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Bu tez calismasinda, kirisli kopriilerin deprem etkisi altindaki davranisi
incelenmistir. Calismada, 72 metre acikliga sahip ¢elik I Kkesitli, ¢celik U kesitli, prekast
betonarme | kesitli ve U kesitli kiris olmak tizere farkli iist yap1 tipine sahip kdprii modelleri
mod birlestirme ydntemine gore analiz edilmistir. Spektrum egrileri AASHTO 2012
sartnamesine ve TBDY 2018 yonetmeligine gore tanimlanmig, her bir tip kdprd icin iki
model olmak Uizere toplamda sekiz ayri model olusturulmustur.

Calisma bes boliimden olusmaktadir. Ik béliimde, kopriler ile ilgili genel bilgileri
verilmistir. Tkinci boliimde karayolu koprilerin tarihgesi ve konu ile ilgili gegmiste yapilmis
calismalar gdzden gegirilmistir. Ugiincii boliimde, kdprii modellerinin kesit ve malzeme
ozellikleri, mesnet kosullari, 6lii yiikler, hareketli yikler ve spektrum egrileri tanitilmistir.
Dordunct bolimde AASHTO 2012 ve TBDY 2018'e gore deprem etkisi altinda analiz edilen
koprii modellerine ait elde edilen bulgular tablo ve grafikler halinde sunulmus ve
irdelenmistir. Besinci boliimde tez calismasindan elde edilen sonucglar sunulmustur.
AASHTO 2012 yonetmeligine gore elde edilen degerler TBDY 2018 yonetmeligine gore
elde edilen degerlerden daha yiiksektir. Her iki yonetmelik i¢in yapilan degerlendirmeler I
kesit tipinin U kesit tipine gore daha avantajli oldugu gézlemlenmistir.

Anahtar Kelimeler: celik kirisli koprii, betonarme kirisli koprii, 6ngerilmeli betonarme
kopru, sismik analiz, CSi Bridge
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In this thesis, the effect of beam cross-section shape and material on the behavior of
beam bridges under the effect of earthquake has been investigated. In the study, precast
reinforced concrete | and U-beam, steel 1-beam and U beam bridge models with a span of
72 meters were analyzed according to the modal combination method. Spectrum curves were
defined according to AASHTO 2012 specification and TBDY 2018 regulations, and a total
of eight different models were created, two models for each type of bridge.

This thesis study consists of five chapters. In the first part, general information about
bridges were given. In the second part, the history of highway bridges, and previous studies
on the subject are reviewed. In the third chapter, cross-section and material properties of
bridge models, support conditions, dead loads, moving loads and spectrum curves are
introduced. In the fourth chapter, according to AASHTO 2012 and TBDY 2018 the findings
of the bridge models analyzed under the effect of earthquake are presented and examined in
tables and graphs. In the fifth chapter, the results obtained from the thesis study were
presented. The values obtained according to the AASHTO 2012 regulation are higher than
the values obtained according to the TBDY 2018 regulation. For both regulations, it has been
observed that the I section type is more advantageous than the U section type.

Keywords: steel beam bridge, reinforced concrete beam bridge, prestressed reinforced
concrete bridge, seismic analysis, CSi Bridge
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1. GIRIS

Kopriler hem kentler aras1 hem de kent i¢i ulasim aginin can damaridir. Kopriler,
ulagimda karayolu ve demiryolu ag sistemlerinde kritik role sahiptirler. Koprii yapim
maliyetleri ve kdprulerin sehirlerarasi ulagim agini olusturdugu diisiiniildiigiinde koprilerin
deprem etkisi altindaki davraniglarinin  incelenmesinin olduk¢a 6nemli oldugu ortaya
cikmaktadir. Kopriilerin tasarimi i¢in kullanilan en genis kapsamli yonetmeliklerden biri
olan Amerikan Eyalet Karayollar1i ve Ulastirma Kurumunun yayimladigi AASHTO
yonetmeligidir. AASHTO-LRFD, dogrusal olmayan malzeme 6zelliklerini ve elastik otesi
davranigint g6z Oniinde bulundurarak kopriilerin tasarlanmasina olanak saglamaktadir
(AASHTO, 2012).

Bu ¢alismada, kirisli kopriilerin deprem etkisi altinda davranisi tizerine, kiris enkesit
sekli ve malzemesinin etkist AAHSTO 2012 ve TBDY 2018 yonetmelikleri dikkate alinarak
incelenmistir. Calismada, dort farkli kirisli koprii sistemi CSi Bridge bilgisayar programi
kullanilarak modellenmis ve AASHTO-LRFD 2012’e¢ gore dizayn edilmistir. Kopri
modellerinde tabliye kirigleri disindaki tiim elemanlar1 ayni kesit ve malzemeye sahipken
sadece tabliye kirisi enkesitleri farklidir. Tasarmmi yapilan modeller icin TBDY 2018 ve
AASHTO 2012 yonetmelikleri dikkate alinarak mod birlestirme yontemine gore topam sekiz
adet analiz gercgeklestirilmistir.

Calismanin ilk bélimde, kopriiler ile ilgili genel bilgileri verilmistir. Ikinci boliimde
karayolu koéprilerin tarincesi ve konu ile ilgili ge¢miste yapilmis g¢alismalar gozden
gecirilmistir. Ugiincii bolimde, képri modellerinin kesit ve malzeme 6zellikleri, mesnet
kosullar, olii yiikler, hareketli ve spektrum egrileri tamitilmistir. Dordiincii boliimde
AASHTO 2012 ve TBDY 2018’e gore deprem etkisi altinda analiz edilen képrii modellerine
ait elde edilen bulgular tablo ve grafikler halinde sunulmus ve irdelenmistir. Besinci

boliimde tez ¢alismasindan elde edilen sonuglar sunulmustur.



2. GENEL BILGILER

2.1. Kgprunun Tarihcesi

19. ve 20. yiizyilin baslarinda, hem yapisal analizler hem de malzeme bilimleri ¢ok
blylk ilerlemeler kaydetmistir. Eski zamanlarda kopriler ahsap, tas ve kil gibi kolayca
erigilebilen dogal kaynaklar ile ¢ok smirli agikliklara sahip olarak insa edilebilmistir.
Romalilar kemer sekli ve har¢ malzemesi kullanarak gucli ve hafif kopriler ve uzun
viyadiikler inga edebilmislerdir (Sekil 2.1).

Diinyanin ilk dékme demir kafes kopriisii (Sekil 2.2) ise 1779'da Ingiltere'nin
Cofordbrookdale kentinde insa edilmistir. Bu koprii ara sira hafif ulasim araglari igin ve
yayalar igin hala kullanilmaktadir ( Wang, 2014).

Modern teknolojinin yardimiyla, 6zellikle bilgisayarin icat edilmesinden sonra
kopriiler inanilmaz uzun agikliklar ile inga edilmeye baslamistir. Roma viyadiik yapist olan
Millau Viyadiigii (Sekil 2.3), giiney Fransa'da bir kablo koprii olarak insa edilmistir. Yap1
343 m yiiksekligi ile diinyanin en yiiksek kopriisiidiir. Su anda, diinyanin en uzun agiklik
koprist (1991 m), Japonyada Kobe sehrini Awaji adasina baglayan Akashi Kaikyo asma
koprasudir (Sekil 2.4) ( Wang, 2014).
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Sekil 2.1. Roma viyadiigii, Pont du Gard, Fransa ( Wang, 2014)
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Sekil 2.2. Cofordbrookdale, Telford, ingiltere'deki ilk dokme demir kafes kdprii ( Wang,
2014)

Sekil 2.3. Millau viyadugii, Fransa ( Wang, 2014)
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Sekil 2.4. En uzun agiklikli koprii, Akashi Kaikyo kdprisu, Japonya ( Wang, 2014)

2.2. Karayolu Koépruilerinin Simflandirilmasi

Ustyapi tipine bagl olarak, karayolu kopriileri asagidaki simflara ayrilabilir.
e Plak kopriler
e Kirisli kopriiler
e Kemer kopriler
o Kafes kopriler
e Kablolu koprler
e Asma kopriler
Kopriilerin sayisina ve uzunluklarina bakildiginda, kirigli kopriilerin diinyadaki en
yaygin karayolu kopriileri oldugu goriilmektedir. Uzun agiklikli kdpruler icin, kemer, kafes
ve kablolu kopru secgenekleri tercih edilebilir. Uzun agiklikli kdpriler i¢in bazi 6rnekler Sekil
2.5 ile 2.13'te gosterilmistir (Fu, 2013).



Sekil 2.5. Bir iskeleyi paylasan iki basit ¢elik kiris (Fu, 2013)

Sekil 2.6. Strekli kirisli ¢elik képrt (Fu, 2013)



<

Sekil 2.7. Egri eksenli beton kutu kirisli kopri (Fu, 2013)

Sekil 2.8. Tek agiklikli éngerilmeli betonarme I-kirisli képra (Fu, 2013)



Sekil 2.10. Celik kafes kopri (Fu, 2013)



Sekil 2.12. Askili koprii (Fu, 2013)
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Sekil 2.13. Asma kopri (Fu, 2013)

2.3. Literatiir Taramasi

Literatiirde c¢elik ve betonarme koprilerle ilgili yapilan calismalar asagida
Ozetlenmistir.

Ayoub ve Filip (2000) ¢alismalarinda yiikler altinda ¢elik-beton kompoze kirisin
analizi i¢in yeni bir kirig eleman tanim1 sunmustur. Eleman i¢ kuvvet ve yatay deplasmandan
bagimsiz bir yaklasimla karma bir formiilasyondan tiiretmistir. Caligma sonucunda yapisal
modelde toplam serbestlik derecesinin azaldigi ve analitik simiilasyonda 6nemli Slgiide
islem tasarrufu elde edildigi goriilmiistiir.

Gheitasi ve Harris (2005) calismalarinda déseme yiizey deliminasyonunun ¢elik
beton kompoze kopriilerin performansia etkisi incelenmislerdir. inceleme sonucunda
dosemedeki bozulmanin sistemin biitiinciil davranist bakimindan etkisi minimal oldugu
fakat bu durumun sistem diiktilitesi ve yiilk tasima kapasitesindeki indirgeme
karakteristiklerini etkileyecegi belirtilmislerdir.

Erciyes (2006) calismasinda celik kafes kemerli bir koprunin, bilgisayar destekli
analizi ve analiz sonuglarma gore tasarimini yapmistir. Koprii tasarimi Amerikan
Standartlarma gore Gelik kafes kemer olarak yapilmistir. Celik elemanlarin baglantilarinin,

kaynakli oldugu varsayilmis ve daha gercekei bir tasarim igin, kafes sistemde olusabilecek



moment etkileri de dikkate alinmistir. Sicaklik, darbe ve riizgar yiikleri de dikkate alinarak,
tasarimda diger faktorlerin de yer almasi saglanmigtir. Tasarim sirasinda yapilan kesit
tayininde, boru tipi profil, kemer sistemin agirligin1 en aza indiren profil tipi oldugu
goriilmiistiir. Ayrica boru kesit kullanimin kemerin estetigi yoniinden en uygun kesit oldugu
gorilmiistir.

Akogul (2007) calismasinda prekast Ongerilmeli kirigli betonarme kopriilerin
depreme dayanikli tasarimi ve elastomer mesnetlerin kullanilmast durumunda deprem
davranigindaki degisimi incelenmistir. Calismanin sonucunda, deprem yikl azaltma
katsayilarinin iki yonetmelik arasinda birbirinden ¢ok farkli oldugu ve iki yonetmelik
arasindaki en 6nemli farkin yap1 6nem katsayisi oldugu gorilmiistiir.

Sarsik (2008) calismasinda koprii st yapisinda kullanilan dokuz tip dngerilmeli
prefabrik I kesitli koprii kirisinin de§isen agikliklarda hesabin1 yapmistir ve kirislerin hangi
acikliklarda efektif olarak kullanilacaginin belirlemeyi hedeflemistir. Kiriste kullanilan
ongerme donatilarinda zamana bagl 6ngerilme kayiplar1 hesaplanmis ve kayiplardan sonra
dort farkli ylikleme safthasinda kesitlerde olusan asal gerilmeler emniyet gerilmeleriyle
kontrol etmistir.

Ulug (2008) calismasinda kuvvet esasli dogrusal yontemle, AASHTO-1996
yonetmelik kriterlerine gore tasarimi yapilmis mevcut bir kopriiyl, AASHTO-LRFD
yonetmeligine gore yeniden tasarlamig ve tasarim sonuglarimi karsilastirmistir. Calisma
kapsaminda, AASHTO-LRFD yonetmeliginde verilen tasarim ilkeleri anlatilmis ve
kopriniin elemanlarinin bu ydnetmelige uygun olarak boyutlandirilmasi incelenmistir.
Sonug olarak mevcut képrii tasariminin daha gilivensiz tarafta kaldigi ve mevcut kprinin
hesap raporu incelendiginde, azaltilmis deprem vyuklerine goére baslik kirislerinin
boyutlandirildig1 ve baslik kirislerinin yetersiz kaldig1 gériilmiistiir.

Aktas (2010) calismasinda bir kopriiniin, AASHTO yonetmeligine gore
boyutlandirilmis ve DLH ve CALTRANS yonetmeliklerine gore deprem performansi
degerlendirmistir. Koprii ayaklarinda olusan plastik mafsal donme degerlerinin limit birim
sekil degistirme degerlerini agsmadig1 gozlenmistir. Enine yonde kolon Ust bdlgesinde plastik
mafsal olusumu gozlenmemis fakat boyuna ve enine yonde kolonlarin alt bolgesinde plastik
mafsal olusumu gozlenmistir.

Safaei (2010) calismasinda, 22,50, 32,50 ve 37,50 metre agiklikli I tip prekast kirisli
betonarme kopriisiiniin, AASHTO 2002 sartnamesine uygun olarak bilgisayar destekli
analizi yapmistir. Caligmada, analiz ve tasarim siirecinde koprii ayak temelleri ankastre

mesnet kabul edilmistir. Tiim modellerde, kolon ve kiris arasinda ayni tip elastomer mesnet
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kullanilip, bu elemanlarin deprem yiikii etkisi altinda diisey, yatay, burulma ve donme
rijitlikleri hesaplanmistir.

Giinaydin (2011) ¢alismasinda asma kopriilerin yapisal davranislarini incelemistir.
Calismada, Istanbul’da bulunan asma képriilerden Bogazigi Kopriisiinii ve Ingiltere’de
Severn Nehri tzerinde bulunan Humber Koprusinid 6rnek olarak segilmistir. Birinci kisimda
Bogazi¢i Koprisii’niin ikinci kisimda ise Humber Kopriisii’niin yapim asamalar1 ve
malzeme deformasyonlar1 dikkate alinarak lineer olmayan statik analizleri
gergeklestirilmistir.

Toren (2011) calismasinda farkli agiklik sayisi ve farkli agiklik boylarinda I ve kutu
kesitli kiris i¢in kesit 6zellikleri tayin etmistir. Calismada, Kiris agiklik boyunun kisa olmasi
durumunda I ve kutu kesitli kirig birim agirliklarinin birbirine yakin oldugu aciklik boyu
arttik¢a ise I kesitli kirisin kutu kesitli kirise gore birim agirliginin arttigir gézlemlenmistir.
Maliyet karsilastirmasi sonucunda agiklik boyu arttikea I kesitli kirig maliyetinin kutu kesitli
kiris maliyetine gore arttig1 sonucuna varilmistir.

Gork (2013) calismasinda bir karayolu kopriisiinin go¢me riskini, gelismis
matematiksel model kullanmak yoluyla analitik olarak tahmin edilmesi iizerine caligsmstir.
Calismada kirisler, dogrusal cubuk elemani1 olarak, orta ayaklar ve kenar ayaklar ise kesme
kapasitelerini g6z oniinde bulunduran dogrusal olmayan ecleman modelleri ile
tanimlanmigtir. Kopriiniin yapiminda elastik olmayan baglant1 elemanlari, temel ve zemin
yaylar1 kullanilmistir. Go¢me hasar gorebilirlik egrisi ve tekabiil eden depremsellik egrisinin
birlikte entegre edilmesiyle yapinin gogme riski elde edilmistir.

Ko¢ (2013) ¢alismasinda celik I-kirisli kompoze kopriilerin tasariminda kullanilacak
yeni bir hareketli ylik modeli tanimlanmas1 ve bu hareketli ylike uygun yiik katsayisi
belirlenmesi tizerinde ¢alismistir. Calismada, 6lii ve hareketli yiikleri barindiran temel diisey
yuk kombinasyonu i¢in asgari hedef giivenirlik indisi Amerika’da 3,50 se¢ilmesine karsin,
bu caligmada 4,00 olarak secilmistir. Gilivenirlik indisinin istatistiki hesaplarinin igerdigi
belirsizlikler yerel kaynaklardan elde edilen verilere gore belirlenmis olup, elde edilemeyen
yerel bilgiler i¢in uluslararasi ilgili ¢aligmalardan yararlanilmistir.

Pawar vd. (2013) ¢alismalarinda; kompoze koprii kirislerinin analizi karsilastirmali
olarak yapilmistir. Bu ¢alismada yazar T kirisindeki moment degisimini agiklamis, kirigin
kendi agirligina bagl olarak uzun agiklik ve kisa agiklik boyunca egilme anindaki degisimini
de agiklamistir.

Saxena ve Maru (2013) T-kesit kiris ve kutu-kesit kiris iistyap1 analiz ve tasarimi

uUzerine karsilastirmali ¢alisma yapmislardir. Caligmada T- kiris i¢in 6lii yiik altinda egilme
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momenti ve kesme kuvvetlerinin kutu- kirisli kopriiden daha kii¢iik oldugu gosterilmistir. T-
kirisin beton maliyeti kutu kirisin beton maliyetinden daha uygun oldugu goriilmiistiir.

