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|}xRQr |L=Q] |=yVwQ 'CW=O u=wD|t u}tR |}xRQr CmQL x@ xm |WQov ẁv T=U=Q@
R= 'CU=yxR=U |]N Q}e p}rLD |x}=B Q@ xm =yVwQ u}= R= |m} "OvwW|t Cw=iDt =yxR=U
|L=Q] Qo}O |=yVwQ QO xm |}=yha[ x@ xHwD =@ "OQ}o|t pmW xrRrR x@ |SQv= x=oO}O
|SQv= VwQ l}ORv |xOv}; QO xm OUQ|t Q_vx@ 'OQ=O OwHw |}=H@=H w wQ}v VwQ %xrtH R=
QO "OwW =yxR=U |}xRQr |L=Q] |rai |=yVwQ |t=tD u} Ro}=H ?U=vt pt=mD w OWQ =@
|}=yOQwmQ CLD |WtN |=y?=k |v=mtQ}}eD R=}v u}tND QO VwQ u}= CkO 'xar=]t u}=
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xm CU= QmP p@=k [9�6]"CU= xDiQo CQwY |vwo =vwo C=ar=]t 'u=R}t u}= QO QF-wt
h}] x@ \w@ Qt Q}O=kt 'xrRrR |OwQw |SQv= u}tND CyH xOWx�=Q= \@=wQ |t=tD QO
Q@ |=yVwQ |xv}tR QO "Ov=xDW=O xOya Q@ =Q |U=U= Vkv CaQU x@W w CaQU
QO |vwo =vwo C=k}kLD '|}xR=U |=y|UQQ@ QO =yu; OQ@ Q=m w |SQv= swyit |x}=B
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 |SQv= ?} Q[ u=wva =@ |@} Q[ '|Q}tN�
QO u; swyit xm CU= xOW h} QaD pO=at |]N sDU}U x@ |]NQ}e sDU}U \UwD
sy u=wD|t =Q (
) |SQv= ?} Q[ [14]"CU= xOW xO=O u=Wv 1 pmW w 2 |x]@=Q
R= sy w XNWt |xrRrR OQwmQ x@ \w@ Qt Ry � �� T j}kO |x]@=Q j} Q] R=
w lQ=tw}v |x]@=Q R= =y|UQQ@ u}= QO "OQm x@U=Lt |O=yvW}B |@} QkD \@=wQ j} Q]
T=U=Q@ =Q (
) |SQv= ?} Q[ Q}O=kt '2 pmW [15]"OwW|t xO=iDU= �1984� p=y

|m} |xrRvtx@ |}=H@=H VwQ CtU x@ wQ}v VwQ R= |}xRQr |L=Q] x=oO}O Q}}eD
=yVwQ |x�=Q= x@ QHvt 'Q}N= |=yp=U QO =yxR=U |]NQ}e |L=Q] |=yVwQ R=
|v=mtQ}}eD R=}v u}tND CyH QO |}=H@=H VwQ Q@ |vD@t hrDNt |=yQ=my=Q w
T=U=Q@ |=yVwQ x@ u=wD|t xrtH u; R= "CU= xOW �hOy u=mtQ}}eD� xR=U
|=yu=tDN=U |}xRQr |UQQ@ lQOt '[1]�2000� FEMA356 OQ=Ov=DU=V}B
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w QwO C=mQL u}@ C=QF= hqDN= uDiQoxO}O=v "OvDUy xR=U 1|]NQ}e |m}D=DU=
QHvt '|}=H@=H VwQ |D=P ha[ |xrRvtx@ xR=U |@=QN sR}v=mt QF= w l}ORv
VwQ |x}=B Q@ =yxR=U |]NQ}e p}rLD |xv}tR QO Qo}O x=oO}O uDiQoCwk x@
pL=Qt uOwt}B =@ x=oO}O u}= l}ORv |xOv}; QO xm OUQ|t Q_vx@ "CU= xOW |SQv=
=yxR=U |}xRQr |L=Q] |xv}tR QO OwHwt |=yVwQ u} Ro}=H 'OwN pt=mD w OWQ

