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|}=H@=H OwOL [26]'FEMA� P58 OQ=Ov=DU= =@ j@=]t '1 pwOH QO "CU= xOW

"CU= xOW x�=Q= |Oqwi |=yxR=U OQmrta |@=} RQ= |=Q@ |}xk@] |@Uv
|=Q@ |=x}=B VwQ w OvDUy syt Q=}U@ |oOvvmW `@=D QO �D �D QDt=Q=B wO
|tD} Qwor=ltm x@ 'u; QO xm &CU= wrQ=mCvwt |R=Ux}@W R= xO=iDU= '=yv; |x@U=Lt
uDW=O Q=}DN= QO =@ |iO=YD |=yQ}eDt |=Q@ Q=Okt |O=} R O=OaD '2 |x]@=Q Ovv=t

[27]"OwW|t O}rwD Q}eDt Qy OQ=Ov=DU= h=QLv= w u}ov=}t Q=Okt
Get 0 < I0 < 6075
Ii+1 = (106Ii + 1283) mod 6075
! ri+1 = Ii+1=6075
! xi+1 = F�1(ri+1)

(2)

|=Q@ xOWQ=}DN= p=tDL= |atHD `@=D F w xOW O}rwD |iO=YD Q}eDt xi 'u; QO xm
xm &CUwrQ=mCvwt sD} Qwor= =@ xOW O}rwD Q=Okt 'ri Q=Okt "CU= |iO=YD Q}eDt
xi |w=Ut =} QDlJwm xO}OB O=ONQ p=tDL= =@ Q_=vDt sD} Qwor= '|Oa@ s=o QO uwJ

"Ovm|t O}rwD 1 =D 0 u}@ =Q ri Q=Okt wrQ=mCvwt sD} Qwor= 'CU=
Q]N CLD |iO=YD |=yQ}eDt QwmPt Q}O=kt =@ xOW O}rwD |=yxR=U TBU
uDW=O CUO QO =@ "O};|t CUOx@ Cr=L Qy QO xR=U MU=B w p}rLD xrRrR
"Ov};|t CUOx@ �D) OQ=Ov=DU= h=QLv= w (�D) u}ov=}t Q}O=kt 'Q}N= |=yMU=B
xt=O= |}=Qosy pwYL =D wrQ=mCvwt |R=Ux}@W =@ |iO=YD Q}eDt O}rwD Ov}=Qi

"O@=}|t
Qy |=Q@ sRq u=tR COt 'xrRrR Q@=Q@ QO =yxR=U p}rLD QO xmv}= x@ xHwD =@
|R=Ux}@W R= xO=iDU= |=x}=B VwQ =@ =yp}rLD O=OaD u}vJty w |]NQ}ep}rLD
CU= xOW O=yvW}B |WwQ 'Q[=L |xar=]t QO 'OvDUy O=} R Q=}U@ wrQ=mCvwt
O=OaD =@ w ?U=vt CkO =@ =Q �D w �D Q=Okt wO |Oqwi |=yxR=U |=Q@ xm
|OQmrta hrDNt Kw]U QO w xrRrR hrDNt |=yCOW <=R= x@ sm |=yp}rLD

"OyO|t CUOx@

SI�HDMR |O=yvW}B VwQ "2"2
SI- |O=yvW}B VwQ ltm =@ |oOvvmW |vLvt G=QNDU= pL=Qt '|rm CQwYx@

%CU= KQW u}= x@HDMR

x@ OQmrta K]U Qy |=Q@ |rm CQwYx@ |oOvvmW |vLvt '1 pmW j@=]t �hr=
%OwW|t s}UkD x}L=v xU
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%OwW|t

�comp =

s
�2
d/IM + �2

c

b
(10)

�d/IM �=
sP

(ln(di)� ln(aIMb))2

N � 2 (11)

'|]NQ}e |v=tR |xJN} Q=D p}rLD R= xOt; CUOx@ MU=B Q}O=kt di '=yv; QO xm
?}=Q[ x@ xHwD =@ ?=DW |oOvwQV}B s=oQy QO MU=B u}ov=}t Q}O=kt a(IM)b