Bayer (2014) calismasinda paslanmaz celikten kompoze bir kdprinin Eurocode
standartlarina gore dizaynina, maliyet analizine ve Danimarka’da yer alan geleneksel
ardgermeli betonarme bir kopriiniin maliyet kiyasina yer vermistir. Fiyat analizinde
bayimndirlik bakanliginin birim fiyat verileri ile Danimarka Karayollar1 genel miidiirliigiiniin
birim fiyat verileri temel esas alinarak kiyas yapilmistir.

Kumar (2014) c¢alismasinda oOngerilmeli beton T-kiris tasarimini incelenmistir.
Calismada ongerilmeli beton T-kiris i¢in egilme momenti ve kesme kuvveti, betonarme T-
Kiris kopriisiinden daha az oldugunu goriilmiistiir. Ongerilmeli beton T- kirisin moment
dayanimi, 24 m acikliktaki beton T- kirisine kiyasla daha fazladir. Ongerilmeli beton T- kiris
icin beton maliyeti betonarme T- kirisinden daha az oldugunu goriilmistiir.

Dikici (2015) calismasinda AASHTO’ya gore ankastre ve elastomer mesnetli 2 ayri
koprii modellenmis olup, ayni sartnamenin sismik tasarim boliimiinde belirtilen ¢6ziim
yontemleri kullanilarak yapi1 performanslari degerlendirmistir. Yapilan modal analiz
sonucunda; yap1 davranmisinda etkili olan ilk modlarda, elastomer mesnet kullanilmasiyla
beraber 6nemli oranda periyod artiglar1 elde edilmistir. Bu sonugla, elastomer mesnetli
sistem kullanilmasiyla daha esnek bir yapi sisteminin olustugu anlasilmistir.

Fatemi vd. (2015) calismalarinda kompoze celik-beton yatay kiris kdprisu icin yuk
dagilimini incelemislerdir. Yazar, yatay kirisin moment ve kayma yiik faktoriinii belirlemek
icin yaptig1 calismada AASHTO’ya gore yiikk dagilimlarinin Avustralya koprii tasarim
kodundan oldukga yiiksek oldugunu gozlemlemistir.

Dhanotia (2017) CSi Bridge yazilimi kullanarak ¢elik I-kirisli kopriisiiniin analizi ve
tasarimin1 yapmustir. Calismada IRC ve AASTHO kodlar1 kullanilmistir. Calismada iki
aciklikli kopriiler CSi Bridge kullanilarak modellenmis ve farkli gergeve kesitleri ve
malzeme Ozellikleri kullanilarak yapilan hesaplamalar ile karsilagtirilmistir. IRC sinif AA
yiikkleme ve IRC smf A yiikleme momentlerini ve sapmalarini hesaplamak i¢in farkl
deneme bolimleri alinmistir. Agiklik uzunlugu arttikga gelik I-kirisli kopriilerdeki egilme
momentinin azaldig1 sonucu vermistir.

Golen (2017) galismasinda betonarme ve gelik kopriilerde enleme kirislerin ve ana
kiriglerin hem egilme rijitlikleri hem de burulma rijitliklerini dikkate alarak ¢ozimlemeler
ve Guyon-Masonnet yontemi ve Courbon yontemi inceleyerek kiyaslama yapmistir. Her iki

metotta uygulamalar yapilmis, yapilan uygulamalar sonucunda Courbon yonteminin daha
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basit ¢6ziim sistemi olmasina ragmen Guyon-Masonnet yOnteminin daha saglikli sonug
verdigi goriilmiis ve tablolar olusturulmustur.

Verma (2017) ¢alismasinda beton T- kirisli koprii ile kutu kirisli kopriiniin analiz ve
tasarim1 karsilagtirmigtir. Bu ¢alismada, olii yiik ve hareketli yiikii hesaplamak igin
betonarme T-kirisli koprii ile kutu kirisli koprii incelemistir. Olii yiik hesaplamas: fiziksel
olarak yapilmistir. Olii yiik egilme momentleri, hareketli yiik egilme momentleri, riizgar
yiki egilme momentleri ve burulma momentleri T-kirisli koprii i¢in kutu kirig kopriiden
daha az oldugu goriilmiistiir. 30 m ve 40 m agikliklarda T-kirisin kutu kiristen daha agir
oldugu tespit edilmistir. 20 metrelik acgikliklar i¢in T-kiris daha ekonomik oldugu, ancak
aciklik daha fazlaysa, kutu kiris her zaman uygun gériilmistiir. Her ikisi i¢cin de momentler
degerlendirilmis ve T- kiris'in 20 metrelik mesafe i¢in daha fazla kapasiteye sahip oldugu
sonucuna varilmistir.

Yaman (2018) calismasinda zamana bagl ongermeli betonarme kopriilerin beton
tabliyesinin ve Kkirislerinin farkli boliimlerinde olusan sicaklik dagilimimi ve sicaklik
gardiyanlarin1 anlamak i¢in sonlu eleman analizi yapmistir. Koprii kiriglerinin 1s1l analizini
gerceklestirmek icin sonlu eleman programlar1i COMSOL Multiphysics ve CSi Bridge
programini kullanmis ve analizler yapmistir. Sicak bolgelerde giines radyasyon etkisinin
kopri tasarlamak i¢in 6nemli oldugu sonucuna varilmaistir.

Bostan (2019) calismasinda kutu kesitli betonarme karayolu képralerinin dinamik
davranisi iizerinde en kesit seklinin etkisi incelemistir. Bu amagla, farkli en kesitli kirislere
sahip olan dort kutu kesitli koprii modellemis, modal ve dinamik analizlerini yapmustir.
Farkli en kesit sekillerine sahip kopriilerde hakim mod, egilmeli burulma modu olarak ortaya
davranigi lizerinde araglarin kpriiye giris zamanlarinin, kprii {izerinde kalma zamanlarinin
ve ara¢ hizlarmin etkili oldugu goriilmiistiir.

Peker (2019) calismasinda iki asamali etkin bir yaklasim ile kompozit ¢elik I kiris
kopriilerin optimum tasarimini gergeklestirmistir. Cizgisel-Kiris analiz yontemi ile
coziimlerde ara¢ hareketli yiik zarflarimi yaratmak iizere, tesir ¢izgilerini kullanmanin
karmasik, yorucu ve zaman alict oldugu ortaya ¢ikmistir. En elverigsiz yiliklemeler altinda
Cizgisel-Kiris analiz yontemiyle ¢oziimlerin, tesir ¢izgileriyle analize gore daha kolay ve
daha pratik oldugu goriilmiistiir.

Rasekh (2020) calismasinda ongermeli kirigli betonarme kopriilerin ve ¢elik kirigli
kopriilerin insaat maliyetleri ve deprem performanslar: karsilastirilmali olarak irdelenmistir.

Caligmada, iki ana grup olarak 6ngermeli kirisli ve gelik kirisli kdpriler den olusan toplam
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288 kopriiniin tasarimlart gergeklestirilmistir. Bu koprilerin analizinde parametre olarak,
farklt zemin tipleri ve sismik bolgeleri, farkli agiklik uzunluklari, kolon yikseklikleri,
dikkate alinarak karsilagtirilmalar gergeklestirilmistir. Sonug¢ olarak dngermeli betonarme
kirigli kopriilerin ¢elik kirisli kopriilere gore hem maliyet hem performans agisindan daha

iyi bir konumda oldugu tespit edilmistir.
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3. MATERYAL VE YONTEM

3.1.  Kopriu Modellerinin Tamitilmasi

Bu ¢alismada Prekast 1 ve U kirisli betonarme ve ¢elik | ve U kirigli kdprilerin
AASHTO 2012 sartnamesine uygun olarak CSi Bridge programini yardimiyla analizi ve
dizayn1 yapilmistir. Calismaya esas alinan koprii modelleri toplam 72 m uzunluga, 15,1 m
genislige ve 5 agikliga sahiptir. Ilk ve son aciklik 12,75 m, orta agikliklar 15.5 m’dir. Kprii
platformu déseme ve dikdortgen betonarme kesitli dort adet baslik kirisi ve iki adet kenar
ayaktan olugmaktadir. Koprii kirisleri kpriiniin baslangi¢ ve son kisminda yer alan kenar
ayaklar ve baslik kirislerine elastomer mesnetlerle baglanirken, bashik kirisleri 4.467 m
aralikli dort adet kolon iizerine oturmaktadir. Kolonlar ise ankastre olarak zemine
baglanmaktadir. Betonarme tabliyenin kalinligi 0,203 metredir. Bu koprii 4 seritten
olusmaktadir (Sekil 3.1 ve Sekil 3.2). Olii yiikler, hareketli yiikler ve tasit yiikleri
tanimlanirken AASHTO 2012 dikkate alinmastir.

Tablo 3.1. Kopri modellerinde kullanilan elaman kesitleri
Baglik Kenar h
Model | kirigi | Lo1on Elastomer |  Kopri Kiris ve

o ayak L
Kesiti Kesiti Kesiti mesnet tabliyesi

Tim

Prekast | = 7 [

I \
Kirisli 1
Model
Prekast | = [

U !
Kirisli 1
Model
Celik | |
Kirisli -
Model

Celik | — [
U .
Kirisli 1
Model

U U g U
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12.?5m_' 1550m | 15.50m | 1550m | 12.75m |I-

Sekil 3.1. Kopri boy kesiti

3.2.  CSi Bridge Programmin Tanitilmasi

CSi Bridge kullanarak miihendisler karmasik koprii geometrilerini, sinir kosullarini
ve yik durumlarini kolayca tanimlayabilmektedirler. Yazilim, koprii tanimlama
parametreleri degistikce otomatik olarak modelleri olusturur. Kullanicinin tasarim siireci
iizerinde tam kontrolii korurken, basit veya karmasik koprii modelleri olusturmasina ve
verimli bir sekilde degisiklik yapmasma kolaylik saglar. CSi Bridge tasarimi, ¢elik ve
betonarme kopriilerin hizli ve kolay bir sekilde tasarlanmasini ve giiglendirilmesini saglar.
Seritler ve araglar hizli bir sekilde tanimlanir. CSi Bridge programinda olusturulmus koprii

sonlu eleman modeli Sekil 3.2'de gosterilmistir.

Sekil 3.2. 3D kopri sonlu eleman modeli
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3.3. CSI Bridge Program Kullamlarak Kopriuniun Modellenmesi

3.3.1. Birimler

Bu c¢alismada birimler KN/m/C olarak kabul edilmistir.

3.3.2.  Aks Duzeni

CSi Bridge programinda modellemenin ilk adimi aks cizgilerini tanimlamaktir.
Kopru egimsiz diiz olacaktir. Koprinin toplam uzunlugu 72 metredir ve baslangic degeri
sifir alinmustir (Sekil 3.3).

9 Bridge Layout Line Data

Bridge Layout Ling Name Coordinate System Shift Layout Line Units

BLL1 GLOBAL ¥ Modify Layout Ling Stations... Kgf, m, C v

Coordinates of Inital Station

Plan Vigw (X-Y Projection) Global X [
By Global !
Eany Giokal Z 0.
North Radis
Iniial and End Station Data
Grade
w0 . 06428 Initial Station (m) 0.
w 182847 Inial Bearing NODO000E
Y 2 Initial Grade in Percent 0.
End Station (m) 72
X
%
Horizontal Layout Data
Developed Elevation View Along Layout Line
Define Horizontal Layout Data. Quick Start..
z
¢
s Defing Layout Data
L=
‘ N Refresh Pt Define Vertcal Layout Data. Quick St

Cancel

Sekil 3.3. Yol platformunun olusturulmast

3.3.3. Yol Seritlerin Tanimlamasi

Bu model igin 15,1 metre genisliginde dort serit tanimlanmistir (Sekil 3.4 ve Sekil
3.5).
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& Bridge Lane Data

General Coordinate System Units
Lane Name LANET r Notes.. GLOBAL v KN, m, C ¥
Waximum Lane Load Discretization Lengths Addtional Lane Load Discretization Parameters Along Lane
Along Lane I:l Discretization Length Not Greater Than 1/ of Span Length
Across Lane Cl Discretization Length Not Greater Than 1/ of Lane Length
Lane Data
Bridge Station Centering Offset Lane Width Radus g
Layout Line m m m m Move Lane...
BLLY ~|[o. [1825 285 o |
Add
BLL1 o [is
BLL1 72 0. Insert
Modify
Delete
Lane type
(® Fixed Lane () Floating Lane Set
1 Fixed Lane Auto Fioating Lane Width
Plan View (X-Y Projection) Lane Edge Type
Layout Line Left Edge Interior -
Station Right Edge Interior v
North
B
= Objects Loaded By Lane
Hadis @® Program Determined
Grade O eow
x 71.4957 ’7
¥ v 9.4453
M z
@ Snap To Layout Line Cancel
< > (O SnapTolane
Sekil 3.4. Yolun i¢ seridi olusturulmasi
&) Bridge Lane Data
General Coordinate System Units
Lane Name LANE3 . Hotes. GLOBAL ~ KN, m, C ~

Maximum Lane Load Discretization Lengths

‘Additional Lane Load Discretization Parameters Aleng Lane

Along Lane Discretization Length Not Greater Than 1/ of Span Length
Across Lane Discretization Length Not Greater Than 1/ of Lane Length
Lane Data
Bridge Station Centerline Offset Lane Width Radis @
Layout Line m m o - Move Lane.
BLLY v 5.475 365 0.
Add
ELLI 5.475 365
BLL1 72 5475 365 0. Insert
Modify
Dekete

Lane typs
(@) Fixed Lane () Floating Lane Sat

1 Fixed Lane A

Plan View (X-Y Projection)

Floating Lane Width

Lane Edge Type

Layout Line Left Edge Interior -
Station ] Right Edge Interior -
e Bemd Objects Loaded By Lane
Radus @ Program Determined
eaie [ 5 g
X | E—
¥ v —
% z
® Snap To Layout Line Cancel
< >

(O snapToLane

Sekil 3.5. Yolun kenar seridi olusturulmasi
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3.3.4. Kopri Malzeme Ozelliklerinin Tanimlanmasi

Calismaya esas alinan kopri modellerinde kullanilan her malzemenin programda

asagida goriildiigi gibi tanimlanmustir.

3.3.4.1. C40 Beton Sinifinin Tanimlanmasi

Elastisite Modiilii (E) = 3.4 x10" KN/m?

Pozisyon Orani = 0.20

Isil genlesme katsayis1 = 1.0x10™ °C

Karakteristik basing dayanimi = 4.0x10* kN/m2

Prekast kirisler: AASHTO Tip-IV prekast kiris kesiti ve AASHTO U Kesiti ve kopri
tabliyesinde beton sinifi C40 kullanilmistir. Beton sinift C40 Sekil 3.6'de gosterildigi gibi

tanimlanmustir.

@ Material Property Data X

General Data

Material Mame and Display Color C40 .
Material Type Concrete
Waterial Grade
Material Notes Modify/Show Notes...

‘Weight and Mass Units
‘Weight per Unit Volume KN, m, C ~
Mass per Unit Volume 2.5493

Isotropic Property Data
Modulus Of Elasticity, E
Poisson, U
Coefficient Of Thermal Expansion, A
Shear Modulus, G 14166667.

Other Properties For Concrete Materials
Specified Concrete Compressive Strength, o
Expected Concrete Compressive Strength

[] Lightweight Concrete

D Switch To Advanced Property Display

Cancel

Sekil 3.6. C40 beton malzeme 6zellikleri

3.3.4.2. C30 Beton Sinifinin Tanimlanmasi

Elastisite Modiilii (E) = 3.2 x10” kKN/m?
Pozisyon Orani = 0.20
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Isil genlesme katsayis1 = 1.0x10°°C

Karakteristik basing dayanimi = 3.0x10* kN/m?

Kolonlar, baslik Kirisi ve kenar ayaklarinda beton sinifi C30 kullanilmistir.
Beton smifi C30 Sekil 3.7'de gosterildigi gibi tanimlanmaistir.

&) Material Property Data s

General Data

Material Name and Display Color Cc30
Material Type Concrete
Waterial Grade |f‘c 4000 psi |
Material Notes Modify/Show Notes.

‘Weight and Mass Units
Weight per Unit Volume KN, m, C v
Mass per Unit Volume 25493

Isotropic Property Data
Wodulus Of Elasticty, E
Poisson, U
Coefficient Of Thermal Expansion, A
Shear Modulus, G 13333333,

Other Preperties For Concrete Materials

Specified Concrete Compressive Strength, fo 30000
Expected Concrete Compressive Strength 30000

[ Lightweight Concrete

[[] Switch To Advanced Property Display

Cancel

Sekil 3.7.C30 beton malzeme 6zellikleri

3.3.4.3. A416Gr270 Ongerme Malzeme Sinifimin Tanmimlanmasi

Minimum Akma Dayanimi, Fy = 1689905 kN/m?
Elastik Esneklik Modulii, Es = 1.965x108
Prekast 1 ve prekast U kirigli modellerde ongerme ¢eligi olarak (A416-Gr 270)

kullanilmistir. Malzeme 6zellikleri, Sekil 3.8'de gosterildigi gibi tanimlanmustir.
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& Material Property Data X

General Data

Material Name and Display Color ABGr2T0

Material Type Tendon
Waterial Grade
Material Notes Modify/Show Notes..

Weight and Mass Units
Weight per Unit Volume KN, m, C v
Mass per Unit Volume 7.849

Uniaxial Property Data

Modulus Of Elasticity, E 1.865E+08

Coefficient Of Thermal Expansion, A 1.170E-0

Shear Modulus, G

Other Properties For Tendon Materials

Minimum Yield Stress, Fy 16899052

II I”I

Minimum Tensile Stress, Fu 1861584 6

|:| Switch To Advanced Property Display

Cancel

Sekil 3.8. Ongerme malzeme 6zellikleri

3.3.4.4. A615Gr60 Donat1 Celiginin Tanimlanmasi

Minimum Akma Dayanimi, Fy = 413685.5 kN/m?

