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2fp ) � t � (t0 + 


2fp ); v(t) = �A� ( 2fp
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Otherwise; v(t) = 0
(2)
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"OQm nvQ QB =Q 'OvDUy u; x@ l}ORv
QF-wt CaQU Tr=B QO Ovv=wD|t xm pUo l}ORv C=mQL Qo}O syt C=QF= R=
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for (t0 + 

2fp ) < t

d(t) = �A(2fp



)2 � 1
(2�fp)20@�� 1

�fp

�
sin(2�fpt0 + �
 + �)

+ 

fp

cos(2�fpt0 + �
 + �)

1A+ constant (G5)

xOWx�=Q= \@=wQ p@=kt QO u=mtQ}}eD w ?=DW 'CaQU |xir-wt |=Q@ xOWx�=Q= \@=wQ

 + 1 C=Q=@a OwHw 'xwqax@ &OvDUy |QDxO=U sQi |=Q=O '[8]2003 p=U QO
R= xm OwW|t ?Hwt [8]u=oOvU} wv u}= u=mtQ}}eD |x]@=Q GQNt QO 
 � 1 w
|}=yTr=B |R=UpOt R= C}OwOLt u}= "OQm xO=iDU= u=wDv \@=wQ u}= QO 
 = 1
"Ovm|t |Q}owrH '�|@=DQB C=mQL C=QF= pFt� OvDUy x} wUlD pt=m CQwYx@ xm
C}r@=k 'x]@=Q u}= w OQ=Ov OwHw Q=DWwv u}= u=oOvU} wv |x]@=Q QO C}OwOLt u}=
QO |WywSB QO xOWx�=Q= pOt u}vJty "OQ=O R}v =Q =yTr=B xvwou}= |R=UpOt
C} Rt u}= |O=yvW}B pOt xm |r=L QO [9]&CU}v |}xDU@ sQi |=Q=O 2007 p=U
|R=UpOt R}v =Q |DmQL |=yxir-wt Q}=U |D=}[=} Q |xDU@ sQi =@ xm 'OQ=O =Q

"Ovm
pUo l}ORv |=yOQwmQ R= ?r=e Tr=B |R=UpOt CyH 'Q=DWwv u}= QO
xO=iDU= 1 pwOH QO xOWx�=Q= �2003� s@ w �1978� T@] |=yxrRrR |] u=Q}=
QF= Cra x@ xm CU= |oQR@ Tr=B 'xrRrR wO u}= C=}YwYN R= "CU= xOW
wO u}= |xU}=kt =@ "CU= xOW O=H}= =yu; pUo Q@ Owta OQwmQ QO |Q}PB=DU=Q
CaQU |xv}W}@ Q=Okt xmv}= =@ xm OwW|t XNWt CaQU pUo Q@ Owta OQwmQ
QO xOWO=H}= Tr=B u=tR COt |rw 'OvDUy sy l}ORv ,=@} QkD OQwmQ wO u}=
u=tR |=Q=O T@] pUo l}ORv OQwmQ Tr=B '|DQ=@a x@ &CU= QDW}@ T@] OQwmQ
T@] |xrRrR |Qw=DWo |=oQR@ QO hqDN= u}= Cra xm 'CU= |QDW}@ ?w=vD

"CU=
u}= R= l} Qy |=Q@ '2 pwOH QO xOWXNWt |OwQw |=yQDt=Q=B x@ xHwD =@
8 pmW QO xOWx�=Q=\@=wQ T=U= Q@ u=mtQ}}eD w 'CaQU '?=DWTr=B pOt =yOQwmQ
QDt=Q=B "CU= xOW xO=O V}=tv �5 |}=Q}t =@ \w@ Qt u=UWm MU=B h}] x=Qty x@
u=UWm MU=B h}] |xv}W}@ |x]kv xm CU= xOW XNWt |}xvwo x@ �fp� Ot=U@
CQw=Ht QO ?w=vD u=tR l} QO xOWO}rwD Tr=B w |ak=w |=yOQwmQ CaQU x@W
OvOW XNWt |wLv x@ |v=tR |xQHvB RmQt w R=i |=yQDt=Q=B "OvQ}o@ Q=Qk Qo}Oty
|xQHvB QO CaQU OQwmQ |xvt=O |xv}W}@ =@ Tr=B |xvt=O |xv}W}@ |x]kv xm
=@ &CU= xvt=O |xOvvmpQDvm xm A QDt=Q=B u}vJty "OvW=@ xDW=O Ck@=]t |v=tR
u; u=UWm MU=B h}] |xv}W}@ Q=Okt w CaQU |ak=w OQwmQ |xvt=O uDiQoQ_vQO
u=tR COt QO s}kDUt Q}F-=D Q@xwqa xmv}= x@ xHwD =@ R}v 
 Q=Okt "CU= xOW ?=NDv=
XNWt &OQ=Po@ Q}F-=D R}v MU=B h}] |xvt=O QO Ov=wD|t =ypm}U O=OaD w Tr=B

