lizerine
odaklanarak, sadece 1s1k erisimi degil,
enerji da
degerlendirme yapmistir. Bu anlamda,
bulgular her iki ¢alismanin da benzer
sonuglara ulastigini gostermekte, ancak
bu ¢alismanin 6zellikle SEBE algoritmasi
kullanilarak yapilan enerji
hesaplamalariyla daha teknik bir
yaklagim sundugu sylenebilir.

erisimi lizerine
calisma
maksimum

ise,

tretimi agisindan
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Ince ve Erdem (2020) tarafindan Trakya
Bolgesi'nde yapilan calismada, imar
adalarmin golgelenme etkileri ve giines
agilarma gore binalarin yonelimlerinin

nasil sekillendirilmesi gerektigi
tizerinde durulmustur. Bu c¢alisma,
benzer sekilde, imar adalarinin

yonelimlerinin  giinesten maksimum
verimi almak admina nasil optimize
edilebilecegini gostermektedir. Ancak
Ince ve Erdem’in calismasi daha cok
golge analizlerine odaklanirken, bu
calisma binalarin giines 1sinimindan
dogrudan elde ettigi enerji miktarina
odaklanmaktadir. bu
calismada elde edilen sonuglar, enerji
verimliligi acisindan yonelimlerin nasil
optimize edilebilecegini daha somut bir
sekilde ortaya koymaktadir.

Dolayisiyla,

Yalgn vd. (2019) tarafindan Izmir
Bergama’da yapilan ¢alismada ise, SEBE
algoritmasi kullanilarak binalarin cati
ylizeylerinde biriken gilines enerjisi
hesaplanmistir. Bu calisma da SEBE
algoritmasimin kullanimini igermekte
olup, cat diizeyindeki enerji
birikimlerine odaklanmistir. Ancak bu
calismanin yenilik¢i yonii, imar adas:
diizeyinde ve binalarin yonelimlerine

gore  enerji  verimliliginin = nasil
degistigini gostermesidir. Bu ¢calismadan
farkli olarak, bu arastirma bina
duvarlarindaki enerji birikimine de
odaklanmis ve yapt adalarmin
yonelimlerinin optimize edilmesiyle
daha fazla enerji kazanimi
saglanabilecegini ortaya koymustur.

Sonu¢ olarak, bu calisma diger

literatiirdeki calismalarla uyumlu olup,
imar planlarinda yap1 adalarmin gilines
enerjisi verimliligini artirmaya yonelik
nasil

yonelimlerinin optimize
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edilebilecegini daha genis bir dlcekte ele
Bu diger
calismalardan farkl ve bir imar adasinin
planlanirken yoneliminin hangi acgida
olabilcegi konusunda deterministik
olarak fikir vermektedir. Bu bulgular,
Ozellikle yeni imar planlar1 yapilirken

almaktadir. bakimdan

veya mevcut yapilarin  yeniden
diizenlenmesi  siireclerinde  giines
enerjisinden en  yiiksek  verimin
alinabilmesi i¢in dikkate alinabilir.

Giines enerjisi verimliligi acisindan daha
verimli bir kentsel yapilasma stratejisi

hem enerji tasarrufunu hem de
sturdiiriilebilir cevre hedeflerini
destekleyecektir.

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarini beyan
ederler.

Yazarlik Katki Beyan1
Yazar 1: Fikir Sahibi, Deney tasarimi, Proje
YOneticisi, Kaynaklar, Metodoloji,

Yazma — orijinal taslak Gorsellestirme,
Yazma - orijinal taslak

Yazar 2: Kaynaklar, Arastirma, Bicimsel analiz,
Dogrulama, Gorsellestirme, Yazma -
orijinal taslak,

Yazar 3: Deney, Arastirma, Gorsellestirme,
Yazma —orijinal taslak

Cikar Catismasi Beyani

Yazarlarin bu makalenin igerigiyle ilgili olarak
beyan edecekleri hicbir ¢ikar catismasi yoktur.

Verilerin Kullanilabilirligi

Bu calisma sirasinda olusturulan veya analiz
edilen tiim veriler, yayinlanan bu makaleye dahil
edilmistir.
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Yap: sistemi {izerinde birlesim tasarimindan genel yap: tasarimina dek, siineklik
ozelliklerinin saglanmasi gerekir. Ulkemizde yaygm olarak tercih edilen kutu kesitli
profillerin i¢ kuvvetler tesiri altinda olusan ani kapasitelerin kayiplarina ve gevrek
kirilmalaria yol agarak telafi edilemez hasarlara neden olabilir. Bu nedenle yap1
elemanlarmin tasarimlarinda gerceklesebilecek burkulma durumunun dikkate
alinarak tasarimlari yapilmalidir. Yapilan bu calismada, kutu profillerin lokal
burkulmalarinin 6nlenmesi amaciyla baghk levhalariyla giiclendirilmistir. Bu
gliclendirmenin eksenel kuvvet etkisi altindaki kutu kesitli profillerde kaynakli
birlesim lokal burkulmalar1 ve tasima kapasitesi {izerindeki etkileri incelenmistir.
Analizler, tersinir statik artimsal yiikler etkisinde sayisal olarak yapilmistir. Kaynak
dikisinde meydana gelmesi olas1 yirtilmalar 6nlendiginde baslhik levhasiyla
giiclendirme tekniginin etkili sonuclar verdigi goriilmiigtiir.

Anahtar kelimeler: Kutu Kesitli Kiris-Kolonlar, Alin Levhali Birlesim, Kaynakli Moment
Aktaran Birlesim, Moment Aktaran Cerceve Sistemler
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Investigation of Box Sections with Heading Plates Under
the Effect of Flexural and Axial Force

Abstract

Ductility needs to be ensured in the building system, from connection design to
overall structure design. For the RHS profiles that are commonly used in general, the
sudden loss of capacity and brittle fractures that occur under the influence of internal
forces may cause irreversible damage. For this reason, the design of structural
elements should be made with the consideration of the possible buckling conditions.
In this study, RHS profiles are strengthened with endplates in order to prevent local
buckling. The effects of this reinforcement on local buckling and carrying capacity of
welded joints in RHS profiles under the influence of axial force are examined.
Analyzes are made numerically under the influence of cyclic static incremental loads.
It has been observed that the strengthening technique with the endplate gives
effective results when possible fractures in the weld seam are prevented.

