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|vD@t |oOvvmW |=yQ=Owtv |x}yD w x=oDN=U |}xRQr Q]N p}rLD Q@ |vD@t
|xQwO x@ xHwD =@ xR=U pQDvm |xOwOLt u}}aD |=Q@ 'xrRrR CWoR=@ |xQwO Q@
'CQwYu}= Q}e QO &OwW|t xO=iDU= QwmPt |=yQ=Owtv R= |L=Q] Q_vOt CWoR=@
x@ xHwD =@ pQDvm |xOwOLt 'Q[=L VywSB QO xOW x�=Q= u} wv VwQ x@ xHwD =@
x=oDN=U l =N ?=DR=@ QF= w �A ?} Q[� x=oDN=U KQ] |=v@t ?=DW ?}=Q[
xOW u}}aD 15�xrRrR Q@=Q@ QO =yu=tDN=U |L=Q] |xt=vu}}; T=U= Q@� �B ?} Q[�
|a}@] ?w=vD |xQwO x@ QwmPt ?}=Q[ xm CW=O xHwD O}=@ T=U= u}= Q@ "CU=
|x]@=Q CU= xDU@=w �II l =N 'Q[=L VywSB QO� x=oCN=U l =N ẁv w =yxR=U

%4
Cu = ABI (4)

'x=oDN=U KQ] |=v@t ?=DW ?} Q[ A '|}xRQr OQmrta pQDvm OL Cu 'u; QO xm
"CU= xR=U C}ty= ?} Q[ I w u=tDN=U ?=DR=@ ?} Q[ B

'O=} R |r}N |@Uv Q]N =@ xvyB QO x=oDN=U uDiQo Q_v QO =@ CQwY u}= QO
KqY= ?} Q[ uDiQo Q_v QO =@ �B ?} Q[� l =N ?=DR=@ ?} Q[ Q}}eD |xOwOLt
R}v xR=U C}ty= w KQ] |=v@t ?=DW ?}=Q[ w CU= 2/5 w 1 Q}O=kt u}@ 'h}]
u}=Q@=v@ "CU= 1 w �O}OW Q=}U@ |}xRQr Q]N 0/35� Q}O=kt Q@=Q@ ?}DQD x@ w C@=F
xm 'OwW|t XNWt pQDvm |xOwOLt u=wva x@ x@P=H ?=DW ?} Q[ R= |}xOwOLt
'=yxR=U|rY= ?w=vD u=tR R= xO=iDU= =@Cr=L u}= QO "OwW|t xOy=Wt 10 pmW QO
u; |xH}Dv xm 'OwW|t u}}aD xR=U Qy |=Q@ ,=k}kO u=tDN=U ?=DR=@ ?} Q[ Q}O=kt
u=Wv xR=U Qy |=Q@ 7 pwOH QO xm 'CU= xR=U |}xRQr Q=DiQ pQDvm j}kO OL u}}aD

[3 w 2]"CU= xOW xO=O

|Qw;?=D s=mLDU= |xir-wt u}}aD w xR=U |}=Q=m C}i}m Ci= "3"4
|}xRQr

'u=Q=mty w wvwQ@ \UwD xOW x�=Q= h} Q=aD j@=]t xm 16 �xR=U |}=Q=m C}i}m� C}tm
CU= |Q=}at 'CU= xrRrR lwW QF= uOW OQ=w R= V}B xR=U |x}rw= s=mLDU= Qou=}@
l} Q=}at u}= "OyO|t p}mWD =Q |}xRQr |Qw;?=D swyit |:tm h} QaD Q=m T=U= xm
xR=U C}a[w pO=at �100 u; QO xm 'CU= OYQO 100 =D 0 u}@ |OOa C}tm
QO |}xR=UQ}e <=[a= '|}xR=U <=[a= |t=tD u; QO xm 'CU= xrRrR ẁkw R= V}B
xR=U u=oOvvmxO=iDU= =} u=vm =U x@ R}v |v=H CQ=UN w OvDUy |a}@] |Q@ Q=@ Cr=L

