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OwHwt |=yxrRrR O=OaD u=}t R= CW=ov?=DW �GwR 7 =} 3� u}at O=OaD ?=NDv=
|@=}xv}y@ |xr�Ut l} ?r=k QO O}=@ w OwW|t |D=@}mQD OOaDt |=yxv} Ro x@ QHvt

"OwW |Ov@pwtQi
QO "OvwW xv}y@ O}=@ =Pr w OvDU}v ?U=vt ,=t=Rr= u=Um} T=}kt ?}=Q[ u}vJty
|Ww=m =Qi Q@Dat w |twta VwQ l} |xrRvtx@ |FQ=wD sD} Qwor= OQ@ Q=m 'Q=DWwv u}=
|UQQ@ p=Ft |] w KQ]t 'Oa@ VN@ |=y|Ov@pwtQi |] xr�Ut u}= pL |=Q@

"OwW|t

xr�Ut |Ov@pwtQi
2 =Hv}= QO "OwW|t R}=tDt w xDN=vW u; |Ov@pwtQi =@ |@=}xv}y@ |xr�Ut Qy
GwRK \ki ?=NDv= 'CUNv |xr�Ut QO "CU= xDiQo Q=Qk |UQQ@ OQwt |Ov@pwtQi

%OwW|t xrwtQi 1 |x]@=Q CQwYx@ |}=DN nwr=D=m R= CW=ov?=DW

?=NDv= '|v=tR |xJN} Q=D |=yp}rLD OQ@ Q=m QO |rY= |=yVr=J R= |m}
=@ |DL =Q Qt= u}= 'xrRrR |Dq=tDL= C}y=t "CU= p}rLD |=v@t CW=ov?=DW
ẁv u}= Q=@Da= V}=Ri= x@ R=}v w CU= xDN=U |a]kQ}e |y=oDN=U C=ar=]t OwHw

|=Q=O xm =Q |}xt=vu}}; KQ] |=yh}] Qo}O |wU R= "OR=U|t KQ]t =Q |Q=PoQ=@
j@]vt X=N CW=ov?=DW l} Q@ u=wD|tv 'OvDUy |L=Q] |=Q@ sRq Cy=Hw

"CUv=O
[2w1]'2800 OQ=Ov=DU= xrtHR= w =yxt=vu}}; ?r=e QO xOWxDN=vW VwQ
CU= T=U= u}= Q@ CW=ov?=DW �GwR 7 =} 3� |YNWt O=OaD uOQmT=}kt
QO "OW=@v OQ=Ov=DU= h}] R= QDtm u}at |Ot=U@ |xR=@ QO =yu; R= pY=L h}] xm

%CU= xDiyv syt Vr=J wO ,qta xw}W u}=
OwOLt =Q OQ=Ov=DU= h}] R= xOW T=}kt \UwDt h}] uOw@ QDW}@ ',qw=
x@ Q}N= |x]@=[ C}=aQ u}aQO xm |}=yCW=ov?=DW 'xm |r=L QO &OR=U|tv
[6�3]"Ow@ Ovy=wNv ?wr]t 'OvwW QHvt =yMU=B ,=@k=aDt w |i}] Q}O=kt QDq=@ |oOvm =QB
nwr=D=m l} R= u=wD|t =Q �|HwR 7 |=yxDUO ?r=k QO ,qFt� hrDNt |=yxv} Ro ,=}v=F
u}vJty w Cw=iDt |=yMU=B xH}Dv QO w =yh}] x@ xm 'OQm ?=NDv= OwHwt |xrRrR
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"|FQ=wD sD} Qwor= ltm x@ |i}] |R=Uxv}y@ KQ] |WOQo Q=Owtv "1 pmW

