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%CU= 1 |x]@=Q CQwYx@
P0(!) = K u(!) + C _u(!) (1)

&Qo =Q}t w Qvi C@=F |=y?} Q[ ?}DQD x@ C w K &VvmQOv= |wQ}v P0(!) u; QO xm
uwO@ Ot=U@ |iQat =@ "CU= lU}O CaQU _u(!) w lU}O u=mtQ}}eD u(!)

=Q |WQ@ Gwt CaQU Cs u; QO xm a0 = !r0
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%Ov};|t CUOx@ 3 w 2 \@=wQ
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QO ?}DQD x@ xR=U |=yuwDU w =yQ}D `]=kt w Kr=Yt C=YNWt "CU= xOW xDiQo
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|L=Q] [31]'SAP2000 Q=Ri=sQv QO |i}] |m}t=v}O w |m}D=DU= p}rLD OvwQ l}
[33]'u=tDN=U |rt C=QQkt syO EL@t w [32]'2800 |xt=vu}}; \@=w[ j@] Q@ w
QO =v@ E=OL= pLt "CU= xOW Q=}DN= u; <=RH= |=Q@ pw@k p@=k w p=tQv `]=kt
CQwYx@ xR=U |B "CU= xOw@ III ẁv l =N w O=} R |R}NxRQr Q]N =@ |}xk]vt
"CU= xOW xDiQo Q_v QO �B� u=tDN=U Oa)@ Q@=Q@ 1 5 w 1 3 '1 1 O=a@= =@ w ?rY
QO Shell u=tr= R= |B |=Q@ w Beam u=tr= R= =yuwDU w =yQ}D |R=UpOt CyH
"CU= xDiQo Q=Qk xrRrR |m}t=v}O l} QLD CLD w xOW xO=iDU= [15]'Twm =@; Q=Ri=sQv
xOW xO=iDU= =ypOt |=Q@ |r}=Q |}=Q}t R= '|}=Q}t Q=F; uDiQo Q_vQO Qw_vt x@ u}vJty

[34]"CU=
x@ \w@ Qt C=YNWt w x}q xU 'Q[=L VywSB QO xOWxDiQo Q_v QO l =N
pwOH� CU= xOW xDiQo Q_v QO lWN CQwYx@ w sm =QDt |}xU=t l =N l}
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|oOv@UJ |r=oJ C@Uv |v=UWm pwOt Ct=N[

(ms ) |WQ@ (KPa) ( kg
m3 ) uwU=wB (MPa) (m)

5 160 30 10 1900 0 33 131 89 15
5 190 34 20 2000 0 29 189 89 10
5 241 37 25 2200 0 22 289 47 5

"l =N |m}t=v}O |DNU |=y?} Q[ "3 pwOH
|WJ}B |WNQJ s�=k |ki=

1 9897e12 1 5489e12 1 2427e10 6 9595e9 K |B
2 0324e11 1 5820e11 1 3526e9 7 7758e8 C 1 1B

3 2258e12 2 5836e12 1 5783e10 8 4275e9 K |B
3 3243e11 2 6525e11 1 7495e9 9 6644e8 C 1 3B

3 3243e11 4 1020e12 1 9659e10 1 0034e10 K |B
5 1663e11 4 2384e11 2 2194e9 1 1826e9 C 1 5B

"l =N |=yu=tr= |iQat w |Ov@Vt "8 pmW
"|@=NDv= |=yxrRrR C=YNWt "4 pwOH

PGA sR}v=mt ẁv pUo R= xrY=i =oQR@ xrRrR s=v
(g) VrUo Rjb(Km) �QDW} Q�

0 409 Twmat 67 7 35 T@]
0 064 Twmat 144 6 69 G} QFQwv
0 038 Twmat 188 7 14 xJRwO

'9 pmW "Ov=xOW |HvUCLY R}v [26]'hrw ?=Dm `HQt |=yQ=Owtv =@ xOt;CUOx@
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��ui = G @2ui
@xi@xj

