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Seismic evaluation of Steel Buildings

with Different Lateral Force-Resisting System and Ductility.
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Abstract

The objective of this study was to assess the seismic
performance of steel structures with different structural systems,
ductility and locations. The structural systems used in the study

were divided into three categories: 1. Moment Resisting Frame
2. Concentric Braced Frame 3. Eccentric Braced Frame in each
Ordinary 2.
Intermediate 3. special ductility of 8 floors buildings located in

structural system consists of 3 ductility 1.
Mueang Chiang Mai and Bangkok. The design and assessment
the seismic performances of the building were carried out by
Nonlinear-Static Pushover Analysis method. The result also
shows that, the failure behavior of structural steel building from
elastic to inelastic behavior in the capacity curve with concern
of masonry wall effects. Capacity curve that shows the
relationship between base shear and roof displacement of
structural steel building with vary lateral resisting system and
ductility. The study is useful for guideline to select lateral
resisting system and ductility to designing the earthquake
resistant structural steel building. The results found that the
Intermediate  Moment Resisting Frame had exceeding the
overstrength force of 2.36 times. The ability to absorb and
dissipate energy depends on the ductility of the structure, which
makes the structure more able to absorb and dissipate seismic
energy. Regarding the structural impact, it was discovered that a
Concentric Braced Frame could resist the strongest earthquake.
Furthermore, the influence of the masonry wall improves the

building’s earthquake resistance to be around 210%.

Keywords: Steel Structure, Steel Braced Frame, Earthquake,
Nonlinear-Static Analysis
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Nonlinear-Static Pushover Analysis (NSPA)
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NSEUINTTHAN (Material Overstrength) Fasinazdiindsgaunnnin
AuavtRtanfifuanssyliBnifouwini (2] druiiaesderdwdiuiiu
vaan1sidennindnandunaun1seenuuU (Section Overstrength)
Feliannsndenntdafidmdmeanafidunld Saendonuth
Fafifidn&aunnndn daufianufesdsdniuvesnisidensyuy
Tassadradrunusiuivlniaindunsuniseanuuy (Systems
Overstrength) Baustazszutlassaiiagnesnuuulidssiuanumies
wazwgAnIsUNSITATIUANA1sAY wazdrugavinefordsduiuves
Formualuniseenuuuumuusiuivlmanduneunsesnuuy
(Seismic Overstrength) dslunsesnuuulassasranandasiiladen
NIIEIUAMUNTIFDAIINNUIVDIUN UALLDIATURINNIATFIY LER.
1304-61 Tilassadrsdirundenmudicmun Tnederuundasd
Arzgavesdnduiuiudiifieumien unanwedanvinfy
Fudrumhdndauiunudeimuanisesnuuulassadandnialy (
Amd =Ap =0.38,[ 1 F, ) uazderimundnsidiunuurgaves

% '

Yndwiugudruniinnumierguslamidunauinniiniseeniuy
Tassadrandninld Feilrsuuvewmthdaiaiusadenldauls
AsINUamNUATasANUWTtel dldenldednsinna
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3UN 10 mafnnalnn1sitiveslaswimussiamileruiunans
seegigunewiondedlva (IMRF/CNX)
(O ugninsisusiunisasn, @ wansgavyunaiain)

.

Y

a a a wa ¢ = a
U 11 mafianalnnsitivedasunsuunssgudmileafivay
Asegignaiiondedlval (SCBF/CNX)
(O uansnisudunisasin, @ uasanisliuazuseganyunaiain)

™

N
7]
N

5UN 12 mafAanalnn1sihives Tassunsuuadesdud
sagigunewiondudlval (EBF/CNX)
(O uansnisudunisnstn, @ uasanisliuzuseganyunaiain)
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iloenansgaudnlasifinauinvesusaiudisegrsasitane
sUuuumsnszemvesnalnnsivalugamyuwanainagiduduain
n135a370 (Yielding) Tnsauduiusseninsausawasnisindouiily
seavasromsazidulumunuaniAvesgavyunaiain (Nonlinear
Plastic hinge) aunseiaiamsivaudifngamyunaradnlulasede
uis wamiAamislianevesdsululasaunsuus JUuuumainnaln
msivRveseImsimangunssaifszuulassairauulassiuusein
Tassunsuuinsagud uazlassunsuuandosrus uansiagddl 10, 11
uag 12 puenfu

5.2 wamaSyuniguseaun iy 19ede1n7s (Ductility)

