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CQwYx@ u=wD|t =Q f(t) � fJ(t) 2 VJ Ovv=t `@=D Qy '3 |x]@=Q x@ xHwD =@
R= xO=iDU= =@ "CWwv 'OvDUy Wj�1 w Vj�1 |=y=[i x@ jraDt xm '`@=D wO `tH
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(Degree) (Degree) (kPa) (MPa) (kN=m3)

6 36 0 0 25 20 18 QDU@ l =N
5 35 0 0 2 20 19 Q=w}O CWB R} Qm =N
� � � 0 25 20000 24 uD@

"�u=w}=D |J|J |xrRrR CLD� p�=L Q=w}O |xOt; CUO x@ G}=Dv w =yGwt C=YNWt "3 pwOH
swO |xrLQt |xOW xOQWi pw= |xrLQt |xOW xOQWi |rY= CW=ov?=DW

CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt
�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w

�75 2802 �50 5602 11201 xO=O O=OaD
0 8 85 0 8 85 8 85 (m=s2)PGA

�2 5 1 18 0 1 21 1 21 (Hz) ?r=e Ot=U@
8 61 5 2 5 58 56 6 (cm) |}=Hx@=H u} QDW}@

�18 79 15 �10 6 86 28 96 55 �xk}kO� p}rLD u=tR

%�|@;� %�C}tR}= |xrRrR CLD� p�=LQ=w}O QO A |x]kv |=y|}=Hx@=H "8 pmW
"wO |xrLQt |xOW xOQWi %�R@U� &l} |xrLQt |xOW xOQWi %�RtQk� &x}rw=

"xk@] 4 |xR=U pOt "9 pmW
|=yxrLQt |xOW xOQWi w |rY= |xrRrR |=Q@ xrRrR p=ta= COt pw] QO sQ=yJ
hqDN= '|R=UxOQWi R= pY=L G}=Dv u; j@=]t xm 'OwW|t xOy=Wt swO w pw=
10 pmW QO hqDN= u} QDW}@ Q}O=kt R}v '7 pwOH QO "OQ=Ov x}rw= Gwt =@ |v=OvJ

"CU= xOW x�=Q= pOt p}rLD u=tR COt x=Qty x@
|R=UxOQWi |xrLQt 'G} QFQwv |xrRrR |=Q@ Q}N= |xr�Ut QO xm OwW|t x_Lqt

%�RtQk� %�|J|J |xrRrR CLD� p�=L Q=w}O QO A |x]kv |=y|}=Hx@=H "7 pmW
"wO |xrLQt |xOW xOQWi %�R@U� &l} |xrLQt |xOW xOQWi %�|@;� &x}rw=

pwOH wO|UQQ@ R= "OwW|t xOy=Wt|r=ta= |=yxrRrR C=YNWt 4 w 3 |=ypwOH
x@ |}=Hx@=H hqDN= 'pw= |xrLQt |xOW xOQWi |xrRrR xm OwW|t x_Lqt Q}N=
hqDN= 'swO |xrLQt |xOW xOQWi |xrRrR |=Q@ w CU= �4 8 |xv}W}@ |xR=Ov=
Gwt 'Q[=L |xr�Ut |=Q@ Cr=L u} QDy@ =Pr "CU= xDi=} V}=Ri= �18 4 x@ Q}N=

"CU= QDtm p}rLD u=tR �10 w QDtm |xO=O �50 =@ pw= |xrLQt |xOW xOQWi

xk@] 4 u=tDN=U l} |Oa@xU |m}t=v}O p}rLD "2"5
Q@=Q@ pOt |rm O=a@= x@ xk@] 4 u=tDN=U l} '9 pmW j@=]t |vwvm |xr�Ut QO
CQwYx@ |}xRQr Q=@ CLD 'CU= xDiQo Q=Qk l =N |wQ Q@ xm 'QDt 40� 80� 80
|xk@] |}=Hx@=H w xOW p}rLD w |R=UpOt PLAXIS Q=Ri=sQv \UwD |Oa@xU
xm 'CU= xOW ?=NDv=?trwm � Qwt 'l =N |Q=DiQ pOt "CU= xOW|UQQ@ u; sQ=yJ
C=k@] `=iDQ= w QDt 5 =yuwDU |xv=yO "CU= xOW x�=Q= 5 pwOH QO u; C=YNWt
"CU= xOW x�=Q= 6 pwOH QO QwmPt Kr=Yt C=YNWt w xOW xDiQo Q_v QO QDt 3 5
|xk@] |=y|}=Hx@=H '10 pmW QO "CU= xOw@ �1994� G} QFQwv '|r=ta= |xrRrR

