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|WtN |=y?=k |=Q@ u=Q}= 2800 OQ=Ov=DU= sQ=yJ V}=Q} w QO xDiQ Q=mx@ |@v=H u=mt
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hrDNt |=ypOt |=Q@ uwRi= Ctw=kt ?} Q[ \UwDt xm 'CU= xO=O u=Wv hrDNt
w 1 80 ?}DQDx@ FEMA-P695 VwQ w 2800 OQ=Ov=DU= uOQm |]NwO VwQ T=U=Q@
T=U=Q@ Ctw=kt OL QO xOWx@U=Lt Q=DiQ ?} Q[ \UwDt Q}O=kt u}vJty "CU= 2 37

?} Q[ |O=yvW}B Q}O=kt xm|r=L QO 'CU= 5 26 w 3 98 ?}DQDx@ QwmPt VwQ wO
V}=Q} w QO \UwDt |WtN |=y?=k |=Q@ Ctw=kt OL Q=DiQ ?} Q[ w uwRi= Ctw=kt

QO |O=yvW}B VwQ u}=Q@=v@ "OvDUy 5 w 3 ?}DQDx@ 2800 OQ=Ov=DU= sQ=yJ
Q=DiQ ?} Q[ =@ |QDy@ j@=]D 'xR=U |OQmrta |=yQDt=Q=B |@=} RQ= |=Q@ FEMA-P695

u}vJty "OQ=O \UwDt |Oqwi |WtN |=y?=k |=Q@ 2800 OQ=Ov=DU= QO xOWQmP
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"|Oqwi |WtN ?=k '|]NQ}e

xtOkt "1
xOW \@DQt |v}at=v w uwRi=Ctw=kt '|Q}PBpmW |xOta pt=a 3 =@ Q=DiQ ?} Q[
Q=DiQ ?} Q[ |x@U=Lt |=Q@ |Dw=iDt |=yVwQ '|O=} R u=QoWywSB uwvm =D "CU=
[3]'ut} Qi C}iQ_ h}] VwQ x@ u=wD|t =yVwQ u}= u} QDpw=ODt R= "Ov=xOQm x�=Q=
?} Q[ 'ut} Qi |=y|UQQ@ j@] "OQm xQ=W= [4] 'nv=} |Q}PBpmW ?} Q[ VwQ w
'=yQ=@ ?}mQD '|}xR=U sDU}U p}@k R= |OOaDt |=yQDt=Q=B Q}F-=D CLD xR=U Q=DiQ
'Kr=Yt C=}YwYN 'xR=U |]NQ}e Q=DiQ |=y|oS} w '|}=Q}t '|v}at=v |xHQO
QO nv=} u}vJty "CU= |Qo}O QF-wt |=yQDt=Q=B w '|@=QN sR}v=mt 'xR=U O=a@= C@Uv
|O=yvW}B |x]@=Q QO 'OvQ=O |QD|U=U= Vkv xm =Q |rt=wa \ki OwN |=y|UQQ@
?UL Q@ Q=DiQ ?} Q[ 'QwmPt VwQ T=U=Q@ "CU= xOQm x�=Q= Q=DiQ ?} Q[ |=Q@

"CU= xOW h} QaD |v}at=v pt=a w '|Q}PBpmW pt=a 'uwRi=Ctw=kt pt=a
Q=DiQ ?} Q[ QO QF-wt pt=wa |OOa Q}O=kt PN= |=Q@ pw=ODt |=yQ=my=Q R= |m}
p}rLD R= pY=L xR=U uwRi=Q=@ |vLvt R= xO=iDU= 'u=mtQ}}eD |}=tvnQR@ ?} Q[ w
'xOWQmP ?}=Q[ |xOvyOp}mWD pt=wa G=QNDU= |=Q@ "CU= |]NQ}e |m}D=DU=