Keywords: RHS Beams-Columns, End Plate Connections, Welded Moment Resisting
Connections, Moment Resisting Frame Systems
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1. Giris

Celik yap1 malzemesi soniim kabiliyeti,
yliksek siinekligi agisindan depreme
dayanikli yapr tasarimindaki Onemli
yapisal malzemedendir (Jian & Guang,

2022).  Fakat c¢elik  malzemenin
mekanigindeki 6zelliklerin avantajlarini
tam anlamiyla kullanabilmek igin

sistemde birlesim tasarim agsamasindan
baslayarak, biitiin ¢elik yapisina sahip
malzemenin, tasarimindaki 6zelliklerin,
siineklige uygun tasarim yapilmalidir.
Kesit oOzelligi ve biitiin sistem olarak
davranigin yapisal biitiinliige etkisi
detayli bir sekilde dikkate alinmalidir
(Zhao et al., 2024). Celik yapisal sistemin
sismik etkiler altindaki davransi
malzeme Ozelligine, kesit geometrisine
ve birlesim detayima baghdir (Mahim et
al, 2002). Yapr birlesim detaylar
acgisindan, perginli, kaynakli ve bulonlu
baglanti1 vb. birlesim tiirleri, birlesim
sekil detaylar1  yapimi
malzemedeki kalite celik yapilarin
siinekligini ¢ok fazla etkileyen temel

ve ve

etkenlerdendir. Celik bir yapinin
tasarimindaki temel kavramlar
dayarumi, rijitligi ve stinekligidir.

Stineklik 6zelligi, yapidaki olusabilecek
plastik  deformasyon
tiiketilen dongiisel enerjiyi tanimlar
(Dicleli & Mehta, 2007; Gioncu &
Mazzolani, 2002). Kirig-kolon birlegim
detaylarinda gevrek
durumunun olmamas: olasilig1 yerine,
buradaki baglanti noktasmin sistemin
siinekligine uygun bir davrams
sergilemesi beklenir. Tam aksi bir
durumda ise, gelik yapilardaki eleman
birlesim bolgesinden gevrek kirilmakta
ve bu durum ¢elik yapida bolgesel ya da

durumlarinda

kirilma

biitiin yap1 elemani kullanilmaz duruma
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gelmesi beklenmekte veya go¢mesi
beklenmektedir (Gioncu, 2000). Gevrek
beraberindeki bir
meydana
bu durumun

kirllma durumlar:
yapisal
getirdiginden dolay,

surl sorunu

engellenmesi can giivenligi, yapisal
sistemin fonksiyonun devamini
surdiirme durumu biiyiik  Snem

tasimaktadir (Chopra & Goel, 1999).
Deprem enerjisinin yapiya etkimesi
durumu esnasinda malzeme 0Ozellikleri
stineklik diizeyi yiiksek celik yapisinin
bu tiirdeki  Ozelligin  sistemdeki
davraniga yansitabilmesi ve uygun gelik
birlesim detaymn belirlenmesi amaci
gidiilerek bu alanda bir¢ok deney ve
sayisal analiz calismalar1 yapmuslardir.

Celik yapismma sah ip elemanlarmin
siinekligini etkileyen temel faktorlerin
basinda, yerel burkulma tipi, elemanin
kesitsel ozellikleri, malzeme Ozellikleri,
geometrisindeki kusurlar ¢oklu burulma
modu etkilesimi, moment diyagrami
degisimi, diiglim noktalarinin etkisi gibi
faktorler etkilemektedir. Bu sebeplerden
dolayi, gelik yap1 elemanlarinin sahip
olduklar1  ozelliklerle, yapilarindaki
geometri ve agirhk yiiklerinin deprem
etkisi altindaki yapmmin  davranis
olasiliklarini etkileyen faktorler olarak
kars1 karsiya kalmaktayiz (Mashiri &

Zhao, 2004). Celik yapr sisteminin
deprem enerjisinden etkilendigi anda
sayet yapimn sOniimleme enerjisi,

depremin yapimiza kazandirmis oldugu
enerjisinden biiylik durumda ise, bu
enerji soniimleme enerjisi ile denge
durumuna gelir (Mashiri & Zhao, 2010).

Soniim  enerjisi,  depremin  etki
enerjisinden  kiigiikse,  soniimleme
enerjisi ile deprem etki enerjinin

aralarindaki fark, dongiisel enerjisi ile
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Buradaki ele
fark  yapimin
dogru  tarumlanmastyla
mumkiindiir. Bu nedenle, siineklik,
plastik deformasyon ozellikleri
vasitasiyla tliketilen enerji miktarim
tanimlayan bir Ozellik olarak kabul
edilir. Bu o6zellik, bir yapinin deprem

denge haline
aldigimiz
ozelliginin

gelir.
stineklik

etkilerine kars1 direncini
degerlendirmek amaayla rijitlik ve
dayanim kavramlariyla birlikte

kullanularak performansini belirlemede
onemli bir rol oynar (Zhao, 2000).

Celik sistemindeki elemanlarin gevrek
yerel
egilmeli-burulma
nedenlerinden dolay1 yiiksek olgtideki
plastik donme sonuglarina ulasmak
miimkiin degildir. Bu sebepten yap1
tasarimindaki kesit Ozellikleri, plastik
donmelerdeki  kabiliyetlerine  gore
siniflandiriirlar (Chao & Goel, 2006).
Berman & Bruneau (2007), yaptiklar
deneysel calismada, ¢evrimsel yiikleme
yapildiginda c¢elik yapisina sahip
moment cergcevenin mafsallasmas: ve
hasar tespiti hakkinda bilgi alabilmek
amaciyla arastirma yapilmustir. 3 kath

tarzda kirilmasi, burkulma

durumu ve

tam Olgek 6zelligine sahip celik moment
cerceve sisteminde deneysel arastirma
calismalar gerceklestirilmistir.
Calismadan elde edilen
sonuglarinda kiris elemanlari, kolon ve
panel bolgelerinin tabanlarinda dengeli

veri

bir sekilde deformasyon olustugu
gozlemlenmistir.
Nakashima et al. (2004), cati

elemanindaki deplasman kontrolleri
statiksel pushover analiz sonuglarina
bakildiginda, detayli modellemelerin

sonucunda artan kapasite durumundan

faydalanmasi, 9 ve 20 katli binalarin
yapilip,
degerlendirilmistir. Deneysel modellere
farkl yer hareketleri uygulanarak analiz
yapimig, kapasite durumunda artig
gozlemlenmistir.
kadar, panel bolgesinde ve dosemede
kompozit etkisinin olusmamas: bir
esdeger diisey acgikhigin, kiriste ve
kolonlarda aradaki agik uzunlugun
Olclistinii iceren modelin en uygun
modelin olacag: tespit edilmistir (Foutch
& Yun, 2001). Deprem kuvveti etkisi
alinda moment aktarabilen celik
cerceveli yapilarin, eski teknolojilerdeki

deneyleri sonuglari

Basindan  sonuna

moment aktarmadigi kabulii yapilarak
birlesim tasarimi yapilan binalardan
daha iyi performans sagladiklar
sonucuna varilmistir (Yun et al., 2002).