"OwW
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|=Q@ Q=Okt u}= xm OW xO=O u=Wv 1984 p=U QO |Qo}O VywSB QO [4]"OW xOR
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l} w �MDOF� |O=R; xHQO OvJ |xR=U CmQL CqO=at x@ xHwD =@ =yu;
|R=Ht Q=m xm |O=R; xHQO OvJ |xR=U R= u=mtQ}}eDh} QaD w �SDOF� |O=R; xHQO
xOWs=Hv= Q=m =@ Q@=Q@ u=mtQ}}eD u}= x@ C@Uv xR=U |x}=B VQ@ \UwD xOWs=Hv=
CQwYx@ |O=R; xHQO OvJ |xR=U |=Q@ =Q |SQv= pO=aD |x]@=Q 'OW=@ xR=U \UwD
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w [12]'xR=U |SQv= C}iQ_ |vLvt s=o x@ s=o VwQ x@ |]NQ}e |m}D=DU= p}rLD x@
|vLvt 'CU= x@U=Lt p@=k s=o Qy QO (
) |SQv= ?} Q[ u; QO xm 5 |x]@=Q R=
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C=@U=Lt u}= OvwQ w pL=Qt '3 pmW "OwW|t xOR u}tND �hOy u=mtQ}}eD� xR=U
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|SQv= pO=aD swyit x@ xHwD =@ |v=mtQ}}eD R=}v u}tND
xm OW O=yvW}B |SQv= pO=aD swyit |x}=B Q@ |WwQ '2009 p=U QO |WywSB QO
=@ |O=R; xHQO l} sDU}U |SQv= pO=aD |x]@=Q u; QO w 'CU= xar=]t u}= |=v@t
|=[=kD |SQv= 'x]@=Q u}= QO "OW x�=Q= 6 |x]@=Q CQwYx@ |Q}tN� u=UWm Q=DiQ
ẁtHt CQwYx@ sDU}U \UwD xOW?PH |SQv= w x@U=Lt QvRw=y |x]@=Q R= xrRrR
T} RQDU}y CWoR=@ p@=k Q}e |SQv= w �Ee� u=UWm VvQm CWoR=@ p@=k |SQv=
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PGV PGA Site Dist.
Mw

Data
Station Date Earthquake

(cm/s) (g) Class (Km) Source

75 1 0 476 D 0 1 6 1 CDMG Chomlame#2 06 28 66 Park�eld

109 8 0 439 D 1 6 5 CDMG El Centro Array#6 10 15 79 Imperial valley �1�
83 9 0 515 D 2 6 9 - Erzincan 03 13 92 Erzincan

102 8 0 897 D 6 2 6 7 DWP Sylmar 1 17 94 Northridge �1�
117 5 0 828 D 6 1 6 7 DWP Sylmar 1 17 94 Northridge �2�
54 3 0 602 D 3 8 6 5 CDMG El Centro Array#8 10 15 79 Imperial valley �2�
89 7 0 662 D 9 5 7 1 CDMG Petrolia 04 25 92 Cape mendocino

81 3 0 821 D 17 9 6 9 PEER Kobe University 01 16 95 Kobe

"CU= xOW C@F hrDNt x=oDU}= wO QO |rw xO=O MQ M} Q=D l} QO xm s=v sy |=y xrRrR%2w1

"pUo R= QwO C=}YwYN =@ |=yOQwmQ x@ \w@ Qt C=aq]= "2 pwOH
PGV PGA Site Dist.