Elastik Esneklik Modiilii, Es = 1.999x108 kN/m?2

Pozisyon Orani = 0.30

Donat1 celigi (A615Gr60) tim kopri modellerinde kolon, baslik kiris ve kenar

ayaklarinda kullanilmistir ve Sekil 3.9'de gosterildigi gibi tanimlanmustir.
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@) Material Property Data x>

General Data

Material Name and Display Color AB15GrED

Material Type Rebar

Material Grade Grade 80

Material Notes Modify/Show Notes.
Weight and Mass Units

<

Weight per Unit Volume 76.9729 KN, m, ©
7.849

Mass per Unit Volume

Uniaxial Property Data

Modulus Of Elasticity, E 1.999E+08

Coefficient Of Thermal Expansion, A 1ATOE-0

Shear Modulus, G

Other Preperties For Rebar Materials
Minimum Yield Stress, Fy
Minimum Tensile Stress, Fu 620528.2

Expected Yield Stress, Fye

= = o
& & e
&
e
F &
T8
in &

Expected Tensile Stress, Fue 682581

[[] Switch To Advanced Property Display

Cancel

Sekil 3.9. Donati ¢eligi (A615Gr60) malzeme 6zellikleri

3.3.4.5. A709Gr50W Celik Sinifi Tanimlanmasi

Minimum Akma Dayanimi, Fy = 344737.9 KN/m?

Elastik Esneklik Modili, Es = 1.999E+08 kN/m?

Pozisyon Orani1 = 0.30

Celik sinifi (A709Gr50W) Celik I ve U kirigli kopri modellerinde | ve U Kkiris

kesitinde kullanilmistir ve Sekil 3.10'de gosterildigi gibi tanimlanmuastir.
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& Material Property Data X

General Data

Material Name and Display Color ATOSGrsS0wW

Material Type Steel

Material Grade Grade 50W

Material Notes Modify/Show Notes...
Weight and Mass Units

Weight per Unit Volume 765728 KN, m, C

7.849

<

Mass per Unit Volume

Isotropic Property Data
Modulus OF Elasticity, £
Poisson, U
Coefficient Of Thermal Expansion, A
Shear Modulus, G 76503069,

Other Properties For Steel Materials
Minimum *Yield Stress, Fy 3447379
Minimum Tensile Stress, Fu 4826331

Expected Yield Stress, Fye re21.y

Expected Tensile Stress, Fue 530395.4

|:| Switch To Advanced Property Display

Cancel

Sekil 3.10. Celik sinifi (A709Gr50W) malzeme 6zellikleri

3.3.5. Koprii Kirislerinin Tanimlanmasi

Modellerde kullanilan kopri kirsleri sirayla asagidaki gibi tanimlanmustir.

3.3.5.1. ASSHTO Tip IV Prekast Kiris Tanimlanmasi

Prekast beton Tip IV Kiris, ASSHTO standardindan secilerek programda asagidaki
sekilde tanimlanmustir (Sekil 3.11 ve Sekil 3.12).
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9 Add Frame Section Property

Select Property Type

Frame Section Property Type

Click to Add a Concrete Section

Concrete

Rectangular Circular Pipe Tube
Trapezoidal N Precast | j Precast U

Cancel

Sekil 3.11. AASHTO tip IV prekast kiris tanimlanmasi

e' Precast Concrete | / Bulb Tee Girder

Section Name

AASHTO TYPE 4

Section Notes

Modify/Show Notes...

Display Color

=

—
D2
D3
D4 B3
o
B4
D7
D& %
Ds
(s3] B2
T 0.203
T2 0.203

il

Section
o
2 e | Y
@ b
w B |k |
|
o
E —
o>
D4 Properties.
o 0 =
0s Section Properties...
i I:l Time Dependent Properties...
Set Modifiers...
Tendon Layout Data.
Cancel

Sekil 3.12. AASHTO tip IV prekast kirisin 6zellikleri




3.3.5.2. Tabliye Ozelliklerinin Tanimlanmasi

Koprii kirigleri igin kesit ve malzeme tanimlandiktan sonra, tabliye {istyap: paneli

kullanilarak koprii dogseme-kiris sistemi tanimlanmaistir.
3.3.56.3. AASHTO Prekast | Kiris Kesitinin Tanimlanmasi
Prekast | kiris kesitinin tanimlanmasi asagida gosterilmistir.

1- Yeni tabliye sekmesi tiklanarak tabliye tipini “kompozit kiris iizerine beton-
prekast I kiris” olarak secilmistir (Sekil 3.13).

@ Select Bridge Deck Section Type x

Concrete Box Girders

L1 | L I N ) 1 1)

Ext. Girders Vertical Ext. Girders Sloped Ext. Girders Clipped Ext. Girders with Radius
Ext. Girders Sloped Max AASHTO - PCI-ASBI Advanced

Standard

Other Monolithic Concrete Sections

TTI 1T "W W

Tee Beam Solid Girder Flat Slab

Concrete Deck on Compoesite Girders

@uu TTTIT T O

Precast | Girder Precast U Girder Steel | Girders Steel U Girders

Sekil 3. 13. AASHTO Tip IV prekast kiris i¢in secilen tabliye tipi

2- Doseme malzemesi “C 40” olarak tanimlanmustir.

3- Modelin toplam ig kiris sayisini 4 olarak tanimlanmastir.

4- Kopriiniin toplam genisligini 15,1 metre olarak girilmistir.

5- Déseme kalinlig1 0.203 metre olarak girilmistir.

6- Kiris ASSHTO Tip IV olarak se¢ilmistir.

Kopri tabliyesinin detayl bilgileri sekil 3.14'de gdsterilmektedir. Prekast U kirisli,
celik 1 ve celik U kirisli kopri modelleri icin de tabliye oOzellikleri ayni sekilde
tanimlanmistir (AASHTO, 2012).

25



&) Define Bridge Section Data - Precast Cancrete | Girder X

| |
xr X x X
¥
Lax
-] L S2 L 53 (15,0624 v [-1.3001 Do Snap
1 Constant ar Vafisble G\Mé’Smc\ng 1
Section is Legal Show Section Details...
Section Data Girder Output
Definitien | oads Girder Force Output Locations.,
Item Value )
Modify/Show Properties Units.

General Data

Bridge Section Name: BSECH KN, m, C v
Slab Material Property C40

Number of Interior Girders. 2 ST E TS

Total Width 181 Tendon Layout Data.

Girder Longitudinal Layout Along Layout Ling

Constant Girder Spacing Yes Wadify/Shaw Load Patterns

Constant Girder Haunch Thickness (t2) Yes

Load Patterns.

Constant Girder Frame Section Yes
Slab Thickness

Top Slab Thickness (t1) 0.202

Concrete Haunch Thickness (12) 0
Girder Section Properties

Girder Section AASHTO TYPE 4
Fillet Horizontal Dimension Data

f1 Horizontal Dimension 0.4572

12 Horizontal Dimension 04572

Left Overhang Data

Left Overhang Length (L1) 0782 v

Sekil 3.14. AASHTO Tip IV prekast kiris tabliyesi 6zellikleri

3.3.5.4. AASHTO Prekast U Kiris Kesitinin Tanimlanmasi

Prekast U kiris kesiti ve tabliye ozelliklerini asagidaki sekilde goriildiigii gibi
tamimlanmustir (Sekil 3.15 ve Sekil 3.16).

@) Precast Concrete U Girder X
Section Name [u Kinig Display Color
Section Notes Modify/Show Notes. F
Section Dimensions Section
B U Girder
—_—
oLl o
Ds D4
B! B&
D1
B3 B4
D3
D2
B2
B1 2.1987 D1 1.4002
B2 1.4886 D2 0.1746
Properties.
82 o3 [oorez
c40 |+
S 01447 DS Cl Section Properties. .
B8 ps [0z Time Dependent Properies. .
o7 |0.1746 Set Modifiers...

Sekil 3.15. Prekast U kiris 0zellikleri
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& Define Bridge Section Data - Precast Concrete U Girder X
I |
U uuuyu
¥
Loy
! ! ! ! e
St S2 83 X Y Do Snap
Constant or Vaniable Girder Spacing )
Section is Legal Show Section Details.
Section Data Girder Output
Definfion  Loads Modify/Show Girder Force Output Locations.
Item Value ]
Modify/Show Properties Units.

General Data

Bridge Section Hame BSECT Materials. Frame Sects. KN, m, € v
Slab Waterial Property 40

Number of Interior Girders H BadnEok b

Total Width 181 Toairaieal

Girder Longitudinal Layout ‘Along Layout Line

Constant Girder Spacing Yes

Constant Girder Haunch Thickness (t2) Yes

Constant Girder Frame Section Yes
Slab Thickness

Top Slab Thickness (t1) 0.203

Concrete Haunch Thickness (2) 0.075
Girder Section Properties

Girder Section U KiRiS

Girder Modeling In Area Object Models

Girders Wedeling Object Type Frame

= - 2 Convert To User Bridge Secion

Fillet Horizontal Dimension Data

1 Horizontal Dimension 0.305

12 Horizontal Dimension 0.308 v Cancel

Sekil 3.16. Prekast U kiris tabliyesi 6zellikleri

3.3.5.5. AASHTO Celik I Kiris Kesitinin Tanimlanmasi

Celik T kiris kesiti ve tabliye ozelliklerini asagida sckilde gosterdigi gibi
tamimlanmustir (Sekil 3.17 ve Sekil 3.18).

& 1/Wide Flange Section X
Section Name Steel | Display Color .
Section Notes Modify/Show Motes..

Dimenzions Section

Outside height (13 ) 12
- ——

Top flange width (12 ) 06
Top flange thickness (tf) 008 3
Web thickness (tw ) 0035
Botiom flange witth (12b ) 08 :':l

Bottom flange thickness (b ) 005
Properties
Waterial Property Modifiers Section Properties...
AT09Gra0wW Set Modifiers... Time Dependent Properties...

Cancel

Sekil 3.17. Celik I kiris 0zellikleri
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&) Define Bridge Section Data - Steel | Girder X

I Widih }

g T T 1 T
b

X 157117 Y (20243 Do Snap

1 T
Constant or Yeriable Girder Spacing Section is Legal Show Section Detaik.

Interior

Ginler Girder 1

L 51 L 52 L 53 }

Section Data Girder Output
Defintion Loads Girder Force Output Locations...
Item Value 2
Wodify/Show Properties Units
General Data
Bridge Secticn Name BSECT Materials... Frame Sects... KN, m, C v
Slab Material Property c40
Number of Interior Girders 2 Crifizims e
Total Width 181 Load Patterns.
Girder Longitudinal Layout Along Layout Line
Constant Girder Spacing es
Constant Girder Haunch Thickness ({2 Yes
Constant Girder Frame Section Yes
Slab Thickness
Top Slab Thickness (1) 0203
Concrete Haunch + Steel Flange Thickness (t2) 0.05
Girder Section Properties
Girder Section Steel |
Girder Modeling In Area Object Models
Girders Modeling Object Type: Mixed 5 5
Convert To User Bridge Section
Maximum Meshed Element Height for Girder Web 03048
Fillet Horizontal Dimension Data
f1 Horizontal Dimension 0308 v Cancel

Sekil 3.18. Celik I kiris tabliyesi dzellikleri

3.3.5.6. AASHTO Celik U Kiris Kesitinin Tanimlanmasi

Celik U kirisin kesiti ve tabliye 6zellikleri asagida sekildeki gibi tanimlanmigtir
(Sekil 3.19 ve Sekil 3.20).

& Built Up Hybrid U-Section X
Section Name U STEEL ] |
Section Notes Modify/Show Notes.

Web Data Section

Material (Base) + | AT09Grsow

Wertical Clear Depth 1.0192

Thickness 0.012

Web Spacing at Top (CL to CL) 1.4258

3 f

Top Flange Data l

Material + | ATOSGrsOW

Width (Per Each) 0171

Thickness 0.022

Properties
Bottem Flange Data
Section Properties...

Material + | AT09Grsow

Width 1.0192

Thickness 0.022 Property Modifiers

Lip (Web CL to Flange Edge) 0.0171 Set Modifiers.

Cancel

Sekil 3.19. Celik U kiris 0zellikleri
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&) Define Bridge Section Data - Steel U Girder X

L Widih
| |

Eil—lL b | RefPtl H%

U Uty u

o .
i ' - ' " m &
Exerior Eﬁenor L X
G
}

Girder ™| Irtenior Girder 1 |nterior Girder 2 irder
st s, s X [-0.0269 v|[-26762 Do Snap
Constart or Variable Girtler Spacing Section is Legal Show Section Dtais.

Section Data Girder Qutput

Definition Loads Wodify/Shows Girder Force Output Locations.

Item Value @

Wodify/Show Properties Units

General Data

Bridge Section Name BSECT KN, m, C v

Slab Material Property &

Number of Girders 2 Wodify/Show Load Patierns

W} 181 Load Pattens...

Girder Longhudinal Layout Along Layout Line

Constant Girder Spacing Yes

Constant Girder Haunch Thickness (t2) es

Constant Girder Frame Section Ves

Constant Girder Bracing Type Yes

Constant Girder Bracing Section Ves
Slab Thickness

Top Slab Thickness (1) 0.203

Concrste Haunch + Steel Flangs Thickness (t2) 0.075
Girder Section Properties

Girder Section U STEEL
Girder Top Lateral Bracing

Bracing Type None
Girder Modeling In Area Object Models v Cancel

Sekil 3.20. Celik U kiris tabliyesi 6zellikleri

3.3.5.7. Baslik Kiris Kesitinin Tanimlanmasi

Kopri modellerinin timunde ayni baglik Kirisi kesiti kullanilmistir. Baslik kiris kesiti
ve programda tanimlanmasi Sekil 3.21 ve Sekil 3.22'de gosterilmistir. Baslik Kiris “cerceve

Ozellikleri paneli” kullanilarak ve dikdortgen beton kesit secilerek asagidaki gibi

tanimlanmustir.
1- Malzeme C30 Beton olarak se¢ilmistir.

2- Derinlik (t3) 1,2 metre ve genislik (t,) 1,1 metredir.

11m

12m

Sekil 3.21. Baslik Kirisin kesiti
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& Rectangular Section
Section Name BASLIK KIRIS (BENT CAP) Display Color
Section Notes Modify/Show Notes...
Dimensions Section
Depth (13) 12 ‘ |
Width (12 ) 11 (T
3
Properties
Waterial Property Modifiers Section Properties...
C30 Set Modifiers... Time Dependent Properties...
Concrete Reinforcement..
Cancel

Sekil 3.22. Baslik kirisi kesit dzellikleri

1-Donat1 malzemesi A615Gr60 olarak secilmistir.

2-Tasarim tipi “kiris” olarak se¢ilmistir (Sekil 3.23).

& Reinforcement Data X

Rebar Material

Lengitudinal Bars + || AB15GrB0 W
Confinement Bars (Ties) + || AB15GrE0 w
Dezign Type

() Column (P-M2-M3 Design)
(®) Beam (M3 Design Only)

Concrete Cover to Longitudinal Rebar Center

Top 0.0635
- 0.0835

Reinforcement Overrides for Ductile Beams
Left Right
Top | 0. | | 0

Bottom |U. | |U.

Cancel

Sekil 3.23. Baglik Kiris i¢in donati tanimi
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3.3.5.8. Kolon Kesitinin Tanimlanmasi

Kopri modellerinin timinde 1,2 m ¢apinda kolon Kkesiti kullanilmigtir. Kolon Kkesiti

ve programda tanimlanmasi Sekil 3.24 ve Sekil 3.25'de gosterilmistir.

12m Pl

Sekil 3.24. Kolon Kesiti

& Circle Section *
Section Name KOLON Display Color B
Section Notes Modify/Show Notes...
Dimensions Section
Diameter (13} 12

Properties.

Material Froperty Modifiers Section Properties...

C30 Set Modifiers... Time Dependent Properties...

Concrete Reinforcement...

Cancel

Sekil 3.25. Kolon kesit 6zellikleri

1- Dairesel kolon kesiti secilmistir, ¢ap1 1,2m ve donati malzemesi olarak A615-
GR60 secilmistir.
2- Boyuna donati sayisi 12 ve donati ¢ap1 18 mm’dir (#18).

3- Donat1 konfigirasyon daireseldir ve nerviirlii donati secilmistir (Sekil 3.26).
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@) Reinforcement Data =

Rebar Material

Longitudinal Bars AB15Gr50 o

Confinement Bars (Ties) + | AB15Gr50 ~

Design Type
@ Column (P-M2-M3 Design)

Reinfercement Configuration Confinement Bars
O Ties
@ Circular @ Spiral

Longitudinal Bars - Circular Configuration

Clear Cover for Confinement Bars

MNumber of Longitudinal Bars 2

Longitudinal Bar Size +  #B £

Confinement Bars

Confinement Bar Size + ||[#B ~

Longitudinal Spacing of Confinement Bars

Check/Design
O Reinforcement to be Checked o
@ Reinforcement to be Designed Cancel

Sekil 3.26. Kolon igin donati tanimi

3.3.5.9. Kenar Ayak Kesitinin Tamimlanmasi

Tiim koprii modellerinde ayni kenar ayak kesiti kullanilmistir. Kenar ayak kesiti ve
programda tanimlanmasi Sekil 3.27 ve Sekil 3.28'de gosterilmistir. Dikddrtgen beton kesit
secerek, kenar ayak asagidaki gibi tanimlanmustir.

1- Malzeme C30 Beton olarak secilmistir.

2- Derinlik (t3) 1,2 metre ve genislik (t,) 1,1 metredir.

11m

12m

Sekil 3.27. Kenar ayak kesiti
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@ Rectangular Section X
Section Name ABUTHENT (KENAR AYAK Dispiay Coor [}
Section Notes Modify/Show Notes..