Calismadaki ~ kutu  kesitleri  ele
aldigimizda, degisik govde ve basliga
sahip sistemin, akma dayanim smur
durumu ve kalmhk parametrelerine
sahip kutu kesitli profillerin plastik
kesme durumu ve momentlerin
dayanim bulunmustur.
Calismadaki denklemlerin, baslikta ve
govdede
olabilmek i¢in minimumda govdedeki
rijitlestirme mesafeleri ve maksimum

verileri

burkulmalarin engel

baslik kalinligindaki davranisi
incelenmistir.

2. Materyal ve Yontem

Bu arastirma, sayisal analizlerle
gerceklestirilmistir ve incelenen
modeller, Siileyman Demirel
Universitesi ~ Miihendislik ~ Fakiiltesi
Insaat Miihendisligi Bolimii  Celik

Yapilar Laboratuvarinda (Fincanoglu,
2015) yapilan "Egilme Etkisi Altinda C
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Tipi Baslik Levhal
Birlesimlerin
Incelenmesi" adli
deneysel
gelistirilmistir. Kutu kesitli profillerin T
tipi kaynakli birlesimlerinin incelendigi
bu calismada, sistem statik artimsal
olarak etkitilen yiik ile detayli bir analize
tabi tutulmustur. Bashik levhasiyla
giiclendirilen birlesimin lokal burkulma
etkileri de arastirmada ele alinmistir.
Doktora tezindeki statik artimsal yiik
uygulamasina ek olarak, kiris {izerine
artimsal eksenel yiik etkitilmigtir.

Kutu Kesitli
Kapasitesinin
doktora tezindeki

Donme

verileri  temel alinarak

Kolonun kesiti, 200x200x5mm
ol¢iilerinde kare kesitli kutu profillerdir,
kirigin kesiti 150x200x4mm boyutlarinda
dikdortgen kesitli kutu profillerdir.

Tasarimi yapilan birlesimin
elemanlarinda, kirisin diisey
dogrultudaki uzunlugu 980mm ve
kolonun yatay dogrultudaki uzunlugu
1960mm  olmak {izere belirlenen
boyutlar hep ayni Olctilerde
kullanilmistir.  Sekil 1'de deneydeki

numunenin boyutlar1 gosterilmistir.

Sekil 1. Deney numunesi boyutlari.

Sekil 2'de deneysel ¢alismada kullanilan
numune 6rnegi verilmistir.

N
| e b
EE,_ IR
- -t yuuus |
pesanaaans: A HH
B +
hasusssEsEnn] :}FIAI:‘]K']R' 1t T
F T A e |
T T ISYESESEEERAgEsEAAE S’ T 1

Sekil 2. Deney numunesi 6rnegi.

Bu calismadaki, s6z konusu birlesim
tipinde olusabilecek lokal burkulma
etkilerini en aza indirmek amaciyla
gelistirilen baslik levhasinin yerlesim
goriintimleri Sekil 3'te detayli bir sekilde
sunulmaktadir.

A -
B

—_—
100mm  100mm

I

a) Genel goriiniim

Py

b) Ust goriiniim
Sekil 3. Alin levhali kiris kolon birlesim

detaylari. Birlesime ait

perspektif ve kesit goriiniimleri.
Bu deney c¢alismasinda, adlandirma
yaparken temel alinan parametreler
baslik levhalarinin boyutlar: ve dikkate
alinan eksenel kuvvet biyiikligi
oOlgiitiine gore yapimigtir. Py terimi,
levhanin boyuna uzunlugunu temsil
etmektedir. Uzunlugun kolonun st
baghgmnda etkinin alanim biiyiitebilmek
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amaciyla boyutta degisimler yapilmistir.
Pu terimi, levha elemaninin yataydaki
uzunlugunu ifade etmektedir. Kolon bir
ylizlinli tamamen sardig i¢in bu deger
sabit olarak belirlenmigtir. Pw terimi
birlesimde kolon yap1 eleman: govdesi
boyunca uzanan uzunlugu
etmektedir. Govdede olasi burkulma

temsil

etkilerinin Pw uzunlugunun iligkisini
degerlendirmek igin {i¢ farkhh boyda
boyutlandirma yapilmistir. Kolonun iist
kismiyla baslk levhasinin birlesimi
acilmis olan deliklere kaynakli olarak

yapilmistir. Levhaya agilmis olan
kaynak deliklerin boyutu 10mm capina
sahiptir. Kaynak deliklerini yerlestirme
bolgesi levhanin iist kisminda 50mm,
kenar kisminda 100mm  araliklar
kullanularak yerlestirilmistir. Tasarlanan
sayisal modellerin geometrik ozellikleri
disinda, tiim modellerin degisik eksenel
yiikleme  etkisi  altinda
yapilmustir. Analizde

boyutsal parametreler ve yiikler Tablo

1’de gosterilmistir.

analizi
kullanilan

Tablo 1. Modellerde kullanilan boyutsal parametreler ve eksenel yiikler.