[3]"OwW|tv OQ=w

Q}F-=D QwmPt |=yCQ=UN QO xm =Q |U=U= |=yQDt=Q=B R= |NQ@ u=wD|t p=L u}= =@
"OQm |}=U=vW 'OQ=Po|t

s}UkD ẁv wO x@ u=wD|t =Q xFO=L l} R= |W=v |=yCQ=UN |rm Qw] x@
'OyO|t MQ xrY=iq@ xLv=U ẁkw |] QO xm Ls |}xR=U |=yCQ=UN �hr= %OQm
%CU= Q}eDt 4 pt=W w u=tR x@ xDU@=w xm 'LNS |}xR=UQ}e |=yCQ=UN �?
|@@U s}kDUt |=yCQ=UN �2 'LNS=DE |O=YDk=s}kDUt |=yCQ=UN �1
|=yCQ=UN �4 'LNS=IE |O=YDk= s}kDUtQ}e |=yCQ=UN �3 'LNS=DC

"LNS=IC |@@U s}kDUtQ}e
|}xR=UQ}e |xir-wt Qy |=Q@ (LNS=DE) |O=YDk= s}kDUt |=yCQ=UN
%Ovv=t '|D=}L |=yxR=U QO "Ov};|t CUO x@ xO}O?}U; sDU}U QO xO=iDU= OQwt
|=yCQ=UN R= CU= umtt LNS=DE QDt=Q=B '|D=k}kLD Rm =Qt w =yu=DUQ=t}@
C@Uv u=wva x@ (LNS=DC) |@@U s}kDUt |=yCQ=UN "OW=@ QDW}@ |}xR=U
|=yCQ=UN "OwW|tu=}@ xk]vtu=vm =UO=OaDpm x@ xrRrR R=|W=v u=oO}O?}U; O=OaD
x@ xDU@=w |=yCQ=UN `=wv= Q}=U =@ xU}=kt QO (LNS=IE) |O=YDk= s}kDUtQ}e
s}kDUtQ}e |=yCQ=UN |R=U|:tm 'xrRrR R= TB |=yCQ=UN pw] QO "CU= u=tR
"OyO MQ CU= umtt |irDNt |=yw} Q=vU uwJ 'CU= Q=wWO Q=}U@ |O=YDk=
'|}=Hx@=H |=yxv} Ry '|Q=HD |=yxikw pt=W ,=DOta 'LNS=IE |=yCQ=UN
s}kDUtQ}e |=yCQ=UN u}vJty "OvDUy : : : w |}xQ=H= |}=ROt;QO |=yu=} R
|v=LwQHt O=OaD pt=W xm OwW|t u=}@ h} QaD u}ty ?r=k QO (LNS=IC) |@@U
[3]"OvwQ|t u}@ R= EO=wL R= |W=v xOW O=H}= |x} wv=F |=ypqDN= QF= QO xm 'CU=
w |rm Cr=L QO xar=]t OQwt |=yxR=U 'Q[=L VywSB QO xmu}= x@ xHwD =@
|Qw;?=D �s=mLDU= |xir-wt� 'xar=]t hOy w xOW xDiQo Q_v QO |twta OQ@ Q=m =@
Q_v OQwt |}xR=U <=[a= |=yCQ=UN HAZUS2005 \@=w[ j@=]t =Pr 'CU=
Q]U QO GQOvt w ZwQit |W}=Ri= CQwY x@ |}xR=UQ}e |=yCQ=UN QF= w xOw@
u}O@ "CU= xOW ^=Lr |}xR=U <=[a= |=yCQ=UN C@Uv =@ x=Qty '6 pwOH swU
|OL |=yCr=L =@ HAZUS2005 |=yCQ=UN C@Uv |R=UpO=at =@ ?}DQD
T=U= Q@ TBU w G=QNDU= Cr=L Qy |=Q@ =yCQ=UN |=yC@Uv 'xR=U |OQmrta

"CU= xOW x@U=Lt CQ=UN `@=D MCEER |xUU-wt |O=yvW}B uw}UqwtQi
|x]@=Q CQwY x@ [3]'�2009� u=Q=mty w wvwQ@ O=yvW}B Q@ =v@ R}v CQ=UN `@=D

%CU= xOW O=yvW}B 3
L(I) =

Xn

j=1

�
Cs
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�
� Pj

n[n

i=1 (Ri � rlim i)
o

(3)

|xv} Ry =@ Q@=Q@ Is w Q_v OQwt |OL Cr=L QO xR=U C=Q}taD |xv} Ry Cs 'u; QO xm
?}=Q[ pO=at u=wva x@ Is x@ Cs C@Uv ?}DQD u}= x@ xm 'CU= xR=U |v} Ro}=H pm
CWPo =Qi p=tDL= 'Pj u}vJty "OwW|t xDiQo Q_v QO |OL |=yCr=L QO CQ=UN
|}xRQr |oOvvmW |=y|vLvt?r=k QO xm 'CU= Q_v OQwt |OQmrta |OLCr=L R=

