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?U=vt |@} Q[ p=ta= =@ C=k@] |t=tD QO |@v=H Q@ Q=@ sDU}U <=[a= |x}rm s}rUD
u=tR w |@v=H |DNU '|@v=H Ctw=kt Q=Okt ((i = 1 : 12)
i =} w �i '�i)

"CU= xOW xDW=O xov u=Um} =yxR=U u=Uwv |rY= ?w=vD

xOv}=Ri |m}t=v}O p}rLD w |OOa |R=UpOt "3
x@ xHwD =@ "CU= xOW xO=iDU= [32]'OpenSees Q=Ri=sQv R= =yxR=U |R=UpOt |=Q@
|m} \ki QF= CLD =yu; MU=B |xar=]t w C=k@] |t=tD QO uqB QO =yxR=U uQ=kD
V}=Ri= w G}=Dv sHL Vy=m |=Q@ 'u=tDN=U |rw] |=DU=Q QO xrRrR |=yxir-wt R=
xrRrR |wQ}v Q@=Q@ QO sw=kt |=y?=k R= |t}v '|]NQ}e |m}t=v}O |=yp}rLD CaQU
u=Um} u=mtQ}}eD w C=k@] R=QD QO?rY so =Qi=}O OwHw p}rO x@ w Ov=xOW |R=UpOt
p=ta= =@ w |R=UpOt xLiYl} QO QwmPt |=y?=k 'xk@] Qy QOhkU \=kv |t=tD

|v}at=v |=yxHQO O=OaD w �|WtN ?=k Ovv=t� |@v=H Q@ Q=@ |=ysDU}U |NQ@ R=
?=k Ovv=t� Qo}O |@v=H Q@ Q=@ |=ysDU}U R= |NQ@ QO u}}=B |Q}PBpmW C}iQ_ w
|=Q@ xv=owO |@v=H Q@ Q=@ |=ysDU}U R= xO=iDU= x@ =Q u=L=Q] '�=Qoty |Ov@ Q=yt
?}=at uOQm u=Q@H u=mt= Ci=}yQ u}= R= =D Ovm|t ?}eQD Ovr@ w x@DQtu=}t |=yxR=U
|Ov@ Q=yt ?=k sDU}U QO OwHwt |=yC}r@=k =@ |WtN ?=k |@v=H Q@ Q=@ sDU}U
|xv}tR QO xDiQo CQwY C=ar=]t xmv}= x@ xHwD =@ "OwW sy=Qi Tmar=@ w =Qoty
|@v=H Q@ Q=@ sDU}U =@ |=yxR=U pt=W ,=DOta `=iDQ= O=ODt= QO =yxR=U |t_vt=v
xv=owO sDU}U =@ |=yxR=U QO |t_vt=v OwHw Q}F-=D |UQQ@ x@ w Ov=xOw@ |WtN ?=k
|UOvyQ}e |=y|t_vt=v Q}F-=D |UQQ@ x@ Q[=L VywSB QO 'CU= xOWv xDN=OQB
|WtN ?=k R= pmWDt xv=owO |@v=H Q@ Q=@ sDU}U =@ |Oqwi |=yxR=U Q=DiQ QO
l} '=DU=Q u}= QO w xDN=OQB hOy u=wva x@ xS} w |=Qoty |Ov@ Q=yt ?=k w xS} w
|=yCr=L =@ xv=owO |@v=H Q@ Q=@ sDU}U =@ xk@] 10 |=yu=tDN=U R= xawtHt
xDiQo Q_v QO hrDNt |=yC}akwt QO Ctw=kt =} w |DNU 'sQH |oDUw}B=v hrDNt
xOW |UQQ@ |Dq=tDL= |OQm} wQ =@ xR=U |}xRQr OQmrta QO |t_vt=v QF= w xOW
|OL |=yCr=L R= Qw@a p=tDL= '`=iDQ= O=ODt= QO |}xRQr R=}v `} RwD =Pr "CU=
`HQt s_vt |xR=U =@ s_vt=v |=yxR=U |OQmrta h=Oy= u}t-=D u=v}t]= K]U w

"CU= xOW xU}=kt

xar=]t OQwt |=yxR=U "2
|Oqwi |=y?=k "1"2

OvDUy |}xk@] 10 |=yxR=U R= CQ=@a 'Q[=L VywSB QO xar=]t OQwt |=yxR=U
QDt 3 xR=U C=k@] |t=tD `=iDQ= w OwW|t xOy=Wt 1 pmW QO =yu; |=tv w uqB xm
|=y?=k R= pmWDt 'xv=owO |@v=H Q@ Q=@ sDU}U R= |@v=H |=yQ=@ ptLD |=Q@ "CU=
|xt=O= QO xm CU= xOW xO=iDU= xS} w |=Qoty |Ov@ Q=yt |=y?=k w xS} w |WtN
Q@xRQr sDU}U u=}@ |=Q@ xv=owO sDU}U CQ=@a QmP x@ Q=YDN= C}=aQ |=Q@ Q=DWwv
u=tDN=U |rY= CyH wO R= l} Qy QO Qw_vt u}= x@ "CU= xOW =iDm = xOW QmP
|QO@ Q[ |=yOv@ Q=yt =@ xS} w |=Qoty |Ov@ Q=yt ?=k 2 w xS} w |WtN ?=k 4 R=
2800 OQ=Ov=DU= sQ=yJ V}=Q} w |=v@t Q@ xR=U |}xRQr |L=Q] "CU= xOW xO=iDU=
OQ=Ov=DU= T=U=Q@ xvwtv |=yu=tDN=U xm CU= xOW ZQi w xDiQ}PB CQwY u=Q}=
|=v@t ?=DW =@ �u=QyD Ovv=t� xrRrR O=} R |r}N |@Uv Q]N =@ |}xk]vt QO 2800
C=k@] |xOvR w xOQt |rkF |=yQ=@ "Ov=xOW `k=w II ẁv l =N |wQ Q@ w 0 35g