=yCW=ov?=DW O=OaD N '|v=wD |x]@=Q VR=Q@ |vLvt R= xOt; CUOx@ b w a
|=Q@ 0/25 Q=Okt xm 'CU= OQmrta K]U Qy =@ \@DQt OQ=Ov=DU= h=QLv= �c w

"CU= xOW O=yvW}B u;
QO OQ=Ov=DU= h=QLv= u=R}t w 9 |x]@=Q R= u}ov=}t Q=Okt |x@U=Lt R= TB "6 s=o
CWPo =Qi p=tDL= '|oOvvmW `@=D R= xO=iDU= =@ '10 |x]@=Q R= ?=DW K]U Qy

"CU= xOW x@U=Lt OQmrta K]U Qy =@ Q_=vDt |@=QN Q=Okt R=
KQW u}= x@ HDMR VwQ =@ |oOvvmW |vLvt G=QNDU= hrDNt pL=Qt u}vJty

%CU=
R= 'Qw_vt u}= |=Q@ "OvwW|t ?=NDv= |iO=YD |=yQDt=Q=B |=Q@ |Q}O=kt "1 s=o

&OwW|t xO=iDU= =yQ}eDt OQ=Ov=DU= h=QLv= Q@=Q@ 2 w u}ov=}t
sy =@ O}=@ QwmPt Q}O=kt '|iO=YD |=yQDt=Q=B |=Q@ \=kv ?=NDv= R= TB "2 s=o
"OvwW|t?}mQD Qo}O |=yQ}eDt u}ov=}t =@ Q_vOQwt Q}eDt Q}O=kt '=Pr "OvwW?}mQD

2664 x21 x1 1
x22 x2 1
x23 x3 1

3775�
2664 a

b

c

3775 =

2664 y1
y2
y3

3775 (7)

XA = Y ! A = X�1Y (8)

CUOx@ |=yMU=B y3 =D y1 w |iO=YD Q}eDt hrDNt Q}O=kt x3 =D x1 '=yv; QO xm
CLD hrDNt |=y?}mQD |=Q@ |]NQ}e |v=tR |xJN} Q=D |=yp}rLD R= xOt;
'=yQ}eDt T} QD=t X u}vJty "OvDUy hr= s=o QO xOt;CUOx@ xrRrR |=yCOW
'|oOvvmW `@=D QO xm |}=Hv; R= "OvDUy MU=B T} QD=t Y w ?}=Q[ T} QD=t A
wO Qy |=Q@ O}=@ =Pr 'CU= R=}vOQwt OQ=Ov=DU= h=QLv= w u}ov=}t Q=Okt wO Qy
'MU=B `@=wD |x@U=Lt |=Q@ 'Q[=L |xar=]t QO "OwW x}yD MU=B `@=D 'Q}N= QDt=Q=B
Qy |=Q@ 'u}vJty "CU= xOW ?=NDv= Q=Okt xU (xj) |iO=YD Q=Okt Qy R=
|=Q@ OQ=Ov=DU= h=QLv= `@=D |rw &CU= xOW x}yD MU=B `@=D l} 'CW=ov?=DW

"CU= xOW O}rwD =yCW=ov?=DW |xawtHt
|R=Ux}@W VwQ ltm x@ 'OQmrta K]U Qy QO MU=B `@=wD |x}yD R= TB �A
hrDNt |=y?}mQD <=R= x@ w O}rwD xj |=yQ}eDt |=Q@ hrDNt Q}O=kt 'wrQ=mCvwt
|=Q@ OQ=Ov=DU= h=QLv= Q=Okt l} w CW=ov?=DW Qy |=Q@ MU=B Q=Okt l} 'xj
|=Q@ xOW xO=iDU= sD} Qwor= "CU= xOW xOR u}tND =yCW=ov?=DW |xawtHt
|iO=YD OOa O=OaD |xv}tm "CU= xOw@ 2 |x]@=Q =@ j@=]t wrQ=mCvwt `} RwD
O}rwD OOa 50 QO �2 R= V}@ G}=Dv Q}}eD sOa |}=Qosy \QW w 500 'xOW O}rwD
u}tND MU=B Q}O=kt OQ=Ov=DU= h=QLv= w u}ov=}t Q=Okt "CU= xOw@ |r=wDt |xOW
Qy |=Q@ |oOvvmW |=y|vLvt w xOW |Q=Po|=H |oOvvmW `@=D QO xOWxOR
|O=yvW}B VwQ |xOWQmP pL=Qt '2 pmW QO "Ov=xOt; CUOx@ OQmrta K]U