|=yxR=U xm OyO|t =Q xR=H= u}= K=Q] x@ =}vO OwHwt |=yxt=vu}}; Q@ sm =L |xiUri
Q=DiQ |xOwOLt OQ=w 'u}tR O}OW C=W=aDQ= s=ovy xm Ovm |L=Q] |Qw] =Q pwtat
'xR=U |SQv= hqD= C}r@=k p}rO x@ |L=Q] |=ywQ}v '`k=w QO "OvwW |a=HDQ=Q}e
s=ovy |a=HDQ= w |]N |xOwOLt QO xR=U^iL |=Q@ sRq Q}O=kt R= QDlJwm Q=}U@
OvwQ QO =yxR=U |a=HDQ=Q}e Q=DiQ C}iQ_ R= |Q}oxQy@ |iQ] R= "OvDUy xrRrR ẁkw
xvwou}= uOw@ sHLQB w Q@u=tR x@ xHwD =@ "CU= |]NQ}e p}rLD sRrDUt |L=Q]
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"Ovvm|t xO=iDU= Q_=vDt |a=HDQ= |=yp}rLD j} Q] R= xR=U |ak=w Q=DiQ u}tND
u=tRsy CQwYx@ xm ATC-34 w ATC-19 |=yVywSB '1995 p=U QO
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RQ=QO FEMA-P695 OQm} wQ |xU}=kt |rY= hOy 'Q[=L Q=DWwv QO "OwW QHvt
w Q=DiQ ?} Q[ 'uwRi=Ctw=kt ?} Q[ |@=} RQ= |=Q@ uwRi=Q=@ |vLvt R= G}=Dv PN=
|vD@t |=yVwQ =@ |Oqwi |WtN |=y?=k |@v=H u=mtQ}}eD |}=tvnQR@ ?} Q[

"CU= uwRi=Q=@ |vLvt |R=U|]N Q@
|}=tvnQR@?} Q[w Q=DiQ?} Q[ 'QwmPthOy x@ uO}UQ|=Q@ 'Q[=L Q=DWwv QO
'5 '3� hrDNt C=k@] O=OaD =@ \UwDt |Oqwi |WtN |=y?=k |@v=H u=mtQ}}eD
|=Q@ "CU= xOW x@U=Lt nv=} \UwD xOWQmP QF-wt pt=wa T=U=Q@ �13 w 11 '9 '7
xO=iDU= OpenSees Q=Ri=sQv QO =ypOt |]NQ}e |m}D=DU= p}rLD R= Qw_vt u}=
xOWx�=Q= VwQ w FEMA-P695 VwQ 2 R= 'QwmPt ?}=Q[ QO QF-wt pt=wa w xOW
CUOx@ G}=Dv =yDv= QO "CU= xOW G=QNDU= 2800 OQ=Ov=DU= sQ=yJ V}=Q} w QO
w Qo}Om} =@ 'C}iQ_ |vLvt |@=} RQ= |=yVwQ w xR=U `=iDQ= QDt=Q=B T=U=Q@ xOt;

"Ov=xOW xU}=kt u=Q}= 2800 OQ=Ov=DU= |O=yvW}B Q}O=kt =@ u}vJty

|}=tvnQR@ ?} Q[ w Q=DiQ ?} Q[ QO QF-wt pt=wa "2
|}=Hx@=H

wO u=wD|t |DNUx@ xm CU= u=vJ Q=DiQ ?} Q[ u}}aD QO QF-wt pt=wa |oOQDUo
|=y|oS} w u=tDN=U Qy 'Qo}O CQ=@a x@ "Ci=} u=Um} Q=DiQ ?}=Q[ =@ u=tDN=U
xm |rt=wa \ki 'nv=} VwQ QO wQ u}= R= "OQ=O OwNx@ XwYNt w OQix@ QYLvt
VwQ T=U=Q@ [4]"CU= xOW OQ=w Q=DiQ ?} Q[ |x]@=Q QO 'OvQ=O |QD|U=U= Vkv
h} QaD 1 |x]@=Q j@] ?} Q[ 3 ?Q[pY=L CQwYx@ Q=DiQ ?} Q[ 'QwmPt
Vy=m ?} Q[ Rs '|Q}PBpmW R= |W=v Vy=m ?} Q[ R� u; QO xm 'OwW|t