so =Qi=}O "CU= xOW xDiQo Q_vQO `@ QtQDt Q@ uDw}vwr}m 2 w 6 =@ Q@=Q@ ?}DQD x@ xR=U
xm xk@] sQH RmQt Q@ xk@] Qy QO xrRrR |@v=H |wQ}v =Pr w CU= ?rY C=k@] hkU
C@Uv x@ w OwW|t OQ=w 'CU= j@]vt |DNU RmQt Q@ uqB QO xR=U uQ=kD Cra x@
QO xOW xO=iDU= `]=kt [31]"OwW|t s}UkD |@v=HQ@ Q=@ |=y?=k u}@ |@Uv |DNU
Tm =@ `]kt '=yOv@ Q=yt w =yuwDU |=Q@ w IPE |=yp}iwQB 'xR=U |=yQ}D |L=Q]
xOW |UQQ@ u; Q=DiQ xm xR=U |rw] |=DU=Q QO xR=U |rY= ?w=vD u=tR "OvDUy

"CU= xOw@ x}v=F 1/12 =@ Q@=Q@ 'CU=

u=tDN=U `=iDQ= O=ODt= QO |t_vt=v "2"2
Ctw=kt '�K�|DNU '�M � sQH|t_vt=v %pt=W 'xar=]t OQwt|t_vt=v |=yCr=L
|oDUw}B=v Q}O=kt R= =yu; O=H}= |=Q@ xm 'OvDUy �KS�Ctw=kt w|DNU?}mQD w �S�
|oDUw}B=v u=R}t T=U= u}= Q@ "CU= xOW xO=iDU= 2800 |xt=vu}};\UwD xOW x�=Q=
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"[34]"Qrmv} w=Q � =v}Ot � =Q=@}= Kr=Yt |Q=DiQ |vLvt l}D=tW |=tv "4 pmW

"|Ov@ Q=yt |xv=yO QO =[a= |Ov@u=tr= "5 pmW

|}xRQr COW\UwD xR=U x=oDN=U |}xRQr Q]N K]U 'IDA VwQ QO "CU= xDW=O
=@ xR=U u=Uwv pw= Owt |i}] ?=DW R= Q[=L |xar=]t QO xm 'OwW|t |iQat
u=wva x@ xv}W}@ Ci} QO C@Uv R= w 4�IM� |}xRQr COW Q=}at u=wva x@ �5 |}=Q}t
[38]'pvQm w xtwW |=y|UQQ@ "CU= xOW xO=iDU= 5�EDP� |UOvyt R=}v QDt=Q=B
|=Q@ xrRrR OQwmQ 20 =D 10 |Q}oQ=mx@ x@DQtu=}t |=yu=tDN=U |=Q@ xm OyO|t u=Wv
xrRrR OQwmQ 25 R= Q[=L VywSB QO u}=Q@=v@ 'Ovm|t C}=im |}xRQr |=yR=}v u}}aD
C@F u=Q}= 2800 OQ=Ov=DU= |Ov@xDUO T=U=Q@ II ẁv l =N |wQ Q@ xm '�1 pwOH�
\w@ Qt |Q}PBCyH QF= xvwoQy uwO@ w 7 6 =D 6 5 |Qw=DWo |=oQR@ |=Q=O w Ov=xOW
xOW xO=iDU= IDA |=yp}rLD s=Hv= CyH [39]'OvDUy pUo l}ORv |=yxrRrR x@
O=H}= xrRrR |=yOQwmQ p=ta= |] s_vt=v w s_vt |=yxR=U IDA |=y|vLvt "CU=

"CU= xOW |@=} RQ= =yxR=U |Dq=tDL= |}xRQr OQmrta w

|}xR=U OQmrta |@=} RQ= "4
sDU}U =@ |Oqwi |=yu=tDN=U |}xR=U OQmrta QO |t_vt=v QF= u}}aD Qw_vt x@
'u=tDN=U `=iDQ= O=ODt= QO |}xRQr |=yR=}v `} RwD '|OL Cq=L |=yC}iQ_ 'xv=owO
|=yCr=L R= Qw@a p=tDL= 'hrDNt OQmrta Kw]U QO xR=U |Q}PBpmW ?} Q[
=@ w u}}aD s_vt=v |=yxR=U |OQ mrta h=Oy= x@ |@=}DUO u=v}t]= K]U w |OL
x�=Q= QwmPt OQ=wt '|D; |=yVN@ QO "CU= xOW xU}=kt s_vt |xR=U R= Q}_v Q}O=kt

"Ov=xOW |UQQ@ w EL@ w

`=iDQ= O=ODt= QO |}xRQr R=}v `} RwD w |OL Cq=L |=yC}iQ_ "1"4
u=tDN=U

w |}xRQr MU=B QO xR=U `=iDQ= O=ODt= QO |UOvyQ}e |=y|t_vt=v Q=F; |UQQ@ |=Q@

pY=it |R=UpOt |=Q@ ASCE 41�13 |Q=DiQ |vLvt l}D=tW |=tv "3 pmW
[33]"xR=U |=yuwDU w =yQ}D |Q}tN

|=yuwDU w =yQ}D R= l} Qy "CU= xOW ^=Lr ?rY so =Qi=}O OwHw |@U=vt Ow}k
'|v=}t CtUk QO u=UWm uwDU � Q}D u=tr= l} %pt=W 'u=tr= 5 R= xO=iDU= =@ xR=U
p=YD= pLt QO C}@rY |R=UpOt CyH ?U=vt |m}v=mt C=YNWt =@ u=tr= wO
w[a |=yDv= wO QO `k=w |Q}tN pY=it |R=Ux}@W |=Q@ |WNQJ Qvi wO w '=[a=
|vLvt R= xO=iDU= =@ |WNQJ |=yQvi u=QwO � Qovr C=YNWt "Ov=xOW |R=UpOt
|iQat �3 pmW j@=]t� [33]'ASCE41�13 |xt=vu}}; \UwD xOW x�=Q= |Q=DiQ