125



"""C
W=o

v?=
DW|

=yxO
=O|

R=Ux
OQW

iQF=
|U

QQ@"�x}mQD C}tR}= |xrRrR CLD� p�=L Q=w}O |xOt; CUO x@ G}=Dv w =yGwt C=YNWt "4 pwOH
swO |xrLQt |xOW xOQWi pw= |xrLQt |xOW xOQWi |rY= CW=ov?=DW

CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt
�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w

�75 4346 �50 8689 17376 xO=O O=OaD
0 0 044 0 0 044 0 044 (m=s2)PGA

0 1 84 0 1 84 1 84 (Hz) ?r=e Ot=U@
18 4 3 8 4 8 3 27 3 1 (cm) |}=Hx@=H u} QDW}@
�14 8 138 5 �7 7 150 162 5 �xk}kO� p}rLD u=tR

"u}tR MU=B R}r=v; |xr�Ut pOt |xUOvy "11 pmW

u}tR MU=B R}r=v; "3"5
x@ pO=at |]N VwQ x@ w Deepsoil Q=Ri=sQv R= xO=iDU= =@ Q[=L |xr�Ut QO
x}qOvJ l =N p}iwQB Q@ `k=w u}tR K]U |}=Hx@=H QO =yCW=ov?=DW Q}F-=D |UQQ@
QO "CU= xOW xDN=OQB u=UWm QDU@ nvU l} |wQ Q@ `k=w QDt 30 Ct=N[ x@
Gwt CaQU '|r=oJ Q}O=kt u}vJty "OwW|t xOy=Wt pOt |xUOvy '11 pmW
xOW xDiQo Q_v QO 8 pwOH j@=]t x}q Qy QO |}=Q}t ?} Q[ w |WQ@ pwOt '|WQ@
pOt x@ C}tR}= w |J|J |=yCW=ov?=DW 'Q[=L |xr�Ut QO u}vJty "CU=
|=Q@ u}tR K]U QO xOt; CUO x@ |}=Hx@=H |v=tR |xJN} Q=D "CU= xOW p=ta=
|xv}W}@ w p}rLD |=yu=tR QO Cw=iD w 13w 12 |=ypmW QO Q}N= |=yxrRrR
|UQQ@ =@ "OwW|t xOy=Wt 10 w 9 |=ypwOH QO u}tR K]U |=y|}=Hx@=H
|xrLQt l} 'C}tR}= w |J|J |xrRrR wO Qy |=Q@ xm OwW|t x_Lqt G}=Dv
xDi=} Vy=m �70 =D p}rLD u=tR w xO=O CUOx@ =Q �5 R= QDtm |=]N |R=UxOQWi

"CU=

GeoStudio R= xO=iDU= =@ |m =N OU |m}t=v}O p}rLD "4"5
`=iDQ= "�14 pmW� CU= |m =N OU l} '|vwvm |xr�Ut QO |UQQ@ OQwt |xR=U
u}}=B ?}W '2 2 %1 CUOq=@ ?}W 'QDt 235 OU |xOa=k ZQa 'QDt 43 OU
QO ?trwm � Qwt pOt 'OU Kr=Yt |Q=DiQ pOt "CU= xOw@ 1 7 %1 CUO
xOW x�=Q= 11 pwOH QO OU hrDNt |=yCtUk C=YNWt w xOW xDiQo Q_v

"CU=
xOy=Wt 15 pmW QO xm 'CU= xOw@ u=tr= 416 w xQo 454 pt=W Q}N= pOt
?} Q[ "CU= xOW xrRrR |wQ}v p=ta= R= p@k|m}D=DU= p}rLD '=OD@= QO pOt "OwW|t

"|m =N |=yx}q C=YNWt "5 pwOH

(kN=m3) E(MPa) v C(kPa) �(degree)

20 40 0 3 15 28

"pOt uw}U=Ovwi w xR=U C=YNWt "6 pwOH
IPE14 p@wO uwDU

E(GPa) EI(kN:m2=m) EA(MN=m)

210 2300 690
IPE16 Q}D

E(GPa) EI(kN:m2=m) EA(MN=m)

210 1825 420
|vD@ |B


(kN=m3) E(GPa) �

24 20 0 15

|xOW xOQWi w |rY= |=yxrRrR CLD xR=U sQ=yJ |xk@] |}=Hx@=H "10 pmW
"swO w pw= |=yxrLQt

|=Q@ w xOQw; CUO x@ =Q �5 |xv}W}@ |=]N '=yxO=O O=OaD QO Vy=m �50 =@ pw=
"CU= xOW �7 R= V}@ |rY= |=yxO=O =@ hqDN= Q=Okt 'swO |xrLQt |R=UxOQWi
O=OaD QO Vy=m �50 =@ pO=at� |R=UxOQWi |xrLQt l} xm Cio u=wD|t =Pr
u=tR QO Vy=m �19 |xv}tm x=Qty x@ �5 R= QDtm |=]N '�CW=ov?=DW |=yxO=O