%CU= |v}at=v R= |W=v Vy=m ?} Q[ Rr w 'uwRi= Ctw=kt R= |W=v
R = R�:Rs:Rr (1)

l} Qy u=wD|t u; x@ xHwD =@ xm 'OyO|t u=Wv =Q xR=U C}iQ_ |vLvt '1 pmW
w (�) xR=U |rm |Q}PBpmW u}vJty w Q=DiQ ?} Q[ |xOvyOp}mWD pt=wa R=

%OQm G=QNDU= 5 |r= 2 \@=wQ j@=]t =Q (Cd) |}=Hx@=H |}=tvnQR@ ?} Q[
� = �max

�y
(2)

R� = Ve
Vy

(3)

Rs = Vy
Vs

(4)

Cd = �max

�s
(5)

"xR=U C}iQ_ |vLvt l}D=tW pmW "1 pmW

xOWx�=Q= VwQ x@ u=wD|t =yv; u} QDOQ@ Q=mQB R= xm 'CU= xOW u=wva|irDNt |=yVwQ
[7]'FEMA-P695 ,=Q}N= w [6]'ATC-40 [5]'FEMA�356 [1]'ATC-19 QO
ATC-40 w FEMA-356 'ATC-19 Ovv=ty OwHwt `H=Qt QDW}@ QO "OQm xQ=W=
OvJ =} wO |xOWxO=U w p;xO}= Cr=L x@ uwRi=Q=@ |vLvt '|}=yptar=QwDUO T=U=Q@
CUOx@ QwmPt |xOWp;xO}= |vLvt R= R=}vOQwt pt=wa TBU w OwW|t p}O@D|]N
VwQ =@ x@=Wt 'sQ=yJ V}=Q} w 2 CUw}B QO R}v [8]'u=Q}= 2800 OQ=Ov=DU= "O};|t
|@=} RQ= |=Q@ =Q xR=U C}iQ_ |vLvt '|rtar=QwDUO R= xO=iDU= =@ FEMA-356

"Ovm|t p}O@D |]N |xOWp;xO}= pOt x@ |OOa
|OQmrta |=yQDt=Q=B |OOa|@=} RQ= |=Q@ FEMA-P695 OQm} wQ xm|r=L QO
uwO@ w uwRi=Q=@ |vLvt R= ,=t}kDUt xOWPN= G}=Dv T=U=Q@ Q=DiQ ?} Q[ Q}_v =yxR=U
uOQm|]NwO |=Q@ xDiQoCQwY C=}[Qi xmv}= x@ xHwD =@ "CU= u; uOQm |]NwO
QHvt R}v |QDCw=iDt G}=Dv x@ w OvDUy ẁvDthrDNt `H=Qt QO,qwtat uwRi=Q=@|vLvt
|QD|ak=w G}=Dv x@ FEMA-P695 OQm} wQ R= xO=iDU= OUQ|t Q_vx@ 'OvwW|t

