ABSTRACT

Earthquakes are very common in every part of the world which is very dangerous and
unpredictable forces in the nature. Resisting of structures against seismic forces are
always an area of concern and requires special attention from structural designers.
Recently most of the architects are trying to make very complicated plan of buildings.
So in this case irregularity in plan and elevation may exist, Therefore, plan and vertical
irregularities further complicates the seismic behavior of the structures and also make
the structures more vulnerable to seismic forces. Therefore, to resist the structures
from the severe motions many analysis methods were developed. Pushover analysis
which is nonlinear static analysis is an important method in term of determining the
capacity of existing and new structure and the seismic vulnerability of structures.
This research paper deals with nonlinear static analysis (pushover analysis), buckling
analysis and p-delta analysis of 3, 9 and 15 story irregular RCC buildings which are
located in zone IV. ETABS2016 software is used to perform the analysis. IS 456:2000
and 1S1893 part 1 are used for design of structural members and calculation of
earthquake load.

From result of pushover analysis for all three structures, a pushover curve for each
structure generated which include capacity spectrum, demand spectrum and
performance point. The obtained pushover curves describe the global behavior of
structures individually. A table also generated from result of pushover analysis which
represent the coordinates of each step of the pushover curve and explain in detail the
number of hinges formed in each step of pushover analysis at different state (for
example, between 10, LS, CP, or between B, C, D and E).

Seismic load induces lateral load which cause lateral displacement of structures. The
effect of gravity load on the laterally displaced structure which is known as P-delta
effect also considered in this study. From the result of analysis, it is observed that the
effect of geometric nonlinearity is more for high rise buildings as compare to low rise
buildings. Due to applying lateral load to the structures and performing nonlinear static
analysis, the crack appeared (plastic hinges form) at different part of structural
elements which reduce the stiffness of structural members and effect on buckling
safety. From result of buckling analysis for 2D frame it is obvious that the buckling
safety decrease when formation of plastic hinges increase at the end of structural

members.
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OZET

Dogada ¢ok tehlikeli ve ongdriilemeyen kuvvetler olan depremler diinyanin her
yerinde ¢ok yaygindir. Yapilarin sismik kuvvetlere karsi direnci her zaman bir endise
konusudur ve yapi tasarimcilariin 6zel ilgi gostermesini gerektirir. Son zamanlarda
mimarlarin ¢ogu ¢ok karmasik bina planlar1 yapmaya ¢alisiyor. Dolayisiyla bu
durumda planda ve kotta diizensizlik olabilir, Bu nedenle plan ve diisey
diizensizlikler yapilarin sismik davranisini daha da karmasik hale getirir ve ayrica
yapilar1 sismik kuvvetlere kars1 daha savunmasiz hale getirir. Bu nedenle, yapilari
siddetli hareketlerden korumak icin bir¢ok analiz yontemi gelistirilmistir. Dogrusal
olmayan statik analiz olan itme analizi, mevcut ve yeni yapinin kapasitesini ve
yapilarin depreme kars1 kirilganligini belirlemesi acisindan dnemli bir yontemdir.
Bu arastirma makalesi, IV. bolgede yer alan 3, 9 ve 15 kath diizensiz RCC binalarin
dogrusal olmayan statik analizi (pushover analizi), burkulma analizi ve p-delta
analizi ile ilgilidir. Analizi gergeklestirmek icin ETABS2016 yazilimi kullanilmstir.
IS 456:2000 ve IS1893 boliim 1, yap1 elemanlarinin tasarimi ve deprem ylikiiniin
hesaplanmasi i¢in kullanilir.

Her ti¢ yap1 i¢in de itme analizi sonucunda, kapasite spektrumu, talep spektrumu ve
performans noktasini igeren her yapi i¢in bir itme egrisi olusturulmustur. Elde edilen
itme egrileri, yapilarin kiiresel davranigini tek tek tanimlar. Ayrica, itme egrisinin her
adiminin koordinatlarini temsil eden ve farkli durumda (6rnegin, 10, LS, CP veya
arasinda) itme analizinin her adiminda olusturulan menteselerin sayisini ayrintili
olarak agiklayan itme analizinin sonucundan olusturulan bir tablo. B, C, D ve E
arasinda).

Sismik ytik, yapilarin yanal yer degistirmesine neden olan yanal yiike neden olur. P-
delta etkisi olarak bilinen yanal yer degistirmis yap1 lizerindeki yergekimi yiikiiniin
etkisi de bu caligmada ele alinmistir. Analiz sonucunda, yliksek katli binalarda
geometrik dogrusalsizligin etkisinin az katli binalara gore daha fazla oldugu
gozlemlenmistir. Yapilara yanal yiik uygulanmasi ve dogrusal olmayan statik analiz
yapilmasi nedeniyle, yap1 elemanlarinin farkli yerlerinde catlaklar (plastik mafsallar
olusur) ortaya ¢ikmis, bu da yap1 elemanlarinin rijitligini ve burkulma emniyetini
azaltmistir. 2D gerceve i¢in yapilan burkulma analizi sonucunda, yapisal elemanlarin

sonunda plastik mafsal olusumu arttiginda burkulma giivenliginin azaldig1 aciktir.
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