"OyO|t CUOx@ p}rLD

126



4/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "��1994� G} QFQwv |xrRrR CLD� xk@] 4 |xR=U "7 pwOH

swU |xrLQt |xOW xOQWi swO |xrLQt |xOW xOQWi |rY= CW=ov?=DW
CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt

�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w
�75 2650 �50 5300 10600 xO=O O=OaD
7 1 0 104 5 0 0 106 0 112 (m) |}=Hx@=H u} QDW}@
�35 224 �19 4 278 345 �xk}kO� p}rLD u=tR

"�C}tR}= |xrRrR CLD� u}tR K]U |=y|}=Hx@=H |v=tR |xJN} Q=D "13 pmW "�|J|J |xrRrR CLD� u}tR K]U |=y|}=Hx@=H |v=tR |xJN} Q=D "12 pmW

127



"""C
W=o

v?=
DW|

=yxO
=O|

R=Ux
OQW

iQF=
|U

QQ@"x}q Qy QO Gwt CaQU "8 pwOH
(m) x}q Ct=N[ V s(m=s) (MPa) |WQ@ pwOt ��� |�=Q}t ?} Q[ (kN=m3) |r=oJ

0�3 337 208 5 18
3�6 461 389 5 18 1
6�9 533 520 5 18 2
9�12 586 630 5 18 3
12�15 630 728 5 18 4
15�18 667 816 5 18 5
18�21 699 897 5 18 6
21�24 729 974 5 18 7
24�27 755 1046 5 18 8
27�30 779 1114 5 19

|ovU QDU@ 2000 8970 2 22

"�|J|J |xrRrR CLD� u}tR MU=B R}r=v; |xOt; CUO x@ G}=Dv w =yGwt C=YNWt "9 pwOH
swU |xrLQt |xOW xOQWi swO |xrLQt |xOW xOQWi |rY= CW=ov?=DW

CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt
�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w

�87 5 1402 �75 2802 11201 xO=O O=OaD
40 28 5 21 20 (mm) |}=Hx@=H u} QDW}@
�85 0 93 �70 3 1 84 6 24 �xk}kO� p}rLD u=tR

"�C}tR}= |xrRrR CLD� u}tR MU=B R}r=v; |xOt; CUO x@ G}=Dv w =yGwt C=YNWt "10 pwOH
swO |xrLQt |xOW xOQWi pw= |xrLQt |xOW xOQWi |rY= CW=ov?=DW

CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt
�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w

�75 4346 �50 8689 17376 xO=O O=OaD
62 5 19 5 4 1 12 5 12 (mm) |}=Hx@=H u} QDW}@
�70 2 09 �44 5 3 86 6 96 �xk}kO� p}rLD u=tR

"|m =N OU Kr=Yt C=YNWt "11 pwOH
�0 C0(kPa) 
(kN=m3) Kr=Yt
26 19 19 xDUy
26 15 19 Q}PB=vPwiv xt}v |x}q
38 0 22 QDr}i
38 0 22 |ovU |x}q
26 18 19 |UQ |xOQB
31 35 17 5 |@ wUQ |B

"�12 pwOH� CU= xOt; CUO x@ CUOu}}=B
?}=Q[ x@ \w@ Qt |=]N 'xrLQt 2 =D |R=UxOQWi =@ xm OwW|t x_Lqt
"CU= xDi=} Vy=m �69 =D p}rLD s=Hv= u=tR =t= 'CU= xOw@ �2 R= QDtm u=v}t]=

=Qou=wQ |x}q QO `tW Q=DiQ "5"5
QO lD `tW l} p}rLD QO xrRrR Gwt |R=UxOQWi Q}F-=D x@ |vwvm VN@ QO
CQwYx@ |R=UpOt "CU= xOW xDN=OQB =Qou=wQ |x}q pt=W x}qOvJ l =N l}

"Geostudio Q=Ri=sQv QO |m =N OU pOt "14 pmW

Q@=Q@ CUOu}}=B |=Q@ w �16 pmW� 1 74 Q@=Q@ CUOq=@ |=Q@ VRer Q@=Q@ QO u=v}t]=
|xv}tm Q=Okt xm [14w13]'|=yxt=vu}}; x@ xHwD =@ xm 'CU= xOW �17 pmW� 1 71 =@