"OwW|t xOy=Wt |oOvvmW |vLvt G=QNDU= |=Q@ SI-HDMR

HDMR w pvQm |=yVwQQ "3"2
|=yp}rLD O=OaD =@ |oOvvmW |=y|vLvt G=QNDU= |=Q@ |irDNt |=yVwQ uwvm =D

"OvDUy =yv; u} QDKQ]t R= HDMR w pvQm VwQ wO xm 'CU= xOW x�=Q= QDtm
Qw_vtx@ |oOvvmW `@=D l} 'X=N OQmrta K]U Qy |=Q@ 'pvQm VwQ QO
COW Qy |=Q@ OQmrta K]U Qy =@ Q_=vDt |@=QN Q=Okt R= CWPo =Qi p=tDL= u}}aD
KQW u}= x@ pvQm VwQ x@ |oOvvmW |vLvt G=QNDU= pL=Qt "OwW|t x�=Q= xRQru}tR

%CU=
&OwW|t ?=NDv= |i}] ?=DW |=Q@ |oOvwQV}B s=o O=OaD =OD@= "1 s=o

wrQ=mCvwt VwQ x@ |iO=YD O=Oa= '=ys=o O=OaD x@ |iO=YD |=yQDt=Q=B |=Q@ "2 s=o
&OvwW|t O}rwD

MU=B u}ov=}t TBU 'OwW|t s=Hv= |v=tR |xJN} Q=D p}rLD 's=o Qy QO "3 s=o
&OwW|t G=QNDU= hrDNt |=yCW=ov?=DW

CQwYx@ |v=wD |x]@=Q Q=Owtv 'MU=B u}ov=}t w xrRrR COW \=kv u}@ "4 s=o
OwW|t xO=O VR=Q@ 9 |x]@=Q

dEDP = a(IM)b (9)

xOR u}tND 11 w 10 \@=wQ R= xO=iDU= =@ w x@U=Lt =yMU=B |oOvm =QB u=R}t "5 s=o

68



1|
xQ=t

W'
40

|xQ
wO'

�14
03

Q=y@
�h

}QW
u=Qt

a|
UOv

yt [9]"xar=]t OQwt |xk@] 9 |xR=U <=[a= `]=kt "2 pwOH
uwDU C=YNWt Q}D C=YNWt xk@]
W14X550 W40X183 1
W14X550 W40X183 2
W14X550 W36X150 3
W14X455 W36X150 4
W14X455 W36X150 5
W14X398 W33X118 6
W14X398 W33X118 7
W14X342 W27X94 8
W14X342 W21X62 9

|xk@] 6 QO w QDt|r}t 18 =@ Q@=Q@ pw= |xk@] 6 QO =yv; Ct=N[ xm 'OvDW=O
OQ=Ov=DU= ẁv R= '=yQ}D |xty `]kt u}vJty "CU= xOw@ QDt|r}t 16 =@ Q@=Q@ swO

"CU= xOw@ W16� 50

OpenSees Q=Ri=sQv QO |R=UpOt "2"3
R=@ uDt w u=o}=Q xm 'CUwQm =t p}rLD Q=Ri=sQv l} [32]'26 OpenSeesQ=Ri=sQv
C}r@=k |m}vmDw�S w |=xR=U |=yQ=DN=U VywSB w p}rLD |xRwL QO w CU=
Q=Ri=sQv QO p}rLD s=Hv= |=Q@ |]NQ}e CQwYx@ =yxR=U 'Q[=L VywSB QO "OQ=O
|=yVwQ R= p=YD= |=yxtWJ |R=UpOt |=Q@ "Ov=xOW |R=UpOt OpenSees

