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OZET

ZAYIFLATILMIS KiRiS VE GOVDE ENKESITLI CELIK CERCEVE
SISTEMLERIN DOGRUSAL OLMAYAN DAVRANISLARININ DEPREM
PERFORMANSINA ETKIiSI

Biilent Koparan

Yapilarda deprem gibi tekrarli yilikler altinda siinek davranisin saglanabilmesi
icin yapida olusacak plastik deformasyonlarin 6ncelikle siinek davranan elemanlarda
olusmasi yani eleman siinekliligi istenir. Egilme etkisindeki elemanlarin davranis,
sadece eksenel kuvvet veya eksenel kuvvet ile egilme etkisindeki elemanlarmn
davranigina gore daha siinektir. Biliyiik depremlerde kolonda ve birlesim bolgesinde
olusabilecek ve kolon mekanizmasina yol acabilecek mafsallagmalarin kirislerde
olusmasini saglayan bir diizenegin olusturulmasi sistem siinekligi agisindan istenen
davranis modelidir.  Cesitli lilke yonetmeliklerinde bu mekanizmay1 saglayan
birlesim diizenlemeleri 6nerilmektedir. Yonetmeliklerde yer almayan birlesim tipleri
icin ise, slineklik diizeylerine bagli olarak saglamasi gereken kosullar verilmistir.

Tez ¢aligmasinda zayiflatilmis kiris ve govde enkesitli celik c¢erceve sistemlerin
davranig1 incelenmis ve Oneriler sunulmustur. Zayiflatilmis govde enkesitli
birlesimler yonetmeliklerde heniiz yer almamaktadir. Bu nedenle bir¢ok arastirmaci
tarafindan bu konu tizerinde ¢alismalar devam etmektedir.

Calismanin birinci  boéliimiinde zayiflatilmis enkesitli ve zayiflatilmis govde
enkesitli elamanlar tanimlanmigtir. Calismanin birinci  bolimiinde 6zellikle
Northridge ve Kobe depremleri sonrasi arastirmacilarin zayiflatilmis kiris enkesitli
birlesimler i¢in  gelistirdikleri modellere deginilmistir. Deprem  sonrasi
arastirmacilarin ¢elik yapilar iizerinde yapmis oldugu incelemeler gelecekte celik
yapilarin tasarimina 1s1k tutmaktadir.

Ikinci boliim geligin yapilarda kullanilmaya baslanmasi ve celik yapilarin
gelisim siirecine ayrilmustir. 1779 yilinda Ingiltere’de Severn Nehri iizerine 30,63
metre acgikliginda, kemer tarzindaki dokme demirden yapilan Coalbrookdale
kopristiyle celigin yapilarda kullanilmasi baglamistir. Celigin ¢ok katli binada
kullanilmas: yine Ingiltere’de olmustur. Daha sonra 6zellikle ¢ok katli binalarda
Amerika’da ¢elik kullanimi artmaya devam etmistir. Celigin kullanimiyla birlikte
celigin liretim teknolojisi de gelismis, mekanik ve fiziksel olarak daha dayanikli,
daha siinek celik iiretimi baslamistir. Yine malzemenin davranisi bu boliimde
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anlatilmistir. Cevrimsel ylikler altinda c¢elik malzemesinin elastik ve plastik
ozellikleri bu boliimde yer almaktadir.

Moment aktaran c¢erceve sistemlerin davranist {iclincii bdoliimde yer
almaktadir. Bu boliimde bir Amerikan ulusal standardi olan ANSI/AISC 341-16,
Celik Tasiyici Sistemli Binalar i¢in Sismik Kurallar (Seismic Provisions for
Structural Steel Buildings) yonetmeligine gore celik ¢ercevelerin siniflandirilmasi
Ozetlenmistir. Burada gerceve tiirlerinin moment aktaran birlesimleri i¢in sahip
olmast gereken 0Ozelliklerin agiklanmasi caligmanin amaci agisindan gereklidir.
Birlesimin sahip olmasi gereken en Onemli Ozelliklerinden biri Sekil 3.2
diyagramiyla silineklik diizeyi yiiksek moment c¢ergevelerinde yiiksek donme
kapasitesine sahip olmasi gerektigi gosterilmistir. Ayrica Sekil 3.3’de yapida
depremde istenmeyen ve olmasi gereken kat mekanizmalar1 yer almaktadir. Deprem
sonras1 ¢elik yapilarin birlesiminde goriilen hasarlarin neler oldugu yeni yapilacak
celik yapilarda olusabilecek depremlerin sonrasinda benzer hasarlarin olugmasini
onlemek i¢in 6nemlidir. Sekil 3.6 moment aktaran cergevelerin birlesim bolgesinde
olusan hasarlar1 gostermektedir.