Saysal Kolon Kiris Pvw Do Eks?nel

No Model Yik

No  mm) () (mm) (mm)

1 MS8/1 8kN

2 M12/1  200x200x5 150x200x4 50 300 12kN

3 M16/1 16kN

4 M§/2 8kN

5 M12/2  200x200x5 150x200x4 75 300 12kN

6 M16/2 16kN

7 M8/3 8kN

8 M12/3  200x200x5 150x200x4 100 300 12kN

9 M16/3 16kN

10 M8/4 8kN

11  MI12/4 200x200x5 150x200x4 50 400 12kN

12 M1l6/4 16kN

13 M8/5 8kN

14 MI12/5 200x200x5 150x200x4 75 400 12kN

15  M16/5 16kN

16 M8§/6 8kN

17 M12/6  200x200x5 150x200x4 100 400 12kN

18  M16/6 16kN
Yapilan sayisal analizler, ANSYS kullanilarak rijit bir birlesim
WorkBench sonlu elemanlar  saglanmistir. Birlesimlerde, kullanilan
programiyla yapilmigtir. Kolonlara,  kaynak dikisi kalinliginin
baslik levhalar1 kaynak yontemi  hesaplanmasinda, alisilmisin disinda bir
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yaklasim benimsenmistir. Kaynak dikisi
kalinligi, birlesimdeki minimum levha
kalinlig: degil birlesimdeki minimum
kesit alanindaki eleman dikkate alinarak
secilmistir.

Bu  sebepten dolayr  Dbirlesimde
kullanulan  kaynak dikisi kalinlig:
maksimum 7mm olarak belirlenmistir.
Birlesimi olusturan elemanlarin et
kalinliklar1 g6z oniinde bulundurularak
kaynak dikisi kalinligt 6mm olarak
secilmistir.

Kaynak dikislerinin mekanik 6zellikleri;
Akma gerilmesi 450N/mm?,
gerilmesi 59kg/mm? uzamasi %28 ve
elastisite modiilii  21000kg/mm? dir.
Sayisal analizlerde kaynak dikisleri i¢in
bu degerler kullanilmistir.

Kopma

Modelin rijit bir davranis sergilemesi
amaciyla, kolon ve kolon baslik levhasi

arasindaki iki ylizeyin baglantisi
“bonded” komutu kullanilarak
saglanmistir.

Sayisal modellerdeki dogrusal olmayan
burkulma analizleri i¢in algoritma ilk

olarak dogrusal burkulma analizi
yapilarak burkulma modu
bulunmustur. Sonrasinda Sekil
degistirmis durumdan dogrusal
olmayan malzeme dikkate alinip

dogrusal olmayan sayisal analizi de
yapilmustir.

Digiim  noktast  egilme  etkisiyle
karsilastiginda, sistemin yapi1 elemanlar:
olan kolonlar, kirisler ve caprazlarda
lokal yer degistirmeler olusmaktadir.
Sistemin yap1 yer
bolgesinin

elemanlarindaki

degistirmeler,  birlesim
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calisma prensibini yani rijit veya yar rijit
bir sergilemesinde etkili
olmaktadir. calismalarinda
Ozellikle kolonlardaki yerel burkulma
etkilerinin, birlesim bolgesindeki
davranigin etkilediginin
oldugunun tizerinde durulmustur. Bu
konuya, Committee for International
Development and Education on
Construction of Tubular Structures
(CIDECT) ve Eurocode-3 bolim 8'de
detayli bir sekilde yer verilmistir.
CIDECT ve Eurocode-3
yonetmeliklerinde bu tiir birlesimlerin
kriterleri

davranis
Literatiir

Onemli

tanimini  yaparken belirli
belirlemislerdir.

Yonetmeliklerde belirtilen katsayilar,
kiris genigliginin kolon genigligine
oranini ifade eden ( ve kolon et
kalinliginin kolon derinligine oranini

ifade eden vy olarak adlandirilan
orantisal  katsayilardir.  Kullanilan
katsayilar1 temel alarak, birlesimin

rijitlik tanimlamast yapilmistir. Rijitlik
kriterinin olusmasindaki en temel etken
kiris genisliginin kolon genisligine
oranina bagiml olarak, kolonumuzda
meydana gelen sekilsel degisimlerin bag
kisminda ya da govdede olusmasi veya
her iki ayni
olusmasidir. Bu durumu genel olarak
ifade etmek gerekirse; 3=1.0 oldugunda,
kolon yap1 elemaninin baghkta da govde
kisminda da sekilsel degisime ugrarken,
birlesim bolgesinin rijit davrandig: tespit
edilmektedir. $<0.9 iken ise kolonun
baslik kisminin sekil degistirdigi tespit
edilmistir.

durumun da anda

Bu calismada, CIDECT tarafindan
belirlenen 3 degeri temel alinarak, kolon

ve kirisin (3=0.75) yar1 rijit kabul edildigi
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birlesim noktasmun, rijit bir davrars

sergilemesi ~ amaciyla  rijitlestirme

levhalarinin eklenme durumu
tasarlanmistir. Bu baglamda, birlesim
noktasma baghik levhasi eklemesi
yapilmustir. Baghk levhalarmin farklilik
gosteren boyutsal parametreleri
kullanarak  tasarlanmis  olup, f
katsayistnin  hesaplanmasinda  kirigin
genigligi ile kolonun genisli§i oraninin
yerine, alin levhasmin genisliginin (Pn)
kolonun genisligine orani alinmistir ve
bu oran a simgesi ile adlandirilmistir. y
hesaplanmasinda, alin

levhasinin cidar kalinligini ve kolonun

katsay1s1

cidarinin kallhigini toplaminin karsilig
ile kolon derinliginin
hesaplanmistir. Bu oran +vya olarak
adlandirilmistir. Elde edilen deneysel ve
sayisal model CIDECT'te
tanimlanan ampirik formdiillerden elde
edilen  sonuglarla  karsilastirilarak
degerlendirilmistir. Bu ¢alismadaki
modellerdeki bagliktaki levhanin
genisliginin ve cidardaki kalinligin aymn
tutuldup pa=1.0 olarak baz alinmistir. ya
degeri icin ise sabit cidar kalinhig:
18.18mm olarak dikkate alinmistir.

Oorani

sonuglari,

3. Bulgular

Buradaki arastirmada, doktora tezi
kapsaminda elde edilen deneysel
sonuglarin  analizi temel alimmustir.

Calismadaki modellerin tizerine eklenen
eksenel yiike bagh olarak, lokal
burkulma ve kapasite {izerindeki etkileri
detayli bir sekilde incelenmistir.

Sekil 4'te, calisma kapsaminda yapilan
analizlere ait yiik-deplasman egrileri

verilmistir. Bu karsilastirma, sayisal

modelin dogrulugunu degerlendirmek
amactyla gerceklestirilmistir.