x@ p=YD= |xtWJ p=YD= "CU= xOW xO=iDU= 28Qrmv} w=Qm w 27=DB wo |R=UpOt
'|v=DLD w |v=kwi |=yuwDU x@ u; p=YD= pLt QO w xOw@ ?rY ẁv R= Qw=Ht |=yQ}D
|=Q@ |Q}tN pYit pOt =@ |R=UpOt QO "CU= xOW h} QaD |Q}tN pY=it
|]NQ}e Q=DiQ 'xrRrR QO ,q=tDL= xm w[a |}=yDv= w =OD@= \=kv '=[a= |R=UpOt
VwQ QO "Ov=xOW |R=UpOt |]NQ}e RmQtDt pYit l} CQwYx@ CW=O Ovy=wN
|R=UpOt "OQ=O OwHw R}v xR=U p=wR w =[a= |oOWsQv |R=UpOt u=mt= 'Q}N=
Q=DiQ w xOw@ u=UWm CQwYx@ RmQtDt pYit VwQ QO xR=U uwDU w Q}D <=[a=
"CU=xOW h} QaD uwDU =} Q}D |=yDv= QO |Q}tN |=ypYit QO =yxR=U |]NQ}e
p=YD= |xtWJ p=YD= C}@rY u=R}t '=yuwDU |Q}tN pY=it |DNU 'xH}Dv QO
'=yuwDU w =yQ}D |Q}tN pY=it |R=UpOt "OQm Oy=wN XNWt =Q =yuwDU x@
Qrmv} w=Qm- 29=Q=@}= p=wR pOt Q@ j@]vt 'QwmPt |Q}tN pY=it |=vLv= u=tt Q=DiQ
=@ j@=]t '=vLv=- Qovr Q=DiQ h} QaD |=Q@ 'xOW xQ=W= pOt QO xm [33]'CU= xOw@
VQDUo 30Qrmv} w=Qm w Twvo}r \UwD xm 'CU= xOw@ Bilin |QwLtlD Kr=Yt
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Kr=Yt |=vLv= � Qovr Q=DiQ Q@ j@]vt |v=QwO CyH QOQwmPt u=tr= Q=DiQ TBU
xOW ^=Lr R}v |WtN |=y?=k |wQ Q@ P-Delta QF= "CU= xOW h} QaD Bilin

"CU=
x@ xk@] 12 w 9 '4 |=yxR=U |=Q@ OpenSees Q=Ri=sQv QO xR=U |=y?w=vD u=tR
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Q=Okt TBU w OwW|t |v=tR |xJN} Q=D |m}t=v}O p}rLD '?}mQD Qy TBU
CUOx@ hrDNt CW=ov?=DW <=R= x@ =yxR=U MU=B OQ=Ov=DU= h=QLv= w u}ov=}t
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|xHQO |=xrtHOvJ |x]@=Q l} '=yMU=B OQ=Ov=DU= h=QLv= w u}ov=}t |=Q@ "3 s=o
'CU= xOW QmP SI-HDMR VwQ QO xJv; Ovv=t '|iO=YD Q}eDt Qy <=R= x@ 2
|x@U=Lt u=mt= 'xOt;CUOx@\@=wQ R= xO=iDU= =@ '?}DQD u}O@ "OwW|t x@U=Lt
|iO=YD O=Oa= R= xawtHt Qy <=R= x@ MU=B OQ=Ov=DU= h=QLv= w u}ov=}t Q}O=kt

"OwW|t O=H}=
xOW O}rwD |iO=YD Q}O=kt <=R= x@ w xrRrR COW Qy |=Q@ 'xrLQt u}= QO "4 s=o
CUOx@ =yMU=B OQ=Ov=DU= h=QLv= w u}ov=}t Q}O=kt 'wrQ=mCvwt |R=Ux}@W =@
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Q@=Q@ wO hqDN= 'u}}=B w q=@ |=yOL 'HDMR VwQ QO =t= &OwW|t s}_vD
R= xOWQmP OwOL xm CU= umtt xm 'OvQ=O u}ov=}t Q=Okt =@ OQ=Ov=DU= h=QLv=
s=Hv= |ak=wQ}e \=kv QO =yp}rLD w OvW=@ xDW=O |O=} R hqDN= |ak=w OwOL