Dimensions Section
Depth (13) 12
Width (2 ) 11 L e ol
3
o |—
® ® o [
Properties
Iaterial Property Modifiers Section Propertis..
C30 Set Modifiers... Time Dependent Properties...
Concrete Reinforcement...
Cancel

Sekil 3.28. Kenar ayak kesit 6zellikleri

3.3.6. Koprii Bilesenlerinin Tanimlanmasi

Kopri modeli dort baglik kirisi, on alt1 kolon ve kdprinin her iki u¢ noktasinda
bulunan iki kenar ayaklardan olusmaktadir. Koprii kirisleri kenar ayaklara ve baslhk
kiriglerine, baslik kirisleri kolonlara, kolonlar ve kenar ayaklar ise zemine baglanmaktadir.
Bu baglantilar1 saglamak i¢in tanimlanan mesnet 6zellikleri asagida anlatilmistir.

Baslik kirisler (bents) ve kenar ayaklar (abutments) ile prekast ve gelik kirisler
arasina hareketi veya sismik etkinin yol agabilecegi hasar1 kontrol etmek i¢in elastomer

mesnetler yerlestirilmistir. Kopri bilesenleri asagidaki boliimlerde tanimlanmustir.

3.3.6.1. Elastomerik Mesnetleri Tanimlanmasi

Genel olarak koprii mesnetleri dosemeden etkiyen kuvvetleri veya yiikleri alt yapiya
aktarir ve st yapmmin donme ve Otelenme hareketine izin verir. Bu ¢alismada, Kopri
kirislerinin kenar ayaklara ve baslik kirislerine baglantist igin elastomerik mesnetler,
kolonlarin temele baglantisi i¢in ankastre mesnetler kullanilmistir. Elastomer mesnet kesiti

ve yapist Sekil 3.29 ve Sekil 3.30°de verilmistir.
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giiclendirme _ - h kaucuk tabakas:

Sekil 3.29. Elastomerik mesnet Kkesiti

= = — -
A 'f> . -
W+ 2+ (O = =
e ass? <
=

Kot Yatay Rijitlik Kv: Dagey Rijitlik Ko: Donme Rijitligi Link Elemanm

Sekil 3.30. Elastomerik mesnet yapisi

3.3.6.2. Elastomerik Mesnetlerin Programda Tanimlanmasi

Kenar ayaklar ve baslik kirigleri icin elastomerik mesnetleri, Sekil 3.31 ve Sekil

3.32’te gosterildigi gibi tanimlanmustir.
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@ Bridge Bearing Data

Units:
Bridge Bearing Name |ABUDMENTBEARNG | [KNmC  ~
Bridge Bearing Is Defined By:
O Link/Support Property |
(® User Definition
User Bearing Properties
DOFDirection Release Type Stiffness

Translation Vertical (U1) Fixed

Translation Nermal to Layout Line (U2} Free

Translation Along Layout Line (U3) Free

Rotation About Vertical (R1) Free

Rotation About Normal to Layout Line (R2) Free

Rotation About Layout Line (R3) Fixed

[ ok ] - Cancel

Sekil 3.31. Kenar ayak i¢in mesnet tanimlanmasti

@ Bridge Bearing Data

Units
Bridge Bearing Name |BASLIK KIRIS BEARNG | KN, m, C >
Bridge Bearing Iz Defined By:
(0 Link/Support Property |
(® User Definttion
Uszer Bearing Properties
DOF/Direction Release Type Stiffness

Tranzlation ertical (U1} Fixed

Translation Normal to Layout Line (U2} Fixed

Tranzlation Aleng Layout Line (U3} Fixed

Rotation About Vertical (R1) Free

Rotation About Normal to Layout Line (R2) Free

Rotation About Layout Line (R3) Free

[ ox ] | canca

Sekil 3.32. Baslik kirisi i¢in mesnet tanimlanmasi

35




3.3.6.3. Kolonun Temele Baglantis1

Bu kopri modelinde kolonlarin temele baglantis1 Sekil 3.33'te gosterildigi gibi

ankastre olarak tanimlanmuistir.

@ Foundation Spring Data x

Units

Foundation Spring Name FOUNDATION KM, m, C w

Foundation Spring s Defined By:
O Link/Support Property +
@ User Definition

Property is Defined for This Length in a Line Spring

Property is Defined for This Area in an Area Spring

User Foundation Spring

DOF/Direction Release Type Stiffness
Tranglation Vertical (U1) Fixed
Translation Along Skew (U2} Fixed
Tranglation Normal to Skew (U3) Fixed
Rotation About Vertical (R1}) Fixed
Rotation About Ling Along Skew (R2) Fixed
Rotation About Line Normal te Skew (R3) Fixed
Cancel

Sekil 3.33. Temel mesnet tanimlanmasi

3.3.6.4. Kenar Ayagin (Abutment) Kirisler ile Baglantisi

Koprii modelinde iist yapinin her bir u¢ noktasinda yer alan iki kenar ayak sekilde

gosterildigi gibi tammmlanmustir (Sekil 3.34).
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& Bridge Abutment Data X

Units

Bridge Abutment Name KENARAYAK (ABUTMENT)] | KN, m, C w

Girder Support Condition

) Intearal
(®) Connect to Girder Bottom Only

Substructure Type
(C) Foundation Spring
@ Continuous Beam (Continuously Supported)
Section Property + || ABUTMENT (KENARAYAK)

Beam Length 148

Foundation Spring
Foundation Spring Property + || FOUNDATION w

Note: When substructure type is grade beam, foundation spring property represents a
line spring.

Sekil 3.34. Kenar ayak tanimlanmasi

3.3.7.  Baslk Kirislerinin Kolonlara Baglantisi

Baglik kiriglerinin kolonlara mesnetlenmesi asagidaki adimlar dikkate alinarak
tamimlanmustir (Sekil 3.35).

1- Baslik kirisinin uzunlugu 14.6 metredir.

2- Kolon say1s1 4’tiir.
3- Kiris tipi “single bearing line” olarak se¢ilmistir.

4- Kiris destek tipi segeneginde “sadece kiris tabanina baglan” se¢ilmistir.
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&) Bridge Bent Data

Bridge Bent Name Unitz Girder Suppoert Condition

[BENTI | KN,mC v O mntegral
(@ Connect to Girder Bottom Only

Bent Data

Cap Beam Section + || BASLIK KIRI3 (BENT CAP) v
Cap Beam Length 146
Number of Columns I:l

Modify/Show Column Data...

Bent Type

@ Single Bearing Line (Continuous Superstructure)

O Double Bearing Line (Discontinuous Superstructure)

Cancel

Sekil 3.35. Baslik kiriglerinin ve Kolonlarin tanimlanmasi

“Kolon verilerini dlzenle” diigmesini kullanarak kolonlar asagidaki gibi
diizenlenmistir (Sekil 3.36).

1-Her kolon arasinda 4,467 metre bosluk (koprii geometrisine bagli olarak) saglamak

icin asagidaki mesafe degerleri girilmistir.

2-Kolon yiiksekligi 10 metre olmalidir ve ag1 sifirdir.

3-Son olarak, temel mesnetleri tanimlanmastir.

Bridge Bent Name Wodify/Show Properties Unitz
BENT1 Frame Section Properties. .. Foundation Properties... KM, m, C L
Column Data
Column Section Distance Height Angle Foundation
1 KOLON & 10. 0. Fixed
2z KOLON 5.067 10. 0. Fixed
3 KOLON 5533 10. 0. Fixed
4 KOLON 14 10. Fixed

3.3.8.

Sekil 3.36. Kolonlarin olusturma islemi

Kopru Entegrasyonu

Kopriiniin tiim bilesenleri ayr1 ayri tanimlandigindan modelin tek bir kdpru seklinde

entegre edilmesi gerekir. Tiim bilesenleri bir araya getirmek i¢in asagidaki adimlar izlenir.
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1- Koprunin referans cizgisi kenar ayak ve baslik kiris koordinatlar1 tanimlar.
Modelde bes aciklik bulundugundan, referans hattinin Sekil 3.37'de gosterildigi gibi

baslangi¢ ve bitis noktalar: girilerek bes agikliga sahip olacak sekilde tanimlanmustir.

Define Bridge Spans

Span Start Station

Length End Station Start End

Label m m m Support Support
[span 1 | 0. 1275 KENARAYAK | BENT
spant | 0 | KENARAYAK ...
Span 2 12.75 15.5 28.25 BENT1 BENT1
Span 3 2825 15.5 4375 BENT1 BENT1
Span 4 4375 15.5 59.25 BENT1 BENT1
Span 5 59.25 12.75 72 BENT1 KENAR AYAK ...

Sekil 3.37. Koprii agikliklar igin baglangig-bitis istasyonlari

2- Baslangi¢ ve bitis kenar ayaklar igin, altyap: 6zelligi “Abutment” olarak segilir.
Alt yap1 yiiksekligi (Global Z), tabliye kalinligi (0,203 m), kiris derinligi (1,37 m) ve sabit
bir alt yapi tizerine oturan 0,050 metre kalinlik mesnetler dikkate alinarak -1,63 metre olarak
girilmistir. Mesnet 6zelligi “Abutment Bearing” olarak seg¢ilmistir. Son olarak, mesnet

kalinligi 0,050 metre oldugundan, mesnetler icin Global Z-1,57 metre olarak girilmistir
(Sekil 3.38).

ﬂ' Bridge Object Abutment Assignments

@ Abutment Property
O Bent Property
Substructure Location

Elevation (Global Z)

Horizontal Offset

KEMAR AYAK (ABUTMENT)  ~

L
o
)

Note: Horizontal offget is from layout line to midlength of abutment.

Girder-by-Girder Overwrites

Modify/Show Overwrites.. No Overwrites Exist

Cancel

X
Units
Bridge Object Name BOBJ1 KN, m, C w
Start Abutment End Abutment
Start Abutment

Superstructure Assignment Bearing Assignment

Support Name @ Girder-by-Girder

Abutment Direction (Bearing Angle) Bearing Property + || ABUDMENT BEARING v

Diaphragm Property MNone w Restrainer Property at Bearing + ||Mone w

Steel U-Girder Diaphragm None ~ Elevation at Layout Line (Global Z)
Substructure Assignment Rotation Angle from Bridge Defautt
) None Number of Bearings per U Girder 1 ~

Sekil.3.38. Yol platform mesafelerinin belirlenmesi
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3- Baslik kirisler igin, Baslik kiris 6zelligi “BENT” olarak segilir. Alt yap1 yiiksekligi
(Global Z), tabla kalinligi (0,203 m), kiris derinligi (1,37 m) ve sabit bir alt yap1 iizerine
oturan 0,050 metre kalinlik mesnetler dikkate alinarak -1,63 metre olarak girilmistir. Yatak
ozelligi “Baslik Kiris Bearing” olarak se¢ilmistir. Son olarak, mesnet kalinligi 0,050 metre
oldugundan, mesnetler icin Global Z-1,57 metre olarak girilmistir (Sekil 3.39).

& Bridge Object Bent Assignments X
Bridge Object Name Units Bearing Assignment
BOBJ1 KM, m, C - @ Girder-by-Girder
Bearing Property + || BASLIK KiR\§ BEARMNG ~
Specify Bent Considered
Restrainer Property at Bearing + || None ~

Bent Is At the End of This Span Span 1 ~

Elevation (At Layout Line, Global Z)

Bent Is At This Station 1275
Rotation Angle from Bridge Default l:l

Superstructure Assignment

Number of Bearings per U Girder 1 ~

Superstructure Continuity Condition Continuous.
Mesh Superstructure to Match Bent Bearing Yes ~
Girder-by-Girder Bearing Overwrites
Diaphragm Property + || DIYAFRAM w
Modify/Show Overwrites... No Overwrites Exist
Steel U-Girder Diaphragm + ||None £
Mesh U-Girder to Match Bent Bearing Yes £
Bent Assignment
Bent Property + || BENT1 ~
Bent Direction (Bearing Angle}
Bent Location
Elevation (Global Z) 1.63
Horizontal Offset
Note: Horizontal offset is from bridge layout line to midlength of cap beam. Cancel

Sekil 3.39. K6priiniin orta ayaklarin agikligi tanimlanmasi

4- Yukaridaki tiim adimlari tamamlandiktan sonra, Sekil 3.40'deki gibi bir

basitlestirilmis koprii plani elde edilmistir.

Bridge Object Plan View (X-% Projection}

Morth

Sekil 3.40. Koprii plan1 gortiniimii
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3.3.8.1. Kopriu Modelinin Ug Boyutlu Olarak Tamamlanmasi

Yukaridaki boliimlerde anlatilan tiim tanimlarin yapilmasi ile birlikte kopri modeli
iic boyutlu olarak tanimlanmis olur. Bu ¢alismaya esas alinan koprii modelinin ii¢ boyutlu

goruntust Sekil 3.41°de verilmistir.

Sekil 3.41. 3D kopri

3.3.9. Yuklerin Tanimlanmasi

3.3.9.1. Olu Yiklerin Tanimlanmasi

DC: Yapinin kendi agirliklar ve yapisal olmayan ek zati yiikler
DW: Yizey kaplama zati yikleri
LRFD Spesifikasyonlarina (AASHTO, 2012) gore,

. Beton tabliyeyi destekleyen en az dort kiris olmast,

J Kiriglerin paralel ve yaklasik ayn1 egilme rijitligine (EI) sahip olmast,
J Kopri tabliyesi sabit genislige sahip olmasi

. Plandaki egrilik sifir derece olmasi

yukaridaki kosullarin yerine getirilmesi durumunda 6lii yiikler tiim kirisler arasinda
uniform olarak dagitilabilir (LRFD Spesifikasyonlar, Art. 4.6.2.2.1).
Bu calismada yukaridaki kosullarin saglanmasi ile 6l yiikler tiniform olarak

tanimlanmustir.
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3.3.9.2. Ongerme Yiikii ve Tendon Tanimlanmasi

Kiriglere 6ngerilme etkilerini tanimlamak igin, 6nce dngerilme yik tipi daha sonra
tendon tanimlanmustir (Sekil 3.42 ve sekil 3.43).

& Define Load Patterns x
Load Patterns Click To:
Self Weight Auto Lateral
Load Pattern Name Type Multiplier Load Pattern ) e el Bl

Deas v

Add Copy of Load Pattern

PRESTRESS Prestress TR ETE EET

oW Wearing Surface +*

Haunch Dead

ConcPour Permanent Dead

Barrier Dead * Delete Load Pattern

Sidewalk Dead

Temperature Pos Temperature
Temperature Meg Temperature

ConcPour Temporary Construction

LL ¥ || Vehicle Live hd

Show Load Pattern Notes..

Sekil 3.42. Ongerilme yik tipinin tanimlanmasi

@) Bridge Tendon Data %
Tendon Load Pattern Tendon Parameters
Tendon Name TENDON + || PRESTRESS ~ Prestress Type Post Tension
Jack From Start
Tendon Start Location Tendon End Location
Span span 1 = Span spans o Material Property A416Gr2T0 -
6.452E.04
StartLocaton | Startof Span B || et B o] | Tenmarea +
" 1524
o tonth o oo tonat B e Diseretzation Lengin
Distance Along Span o Distance Along Span 1375 Design Params. Loss Params.
Vertical Layout Horizontal Layout Load Type Tendon Load
@ Force Foree (KN}
Edit Vertical Layout. Quick Start Edit Horizontal Layout. Quick Start
ertical Layou uick Star orizontal Layou uick Star O sress 580
Tendon Layout Display Tendon Wodeling Options.
Tendon Layout Display Options. ®
Span 1 Span 2 Span 3 Span 4 Span5 | e Model As Loads.
O Show Pian (O Model As Elements.
O show Section Units
£ * Snap To This tem m® 4
H
z © None uove
() Reference Line
Wove Tendon
s (O Tendon
N3 & Tabulated Tendon Profile
Double Click Picture For Expanded Displa: Refresn Plot Show Tabular Data.

Mouse Pointer Location

s z Coordinate System

GLoBAL v Cancsl

Sekil 3.43. Tendon tanimlanmasi

3.3.9.3. Tasit Hareketli Yiikleri Tanimlanmasi

Koprilerin en mihim gorevlerinden birisi, kopriilerin tizerinden gecen tasitlarin
olusturdugu etkilerin gilivenlik smurlar1 igerisinde karsilanmasidir.  Otoyol Kkdpri
tasarimlarinda tasit yiiklerinin mutlaka dikkate alinmasi gerekir. Cesitli yiikleme siniflarina
gore standart kamyon yiiklemesi ve serit yiikleme i¢in dikkate alinmasi gereken yiik
degerleri Sekil 3.44’de verilmistir.
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1L
v
ON AKS ORTA ARS ARKA ARS
Esdeger Serit Yiklemesi | yw y Yy Y YYYYYYVYVYVYVYVYVVYVY
Yuk Smifi H30-524 H20-516 LRFD Kamyonu
Toplam Agirlik (kN) 540 360 320.27
On Aks (kN) 60 40 35.59
Orta Aks (kN) 240 160 14234
Arka Aks (kN) 240 160 14234
Esdeger Serit Yiika (kN) 15 10 9.3

Sekil 3.44. Kamyon ve serit yikleri (Ulug, 2008)

Tiurkiye’de kopriiler tasarlanirken “Karayollar1 Genel Miidiirliigiiniin Teknik
Sartnamesinde” H30S24 tasarim kamyonu hareketli yiik olarak kullanilmaktadir. AASHTO
LRFD (2012)'ye gore hareketli yiik i¢in iki olumsuz yiikleme durumu bulunmaktadir.