"OwW QHvt
?} Q[ u}}aD |=Q@ |O=} R |=yVywSB Q}N= |=yp=U QO xm CU= QmPx@ sRq
'CU= xOW s=Hv= |}xR=U hrDNt |=ysDU}U u=mtQ}}eD |}=tvnQR@ ?} Q[ w Q=DiQ
xO=iDU= |OOa G}=Dv PN= |=Q@ C}iQ_ |vLvt |R=U|]N OQm} wQ R= ,=QFm = xm
|=y?=k Q=DiQ ?} Q[ |UQQ@ %OQwt QO |D=ar=]t x@ u=wD|t xvwtv u=wvax@ "Ov=xOQm
|Q}PBpmW w uwRi=Ctw=kt R= |W=v wQ}v Vy=m ?} Q[ [9]'|Oqwi Ov@ Q=yt =@ |vD@
Ov@ Q=yt =@ |=y?=k Q=DiQ ?} Q[ [10]'|QO@ Q[ w uwQwW Ov@ Q=yt =@ |=y?=k |=Q@
uwQwW 'uwQwW CQwYx@ 'Ov@ Q=yt |Q}oQ=Qk hrDNt Cr=L xU QO ?=DVv=tm
xOW|Ov@ Q=yt |=y?=k Q=DiQ ?} Q[ OQwt QO u}vJty w [11]&|QO@ Q[ w 'Twmat
w q=@ OQ=wt |t=tD QO [12]"OQm xQ=W= xDi=}Vy=m `]kt =@ ?=DVv=tm Ov@ Q=yt =@
OwHwt |v=tDN=U ?=k sDU}U QO Ov@ Q=yt R= |awv [15�13]'Qo}O C=ar=]t |NQ@
xDi=} Vy=m ,=twta u=tDN=U `=iDQ= w C=k@] O=OaD V}=Ri= =@ Q=DiQ ?} Q[ w xOw@
xR=U `=iDQ= V}=Ri= =@ Q=DiQ ?} Q[ Vy=m xm CU= xOW O}m -=D xv}tR u}= QO "CU=

[15]"CU= xOW |Ov@ Q=yt |=ysDU}U |=Q@ pwtat OvwQ =@ j@=]t
[18�16]'|WtN|=y?=k`=wv= R=|UQQ@ OQwt|=ysDU}U|NQ@ QO 'Qo}OhQ]R=
ẁvx@ xDU@ [18w17]'=yu; R= |NQ@ QO |DL w OwW|tv xOy=Wt |OvwQ u}vJ xQ=wty
?} Q[ C=Q}}eD 'CU= �IDA� |W}=Ri= |m}t=v}O =} w |]NQ}e |m}D=DU= xm p}rLD

"CU= Cw=iDt u=tDN=U `=iDQ= =@ Q=DiQ
l}\ki |r}rLD |=ypOt [14]'`HQt RH x@ Q}N= |xOWQmP C=ar=]t |t=tD QO
xOW G=QNDU=\@DQt |xt=vu}}; R=,qwtat xm 'x}rw=|@=NDv= Q=DiQ?} Q[ T=U=Q@ w Q=@
|=y?=k Q=DiQ ?} Q[ |x@U=Lt |=Q@ '2009 p=U QO |rw &Ov=xOW |L=Q] 'CU=
?} Q[ T=U=Q@ =ypOt |L=Q]R=@ |xrLQtl} '?=DVv=tm Ov@ Q=yt =@ xO=U w xv=owO
|}xR=U sDU}U ẁv wO Qy OQwt QO pY=L |xH}Dv w xOW s=Hv= |D=@U=Lt Q=DiQ
?} Q[ =@ =ypOt |L=Q] |=Q@ ZwQit Q=DiQ ?} Q[ xJQo = xm CU= xOw@ u}=
=ypOt |L=Q]R=@ =@ |rw 'CU= xDW=O |yHwD p@=k hqDN= pY=L |D=@U=Lt Q=DiQ
|D=@U=Lt Q=DiQ ?} Q[ 'xrLQt u}= QO pY=L |D=@U=Lt Q=DiQ ?} Q[ T=U=Q@
CQ=@ax@ "OQ=O p@k |xrLQt |D=@U=Lt Q=DiQ ?} Q[ =@ |R}J=v hqDN= 'OOHt
xOWv G}=Dv QO |Q}osWJ C=Q}}eD ?Hwt =]N w |aU Ov}=Qi w |L=Q]R=@ 'Qo}O