|Q_v EL@ w ?U=vt |yORtQ G=QNDU=
xDiQ Q=mx@ |}=Qox@Nv R}v w '|}xU}=kt ?=NDv= '|}x]kv lD Ovw}B VywSB u}= QO
|}xv=Wv |yORtQ u}vJty "O@=} p=kDv= Oa@ pUv x@ pUv Qy OQi u} QDxDU}=W =D 'CU=
"Ov=xOW xU}=kt G}=Dv w xOW |R=UxS} w w x�=Q=|} wOwO|DvU|yORtQ Q@xwqa K}LY
C}@ N pt=W |twRwtwQm 'CUNv |Ov@pwtQi |=Q@ |} wOwO |yORtQ |]
|xDWQK 'swO |Ov@pwtQi QO w xDiQ Q=mx@ Qw@ Rt nwr=D=m R= ?=NDv= CyH |} wOwO
xOW xO=iDU= swRwtwQm T=}kt ?}=Q[ u}}aD |=Q@ C}@ b pw] x@ l} Qy |} wOwO
QO "Ow@ Oy=wN 2Kb w 2N ?}DQD x@ Cr=L 2 QO wHDUH |=[i Oa@ =Pr "CU=
|}xrRrR h}] CmQW |xOvyOu=Wv 1 Q=Okt =@ pr= Qy pw= CtUk Q_=vDt swRwtwQm
|Ov@pwtQi j@] "CU=yCW=ov?=DW |xawtHt QO \w@ Qt uS h}OQ |xQ=tW =@
"OvW=@v K O=OaD R= V}@ 1 |=yxir-wt O=OaD xm OwW s}_vD |Qw] sD} Qwor= O}=@
O}=@ Ovw}B w VyH |xrLQt QO CUNv C}atH O=H}= x@ O}k u}= p=ta= R= TB
C}=aQ sy swRwtwQm pw= CtUk QO 1 O=Oa= O=OaD C}OwOLt u}= xm OwW xHwD
u; =D swRwtwQm wO pw= R= 1 O=Oa= O=OaD xm |]=kv Ovw}B s=ovy QO Qw_vt u}O@ "OwW
O=OaD =D &OvwW|t |iQat wO u; Ovw}B |=Q@ umtt \=kv |xrRvtx@ 'CU= u=Um} pLt
Qy |xDi=} VyH |=yC}@ O=OaD u}vJty "Ov=t@ C@=F ?NDvt |=yCW=ov?=DW

"�3w2 pmW� OW=@ GwR O}=@ |} wOwO VN@ u}= QO swRwtwQm
R= xm 'CU= x=Qty xDUUo p�=Ut pL |=Q@ |}=yVr=J =@ |} wOwO |yORtQ
,qFt "OQm xQ=W= wHDUH |=[i sRq OL R= V}@ |yOOa)@ x@ u=wD|t xrtH u;
|} wOwO |xDWQ 'xrRrR OwHwt nwr=D=m l} QO CW=ov?=DW 136 |yOTQO; |=Q@
O=OaD u}=Q@=v@ "27 < 136 < 28 %=Q} R &CU= sRq C}@ 8 |xv}tm pw] =@
Qo}O CQ=@ax@ w OwW|t O}rwD Q}eDt Qy |=Q@ |i=[= Cr=L 28 � 136 = 120
R= w 256 |} wOwO |yORtQ QO CW=ov?=DW |}=D 7 |xDUO |wHDUH |=[i Oa@

"Ow@ Oy=wN 1016 |x@DQt

Maximize

F (X) = �Error1 = �
T2P

T=T1
(SaMean(T )� SaT arg et(T ))

T2P
T=T1

SaT arg et(T )

SaMean (T ) = �
kX
i=1

Sai(T )=K

Subject to 1 � xi � N; i = 1; 2; :::;K (1)

|=yCW=ov?=DW T=}kt ?}=Q[ Q}}eD hQat 2 |x]@=Q CQwYx@ swO |Ov@pwtQi
%CU= 1 |xrLQt ?NDvt

Maximize

F (X) = �Error2 = �
T2P

T=T1
(SaMean(T )� SaT arg et(T ))

T2P
T=T1

SaT arg et(T )

SaMean(T ) = �
kX
i=1

[Sai(T )� yi=(
kX
j=1

yj)]

Subject to yL � yi � yU ; i = 1; 2; :::;K (2)