"CU= xOW
|DNU w Ctw=kt Ci= uDiQo Q_vQO CyH OpenSees |xt=vQ@ C}r@=k R=
xDi=}xaUwD Kr=Yt R= xO=iDU= =@ |]NQ}e Q=DiQ |xOwOLt QO |Q}tN pY=it QO
4 pmW QO xOW xO=O u=Wv |Q=DiQ |vLvt =@ [34]'Qrmv} w=Q � =v}Ot � =Q=@}= \UwD
|=yuwDU QO OwHwt |QwLt |wQ}v xHwD p@=k Q=Okt x@ xHwD =@ "CU= xOW xO=iDU=
|WtN Qovr w |QwLt |wQ}v VvmQOv= C}ty= w |Ov@ Q=yt |xv=yO u}iQ] QO `k=w
|=Q@ |Q@}=i `]=kt =@ wQ}v Q@ |vD@t |]NQ}e uwDU � Q}D |=yu=tr= R= '=yu; QO
l} Qy VvQm � VvD C=Q}}eD xm 'CU= xOW xO=iDU= QwmPt <=[a= |R=UpOt
QO xm 'Ovm|t C}a@D |]NwO l}D=tv}U VvQm �VvD |Q=DiQ pOt R= =yQ@}=i R=
|=Q@ "CU= xDiQ}PB CQwY Steel02 Kr=Yt R= xO=iDU= =@ OpenSees |xt=vQ@
|=yjQw CmQ=Wt w =yu; |Wv=tmTB Q=DiQ w =yOv@ Q=yt |]NQ}e Q=DiQ |R=Ux}@W
|=Q@ u=tr= 10 R= '=[a= p=YD= pLt QO `k=w ?rY |x}L=v w =yOv@ Q=yt p=YD=
R= l} Qy |=Q@ '=DU=Q u}= QO "CU= xOW xO=iDU= =yOv@ Q=yt R= l} Qy |R=UpOt
xO=iDU= |Q@}=i `]kt =@ wQ}v Q@ |vD@t |]NQ}e uwDU � Q}D u=tr= 6 R= =yOv@ Q=yt
pw] 0 001 =@ Q@=Q@ |}x}rw= C} RmQt R= GwQN |=Q=O pw] |xv=}t QO xm CU= xOW
CLD Ov@ Q=yt Vv=tm O=H}= 'xOW xQ=W= C} RmQt R= GwQN X=YDN= "CU= Ov@ Q=yt
sm |oDUN R= |W=v CUmW [35]"OR=U|t umtt |QF-wt Qw]x@ =Q |Q=Wi |wQ}v QF=
`tHD |xOa=k T=U=Q@ xm CU= xOW |R=Ux}@W |oDUN Kr=Yt pOt =@ R}v xNQJ
|=yDv= wO QO "Ovm|t pta [36]'uwUv=t � u}i=m |x]@=Q R= xO=iDU= =@ VvQm |]N
xm CU= xOW x}@aD p=YD= jQw Q=DiQ |R=Ux}@W |=Q@ |WNQJ Qvi l} 'Ov@ Q=yt
w 'CU= Ov@ Q=yt p=YD= jQw Ctw=kt w |DNU Q@ |vD@t u; u=QwO � Qovr C=Q}}eD
"Ov=xOW pYDt =[a= p=YD= xQo x@ ?rY u=tr= l} R= xO=iDU= =@ QwmPt |=yQvi
P �� Q=F; "OwW|t xOy=Wt 5 pmW QO |Ov@ Q=yt <=[a= |R=UpOt |rm |=tW
xDiQo Q_v QO xt=vQ@ QO |DNU T} QD=t |UOvy p=kDv= |xv} Ro R= xO=iDU= =@ xR=U QO

"CU= xOW
|m}t=v}O |=yp}rLD R= xO=iDU= =@ xar=]t OQwt |=yxR=U |}xRQr Q=DiQ |@=} RQ=
Cw=iDt |=yCOW =@ xOW T=}kt |=yOQwmQ R= |}xawtHt CLD 3�IDA� xOv}=Ri
OwHw |rm |Q=O}=B=v =D u=UWm Cr=L R= xR=U MU=B OYQ u=mt= w [37]'xOW s=Hv=
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RQ="=yxR=U IDA p}rLD QO xO=iDU= OQwt |xrRrR |=yCW=ov C=YNWt |xrRrR |=yOQwmQ "1 pwOH
?=DW |xv}W}@ xrY=i |oQR@ x=oDU}= O=O} wQ |xQ=tW

�g� u}tR �QDtwr}m � CW=ov
0 5 25 2 6 9 Nishi-Akashi,090 Kobe, Japan,1995 1
0 24 28 5 6 9 Shin-Osaka,000 Kobe, Japan,1995 2
0 22 13 5 7 5 Arcelik,000 Kocaeli, Turkey,1999 3
0 21 25 9 6 6 LA-Hollywood Stor FF, 090 San Fernando, 1971 4
0 28 20 7 3 Coolwater, LN Landers,1992 5
0 42 20 7 3 Coolwater, TR Landers,1992 6
0 45 11 7 6 5 Poe Road�temp�, 270 Superstition Hills,1987 7
0 3 11 7 6 5 Poe Road�temp�, 360 Superstition Hills,1987 8
0 27 12 7 1 Hector,000 Hector Mine,1999 9
0 5 13 7 4 Abbar, T Manjil, Iran,1990 10
0 47 26 8 7 6 TCU045, E Chi-Chi, Taiwan,1999 11
0 51 26 8 7 6 TCU045, N Chi-Chi, Taiwan,1999 12
0 35 15 8 6 5 Tolmezzo,000 Friuli, Italy,1976 13
0 24 23 8 7 3 Yermo Fire Station,270 Landers,1992 14
0 15 23 8 7 3 Yermo Fire Station,360 Landers, 1992 15
0 56 12 8 6 9 Gilroy Array #3, 000 Loma Prieta,1989 16
0 41 12 4 6 7 W Lost Cany,000 Northridge,1994 17
0 48 12 4 6 7 W Lost Cany,270 Northridge,1994 18
0 17 25 9 6 6 LA�Hollywood Stor FF, 180 San Fernando,1971 19
0 31 15 4 7 5 Duzce,180 Kocaeli, Turkey,1999 20
0 36 15 4 7 5 Duzce,270 Kocaeli, Turkey,1999 21
0 53 35 5 6 9 Capitola,000 Loma Prieta,1989 22
0 44 35 5 6 9 Capitola,090 Loma Prieta,1989 23
0 24 22 5 6 5 Delta,262 Imperial Valley,1979 24
0 35 22 5 6 5 Delta,352 Imperial Valley,1979 25