"CU= xOW
l}ORv |=yOQwmQ Tr=B 'xOWx�=Q= pOt xm OwW|t XNWt 8 pmW x@ xHwD =@
h}] u}@ j@=]D xm |wLv x@ 'CU= xOQm pOt |}q=@ Q=}U@ CkO =@ =Q s@ |xrRrR pUo
pOt xm |r=L QO 'CU= ?wN Q=}U@ xOWx�=Q= pOt w |ak=w OQwmQ u=UWm MU=B
Ck@=]t xOWpOt Tr=B xmv}= =@ T@] |xrRrR pUo l}ORv OQwmQ |=Q@ xOWO}rwD
u=UWm MU=B h}] QO xOWO=H}= j@=]D |rw 'OQ=O CaQU |ak=w OQwmQ =@ |m}ORv
"CU= pw@k p@=k q=@ ?w=vD u=tR |xOwOLt QO \ki xOWpOt Tr=B w |ak=w OQwmQ
MU=B h}] QO j@=]D xm OwW|t Ea=@ T@] OQwmQ QO Tr=B |vqw] u=tR COt
'OW XNWt xm Qw]u=ty "ODi=}@ j=iD= q=@ ?w=vD u=tR |xOwOLt QO \ki u=UWm

u=UWm MU=B h}] Q=Okt |xv}W}@ xm OwW|t Ea=@ Q=Okt V}=Ri= u}= u}vJty
4 pmW QO R=i hqDN= Q=Okt Q}}eD "O@=} V}=Ri= R}v �5 |}=Q}t OYQO� CaQU x@W
R=i |x} w=R Q}}eD xm OwW|t XNWt pmW u}= j@=]t "CU= xOW xO=O u=Wv
MU=B h}] QO |Y=N Q}F-=D xm |r=L QO 'CU= Q=PoQ}F-=D Tr=B pmW QO \ki
'ODi=|t j=iD R}v |v=tR |xQHvB RmQt C=Q}}eD |=Q@ Cr=L u}= "OQ=Po|tv u=UWm
Q}}eD uwO@� R}v Tr=B u=}=B w ẁQW pLt QDt=Q=B u}= C=Q}}eD =@ xm Cw=iD u}= =@
Q}F-=D QDy@ lQO |=Q@ '6 pmW QO "�5 pmW� OwW|t =H@=H �Tr=B u=tR COt
&OQ=Ov MU=B h}] QO |Q}F-=D R=i C=Q}}eD xmv}= x@ xHwD =@ 'Ot=U@ Q=Okt Q}}eD
Q}}eD u}= xmv}= =D "CU= xOW xO=O u=Wv R=i Q}}eD x=Qty x@ Ot=U@ Q=Okt C=Q}}eD
u}= j@=]t "OQ=O xov C@=F |v=tR |xQHvB QO =Q Tr=B |xvt=O |xv}W}@ |x]kv 'R=i
x]w@ Qt u=UWm MU=B h}] w Tr=B |xvt=O QO |Q}F-=D Ot=U@ Q=Okt Q}}eD 'pmW
OwW|t Tr=B u=tR COt Vy=m Ea=@ u; Q=Okt V}=Ri= xm|r=L QO "OQ=Po|tv
xm OQm xHwD O}=@ u}vJty "Tr=B u=tR COt V}=Ri= Ea=@ u; Vy=m p@=kt QO w
QwLt C=R=wt x@ =Q u=UWm MU=B h}] |vLvt |xv}W}@ |x]kv 'Ot=U@ C=Q}}eD
w CaQU Tr=B QO =Q xvt=O Q=Okt Q}}eD QF= '7 pmW "Ovm|t =H@=H ?w=vD u=tR
Tr=B |xvt=O QO \ki A QDt=Q=B 'pmW u}= j@=]t "OyO|t u=Wv \w@ Qt h}]
V}=Ri= =Q u; u=UWm MU=B h}] w Tr=B |xvt=O 'u; V}=Ri= w OQ=Po|t QF=

"OyO|t
�4 |x]@=Q� ?=DW pt=W 'u}tR |DmQL |=yxir-wt Qo}O '2 |x]@=Q x@ xHwD =@

%Ov};|t CUOx@ G5 =D hr=5 |x]@=Q CQwYx@ u=mtQ}}eD w

a(t) = @
@t

(v(t))8>>>>>>>><>>>>>>>>:

for(t0 � 

2fp ) � t � (t0 + 


2fp ); a(t) = �A( 2fp

 )2

�
� 2�fp�

(t� t0)2 � ( 

2fp )2� sin(2�fpt+ �)

�2(t0 � t) cos(2�fpt+ �)
�
;

Otherwise; a(t) = 0
(4)

d(t) =
Z
v(t)dt

for (t0 � 

2fp ) � t � (t0 + 


2fp )

d(t) = �A(2fp



)2 � 1
(2�fp)20B@ 2�fp

��
t20 � ( 


2fp )2�� 2t0t+ t2 � 2
(2�fp)2

�
sin(2�fpt+ �)� 2(t0 � t) cos(2�fpt+ �)

