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|Q=OQ@xWkv \=kv w l =N |=yQDtwUvDUm = '=yGvUCUWv w GvUh=QLv= 'Q=Wi

[12]"Ov=xOW ?Yv OU |xvO@ QwLt R= |v}at pY=wi =@ xm OvDUy

|OOa |R=UpOt w Q=Ri=sQv |iQat "3
|UOvyt QO hrDNt |=yxR=U Q=DiQ |xar=]t |=yVwQ R= |m} |OOa |R=UpOt
VR=OQB CQOk =@ |=yxv=}=Q w |OOa |=yVwQ |xaUwD =@ u=tR QwQt x@ "CU= u=Qta
|OOa p}rLD R= pY=L G}=Dv w CU= xOQm =O}B =Q OwN |ak=w x=o}=H |R=UpOt 'q=@
"OvwQ Q=mx@ Qo}Om} |HvUQ=@Da= |=Q@ w OvwW xU}=kt sy =@ Ovv=wD|t j}kOQ=R@= w
xt=vQ@ u}= "CU= xDUw}B \}Lt |Sv=Qo q `} QU p}rLD |vat x@ 16 FLAC |xS=w
C=@U=Lt s=Hv= |=Q@ |Sv=Qo q p}rLD |x}=B Q@ K} QY OwOLt p[=iD |xt=vQ@ l}
TB xm |Lr=Yt Q}=U =} w |ovU '|m =N |=yxR=U Q=DiQ FLAC "CU= |UOvyt
TB "Ovm|t |R=UpOt 'Ovvm|t ptLD =Q |Q}tN u=} QH 's}rUD OL x@ uO}UQ R=
'Q_vOQwt |xSwQB pmW x@ |@=}CUO Qw_vtx@ u; s}_vD w Q}}eD w xm@W CN=U R=
=} u=tr= Qy "OwW|t xO=O X=YDN= u; |L=wv =} =yu=tr= x@ Kr=Yt C=}YwYN
u=mt= Kr=Yt "Ovm|t Q=DiQ u; |=Q@ xOW h} QaD VvQm � VvD uwv=k j@] x}L=v
|=yVvQm Cr=L QO Ov=wD|t xm@W w OvQ=O =Q uOW |Q=H w s}rUD OL x@ uO}UQ
R= xO=iDU= =@ u}vJty "Ovm CmQL u=WiQat Kr=Yt =@ w OyO pmWQ}}eD nQR@
QO =Q x=wNrO |Q=DiQ |=ypOt w `@=wD CU= QO=k Q@ Q=m Fish |U} wvxt=vQ@ u=@ R
OwHw x=wNrO w X=N p�=Ut |=Q@ ?U=vt p}rLD u=mt= w Ovm |iQat Q=Ri=sQv

[13]"OQ=O
OQ=O =Q |R} Qm =N R=QD u} QDW}@ xm =}ra OvwDo OU 4 `]kt 'Q[=L VywSB QO
\}=QW QO w |R=UpOt FLAC4 0 Q=Ri=sQv QO |Oa@ wO CQwYx@ '�1 pmW�
xHwD =@ "Ov=xOW j}kOD Kr=Yt C=}YwYN w p}rLD �|Q}o@; w CN=U� |m}D=DU=
Q=O}=B Vw=QD Cr=L x@ OU 'u=tR QPo =@ w CU}v XNWt xrRrR ẁkw u=tR xmv}= x@
x@ xr=U 5 u=tR l} QO smCUO w |R=UpOt 'VywSB QO Cr=L u}= 'OUQ|t
P=ND= =@ TBU 'OwW sm =L OU QO |]}=QW u}vJ =D CU= xOW xO=O CYQi pOt
'u}i � nv}U}t u}v=wk x=Qty x@ ?trwm � Qywt ?U=vt |]NQ}e |Q=DiQ pOt
|] |}xR} QovU w |m =N Kr=Yt |U} RQDU}y w |]NQ}e Q=DiQ |R=Ux}@W CyH
x@ =}ra OvwDo OU Q=DiQ |v}@V}B CyH |m}t=v}O |=yp}rLD '|rm}U |Q=PoQ=@
CyH 4 `]kt |xOW |R=Up;xO}= KQ] '2 pmW QO "CU= xOW s=Hv= xrRrR s=ovy

[14]"OwW|t xOy=Wt p}rLD
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|@=}
RQ=[17]"|B Kr=Yt |Q=DiQ |=yQDt=Q=B "1 pwOH

k ' c
�

E 
 x}L=v
(cm=s) (deg) (KPa) (GPa) (gr=cm3)
5� 10�8 26 210 0 25 2 0 2 4 |Q=H=e;