Mw
Data OQwmQ C@F x=oDU}= M} Q=D xrRrR OQwmQ s=v

(cm/s) (g) Class (Km) `@vt
29 8 0 313 D 8 3 7 USGS El Centro Array#9 05 19 40 Imperial valley �El Centro�
24 9 0 27 D 28 7 6 5 UNAM Chihuahua Array#6 10 15 79 Imperial valley �1�
11 6 0 169 D 26 5 6 5 UNAM Cerro Prieto 10 15 79 Imperial valley �2�
38 0 0 638 D 16 9 6 9 UCSC WAHO 10 18 89 Lomo prieta

27 5 0 358 D 25 5 6 7 CDMG LA-Hollywood Stor 01 17 94 Northridge �1�
8 1 0 151 D 25 4 6 6 USGS Palmdale Fire Station Array#8 02 09 71 San Fernando

12 1 0 194 D 60 6 7 USC Terminal Island 01 17 94 Northridge �2�
5 5 0 081 D 69 5 7 3 CDMG Hemet Fire Station 06 28 92 Landders

"=y?=k |UOvy C=YNWt "3 pwOH
xk@] `=iDQ= O=OaD xv=yO ZQa O=OaD sDU}U

�m� C=k@] �m� xv=yO |}xR=U
3 2 20'10'6'3 5 4 xS} w |WtN ?=k

P-� C=QF= R= w �5 xR=U |}=Q}t "�4 pwOH� OvDUy ST-37 Oqwi R= xOWxO=iDU=
|xt=vu}}; T=U=Q@ w xS} w |WtN ẁv R= =y?=k "CU= xOW Q_vhQY C=@U=Lt QO
R= QDtwr}m 10 OwOL |xrY=i w O=} R |R}NxRQr |xk]vt |=Q@ w [19]'�1997� UBC

u}= ?w=vD |xQwO "Ov=xOW |L=Q] w p}rLD SD ẁv l =N w B ẁv R= |R}NxRQr RmQt
C=k@] O=OaD V}=Ri= ?}DQDx@ 'CU= pw= Owt QO xR=U ?w=vD |xQwO u=ty xm =y?=k
|WtN |=y?=k |v=mtQ}}eD R=}v u}tND R= "CU= 3 14 w 1 52 1 058 '0 62
|v=tR |xJN} Q=D |]NQ}e R}r=v; G}=Dv =@ xU}=kt w |SQv= VwQ x@ xar=]t OQwt
VwQ CkO xm OwW|t pY=L xH}Dv u}= CkO VHvU Q=}at |xrRvtx@ �NDP�
u}= [20]"OQ=Ov |v=OvJ \=@DQ= OQwmQ uOw@pUo R= QwO w l}ORv C=}YwYN x@ |SQv=
2 CLD C=k@] |v=mtQ}}eD R=}v =@ x]@=Q QO 6 |r= 4 |=ypmW QO u=wD|t =Q xH}Dv
=yOQwmQ u}= x@ \w@ Qt CaQU x@W |=yh}] xm =yOQwmQ xwQo Qy R= OQwmQ |xvwtv
\w@ Qt ?w=vD |xQwO xar=]t u}= "OQm x_Lqt 'CU= xOW xO=O V}=tv 7 pmW QO
�Tp� OQwmQ Tr=B ?w=vD |xQwO |xrRvtx@ =Q CaQU x@W h}] Q=Okt |xv}W}@ x@