1CA+constant

(hr=5)

for t < (t0 � 

2fp )

d(t) = �A(2fp



)2 � 1
(2�fp)20@�� 1

�fp

�
sin(2�fpt0 � �
 + �)

� 

fp

cos(2�fpt0 � �
 + �)

1A+ constant (?5)
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 = 1 65 w � = 2 71 rad. 'fp = 0 55 Hz. 't0 = 5 9 sec.� \w@ Qt u=UWm MU=B h}] w CaQU Tr=B QO xvt=O Q=Okt Q}F-=D "7 pmW
"xrRrR |=yOQwmQ C=}YwYN "1 pwOH

Closest Distance *
PGV Mw xir-wt x=oDU}= p=U xrRrR

(km)

1 109 5 6 6 pUo Q@ Owta BAM 2003 s@
1 62 5 6 6 pUo =@ |R=wt BAM 2003 s@

2 05 121 4 7 4 pUo Q@ Owta TAB 1978 T@]
"pUo =D OQwmQ C@F pLt R= xrY=i u} QDl}ORv *

"pUo l}ORv C=mQL |ak=w OQwmQ x@ \w@ Qt ?r=e |=yTr=B |xrO=at R= |OwQw |=yQDt=Q=B "2 pwOH
t0 (sec.) fp (Hz) � (rad.) 
 A xir-wt x=oDU}= p=U xrRrR

5 90 0 55 2 71 1 65 95 00 pUo Q@ Owta BAM 2003 s@
7 45 0 60 2 44 1 65 62 49 pUo =@ |R=wt BAM 2003 s@
12 00 0 19 0 87 2 05 100 00 pUo Q@ Owta TAB 1978 T@]

OQwt =Q �s@ w T@]� u=Q}= pUo l}ORv |=yOQwmQ \ki Q=DWwv u}= xm ẁ[wt u}= x@
`k=w |UQQ@ w EL@ OQwt Q=DWwv u}= QO Qo}O |=yOQwmQ &CU= xO=O Q=Qk |UQQ@

"Ov=xOWv

l}ORv |=yOQwmQ |q=@ ?w=vD |xQwO VN@ |rw@k p@=k C}i}m =@ xOWx�=Q= pOt
"CU= xOQm |R=UpOt =Q �2003� s@ w �1978� T@] |=yxrRrR |] u=Q}= pUo
xHwD =@ |rw 'CU= R}v pUo l}ORv |=yOQwmQ Q}=U |R=UpOt x@ QO=k xOWx�=Q= pOt
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U |xrRrR pUo Q@ Owta CaQU |xir-wt OQwmQ QO Tr=B |vqw] u=tR COt "OvQ=O
|xrRrR pUo l}ORv OQwmQ |=Q@ xOWO}rwD pOt xm OwW|t Ea=@ �1978� T@]
'OQ=O CaQU |ak=w OQwmQ =@ |m}ORv Ck@=]t xOWpOt Tr=B xmv}= OwHw =@ T@]
\ki xOWpOt Tr=B w |ak=w OQwmQ u=UWm MU=B h}] QO xOWO=H}= j@=]D |rw
p@=k C}i}m =@ xOWx�=Q= pOt 'C}=yv QO "OyO|t MQ q=@ ?w=vD u=tR |xOwOLt QO
T@] |=yxrRrR |] u=Q}= pUo l}ORv |=yOQwmQ |q=@ ?w=vD |xQwO VN@ |rw@k

"CU= xOQm |R=UpOt =Q s@ w

|Q}oxH}Dv "4
|O}OH |D=}[=} Q pOt R= pUo l}ORv C=mQL ?r=e Tr=B |R=UpOt CyH
|DmQL |=yxir-wt OQwmQ QO OwHwt ?r=e Tr=B |xOWx�=Q= pOt "CU= xOW xO=iDU=
CkO =@ =Q �2003� s@ |xrRrR R= BAM x=oDU}= pUo =@ |R=wt w pUo Q@ Owta
w |ak=w OQwmQ u=UWm MU=B h}] xm |wLv x@ 'CU= xOQm |R=UpOt |}q=@ Q=}U@
|@ wN Q=}U@ Ck@=]t x}v=F 1 R= QDq=@ |=y?w=vD u=tR |xOwOLt QO xOWx�=Q= pOt

=yCWwv=B
1. Northridge
2. Kobe
3. Izmit
4. Bam
5. Park�eld
6. San Fernando
7. wavelet
8. gaussian envelope
9. directivity e�ect
10. forward directivity
11. shear wave front
12. strike-slip faults
13. dip-slip faults
14. fault normal
15. strike normal
16. backward directivity
17. neutral directivity
18. 
ing e�ect
19. hanging wall e�ect
20. surface or interface P-wave
21. surface vs. buried faulting
22. type of rupture: Shear dislocation vs. crack
23. coherent
24. incoherent
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