10�2 40 390 0 25 2 6 2 4 =HQ@=v |Q=}DN@

[18w14]"OU |xvO@ Kr=Yt |Q=DiQ |=yQDt=Q=B "2 pwOH
k  0 '0 c0

� E

 x}L=v

(cm=s) (deg) (deg) (KPa) (gr=cm3)
10�7 � 26 20 0 3 82Pat( �03Pat )0 87 1 9 xDUy
10�7 � 26 20 0 3 70Pat( �03Pat )0 8 1 9 |U=tD TQ
10�3 18=( �03Pat )0 5 43 10 0 1 1400Pat( �03Pat )0 2 2 15 3A,3B xDUwB
10�4 � 35 0 0 25 250Pat( �03Pat )0 6 2 3C xDUwB
10�4 � 30 0 0 25 150Pat( �03Pat )0 7 2 QDr}i
10�1 � 0 35 0 0 25 200Pat( �03Pat )0 7 2 VmyR w |r=kDv= |x}q

|mtm |xt=vQ@ uDWwv =@ xOW O=} |=y|oDU@=w |t=tD CU= QmP u=}=W "OvDUy
[14]"CU= xOW Q}PBu=mt= 'FLAC Q=Ri=sQv QO �Fish�

|m}D=DU= |=yp}rLD G}=Dv "5
CUWv "1"5

xOy=WtCN=U u=}=B QO |DWoQ@ |OOa p}rLD R= pY=LCUWv `} RwD '3 pmW QO
Qy QO Kr=Yt x@ CUWv |xR=H= w x}qx}q CN=U p}rO x@ u; j@=]t xm 'OwW|t
159 24 R=QD QO QDt|Dv=U 201 5 Q=Okt =@ CUWv |xv}W}@ '|R} Qm =N R= xrLQt
'4 pmW x@ xHwD =@ "CU= xOW `k=w �QDt 152 85� OU |v=}t R=QD R= QDq=@ |tm 'QDt
CUWvC}akwt w xOQm =O}BV}=Ri=CN=U u=}=B x@C@Uv |Q}o@; u=}=B QO =yCUWv
QDt|Dv=U 240 Q@=Q@ CUWv |xv}W}@ "CU= xOW pkDvt QDq=@ |=yR=QD x@ xv}W}@

[14]"CU= QDt 173 4 R=QD QO `k=w

|ki= u=mtQ}}eD "2"5
u=}=B w CN=U u=}=B QO ?}DQD x@ =Q |ki= |=yu=mtQ}}eD `} RwD '6 w 5 |=ypmW

[14]"CN=U u=}=B QO OU CUWv `} RwD "3 pmW

OU xvO@ Kr=Yt "2"4
l =m]Y=|x} w=R 'Q[=LVywSB QO xOW xO=iDU=|WvQm sQv �|WvQmCNUpOt QO
|=yV}=tR; G}=Dv x@ xHwD =@ "CU= xOW QDCNU '|Q}tN VvQm V}=Ri= =@ Kr=Yt
"CU= xOvvmOwOLt Q=Wi R= |a@=D OU |xvO@ Kr=Yt |v=UWm pwOt '|m}vmDw�S
Q=Wi Q=Okt x@ R}v `=UD= |x} w=R '|v=UWm pwOt Q@ xwqa |}xR} QovU |L=wv QO
xOW x�=Q= OU |xvO@ Kr=Yt C=YNWt '2 pwOH QO "OQ=O |oDU@ xOvvmOwOLt
QiUtD= Q=Wi ?}DQD x@ 
c�03 w Pat �c 'u; QO xOW x�=Q= \@=wQ QO xm [19w18]'CU=

"OvDUy xOvvmOwOLt =} x@v=Hxty Q=Wi w
x@ ?; lr=@ pwOt 'CN=U |] |}xQiL ?; Q=Wi R= K}LY |v}tND CyH
C@=F 1 Q=Okt QO `=@W= |xHQO xm|DQwY QO "CU= xOW xDU@=w u=tr= VvD \UwDt
|R=Ux}@W =Q \}Lt uOw@ `=@W=Q}e QF= u=wD|t ?; lr=@ pwOt QO Q}}eD =@ 'OwW
xDUy Qo}O |L=wv w |U=tD TQ lr=@ pwOt |=Q@ xOW xO=iDU= `@=wD [19w18]"OQm