1- Tasarim serit yiikii ile HL93 tasarim kamyon yiikii

2- Tasarim serit yikii ile tasarim tandem yUka

HL93 tasarim kamyonu olarak kullanilmaktadir. Bu ¢alismada AASHTO-LRFD
yonetmeliginde HL93 tasarim kamyonu hareketli ara¢ yikii olarak kullanilmistir. HL93
tasarim kamyonun ve tasarim tandemin dingil yiikleri Sekil 3.45°te ve Sekil 3.46°te

gosterilmektedir (Rasekh, 2020).
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4.25m-9m

35.50kN 142 34N 142 34kN

Sekil 3.45. HL 93 tasit yiiklemesi

© © |~

111. 21 kN 111. 21 kN 183 m

H ‘

122 m

Sekil 3.46. Tasarim tandemin dingil ytikleri

Tasarim serit yiikii ile HL93 tasarim kamyon yukinin kombinasyonu ve tasarim serit

yiki ile tasarim tandem yukinin kombinasyonlar1 Sekil 3.47’te ve Sekil 3.48’te verilmistir.
142.34kN 1423
i l \
a3
9.3 kN/m g -

, v *
HHLHHHH

Sekil 3.47. Tasarim serit yiikii ile HL93 tasarim kamyon YUk

W
n
JI
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111.21kN  111.21kN

9.3kN/m

HHHHHHH

Sekil 3.48. Tasarim serit yiikii ile tasarim tandem yiikii (Rasekh, 2020)

3.3.9.4. Tasit Yiikkinun Olusturulmasi

CSi Bridge programinda standart arag tipleri olusturmak i¢in genel ara¢ tanimlamasi
ozelligi kullanilir. Bu ¢alismada “HL93” tipi arag secilmistir. Adimlar1 Sekil 3.49 ve Sekil
3.50°te gosterilmistir.

File Home Layout Components Loads Bridee Analysis Design Rating Advanced
.rJﬁnﬁ F
DL < by By by B
o~ % b 2 @ =4 rp B R
Sn-d4 oad TyPe [1sc2018 v|| Type -
Patterns -
T eicles Load Patterns Func.lu:ns - Response Spectrum Load Distributions - Point [

? Vehicle Classes

Sekil 3.49. Tasit yiikl tanimlanmasi

&) Define Vehicles X
Vehicles Click to:
HL-93M Import Vehicle...
HL-83K
Add Vehicle. .

Add Copy of Vehicle...

Modify/Show Vehicle...

Export to XML...

| OK | Cancel

Sekil 3.50. Tasit yiukii ve serit yiikii tanimlanmasi
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3.3.9.5. Tasit Sinifinin Olusturulmasi

Koprii modelinin tasit hareketli yiik analizini yapmak i¢in tasit siniflart bir hareketli
yuk durumunun kullanilarak bir i¢in tanimlanmasi gerekir. Bunun i¢in “Yukler> Turleri>
Tasit siniflart” ardindan, “Yeni tasit simifin1 ekle> tasit sinifi bilgi” ekranindan analizde
kullanilacak tasit smifi secilir. Bu ekranda Tasit simif adi “HL93” secilerek tasit sinifi

tanimlama iglemi tamamlanmistir (Sekil 3.51 ve Sekil 3.52).

Home Layout Components Loads Bridee Analysis Design Rating Advanced
- "o, S = b I . "
@ % = X Load i s -4 D =
Type ’ oa Type p— Type
R |F15n-44 - Patterns . [15C2018 - - il

'ﬁ' Vehicles

Fs ra| Load Patterns Functions - Response Spectrum g Load Distributicns - Point a

Sekil 3.51. Tasit sinifinin secilmesi

@ Define Vehicle Classes x

Clazses Click to:

HL-93M Add New Class. ..
HL-83K
Add Copy of Class. ..

Modify/Show Class...

Show auto classes

Cancel

Sekil 3.52. Tasit yiikii ve serit yiikleri tasit sinifina atanmasi

3.3.9.6. Hareketli Yik Tanimlanmasi

Tasit analizi durumlarindan birincisi olan hareketli yiikii tanimlamasi yapilir. Bunun
icin ilk olarak Analysis sekmesinde DL tip kisminda hareketli ylki, ardindan “Yeni bir
hareketli yik durum ekleyin” semboliine tiklanarak “Yikleme durum veri — hareketli yuki”

ekrani agilir ve tanimlama yapilir (Sekil 3.53 ve Sekil 3.54).
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FiIE Home Layout

Compor

v v v

Sct
St

| L Al

| I Static

I Monlinear Staged Construction
I Multistep Static

I Modal

Ii  Response Spectrum

Io  Time History

In  Buckling
Io  Steady State

I Power Spectral Density

I Hyperstatic

gL

Sekil 3.53. Hareketli yiik olusturulmast

9 Load Case Data - Moving Load

Load Case Name

Notes

Load Case Type

[

| | setDefname | | wodifyshow.. |

| Moving Load

Stiffness to Use

@ Zero Initial Conditions - Unstressed State

Loads Applied
Min Loaded Max Loaded
Vehicle Class Scale Factor Lanes Lanes

Assign Lanes
NUmDE 41 a3k ~ 0 0 Loaded

1 HL-93M 0 0 All
2 hCesk (| CE |

Add | | Modify | | Delete |

Lanes Loaded for Azsignment 2

List of Lane Definitions

LANET
LANE2
= | |LANE3

Directional Factors
Wertical
[] Braking/Acceleration

[ centrifugal

MultiLane Scale Factors

Number of Reduction Scale
Lanes
Loaded

Factor

Mass Source
| MSSSRC1

Sekil 3.54. Hareketli ylik durumunun olusturulmast
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3.3.9.7. Deprem Yukd Tamimlanmasi

Bu calismada deprem etkisinin hesabi1 i¢in mod birlestirme yontemi kullanilmastir.
Mod birlestirme yontemi, dogrusal dinamik bir istatistiksel analiz olarak diisiiniilebilir. Bu
yontemde, yapinin bir etkiye (veya depreme) verdigi maksimum istatistiksel tepkisi
hesaplanir. Dikkate alinan titresim modlarinin her birinin, tek bir serbestlik dereceli sistem
olarak tepki verdigi varsayilabilir. Cesitli deprem yonetmelik ve sartnameler, donemlerine
gore ivme spektrumlar1 istatistiki caligmalarla standart hale getirilmis ve tasarim
spektrumlar1 tanimlanmustir. Ivme spektrumlar1 depremlere ve zemin smiflarina gore
degiskenlik gosterirler. Yapinin etkiye kars1 verdigi tepki, her bir titresim modunda en
biiyiik degerlerin birlestirilmesi ile belirlenir. Her bir titresim modu i¢in maksimum tepki
mutlaka ayn1 anda gerg¢eklesmez, bu nedenle istatistiksel maksimum tepki Kareleri
Toplaminin Kare Kokl (SRSS) veya Tam Karesel Birlestirme (CQC) kural1 gibi uygun bir
birlestirme yontemi ile birlestirilerek yapinin yer degistirme ve eleman ug¢ kuvvetleri
hesaplanir.

Bu galismada deprem etkisi AASHTO 2012 ve TBDY 2018 yonetmeliklerine gore

olmak tizere iki farkli spektrum egrisi tanimlanmaistir.

3.3.9.8. Yer Hareketinin Tehlikesi Tanimlanmasi

Bir sismik aktivitenin kopri modeli {izerindeki etkisini degerlendirmek i¢in yer
hareketi tehlikesinin belirlenmesi gerekir. Bu ¢alismada AASHTO 2012 ve TBDY 2018
olmak tizere iki farkl tepki spektrumu i¢in analiz yapilmistir. CSi Bridge programinda yer
hareketi tehlikesi asagidaki adimlar takip edilerek tanimlanmustir (Sekil 3.55 ve sekil 3.56).

1- CSi Bridge programin fonksiyon panelini kullanarak fonksiyon tipi “Respons
Spektrum”, standart “ASSHTO 2012” veya “TBDY 2018 olarak se¢ilmistir.

2- Bu calismada spektrum egrisini belirlemek icin Isparta ili i¢in enlem ve boylam
degerleri girilmistir.

3-Kopranln bulundugu bdlgenin enlem ve boylam degerleri asagidaki gibi secilmis
ve programda tanimlanmustir. “Enlem: 37.776766, Boylam: 30.543868, Ss: 0.738, S1:0.170”

4- Zemin sinif “B”

5- Son olarak, fonksiyon grafigi program tarafindan ¢izilmistir.

48



9 Response Spectrum AASHTO 2012 Function Definition

Function Name:
Parameters.
Ss, 51 and
Ss, 51 and
Ss, 51 and
Site Latitude (degrees) ?
Site Longitude (degrees) 7l
Site Zip Code (5-Digits) 7
0.2 Sec Spectral Accel, S8
1 Sec Spectral Accel, 51

Peak Ground Accel., PGA

Site Class
Site Coefficient, Fa

Site Coefficient, Fv

Site Coefficient, Fpga

Calculated Values for Response Spectrum Curve

SDS=Fa*Ss

SD1=Fv*S1

Convert fo User Define

Function Damping Ratio

AASHTO 2012 005
Define Function
Period Acceleration
Add
0. A 0312 A
0.0154 0.454 Modify
0.0307 0.586
0.0481 0738 Delete
0.2304 0738
0.4 0.425
0.8 02833
0738 0.8 v (02125 v
017
Function Graph
0.312
B
1 |
1
1
1.
(0738 u
047

d

0K

Display Graph

Cancel

4686 , 0.0381)

Sekil 3.55. AASHTO 2012 spektrum egrisi

Q Response Spectrum T5C-2018 Function Definition

Function Name

Parameters

TSC 2018

Define Function

Function Damping Ratio

0.05

Period Acceleration
0.7 Sec Speciral Accel, S5 0738
d4d
1 Sec Spectral Accel, 51 0.17 0. | 0.2857 N '
- . 0.041 0.6842 Modify

Long-Period Transition Period 6. 02048 06542

04 034 Delete

06 0.2267

Site Ck 7B
s ] 07

Site Coefficient, Fs 09 1 0.138

12 V101133 v
Site Coefficient, F1 08

Function Graph
Design Spectrum Direction Horizontal
Calculated Values for Response Spectrum Curve
SDS = Fs*Ss 0842 |
SD1 = F1+51 [0138 li
N
Convert to User Defined Display Graph 0.0,00
OK Cancel

Sekil 3.56.TBDY 2018 spektrum egrisi
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3.3.9.9. Yiik Kombinasyonlari

Koprii modellerinin tasariminda AASHTO 2012 sartnamesine g0re asagida
tanimlanan ylik kombinasyonlar1 kullanilmastir.
Dayanim I: Kopriilerde riizgar etkisinin hesaba katilmadigi ve normal arag¢ yikleri igin
uygulanan smir durumdur, yapisal elemanlarin gerilme kontrolleri igin kullanilmaktadir.
Q=1.25(DC) + 1.50 (DW) + 1.75 (LL + IM) (3.2)
Dayanim II: Genellikle standart agir yiik araglari igin kullanilan bir yiik kombinasyonudur.

Q =0.90 (DC) + 0.65 (DW) + 1.75 (LL + IM) (3.2)

Kullanim I: Ongerilmeli beton bilesenlerde basing gerilmelerinin kontrolii i¢in kullanilan

yuk kombinasyondur.

Q = 1.00 (DC + DW) + 1.00 (LL + IM) (3.3)

Kullanim II: Bu sinir durum, ¢elik elemanlarda akmay1 ve ara¢ hareketli yukinin neden

oldugu kritik birlesimleri kontrol etmek i¢in ¢elik kdpriilerde uygulanmaktadir.

Q = 1.00DC + 1.00DW + 1.30(LL+IM) (3.4)

Kullanim III: Ongerilmeli beton bilesenlerde ¢ekme gerilmelerinin kontrolii igin kullanilan

yiik kombinasyondur.

Q = 1.00 (DC + DW) + 0.80 (LL + IM) (3.5)

Yorulma: Tendonlardaki gerilme araligimi kontroli igin kullanilan 0zel bir yuk
kombinasyonudur (LRFD Tablo 3.4.1-1 ve 2).

Q=0.75 (LL + IM) (3.6)
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3.3.9.10. Sismik Tasarim Parametrelerinin Tanimlanmasi

Koprii modellerinin sismik tasarimi AASHTO LRFD 2011 dikkate alinarak
yapilmistir. Buna gére TBDY 2018 tasarim ivme spektrumu i¢in SD; < 0,15 olmast
nedeniyle sismik tasarim kategorisi “A”, AASHTO 2012 tasarim ivme spektrumu igin ise
0,15 <SD; < 0,30 olmasi1 nedeniyle sismik tasarim kategorisi “B” olarak belirlenmistir.

Modelin sismik analizini gerceklestirmeden Once, sismik tasarim parametreleri
asagidaki sekilde tanimlanmustir (Sekil 3.57).

1-Daha 6nce boliim 3.3.9.8’de tanimlanan tepki spektrumu fonksiyonu segilmistir.

2-Sismik tasarim kategorisi belirlenmistir.

3-Modal yiik durumu segenekleri “program belirledi” olarak se¢ilmistir.

4-Sismik tasarim tamamlandiginda; yazilim, modal ve spektrum analiz gibi

olusturulan yiik durumlarini1 otomatik olarak gérintilenmistir.

Q‘ Substructure Seismic Design Request Parameters X
ltem Description
Item Value ~
1 Seiemic Design Category Optien Program Determined
2 Seizmic Design Category B
g Bent Displacement Demand Factor 1
4 | Gravity Load-Case Opticn Aute: Entire Structure
5 Gravity Load Case
(] Additional Group None
T Include P-Delta No
8 |Cracked Property Option Program Determined
9 Convergence Tolerance 1.000E-03
10 Maximum Number of ferations 3
" Accept Unconverged Results es
12 |Modal Load-Case Option Program Determined
13 Modal Load Case
14 Type of Modes Eigen
15 | Additional Number Of Modes 0
16 |Response Spectrum Load-Case Option Program Determined
17 Respense-Spectrum Load Case
18 | Response-SpectrumAngle Option Program Determined Explanation of Color Coding for Values
19 Response-Spectrum Angle 0 o Blue: Al =elected items are program
S— 2 determined
Set Te Prog Determined (Default) Values Reset To Previous Values Black: ?;aeezelected ftems are user
All tems Selected tems All kems. Selected ltems Red:  Walue that has changed during the
current session
Cancel

Sekil 3.57. Sismik Tasarim Parametreleri

3.3.9.11. Sismik Tasarim I¢in Otomatik Olarak Olusturulmus Yiik Kombinasyonlar

Program tarafindan otomatik olarak olusturulan yiikleme durumlar1 asagida

verilmistir (Sekil 3.58).

51



@ Define Load Cases

Load Cases
Load Case Name Load Case Type

=Reg1=GRAV » | Staged Construction
<QReq1=MODAL Modal

<QRegl=R5_X Response Spectrum
<0Regql=RS_¥ Rezpense Spectrum
=(Reg1=RS_XY Respense Spectrum
<QReq1>bGRAV Staged Construction

Click to:

Add New Load Case...
Add Copy of Load Case...

Modify/Show Load Case...

=QReq1=PO_TR1
«QRegq1=P0_LG1
<QReq1=PO_TR2
<QReq1=-PO_LG2
<QReg1=PO_TR2 Nonlinear Static

«(Req1=P0O_LG3 Nonlinear Static

<QReq1-PO_TR4 % | Nonlinear Static A

Menlinear Static

Delete Load Case
Nonlinear Static

Nonlinear Static hd
Nonlinear Static

Display Load Cases

Show Load Case Tree...

oK Cancel

Sekil 3.58. Otomatik olusturulan yiik durumlar1

3.3.9.12. Talep / Kapasite Oranlar

CSi Bridge programinda analiz ve dizayndan sonra talep kapasite oranlar1 verilmistir.
Eger talep kapasite oranlar1 birden biiytik ¢ikarsa alinan kesitin yetersiz anlamina gelir, eger
birden kiiciik ¢ikarsa alinan kesitin yeterli oldugu anlamina gelmektedir. Calismaya esas
alinan tim modellerde talep b6l kapasite oranlar1 Sekil 3.59’de goriildiigii gibi 1'den kiglik
bulunmustur (Ozel, 2016).

Units: Az Noted Bridge Seismic Design 01 - Bent D-C w
Fitter:
DesReqName BridgeObj SDCategory SpanName Station Direction GenDispl Demand Capacity DCRatio
Text Text Text m Text Text m m Unitless
» m 0-72m B Span 1 12.75 TRANS <QReq1=G0_TR1 0.007822 0.125852 0.0605
QReq1 0-72m B Span 1 1275 LONG =QReq1=G0D_LG1 0.01804 0.125852 0.1432
QReql 0-72m B Span 2 2825 TRANS <QReq1=G0_TR2 0.006997 0.125852 0.0555
QReql 0-72m B Span 2 2825 LONG <QReq1=GD_LG2 0.018041 0.125852 0.1432
QReql 0-72m B Span 3 43.75 TRANS <QReq1=G0_TR3 0.006997 0.125852 0.0555
QReql 0-72m B Span 3 43.75 LONG <QReq1=GD_LG3 0.018041 0.125852 0.1432
QReq1 0-72m B Span 4 59.25 TRANS =0Req1=G0_TR4 0.007822 0.125952 0.0805
QReql 0-72m B Span 4 59.25 LONG <QReq1=GD_LG4 0.01804 0.125852 0.1432

Sekil 3.59. AASHTO 2012 ve TSC 2018 icin talep / kapasite oranlari
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4. ARASTIRMA BULGULARI VE TARTISMA

Calismanin bu boliimiinde TBDY 2018 ve AASHTO 2012 yonetmelikleri dikkate
alinarak mod birlestirme yontemine gore analizleri yapilan betonarme prekast I, prekast U,
celik I ve celik U kirisli koprii modellerine ait elde edilen bulgular grafik ve tablolar halinde
sunulmustur.