QO |UwULt u=OvJ Q}}eD CP OQmrta K]U R= p@k =D |}xRQr |=yCOW QO
=yxR=U OQmrta Qw@a R= TB um}rw 'OwW|tv xOy=Wt xv=}t IDA |=y|vLvt
Vy=m |DNU s_vt=v |=yxR=U |}xRQr COW C}iQ_ 'CP OQmrta K]U R=
=D 8 u}@ Vy=m u=R}t xm CU= QDOwyWt GI OQmrta K]U QO Q}}eD u}= w xDi=}
sQv |xk@] |=Q=O |=yxR=U |}xRQr COW C}iQ_ u}@ Cw=iD "CU= OYQO 12
QO |oOWsQv "CU= xO}UQ �4 |xv}W}@ x@ GI OQmrta K]U QO sQv |r}N w
OQmrta Kw]U QO =yxR=U |}xRQr C}iQ_ QO |QDQ}otWJ Q}F-=D 'xR=U |v=DLD |xt}v
=} pw= |xk@] QO |DNU |t_vt=v OwHw xm |}xvwo x@ 'CU= xDW=O GI w CP

CP OQmrta K]U |}xRQr C}iQ_ QO �4 =@ Q@=Q@ |Wy=m |xv}W}@ x@ QHvt sHvB
OwHw Cr=L QO QwmPt Vy=m xm |r=L QO &CU= xOW s_vt |xR=U x@ C@Uv
K]U QO x} wQ u}= w xO}UQ R}v �10 RQt x@ xR=U |v=DLD |xt}v QO sQv |xk@]
?}DQD x@ OYQO 18 w 11 =D |}xRQr COW C}iQ_ Vy=m Ea=@ GI OQmrta
xR=U |v=DLD |xt}v w sHvB =} pw= |xk@] QO |DNU |oDUw}B=v OwHw Cr=L |=Q@
|t_vt=v OwHw IO OQmrta K]U QO '|t_vt=v Qo}O `=wv= Ovv=ty "CU= xOW
QO um}rw 'CU= xDW=Ov =yxR=U |}xRQr COW C}iQ_ QO |Uwtrt Q}F-=D 'Ctw=kt
=@ 'CU= xOW |}xRQr COW C}iQ_ Vy=m Ea=@ GI w CP OQmrta Kw]U
'h}a[ |r}N |xk@] x@ h}a[ |xk@] Cr=L R= Ctw=kt |t_vt=v u=R}t V}=Ri=

s_vt |xR=U w s_vt=v |=yxR=U R= l} Qy IDA |xv=}t |vLvt '=yxR=U C}iQ_
"CU= xOW xU}=kt 6 pmW j@=]t

�CP� VR} QwQi |xv=DU; '6�IO� xikw|@ |Q=OQ@xQy@ C}r@=k OQmrta Kw]U
xOW xO=O u=Wv =y|vLvt u}= R= l} Qy |wQ Q@ �GI� |rm |m}t=v}O |Q=O}=B=v w
K]U u}}aD |=Q@ �0 9 Ci} QO Q=Okt [40]'u=Q=mty w |}=Oi VywSB T=U=Q@ "CU=
x@ IDA |vLvt Q@ T=tt ?}W Vy=m =} �7 5 Ci} QO Q=Okt w IO OQmrta
xO=iDU= CP OQmrta K]U u}}aD |=Q@ u=UWm |x}L=v QO u; |x}rw= Q=Okt �20
|vLvt xm CU= xOW xDiQo Q_v QO |Dr=L =@ Q_=vDt GI |OL Cr=L "CU= xOW
pY=L G}=Dv u}= '6 pmW |=yxOy=Wt T=U=Q@ [41]"O}; QO |ki= CQwY x@ IDA

OwHw Q}F-=D CLD xR=U |}xRQr COW C}iQ_ 'IO OQmrta K]U QO %CU= xOW
OwHwt |tQH |t_vt=v 'CP OQmrta K]U QO 'CU= xDiQov Q=Qk sQH |t_vt=v
x@ C@Uv �11 =D |}xRQr COW C}iQ_ Vy=m Ea=@ xR=U |v=DLD |xt}v QO
Q}F-=D 'sHvB =} pw= |xk@] QO sQH |oDUw}B=v um}r w CU= xOW s_vt |xR=U
u}= "CU= xDW=Ov OQmrta K]U u}= QO |}xRQr COW C}iQ_ QO |yHwD p@=k
K]U QO OYQO 9 =D 5 u=R}t x@ xR=U |}xRQr COW C}iQ_ Vy=m |t_vt=v ẁv
xR=U |v=}t |xk@] QO sQH |oDUw}B=v R= QF-=Dt QDW}@ w xDW=O x=Qty x@ =Q GI OQmrta
'hrDNt |=yC}akwt QO sQv |r}N w sQv |xk@] |t_vt=v Cr=L QO "CU= xOw@
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"u; OQmrta Kw]U w s_vt=v w s_vt |=yxR=U xv=}t |=y|vLvt "6 pmW