+ (�+G) @2uj
@xi@xj

(4)

dp = G�+ 2G
Cp

; ds = �Cs (5)

|Q=Wi Gwt CaQU ?}DQD x@ Cs w Cp 'l =N C=YNWt � w G '� '=yu; QO xm
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xOWxO=iDU= O=a@= xm CU= |QwQ[ xDmv u}= QmP p=L u}= =@ =t= 'CU}v =yRQt uOw@
w |R=UpOt xm CU= |irDNt |=yCr=L x@ C@Uv xOt; CUOx@ O=a@= u} QDxv}y@
u=}t T=tD ẁv "CU= xDiQo CQwY C}=yv|@ |=yRQt |HvUCLY CyH R}r=v;
l =N VvmQOv= |xr�Ut QO xm CU= |}=yQDt=Q=B xrtH R= R}v |B w l =N K]U
u=ty `k=w QO '|B w l =N u=}t lQDWt K]U "CU= C}ty= R�=L xR=U � |B �
|=Q@ "Ovm|t pYDt|B u}}=B K]U x@ =Q l =N |q=@ K]U xmCU=|U=tD |=yu=tr=
|U=tt VvmQOv= Q=mwR=U ẁv wO K]U wO T=tD |m}v=mt |=y|oS} w |R=UpOt
'0 2 '0 1 '0 05 l =N w |B u}@ l =m]Y= ?} Q[ "CU= xDiQ Q=mx@ p=tQv w
QO u}vJty 'CU= xOW xDiQo Q_v QO 1 w 0 9 '0 8 '0 7 '0 6 '0 5 '0 4 '0 3
VvmQOv= xwqa x@ "CU= xOW xO=O Kw]U u}@ |oOW=OH |xR=H= 'p=tQv VvmQOv=
QO |B � l =N Kw]U u=}t VvmQOv= R= |Dr=L u=wvax@ R}v �Tie� pt=m |xDU@
|=yu=tr= V}=tv w xR=U � |B � l =N sDU}U |Ov@Vt "CU= xOW |UQQ@ =yR}r=v;

"OwW|t xOy=Wt 8 pmW QO Q[=L VywSB QO xOWxO=iDU= C}=yv|@
QO u; C=YNWt w l =N h} QaD Qw_vt x@ 'OW xQ=W= R}v ,q@k xm Qw]u=ty
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QO pO=at |wQ}=O |B `=aW w |}=Q}t '|r=oJ 'uwU=wB ?} Q[ '|WQ@ pwOt '|Ov@x}q
s=tD |=Q@ w |v=wN=Qi u=v)m Q=Ri=sQv \UwD QwmPt p}=i TBU w h} QaD |vDt p}=i l}
"CU= xOW G=QNDU= Qo =Q}t w Qvi |=y?} Q[ 'xv=o =OH CQwYx@ |O=R; |=yxHQO
|=y?} Q[ xm CU= sRq QmPD u}= "CU= xOW x�=Q= 3 pwOH QO QwmPt|=y?} Q[
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Qy |=Q@ OL=w ?}mQD h}] l} w ?}mQD Qo}Om} =@ C=a@ Qt ẁtHt QPH VwQ R=
w |Q}o\UwDt 'CW=ov?=DW GwR 3 |@}mQD MU=B |=yh}] "OwW|t xDN=U GwR
QO OwHwt OQ=Ov=DU= KQ] h}] =@ 1 5T w 0 2T ?w=vD |=yu=tR |xOwOLt QO
|=Q@ ?}DQD x@ 1 5 w 1 7 '2 1 =@ Q@=Q@ T=}kt ?} Q[ w OW xU}=kt xrRrR xt=vu}�;
Q=Okt Q@=Q@ 1 3 R= \UwDt Q}O=kt |Dr=L I}y QO =D 'Ot; CUOx@ xOWQmP |=yxrRrR
VywSB R= hOy xm =Hv; R= "�10 pmW� OW=@v QDtm OQ=Ov=DU= h}] QO u; Q}_v
'|UQQ@CyH =Pr 'CU= xR=U � |B � l =NVvmQOv= |m}t=v}O Q=DiQ |UQQ@ 'Q[=L
xOW ?=NDv= |OwQw l} QLD u=wvax@ |m}t=v}O |=yR}r=v; QO T@] |xrRrR \ki
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=Q |@U=vt j@=]D |WvmQOv= pOt w \wQNt pOt G}=Dv u}vJty "CU= xDi=} V}=Ri=