[21]"CU= xDiQo Q_v QO

xrRrR OQwmQ CaQU x@W |=yh}] |UQQ@
u=Wv 2 |x]@=Q R= xR=U x@ xrRrR |r=kDv= |SQv= u}tND QO xOWx�=Q= \@=wQ |UQQ@
u}tND QO |}xOvvmu}}aD w xOta Vkv �PSV� OQwmQ CaQU x@W h}] xm OyO|t
=yh}] u}= C=}YwYN |UQQ@ x@ C=ar=]t R= xrLQt u}= QO =Pr 'OQ=O Q=Okt u}=
"s} R=OQB|t xR=U |v=mtQ}}eD R=}v u}tND Qw_vtx@ |SQv= VwQ CkO QO =yu; Q}F-=D w
Qy w pUo R= QwO w pUo l}ORv C=}YwYN =@ xrRrR OQwmQ xwQo 2 R= =DU=Q u}= QO
QO =yOQwmQ u}= x@ \w@ Qt C=aq]= "CU= xOW xO=iDU= xrRrR OQwmQ 8 |=Q=O xwQo
xm �SI� |i}] COW T=U=Q@ =yOQwmQ u}= |t=tD "CU= xOW xOQw; 2 w1 |=ypwOH
|i}] COW xm CQwY u}O@ "Ov=xOW T=}kt 'OwW|t h} QaD 9 |x]@=Q CQwYx@
pUo l}ORv OQwmQ xar=]t u}= QO xm =v@t OQwmQ |i}] COW =@ =Q =yOQwmQ |t=tD
|i}] COW [17]"s}vm|t T=}kt 'CU= xOW xDiQo Q_v QO Imperial valley �1�
OQmrta Qw_vtx@ =y?=k �LS� |v=H |vt}= |OQmrta K]U T=U=Q@ =v@t OQwmQ
C@Uv |xv}W}@ x@ =v@t OQwmQ Qw_vt u}= |=Q@ "CU= xOW x@U=Lt =yu; |]NQ}e

[18]"CU= xOW T=}kt �Drift �2 5� �2 5 xR=U pm R} Qo
SI =

Z 2 5

0 1
SvdT (9)

C=YNWt� Cw=iDt C=k@] O=OaD =@ |Oqwi |WtN |=y?=k R= xar=]t u}= QO
|xOvR w xOQt Q=@ "CU= xOW xO=iDU= �CU= xOW |iQat 3 pwOH QO =yu; |UOvy
`]=kt |t=tD w Ov=xOW xDiQo Q_v QO 10 kN/m w 30 kN/m ?}DQDx@ C=k@]
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IPB360 IPB300 20
IPB360 IPB300 19
IPB360 IPB300 18
IPB360 IPB300 17
IPB360 IPB300 16
IPB360 IPB300 15
IPB360 IPB360 14
IPB360 IPB360 13
IPB360 IPB360 12
IPB360 IPB400 11

IPB360 IPB360 IPB360 IPB400 10
IPB360 IPB360 IPB400 IPB400 9
IPB360 IPB360 IPB400 IPB500 8
IPB360 IPB360 IPB400 IPB500 7

IPB360 IPB300 IPB400 IPB360 IPB400 IPB600 6
IPB360 IPB300 IPB400 IPB400 IPB400 IPB600 5
IPB360 IPB300 IPB400 IPB400 IPB400 IPB700 4

IPB360 IPB300 IPB400 IPB360 IPB450 IPB400 IPB450 IPB700 3
IPB360 IPB300 IPB400 IPB360 IPB450 IPB450 IPB450 IPB800 2
IPB360 IPB300 IPB400 IPB360 IPB450 IPB450 IPB450 IPB800 1

w[a Beam uwDU Beam uwDU Beam uwDU Beam uwDU
C=k@] O=OaD 3 6 10 20 xk@]
xv=yO O=OaD 4 4 4 4

"pUo R= QwO |xrRrR CLD xar=]tOQwt |=y?=k C=k@] R=QD |v=mtQ}}eD R=}v |xU}=kt "4 pmW
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"pUo l}ORv |xrRrR CLD xar=]t OQwt |=y?=k C=k@] R=QD |v=mtQ}}eD R=}v |xU}=kt "5 pmW