GwR N u=}t R= ?NDvt CW=ov K |xQ=tW Q=OQ@ X = fxig 'u; QO xm
u=tR |xR=@ hQat [T1; T2] "CU=yu; T=}kt?}=Q[ Y = fyig wCW=ov?=DW
=yu; uOQmT=}kt w =yOQwmQ ?=NDv= R= TB "CU= |i}] j}@]D |=Q@ Q_vOQwt ?w=vD
yU OwOL u}@ 2 |Ov@pwtQi R= pY=L ?}=Q[ =} 1 |Ov@pwtQi QO OL=w ?}=Q[ =@
'OvwW|t KqY= w ?Q[ � |}=yv ?} Q[ l} QO Sa(T ) |i}] Q}O=kt 'yL w
hqDN= OYQO TBU "OvW=@v SaT arg et(T ) hOy h}] Q}O=kt R= QDtm xm u=vJ
Error2 w 1 |Ov@pwtQi QOError1 |va} hOy w pY=Lh}] Q=Owtv Q} R K]U

"OvwQ|t Q=mx@ F |oDU}=W `@=D |x@U=Lt |=Q@ 2 |Ov@pwtQi QO

|FQ=wD sD} Qwor= |Q_v |v=@t
u}= "CU= |FQ=wD sD} Qwor= '|Q=mD@==Qi |@=}xv}y@ |=yVwQ u} QD|twta R= |m}
'CU= Q=wDU= =ypUv pt=mD |] QDxDU}=W |=yxvwo <=��k@ Ov}=Qi Q@ xm |OOa |xw}W
'|Q=QmD Ov}=Qi l} QO xw}W u}= [8]"OW x�=Q= uwOt Qw]x@ |Oq}t 1975 p=U QO
|oDU}=W V}=Ri= =@ Q_vOQwt |xv}y@ xmv}= =D &Ovm|t O=H}= |QDxDU}=W KQ] Q=@ Qy
Ov=CQ=@a |FQ=wD sD} Qwor= |rY= h} Q=aD "OwW pY=L =ypUv pt=mD |] C}atH

%R=
p@=k |=yQ}eDt |=[i QO x]kv l} hQat |}xDWQ R= CU= CQ=@a %swRwtwQm �

'|L=Q]
'�swRwtwQm � xDWQ u}= R= �C}@� OL=w Qy %uS �

"uS l} x@ xOWxO=O C@Uv Q=Okt %pr= �
|Q=PoRtQ |xw}W w |L=Q] |=yQ}eDt =OD@= |FQ=wD sD} Qwor= l} |=QH= |=Q@
|oDU}=W |@=} RQ= `@=D TBU "OwW|t XNWt swRwtwQm QO=yu; 1|}=WoRtQ/
xr�Ut |=[i =@ s}tYD |xDUUo |=[i u}@ Q}eDt l} |]=@DQ= pB |xrRvtx@
"CU= xOt; 1 pmW QO OQ=Ov=DU= |FQ=wD sD} Qwor= |WOQo Q=Owtv "OW Oy=wN ?=NDv=
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uU
Lt Qo}Om} x@ y ?}=Q[ C@Uv 2 |Ov@pwtQi j@] |i}] u}ov=}t |=Q@ xm =Hv; R=

�R = 10,qFt�|@=NDv=l}miD OOa =D 1 u}@ =yu; |x}rw= Q}}eD |xR=@ 'OQ=OC}ty=
xDW=ov ?}=Q[ u}}=B w q=@ OwOL u=}t |}=yv |xR=@ x@ G}=Dv w CU= xOW xDiQoQ_v QO
|=yuS 'Ovw}B pta CLY |=Q@ w CU= C@=F swRwtwQm pw] xw}W u}= QO "OwW|t
sy Q} R xm OvwW|t =H@=H u=vJ Ovw}B R= V}B Or=w swRwtwQm 2 QO x@=Wt pr= =@