xO}UQ sHvB |xk@] QO |t_vt=v OwHw Cr=L QO �22 x@ xR=U |v=DLD |xt}v
"CU=

C}iQ_ Vy=m ?Hwt u=tRsy Qw] x@ Ctw=kt w |DNU |t_vt=v OwHw ,=twta
'xR=U pw= |xk@] QO Ctw=kt w |DNU |t_vt=v OwHw "OwW|t xR=U |}xRQr COW
|t_vt=v OwHwCr=L QO wCU= xDW=Ov xR=U|}xRQr COWC}iQ_ QO|Uwtrt Q}F-=D
CP OQmrta K]U =@ Q_=vDt |}xRQr COW C}iQ_ 'sHvB |xk@] QO QwmPt ?mQt
Cr=L QO w xDi=} Vy=m �25 =D O}OW |t_vt=v OwHw CQwY QO w �6 u=R}t x@

OQmrta Kw]U QO ?}DQD x@ OYQO 17 w 23 |xv}W}@ =D |}xRQr COW C}iQ_
Cr=L QO |}xRQr COW C}iQ_ QO Vy=m u} QDtm "CU= xOW xDU=m GI w CP
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QO |t_vt=v OwHw Cr=L QO �9 R= CP OQmrta K]U QO |}xRQr COW C}iQ_
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|v=DLD |xt}v QO |t_vt=v OwHw w xDW=O xR=U `=iDQ= O=ODt= QO |}xRQr R=}v
s_vt |xR=U x@ C@Uv R=}v Q=Okt QO hqDN= u} QDW}@ ẁkw x@ QHvt 'xR=U
OQmrta K]U QO 'OvDUy Ctw=kt |t_vt=v |=Q=O xm |}=yxR=U QO "CU= xOW
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'CU= xDi=} V}=Ri= COW x@ |v=mtQ}}eD R=}v '|t_vt=v C}akwt QO w OQ=O
xOQmv x@ QHD =Q |v=OvJ OWQ 'Qo}O C=k@] QO xOW xOy=Wt R=}v xm |r=L QO
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OQmrta Kw]U |Q}PBpmW ?}=Q[ "2"4
Ctw=kt xHwD p@=k Ci= uwO@ |Q}tN |=ypmWQ}}eD |x@ QHD QO xR=U C}iQ_
Kw]U R= l} Qy QO xR=U |Q}PBpmW u=R}t "CU= swUwt xR=U |Q}PBpmW x@
w |a=HDQ=Q}e |=ypmWQ}}eD |x@ QHD QO xR=U C}r@=k u=R}t Q_vt R= OQmrta
Q}F-=D 'Q[=L VN@ QO "CU= C}ty= R�=L OQmrta K]U u; QO |SQv= lqyDU=
QO xR=U |Q}PBpmW QO xv=owO |@v=H Q@ Q=@ sDU}U =@ |=yxR=U QO |t_vt=v OwHw
|Q}PBpmW ?} Q[ Qw_vt u}O@ "CU= xOW |UQQ@ GI w CP OQmrta K]U wO
QO xOW O=H}= Ci} QO |xv}W}@ s}UkD R= OQmrta Kw]U R= l} Qy QO xR=U

u}@ |}xRQr COW C}iQ_ '|v=DLD |xt}v QO Ctw=kt w |DNU u=tRsy |t_vt=v
xOy=Wt R}v GI OQmrta K]U QO x} wQ u}ty "CU= xDi=} Vy=m OYQO 14 =D 11
|t_vt=v u=R}t V}=Ri= =@ xR=U |}xRQr COW C}iQ_ Vy=m MQv |rmQw]x@ "OwW|t
'CU= xOW `k=w u; |v=DLD |xt}v QO Ctw=kt w |DNU |oDUw}B=v xm |}xR=U QO

"CU= QDO}OW
QO s_vt=v |=yxR=U w s_vt |xR=U |}xRQr R=}v `} RwD |xv=}t '7 pmW QO
K]U QO ,=twta "CU= xOW xO=O u=Wv IO OQmrta K]U QO xR=U `=iDQ= O=ODt=
u; Q=Okt R= QDW}@ |v=kwi C=k@] QO |}xRQr R=}v |xv}W}@ |xv=}t Q=Okt 'IO OQmrta
|oDUw}B=v `[wt QO |}xRQr R=}v Q=Okt '|t_vt=v O=H}= =@ w CU= QDu}}=B C=k@] QO
u} QDtm sQH |t_vt=v "CU= xDU@=w |t_vt=v ẁv x@V}=Ri= u=R}t xm 'O@=}|tV}=Ri=
Q}F-=D u} QDW}@ Ctw=kt w |DNU u=tRty |t_vt=v w ��11 u}ov=}t Qw]x@� Q}F-=D
"Ov=xDW=O |t_vt=v `[wt QO |}xRQr R=}v O}OWD QO =Q ��127 \UwDt Qw] x@�
QO R=}v `} RwD x@ C@Uv xR=U `=iDQ= O=ODt= QO |}xRQr R=}v C=Q}}eD u} QDW}@ u}vJty
'CU= xOW xOy=Wt |v=DLD |xt}v QO =y|t_vt=v OwHw Cr=L QO 's_vt |xR=U
pw= |xk@] 5 QO |}xRQr R=}v '|v=DLD |xt}v QO |DNU |t_vt=v |=Q=O |xR=U QO
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"CU= xOW �18 =D |}xRQr R=}v
OQmrta K]U QO xR=U |]NQ}e Q=DiQ O}OWD w |}xRQr COW V}=Ri= =@
QO xm xvwou=ty w CU= xOW Qy=_ QDu}}=B C=k@] QO |}xRQr R=}v |xv}W}@ 'CP