&OwW
MU=B `@=D l} 'OQmrta OL Qy w CW=ov?=DW Qy |=Q@ 'SI-HDMR VwQ QO "2

&OwW|t =]N Vy=m ?@U OwN xm 'OwW|t O}rwD
|=y|vLvt|rmpmWT=U=Q@ xrRrR COW|O}rm Q}O=kt 'SI-HDMR VwQ QO "3
|=]N Vy=m ?@U xm 'O};|t CUOx@ OQmrta OL Qy =@ Q_=vDt w |oOvvmW

"OwW|t |D=@U=Lt

=yxR=U p}rLD w |R=UpOt "3
QO =yv; |R=UpOt u}vJty w |UQQ@ |Oqwi |=yxR=U C=YNWt '|vwvm VN@ QO
K} QWD Q=Ri=sQv QO |]NQ}e Q=DiQ |}=tR;|DU=Q u}vJty "CU= xOW K} QWD Q=Ri=sQv

"CU= xOW

xOW |UQQ@ |Oqwi |=yxR=U C=YNWt "1"3
[7]'�2014� |RDv=R=m C=ar=]t R= ?}DQD x@ |Oqwi |xk@] 12 w 4 '9 |xR=U xU
[28]'�2020� u=Q=mty w 25nv=}H w [12]'�2010� T}m =O=}o =Qi w Twm}UD=wt=w
|xR=U "OvDW=O |=xS} w |Q}PBpmW =yxR=U "Ov=xOW ?=NDv= Q[=L VywSB |=Q@
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[30]'AISC w [29]'IBC |=yxt=vu}}; T=U=Q@ 'QwmPt |xR=U "CU= xOw@ QDt 3/7
|Ov@xk@] j@=]t 'Q}N= |xR=U xU l =N "CU= xOW |L=Q] TrHv;Tr QyW QO
4 |xR=U |=yQ}D `]=kt "CU= xOw@ D |xk@] R= [31]'ASCE |xt=vu}}; |xrRrR
R}v w W21� 93 |Oa@ |xk@] wO QO w W27� 102 pw= |xk@] wO QO xk@]
W24� 76 QN; |xk@] QO w W24� 117 pw= |xk@] xU QO u; |=yuwDU
`=iDQ= "CU= xOW x�=Q= 2 pwOH QO xk@] 9 |xR=U ?=k `]=kt C=YNWt "Ov=xOw@
|=yuwDU "CU= xOw@ QDt 6 pw] x@ xv=yO 6 =@ QDt 3 =@ Q@=Q@ xk@] 12 |xR=U C=k@]
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U=[37]"xOW xO=iDU= |=yCW=ov?=DW C=YNWt "3 pwOH
PGA(g) p=U x=oDU}= xrRrR s=v xQ=tW

0/24 1992 Yermo Fire Station Landers 1
0/38 1992 Cool Water Landers 2
0/34 1999 Hector Hector Mine 3
0/48 1994 Canyon Country � W Lost Cany Northridge 4
0/69 1994 Mulhol� Beverly Hills 12520 Northridge 5
0/38 1979 Delta Imperial Valley 6
0/24 1979 El Centro Array # 11 Imperial Valley 7
0/36 1995 Shin - Osaka Kobe 8
0/5 1995 Nishi - Akashi Kobe 9
0/36 1999 Duzce Kocaeli 10
0/22 1971 LA - Hollywood Stor FF San Fernando 11
0/45 1987 Poe Road (temp) Superstition Hills 12
0/55 1989 Gilroy Array # 3 Loma Prieta 13
0/28 1989 Hollister Di�erential Array Loma Prieta 14
0/16 1978 Boshrooyeh Tabas Iran 15
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R= s}rUD VvD |iO=YD QDt=Q=B C=YNWt 'Q[=L |xar=]t QO "CU= s}rUD VvD
OQ=Ov=DU= h=QLv= 'MPa 240 u}ov=}t |=Q=O xm 'CU= xOW G=QNDU= [39w38]`@=vt
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