"=y?=k C=k@] R=QD |v=mtQ}}eD R=}v \UwDt |xU}=kt "6 pmW

w |DUB |rw 'OwW|t xOy=Wt xOWxDiQo Q=mx@ |=yOQwmQ xwQo 2 Qy QO |Qy=_
|=yOQwmQ |=yh}] QO QDW}@ Gw= |x]kv u}OvJ OwHw u}vJty w sm |=y|Ovr@
"OyO|t u=Wv =Q =yh}] u}= R= |}xvwtv '8 pmW "OwW|t xOy=Wt pUo l}ORv
QO xm CU= K[=w EL@ OQwt |=yOQwmQ CaQU x@W |=yh}] |UQQ@ =@
Gw= \=kv w |v=yo =v |Ovr@ w |DUB j]=vt x@ l}ORv ?w=vD |xQwO |=yxOwOLt
CU= u}}=B 'xR=U x@ xrRrR |r=kDv= |SQv= |ak=w Q}e u}tND Crax@ |SQv= VwQ CkO
|t=tD QO |SQv= VwQ CkO C=@F w |ia[ u}vJ VWwB w CkO V}=Ri= Qw_vtx@ w
|xQwO =@ Q_=vDt CaQU x@W h}] Q=Okt QO |Q}@OD O}=@ ?w=vD |xQwO |=yxOwOLt

"O}W}Ov= xR=U ?w=vD

|Ovr@ w |DUB '=yOQwmQ R= |[a@ x@ \w@ Qt CaQU x@W |=yh}] |UQQ@ =@
QO |v=yo =v C=Q}}eD u}= xm OwW|t xOy=Wt Gw= |x]kv u}OvJ Qo}O|[a@ QO w O=} R
xDW=O |}=RU@ Q}F-=D |SQv= VwQ R= pY=L G}=Dv CkO QO Ov=wD|t =yh}] u}= Q}O=kt
xJv; 'j}kLD u}= QO xOWxDiQo Q=mx@ |=yOQwmQCaQUx@W |=yh}] x@ xHwD =@ "OW=@
R= |tm OYQO xm CU= u}= OQm u=}@ u=wD|t =yu; |Qy=_ C=}YwYN OQwt QO xm
Gw= |x]kv l} |=Q=O xm |vat u}= x@ 'OvDUy |a}@] |Qy=_ |=Q=O =yh}] u}=
nvy; =@ ?w=vD |xQwO hrDNt |=yxR=@ QO =yu; |i}] Q}O=kt u}vJty w OvDUy
|=Q=O xOWxDiQo Q=mx@ |=yOQwmQ CaQU |=yh}] QDW}@ "Ovm|t Q}}eD |D@=F ,=@} QkD
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QO QF-wt Gw= CaQU h} QaD =@ "OyO|t u=Wv =Q QF-wt Gw= CaQU swyit '9 pmW
%OwW|t xO=iDU= 11 |x]@=Q R= xrRrR |OwQw |SQv= u=R}t u}tND CyH 'xrLQt u}=

Ei = 
 1
2M

�
n(EPV )2 (11)

CaQU x@W h}] Q=Okt |=Hx@ \ki w CU= 5 |x]@=Q u=ty x]@=Q u}= `k=wQO
"OwW|t xO=iDU= \w@ Qt QF-wt Gw= CaQU Q=Okt R= xR=U ?w=vD |xQwO x@ \w@ Qt

(EPV) OQwmQ QF-wt Gw= CaQU
|v=mtQ}}eD R=}v u}tND QO |SQv= VwQCkO Ow@y@CyH 'OW xQ=W=,q@k xm Qw]u=ty
h}] xm |@ w=vD |xQwO |=yxOwOLt QO VwQ u}= ha[ VWwB |=DU=Q QO w xR=U
|Hw= |x]kv =} w |Ovr@ w |DUB |=Q=O xOwOLt u; QO xrRrR OQwmQ CaQU x@W
|iQat x@ =Hv}= QO 'OW=@ Tr=B ?w=vD |xQwO x@ \w@ Qt OQwmQ Gw= |x]kv x@ l}ORv
h} QaD 10 |x]@=Q CQwYx@ CaQU u}= "s} R=OQB|t xrRrR OQwmQ QF-wt Gw= CaQU

%OwW|t

EPV =

t2R
t1
PSV dT

t2 � t1 (10)

