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w ?rY |=yp=YD= x@ |OL =D 'xDN=UV}B |=yp=YD= |}=QH= C=}�RH w Q=DiQ

130

"xk@] 3 ?=k uwDU `]=kt |Q=Po OQor}t C=}�RH w O=a@= "1 pmW



2/
1|

xQ=t
W'

36
�2

|xQ
=tW

'�1
39

9u
=DU@

=D�h
}QW

u=Qt
a|

UOv
yt

"uwDU w Q}D `]=kt |R=UpOt C=}�RH "4 pmW
"�x}v=F� xk@] 5 w 3 |=ypOt ?w=vD u=tR "1 pwOH

|vD@ |WtN ?=k C=k@] O=OaD|vD@ =HQO
0 66 0 55 xk@]3
1 0 0 85 xk@]5

|vLvt X=YDN= w uwDU x@ Q}D p=YD= |x}L=v QO |v=QwO Qvi uDiQo Q_vQO
x@ sRq "CU= xOW ^=Lr Qvi x@ Pinching4 |xO=t ltm x@ u=QwO Qovr
Kr=Yt h} QaD |=Q@ w Concrete01 R= |vD@ Kr=Yt h} QaD |=Q@ CU= QmP
|vD@ Kr=Yt |Q=DiQ C=}�RH [16]"CU= xOW xO=iDU= Steel 02 R= |Oqwi
"OwW|t xOy=Wt 4 pmW QO Q@}=i `]kt l} C=}�RH u}vJty w |Oqwi w
sOa p}rO x@ 'OQ=O OwHw |rw] |=yQwD=tQ; w =yCwt=N |wQ Q@ xm |vD@ VWwB
=@ xOW QmP QF= xm OQwN|t lQD QDOwR w OQ=O |tm Ctw=kt '|oOWQwYLt
xOW xDiQo Q_v QO �1988� Vv=Q=mty w QOvt \UwD xOW x�=Q= \@=wQ R= xO=iDU=

[17]"CU=
xt=O= QO xm xDN=UV}B |=yp=YD= |}=QH= C=}�RH w Q=DiQ xmv}= x@ xHwD =@
|=ypOt =Pr 'CU= x}@W R} Q=HQO w ?rY |=yp=YD= x@ |OL =D 'Ov=xOW |UQQ@
�|WtN ?=k� ?rY uwDU x@ Q}D p=YD= =@ OQor}t O=OaD w O=a@= ^=Lr R= x@=Wt
|WtN |=y?=k =@ xDN=UV}B |=y?=k p}rLD R= pY=L G}=Dv w |UQQ@ R}v
xk@] 5 w 3 |}xR=U |=ypOt pw= Owt ?w=vD u=tR "CU= xOW xU}=kt x@=Wt
xOW x�=Q= 1 pwOH QO xDN=UV}B w |WtN |=y?=k |@v=H Q@ Q=@ sDU}U =@

"CU=

KrUt uD@ |xDN=UV}B |=yp=YD= "3
KrUt uD@ |xDN=UV}B |=yp=YD= C=}�RH "1"3

QmP |xDN=UV}B |}xR=U sDU}U QO =y?=k 'OW xQ=W= p@k VN@ QO xm Qw]u=ty
xm xDN=UV}B xt}v |=yQ}D w p@ Qm ut}Wv |=Q=O |xDN=UV}B |=yuwDU R= xOW
'ut}Wv |wQ Q@ =yQ}D |Q}oQ=Qk R= Oa@ "Ov=xOW p}mWD 'OvwW|t O}rwD xv=NQ=m QO
�u�wS� |v=kwi |rw] OQor}t wO '=yp=YD= |x}L=v QO |}xR=U |oJQ=Bm} u}t-=D |=Q@
R= '|rw] OQor}t "OvwW|t |Q=Po =H Cwt=N |xkrL |xWwo QO w p=YD= pLt QO

x@ O=a@= |t=tD� xk@] 5 ?=k uwDU `]=kt |Q=PoOQor}t C=}�RH w O=a@= "2 pmW
"�CU= QDt|Dv=U

"|vD@ |xDN=UV}B |=yQ}D |Q=PoOQor}t C=}�RH "3 pmW

131



"""u
D@|

=y?
=k|

=Q@|
oOvv

mW
|vL

vt|
xaU

wD

|=yu=tDN=U QO uwDU x@ Q}D p=YD= |=yQDt=Q=Bu}}aD |=Q@ xOW xO=iDU= pOt "6 pmW
"xDN=UV}B