Koprii modellerine ait dogal titresim periyodu degerleri Tablo 4.1°de verilmistir.
Sekil 4.1°de dogal titresim periyotlar1 grafik halinde verilmistir. Hakim mod boyuna
dogrultuda ortaya ¢ikarken, 2. mod burulma ve 3. mod ise enine dogrultuda ortaya
cikmaktadir. Dogal titresim periyodu prekast U kirigli modelde en yiiksek degeri alirken,
celik T kirisli modelde en diisiik degeri almistir. Sekil 4.2 ile 4.4’te dogal titresim mod

sekilleri verilmistir.

Tablo 4.1. Koprii modelleri dogal titresim periyot degerleri (sn)

Model T1 T2 T3
Prekast | kirisli model 0,83429 0,5211 0,4492
Prekast U kirisli model 0,9021 0,5376 0,463
Celik I kirisli model 0,7655 0,68612 0,5988
Celik U kirigli model 0,8328 0,4831 0,41797

M Prekast | kirisli model

0.5 M Prekat U kirigli model
S 04 Celik I kirisli model
a.

0.3 M Celik U kirigli model

0.2

0.1

0
Tl T2 T3

Sekil 4.1. Koprii dogal titresim periyotlar

riyot (sn)
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Sekil 4.2. 1. mod boyuna dogrultu

Sekil 4.3. 2. mod burulma
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Sekil 4.4. 3. mod enine dogrultu

Kopri modellerine ait taban kesme kuvvetleri tablo 4.2°de verilmistir. Sekil 4.5.-
4.6°de ise taban kesme kuvvetleri grafik halinde verilmistir. Yapilan analizler sonucunda
tim kopri modellerinde AASHTO 2012’ye gore elde edilen taban kesme kuvveti degerleri
TBDY 2018’¢ gore elde edilen degerlerden daha yiiksek ¢ikmistir. Taban kesme kuvvetleri
degerlendirildiginde en diisiik deger ¢elik | kirisli modelde, en yiiksek deger celik U kirisli
modelde elde edilmistir. TBDY 2018’e gore taban kesme kuvvetinin prekast U kirisli
modelde, prekast I kirisli modele gore X yonlnde %5,23, Y yonunde %0,88 daha az oldugu,
celik U kirisli modelde ise ¢elik I kirisli modele gore X yoniinde %5,14, Y yoniinde %17,60
daha fazla oldugu gorilmistiir. AASHTO 2012’ye gore taban kesme kuvvetinin prekast U
kirigli modelde, prekast I kirisli modele gore X yoniinde %5,02, Y yonlnde %0,85 daha az
oldugu, ¢elik U kirigli modelde ise ¢elik I kirisli modele gore X yoniinde %3,54, Y yoninde
%18,40 daha fazla oldugu goriilmiistiir.

55



Tablo 4.2. Kopru modelleri taban kesme kuvvet/Agirlik

Model Yonetmelik VxIW Vy/W
o TBDY 2018 0,0957 0,1834
Prekast I Kirigli
Model AASHTO 2012 | 01171 0,2291
| TBDY 2018 0,0910 0,1818
Prekast U Kirisli
Model AASHTO 2012 | 01115 0,2272
TBDY 201 1 157
Celik I Kirigli 018 0,0919 0,1579
Model AASHTO 2012 | 01143 0,1954
oWk TBDY 2018 0,0968 0,1916
MO AASHTO 2012 | 01185 | 0,2395
0.14
012

Taban Kesme Kuvvet/Agirhk

0.10
0.08
0.06
0.04
0.02
0.00

TBDY AASHTO| TBDY AASHTO| TEDY AASHTO| TEDY AASHTO
2018 2012 2018 2012 2018 2012 2018 2012

Prekast | Kirisli Prekast U Kirigli | Celik | Kirigli Model Celik U Kirgli Model
Model Model

Sekil 4.5. TBDY 2018’¢ ve AASHTO 2012’ye gore X yonu taban kesme kuvveti
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0.30

0.25

Ln

0.20
0.1
0.1

0.00 I I I I I I I I

0.0
TBDY AASHTO| TBDY AASHTO| TBDY AASHTO | TBEDY  AASHTO
2018 2012 2018 2012 2018 2012 2018 2012

[=]

Taban Kesme Kuvvet/Agirhik
Ln

Prekast | Kirisli Prekast U Kirigli | Celik | Kirisli Model Celik U Kirgli M odel
Model Model

Sekil 4.6. TBDY 2018’¢ ve AASHTO 2012’ye gore Y yoni taban kesme kuvveti

Koprii modellerinde TBDY 2018 ve AASHTO 2012’ye gore elde edilen yer
degistirme egrileri Sekil 4.7-4.15°de verilmistir.

& Bridge Object Response Display X
Select Bridge Objsct Bridge Model Type Show Tabular Display of Current Plot Units
0-72m o Area Object Show Table. Export To Excel KN, m, C ~
Select Display Companent Load CaseiLoad Combo
Result Types Displacement ue Case/Combo  <QReq1=RS_XY1 ~
Results For Entire Bridge Section ~
Response Vertical Displacement - Entire Section ~ = -

Bridge Response Plot

1.000E-04 0-72m - Enlire Bridge Section, Load Case <OReq1>RS_X1 (Max/Min]
0
-1.000E-04 Vertical Displacement - Entire Section: Max = 8 069E-05  Min = 6 134E-10 (m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object Bridge Cut Snap to Computed Response Points

Show Named Sef
Response Before Current Location [ show cut
Response After Current Location [ show cut Distance Options Refresh

Sekil 4.7. TBDY 2018’¢ gore prekast U Kirisli modelin yer degistirmesi
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ﬂ' Bridge Object Response Display

Selact Bridge Object Bridoe Model Type Show Tabular Display of Current Plot Units I
0-72m > Area Object Show Table. Export To Excel KN, m, C ~
Select Display Component Load CaseiLoad Combo

Result Types Displacement b Case/Combo | <QReq1>RS_XY ~
Results For Entire Bridge Section ~
Response

Vertical Displacement - Entire Section

Bridge Response Plot
1.000E-04

0-72m - Entire Bridge Section, Load Case: <OReq1=R5_XY (MaxiMin)

. /NN

-1.000E-04 Verical Displacement - Entire Section. Max = 9375E-05 Min = 6 817E-10 (m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object v Bridge Cut Snap to Computed Response Points
Response Before Current Location [ show Cut
Response After Current Location [ show cut Refresh

Sekil 4.8. AASHTO 2012’ye gore prekast U kirisli modelin yer degistirmesi

Q) Bridge Object Respense Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units
0-72m & Area Object Show Table Export To Excel KN, m, C ~
Select Display Component Load Case/Load Combo
Result Types Displacement ~ Case/Combo | =QReql=RS_XY -
Results For Entire Bridge Section ~
Response

Vertical Displacement - Entire Section

Bridge Response Plot
1.200E-04 - 72 m - Enfire Bridge Section, Load Gase, <QReq1=RS_KY (Max/iin)
0
-1.200E-04 Vertical Displacement - Entire Section. Max = 107304 Min = 5 045E-10 (m)
< b3
Mouse Pointer Location Snap Options.
Save Named Set
Distance From Start of Bridge Object  ~ | | Bridge Cut Snap to Computed Response Points
Response Before Current Location [] Show Cut
Response After Current Location [ show cut

Refresh

Sekil 4.9. TBDY 2018’e gore prekast | kirigli modelin yer degistirmesi
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ﬂ' Bridge Object Response Display
Selsct Bridge Object Bridge Model Typs Show Tabular Display of Current Plot Units
0-72m - Area Object Show Table. Export To Excel. KN, m,C v
Select Display Component Load Case/load Combo
Result Types Displacement ~ Case/Combe | <QReql=RS_XY o
Results For Entire Bridge Section ~
Response Vertical Displacement - Entire Section ~ ]
Bridge Response Plot
1.500E-04 0-72 m- Entire Bridge Section, Load Case: <QReq1>R5_XY (Max/Min)
0
-1500E-04 Vertical Displacement - Entire Section: Max = 1.363E-04 Min = 5648E-10 {m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object ~ 1719 Bridge Cut Snap to Computed Response Points.
Response At Current Location [ show Cut
Refresh

Sekil 4.10. AASHTO 2012’ye gore prekast | Kirisli modelin yer degistirmesi

&) Eridge Object Response Display
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.
-72m > Area Object Show Table. Export To Excel KN, m, C ~
Select Display Component Load CasefLoad Combo
Result Types Displacement ~ Case/Combe | =QReql=RS_XY ~
Results For Entire Bridge Section v
Response Vertical Displacement - Entire Section ~ 1 0
Bridge Response Plot
1.000E-04 0-72 m - Entire Bridge Section, Load Case: <OReq1=R5_XY (Maxihin]
0
-1000E-04 Vertical Displacement - Entire Section: Max = 8 868E-05 Min = 2.003E-07 (m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Startof Bridge Object || | Bridge Cut Snap to Computed Response Points
Response Before Current Location [] show Cut
Response After Current Location [ show Cut Refresh

Sekil 4.11. TBDY 2018’e gore ¢elik | kirisli modelin yer degistirmesi
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@) Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units
0-72m 5 Area Object Show Table.. Export To Excel... KN, m, © ~
Select Display Component Load Case/Load Combo
Result Types Displacement v CaseiCombo | <QReql=RS_XY ~
Results For Entire Bridge Section v
Response Vertical Displacement - Entire Section -

Bridge Response Plot

1.200E-04 0-72 m - Entire Bridge Section, Load Gase. <GReq1=R5_XY (Max/Min)
[
-1.200E-04 Vertical Displacement - Entire Section: Max = 1.071E-04 Min = 2.369E-07 (m)
< >
Wouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object || 46.9838 Bridge Cut

Snap to Computed Response Points

Response At Current Location [ show cut

Refresh

Sekil 4.12. AASHTO 2012’ye gore ¢elik I kirigli kirisli modelin yer degistirmesi

ﬂ' Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.
0-72m - Area Object Show Table Export To Excel KN, m, C ~
Select Display Component Load Case/load Combo
Result Types Displacement ~ Case/Combe | =QReql=RS_XY -
Results For Entire Bridge Section ~
Response Vertical Displacement - Entire Section ~

Bridge Response Plot
1.200E-04

0-72m - Entire Bridge Section, Load Case: <OReq1>R5_XY (MaxMin)

0 T N~ ]

-1200E-04 Wertical Displacement - Entire Section: Max 0SE-04  Min = 1.207E-07 i{m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object v ||26.614 Bridge Cut Snap to Computed Response Points.
Response At Current Location [ Show Cut

Refresh

Sekil 4.13. TBDY 2018’e gore celik U kirisli modelin yer degistirmesi
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@ Bridge Object Response Display x

Select Bridge Object Bridge Model Typs Show Tabular Display of Current Plot Units
0-72m o Area Object Show Table. Export To Excel KN, m, C v
Select Display Component Load Case/Load Combo
Result Types Displacement 52 CaselCombo | <QRegqi>RS_XY1 -
Results For Entire Bridge Section ~
Response Vertical Displacement - Entire Section ~ : -
-
Bridge Response Plot
1.200E-04 0 - 72m - Entire Bridge Section, Load Case: <QReq1>RS_X¥1 (Max/Min)

T N~ T /\

-1.200E-04 Vertical Displacement - Entire Section: Max = 1.148E-04 Min = 1.430E-07 (m)
< b3
Mouse Pointer Location Snap Options.
Save Named Set
Distance From Start of Bridge Object ~ ||70.9568 Bridge Cut Snap to Computed Response Points.
Response At Current Location 3.553E-05 43 [] Show Cut
Refresh

Sekil 4.14. AASHTO 2012’ye gore ¢elik U kirigli modelin yer degistirmesi

Kopri modellerine ait en biiylik yer degistirme degerleri Tablo 4.3’te ve Sekil 4.15-
4.16 arasina grafik halinde verilmistir. AASHTO 2012’ye gore elde edilen en biyik yer
degistirme degerleri TBDY 2018’e gore elde edilen degerlerden daha yiiksek ¢ikmistir. Yer
degistirmenin en yiiksek degeri prekast U kirisli modelde, en diisiik ¢elik I kirisli modelde
elde edilmistir. TBDY 2018’e gore en biiyiik yer degistirme degeri prekast U kirigli modelde,
prekast I kirisli modele gore X yoniinde %2,26, Y yénunde %4,19 daha fazla oldugu, ¢elik
U kirisli modelde ise ¢elik I kirisli modele goére X yoniinde %31,42 daha az oldugu, Y
yoniunde ise %6,03 daha fazla oldugu goriilmiistir. AASHTO 2012’ye gore en buyuk yer
degistirme degeri prekast U kirisli modelde, prekast I kirisli modele gore X yoniinde % 2,26
fazla oldugu, Y yoniinde % 4,19 daha fazla oldugu, ¢elik U kirisli modelde ise gelik I kirigli
modele gore X yoninde %31,38 daha az oldugu, Y yoniinde ise %6,04 daha fazla oldugu

goriilmiistiir.
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Tablo 4.3. Kopri modelleri boyuna ve enine dogrultu i¢in yer degistirme degerleri

Boyuna (X) | Enine (Y)
Model Yonetmelik dogrultu dogrultu
(m) (m)
prekast I Kiisl TBDY 2018 0.0475 0.0241
Model AASHTO 2012 | 00593 0,0301
prekast U Kirii TBDY 2018 0,0495 0.0247
Model AASHTO 2012 | 00619 0,0308
R TBDY 2018 0.0439 0,0294
Celik I Kirigli
Model AASHTO 2012 | 00549 0,0368
Celik OBt TBDY 2018 0.0468 0,0224
Model AASHTO 2012 | 0,0584 0,0280
0.0700
0.0&00

Yer degistirmesi (m)

— 0.0500
0.0400
% 0.0300
0.0200
0.0100
0.0000

TEDY AASHTO| TEDY AASHTO| TBDY AASHTO| TEDY AASHTO
2018 2012 2018 2012 2018 2012 2018 2012

Prekast | Kirigli Prekast U Kirsli |Celik | Kirigi Moddl| Celik U Kirigli
Model Model Model

Sekil 4.15. Prekast I, prekast U, gelik U ve ¢elik I kirisli modeller igin boyuna dogrultudaki

yer degistirme degerleri
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& 0.0250

E

£ 0.0200

&

B0 0.0150

¥ 0.0100

e .

2
0.0050
0.0000

TEDY AASHTO| TEDY AASHTO| TEBDY AASHTO| TEDY AASHTO
2018 2012 2018 2012 2018 2012 2018 2012

Prekast | Kirigli Prekast U Kirisli  |Celik | Kirigli Modal|  Celik U Kirigli
Model Model Model

Sekil 4.16. Prekast I, prekast U, celik U ve ¢elik I kirisli modeller i¢in enine dogrultudaki

yer degistirme degerleri

Hareketli yik altinda deplasman sinir durumlari ise AASHTO Boliim 2.5.2.6.2°de
belirtilmis ve hareketli yiik i¢in deplasman sinir1 L/800 olarak ifade edilmistir. Kopri
modellerine ait diisey yonde yer degistirme degerleri sinir degerden kiiciik ¢itkmistir. Tablo
4.4°de prekast I, prekast U, celik U ve ¢elik I kirisli modeller icin diisey yonde yer degistirme

degerleri verilmistir.

Tablo 4.4. Kopri modellerin diisey dogrultu igin yer degistirme degerleri

Diisey

dogrultu
MODAL

m

Prekast I Kirisli Model 0,0028

Prekast U Kirisli Model 0,0020

Celik I Kirigli Model 0,0022

Celik U Kirisli Model 0,0024
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Yapilan analizler sonucu koprii modellerinde TBDY 2018 ve

AASHTO 2012’ye

gore elde edilen kesit tesiri diyagramlar1 Sekil 4.17-4.48’de verilmistir.

&) Bridge Object Response Display

Select Bridge Object Bridge Model Type

0-72m = Area Object
Select Display Component

Result Types Force

Results For Entire Bridge Section

Response Axial Forcs (P)

[] Include Tendon Forces

Bridge Response Plot
500.

Show Tabular Display of Current Plot Units.

Show Table... Export To Excel... KN, m, C ~

Load Case/Load Combo

Case/Combo | <QReq1=RS_XV1 v

0-72m - Enlire Bridge Section, Load Case: <OReq1=RS_XY1 (Max/Min)

-500
<

Mouse Pointer Location
Distance From Start of Bridge Object
Response Before Current Location

Response After Current Location

~ ||68.0783 Bridge Cut

Axial Force (P) Max = 4726753 Min = 153411 (KN)
>
Snap Options

Save Named Set
Snap to Computed Response Points
[ show cut

[] show cut Refresh

Sekil 4.17. TBDY 2018’¢ gore prekast U kirisli model icin eksenel kuvvet diyagrami

&) Bridge Object Response Display

Select Bridge Object Bridge Model Type

0-72m -~ Area Object

Select Display Componant
Result Types Force
Results For Entire Bridge Section

Response Shear Horizontal (V3)
[] Include Tendon Forces

Bridge Response Flot
1000

Show Tabular Display of Current Plot Units.

Show Table Export To Excel KN, m, C ~

Load Case/Load Combo

CaseiCombo | <OReql>RS_XY1 -

0-72m - Enfire Bridge Section, Load Case. <GReq =RS_XY1 (Max/Min}

-1000.
<
Mouse Pointer Location

Distance From Start of Bridge Object ~|[28.0272 Bridge Cut

Response Before Current Location

Response After Current Location

[ show Cut
[ Show Cut

Shear Horizontal (V3). Max = 9512307 Min = 748651 (KN)
>
Snap Options

Save Named Set
Snap to Computed Response Points.

Refresh

Sekil 4.18. TBDY 2018’e gore prekast U kirigli model igin kesme kuvvet diyagrami
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ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Model Type

0-72m - Area Object

Select Display Component

Result Types Force

Results For Entire Bridge Section
Response Torsion (T}
[ include Tenden Forces

Bridge Response Plot

Show Tabular Display of Current Plot Units.