%R= Ov=CQ=@a t2 w t1 'u; QO xm
Q}O=kt Ovv=ty u; Q}O=kt C@=F CaQU x@ \w@ Qt ?w=vD |xQwO |xOwOLt QO "1

"CU= x}v=F 2 5 w 0 1 ?}DQDx@ �SI� |i}] COW |x@U=Lt x@ \w@ Qt
|xQwO xm |}xvwo x@ t2 w 2 5 ?}DQDx@ C@=F CaQU R= GQ=N |xOwOLt QO "2

"OW=@ Q_vOQwt ?w=vD |xQwO |xOwOLt |xv=}t �TStr� xR=U ?w=vD
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|Q}oQ=mx@ Q}F-=D |UQQ@ x@ xt=O= QO 'EPV QF-wt Gw= CaQU h} QaD x@ xHwD =@
|O=R; xHQO OvJ |=yxR=U hOy u=mtQ}}eD u}tND QO |SQv= VwQ CkO QO u;
|=y|vLvt '11 w 10 |=ypmW "OwW|t xDN=OQB 'j}kLD u}= QO xar=]t OQwt
=@ OQwmQ 4 CLD =Q j}kLD u}= QO xar=]t OQwt |=y?=k C=k@] |v=mtQ}}eD R=}v
12 pmW |=yQ=Owtv u}vJty "OvyO|t u=Wv pUo R= QwO w l}ORv C=}YwYN
x@ \w@ Qt G}=Dv R= xm CU= C=k@] |v=mtQ}}eD |=yR=}v u}ov=}t |xOvyOu=Wv

OQ@ Q=m w xOw@ OwyWt C@=F CaQU |xOwOLt QO 'EPV QF-wt Gw= CaQUQ}F-=D
|=yxR=U |=Q@ "CU= C@=F CaQU ?w=vD |xQwO |xOwOLt QO CaQU u}= |rY=
CaQU x@W h}] Q=Okt R= sy u=wD|t 'xOwOLt u}= R= GQ=N |@ w=vD |xQwO =@
QF-wt Gw= CaQU h} QaD R= u=wD|t sy w OQm xO=iDU= xR=U ?w=vD |xQwO =@ Q_=vDt
R= j}kLD u}= QO "OQm xO=iDU= C@=F CaQU R= GQ=N |@ w=vD |xQwO |xOwOLt QO
G}=Dv x@ xHwD =@ w CU= xOW xO=iDU= |@ w=vD |xQwO |=yxOwOLt s=tD QO h} QaD u}=
j@] =yxOwOLt s=tD QO QF-wt Gw= CaQU h} QaD R= xm OwW|t O=yvW}B pY=L

"OwW xO=iDU= h} QaD

"pUo R= QwO |xrRrR CLD xar=]t OQwt |=y?=k C=k@] R=QD |v=mtQ}}eD R=}v |xU}=kt "10 pmW

"pUo l}ORv |xrRrR CLD xar=]t OQwt |=y?=k C=k@] R=QD |v=mtQ}}eD R=}v |xU}=kt "11 pmW
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"=y?=k C=k@] R=QD |v=mtQ}}eD R=}v \UwDt |xU}=kt "12 pmW

"|v=tR |xJN} Q=D |]NQ}e R}r=v; x@ C@Uv |SQv= VwQ CkO V}=Ri= QO 'EPV QF-wt Gw= CaQU Q}F-=D |UQQ@ "5 pwOH
pUo l}ORv OQwmQ

Kobe
Cape Imperial Northridge

Erzincan
Northridge Imperial

Parkfeild xrRrR OQwmQ s=v
mendocino valley �2� �2� �1� valley �1�

=]N OYQO ��� xR=U C=k@] O=OaD (St)

3 0 43 0 0 13 83 68 37 39 3
14 7 0 40 12 0 0 18 22 18 6
10 14 27 5 0 9 0 37 0 0 0 11 10
0 0 0 0 8 0 7 0 11 14 9 0 4 0 20

pUo R= QwO OQwmQ
Landers

Northridge San Northridge Loma Imperial Imperial
El Centro xRrR OQwmQ s=v�2� fernando �1� Prieta valley �2� valley �1�

=]N OYQO ��� xR=U C=k@] O=OaD (St)

15 47 22 29 24 19 58 10 3
21 0 0 5 0 40 42 0 0 7 0 8 0 6
29 62 50 14 16 9 0 17 22 10
47 0 0 0 0 26 15 0 0 34 21 20

swyit u}= |Q}oQ=mx@ uwO@ Cr=L R= pY=L G}=Dv x@ C@Uv |SQv= VwQ ?U=vt
"CU= xOW

(MPSV) u}ov=}t CaQU h}]
CtUk QO 'EPV QF-wt Gw= CaQU T=U=Q@ |SQv= VwQ R= pY=L G}=Dv CkO
CaQU h}] R= pY=L G}=Dv |xU}=kt xrLQt u}= QO "CiQo Q=Qk |UQQ@ OQwt p@k

"Ov=xOt; CUOx@ xOW|iQat pUo l}ORv w QwO |=yOQwmQ CLD w =yxR=U u}=
VwQ R= pY=L G}=Dv CkO QO 'EPV QF-wt Gw= CaQU Q}F-=D u}@t =yQ=Owtv u}=
|Q}oQ=mx@ =@ |SQv= VwQ CkO V}=Ri= OYQO '5 pwOH u}vJty "OvDUy |SQv=
u=Wv |v=tR |xJN} Q=D |]NQ}e R}r=v; G}=Dv x@ C@Uv =Q EPV QF-wt Gw= CaQU
V}=Ri= QO 'EPV QF-wt Gw= CaQU |xO=ar=jwi Q}F-=D pw=OH w =yQ=Owtv u}= "OyO|t
xm Qw]u=ty "OyO|t u=Wv =Q =yxR=U |v=mtQ}}eD R=}v u}tND QO |SQv= VwQ CkO
Q=}U@ CkO V}=Ri= ?@U EPV QF-wt Gw= CaQU swyit OQ@ Q=m 'OwW|t x_Lqt

124



|O
=@;Rw

Q}i
|r=t

mQi
aHO

}Uw
pw=|

DWy
@s=Q

y@O}
U

"u}ov=}t CaQU x@W h}] "13 pmW

"=y?=k C=k@] u=}t |@Uv u=mtQ}}eD \UwDt |xU}=kt "14 pmW

|SQv= VwQ CkO uOw@u}}=B QO |}=y|Ovr@ w |DUB u}vJ "OyO|t x�=Q= |@ w=vD
"OQ=O xOta Q}F-=D

u=mtQ}}eD u}tND QO |SQv= VwQ CkO V}=Ri= j}kLD u}= R= hOy xm =Hv; R= �
Gw= CaQU "OwW|t h} QaD 'EPV QF-wt Gw= CaQU =Pr 'CU= xR=U hOy
uDt QO xm OQwmQ CaQU x@W |=yh}] |Qy=_ C=}YwYN uOQm^=Lr =@ QF-wt
xv}tm =Q EL@ OQwt |SQv= VwQ CkO uOw@u}}=B QO pt=wa u}= Q}F-=D 'OW xQ=W=

"OR=U|t
|@ w=vD |xQwO |xR=@� C@=F CaQU |xOwOLt QO 'EPV QF-wt Gw= CaQU �
OyO|t V}=Ri= |yHwD p@=k u=R}t x@ =Q |SQv= VwQ G}=Dv CkO �x}v=F 0 1-2 5
|=yxQwO |=yxR=@ QDW}@ QO |SQv= VwQ CkO C=@F Ea=@ CaQU u}= `k=w QO w