"OwW|t u=}@

167



"""|
}xRQr

|Qw
;?=

DQO
s=mL

DU=
|xi

r -wt
|@=}

RQ=

"=yxR=U |}xRQr Q=DiQ pQDvm |xOwOLt "10 pmW

"=yxR=U |OQmrta pQDvm |xOwOLt T=U= Q@ |OL |OQmrta |=yCr=L R= CWPo =Qi p=tDL= u}}aD "7 pwOH
|OL Cr=L R= CWPo =Qi p=tDL= OL

xR=U ẁv|xv=DU; |xv=DU; |@v=H |vt}= |@v=H |vt}= |xO=iDU= |xO=iDU= pQDvm
(CP ) VR} QwQi (CP ) VR} QwQi (LS) (LS) (IO) xikw |@ (IO) xikw |@

(g)
Y CyH X CyH Y CyH X CyH Y CyH X CyH
0/0106 0/00001 0/0178 0/0008 0/8418 0/6084 0/6079 x} wUl} |Ov@ Q=yt xk@] 60 0 0 0 0/8603 0/6053 0/5862 x} wUwO |Ov@ Q=yt

0 0 0 0 0/4302 0/2743 0/3819 x} wUl} |Ov@ Q=yt xk@] 120 0 0 0 0/4753 0/2995 0/3719 x} wUwO |Ov@ Q=yt

QO xm 'CU= CQ=UN `@=D Li w xR=U |}=Q=m C}i}m Ci= QDt=Q=B Q 'u;QO xm
CWPo =Qi p=tDL= x@ xHwD =@ 8 pwOH QO w xOW |iQat p}YiD x@ 1"4 VN@
"CU= xOW x@U=Lt xar=]t OQwt |=yxR=U |=Q@ |OQmrta |OL |=yCr=L R=
|@=} R=@ `@=D u=wva x@ |@v=H |a@=D p=ta= CQwY QO xR=U |}=Q=m C}i}m Ci= QDt=Q=B
|@=} R=@ |=Q@ xat=H |oO=t; w |ovyQi '|a=tDH= '|O=YDk= \}=QW x@ xDU@ xm
xm 'CU= |}=yv |}xRQr |Qw;?=D |xOvyOu=Wv 'OwW|t h} QaD xrRrR ẁkw R= TB

O=yvW}B Q@ =v@ =yxR=U |}xRQr OQmrta pQDvm OL w CQ=UN `@=D u}}aD R= TB
Ci= u=R}t |xOvyOu=Wv xm '�xR=U |}=Q=m C}i}m Ci=� QDt=Q=B [3]'u=Q=mty w wvwQ@
ẁkw R= |W=v ?} QND QF= QO w xrRrR ẁkw R= TB xrY=iq@ xR=U |OQmrta C}i}m

%OwW|t u=}@ CQwY 5 |x]@=Q CQwY x@ 'CU= CQ=UN `@=D p=ta= w xrRrR
Q = 1� Li (5)
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xk@] 12 xk@] 6
?}=Q[ |OL Cr=Lx}wUwO |Ov@ Q=yt x}wUl} |Ov@ Q=yt x}wUwO |Ov@ Q=yt x}wUl} |Ov@ Q=yt
CQ=UN`@=D p=tDL= `@=D p=tDL= `@=D p=tDL= `@=D p=tDL=

CQ=UN CWPo =Qi CQ=UN CWPo =Qi CQ=UN CWPo =Qi CQ=UN CWPo =Qi
0/0599 0/2995 0/0548 0/2743 0/1210 0/6053 0/1216 0/6084 0/2 X CyH (IO)

0/0950 0/4753 0/086 0/4302 0/1720 0/8603 0/1683 0/8418 0/2 y CyH (IO)

0 0 0 0 0 0 0/0005 0/0008 0/6 X CyH (LS)

0 0 0 0 0 0 0/0106 0/0178 0/6 Y CyH (LS)

0 0 0 0 0 0 0/00001 0/00001 1 X CyH (CP)

0 0 0 0 0 0 0/0106 0/0106 1 Y CyH (CP)

0/599 � 0/0548 � 0/1210 � 0/1222 � � X CyH ẁtHt
0/0950 � 0/0860 � 0/1720 � 0/1896 � � Y CyH ẁtHt

"�xk@] 6� x@DQtx=Dwm |xar=]t OQwt |=yxR=U |}xRQr |Qw;?=D s=mLDU= |xir-wt u}}aD "9 pwOH
s=mLDU= |xir-wt C}i}m `@=D CQ=UN `@=D s=mLDU= |xir-wt C}i}m `@=D CQ=UN `@=D ẁv