. 50
YUK (kN)
40

30,
DEPMSMAN(mm%

-100

—SAYISAL MODEL

e DENEYSEL MODEL

Sekil 4. Deneysel ve sayisal model yiik
deplasman egrileri.

Baslik levhalarindaki eksenel kuvvetin
etkisi altinda davranis, kapasite, sekil
degistirmeler ve gerilme dagihm
faktorleri agisindan ayrintili bir bicimde
incelenmisgtir. Bu degerlendirme
baslik levhalarimin lokal

engelleme

stirecinde,

burkulmay amaciyla
kullanilmasinin, eksenel yiik altindaki
davranusinin  optimizasyonu, kapasite
Sekil degistirme ve gerilme
dagilimi agisindan nasil etkili olduguna

artigi,

dair ¢esitli yorumlar sunulmustur. Bu
sekilde, baghik levhalarmin boyutsal
degisimlerinin eksenel yiik altindaki
optimizasyonu detayl bir sekilde ele
alinmigtir.

Calisma kapsaminda ilk olarak MO01
numarali modellere etkitilen eksenel
yiik durumlari igin olusturulan modeller
belirlenmistir (M8/1, M12/1 ve M16/1).
Pv=300, Pw=50mm degerlerine sahip
numuneler test edilmistir. Tercih edilen
baslik levhasmin kullanilmasiyla kolon
tizerindeki yerel burkulma etkisinin
azaldigr gozlemlenmistir. Bas kisma
yerlestirilen levha elemaninin etki alani
icinde, kiristen  kolona
gerilmelerin sistemsel olarak baslikta ve

iletilen
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govde kisminda biitiinsel bir halde
karsilanmistr. Kolondaki sekil
degistirmenin, lineer elastik smirlar
icinde kalmasi saglanmustir.

Sekil 5'te M01 numunesinin, ti¢ farklh
eksenel yiik durumunda deformasyona
ugramis halleri verilmistir.
Deformasyon  goriintiileri,  tersinir
statiksel olarak artimsal yiiklemedeki
durumda 1. dongii sonucu elde
edilmistir. Sistem tizerindeki eksenel
kuvvetin etkisinin, deneysel numuneye
kiyasla kolon ve bashk levhasindaki
deformasyonlarin arttig1 ve kullanilan
baglik levhasmin yeterli diizeyde rijitlik
elde edemedigi gozlemlenmistir.

0004717
-0,0060954 Min

M12/1

SuBBL

-8,0050099
-0.0068068 M

M16/1
Sekil 5. M01 modelleri deforme olmus
halleri.
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Mevcut  verileri  kiyasladigimizda,
deneysel arastirma
sonuctan farkli olarak egilme kuvveti
etkisinin diginda ilave olarak etkitilen
eksenel yiik durumu icin baslik kismina
ek olarak eklenen levha rijitlik kazanc
saglayamamuistir. Bu durum, Sekil 6'da
sunulan kapasite karsilastirmalarinda
gozlemlenmektedir. Grafikler
incelendiginde, eksenel yiik altindaki
kapasite kayiplarinin, alt modellerde
kendi igerisindeki davranis durumunu
ve yiik-deplasman dongtistinii
degistirmemis oldugu goriilmektedir.

numunedeki

YUK (kN) == | DeneyMak. Ust Simir=53 kN

15
DEPLASMAN(mm]/
150 100 s / 100 150

——MoB-01

-25
45 1

—M1i2-01

Deney Max. AltSinirgs 4 =63 kN

6. MOl modellerinin
deplasman egrileri.

—=M16-01

Sekil yitk

Calisma kapsaminda ikinci olarak M02
numarali modellerde, baglik levhasinin
boyutsal parametre degerleri Pv=300,
Pw=75mm olarak belirlenmistir. M02
numunesi icin, tersinir statik artimsal
ylikleme durumunda kullanilan baghik
levhast sayesinde kolonda meydana

gelebilecek olan muhtemel lokal
burkulmalar engellenmistir ve bu
numunedeki deformasyonlar lineer-

elastik sinirlar gercevesi igerisinde yer
almistir. Tasarimda tercih edilen baghk
levhasi govdedeki kisim boyunca boyut
faktorlerindeki artis, Onceki numune
sonuglarina gore ¢ok daha iyi bir sonug
vermistir.
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Sekil 77”de M02 numunesinin ti¢ farkl
eksenel yiikleme durumu dolayisiyla
olusmus olan modellerin deformasyona
ugramis durumlarini gosteren gorsel
sunulmustur. 1. Sistem {izerinde etkili
olan eksenel kuvvetindeki, kolonda ve

bagliktaki levha tzerindeki
deformasyonlar1 bir o6nceki modele
benzer sekilde deneysel numuneye

kiyasla artirdigimi ortaya koymaktadir.
Ancak, bu artisin, eksenel kuvvetin
modeller arasindaki artisina paralel
olmadig1 gozlenmektedir.

aasioll
aTEET
e

L asotmm
000023628

H 0015706
0002905
000393
-0,0055736 Min

M16/2
Sekil 7. M02 modelleri deforme olmus
halleri.

MO02nin alt modellerinde elde edilen
kapasite dagilimlar1 incelendiginde

eksenel ylik-kapasite iligkisi
goriilmektedir. Artan eksenel
kuvvetlerin  rijitlik  talebi  baghk

levhasinca karsilanamamugtir. Sekil 8'de
sunulan kapasite karsilastirmalarinda

da bu durum net bir sekilde
goriilmektedir. Ancak, onceki
durumlardakinin  benzeri  sekilde,

eksenel kuvvet artisi, modellerin igsel
davranisinda ve ylik-deplasman
dongiisiinde farkli bir degisiklige sebep
olmamustir.

70 4
YUK K(N)
50

DEPLASMAN (mm) /::-
-150 -100 -50 -10 U 50 100 150
-30 —M08-02

m—M12-02

Deney Mak. Ust Sinir= 67 kN

Deney Max. Alt Sinir =66 kN —M16-02

DR

Sekil 8. MO02 modellerinin yiik
deplasman egrileri.