"OvQ}oQ=Qk
Z} waD |=H x@ VyH Qorta |] 'l}DvS |=@ir= Q}}eD x@ C}=va =@ u}vJty
x@ f1; 2; :::; Ng |xR=@ QO |OOa x@ |iO=YD Qw]x@ |rai pr= Q=Okt f1; 0g
Q}O=kt 2 |Ov@pwtQi QO "O@=}|t Q}}eD swRwtwQm u=ty Qo}O |=yuS Q}O=kt |=vFDU=
pt=W =Q xOv@=}VyH pr= u; OwN Q=Okt \ki =vFDU= u}= w CU= R=Ht =yuS |Q=QmD

"OwW|t

=yCW=ov?=DW xv}y@ u}}aDQO =yVwQ OQ@ Q=m
OwHwt |=yCW=ov?=DW GwR R= |}=D136 CUQyi l} =@ xr�Ut 'j}kLD u}= QO
|UQQ@ OQwt 'sRq |}xv=}=Q |U} wvxt=vQ@ =@ |}=D7 |}=yxawtHt QO ?=NDv= |=Q@
u}OvJ 2 w1 |=ypwOH QO |rQDvm |=yQDt=Q=B xDUO Qy |=Q@[9]"CU= xDiQo Q=Qk
hOy h}] "Ov=xOt; |Oa@ |=ypmW QO xv=}t G}=Dv w CU= xDiQo CQwY =QH=
0 35 g O=} R Q=}U@ |R}NxRQr =@ xk]vt w 2 ẁv l =N |=Q@ 2800 OQ=Ov=DU= R=
xR=U ?w=vD T=U=Q@ xvwtv |@ w=vD |xR=@ '|vi C=}@O= x@=Wt "CU= xOW T=@Dk=
Qy QO [7]"Ov=xOW xDiQo Q_v QO 1 5 =D 0 5 ?}=Q[ OwOL w x@U=Lt x}v=F 1 26
xOW ?=NDv= 1 |Ov@pwtQi j@] CW=ov?=DW |}=D7 |xDUO =OD@= '|yORtQ |xw}W
|] xvwtv G}=Dv "OwW|t |@=}xv}y@ 2 |Ov@pwtQi j@] =yu; ?}mQD ?}=Q[ TBU w
u=R}t R= |Q} wYD xmv}= |=Q@ "Ov=xOW xU}=kt 7 =D 4 |=ypmW w 6 =D 3 |=ypwOH
xRQru}tR 7 O=OaD �8 pmW� =QH= l} QO 'O}; CUOx@ =]N w |aU Q@ |@=}xv}y@ |QDQ@
"�7 pwOH� Ov=xOW ?=NDv= OwHwt nwr=D=m R= �xt=vu}};QO R=Ht VwQ� hO=YD x@
|} wOwO |yORtQ |D=@U=Lt |@Uv |=]N xrLQt u}= QO '8 pwOH G}=Dv j@=]t
'CU= xDi=} Vy=m �3 46 x@ xOWx�=Q= K}LY |yORtQ |] xm 'CU= xOw@ �4 86
|yORtQ |D=@U=Lt |}=Q=m |QDQ@ O} -wt R}v 5 pmW QO Q_=vDt |}=Qosy OvwQ xm u=vJ
|oDU@ 4 w 3 |=ypwOH QO pY=L |=yOQwmQ |xU}=kt u}vJty "CU= K}LY

"xvwtv swRwtwQm l} Q=DN=U "2 pmW

"1 |Ov@pwtQi QO xr�Ut |xS}w |xvwtv Ovw}B Qorta "3 pmW
?}DQD u}= x@ K}LY OOa |xv=Wv x@ |yORtQ 'VywSB u}= |xt=O= QO =Pr
xDi=} p}rkD uS K x@ swRwtwQm pw] xw}W u}= QO "CU= xOW xO=iDU= w |iQat
OOa "OW=@ N =D 1 u}@ uS Qy x@ ?=UDv= p@=k Q}O=kt xm |Qw]x@ 'CU=
QO w nwr=D=m QO OwHwt |=yCW=ov GwR O=OaD Q@=Q@ 1 |Ov@pwtQi |=Q@ N
|xw}W u}= "Ow@ Oy=wN ?}=Q[ |xDUUo l}miD u=R}t hQat 2 |Ov@pwtQi
CW=ov?=DW |xDUO ?=NDv= |xv} Ro 1367 |xv}W}@ x@ jwi p=Ft QO |yORtQ
QHvt |} wOwO |yORtQ |xw}W R= QDlJwm Q@=Q@ 100 OwOL |wHDUH |=[i |va}
Q=_Dv= =[i u; |xv}y@ |wHDUH QO sD} Qwor= |=Q@ |QDq=@ |}=Q=m =Pr 'OwW|t
x�=Q= xt=O= QO |yORtQ |xw}W wO Qy =@ sD} Qwor= |=QH= G}=Dv |xU}=kt "OwQ|t