%OvDUy 2 w 1 \@=wQ j@=]t ?}DQDx@
Kw = Pat(7 0 + 22 5(�m=Pat)) (1)

Kw = Pat(1 0 + 6 0(�m=Pat)) (2)

"OvDUy u=tr= VvD \UwDt w QiUtD= Q=Wi ?}DQD x@ 
c �m wPat �c '=yu; QO xm
�3 |x]@=Q� VvD |R=UO=R; ?} Q[ p=ta= =@ |Q}o@; s=ovy x@ `=@W= V@tQ |xO}OB
|=Q@ O}OH `@=wD R= xO=iDU= w l =m]Y= |x} w=R Vy=m '?; x@ `=@W= |=yu=tr= x@
CUOq=@ |xDUwB |}xR} QovU Kr=Yt `=UD= |x} w=R w �4 |x]@=Q� |v=UWm pwOt

[17]"CU= xOW |R=Ux}@W �5 |x]@=Q�

Csr = 0 1( �3
Pat

)0 54 (3)

E = 450Pat( �3
Pat

)0 6 (4)

 = 8=
�
�3
Pat

�0 5
(5)

QiUtD= Q=Wi Pat �c w x@v=HxtyVvD �3 'VvD |R=UO=R;?} Q[ Csr '=yu; QO xm

102



3/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

[22]"uQ=kDt|rm}U|Q=PoQ=@CLD|}xR} QovUw|m =NKr=YtQ=DiQV}=tv "7pmW

xOW x�=Q= OU |xvO@ |ki= u=mtQ}}eD w CUWv |=Q@ Q[=L |wor= Ovv=ty ,=@} QkD
[20]"CU=

|Q=PoQ=@ CLD |}xR} QovU � |m =N Kr=Yt Q=DiQ "6
|rm}U

w |]NQ}e |rm}U |Q=PoQ=@ CLD |}xR} QovU w |m =N Kr=Yt |ak=w Q=DiQ
|rm}U |Q=PoQ=@ CLD |}xR} QovU w |m =N Kr=Yt xm |t=ovy "CU= T} RQDU}y
"OvQ=Po|tV}=tv x@ =Q �7pmW x@=Wt� 17T} RQDU}y|=yxkrL 'OvQ}o|t Q=Qk uQ=kDt
[26�21]"OW Oy=wN p}mWD hrDNt |=yxR=Ov= =@ |}=yxkrL 'VvQm |xvt=O Q}}eD =@
"OvDUy xkrL CL=Ut w ?}W 'T} RQDU}y |xkrL |=yxYNWt u} QDsyt
pwOt =@ |Q=PoQ=@ |] x]kv Qy QO xm CU= xDU@=w l =N |DNU x@ xkrL ?}W
|xNQJ l} QO Gtan Q}}eD p}rO x@ "OwW|t u=}@ (GtanGtan) Cv=Sv=D |WQ@
QO u; |=Q@ �6 |x]@=Q� Cv=mU |WQ@ pwOt s=v x@ u}ov=}t Q=Okt l} '|Q=PoQ=@

%OwW|t xDiQo Q_v

Gsec = �c

c

(6)

CL=Ut "OvDUy |WQ@ VvQm w |WQ@ VvD ?}DQD x@ 
c 
c w �c �c 'u; QO xm
u=}@ |}=Q}t C@Uv =@ xm CU= xOW hqD= |SQv= x@ \w@ Qt T} RQDU}y |xkrL

%�7 |x]@=Q� OwW|t

� = WD

4�WS
= 1

2�
Aloop
Gsec
2

c
(7)

AloopAloop w xv}W}@ |WvQm |SQv=WSWs 'xOW hqD= |SQv=WD 'u; QO xm
[23w21]"OvDUy T} RQDU}y |xkrL CL=Ut

\UwD s}kDUt CQwYx@ |]NQ}e VvQm � VvD Q}Ut '|]NQ}e VwQ QO
QO Q=mOwN Qw]x@ Kr=Yt |}=Q}t C@Uv w |WQ@ pwOt "OwW|t p=@vO u=tr= Qy
|]NQ}e pOt l} uDiQo Q_vQO Q@ xwqa "OvwW|t x@U=Lt hrDNt VvQm Kw]U
u}v=wk R= u=wD|t '|m}t=v}O p}rLD CyH Kr=Yt |=Q@ ?trwm � Qywt Ovv=t
|QDy@ C}r@=k u}v=wk u}= "OQm xO=iDU= R}v �1977� u}i w �1926� 18nv}U}t
|Q=PoQ=@ CLD |}xR} QovU w |m =N Kr=Yt |U} RQDU}y Q=DiQ |R=Ux}@W QO =Q