Calisma kapsamindaki tiglincii olarak
MO03 numarasina sahip olan modellerde,
baslik levhasinin boyutlar1  Pv=300,
Pw=100mm olarak belirlenmistir. Bu
gruptaki diger modellerden farklilig:
boyutsal acgidan en biiyitk modeldir.
yap1
meydana gelen lokal burkulmalarin ve
deformasyon durumunun tiimiiniin
onlendigi gozlemlenmistir. Levhadaki
etki alam artisi, kolonda sarg: etkisinin
artmasina neden olmustur.
Deformasyonlar kabul edilebilir
seviyelerde kalmistir. Bu durum, kolon
tizerindeki sekil degisimlerinin lineer-
elastik smirlar iginde kaldigini ortaya
koymaktadir.

Kolon elemaninin  {izerinde
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Sekil 9'da, M03 numunesinin {i¢ farkl
eksenel yiikleme durumlari igin olusan,
alt modellerin deformasyona ugramis
durumlarm1 =~ gosteren  goriintiiler
sunulmaktadar. Sayisal analiz
sonuglarindan elde edilen deformasyon
durumu, deneysel verilere uygun olarak
1. yiik dongiisii i¢in gosterilmistir.

0006762 Max
00053821
(RIS
00040524
omes
00mz62%
o006
000046243
00067
0,001

M8/3

-0,00048612
~0.0013889

M12/3

“0.00051783
~0.0014224Min.

M16/3
Sekil 9. M03 modelleri deforme olmus
halleri.

Model MO03'in eksenel yiikleme
parametrelerinde tliretilmis alt
modellerin yiik deplasman degerleri,
Sekil  10'da  sunulmustur.  Sekil
incelendiginde, tasarimda eklenilen
baglik levhasi ve kolon deformasyon
etkisi, kapasiteye etkisi goriilmektedir.
MO03 modellerinde govdedeki
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deformasyon engellenmistir. Bu
durumdan dolayr numunenin eksenel
yliksliz analizi deneysel numuneyle

birebir ayn1 sonuglar: vermistir.
YUK (kN) 80

Deney Mak. Ust Smir=62 kN

DEPLASMAN (mm)

T 1
100 150

= M08-03

=——M12-03

——M16-03

=75 kN

Deney Mazx, Alt Simr 80

Sekil 10. MO03 modellerinin yiik

deplasman egrileri.

Calisma kapsaminda dordiincii olarak

M04 modeli incelenmigtir. M04
modellerinde baglik levhasimin
kullanilmas:  diigiim  noktasindaki

rijitligini arttirmagtir.

Deney numunelerinde kolon gdvdesini
saracak sekilde yerlestirilen levhali
birlesimde, boyutsal artisin en kisa

oldugu dogrultuda, yiikk tasima
kapasitesi  lizerinde diger baslk
levhalarmma gore belirgin bir etki

saglanamadig1 gozlemlenmistir. Ancak,
levha elemaninin kolonun {izerindeki
artmasi, baglik levhasinin
deformasyonunu kolaylastirmistir.
Buradaki durum birlesim bolgesindeki
istenilen rijitlik olusmasini engellemistir.
Eksenel yiikleme durum dolayisiyla
belirlenen farkli alt modellerdeki sekil

alaninin

degisimine ugramis durumlarin
goriintimleri Sekil 11'de verilmistir. Bu
gorselden  anlagilacagr iizere, bu

numunede tercih edilen baslik kismina
yerlestirilen levhanin boyut 6zellikleri,
gerilmelerin daha genis bir alanda etkili
bir = bigcimde  absorbe edildigini
gostermektedir. Levhay: cidar kalinhig:
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orantyla iliskilendirirsek deformasyon
hasarindaki
saglanamadig1 gozlemlenmistir. Eksenel
kuvvetle birlikte degerlendirilen sayisal
model analizinde, kolonun govdesinde
ve baslikta olusan yerel deplasmanlarin
artmis oldugu tespit edilmistir. Fakat,
farkl: alt model ¢alismalarin i¢sel gorece
deforme hasarlarinin, buradaki model
calismasinda birbiriyle uyumlu bir
sekilde oldugu goriilmiistiir.

istenilen kontrol

0,0057831
-0.0078963 Min

M12/4

00087261
00026285
000053284
40015638
00036605
AMSTSTL
-0.0078538 Min

M16/4
Sekil 11. M04 modelleri deforme olmus
halleri.

Sayisal modellerinin alt model verileri
icin elde edilen kapasite dagilimlari

incelendiginde, deformasyon
durumlarin1 gosteren sekillerle paralel
sonuglara ulasilmistir.  Sekil 12'de

kapasite  grafikleri deneysel veri
sonuglariyla  karsilastirmali  olarak
sunulmustur. Sekil 12’de sunulan
kapasite karsilagtirmalar1

incelendiginde, egilme etkisiyle birlikte
etki eden eksenel yiik durumunun daha
belirgin hale geldigi gozlemlenmistir. Bu
durum, bagslik levhasmin sagladigi
rijitik avantajjm  asarak, levhanin
kapasiteye olan olumlu katkisin1 6nemli
Olclide kisitlamistir. Bununla birlikte,
eksenel altindaki
kapasite kaybinin, olusturulan farkl: alt
model verilerinin davranismni ve yiik-
deplasman dongii durumunu
degistirmedigi gozlemlenmektedir.

kuvvetin  etkisi

YOR@N) 707
Deney Mak. Ust Simr=63 kN
50 -
10 A
DEPLASMAN (mm) /_
-150 -100 -50 -10 & 5i 100 150
30 |
——M08-07
50 1 ——M12-07
Deney Max. Alt Simir =67 kN
—M16-07

70

Sekil 12. MO04 modellerinin yiik
deplasman egrileri.

Calisma kapsaminda besinci olarak M05
modelinde, baghik kisminda kullanilan,
kolonun gévde kismina paralel yondeki
kism1 75mm'ye c¢ikarilmistir. Basliktaki
levha elemanindaki uzunluk ve cidar
kalinlig ol¢iileri sabit kalmistir.

Modelin eksenel kuvvetlerin degisim
etkisine bagli olarak sayisal analizden
kaynaklanan deformasyonlari Sekil 13'te
verilmigtir. ~ Birlesimde yeterli rijit
davranis elde edilemediginden eksenel
kuvvet durumuyla birlestiginde kolon
yap1 elemanindaki deformasyon hasar
durumu simirlanamamustir. Bu sebeple,
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sayisal analizlerin sonuglarina bakildig:
zaman deformasyon hasarlari, deneysel
sinir

verilerin  sonucundaki

durumlarini asmaktadr.

kosul

-8,0061503
-0.0079412 Min

M12/5

M16/5
Sekil 13. M05 modelleri deforme olmus
halleri.