"CU= pw@k p@=k 'OW=@ 1 5 O}=@ VRer Q@=Q@ QO u=v}t]= ?} Q[
w xOW p=ta= pOt x@ u; |xOW xOQWi w �1994� G} QFQwv |xrRrR TBU
w CUOq=@ |=y?}W |=Q@ xrRrR Q=@ p=ta= R= TB VRer Q@=Q@ QO u=v}t]= ?}=Q[

128



4/
2|

xQ=t
W'

37
�2

|xQ
wO'

�14
00

u=DU
tR�

h}
QW

u=Qt
a|

UOv
yt "(Geostudio) |m =N OU |m}t=v}O p}rLD G}=Dv "12 pwOH

swO |xrLQt |xOW xOQWi pw= |xrLQt |xOW xOQWi |rY= CW=ov?=DW
CW=ov?=DW =@ hqDN= C=YNWt CW=ov?=DW =@ hqDN= C=YNWt C=YNWt

�OYQO� |rY= G}=Dv w �OYQO� |rY= G}=Dv w G}=Dv w
�75 2650 �50 5300 10600 xO=O O=OaD
0 6 87 0 6 87 6 87 (m=s2)PGA

1 8 1 606 0 3 1 582 1 577 (Hz) ?r=e Ot=U@
0 5 0 894 0 2 0 891 0 889 CUOq=@ u=v}t]= ?} Q[
1 3 1 211 0 6 1 203 1 195 CUO u}}=B u=v}t]= ?} Q[
69 3 91 38 7 83 12 7 �j}kO� p}rLD u=tR

"=Qou=wQ l =N QO `tW |Oa@xU pOt "18 pmW

|=yu=tr= "�18 pmW� CU= xOW s=Hv= Twm =@; Q=Ri=sQv R= xO=iDU= =@ |Oa@xU
pOt 'l =N |Q=DiQ pOt "Ov=xOW xO=iDU= |R=UpOt CyH C3D8R |}xQo 8
CQwYx@ `tW |Q=DiQ pOt w xOW ?=NDv= ?trwm � Qwt pt=m |Q}tN � wDUq=
p=YD= CyH QDUt � w}rU= CmDv=m |=yu=tr= R= "CU= xOW xDiQo Q_v QO u=UWm
xOW x�=Q= 13 pwOH QO Kr=Yt C=YNWt "CU= xOW xO=iDU= l =N x@ `tW
R}v w xOQWiQ}e CQwYx@ xm 'CU= xOw@ �1940� wQDvUp= |r=ta= |xrRrR "CU=
=@ xrRrR |wQ}v "CU= xOW p=ta= xU}=kt CyH pOt x@ xrLQt 2 =D xOW xOQWi
|v=tR |xJN} Q=D x@ [15]'�1975� T} QO= w O}U |xOW x�=Q= VwQ R= xO=iDU=
CUO x@ 12 |x]@=Q R= |WQ@ VvD |xvt=O Q=Okt "CU= xOW p}O@D |WQ@ VvD

[15]%O};|t

�cyc = 0 65 CD �v (amax

g
) (12)

l =N uwDU uOw@ ?rYQ}e x@ xHwD =@ VvD Vy=m ?} Q[ CD 'u; QO xm
O=OaD w �cyc = 84 8 kPa Q@=Q@ |WQ@ VvD |xvt=O Q=Okt T=U= u}= Q@ "CU=
Q@=Q@ wQDvUp= |xrRrR |=Q@ QDW} Q 7 1 |=oQR@ x@ xHwD =@ R}v pO=at |=ypm}U
xOy=Wt |rY= |xrRrR |=Q@ 19 pmW QO xm 'CU= xOt; CUO x@ N = 11 6

"OwW|t
pm}U QO CUU |}xU=t |x}q 'OwW|t x_Lqt 20 pmW QO xm xvwou=ty
|=Q@ `tW |ki= |}=Hx@=H R}v '21 pmW QO "CU= xO}UQ |}=Qou=wQ x@ QN;

"|m =N OU pOt |Ov@u=tr= "15 pmW

"�|m}D=DU=� CUOq=@ VRer Q@=Q@ QO u=v}t]= ?} Q[ "16 pmW

"�|m}D=DU=� CUOu}}=B VRer Q@=Q@ QO u=v}t]= ?} Q[ "17 pmW

129



"""C
W=o

v?=
DW|

=yxO
=O|

R=Ux
OQW

iQF=
|U

QQ@"Kr=Yt C=YNWt "13 pwOH
�0 Dr(�) E(MPa) 
(kN=m3) l =N ẁv
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