X CyH ��� |Qw;?=D X CyH X CyH X CyH ��� |Qw;?=D X CyH X CyH xR=U
81/03 0/8103 0/1896 87/77 0/8777 0/1222 x} wUl} |Ov@ Q=yt
82/79 0/8279 0/1720 87/89 0/8789 0/1210 x} wUwO |Ov@ Q=yt

"�xk@] 12� x@DQtx=Dwm |xar=]t OQwt |=yxR=U |}xRQr |Qw;?=D s=mLDU= |xir-wt u}}aD "10 pwOH
s=mLDU= |xir-wt C}i}m `@=D CQ=UN `@=D s=mLDU= |xir-wt C}i}m `@=D CQ=UN `@=D ẁv

X CyH ��� |Qw;?=D X CyH X CyH X CyH ��� |Qw;?=D X CyH X CyH xR=U
91/31 0/9139 0/0860 94/51 0/9451 0/0548 x} wUl} |Ov@ Q=yt
90/49 0/9049 0/0950 94/01 0/9401 0/0599 x} wUwO |Ov@ Q=yt

"|D=ar=]t |=yxR=U �CNU |Qw;?=D� |}xRQr |Qw;?=D QO �s=mLDU= |xir-wt� XN=W "11 pmW

11 pmW QO w x@U=Lt 'xar=]t OQwt |=yxR=U |=Q@ Q}N= XN=W Q}O=kt '10 w 9
"CU= xOW VQ=Ro Q=Owtv ?r=k QO

|Qw;?=D QO �s=mLDU= |xir-wt� XN=W |HwQN x@ xHwD =@ '11 pmW j@=]t
'x@DQtx=Dwm |=yxR=U |=Q@ |Qw;?=D XN=W Q}O=kt xm OwW|t xOy=Wt |}xRQr
'x@DQtu=}t |=yxR=U QO w x} wUl} |Ov@ Q=yt sDU}U R= xO=iDU= |QDQ@ |xOvyOu=Wv

|O=YDk= w |D} Q}Ot EL=@t w |}xN=Wu=}t C=ar=]t OvtR=}v QwmPt `@=D u}}aD
[4�1]"CU=

u=}@ OYQO =@ =Q �xR=U |}=Q=m C}i}m Ci=� |xOW x@U=Lt QDt=Q=B xm |v=tR
s=mLDU= |xir-wt� u=wva x@ MCEER |xUU-wt \UwD QwmPt |HwQN 's}vm
|=ypwOH QO xm 'CU= xOW |iQat 18 �CNU |Qw;?=D� =} 17 �|}xRQr |Qw;?=D
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O=ODt=� X CyH QO �0/95 ?}DQD x@ x} wUwO |Ov@ Q=yt =@ |=ysDU}U QO xR=U
|xir-wt p=ta= O=ODt=� Y CyH QO �9/29 w �xrRrR h}a[ |xir-wt p=ta=

"CU= x} wUl} |Ov@ Q=yt =@ |=yxR=U R= QDtm �xrRrR |wk
|Qw;?=D QO s=mLDU= |xir-wt XN=W '�xk@] 12� x@DQtu=}t |=yxR=U QO �
CyH QO �8/39 ?}DQD x@ x} wUl} |Ov@ Q=yt =@ |=ysDU}U QO xR=U |}xRQr

"CU= x} wUwO |Ov@ Q=yt =@ |=yxR=U R= QDtm Y CyH QO �9/48 w X

w `=iDQ= V}=Ri=� QDnQR@ Q}O=kt CtU x@ =yxR=U |rY= ?w=vD |xQwO CmQL =@ �
|QDnQR@ |Qw;?=D XN=W 'x} wUwO |Ov@ Q=yt =@ |=yxR=U '�|DNU Vy=m =}

"OvyO|t xH}Dv =Q
QDW}@ X CyH QO =yxR=U A}D wO Qy |=Q@ |}xRQr s=mLDU= |Qw;?=D XN=W �
uOw@ uQ=kDt x@ xHwD =@ 'CU= xOW xQ=W= ,q@k xm Qw] u=ty xm 'CU= Y CyH R=
Y |=DU=Q Q@ xOW OQ=w TR ?=DW |xir-wt uOw@ QD|wk |xOvyOu=Wv '=yxR=U