"OwW|t |@ w=vD
|yHwDp@=k Q}F-=D C@=F CaQU |xOwOLt R= GQ=N QO xmv}= =@ QF-wt Gw= CaQU �
|=yxOwOLt |t=tD QO xm OwW|t x}YwD =Pr 'OyO|tv x�=Q= |SQv= VwQ CkO QO

"OwW xO=iDU= CaQU u}= R= |@ w=vD |=yxQwO

=@ xOW|iQat |=yOQwmQ CaQU x@W |=yh}] Q}O=kt R= xOt;CUOx@ u}ov=}t
=Q QF-wt Gw= CaQU |Q}oQ=mx@ =@ |SQv= VwQ |q=@ CkO 'p@k CtUk G}=Dv \UwDt
=yOQwmQ u}ov=}t CaQU h}] '13 pmW QO "OyO|t u=Wv =yCr=L Q}=U x@ C@Uv

"Ov=xOW xO=O u=Wv G}=Dv u}= 14 pmW QO w

|Q}oxH}Dv
%CU=xOt; CUO x@ G}=Dv u}= 'xar=]t u}= QO xDiQoCQwY |=y|UQQ@ x@ xHwD =@

|Qy=_ C=}YwYN EL@ OQwt |SQv= VwQ CkO QO QF-wt pt=wa R= |m} �
Q}O=kt QO |v=yo =v C=Q}}eD =@ s}kDUt \=@DQ= CkO u}= "CU= CaQU x@W h}]
Qov=}@ |i}] Q}O=kt C=Q}}eD "OQ=O |@ w=vD |=yxQwO |=yxR=@ QO CaQU h}]

"OvDUy CaQU |=yh}] |Qy=_ C=}YwYN
'OQwmQ CaQU x@W |=yh}] QO Gw= |x]kv u}OvJ w |Ovr@ w |DUB OwHw �
|=yxQwO |=yxOwOLt R= |[a@ QO OQwmQ |r=kDv= |SQv= u=R}t R= |DUQO=v u}tND
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"OwW O=H}= |Q}tN pYit O=H}= u=tR QO ,=k}kO 'MU=B `@=D ?}W Q}}eD xm CU= u}=

pYit p}mWD u=tR : t = 12 95 x}v=F
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Abstract
From the viewpoint of building response to seismic
ground motion, there are di�erent seismic design
methodologies. Currently, seismic design codes are based
on the force method. However, the disadvantages of this
method in neglecting important parameters, including
structural vulnerability potential, as well as character-
istics of strong motion, have caused the improper per-
formance of structures in past catastrophic earthquakes.
Thus, seismic design methodology shifted to nonlinear
methods, based on performance concepts, and, conse-
quently, new methods, based on displacement, have been
proposed in recent years for better evaluation of struc-
tural performance. Due to inherent weaknesses, such
as dependency accuracy to ground motion character-
istics, incorporated in these design methods, it is ex-
pected that the energy method will advance and super-
sede current structural seismic design methods. Since
the damage value of a structure caused by an earth-
quake is in a close relationship with the energy dissi-
pation capacity of the structure, it can be anticipated
that the energy based method will be a proper tech-
nique for evaluation of structural performance. In this
study, the accuracy of the energy-based method in pre-
dicting the displacement demand of steel moment resist-
ing frames of di�erent storey numbers, under near-�eld
and far-�eld earthquake records, is studied. To capture
the accuracy of the energy-based method, the obtained
results have been compared with the results of non-linear
time-history analysis. Taking into account the amount
of energy transformed from the ground to structures,
which has directed the correlation to spectrum velocity,

its characteristics for near and far-�eld records are stud-
ied �rst. A new method, which depends on spectrum
intensity (SI), is proposed for more accurate prediction
of the energy transferred from earthquake records to
structures. Finally, by examining the accuracy of this
method, it is observed that the proposed method can
signi�cantly increase the result accuracy for any type
of seismic excitation in predicting the displacement de-
mand of frames.

Key Words: seismic design, energy method, displace-
ment demand, near-�eld record, far-�eld record, velocity
spectrum.
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