Model 05'e dayali farkli diger alt

modellerin kapasite sonuglari
degerlendirildiginde benzer sonuglara
ulasilmistir. Deney numunesindeki

farklilik, egilmedeki etki durumuna ek
olarak sistemde rol oynayan eksenel yiik
durumu, birlesim bolgesindeki kapasite
faktoriinde azalmaya sebep olmustur.
Sekil 14’te sunulan kapasitesindeki
kargilagtirmalar1t da bu durumu net bir
sekilde gostermektedir. Eksenel
kuvvetin  etkisi altindaki kapasite
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kaybinda yiik-deplasman
dongiisiinde diger modellere paralel
sonuglarla karsilagilmistir.

ve

YUK(kN)
gz

Deney Mak. Ust Smmir=64 kN

as -

25 -

DEPLASMAN (mm)

5
-100 -s0
-1s

L / - B

-150

— M08-08

EE ——M12-08

Deney Max Alt Sinir
75 J

=72 kN

— M16-08

Sekil 14. MO05 modellerinin yiik

deplasman egrileri.

Calisma kapsaminda son olarak MO06
numarali numunede, baslik levhasinin
boyutlar;, kolon boyunca 400mm ve

govde  boyunca  100mm  olarak
se¢ilmistir.  Bu  boyutlar,  baslhk
levhasinin etkin bir sekilde sarg etkisini
saglamasi igin  segilmistir.  Baslik
levhasimin kolonda olusacak olan kalici
hasarlar veya deformasyonlar1
engelledigi  gozlemlenmistir.  Fakat,
kiriste olusacak olan hasarin yani
yirtilmanin  engellenemedigi  tespit

edilmistir. Bununla birlikte, meydana
gelen deplasman durumu, lineer-elastik
kosullar1 igerisinde kalmay1
basarmistir. Bu durum tercih edilen
levha elemaninin, oOzellikle
yerlesim sekline gore paralel yondeki
boyut Olglisiiniin  artiginin ~ gerilme
dagillmmin daha genisletilmis bir
alanda soniimlenerek plastik davranisin
onlenmesine katki saglamistir.

sinir

kolonun

Basliktaki levhanin boyutsal
parametrelerin artmasi, egilme etkisine
maruz kalan birlesimde, kirisin tam
olarak  istenen  plastik  davrams:
saglayacak kadar diigiim noktasim tam
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anlamiyla rijitik  saglanamamasina
ragmen, kiristeki yirtilmanin
gecikmesiyle birlikte kapasite
kayiplarini minimize etmistir. Sekil

15’te, M06’ya ait deformasyon hasar
gorselleri verilmistir.

0,0059797 Max
0,005109
0,0042382
0,0033675
0,0024367
0,0016259
0,00075517
-0,00011559
-0,00098636
-0,0018571 Min

M8/6

365
0033665
L oonasss
00016265
{ og007sees
-0,000L1355
-0,00098356
0018536 Min

M12/6

00051091
0,0042386
0,003368
0,0024875
0,0016269
0,00075641
-0,0001L413
-0,00098468
-0,0018552 Min.

M16/6
Sekil 15. M09 modelleri deforme olmus
halleri.

M-06'nin  alt
durumlarimin

Model numunelerin
kapasite sonuglar1
incelendiginde, deformasyona ugramis
durumu yansitan sekillerle uyumlu

sonuglar olusmustur. Sekil 16’da modele
kapasite
verilmigtir.

egrilerinin  karsilagtirmasi

Baglikta tercih edilen
levhanin, eksenel kuvvet etkisinin kolon
yapl elemaninda deformasyon artisi
nedeniyle kapasitedeki kayip, modelin
ylik-deplasman grafiklerine etki
etmisgtir.

YUK (kN) e | Deney Mak, Ust Sinir=64 kN

45
25

DEPLASMAN (mm) s |

5 100 150
-15 —/

—M08-09

=551 —M12-09
Depey Mz AlL S SIZEN

erym —M16-09
Sekil 16.
deplasman egrileri.

-150 -100 -50

MO06 modellerinin yiik

Eksenel yiik etkisinde yapilan sayisal
analizlerden elde edilen 8 kN yiik igin
kolonlarda olugan gerilme dagilimi Sekil
17’de sunulmustur. Sekil incelendiginde
gerilme dagilimi sonuglarinin  sekil-
degisim ve ylik-deplasman
dagilimlaria karsilik gelen sekillerle
benzer davranig gosterdigi

Modellerdeki
edilen baglik levha elemaninin, kolonun

st  bashik kismindaki

belirlenmistir. tercih
gerilmelerin
soniimlendigini  tespit
durumun sonucunda baglik levhasinin

etmistir. Bu

etkin davranis sergiledigi goriilmiistiir.
Eksenel yiik etkisinde yapilan sayisal
analizlerden elde edilen 12 kN yiik i¢in
kolonlarda olusan gerilme dagilimi Sekil
18’de sunulmustur.
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600,00 (mm)

M8/3

0471
619,68
192,29
-235,1
-662,49
-1089,9

600,00 (mm) )| 4 600,00 (mrm)
M8/ M85 M8/6
Sekil 17. 8 kN eksenel yiik ve egilme etkisi altindaki kolon {ist baghg1 gerilme
dagilimi.

352,81
80,7

19141
46351
13562
-1007.7 Min

-3303 Min
600,00 (mm) 0,00 600,00 (mm) X 600,00 (mm)
———— —

11564
37031
41456
1200

19855
2

35565
43419 Min

600,00 (mm)

M12/4 M12/5
Sekil 18. 12 kN eksenel yiik ve egilme etkisi altindaki kolon {ist bashgi gerilme
dagilimi.
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Sekil incelendiginde oOnceki yiikleme  Bundan dolayi, eksenel kuvvet etkisinde
durumuyla benzer nitelikte sonuglar olan modelin kapasitedeki kayb:
goriilmiistiir. Kolonun st baslik  engellenememistir.

kismindaki gerilme durumlari, bashk

levhasinin  analize  dahil oldugu  Calisma kapsaminda en biiyiik eksenel
modellerde minimalize edilebilmistir.  kuvvetin sisteme etkimesi ve
Fakat bu elde edilen avantaj birlestirme  sonucundaki gerilmelerin dagilimi Sekil
kapasite durumuna yansitilmamistir.  19'da verilmistir. Sekil incelendiginde
Bahsi gecen durumda egilme etki etmesi,  diger  eksenel  kuvvetlere  sahip
birlesimlerde levha elemaninin kolonun  modellerle benzer nitelikte gerilme
iist yiizeyinden ayri bir sekilde  dagilimiolusmustur. Sekil degistirme ve
deformasyona sebep olan bir davranusi  kapasite grafikleri agisindan sonuglar
tetikleyen durum  sergilemektedir.  diger modellerle paraleldir.