"OwW|t

"(K = 2) w 1 |Ov@pwtQi =@ |@=}xv}y@ CUNv |=QH= VwQ |rQDvm |=yQDt=Q=B "1 pwOH
Mutation Crossover Crossover Population Number of

Coding
Work.

Probability Probability type Size Records Factors ID

0 02 0 80 |}x]kv lD 50 136 |} wOwO 1
0 02 0 80 |}x]kv lD 50 136 K}LY 2

"2 |Ov@pwtQi |=Q@ |@=}xv}y@ |=QH= |rQDvm |=yQDt=Q=B "2 pwOH
Mutation Crossover Crossover Population Number of

Coding
Work.

Probability Probability type Size Records Factors ID

0 02 0 80 |}x]kv lD 30 7 |} wOwO 1
0 02 0 80 |}x]kv lD 30 7 K}LY 2
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"1 |=QH= VwQ QO |@=NDv= |=yxRQru}tR "3 pwOH
BIG BEAR92 06 28 08%05, SAN BERNARDINO

BORAH PEAK83 10 28 14%06, PBF

CHALFANT86 07 21 14%51, ZACK BROTHERS RANCH

CHI-CHI99 09 22, CHY022
LIVERMORE80 01 24 19%00, ANTIOCH

LOMA PRIETA89 10 18 00%05, MONTEREY CITY HALL

NORTHRIDGE,94 01 17 12%31, VASQUEZ ROCKS PARK

"2 |=QH= VwQ QO |@=NDv= |=yxRQru}tR "4 pwOH
BIG BEAR92 06 28 08%05, SAN BERNARDINO

CHALFANT86 07 21 14%51, ZACK BROTHERS RANCH

IRPINIA EQ,80 11 23 34 19, ARIENZA

LIVERMORE80 01 24 19%00, HAYWARD CSUH STADIUM

LOMA PRIETA89 10 18 00%05, COYOTE LAKE DAM SW ABUT

LYTLE CREEK70 09 12 14%30, CASTAIC OLD RIDGE RT

LYTLE CREEK70 09 12 14%30, WRIGHTWOOD

"3 |=QH= VwQ QO ?NDvt |=yxRQr u}tR |=Q@ xv}y@ ?}=Q[ "5 pwOH
1 350 BIG BEAR92 06 28 08%05, SAN BERNARDINO

1 500 BORAH PEAK83 10 28 14%06, PBF

1 122 CHALFANT86 07 21 14%51, ZACK BROTHERS RANCH

0 508 CHI-CHI99 09 20, CHY022
0 508 LIVERMORE80 01 24 19%00, ANTIOCH

0 641 LOMA PRIETA89 10 18 00%05, MONTEREY CITY HALL

1 500 NORTHRIDGE94 01 17 12%31, VASQUEZ ROCKS PARK

"4 |=QH= VwQ QO ?NDvt |=yxRQru}tR |=Q@ xv}y@ ?}=Q[ "6 pwOH
0 729 BIG BEAR92 06 28 08%05, SAN BERNARDINO

0 999 CHALFANT86 07 21 14%51, ZACK BROTHERS RANCH

0 928 IRPINIA EQ 80 23 11 19%34, ARIENZA

1 006 LIVERMORE80 01 24 19%00, HAYWARD CSUH STADIUM

1 269 LOMA PRIETA89 10 18 00%05, COYOTE LAKE DAM SW ABUT

1 187 LYTLE CREEK 70 09 12 14%30, CASTAIC OLD RIDGE RT

1 180 LYTLE CREEK70 09 12 14%30, WRIGHTWOOD

"�0 |=QH= h}OQ� Ov=xOW ?=NDv= nwr=D=m R= |k=iD= Qw]x@ xm |}=yxRQru}tR "7 pwOH
BORAH PEAK83 10 28 14%06, CPP-601