R=}v `} RwD QO C=Q}}eD u} QDtm 'CP OQmrta K]U QO 'OwW|t xOy=Wt 8 pmW
QO C=Q}}eD u} QDW}@ w sQH |t_vt=v Cr=L QO |t_vt=v OwHw p}rOx@ |}xRQr
|=yCr=L `=wv= QO "CU= xOt; CUOx@ Ctw=kt w |DNU ?mQt |t_vt=v Cr=L
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OwyWt s_vt |xR=U x@ C@Uv |Q}PBpmW u=R}t Vy=m 'CU= xOW `k=w xR=U
'xR=U pw= |xk@] QO 'h}a[ |r}N |xk@] |t_vt=v OwHw Cr=L QO "CU=
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"CU= xOW
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xm OQmrta K]U ẁkw p=tDL= |=Q@ p=tQv � nwr `} RwD ZQi w |OQm} wQ u}vJ
l} uOQm ^=Lr w CU= Q_vOQwt OQmrta K]U R= Qw@a p=tDL= =@ Q@=Q@ u; |xv=}t
|x]@=Q j@=]t u=wD|t 'xOW xQ=W= |xv=}t ẁkw p=tDL= |wQ Q@ u=v}t]= |xrY=i
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"CU= C}iQ_ w R=}v Q}O=kt QO OwHwt |=yC}a]k sOa R= |W=v |oOvm =QB
Kw]U R= Qw@a p=tDL= |x@U=Lt |=Q@ xOW xO=iDU= C=}[Qi p=ta= =@ lv}=
Q}eDt "CU= xOW OQw;Q@ 4 |x]@=Q T=U=Q@ �KX � |Uwo OQ=Ov=DU= Q}eDt 'OQmrta
C}iQ_ x@ R=}v C@Uv uDiQo Q=Qk OYQO X p=tDL= =@ Q_=vDt '|Uwo OQ=Ov=DU=
pwOH R= xO=iDU= =@ xm CU= Q_vOQwt u=v}t]= |xrY=i QO Q=O?} Q[ |}xRQr
xOt; CUO x@ X = �(KX) ?} Q[ =@ Q_=vDt u=v}t]= OYQO 'p=tQv `} RwD

Cq=L QO s_vt |xR=U x@ s_vt=v |=yxR=U |Q}PBpmWC@Uv |xU}=kt "10 pmW
"`=iDQ= QO |t_vt=v hrDNt
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Ot=U@ u}ov=}t u}}aD '=yxR=U OQmrta |Dq=tDL= |@=} RQ= j}O=Yt R= Qo}O |m}
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QO p}NO pt=wa R= QwmPt |=ypUo |xv=}r=U C}r=ai MQv u}ov=}t w xR=U x=oDN=U
xO=iDU= =@ xm OQ=O OwHw |OL |=yCr=L R= Qw@a |xv=}r=U Ot=U@ u}ov=}t u}}aD
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2 9E�7 3 47 2 1E�6 2 53 s_vt

3 5E�7 3 30 4 3E�6 2 24 M(1 : 5) 1 5
sQH3 5E�7 3 30 8 4E�6 2 30 M(1) 1 5

4 3E�7 3 15 1 6E�5 2 34 M(5) 1 5

3 8E�7 3 25 1 3E�5 2 27 K(1 : 5) 0 6

|DNU

`=iD
Q=Q

Os_
vt=v

|=y
xR=U

6 4E�7 2 85 2 1E�5 2 33 K(1 : 5) 0 7
3 5E�7 3 30 5 2E�6 2 48 K(1) 0 6
4 6E�7 3 10 9 9E�6 2 37 K(1) 0 7
4 0E�7 3 20 2 8E�5 2 54 K(5) 0 6
4 6E�7 3 09 1 7E�6 2 58 K(5) 0 7

4 9E�7 3 05 2 2E�6 2 27 S(1 : 5) 0 65

Ctw=kt
4 0E�7 3 20 2 0E�6 2 30 S(1 : 5) 0 8
5 2E�7 3 00 3 9E�6 2 49 S(1) 0 65
5 2E�7 3 00 9 4E�7 2 68 S(1) 0 8
6 1E�7 2 89 1 3E�5 1 97 S(5) 0 65
2 9E�7 3 47 7 0E�6 2 56 S(5) 0 8

6 1E�7 2 89 6 1E�6 2 17 KS(1 : 5) 0 6; 0 65

Ctw=kt w |DNU
3 5E�7 3 30 4 2E�6 2 20 KS(1 : 5) 0 7; 0 8
4 3E�7 3 15 2 4E�5 2 48 KS(1) 0 6; 0 65
2 8E�7 3 50 9 8E�7 2 65 KS(1) 0 7; 0 8
5 0E�7 3 03 1 8E�4 1 90 KS(5) 0 6; 0 65
3 9E�7 3 23 3 0E�5 2 24 KS(5) 0 7; 0 8
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D w Q_v OQwt OQmrta K]U |=Q@ xR=U |xv=}t Ci} QO C}iQ_ C 'u; QO xm
OQwt |}xRQr Q]N K]U =@ Q_=vDt |}xRQr COW QO xR=U |xv=}t Ci} QO R=}v
sOa ?} Q[ BUt "OwW|t G=QNDU= IDA |=yp}rLD G}=Dv R= xm CU= Q_v
?} Q[ 
R u}vJty 'OwW|t u}}aD 5 |x]@=Q T=U=Q@ w CU= pm C}a]k
uOw@ |iO=YD x@ \w@ Qt C}iQ_ C=Q}}eD ?} Q[ �R w |}xRQr R=}v C=Q}}eD
u}}aD 7 w 6 |x]@=Q R= xO=iDU= =@ ?}DQD x@ w CU= xR=U C}iQ_ |v}@V}B
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RQ="CP w IO |OQmrta h=Oy= x@ |@=}DUO QO xar=]t OQwt |=yxR=U u=v}t]= Kw]U "3 pwOH
CP OQmrta K]U u}t=D |OQmrta hOy IO OQmrta K]U u}t=D |OQmrta hOy

xR=Uu=v}t]= OYQO |}xRQr R=}v |}xRQr C}iQ_ u=v}t]= OYQO |}xRQr R=}v |}xRQr C}iQ_
CL� D C CL� D C