"CU= |D=ar=]t |=yCW=ov?=DW QO
|=ypv=B QO Ovw}B Q}e Q}D |=yu=tr= QO QDh}a[ `]=kt R= xO=iDU= x@ xHwD =@ �
|Ov@ Q=yt ẁv u}= R= xO=iDU= 'x} wUwO |Ov@ Q=yt =@ |=yxR=U QO xOW |Ov@ Q=yt
x@ "CU= QD?U=vt |O=YDk= ^=Lr R= x} wUl} |Ov@ Q=yt =@ Q@=Q@ \}=QW QO
?}DQD x@ x@DQtu=}t w x@DQtx=Dwm |x} wUwO |Ov@ Q=yt =@ |=yxR=U QO xm |Qw]
|Ov@ Q=yt =@ |=yxR=U x@ C@Uv |iQYt Oqwi R= uD 272/13 w uD 79/83

"O@=}|t Vy=m x} wUl}
CyH |Q=}at u=wva x@ Ov=wD|t Q[=L VywSB QO xOW s=Hv= |U=vWVwQ �
|=Q@ |rta lqt u=wva x@ w OwW xO=iDU= =yxR=U =} wB Q=DiQ |@=} RQ= w xU}=kt

"O@=} xaUwD u=oOvR=U w u=L=Q]

CUO x@ G}=Dv "CU= x} wUwO |Ov@ Q=yt =@ |=ysDU}U OQ@ Q=m |QDQ@ |xOvyOu=Wv
CQwY u}= x@ 'CU= |}xRQr |oOvvmW |=y|vLvt |HwQN Q}UiD =@ j@=]t xOt;
xikw|@ |xO=iDU= OL QO |oOvvmW |=y|vLvt u}@ xOW O=H}= O=} R |xrY=i xm
|xQwO CmQL =@ xm CU= xOW ?@U VR} QwQi |xv=DU; w |v=H |vt}= OwOL w
'�|DNU Vy=m =} w `=iDQ= V}=Ri=� QDnQR@ Q}O=kt CtU x@ =yxR=U |rY= ?w=vD
XN=W 'x} wUwO |Ov@ Q=yt =@ |=yxR=U xH}Dv QO w O}; CUO x@ |QDnQR@ pQDvm OL
?w=vD |xQwO =@ |=yxR=U |=Q@ xH}Dv u}= xm 'OvyO xH}Dv =Q |QDnQR@ |Qw;?=D
Oy=wN x} wUl} |Ov@ Q=yt =@ |=yxR=U R= xO=iDU= |QDQ@ x@ GDvt QDlJwm |rY=

"OW

|Q}oxH}Dv "5
|xir-wt� XN=W |xU}=kt w u}}aD w |}xRQr Q=DiQ |UQQ@ x@ 'Q[=L VywSB QO
sw=kt CrmU= =@ |Oqwi |xR=U ẁv wO QO �CNU |Qw;?=D� �|Qw;?=D s=mLDU=
w x} wUl} |Ov@ Qm}B wO QO uwQwW w =Qoty |Ov@ Q=yt =@ |=ypvB |w=L |}xRQr
u}}aD =@ '=OD@= QO "CU= xOW xDN=OQB x@DQtu=}t w x@DQtx=Dwm A}D wO QO w x} wUwO
=yxR=U x@ |}xRQrl}ORv |xRwL |=yOQwmQ R= |}xDUO '|a=HDQ=Q}e Q=DiQ |xOwOLt
s}UQD IDA |=y|vLvt 'xOv}=Ri= =} wB |=yp}rLD s=Hv= =@ TBU 'CU= xOW p=ta=
u}}aD =@ TBU w Ov=xOW s}UQD |}xRQr |oOvvmW |=y|vLvt '=yv; T=U= Q@ w
R= =yxR=U |OL OQmrta Cr=L R= CWPo =Qi Q}O=kt '|}xRQr OQmrta pQDvm OL
|xUU-wt |O=yvW}B uw}UqwtQi R= xO=iDU= =@ w xOW G=QNDU= |oOvvmW |=y|vLvt
s=mLDU= |xir-wt� XN=W w �xR=U |}=Q=m C}i}m Ci=� |=yQDt=Q=B MCEER

CUO x@ G}=Dv x@ ,=QYDNt '=Hu}= QO w xOt; CUO x@ =yxR=U �|}xRQr |Qw;?=D QO
%CU= xOW xQ=W= xOt;

=yCWwv=B
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13. Shen
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16. quality of structures
17. robustness component of seismic resilience
18. hard resilience
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