"OvQ=O �1 OwOL QO |iqDN= w OvyO|t u=Wv
|wQ Q@ xDiQoQ=Qk |xk@] 14 |xR=U |=Q@ |Oa)@ xU |OOa |=ypOt G}=Dv
pOt =@ xU}=kt QO hrDNt |m =m]Y= |=y?} Q[ w Cw=iDt O=a@= =@ |=yuw}U=Ovwi
xYqN xt=O= QO 'OvQ=O Q=Qk T@] |xrRrR CLD xm ?rY p=YD= =@ xR=U w \wQNt
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%CU= xOW x@U=Lt 6 |x]@=Q =@ j@=]t C=k@] Ci} QO "Ov=xOW xU}=kt ?rY
Drift = di+1 � di

h
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"OvDUy xk@]
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Vy=m uw}U=Ovwi O=a@= V}=Ri= '|iQ] R= "OyO|t u=Wv =Q xR=U ?wr]t OQmrta
O=a@= V}=Ri= 'p=Ft u=wvax@ "CW=O Oy=wN p=@vO x@ =Q C=k@] Ci} QO |xv}W}@
u}vJty "OyO|t u=Wv =Q �10 OwOL QO |Wy=m 1 5B =D 1 1B R= uw}U=Ovwi
� l =N VvmQOv= QF= uDiQo Q_vQO =@ Cq=L s=tD QO 'Ow@ Q=_Dv= OQwt xm Qw]u=ty

"OwW|t x_Lqt C=k@] Ci} QO V}=Ri= OvwQ 'xR=U � |B
x_Lqt Cw=iDt l =m]Y= |=y?} Q[ =@ |WvmQOv= |=ypOt |xU}=kt =@
R= QwO G}=Dv '0 1 w 0 05 l =m]Y= ?} Q[ =@ |WvmQOv= pOt QO xm OwW|t
|=y?} Q[ uDiQo Q_vQO =@ xmCU=Cra u}= x@ xr�Ut u}= "OwW|t pY=L |D}ak=w
OQwt |WvmQOv= QF= =Pr w OvwW|t l}ORv l =m]Y= uwO@ Cr=L x@ =ypOt 'QwmPt
OwW|tv pkDvt xR=U x@ |B w l =N lQDWt K]U u=}t l =m]Y= R= |W=v Q=_Dv=
'CU= XNWt xm Qw]u=ty "CW=O Oy=wNv OwHw =ypOt QO |@U=vt OQmrta w

"xk@] 14 |xR=U p=Owt R}r=v; G}=Dv "5 pwOH
|WvmQOv= pOt \wQNt pOt ?rY p=YD= =@ pOt
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MQ 1 1B uw}U=Ovwi =@ pOt QO x}=B VQ@ Q}O=kt u} QDtm '|iQ] R= "OUQ|t OwN
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|B =@ |WvmQOv= pOt w \wQNt pOt QO |B VNQJ |v=tR |xJN} Q=D "19 pmW
"0 6 l =m]Y= ?} Q[ w 1 1B O=a@= x@

|B VNQJ "OyO|t u=Wv 1 1B O=a@= =@ |B |wQ xDiQo Q=Qk |xk@] 14 |xR=U
l} QO Q=Wi ?Hwt xR=U QO xOWO=H}= |UQv}= |=ywQ}v xm OyO|t MQ |t=ovy

"OvwW Qo}O CtU QO VWm w CtU
Qo}O CtU QO w CUWv Q=JO CtU l} QO |B xm CU= |vat u=O@ u}=
'xR=U VNQJ xH}Dv QO w |B VNQJ u=R}t u}vJty "OwW|t |oOWOvr@ Q=JO
xR=U xm '|@v=H |}=Hx@=H |xv}W}@ Q}O=kt QO ,=t}kDUt xm CU= |O}rm |QDt=Q=B
wO QDj}kO |xU}=kt Qw_vt x@ "CU= Q=PoQ}F-=D 'Ovm|t x@ QHD xrRrR s=ovy QO
u}tR O}OW CmQL u=tR COt Qov=}=tv xm '17T=} Q; |=yQ=Owtv R= QwmPt pOt
w �5 u}@ |v=tR |xrY=i |tm CQwYx@ `k=w QO "CU= xOW xO=iDU= 'OvDUy
CW=ov ?=DW COW =}� ?=DW `@ Qt p=QoDv= R= |O=} R syU u; |] QO xm �95
|xQwO 'OQ=O OwHw Q_vOQwt |xrRrR OQwmQ QO �|SQv= |atHD `} RwD VwQ Q@ =v@
x@U=Lt 7 |x]@=Q j@=]t T=} Q; Q=Okt "OwW|t xDiQo Q_v QO u}tR O}OW CmQL