99=8 < 0 0176 0 0752 99 < 0 0059 0 009 s_vt xR=U

99 8 < 0 0166 0 0752 99 < 0 0069 0 009 M(1 : 5) 1 5
sQH

`=iD
Q=O

=ODt
=QO

|U
Ovy

Q}e
s_v

t=v|
=yxR

=U

99 8 < 0 0174 0 0751 99 < 0 0068 0 009 M(1) 1 5
99 8 < 0 0174 0 0752 97 11 0 0068 0 009 M(5) 1 5

99 8 < 0 0155 0 0752 94 44 0 0051 0 009 K(1 : 5) 0 6

|DNU
99 8 < 0 0154 0 0752 98 65 0 0051 0 009 K(1 : 5) 0 7
99 66 0 0168 0 0752 96 89 0 0059 0 009 K(1) 0 6
99 8 < 0 0171 0 0752 85 82 0 0063 0 009 K(1) 0 7
99 8 < 0 0167 0 0751 90 12 0 0060 0 009 K(5) 0 6
99 8 < 0 0171 0 0752 89 02 0 0062 0 009 K(5) 0 7

99 8 < 0 0129 0 0752 99 < 0 0059 0 009 S(1 : 5) 0 65

Ctw=kt
99 8 < 0 0142 0 0752 99 < 0 0059 0 009 S(1 : 5) 0 8
99 8 < 0 0169 0 0751 97 85 0 0062 0 009 S(1) 0 65
99 8 < 0 0177 0 0752 95 98 0 0065 0 009 S(1) 0 8
99 8 < 0 0173 0 0752 97 17 0 0062 0 009 S(5) 0 65
99 8 < 0 0176 0 0752 96 41 0 0064 0 009 S(5) 0 8

99 8 < 0 0148 0 0751 99 < 0 0049 0 009 KS(1 : 5) 0 6; 0 65

Ctw=kt w |DNU
99 8 < 0 0143 0 0752 99 < 0 0051 0 009 KS(1 : 5) 0 7; 0 8
99 8 < 0 0158 0 0752 99 < 0 0054 0 009 KS(1)0 6; 0 65
99 8 < 0 0166 0 0752 98 1 0 0054 0 009 KS(1) 0 7; 0 8
99 8 < 0 0185 0 0751 95 91 0 0061 0 009 KS(5) 0 6; 0 65
99 8 < 0 0161 0 0751 96 83 0 0061 0 009 KS(5) 0 7; 0 8

QO u=v}t]= K]U Ci= "CU= xOw@ �86 OwOL u=v}t]= OYQO u=R}t xm CU= xOW
=} &CU= xOw@ QDOwyWt |DNU s_vt=v |=yxR=U QO IO OQmrta hOy x@ |@=}DUO
K]U uOWxOQw;Q@ QO u=v}t]= Q}}eD QO |QDW}@ Q}F-=D sQv |xk@] O=H}= '|DQ=@a x@
x@ |@=}DUO QO u=v}t]= K]U '=yCr=L |t=tD QO ,=@} QkD "CU= xDW=O IO OQmrta
O}OW |t_vt=v OwHw Cr=L QO \ki w xOw@ �99 8 R= V}@ CP OQmrta K]U
xOW �99 66 =@ Q@=Q@ u=v}t]= K]U QDW}@ Ci= x@ QHvt 'pw= |xk@] QO |DNU

"CU=

|Q}oxH}Dv "5
QO `=iDQ= O=ODt= QO |t_vt=v OwHw Q}F-=D |@=} RQ= hOy =@ 'Q[=L |xar=]t QO
R= xO=iDU= =@ xv=owO |@v=H Q@ Q=@ sDU}U =@ |Oqwi |=yu=tDN=U |}xRQr OQmrta
'sQH |t_vt=v =@ |}xvwtv |=yxR=U |}xRQr |=yMU=B 'xOv}=Ri |m}t=v}O |=yp}rLD
O=ODt= QO hrDNt C}akwt xU QO Ctw=kt w |DNU ?}mQD w 'Ctw=kt '|DNU
xU}=kt Q}_v s_vt |xR=U =@ s_vt=v |=yxR=U |}xRQr OQmrta w G=QNDU= `=iDQ=

C}iQ_ |v}@V}B x@ \w@ Qt C}a]k sOa ?}=Q[ ?}DQD x@ �UD w �UC
'Kr=Yt X=wN QO C=aq]= C}OwOLt Cra x@ xm OvDUy xR=U |}xRQr R=}v w
QO xR=U p}rLD |=yVwQ QO OwHwt |=y?} QkD Q}=U w =[a= |ak=w Q=DiQ |R=UpOt
�max = a(IMb) |x]@=Q ZQi T=U=Q@ b?} Q[ u}vJty "OvwW|t xDiQo Q_v
|vLvt Q@ T=tt |tD} Q=or ?}W k w OwW|t x@U=Lt xv=}t IDA |vLvt |=Q@
"CU= Q_vOQwt |i}] ?=DW C}iQ_ =@ Q_=vDt |x]kv QO x=oDN=U |}xRQr Q]N
50 QO �50 'xrRrR Q]N |=Q@ IO OQmrta K]U u}t-=D QO xR=U u=v}t]= K]U
p=U 50 QO �2 'xrRrR Q]N |=Q@ CP OQmrta K]U u}t-=D u}vJty w p=U
xOy=Wt 3 pwOH QO w CU= xOW u}}aD xar=]t OQwt |=yxR=U |x}rm |=Q@