[27]"OvQ=O |m}t=v}O

[14]"|Q}o@; u=}=B QO CUWv `} RwD "4 pmW

[14]"CN=U u=}=B QO OU |ki= |}=Hx@=H `} RwD "5 pmW

[14]"|Q}o@; u=}=B QO OU |ki= u=mtQ}}eD `} RwD "6 pmW

xOy=Wt 5 pmW QO xm Qw]u=ty "OvyO|t u=Wv �CN=U u=}=B� QDt 246 |Q}o@;
CU= CUOq=@ CtU x@ QDW}@ 'CN=U s=ovy x@ OU |ki= |=ypmWQ}}eD 'OwW|t
"O=O C@Uv Kr=Yt TvH QO Cw=iD x@ QDW}@ u=wD|t =Q OwHwt uQ=kD sOa u}= w
12 8 Q@=Q@ 'CN=U u=}=B QO |DWoQ@ p}rLD R= pY=L |ki= u=mtQ}}eD |xv}W}@

"CU= OU CUOq=@ CtUx@ QDt|Dv=U
|=ypmWQ}}eD '�QDt 230� p=tQv R=QD =D |Q}o@; |xt=O= =@ '6 pmW x@ xHwD =@
|v=DLD |xt}v w CUOq=@ CtU x@ OU |v=kwi |xt}v 'xOW `} RwD R=@ |ki=
OU QwLt |ki= u=mtQ}}eD |xv}W}@ "OwW|t =Hx@=H CUOu}}=B CtUx@ u;
QDt|Dv=U 20 1 Q@=Q@ CUOu}}=B CtUx@ w QDt|Dv=U 22 6 Q@=Q@ CUOq=@ CtUx@
OQi|OU= \UwD =}ra OvwDo OU |m}D=DU= p}rLD G}=Dv CU= QmP u=}=W [14]"CU=

103



"""O
vwDo

OU
|=y

pmW
Q}}eD

p}rL
Dw

|@=}
RQ=

[27]"|}xR} QovU w |m =N Kr=Yt |m}t=v}O Q=DiQ u}v=wk "8 pmW

[28]"|m}D=DU= VvD \}=QW QO `HQt VvQm "9 pmW

u}i u}v=wk "2"6
h}YwD |twta |rm}U |Q=PoQ=@CLD =Q l =N MU=B '`t=H Qw]x@nv}U}t u}v=wk
w x�=Q= s_vt=v |Q=PoQ=@ h}YwD |=Q@ =Q |v}v=wk '�1977� u=Q=mty w u}i "Ovvm|tv
|Q=PoQ=@ � |Q=OQ@ Q=@ |vLvt xm OvOQm O=yvW}B =yv; "OvOQm pt=m =Q nv}U}t u}v=wk
OOHt |Q=PoQ=@ � |Q=OQ@ Q=@ |vLvt Qo = %Ovm|t |wQ}B uwv=k wO u}= R= Kr=Yt OOHt
CWoQ@ =D x=ov; 'Ovm `]k =Q |rY= |vLvt w Ovm Rw=HD xv}W}@ VvQm u} QN; R=
|Q=OQ@ Q=@ |vLvt Qo = "�G8 pmW� OW Oy=wN p=@vO |rY= |vLvt 'VvD |Oa@
� VvD |vLvt 'Ovm Qw@a |r@k |Q=PoQ=@ � |Q=OQ@ Q=@ |vLvt R= OOHt |Q=PoQ=@ �
QmP u}v=wk T=U=Q@ "�O8 pmW� OQm Oy=wN p=@vO =Q |r@k |rm}U |vLvt VvQm
� |Q=OQ@ Q=@ |vLvt w |rY= |vLvt |wQ x]kv Qy QO |U=tt |WQ@ pwOt 'xOW

[27]"OW Oy=wN u=}@ 11 w 10 \@=wQ =@ ?}DQDx@ OOHt |Q=PoQ=@
w xW}BnvWB '|yr=QYv Ovv=t u=QoWywSB |NQ@ \UwD u}i � n}vU}t u}v=wk

[29w27'16]"CU= xOW xO=iDU= w |@=} RQ= u=}t}y=Q@=
Gt = Gmaxh

1 + Gmaxj
j
�max

i2 (10)