Calismaya daha once deneyleri yapilmis benzer bir aragtirmanin analizleri
yapilarak baglanmistir. Konuyla ilgili birgok aragtirmacinin analitik ¢éziimlemelerini
dogrulamakta kullandig1 ¢calisma kullanilmistir. Dogrulamakta kullanilan ¢alismanin
tercih edilmesindeki nedenlerin ilki bu g¢alismaya yakin olmasi, ikincisi ise bu
caligmanin ¢ok sayida dogrulama i¢in kullanilmis olmasidir. Dordiincii boliimde
dogrulama i¢in yapilmis calismanin 6zellikleri ve sonuglarinin yapilan ¢aligmanin
sonuglarmin karsilastirilmasi ve ¢esitli 6neriler yer almaktadir.

Calismanin besinci boliimiinde cercevelere yer verilmistir. 4, 8 ve 12 kath
zayiflatilmis kiris ve gdvde enkesitli birlesim modelleriyle solid enkesitli birlesim
modellerinin yatay yiikler altinda analizleri yapilmistir. Zayiflatilmis govde
enkesitlerde farkli zayiflatma ¢ap1 ve kolon yiizli uzakliklari i¢in birlesim bolgesinde
gerilmenin  degisimi arastirilmistir.  Sonucglar ayrica Cornerstone  etkilesim
yazilimiyla derlenerek gerilme degisimini veren denklemler elde edilmistir. Elde
edilen denklemler yalnizca analizi yapilan ¢ergevelere ait yiikleme durumu malzeme
ve kesit Ozellikleri i¢in bulunmus degerlerdir. Cergeve c¢oziimlemeleri ile
zayiflatilmig kesitlerin yatay yiik tasima kapasitelerini ve birlesim bolgesinde gerilme
dagilimim etkiledigi goriilmiistiir. Kiris kesitinde zayiflama etkisiyle gerilmelerin
delik bolgesinde yogunlagarak, kaynak bolgesindeki gerilmeyi azalttigi Sekil 5.8,
Sekil 5.12, Sekil 5.17° den goriilmektedir.

Altinc1 boliimde 67 farkli ¢elik birlesimin SAC yiikleme protokoliine gore
tersinir deplasman yiiklemeleri altinda hesaplar1 yapilmistir. Bu analizlerden her
birlesimin moment egrilik diyagramlar1 ile kolon kiris birlesim bolgesi kiris {ist
basliginda ve kiris iist baslik ekseni boyunca gerilme degisimleri ¢ikarilmistir. Yine
analiz sonuclar1 Cornerstone yazilimindan derlenerek parametrik olarak plastik sekil
degistirmeyi veren denklem elde edilmistir. Burada elde edilen plastik sekil
degistirmeyi veren denklemler genel olmayip elde edildigi malzemenin ve kesitlerin
ozelliklerine ait degerlerdir.

Tim bu ¢aligmalarin sonuglarinda zayiflatilmis kiris gévde enkesitli
birlesimlerin tasariminin diizenlenmesine yonelik 6nerilerde bulunulmustur.
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Anahtar Sozciikler: Siineklik, sonlu elemanlar, zayiflatilmis kesit, esdeger gerilme,
plastik deformasyon
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ABSTRACT

THE EFFECT OF NONLINEAR BEHAVIOUR OF REDUCED BEAM AND
REDUCED WEB SECTIONS FRAME SYSTEMS ON EARTHQUAKE
PERFORMANCE

Biilent Koparan

In order to provide ductile behavior under repeated loads such as earthquake
loads, plastic deformations that will occur in the structure are required to occur
primarily in ductile elements. The behavior of the members under the influence of
bending is more ductile than the behavior of the members under the influence of
axial force or axial force. Increasing axial force in structural elements causes
ductility loss. Establishing a mechanism that removes excessive deformations in the
column and junction area in severe earthquakes and ensures that these deformations
occur in beams under the effect of bending is the desired behavior model in terms of
building safety. There are combination types that provide this mechanism in the
regulations. For the joint types not included in the regulation, the conditions that
must be met depending on the ductility levels are given.