"xOW x�=Q= Qvi |]NQ}e C=YNWt "7 pmW

|HQ=N |xDN=UV}B p=YD= pOt QO xOW x�=Q= Qvi |]NQ}e C=YNWt "2 pwOH
"�CU= u=}O=Q x@ =yOL=w x}rm � |rN=O w

a b c a0 b0 c0

0 001 0 022 0 045 0 001 0 03 0 045

C=LiY w =yCrw@ xm xDN=UV}B |vD@ |=yp=YD= |wQ Q@ �2017� u=wNKOt
|HvUCLY |=Q@ [11]"CU= xOW xO=iDU= 'OvDUy u; |rY= <=RH= R= |Oqwi
u=Q=mty w |}=[Q uwO} Qi |y=oW}=tR; C=ar=]t G}=Dv R= R}v |rN=O p=YD= pOt
[12]"CU= xOW xO=iDU= xDN=UV}B |vD@ |rN=O |=yp=YD= |wQ Q@ �2015�
|=yxvwtv u=mtQ}}eD � wQ}v T} RQDU}y |=y|vLvt j@=]D u=wD|t '8 pmW QO
|O=yvW}B |OOa |R=UpOt =@ =Q |rN=O w |HQ=N p=YD= |=Q@ |y=oW}=tR;

"OQm xOy=Wt

[11]"KrUt uD@ |xDN=UV}B |=yp=YD= C=}�RH "5 pmW

xQiL TBU w xOQm Qw@a 'CU= xOW x}@aD xDN=UV}B uwDU QO ,q@k xm |iqe j} Q]
uDiQo Q=Qk R= Oa@ w xOt; QO Crw@ CQwYx@ |v}}=B |=yOQor}t " OwW|t QB CwQo =@
R= |}xvwtv '5 pmW QO "OwW|t Q=QkQ@ xQyt ltm x@ p@ Qm =@ u; p=YD= 'p@ Qm |wQ

[18]"OwW|t xOy=Wt QwmPt |=yp=YD=

u; |HvUCLY w xDN=UV}B |=yp=YD= |]NQ}e |R=UpOt "2"3
|y=oW}=tR; G}=Dv =@

|]NQ}e pOt l} '=y?=k |}xRQr Q=DiQ R= pw@k p@=k u}tND |x�=Q= Qw_vt x@
"CU= xOW |iQat xDN=UV}B |vD@ |=yu=tDN=U QO uwDU x@ Q}D |=yp=YD= |=Q@
|=yp=YD= |y=oW}=tR; |=yxvwtv Q=DiQ R= xO=iDU= =@ '=yp=YD= |]NQ}e pOt
OvwW|t O}rwD 'OvDUy u=Q}= QwWm QO |}=QH= C=}�RH x@ l}ORv xm xDN=UV}B
"OvyO x�=Q= xDN=UV}B |=yxR=U |}xRQr Q=DiQ R= |rw@k p@=k u}tND Ovv=wD|t w
QmP |=yp=YD= |]NQ}e Q=DiQ uOQm ^=Lr |=Q@ |OOa pOt l} 'Q=m u}= |=Q@
R= '|OOa pOt G}=Dv uOQm xQ@}r=m |=Q@ w x�=Q= OpenSees Q=Ri= sQv QO xOW
xOy=Wt 6 pmW QO xJv=vJ "CU= xOW xO=iDU= |y=oW}=tR; |=yxvwtv Q=DiQ
R= 'xDN=UV}B p=YD= |xR=UQ} R l} |]NQ}e Q=DiQ |R=UpOt |=Q@ 'OwW|t
p=YD= pLt QO Q}D |=yDv= QO 1QiY pw] =@ |]NQ}e |v=QwO Qvi l} ?}mQD
xO=iDU= 2|]NQ}e Q=DiQ =@ u=}v@ u=mtQ}}eD uwDU � Q}D u=tr= l} w uwDU x@ Q}D
'7 pmW QO "CU= xOW xDiQo Q_v QO 3?rY CQwYx@ p=YD= |xtWJ w
xOy=Wt p=YD= Q@ QO xOW O=H}= |v=QwO Qvi x@ xOW xO=O X=YDN= |}=yv |=yQDt=Q=B

[16]"OwW|t
|=yxvwtv Q=DiQ T=U=Q@ xm 7 pmW QO |v=QwO Qvi |]NQ}e pOt |=yQDt=Q=B
xm CU= QmP x@ sRq "CU= xOW x�=Q= 2 pwOH QO 'Ov=xOW x@U=Lt |y=oW}=tR;
1 |x]@=Q =@ j@=]t w Q}D u=UWm u=QwO =@ Q@=Q@ '|]NQ}e Qvi u=UWm pmWQ}}eD

