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KISA OZET

DUSEY YER HAREKETI VE P-DELTA ETKILERI DIKKATE ALINARAK
DUSEY DUZENSIZ BiR CELIK MOMENT CERCEVESININ DEPREM
PERFORMANSI

MOHAMMED ALBAYATI

Bu tez, Tiirkiye Bina Deprem Yonetmeligi (TBDY-2018) esas alinarak tasarlanan,
uzun aciklikli, dort kath ve diisey diizensizlige sahip celik 6zel moment ¢ergevesinin
sismik tepkisini incelemektedir. Calisma, ikinci mertebe (P-Delta) etkilerinin ve yatay
ile dlisey yer hareketlerinin eszamanl etkisinin bu yapi tipinde kat 6telemeleri, eleman
ic kuvvet talepleri ve akma sonrasi stabilite tizerindeki etkisine odaklanmaktadir.
SAP2000 ortaminda iki boyutlu bir model hazirlanmis ve modal analiz, esdeger statik
yontemler, tepki spektrumu analizi, dogrusal olmayan statik itme analizi, se¢ilmis
inelastik asamalarda 6zdeger burkulma kontrolleri ve tasarim spektrumuna uyumlu
hale getirilmis yer hareketleri kullanilarak dogrusal olmayan zaman tanim alani analizi
iceren asamali bir analiz programi ile degerlendirilmistir. Sonuclar, nihai eleman
konfiglirasyonunun esas olarak oOtelenme ve rijitlik gereksinimleri tarafindan
belirlendigini ve bunun bir¢ok elemanda dayanim rezervi olugmasina yol agtigini
gostermektedir. Dogrusal olmayan statik analizlerde plastik mafsallarin agirlikli olarak
birinci kat kolonlarinda olugmasi, segilen cergeve diizeni i¢in kolon kontrollii bir
inelastik mekanizmaya isaret etmektedir. Akma ilerledik¢e, 6zdeger burkulma
gostergesinin keskin bicimde diistiigli ve boOylece mafsallasmadan sonra rijitlik
kaybina bagli olarak akma sonrasi stabilitenin duyarli hale geldigi goriilmiistiir; bu
etkinin en belirgin oldugu bolge konsol tarafidir. Diisey yer hareketi bileseni dahil
edildiginde, kritik elemanlarda eksenel kuvvet talebi artmis ve bu durum akma sonrasi

stabilitedeki azalmanin daha belirgin olmasina katki saglamistir. Segilen tasarim
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spektrumuna uyumlu kayit seti i¢in ise diisey bilesenin eklenmesi, kayda bagli cati

diizeyi yatay yer degistirme talebini pratik olarak degistirmemistir; buna karsin global
yatay talep diizeyi, belirleyici statik tasarim talebinin altinda kalmistir. Bulgular,
diizensiz ¢elik moment ¢ercevelerinde yatay ve diisey bilesenlerin birlikte
degerlendirilmesini desteklemekte ve gelecekteki uygulamalarda 6telenme agisindan

verimli diizenlerin ve stabiliteyi gézeten detaylandirmanin 6nemini vurgulamaktadir.
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hareketi, P-Delta etkileri, itme analizi, stabilite bozulmasi
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ABSTRACT

SEISMIC PERFORMANCE OF A VERTICALLY IRREGULAR STEEL
MOMENT FRAME CONSIDERING VERTICAL GROUND MOTION AND
P-DELTA EFFECT

MOHAMMED ALBAYATI

This thesis examines the seismic response of a four story, vertically irregular steel
special moment frame with a long span, designed according to the Turkish Building
Earthquake Code (TBDY-2018). The study focuses on how second order (P-Delta)
effects and the simultaneous action of horizontal and vertical ground motions influence
drift, member demands, and post-yield stability in this structural form. A two-
dimensional SAP2000 model was prepared and evaluated through a staged analysis
program including modal analysis, equivalent static procedures, response spectrum
analysis, nonlinear static pushover analysis, eigenvalue buckling checks at selected
inelastic stages, and nonlinear time history analysis using a set of spectrum matched
ground motions. The results show that the final member configuration was governed
mainly by drift and stiffness requirements, which led to reserve strength in many
members. In the nonlinear static analyses, plastic hinges formed primarily in first story
columns, indicating a column controlled inelastic mechanism for the selected frame
layout. As yielding progressed, the eigenvalue buckling indicator dropped sharply,
showing that post-yield stability became sensitive to stiffness loss after hinge
formation, with the clearest effects observed along the cantilever side. When the
vertical ground motion component was included, axial force demand increased in
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critical members, and this contributed to a stronger reduction in post-yield stability.

For the selected spectrum-matched record set, the record-driven lateral roof
displacement demand remained practically unchanged when the vertical component
was included, while the global lateral demand level remained below the governing
static design demand. The findings support combined horizontal and vertical
assessment for irregular steel frames and highlight the value of drift efficient layouts

and stability aware detailing in future applications.

Keywords: steel special moment frame, vertical irregularity, vertical ground motion,

P-Delta effects, pushover analysis, stability degradation
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