Show Table. Export To Excel KN, m, C

Load Case/load Combo

Case/Combo <QReq1=RS_XY1 ~

800.

0-72m - Entire Bridge Section, Load Case: <GReq1=R5_X11 (Max/Min)

-800.
<

Mouse Pointer Location
Distance From Start of Bridge Object

Response Before Current Location

Response After Current Location

Sekil 4.19. TBDY 2018’e gore prekast U kirigli model igin burulma moment diyagrami

~ 7634 Bridge Cut

Torsion (T): Max = 607.8962 Min

Snap Options

Snap to Computed Response Points.
[] Show cut
[ Show cut

=94.0247 (KN-m)
>

Save Named Set

Refresh

ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Model Type

0-72m ~ Area Object

Select Display Component

Result Types Force
Results For Entire Bridge Section
Response Moment About Vertical Axis (M2)

[ Incluge Tendon Forces

Bridge Response Plot

Show Tabular Display of Current Plot Units.

Show Table... Export To Excel... KN, m, C

Load Case/Load Combo

Case/Combo | <QReq1=RS_XY1 -

<

Mouse Pointer Location

Distance From Start of Bridge Object
Response Before Current Location

Response After Current Location

v |[69.24 Bridge Cut

Snap Options

Snap to Computed Response Points.
[] show Cut
[] Show cut

-12000. 0 - 72m - Entire Bridge Section, Load Case <QReq1>RS_XY1 (Max/Min)
0
12000 Moment About Vertical Axis (M2): Max = 10048 568 Min = 16.1934 (KN-m)

>

Save Named Set

Refresh

Sekil 4.20. TBDY 2018’e gore prekast U kirigli model igin egilme moment diyagrami
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ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Mode! Type Show Tabular Display of Current Piot

Units
0-72m - Area Object Show Table. Export To Excel KN, m,C ~
Select Display Component Load CasellLoad Combo
Result Types Force ue Case/Combo  <QReq1=RS_XY1 ~
Results For Entire Bridge Section -
Response Aodal Force (P) - q -
-
[ Include Tendon Forces.
Bridge Response Plot
500, 0-72m - Entire Bridge Section, Load Case: <QReq1>RS_XV1 (Max/Min]
0
=600,
<

Axial Force (P Max = 580.8459 Min = 18.9783 (KN)
Mouse Pointer Location

Distance From Start of Bridge Object [ | Bridge Cut
Response At Current Location

>
Snap Options.

Save Named Set
Snap to Computed Response Points.
[ show cut

Refresh

Sekil 4.21. AASHTO 2012’ye gore prekast U kirisli model i¢in eksenel kuvvet diyagrami

@) Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Piot Units.
0-72m = Area Object Show Table Export To Excel KN, m,C
Select Display Componant

Load Case/Load Combo
Result Types Force

CaseiCombo | <OReql=RS_XV1
Results For Entire Bridge Section

Response Shear Horizontal (V3)
[ Include Tendon Forces

Bridge Response Flot

1200

0-72m - Enlire Bridge Seclion, Load Case: <QReq1=RS_XY1 (Max/Min)

-1200

Shear Horizontal (V3) Max = 1187 1667 Min = 83 2621 (KN)
<

>
Mouse Pointer Location

Distance From Start of Bridge Object  ~ |[61.0714 Bridge Cut
Response Before Current Location 1187.1667 64 [ show Cut

Response After Current Location 10077455 |65

Snap Options

Save Named Set
Snap to Computed Response Points

[] show Cut Refresh

Sekil 4.22. AASHTO 2012’ye gore prekast U kirigli model i¢in kesme kuvvet diyagrami

66



@) Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Piot Units.
0-72m = Area Object Show Table Export To Excel KN, m,C
Select Display Componant Load Case/Load Combo
Result Types Foree 57 CaseiCombo | <OReql>RS_XY1 -
Results For Entire Bridge Section v
Response Torsion (T)

[ Include Tendon Forces

Bridge Response Flot
800

0-72m - Enlire Bridge Seclion, Load Case: <QReq1=RS_XY1 (Max/Min)

-800
<

Mouse Pointer Location

Distance From Start of Bridge Object

Response At Current Location

~ |[71.2953 Bridge Cut

Torsion (T): Max = 7204739 Min = 106.134 (KN-m)

>
Snap Options
Save Named Set
Snap to Computed Response Points.

[ show Cut

Refresh

Sekil 4.23. AASHTO 2012’ye gore prekast U kirigli model igin burulma moment diyagrami

&) Bridge Object Response Display

Select Bridge Object Bridge Model Type

0-72m Area Object

Select Display Component

Result Types Force =
Results For Entire Bridge Section -
Response

Moment About Vertical Axis (M2}

[ include Tenden Forces

Bridge Response Plot
=15000.

Show Tabular Display of Current Plot Units.
Show Table...

Export To Excel... KN, m, C

Load Case/Load Combo

Case/Combo | <QReql=RS X1

0-72m - Enlire Bridge Section, Load Gase. <OReq1=RS_X11 (Max/Min)

T

15000
<

Mouse Pointer Location
Distance From Start of Bridge Object
Response Before Current Location

Response After Current Location

~ |[28 6698 Bridge Cut

Moment About Vertical Axis (M2): Max = 12437 052 Min = 18.0566 (KN-m)

>
Snap Options
Snap to Computed Response Points Save Named Set
[] Show cut
[ show cut Refresh

Sekil 4.24. AASHTO 2012’ye gore prekast U kirigli model i¢in egilme moment diyagrami
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@) Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.

0-72m v Area Object Show Table... Export To Excel.. KN, m, C
Select Display Component Load Case/Load Combo
Result Types Force Case/Combo =QReg1>RS_XY ~

Results For Entire Bridge Section
Response Axial Force (P)
[] nclude Tendon Forces

Bridge Response Plot
500,

0-72 m - Entire Bridge Section, Load Case: <GReq1=R5_XY (Max/Min)

=500 MAxial Force (P) Max = 421.43958 Min = 8 247 (KN)
< >

Mouse Pointer Location

Distance From Start of Bridge Object ~ |67 1847 Bridge Cut

Response Before Current Location [] show Cut

Snap Options
Save Named Set

Snap to Computed Response Points.

Response After Current Location [ show Cut Refresh

Sekil 4.25. TBDY 2018’e gore prekast | kirisli model icin eksenel kuvvet diyagrami

&) Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units

0-72m = Area Object Show Table. Export To Excel KN, m, C

Select Display Component Load Case/Load Combo

Result Types Force Case/Combe =QReq1>RS_XY v

Results For Entire Bridge Section
Response Shear Horizontal (V3)
[] incluge Tendon Forces

Bridge Response Plot
1000

0-72 m- Entie Bridge Section, Load Gase: <GReq 1=R5_XY (Maxhin]

-1000. Shear Horizontal (V3). Max = 843.1151 Min = 54 553 (KN}
< >

Mouse Pointer Location Snap Options

Save Named Set
Distance From Start of Bridge Object | 447549 Bridge Cut Snap to Computed Response Points.

Response Before Current Location [] show cut

Response After Current Location [ show Cut Refresh

Sekil 4.26. TBDY 2018’e gore prekast | kirigli model i¢in kesme kuvvet diyagrami
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@) Bridge Object Response Display

*

Select Bridge Object Bridge Mode! Type Show Tabular Display of Current Piot Units.

0-72m = Area Object Show Table Export To Excel KN, m,C ~
Select Display Componant Load Case/Load Combo

Result Types Force e Case/Combo | <QReq1=RS_XY -

Results For Entire Bridge Section v

Response Torsion (T) v - -

[ Include Tendon Forces

Bridge Response Flot

100 0-72 m - Entire Bridge Section, Load Case: <OReq1=RS_XY (Max/Min)
0
-400 Torsion (T} Max = 388.5157 Min = 47.536 (KN-m)
<

>
Mouse Pointer Location

Snap Options
Save Named Set
Distance From Start of Bridge Object : Bridge Cut Snap to Computed Response Points

Response Before Current Location [ show Cut

Response After Current Location [ Show Cut

Refresh

Sekil 4.27. TBDY 2018’e gore prekast | kirigli model i¢in burulma moment diyagrami

ﬂ} Bridge Object Response Display

x

Select Bridge Object Bridge Wodel Type Show Tabular Display of Current Plot Units

0-72m % Area Object Show Table... Export To Excel.. KN, m, C -
Select Display Component Load Case/Load Combo

Result Types Force v Case/Combo <QReg1=RS_XY ~

Results For Entire Bridge Section v

Response Moment About Vertical Axis (M2) ~ 1 -

[] Include Tenden Forces

Bridge Response Plot

-10000 0 - 72 m - Entire Bridge Section, Load Case: <QReq1=RS_XY (Max/Min}
0
10000, Moment About Vertical Axis (M2): Max = 8§765.0056 Min = 16.7735 (KN-m)
<

>
Mouse Pointer Location

Snap Options
Save Named Set
Distance From Start of Bridge Object || 24.023 Bridge Cut Snap to Computed Response Points.

Response Before Current Location [ show cut

Respanse After Current Location [ show cut Refresh

Sekil 4.28. TBDY 2018’e gore prekast | kirigli model i¢in egilme moment diyagrami
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& Bridge Object Response Display

x

Select Bridgs Object Bridge Model Type Show Tabular Display of Current Plot Units

0-72m % Area Object Show Table. Export To Excel KN, m, C ~
Select Display Component Load Case/Load Combo

Result Types Force i Case/Combo <QReq1=R3_XY ~

Results For Entire Bridge Section ~

Response Axial Force (P) ~ 5 —

[ Include Tendon Forces

Bridge Response Plot
800,

0-72m- Enlire Bridge Section, Load Case. <OReql1>R5_XY (MaxMin)

: Bat fal

-800. Axial Force (P): Max = 753.8351 Min = 2.8405 (KMN)
<

>
Mouse Pointer Location

Distance From Start of Bridge Object - Bridge Cut

Response At Current Location

Snap Options.
Save Named Set
Snap to Computed Response Points.

[] show Cut

Refresh

Done

Sekil 4.29. AASHTO 2012’ye gore prekast | kirisli model icin eksenel kuvvet diyagrami

ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot

0-72m > Area Object

Units.
Show Table. Export To Excel KN, m, C
Select Display Component Load Case/Load Combo

Result Types Force Case/Combo <QReq1=RS_XY ~

Results For Entire Bridge Section
Response Shear Horizontal (V3}
[] include Tendon Forces

Bridge Response Plot
2000,

0-72 m- Entire Bridge Section, Load Case: <GReql1>R5_XY (Max/Min)

-2000. Shear Horizontal (V3): Max = 1577.6454 Min = 89.3265 (KM)
<

>
Mouse Pointer Location

Distance From Start of Bridge Object v |[48.9549 Bridge Cut

Response Before Current Location [] show Cut

Snap Options.
Save Named Set

Snap to Computed Response Foints

Response After Current Location [ show cut Refresh

Done

Sekil 4.30. AASHTO 2012’ye gore prekast I kirigli model igin kesme kuvvet diyagrami
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@) Bridge Object Response Display

*
Select Bridge Object Bridge Mode! Type Show Tabular Display of Current Plot Units.
0-72m o Area Object Show Table. Export To Excel. KN, m, C ~
Select Display Component Load Case/l oad Combo
Result Types Force ue Case/Combo  <QReql=RS_XY v
Results For Entire Bridge Section ~
Response

Torsion (T)
[ Include Tenden Forces

Bridge Response Plot
800.

0-72 m- Entire Bridge Section, Load Case: <QReq1>RS_XY (Max/Min)

-800.

<

Torsion (T): Max =713.971 Min = 61.5308 (KN-m)
Mouse Pointer Location

>
Snap Options
Save Named Set
Distance From Start of Bridge Object | |69.9549 Bridge Cut Snap to Computed Responss Points
Response Before Current Location [] Show cut
Response After Current Location [ show cut

Refresh

Sekil 4.31. AASHTO 2012’ye gore prekast | kirigli model i¢in burulma moment diyagrami

&) Bridge Object Response Display

Select Bridge Object Bridge Wodel Type Show Tabular Display of Current Piot Units.
0-72m = Area Object Show Table Export To Excel KN, m, C
Select Display Component Load Case/Load Combo
Result Types Force

Case/Combo  <QReql=RS_XY
Results For Entire Bridge Section

Response Moment About Vertical Axis (M2)

[ Include Tendon Forces

Bridge Responss Plot
-20000

0-72 m - Entire Bridge Section, Load Case: <OReq1=RS_XY (Max/Min)

B

20000,

<

Moment About Vertical Axis (M2) Max = 16347 835 Min = 22.6598 (KN-m)
Mouse Pointer Location

Snap Options
Distance From Start of Bridge Object - ||61.823 Bridge Cut

Save Named Set
Snap to Computed Response Paints
Response At Current Location [ Show Cut

>

Refresh

Sekil 4.32. AASHTO 2012’ye gore prekast | kirigli model igin egilme moment diyagrami
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ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Mode| Type

= Area Object

Show Tabular Display of Current Plot

Units
0-72m

Show Table. Export To Excel. KN, m, C
Select Display Component Load Case/Load Combo
Result Types Force

CaselCombo | <QReq1=RS_XY
Results For Entire Bridge Section
Response Axial Force (P) 1 -
[ Include Tendon Forces

Bridge Response Plot
400,

0-72 m - Entire Bridge Section, Load Case: <OReq1=R5_X¥ (Max/Min)

-400

Axial Force (P). Max = 353,906 Min = 23.2858 (KM)
<

>
Mouse Pointer Location

Snap Options
Distance From Start of Bridge Object  + |[49.8379 Bridge Cut

Response Before Current Location

Save Named Set
Snap to Computed Response Points
[] show cut

Response After Current Location [ show cut

Refresh

Sekil 4.33. TBDY 2018’e gore gelik I kirisli model i¢in eksenel kuvvet diyagrami

ﬂ' Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Piot Units
0-72m = Area Object Show Table. Export To Excel. KN, m, C v
Select Display Component Load Case/Load Combo
Result Types Force v CassiCombo | <QReql=RS_XY ~
Results For Entire Bridge Section ~
Response Shear Horizontal (V3) ~ 1 :
[] Include Tendon Forces.
Bridge Response Plot
800 0-72m - Enlire Bridge Section, Load Case: <QReq1>R5_XY (Max/Min)
0
-800 Shear Horizontal (V3). Max = 701.258 Min = 45.7972 (KN)
< >
Mouse Pointer Location Snap Options.
Distance From Startof Bridge Object || | Bridge Cut P B S R e R Save Named Set
Response Before Current Location [] show Cut
Response After Current Location [ show cut Refresh

Sekil 4.34. TBDY 2018’e gore gelik I kirisli model i¢in kesme kuvvet diyagrami
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ﬂ' Bridge Object Response Display

x
Select Bridge Object Eridge Model Type Show Tabular Display of Current Plot Units
0-72m - Area Object Show Table Export To Excal KN, m, C w
Select Display Component Load Case/Load Combo
Result Types Force ™ Case/Combo <QReq1=RS_XY ~
Results For Entire Bridge Section ~
Response Torsion (T) ~ 1 :
[ Include Tendon Forces
Bridge Response Plot
250.

0-72 m - Entire Bridge Section, Load Case: <OReqi=R5_XY (Max/Min)

n 1y T

-250

Torsion (T). Max = 244.5413  Min = 8352 (KN-m)
<

>
Mouse Pointer Location

Snap Options
Distance From Start of Bridge Object  + |[71.5634. Bridge Cut

Response At Current Location

Save Named Set
Snap to Computed Response Points
[] show cut

Refresh

Done

Sekil 4.35. TBDY 2018’e gore gelik I kirisli model i¢in burulma moment diyagrami

ﬂ' Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units
0-72m “ Area Object Show Table... Export To Excel... KN, m, C ~
Select Display Component Load Case/Load Combo
Result Types Force > Case/Combo <QReq1=RS_XY ~
Results For Entire Bridge Section ~
Response Woment About Vertical Axis (M2) ~ 5 —
[] Include Tenden Forces
Bridge Response Plot
-8000 D-72 m - Entire Bridge Section, Load Case: <QReq1=RS_XY (Maxilin)
0

8000,

Moment About Vertical Axis (M2). Max = 7620.0229 Min = 9.8931 (KMN-m)

<

>
Mouse Pointer Location

Snap Options
Distance From Start of Bridge Object  + |[71.5634. Bridge Cut

Save Named Set
Snap to Computed Response Points
Response Before Current Location

] show cut

Response After Current Location [ show cut

Refresh

Done

Sekil 4.36. TBDY 2018’e gore gelik I kirisli model i¢in egilme moment diyagrami
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ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Mode! Type Show Tabular Display of Current Piot

Units.
0-72m - Area Object Show Table Export To Excel. KN, m, C ~
Select Display Component Load Case/l oad Combo
Result Types Force i Case/Combo | <QReqi=RS_XY v
Results For Entire Bridge Section ~
Response Axial Force (P) ~ ] -
[] Include Tendon Forces

Bridge Response Plot
500.

0-72 m - Entire Bridge Section, Load Case: <OReq1>R5_XY (MaxiMin)

-500.

Axial Force (P). Max = 439.6441  Min = 26.2595 (KM}
<

>
Mouse Pointer Location

Snap Options
Distance From Start of Bridge Object ~ |[69.597! Bridge Cut

Response Before Current Location

Save Named Set
Snap to Computed Response Points
[ Show Cut

Response After Current Location [ show cut

Refresh

Sekil 4.37. AASHTO 2012’ye gore ¢elik I kirigli model igin eksenel kuvvet diyagrami

ﬂ' Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units
0-72m ~ Area Object Show Table... Export To Excel... KN, m, C ~
Select Display Compenent Load Case/Load Combo
Result Types Force ~ Case/Combo | <QReq1=RS_XY v
Results For Entire Bridge Section ~
Response Shear Horizontal (V3) - - -
-
[] nclude Tendon Forces.
Bridge Response Plot
1000, 0-72 m - Entire Bridgs Section, Load Case: <QReq 1>RS_XY (Max/Min)
0
-1000
<

Shear Honzontal (V3): Max = 861.5209 Min = 56 708 (KN}

>
Mouse Pointer Location

Snap Options.
Distance From Start of Bridge Object - |[60.214 Bridge Cut

Save Named Set
Snap to Computed Response Points
Responss Before Current Location

[ show Cut

Response After Current Location [] show cut

Refresh

Sekil 4.38. AASHTO 2012’ye gore celik I kirigli model igin kesme kuvvet diyagrami
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ﬂ' Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.