%OwW|t x@U=Lt
� = MLb

EIb
(1)

u=tt w |v=UWm pwOt 'Q}D pw] '|WtN Qovr ?}DQD x@ Ib w E 'Lb 'M u; QO xm
|xU}=kt 'xDN=UV}B |=yp=YD= pOt |Q}oQ=mx@ R= p@k "OvDUy Q}D `]kt |UQv}=
"CU}v xO}=i R=|r=N OpenSees Q=Ri=sQv R= pY=LG}=Dv =@|y=oW}=tR; pOtG}=Dv
w |t=Qy@ |y=oW}=tR; C=ar=]t G}=Dv R= |HQ=N p=YD= pOt |HvUCLY |=Q@

132



2/
1|

xQ=t
W'

36
�2

|xQ
=tW

'�1
39

9u
=DU@

=D�h
}QW

u=Qt
a|

UOv
yt

"�5 |}=Q}t QO |@=NDv= |=yOQwmQ |xawtHt ?=DW x@W h}] "9 pmW

IDA s=Hv= |=Q@ xrRrR |=yOQwmQ ?=NDv= "5
?=NDv= 'xOv}=Ri |]NQ}e |m}t=v}O p}rLD G}=Dv QO Q=PoQ}F-=D pt=wa u} QDsyt R= |m}
uOW O=R; `@vt R= xrY=i w xrRrR |oQR@ 'l =N ẁv "CU= xR=U Q@ OQ=w |=yOQwmQ
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=@ Q@=Q@ ?}DQD x@ IDA VwQ T=U=Q@ xk@] 5 |xDN=UV}B w |WtN |=y?=k
xv=Q=mx_i=Lt CQwYx@ SPO VwQ R= xO=iDU= CQwY QO xm 'CU= �84 w �50
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'xk@] 3 ?=k QO SPO VwQ ẁtHt QO "O@=}|t V}=Ri= �74 w �57 Q}O=kt x@

137



"""u
D@|

=y?
=k|

=Q@|
oOvv

mW
|vL

vt|
xaU

wD

xDN=UV}B |=y?=k w |WtN |=y?=k |=Q@ �SPO� Qw;VwB p}rLD w �IDA� xOv}=Ri |m}t=v}O p}rLD VwQ wO R= pY=L |oOvvmW |=y|vLvt |xU}=kt "15 pmW
"O}OW ?}U; Cr=L |=Q@

xDN=UV}B |=y?=k w |WtN |=y?=k |=Q@ �SPO� Qw;VwB p}rLD w �IDA� xOv}=Ri |m}t=v}O p}rLD VwQ wO R= pY=L |oOvvmW |=y|vLvt |xU}=kt "16 pmW
"pt=m ?}U; Cr=L |=Q@

SPO w IDA |=yp}rLD R= pY=L Q}O=kt hqDN= xm OyO|t u=Wv 17 pmW
"OwW|t OwOLt �30 R= QDtm x@

G}=Dv "8
VwQ wO x@ xDN=UV}B w =HQO |vD@ |WtN |=y?=k |=Q@ |oOvvmW |=y|vLvt
�SPO� Qw;VwB|m}D=DU=p}rLD w �IDA� xOv}=Ri|]NQ}e|v=tR|xJN} Q=Dp}rLD
l} 'xDN=UV}B |=y?=k |}xRQr Q=DiQ j}kO |R=UpOt Qw_vt x@ "OvOW G=QNDU=
Q@ xOWs=Hv= |=yV}=tR; G}=Dv T=U=Q@ QwmPt sDU}U |=yp=YD= |=Q@ |OOa pOt

%OvO=O u=Wv G}=Dv w OW xO=O xaUwD C=ar=]t Q}=U QO x@=Wt |=yxvwtv |wQ
|m}D=DU= p}rLD R= pY=L G}=Dv ltm x@ u=wD|t =Q |oOvvmW |=y|vLvt �
VwQ =@ xU}=kt QO QDtm Q=}U@ |D=@U=Lt VqD =@ w pw@k p@=k CkO =@ Qw;VwB

"OQm O}rwD xOv}=Ri |m}t=v}O p}rLD
'=yxR=U |}xRQr |Q}PB?}U; OQw;Q@ QO IDA VwQ x@ C@Uv SPO VwQ G}=Dv �
|UQQ@ |=ypOt QO ?}U; p=tDL= 'SPOVwQ ẁtHt QO "CU= xv=Q=mx_i=Lt
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