5.2.1 lpseguusean (Moment Resisting Frame, MRF)

1HANNTIATIZNSHENIATWULaD Al T uduvealATedy
®396a (MRF) ﬁqagﬁﬂgamwmmuﬂs ﬁmamﬂugﬂﬁ 13 WUI181AS
TASIAULTIFALUUSTTUAT Wuunileauiunans Lazwuunieafiay
azﬁﬁwﬁwﬁ”&%’uumﬁauﬁgmwhﬁu 261, 239 uay 229 Ay AUSIAU
wazilAnisindeusifisenaiasivindu 94, 97 wag 108 WUALLAT
AR

Pushover curve (8F MRF/BKK)
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lnssnuussiadiseduaamiesine degfingaunmumuns

Pushover curve (8F MRF/CNX)
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JUN 14 pnuduiudserinusadoufignuuaznisiafousifisano1A15ves
laseinunswadissauaumileIneg Awgidnnauloudedn

dwiulasainuusedin (MRF) Asegiidnneiilendedni fAwansly
U7 14 nudrenmsiasainuussdawuuwmieruiunats uaguuy
a a a1 o v W & a Y )
milgafiayazdai1desunsudoungiuindu 350 wag 292 fu
ANUAIRU LardAINISIAREUAINEBABIATSIYINAY 102 way 115
LWURLUAT ANEIAU

omsiignesnuuulifinumiderasiifrdsiumuududiulm
unninerasiignesnuuuliiuienizusslutulfs (Gravity Load
Design, GLD) fisuusadeudigiugeals 165 fu wazfiannisindeus
fivenennsgeanls 52 lwudiuns nsawanusalunisgaduuas
amywﬁ"nmu%%uagﬂiﬁmzﬁumwmﬁmmaammi MNTEAUAIY
wilsavesermsiiutuagsililaseaiisanansogaduazaais
wEsunuiudulm ity fardunaldandinisedousad
gonoIMsTRNTUILTEAUANLm TR

fausformsazgnosnuuuliduiamzusdluninia (GLD) usiileth
91A1slundnuuuaiinlididadu wudridwesemsaunsasuniy
usemeshudnaldlussiunianeuiionnsesdth suidesnannaves
MasdmAY (Over Strength) Imsﬂ'wLmﬁauﬁgwuﬁuammiﬁmzaasﬂu
sunadleadeslndagiiamnnnitorasiineglunsanmamiuas
ilesanArmnuisimeuaus adsanaudniussnuuuessne
WeadedlnilAuinnInveInJunenIuAS

522 Iﬂmmmwmwgw (Concentric Braced Frame, CBF)
1ANANITIATIENASHENDIANTWUUAT A b T uyealasy
< ) P ) a '
WNLUIRSIAUE (CBF) Asegingammamnuas duuansluzua 15 wui
91A5IATIUNIUINTIAUTUUUSTTUAT Uazuuuinilerfivawaziian
MAULTURIUNFIUYINAY 419 uar 332 fu MUAFU wazdlA1ns
WAABUAINIEEABIANTIVINAY 13 kay 15 WwuRllnT ANa1Ry

Pushover curve (8F CBF/BKK)
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IATaUNIRTIgUITsEAUANITE e AseglingamnamuAs

Pushover curve (8F CBF/CNX)
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UM 16 Amuduiusseniusadoungiulasnsiafousifsenainnsves
Taswunauusnssguewiedfivay dwgnonneidiondeodn

dmiulasauneuunsagud (CBF) Asegndinailonduslu e

s =
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o v w & P o o a & |
AMaeSuLsuReungIuwiNY 355 Au wavdld1n1sindoudineen
IASWINAY 18 LruRng

TAseunauuInsegudssdimdsinumuniuiulnigisasiinig
Ao UANIYEADIANSADUTIAT LTD9INTTUAIULNILLITULSIOR LY

. = ¢ Ao a 1 o

wuInKed (Diagonal braced) ¥3UUBIABDIANTNLAANLUANIUYIIEY
(Lateral Stiffness) vimtisuusanisdudnadundn lnenisgady
WAZAAIENG UL BIARIANSISUANNITATINAUANAVYUNAERN
SUL399n (Axial Plastic hinge) #39n15lAaA1E (Buckling) YuauLin
ATIUR

523 Zﬁmmmwzﬁadgwf (Eccentric Braced Frame, EBF)

Pushover curve (8F EBF/BKK)
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1ATUNIULLEDIFUE ATBETINTUNNINIUAT