In this thesis, the behavior of weakened beam and body cross-section
steel frame systems has been investigated. Weakened body cross-section connections
have not yet been included in the regulations. Therefore, many researchers are still
working on this subject. The thesis aim is to contribute to the behavior of weakened
beam-body cross-section connections.

In the first stage of the study, the behavior of steel structures was
emphasized. Post-earthquake researchers' investigations on steel structures shed light
on the design of steel structures in the future. In the first part of the study, especially
after the Northridge and Kobe earthquakes, the models developed by the researchers
for weakened beam cross-section connections are mentioned.

The second chapter is devoted to the use of steel in structures and the
development process of steel structures. In 1779, the use of steel in structures began
with the Coalbrookdale Bridge, which was made of arch-style cast iron over the
Severn River with a span of 30.63 meters. The use of steel in multi-storey buildings
was also in England. Later, the use of steel continued to increase in the United States,
especially in multi-storey buildings. With the use of steel, the production technology
of steel has also improved, and the production of mechanically and physically more
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durable, more ductile steel has begun. Again, the behavior of the material is
explained in this section. Elastic and plastic properties of steel material under cyclic
loads are included in this section.

The behavior of moment-transmitting frame systems is given in the third
chapter. In this section, the classification of steel frames according to ANSI/AISC
341-16, an American national standard, Seismic Provisions for Structural Steel
Buildings regulation is explained. Here, the properties that frame types must have for
moment-transmitting combinations are important for the purpose of the study. One of
the most important properties that the joint should have is shown in Figure 3.2 that it
should have high rotational capacity in moment frames with high ductility level. In
addition, in Figure 3.3, there are undesirable and necessary floor mechanisms in the
building in an earthquake. What are the damages seen in the combination of the steel
structures after the earthquake is important in order to prevent the occurrence of
similar damages after the earthquakes that may occur in the new steel structures.
Figure 3.6 shows the damages in the junction area of the moment transmitting
frames.

The study was started by analyzing similar research that had been tested
before. The study used by many researchers on the subject to validate their analytical
analysis was used. The reasons for choosing the study used for validation were first
because it was close to this study and secondly because this study was used for
multiple validations. In the fourth chapter, the characteristics of the study conducted
for validation and the comparison of the results of the study and various suggestions
are included.

Frames are included in the fifth part of the study. Analysis of 4, 8, and 12-
storey weakened beam and body cross-section connection models and solid cross-
section connection models under lateral loads were performed. The variation of
stress at the junction was investigated for different weakening diameters and column
face distances in attenuated body cross-sections. The results were also compiled with
the Cornerstone interaction program and the equations giving the stress variation
were obtained. The equations obtained here are only the values obtained for the
loading state material and section properties of the frames analyzed here. Frame
analyzes have shown that weakened sections affect the lateral load carrying capacity
and stress distribution in the joint area. It can be seen from Figure 5.8, Figure 5.12,
Figure 5.17 that the stresses in the beam section are concentrated in the hole region
due to the weakening effect and reduce the stress in the weld region.

In the sixth section, 67 different combinations were analyzed under reversible
displacement loading according to the SAC loading protocol. From these analyses,
moment curvature diagrams of each joint and stress changes in the column-beam
junction area at the beam cap and along the beam cap axis were deduced. Again, the
results of the analysis were compiled in the Cornerstone program and the equation
giving the plastic deformation parametrically was obtained. The equations giving the
plastic deformation obtained here are not general, but are the values belonging to the
properties of the material and sections from which it is obtained.
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At the end of all these studies, suggestions were made on how to design
weakened beam-body cross-section connections.

Keywords: Ductility, finite element, equivalent stress, reduced section, plastic
deformation
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