BORAH PEAK83 10 28 14%06, TAN

CHI-CHI99 09 20, CHY019
KOBE95 01 16 20%46, MZH

LIVERMORE80 01 24 19%00, SAN RAMON KODAD BLDG

LYTLE CREEK70 09 12 14%30, WRIGHTWOOD

NORTHRIDGE 94 01 17 12%31, VASQUEZ ROCKS PARK
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?NDvt |xDUO ?}=Q[ |@=}xv}y@ QO hrDNt |=yVwQ |}=Qoty OvwQ "7 pmW
"CW=ov?=DW

"=yCW=ov?=DW |iO=YD ?=NDv= R= pY=L h}] "8 pmW

"hrDNt |=yVwQ =@ =QH= R= pY=L |=]N |xU}=kt "8 pwOH
Computational error ��� WorkID

16 04 0
4 86 1
3 46 2
3 81 3
2 69 4

|}=D7 CW=ov?=DW |xDUO |xv}y@ ?=NDv= R= pY=L h}] |xU}=kt "4 pmW
"1 |Ov@pwtQi j@] K}LY =@ |} wOwO |yORtQ QO

|xv}y@ ?=NDv= QO K}LY w |} wOwO |yORtQ |}=Qoty OvwQ |xU}=kt "5 pmW
"|}=D7 CW=ov?=DW |xDUO

CW=ov?=DW?NDvt |xDUO?}=Q[|@=}xv}y@ R= pY=Lh}] |xU}=kt "6 pmW
"2 |Ov@pwtQi j@]
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Abstract
Time-history earthquake records are critical means
for many earthquake engineering applications, including
step-by-step numerical solution of dynamic, nonlinear or
highly damped systems, seismic design of new buildings
and infrastructures, seismic control, risk assessment and
vulnerability evaluation of existing structures, and so on.
They are provided using statistical simulated records,
geological model-based arti�cial earthquakes or recorded
accelerograms of real experienced earthquakes. The lat-
ter is preferred in many cases, due to expensive compu-
tational e�ort and lack of reliability in simulating events
of strong ground motion using arti�cial methods. How-
ever, the resulted structural responses are highly sen-
sitive to the selected earthquake record, so that their
variation from one record to another is a major source
of uncertainty in further design and decision making.
In order to overcome such a challenge, well-known seis-
mic design regulations have been accepted using a set
of earthquake records instead of one, provided they are
scaled to match a target design spectrum. It is espe-
cially bene�cial in the absence of su�cient site-speci�c
earthquake records or the impossibility of their extrac-
tion via seismic hazard analyses. As no further limita-
tion than over-riding the design spectra is implied, the
resulted mean spectrum may over-estimate the target,
leading to an economically undesired design. In addi-
tion, the corresponding scale factors will not be unique
for a set of records unless taken as similar or optimized
by proper methods. Hence, it is reasonable to select
a set of accelerograms from an available catalogue that
is optimally compatible with the design spectrum; for-
mulated as the �rst optimization problem in the present
work. While the set of optimal records is identi�ed, their
scaling factors are also optimized as the second problem
formulation. The present work employs genetic algo-
rithm as a reliable meta-heuristic, and utilizes its oper-
ators to solve both optimization problems. In addition
to conventional binary coding, an integer index coding

is also utilized for the special case of optimization prob-
lems in this research. The superiority of the integer cod-
ing over the binary type is not only discussed in reducing
search space cardinality, but is also shown via the results
of a numerical example, using a list of 136 earthquake
records, to match the target spectra, according to the
Iranian Standard of Practice; No.2800. The results also
show the proposed method is highly bene�cial in match-
ing the target design spectrum, with respect to common
practice, with a trial-selected, uniform-coe�cient set of
records.

Key Words: Accelerogram selection, optimization, ge-
netic algorithm, coding.
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