Pushover curve (8th EBF/CNX)
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5UR 18 Arwduiussevinausadouiigiuwasnisiafieuiifuene1asves

sl o A

lasunauubasgud asegigunaileaded

31NNAN1TIATIEININENBIASHUUaTald B uduvedlaT
unsuundosus (EBF) daagfingammumuns uazsunaidioadodlusl
Fauanduzuil 17 way 18 muddu wudrormsTastunauuadesgud
sgflenmdssuusadousigiumiaiu 249 uas 320 fu mud iy wasdl
Ansiedeumiflsenenmsvinidy 18 waz 13 wufiens muddu

Tassunsuuadesgquiagiimdsiumuusuiulmiidoudnge
HosnnTiesonansimiiiisuusmiadiudng Aetudiuunauumue
(Diagonal braced) figndunazaanendsnusiunisidesuvesqasu
WaaAn3ULISA (Axial hinge) sidonsiduny waztudiumuidon
(Link beam) figadunazaatondsaruiiun1sidsguyoganyu
nanaRnsuNsRalkazn1sdeu (Flexural & Shear Plastic hinge)

5.3 wamsiSyuiguszuulasiasig (Structure Systems)

dwsumsifisuiiisunavesssuulassaaifinnuuansneiy oz
wn1suansnanisiuIsuiiisuianizoinisiinsogluiud
nyammavuns esndesmsgravesszuulassairadundniilol
NyfeNTRNTU

Pushover curve (8F BKK)

500

400
= 300
£ ———s
T 200 N ¢ °
3 —
% 100 |
<53
3 B
m 0

0 20 40 60 80 100 120
Roof displacement (cm.)
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JUN 19 Arwdniusseninausadounignuuasnisinfieusiieena1n15ves
sruulassainennen Aegingaunnamuns

NKANITIATIZNSHENDIAsuUUaDali@aduveslasa
WALHUIATIAUILUUTTTNAT (OCBF) TAseunauuinseguiuuumnied
ity (SCBF) Tnsaunauuaiiesaud (E8F) uazlassduusifauuy
wileafieny (SMRF) degingaummanmuns Fuandusud 19 wudren
ﬁwé’a%’mwuﬁauﬁgwwﬁﬁu 419, 332, 249 1Lag 229 FUNIUAIAU
wardlmnsedeuifiveneimswiniu 13, 15, 18 uaz 108 auddiu

ardanaldhermsiineoglungammamiuag lasafuusadauuy
mﬁmﬁmmﬂuiswiﬂs&a%ﬁm‘x‘iﬁms@m%’mmzamawﬁwmlﬁl,ﬂu
agaimunsdousfivonenns 1ummw’7ﬁmmmLmea@uﬁLmu
55511 1ATIUNUUIATIgUdLUUmEINAY warlasaunauuagos
Aud azgatunazaatendsulivesnd wadiauaiuisalunis
Frumussuiulmfinnniwuiumuseuanumsvesenas

5.4 wavevnmwadgna (Masonry Infill wall)

NHANITIATITRNISRENeIASLULaD A bl nduredlaseinu

v A = < 1ol
usednfdaumileaviunas (IMRF) AeeginFunnumIuaAs 109
Tuwaifinsdraesiundgnowasuuuiliifinisinaesiunedgne fa
wandluzui 20 wudndidnidssunsadeungiuwiriu 612 uay 292
fiu M1uaIRY warllAN1TAdeuRINeene1MITNAU 29 way 114
URAWNT AUERU

Pushover curve (8F IMRF/BKK)
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dnfulasafunssdaiifinnumieruiunans (MRF) deogi
sunaifleadedlmi voslunadifinisdaestunsdgouazuuuilad
msdaeatunedgie fuandlugud 21 wudrlianidssuusadoud
UMY 718 uay 350 fu mudIFU uazianisiadousiiuon
91PN 34 war 102 WURUAT AUEIRU

Pushover curve (8F IMRF/CNX)
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lassuussiaumietuunansifiiunidsne degfisnneiieadedlnl

nHaNsIAsIziRnanuansliiiiuiinmsdiaesiundgnawdn
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fifiunntu muludsnsnalamsivhvedasedsfienudesuduae
Anduinufunsdgrenou fedliduiuundunsdsnoingfinssu
afloufulasaunsnusiidaslunsfuusmedinudadudlng Tae
nanPTefananiinuaenadosiuaidefiinm [4-7)

6. unagy
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