0-72m > Area Object Show Table. Export To Excel KN, m, C

Select Display Component Load Case/load Combo
Result Types Force hd Case/Combo <QReq1=RS_XY ~

Results For Entire Bridge Section ~

Response Torsion (T) ~

[ include Tenden Forces

Bridge Response Plot

300. 0- 72 m - Entire Bridge Section, Load Case: <QReq1>RS_XY (Max/Min)

Ty

-300.

Torsion (T): Max = 286.4341  Min = 9.7952 (KN-m)
<

>
Mouse Pointer Location

Distance From Start of Bridge Object Bridge Cut

Response Before Current Location 2065004 72z [] Show cut

Snap Options
Save Named Set

Snap to Computed Response Points

Response After Current Location 1826883 T3 [ show cut Refresh

Sekil 4.39. AASHTO 2012’ye gore ¢elik I kirigli model i¢in burulma moment diyagrami

&) Bridge Object Response Display

x
Select Bridge Object Bridge Model Type Show Tabular Display of Current Piot Units
0-72m - Area Object Show Table. Export To Excel. KN, m,C v
Select Display Component Load CaseiLoad Combo
Result Types Force > Case/Combe =QReq1>RS_XY ~
Results For Entire Bridge Section ~
Response Moment About Vertical Axis (M2) ~ 1 :
[ Include Tendon Forces.
Bridge Response Plot
10000 0-72 m - Entire Bridge Section, Load Case: <QReq1=R5_XY (Maxihin)

0
10000, Moment About Vertical Axis (M2): Max = 92713442 Min = 11.1369 (Kh-m)
< >
Mouse Pointer Location Snap Options
Save Named Set
Distance From Start of Bridge Object Bridge Cut Snap to Computed Response Foints
Response Before Current Location [] show cut
Response After Current Location [ show Cut

Refresh

Sekil 4.40. AASHTO 2012’ye gore celik I kirigli model igin egilme moment diyagrami
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Sekil 4.41. TBDY 2018’e gore ¢elik U kirisli model i¢in eksenel kuvvet diyagrami
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Sekil 4.42. TBDY 2018’e gore ¢elik U kirisli model i¢in kesme kuvvet diyagrami

&) Bridge Object Response Display
Select Bridge Object Bridge Model Type Show Tabular Display of Current Piot Units
0-72m - W Show Table... Export To Excal.. KN, m, © v
Select Display Component Load CaselLoad Combe
Result Types Force ~ CaseiCombo | <QReq1=RS_XY v
Resutts For Entire Bridge Section -
Response Shear Horizontal (V3) “ =
[] iciude Tendon Forces s
Bridge Response Plot
1000 0-72m - Enfire Bridge Seclion, Load Gase: <GReqi=R5_XY (Max/liin)
0
-1000 Shear Horizontal (V3) Max = 858.0313 Min = 54.8259 (KN)
< >
Mouss Pointer Location Snap Options
Distance From Start of Gridge Object Bridge Cut Snap to Computed Response Points Save Named Set
Response Before Current Location [ show cut .
Response After Current Location [ show cut Refresh
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&) Bridge Object Response Display

ped
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.
0-72m ~ Area Object Show Table. Export To Excel. KN, m, C ~
Select Display Component Load Case/Load Combo
Result Types Force i Case/Combo | <QReql>RS_XY v
Results For Entire Bridge Section ~
Response Torsion (T) ~ 5 =
[] Include Tenden Forces
Bridge Response Plot
300, 0 - 72m - Entire Bridge Section, Load Case: <QReq1>RS_XY (Max/Min)
0
-300. Torsion (T): Max = 2871781 Min = 294879 (KN-m)
< >
Mouse Pointer Location Snap Options
Distance From Start of Bridge Object Bridge Cut Snap o Computed Response Points Save Hamed Set
Response Before Current Location [ show cut
Response After Current Location [] show cut Refresh

Sekil 4.43. TBDY 2018’e gore ¢elik U kirisli model i¢in burulma moment diyagrami

9 Bridge Object Response Display

Select Bridge Object Bridge Model Type Show Tabular Display of Current Pot

Units
0-72m - Area Object Show Table. Export To Excel KN, m, C w
Select Display Component Load Case/Load Combo
Result Types. Force v Case/Combo =QRegq1=RS_XY ~
Results For Entire Bridge Section ~
Response Moment About Vertical Axis (M2) ~ 7 :
[ Include Tenden Forces

Bridge Response Plot

-10000. 0 - 72m - Entire Bridge Section, Load Case' <QReq1>RS_XY (Max/Min}
o
10000. Moment About Vertical Axis (M2): Max = 8950.7369
<

Min = 88817 (KN-m}
>
Wouse Pointer Location

Snap Options.
Distance From Start of Bridge Object  ~ || Bridge Cut

Response Before Current Location

Save Named Set
Snap to Computed Response Points
[] show Cut

Response After Current Location [ show cut

Refresh

Sekil 4.44. TBDY 2018’e gore celik U kirigli model i¢in egilme moment diyagrami
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@) Bridge Object Response Display

Select Bridge Object Bridge Model Type

Show Tabular Display of Current Plot Units.

0-72m = Area Object Show Table. Export To Excel KN, m, C ~
Select Display Component Load Case/Load Combo
Result Types. Force v Case/Combo <QReq1=RS_Xv1 ~
Results For Entire Bridge Section ~
Response Axial Force (P) ~ 1 :
[ Include Tenden Forces

Bridge Response Plot
500, 0 72m - Entire Bridge Section, Load Case. <QReq1=RS_X¥1 (Max/Min)
o
-600. Axial Force (P): Max = 541.4231
<
Mouse Pointer Location

Min = 10.7212 (KN)

>
Snap Options

Snap to Computed Responss Points

Distance From Start of Bridge Object

Response Before Current Location

Save Named Set
[] Show Cut
Response After Current Location

[ show Cut Refresh

Sekil 4.45. AASHTO 2012’ye gore celik U kirigli model i¢in eksenel kuvvet diyagrami

& Bridge Object Response Display

Select Bridge Object Bridge Model Type

Show Tabular Display of Current Plot Units
- 72m = Arca Object Show Table... Export To Excel. KN, m, C ~
Select Display Component Load CaselLoad Combo
Resutt Types. Force > CaseiCombo  <QReq1>RS_X¥1 v
Results For Entire Bridge Section ~
Response Shear Horizontal (V3) ~ - i
[ iciude Tendon Forces
Bridge Respanse Plot
1200 0 72m - Enfire Bridge Section, Load Case, <QReq1=RS_X71 (MaxMin]
0
-1200 Shear Horizontal (V3] Max = 10714338 Min = 68.4618 (KN)
< >
Mouse Pointer Location Snap Options
- ) Save Named Sat
Distance From Start of Bridge Object ~ ||69.9549 Bridge Cut Snap to Computed Response Points.
Response Before Current Location [ show Cut
Response After Current Location [ show cut

Refresh

Sekil 4.46. AASHTO 2012’ye gore ¢elik U kirigli model i¢in kesme kuvvet diyagrami
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Q’ Bridge Object Response Display

X
Select Bridge Object Bridge Model Type Show Tabular Display of Current Plot Units.
0-72m - Area Object Show Table. Export To Excel. KN, m, C v
Select Display Component Load Case/Load Combo
Result Types Force hd Case/Combo <QReq1>RS_Xv1 ~
Results For Entire Bridge Section ~
Response Torsion (T) ~ z :
[ Include Tendon Farces
Bridge Response Plot
200 0 72m - Entire Bridge Section, Load Case: <QReq1=RS_X71 (Max/hin)
0
-400. Torsion (T): Max = 356.2366 Min = 34.2703 (KN-m)
< >
Mouse Pointer Location Snap Options
Distance From Start of Bridge Object Bridge Cut Snap to Computed Response Points Save Hamed Set
Response Before Current Location [ show cut
Response Afer Current Location [ show cut Refresh

Sekil 4.47. AASHTO 2012’ye gore ¢elik U kirigli model i¢in burulma moment diyagrami

@) Bridge Object Response Display

X
Select Bridge Object Bridge Hodel Type Show Tabular Display of Current Piot Units.
= Area Object Show Table. Export To Excel

0-72m

KN, m, C
Select Display Component

Load CaseiLoad Combo
Result Types. Force > Case/Combo =QReg1>RS_XY1 ~
Results For Entire Bridge Section ~
Response

Woment About Vertical Axis (W2}
[ incluge Tendon Forces

Bridge Response Plot
-12000.

0-72m - Entire Bridge Section, Load Case: <OReqi>R5_X11 (Max/Min)

Moment About Vertical Axis (M2). Max = 11096651 Min = 11.047 (KN-m)
<

Mouse Peinter Location

>
Snap Options
Save Named Set
Distance From Start of Bridge Object l:| Bridge Cut Snap to Computed Response Points
Response Before Current Location [] Show Cut
Response After Current Location [ show cut

Refresh

Sekil 4.48. AASHTO 2012’ye gore ¢elik U kirisli model i¢in egilme moment diyagrami

Kopri modellerine ait en biyiik kesit tesiri degerleri tablo 4.5 da ve Sekil 4.49-
4.52°de grafik halinde verilmistir. AASHTO 2012’ye gore elde edilen tiim kesit tesiri

degerleri TBDY 2018’e gore elde edilen degerlerden daha yiiksek ¢ikmistir. Tiim kesit
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tesirleri degerleri en yiiksek prekast U kirigli modelde, en diisiik ¢elik I kirisli modelde elde
edilmistir.

TBDY 2018’e gore prekast U kirisli modelde, prekast I kirigli modele gore eksenel
kuvvet degerinin %7,98 daha fazla oldugu, kesme kuvveti degerinin %22,1 daha fazla
oldugu, burulma momenti degerinin %10 daha fazla oldugu, egilme momenti degerinin
%9,03 daha fazla oldugu gortilmiistiir. AASHTO 2012’ye gore prekast U kirisli modelde,
prekast I kirisli modele gore eksenel kuvvet degerinin %8,02 daha fazla oldugu, kesme
kuvveti degerinin %22,20 daha fazla oldugu, burulma momenti degerinin %10,64 daha fazla
oldugu, egilme momenti degerinin %9,07 daha fazla oldugu goriilmiistiir.

TBDY 2018’e gore ¢elik U kirisli modelde, celik I kirisli modele gore eksenel kuvvet
degerinin %24,44 daha fazla oldugu, kesme kuvveti degerinin %24,39 daha fazla oldugu,
burulma momenti degerinin %18,23 daha fazla oldugu, egilme momenti degerinin %10,90
daha fazla oldugu goriilmiistiir. AASHTO 2012’ye gore ¢elik U kirigli modelde, celik I kirigli
modele gore eksenel kuvvet degerinin %24,40 daha fazla oldugu, kesme kuvveti degerinin
%24,35 daha fazla oldugu, burulma momenti degerinin %17,73 daha fazla oldugu, egilme

momenti degerinin %10,80 daha fazla oldugu goriilmiistiir.

Tablo 4.5. Kopri modelleri kesit tesirleri

Eksenel Kesme Burulma Egilme
Model Yonetmelik Kuvveti Kuvveti Momenti Momenti
(kKN) (KN) (KNm) (KNm)
L TBDY 2018 818,56 692,03 109,01 1868,13
Prekast I Kirisli
Model

AASHTO 2012 | 1021,24 862,60 133,64 2330,73

TBDY 2018 889,53 888,21 121,11 2053,56

Prekast U Kirisli
Model
AASHTO 2012 | 1110,25 1108,71 149,56 2563,11
) . TBDY 2018 599,34 598,89 91,62 1714,40
Celik I Kirisli
Model
AASHTO 2012 748,79 748,23 113,64 2141,87
. L TBDY 2018 793,19 792,00 112,05 1924,03
Celik U Kirisli
Model

AASHTO 2012 | 990,43 989,01 138,12 2401,08
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Sekil 4.49. Kopri modelleri igin eksenel kuvvetler
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Sekil 4.50. Kopri modelleri igin kesme kuvvetleri
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Sekil 4.51. Kopri modelleri i¢in burulma momentleri
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Sekil 4.52. Kopri modelleri igin egilme momentleri
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5. SONUC

Bu tez ¢alismasinda prekast | kirisli, prekast U kirisli betonarme, ¢elik I ve U kirigli
olmak tizere dort farkli koprii modeli AASHTO 2012 sartnamesine uygun sekilde CSi
Bridge programi kullanilarak analiz ve dizayn edilmistir. CSi Bridge bilgisayar programi ile
modellenen koprii modelin uzunlugu 72 m olmak iizere 5 agikliga sahiptir. Koprii 4 seritli
ve 15,1 m genislige sahiptir. TUm modellerde ayn tip elastomer mesnet kullanilmustir.
Modellerde kolonlarin temele baglantis1 ankastre olarak tanimlamistir. Her bir kopri modeli
AASHTO 2012 ve TDBY 2018 yonetmeliklerinde tanimlanan spektrum egrileri kullanilarak
mod birlestirme yontemine gdre ayri ayr1 analiz edilmistir. Bunun i¢in toplam sekiz adet
koprii modeli olusturulmustur. Yapilan analizler sonucu modellere ait, periyot, taban kesme
kuvveti, yer degistirme ve kesit tesirleri elde edilmis ve koprii modelleri iizerinde her iki
yonetmelik ve kesit tiirleri i¢in asagidaki degerlendirmeler yapilmistir.

Koprii modellerinde dogal titresim periyotlar1 incelendiginde, birinci dogal titresim
periyodunun en biiyiik degeri prekast U kirisli modelde, daha sonra prekast I kirisli, sonra
celik U kirigli ve en kiiclik degeri i1se ¢elik I kirisli modelde ortaya ¢ikmistir. Bu nedeni
betonarme prekast kirigli modellerde iist yap1 agirh@min daha fazla, ¢elik kirisli modellerin
iist yap1 agirligminsa daha az olmasidir. Ikinci ve {igiincii titresim modlarinda ise en yiiksek
deger celik I kirisli modelde ortaya ¢ikmustir. Bu nedeni ise ¢elik I kirigli kopriiniin burulma
rijitliginin ve kopriiniin enine dogrultusundaki rijitliginin daha diisiik olmasidir.

Analizleri yapilan koprii modellerinde; yer degistirme, taban kesme kuvveti ve kesit
tesirleri incelendiginde AASHTO 2012 yonetmeligine gore elde edilen degerler TBDY 2018
yonetmeligine gore elde edilen degerlerden yaklasik olarak %20 daha yiiksektir. Bu durum
yonetmeliklerde yer alan zemin bolge katsayillarmin farkli  tanimlanmasindan
kaynaklanmaktadir.

Taban kesme kuvvetleri degerlendirildiginde hem TBDY 2018, hem de AASHTO
2012’ye gore X yonu igin en ylksek deger celik U kirisli modelde, en diisiik deger prekast
U kirisli modelde, Y yoni igin ise en yuksek deger ¢elik U kirigli modelde, en diisiik deger
celik I kirigli modelde elde edilmistir. Taban kesme kuvvetinin degeri prekast U kirisli
modelde prekast I kirisli modele gore Y yoniinde yaklagik ayni kalirken, X yoniinde daha
kiglktir. Celik U kirisli modelde ise ¢elik I kirigli modele gore her iki yonde daha buyik
cikmustir.

En buylk yer degistirme degerleri degerlendirildiginde hem TBDY 2018’¢ gore hem
de AASHTO 2012’ye gore X yoniinde en yiiksek deger prekast U kirigli modelde, en diisiik
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deger ¢elik I kirisli modelde elde edilmistir. Y yoninde ise en yiiksek deger gelik | kirigli
modelde, en diisiik deger celik U kirigli modelde elde edilmistir En biiyiik yer degistirme
degeri hem TBDY 2018, hem de AASHTO 2012 i¢in prekast U kirisli modelde, prekast I
kirigli modele gore hem X yoniinde hem de Y yoniinde daha biiyiiktiir. Celik U kirigli
modelde ise hem TBDY 2018, hem de AASHTO 2012 igin, celik I kirisli modele gére X
yoniunde daha buytk, Y yoninde ise kiguktdr.

Tim kesit tesirleri degerleri degerlendirildiginde, hem TBDY 2018 hem de
AASHTO 2012’ye gore en yiksek degerler prekast U kirisli modelde, en diisiik degerler ise
celik 1 kirigli modelde elde edilmistir. Prekast U kirisli modelde, prekast I kirisli modele
gore ortalama olarak eksenel kuvvet degerinin %8, kesme kuvveti degerinin %22, burulma
momenti degerinin %10 ve egilme momenti degerinin %9 daha fazla oldugu goriilmiistiir.
Celik U kirigli modelde, ¢elik I kirisli modele gore eksenel kuvvet degerinin %24 kesme
kuvveti degerinin %24, burulma momenti degerinin %18 ve egilme momenti degerinin %11
daha fazla oldugu goriilmiistiir.

Yapilan degerlendirmeler sonucu hem c¢elik hem de betonarme prekast kirisli
modeller i¢in I kesit tipinin U kesit tipine gore daha avantajli oldugu sdylenebilir.

Ileriki ¢alismalarda; maliyet analizi yapilarak celik ve betonarme prekast kiris

tiplerinin etkisinin degerlendirmesi yapilabilir.
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