[14]"CU=
`H=Qt QO ẁvDt C=}[Qi OwHw x@ xHwD =@ 'CU= xOW xQ=W= ,q@k xmu=vJty
Q=Qk Q}F-=D CLD =Q pY=L G}=Dv xm 'uwRi=Q=@ |vLvt |R=U|]N |=Q@ hrDNt
|QD|ak=w G}=Dv x@ FEMA-P695 s}kDUt OQm} wQ OUQ|t Q_v x@ 'OyO|t
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UOv
yt "CU= xOW xO=iDU= [22]'Ro}@ w |r R}v w [21]'Qrmv} w=Qm w QYv [20]'p=y

?w=vD u=tR x@ xDU@=w =Q |Q}PBpmW R= |W=v wQ}v Vy=m ?} Q[ 'p=y w lQ=tw}v
"Ov=xOQm KQ]t 8 |x]@=Q CQwYx@ w xR=U

R� = 1 0 (T < 0 03 s)
R� =

p2�� 1 (0 12 < T < 0 5 s)
R� = � (T > 1 0 s) (8)

u=tR T 'u; QO xm 'CU= xOW x�=Q= 9 |x]@=Q QO Qrmv} w=Qm w QYv |xOWx�=Q= |x]@=Q
b w a ?}=Q[ u; T=U=Q@ xm 'CU= s}rUD R= TB |DNU C@Uv � w xR=U ?w=vD

"Ov=xOW x�=Q= 1 pwOH j@=]t
R� = [c(�� 1) + 1]

1
c ;

c(T; �) = T a

1 + T a
+ b
T

(9)

� ?} Q[ wO x@ xDU@=w =Q |Q}PBpmW R= |W=v wQ}v Vy=m ?} Q[ R}v 'Ro}@ w |r
T=U=Q@ ?}=Q[ u}= xm 'Ov=xOQm x�=Q= 10 |x]@=Q =@ j@=]t (T ) ?w=vD u=tR w � w

"CU= G=QNDU= p@=k 2 pwOH R= xR=U (�) |Q}PBpmW ?} Q[ w ?w=vD u=tR
R� = �+ � (log T ) (10)

u; R= |W=v Vy=m ?} Q[ w uwRi= Ctw=kt "2"2
|Q}tN |qwr u; QO ,=Lq]Y= w OUQ@ s}rUD OL x@ xR=U <=[a= R= |m} xm |t=ovy
xO}UQ u=}=B x@ |Q=OQ@xQy@ Cr=L QO |L=Q] x=oO}O R= xR=U Ctw=kt 'OwW p}mWD
xR=U Ctw=kt u=}=B u=wva x@ QwmPt |xO}OB '|}=yv |L=Q] Cr=L QO |rw &CU=
'|a=HDQ=Q}e pmWQ}}eD =@ Ov=wD|t u=vJty Q_vOQwt w[a =Q} R "O};|tv ?=UL x@
|=yqwr p}mWD =@ "OUQ@ s=Oyv= w |oDN}Uo |xrLQt x@ =D Ovm ?PH =Q |OwQw |SQv=
'O@=}|t Vy=m |m}D=DU= |v}at=v |xHQO Vy=m =@ xR=U |DNU G} QOD x@ |Q}tN

[21]"9 |x]@=Q QO xDiQ Q=mx@ ?}=Q[ "1 pwOH
0 10 0 02 0 00 �

0 80 1 00 1 00 a

0 29 0 37 0 42 b

[22]"10 |x]@=Q QO xDiQ Q=mx@ ?}=Q[ "2 pwOH
� ?} Q[ T xOwOLt

5 4 3 2 (s)