%OwW|t

Ia = �
2g
Z 1

0
[a(t)]2dt (7)

QO |WvmQOv= pOt =@ \wQNt pOt |B VNQJ |x} w=R G}=Dv |xU}=kt u}=Q@=v@
\wQNt pOt xm OyO|t u=Wv 'CU= C}ty= R�=L Q=}U@ xm u}tR O}OW CmQL COt
CkO =@ |OQ=wt QO w OyO|t u=Wv |WvmQOv= pOt x@ C@Uv =Q |@U=vt Q=}U@ OvwQ
�?19 pmW� "�hr=19 pmW� OwW|t xOy=Wt R}v pt=m j=@]v= |DL pw@k p@=k
'OyO|t u=Wv =Q |tD} Q=or CQwYx@ Ot=U@ |xRwL QO VNQJ |x} w=R MU=B R}v

"C=k@] QO |}=Hx@=H |v=tR |xJN} Q=D |xU}=kt "18 pmW

|}=Hx@=H 'xR=U-|-l =N VvmQOv= QF= uDiQo Q_vQO =@ CU= XNWt QwmPt pmW
"CU= xDi=} V}=Ri= u}tR x@ ?rY p=YD= =@ xR=U Cr=L x@ C@Uv C=k@] |@v=H
|B � |WvmQOv= 'pOt x@ \w@ Qt C=k@] |@v=H |}=Hx@=H V}=Ri= OYQO u} QDW}@
� |WvmQOv= 'pOt x@ Q=Okt u} QDtm w 0 6 l =m]Y= ?} Q[ � 1 1B O=a@= =@
|=ypOt G}=Dv xm OwW|t x_Lqt "CU= 'Tie VvmQOv= 1 5B � O=a@= =@ |B
j@=]D 0 6 l =m]Y= ?} Q[ =@ Q_=vDt |WvmQOv= |=ypOt G}=Dv x@ |]wQNt
VvmQOv= uDiQo Q_vQO =@ xm OwW|t x_Lqt R}v x}=B VQ@ OQwt QO "OQ=O |QDy@
Vy=m x}=B VQ@ '|WvmQOv= pOt =@ xJ w \wQNt pOt =@ xJ 'xR=U � |B � l =N
|=ypOt R= QDW}@ |]wQNt |=ypOt QO x}=B VQ@ Vy=m u=R}t xD@r= "O@=}|t
=Q |QDtm Vy=m 'x}=B VQ@ uw}U=Ovwi O=a@= V}=Ri= =@ u}vJty "CU= |WvmQOv=

"OyO|t u=Wv
|xk@] 3 QO |}=Hx@=H |v=tR |xJN} Q=D 'G}=Dv QDj}kO |UQQ@ Qw_vt x@
Ov=xOW xU}=kt Qo}Om} =@ |WvmQOv= w \wQNt |=ypOt |=Q@ QN; w 'sDiy 'pw=
pOt QO u; C=Q}}eD w |}=Hx@=H OvwQ 'CU= XNWt xm Qw]u=ty "�18 pmW�
u}= pw= |xk@] QO XwYN x@ "OvDUy sy x@ l}ORv Q=}U@ |WvmQOv= w \wQNt
|=Q@ =Q |B VNQJ |x} w=R |v=tR |xJN} Q=D '19 pmW "CU= QDOwyWt j@=]D
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1. soil foundation structure interaction
2. free �eld
3. substructure method
4. approximate method
5. cone model
6. direct method
7. rigorous method
8. �nite element method

9. Matlab
10. Conan
11. laminar
12. plane body wave
13. orthogonal
14. Tabas
15. Northridge
16. Duzce
17. arias intensity
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