60,15
179,64
-400,86
98137
-15619
2424
229
-3303.4Min

-3869,5 Min

600,00 (rm) 600,00 (mm) 0,00

9

% 14419
= 29402

X 20018
31497
-4297.7 Min

600,00 (mm) O = — X 600,00 (mm)

M16/5
Sekil 19. 16 kN eksenel yiik ve egilme etkisi altindaki kolon {ist baghg1 gerilme
dagilimi.
4. Sonuglar ekstra  eklenecek olan levhalarin
birlesiminde 6zel imalatlar ve detaylar
Kutu kesitli yapisal profiller icin  gerekebilmektedir. Bu durum

tasarlanan Dbirlesimlerinde, kesitteki  projelendirme, imalat ve montaj
atalet verilerinin hesabindaki yapilan  siireglerini zorlastirarak  maliyetleri
kapasite analizleri, gercek durumlardan  arttirmaktadir.

onemli Ol¢lide farkliliklar gosterebilir.  Yapilan bu ¢alismada, kesitlerin

Kutu kesitli profillerin uygulanmasinda  giiclendirilmesi yoluyla lokal

174



Egilme ve Eksenel Kuvvet Etkisindeki Baslik Levhali Kutu Kesitlerin Incelenmesi

Onlenebilmesi
elde edilebilmesi

burkulmalarin
kapasite
hedeflenmigtir. Analizler, tersinir statik
artimsal yatay yondeki ytikler etkisinde

ve
artiginin

incelenen  kaynakli  kutu  kesitli
birlesimlerin bagli deneysel veriler
kullanilarak sayisal olarak
gerceklestirilmistir.

Calisma kapsaminda, deneyde segilen
baslik levhalar: araciligiyla kolonlardaki
deformasyon hasarmin engellendigi ve
deformasyonun  meydana  geldigi
durumlarda dahi lineer-elastik smirlar
icinde kaldigr gozlenmistir. Deneysel
incelendiginde, baghk
levhasindaki deformasyon ve diigiim
noktasindaki etkinin, levhanin kolon
yap1 elemanindan bagimsiz bir sekilde
hareket
sinirlandirilmasiyla
ortaya ¢tkmustir.

veriler

edebilme kabiliyetini

iliskili ~ oldugu

Arastirmada, kolonun ve kullanilan
basgliktaki levhanin beraber ¢alisabilmesi
i¢in tercih edilen ek kaynak deliklerinin
kullanilmasina ek kaynak
levhasmin kolon yap1 eleman1 boyunca

ragmen,

uzanan Pv degerine uzama davranis
tizerindeki olumsuz bir etkiye sahip
oldugu, ayrica kullamilan ek kaynak
dikislerinin kaldig1
gozlemlenmistir. birlikte,
eksenel kuvveti dikkate almadan analize
numunelerdeki; baslik
levhasinin  dongiisel yiik yiiklemesi
durumu incelendiginde etkili bir
davranig gosterdigi belirlenmistir. Bu
nedenle, kiris yap1 elemanindaki kaynak
dikisinin uygulama durumunda olusan
1s1sal etki nedeniyle ortaya gikan gevrek
yirtilma durumunu énlemenin miimkiin
rijitlik

yetersiz
Bununla

sokulan

oldugu durumlarda, yeterli
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seviyesine ulagabilecek ve rijit yap:
davranisi elde edilebilecegi sonucunun
olusacagina ulasilmistir. Bu baglamda,
kirislerdeki meydana gelen yirtilma
durumunu engellemek igin kolonun
boyuna paralel yonde bulunan Kkiris
govdelerinin ek levhalariyla
destekleyerek gerilmelerinin kaynak
dikisinin smirindan, levha eksenine
kaymasinin saglanmasiyla kapasitede
kazanim beraberinde
dongiisel etkinin altinda da enerjinin
kaybi engellenebilir.

saglanabilir

Basglik levhalarinin eksenel kuvvet
kullarlarak alt modellere ayristirilan
sayisal analizlerinde, bazi 6zel durumlar
disinda eksenel kuvvet sebebiyle kolon
iizerinde olusan deformasyonlar arttig
icin deneysel sonuclarin altinda kalan
kapasite degerleri olusmustur. Yiik-
deplasman grafikleri incelendiginde,
eksenel kuvvetin artmasma ragmen
kapasite kayb1 neredeyse sabit kalmigtir.
Bu durum deformasyon, gerilme-sekil
degistirme grafiklerinde acikca
goriilmektedir.

Sekil degistirme ve gerilme dagilimlar
boyut
parametrelerinin, baglik levhalarinin iyi
optimum sonuglarin sagladig1
goriilmiistiir. Buradaki yap1 elemaninin

incelendiginde, belirlenen

cidar kalinigimin ve boyutlarindaki ek
baslik levhalarmin egilme etkisinin
altinda kolon yapr elemaniyla etkili
calisabilmesi saglanmistir.

Baslik kismindaki levhanin, kolonun
govdesi boyunca etkili bir sonug
verebilmesi icin Pw uzunlugu buradaki
birlesimde 75-100mm
optimum sonug verdigi belirlenmistir.

araliginda
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Baslik levhasinda Pw  degerinin,
kapladigr kolon yiiksekliginin yarisi
kadar uzatilmasi 6nerilmektedir. Ayrica
kaynak dikisinin sinirinda meydana
gelmesi olasi yirtilmalar onlendiginde
baglik levhasiyla giiclendirme teknigi
etkili sonuglar vermistir.

Etik Standartlar Bildirgesi

Yazarlar tiim etik standartlara uyduklarimi beyan
ederler.

Yazarlik Katki Beyan1
Yazar 1: Deney, Yazma, Analiz ve yorumlama,
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Kaynaklar, Arastirma, Yazma.
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Yazar 2: Analiz ve yorumlama,
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