"OwW|t
Q}O=kt QO ?}DQD x@ CP w IO OQmrta Kw]U x@ \w@ Qt |}xRQr |=yR=}v
OwHw '=yCr=L R= |Q=}U@ QO "Ov=xOW u}}aD 0 59g w 0 25g |}xRQr Q]N COW
x@ C@Uv IO OQmrta K]U u}t-=D QO u=v}t]= OYQO Vy=m Ea=@ |t_vt=v
Vy=m u} QDW}@ "CU= xOW x_Lqt Vy=m �14 =D |DL w xOW s_vt |xR=U
pY=L sQv pw= |xk@] OwHw Cr=L QO s_vt=v |xR=U x@ C@Uv u=v}t]= K]U
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xQ=t
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|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt u=wD|t =Q u; Cra xm 'Ov=xOW Vy=m Q=JO s_vt |xR=U x@ C@Uv s_vt=v |=yxR=U
|=y|}=Hx@=H w |}xRQr COW Q}O=kt QO s_vt=v |=yxR=U |rm |Q=O}=B=v O=H}= x@

"O=O C@Uv QDu}}=B |@Uv
x@ QHvt =yCr=L R= |Q=}U@ QO u=tDN=U `=iDQ= O=ODt= QO |t_vt=v OwHw
|OvtxQy@ w OwW|t GI w CP OQmrta Kw]U QO xR=U |Q}PBpmW C}iQ_ Vy=m
u}= "OR=U|t pDNt =Q xR=U <=[a= |x}rm QO OwHwt |SQv= lqyDU= C}iQ_ R=
Qw@a p=tDL= "OQ=O QDQ}otWJ w QDQ}o =Qi Ctw=kt |t_vt=v Cr=L QO |Wy=m OvwQ
Qw[L R= QF-=Dt =yCr=L QDW}@ QO 'GI w CP |OL |=yCr=L R= xR=U OQmrta
V}=Ri= xm |}xvwo x@ &CU= xOW V}=Ri= Q=JO w xOw@ xR=U `=iDQ= O=ODt= QO |t_vt=v
x=Qty x@ s_vt |xR=U |=Q@ u; Q=Okt Q@=Q@ 1 5 =D =Q GI |OL Cr=L R= Qw@a p=tDL=
Q@ |QDW}@ V}=Ri= x@ QHvt Ctw=kt w |DNU ?mQt |t_vt=v OwHw "CU= xDW=O
|t_vt=v Qo}O `=wv= x@ C@Uv GI w CP |OL |=yCr=L R= xR=U Qw@a p=tDL=

"CU= xOW
xm CU= xO=O u=Wv |OQmrta h=Oy= x@ |@=}DUO QO u=v}t]= K]U u}}aD
|@=}DUO QO u=v}t]= K]U Vy=m Ea=@ ,=twta `=iDQ= O=ODt= QO |t_vt=v OwHw
|DNU |t_vt=v OwHw Cr=L QO QwmPt Vy=m w OwW|t IO OQmrta K]U x@
QF-=Dt u=OvJ 'CP OQmrta K]U pwYL QO u=v}t]= K]U um}rw CU= QDOwyWt

"CU= xOWv |t_vt=v OwHw R=

OwQw R= TB OQ=wt ?r=e QO OyO|t u=Wv xOt; CUOx@ G}=Dv |UQQ@ "CU= xOW
|}xRQr C}iQ_ 'GI w CP OQmrta Kw]U QO w |]NQ}e Q=DiQ |xOwOLt x@ xR=U
|DNU u=tRty |t_vt=v "CU= xDi=} Vy=m s_vt |xR=U x@ C@Uv s_vt=v |xR=U
|}xRQr C}iQ_ Q}}eD QO =Q Q}F-=D u} QDtm 'sQH |t_vt=v w Q}F-=D u} QDW}@ 'Ctw=kt w
=} |DNU 'sQH 'Ctw=kt w |DNU ?mQt |t_vt=v xm |}=yCr=L QO "CU= xDW=O
`=iDQ= |xv=}t QO h}a[ |xk@] =} xR=U |v=DLD |xt}v QO Ctw=kt O}OW |t_vt=v
QO s_vt |xR=U x@ C@Uv |}xRQr C}iQ_ Ci= u} QDW}@ 'CU= xOW `k=w xR=U
|t_vt=v ẁv x@ xDU@ GI OQmrta K]U QO "OwW|t xOy=Wt CP OQmrta K]U
C}iQ_ QDW}@ Vy=m x@ QHvt Cw=iDt |=yC}akwt QO |t_vt=v Qw[L 'u; u=R}t w
|DNU u=tRty |t_vt=v w Ctw=kt '|t_vt=v OwHw Cr=L QO "CU= xOW |}xRQr
xOw@ QDQ}osWJ xR=U |}xRQr C}iQ_ Vy=m QO |t_vt=v u=R}t Q}F-=D 'Ctw=kt w

"CU=
's_vt=v C=k@] =} xk@] |t_vt=v Qw[L =@ ,=twta 'CP w IO OQmrta Kw]U QO
x@ QHD s_vt |xR=U x@ C@Uv =Q u; Vy=m 'Qw=Ht C=k@] w |}xRQr R=}v V}=Ri=
xm 'CU= xDW=O x=Qty x@ =Q QwmPt |x} wQ O}OWD |t_vt=v u=R}t V}=Ri= 'Ov=xOQm
`} RwD C=Q}}eD "CU= Cw=iDt |t_vt=v |Q}oQ=Qk C}akwt ?UL Q@ O}OWD Q=Okt
|t_vt=v u=tRty OwHw R= QF-=Dt QDW}@ s_vt |xR=U x@ C@Uv `=iDQ= O=ODt= QO R=}v
C=k@] |}xRQr R=}v 'GI OQmrta K]U QO ,=twta 'CU= xOw@ Ctw=kt w |DNU

=yCWwv=B
1. collapse prevention
2. global instability
3. incremental dynamic analysis (IDA)
4. intensity measure (IM)
5. engineering demand parameter (EDP)
6. intensity measure (IO)
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