3 1107 2 6587 2 2296 1 6791 � 0 1 � T < 0 51 4307 1 0587 0 7296 0 3291 �

3 8336 3 3700 2 7722 2 0332 � 0 5 � T < 0 73 8323 3 4217 2 5320 1 5055 �

3 4180 2 9853 2 4823 1 8409 � 0 7 � T < 4=01 1493 0 9380 0 6605 0 2642 �

|=yxt=vu}}; Ovv=ty 'Q[=L Q=DWwv QO Q=DiQ ?} Q[ R= Qw_vt xm OwW|t Qw;O=}
Ctw=kt OL QO Q=DiQ ?} Q[ '2800 OQ=Ov=DU= sQ=yJ V}=Q} w R}v w |}=m} Qt;
u}= QO |L=Q] K]U 'CU= xOW XNWt 1 pmW QO xm u=vJty "CU= (Ru)

'OW=@ R=Ht VvD OL |L=Q] K]U Qo = xm |r=L QO 'CU= Ctw=kt OL Cr=L
QDnQR@ Q@=Q@ 1 4 OwOL xm 'OwW xO=iDU= O}=@ (Rw) R=Ht VvD OL QO Q=DiQ ?} Q[
xOw@ Q_v Ot |Dr=L u}vJ 2800 OQ=Ov=DU= swU V}=Q} w QO "Ow@ Oy=wN Ru R=
|Oqwi |WtN?=k |=Q@ xOWQmP R=Ht VvD OL Q=DiQ ?} Q[ 'xvwtv u=wvax@ "CU=
Q=DiQ ?} Q[ CQwYx@ 1 4 Q@ s}UkD =@ O}OH V}=Q} w QO xm 'CU= xOw@ 7 \UwDt

"CU= xOW Qy=_ 5 Q@=Q@ Ctw=kt OL

u; R= |W=v Vy=m ?} Q[ w |Q}PBpmW "1"2
x@ '|}=yv |@v=H u=mtQ}}eD CtUk GQ=N CQwYx@ xR=U |Q}PBpmW ?} Q[
u=mtQ}}eD 'u; QO xm "OwW|t h} QaD 2 |x]@=Q j@] xR=U QF-wt s}rUD u=mtQ}}eD
C}OwOLt R}v wp}rLD QO sDU}U|}=Hx@=H|}=yvC}iQ_ x@ xHwD =@ '(�max)|}=yv
"OwW|t u}}aD 2800 OQ=Ov=DU= Q}_v =yxt=vu}}; QO xOWXNWt |@v=H u=mtQ}}eD
[7]'FEMA-P695 QO xOWx�=Q= VwQ T=U=Q@ u=wD|t =Q s}rUD QF-wt u=mtQ}}eD
?w=vD u=tR 'xR=U uRw 'xv}W}@ |x}=B VQ@ Q}_v |rt=wa x@ xDU@=w w 6 |x]@=Q j@]
T=U=Q@ C0 ?} Q[ |x]@=Q u; QO xm 'OQw; CUOx@ C0 ?} Q[ w 'xR=U |rY=
QF-wt uRwW 'xv}W}@ |x}=B VQ@ Vmax '7 w 6 \@=wQ QO "OwW|t h} QaD 7 |x]@=Q
'|r}rLD ?w=vD u=tR T1 '|}xt=vu}}; |@ QHD ?w=vD u=tR T 'pkF ?=DW g '|}xRQr
|xk@] QO pw= Owt Q=Okt '1;x w x |xk@] sQH mx 's=@ QO pw= Owt Q=Okt '1;r

"CU= x
�y = C0

Vmax

W
[ g
4�2 ](max(T; T1))2 (6)

C0 = '1;r

NP
1
mx'1;x

NP
1
mx'21;x

(7)

p;xO}= pOt R= R}v 2800 OQ=Ov=DU= sQ=yJ V}=Q} w QO s}rUD QF-wt u=mtQ}}eD u}vJty
Q=DiQ |vLvt w |]NwO Q=DiQ pOt Q} R K]U |Q@=Q@ ZQi =@ uwRi=Q=@ |vLvt |xOW

[8]"OwW|t xH}Dv OQ=Ov=DU= u}= 2 CUw}B j@=]t 'xv}W}@ |}=Hx@=H =D |]NQ}e
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