Gt = Gmaxh
1 + Gmax2�max

j
 � 
rj
i2 (11)

QO |WQ@ VvQm 
r '|WQ@ VvQm |xvt=O 
 '|U=tt |WQ@ pwOt Gt 'u; QO xm

nv}U}t u}v=wk "1"6
8 |x]@=Q =@ 19|rY= |vLvt \UwD l =N |WQ@ Q=DiQ 'nv}U}t u}v=wk T=U= Q@

%OwW|t u=}@
Fbb(
) = Gmax


1 + (Gmax=�max)j
j (8)

|WQ@ pwOtGmax '|WQ@VvQm |xvt=O (
) '|rY=|vLvt `@=DFbb(
) 'u; QO xm
|Q=PoQ=@ u}rw= Q}Ut Qov=}@ |vLvt u}= "OvDUy xv}W}@ |WQ@ VvD �max w xv}W}@
� |Q=OQ@ Q=@ Q}Ut h}YwD |=Q@ p=L "OwW|t xOy=Wt hr=8 pmW QO xm CU=
MQ (�r; 
r) |x]kv QO Q=@CWoQ@ Qo = "OwW KqY= O}=@ '8 |x]@=Q 'OOHt |Q=PoQ=@
"�?8 pmW� OQm Oy=wN p=@vO =Q 9 |x]@=Q j@] |Q}Ut VvQm VvD |vLvt 'OyO
� � �r

2 = Fbb
h
 � 
r

2
i

(9)

|x]kv QO |WQ@ VvD �r '|WQ@ VvD � '|rY= |vLvt `@=D Fbb(
) 'u; QO xm
"CU= Q=@ CWoQ@ |x]kv QO |WQ@ VvQm 
r w |WQ@ VvQm |xvt=O 
 'Q=@ CWoQ@
|rY= |vLvt x}@W OOHt |Q=PoQ=@ � |Q=OQ@ Q=@ |vLvt pmW 'Qo}O CQ=@a x@
=@ um}r 'CU= xOW =Hx@=H Q=@ CWoQ@ |x]kv CtU x@ xm Ow@ Oy=wN |}-=O@t =@
VvD '(e) |mwB |=yQDt=Q=B x@ xDU@=w 
r Q=Okt [27]"CU= xOW QDnQR@ 2 ?} Q[
9 pmW |=yQ=Owtv R= xO=iDU= =@ xm CU= l =N |Q}tN XN=W w '(��v) s�=k QF-wt

[28w16]"CU= x@U=Lt p@=k

104



3/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

[21]"|@Uv |r=oJ w pNrND C@Uv x@ xHwD =@ Kr=Yt K2 max Q}O=kt "3 pwOH
K2 Kr=Yt
35 pW |xU=t
50 sm =QDt |xU=t
65 sm =QDt Q=}U@ |xU=t

100�150 sm =QDt Q=}U@ uW w xU=t
150�200 sm =QDt |xR} QovU

"[22]�after Seed and Idriss' 1970�|vW|=yl =NQOK2 Q}O=kt "11pmW
%OwW|t u}}aD 12 |x]@=Q j@] Q@ |B QO Gmax

Gmax = �V 2
s = 2 4� 109(Pa) (12)

|tQH |r=oJ � w |WQ@ Gwt CaQU Vs 'xv}W}@ |WQ@ pwOt Gmax 'u; QO xm
=@ \=@DQ= QO xm |rt=m w `t=H |m}t=v}O |=yV}=tR; xmv}= x@ Q_v "CU= l =N
w xOWv s=Hv= 'CU= R=}vOQwt OU |=yVN@ |x}rm Kr=Yt |m}t=v}O X=wN u}}aD
|y=oW}=tR; C=aq]= R= 'CU= xOw@ OwOLt Q=}U@ xv}tRu}= QO|y=oW}=tR; |=yxO=O
|=yQDt=Q=B u}tND CyH 'xOW xar=]t |=yOU u}vJty w hrDNt `H=Qt QO OwHwt
u}tND CyH 20=v}y=D=t w xNQm |=yOU "CU= xOW xO=iDU= R=}vOQwt |m}t=v}O
|L=wv k2 max u}tND CyH R}v xW}@x=}U w u=DUQr Q=@OwQ |=yOU w xDUy k2 max

[31w14]"Ov=xDiQ Q=mx@ OU Qo}O
%CU= xOW u}}aD ?}DQD u}= x@ =}ra OvwDo OU |xvO@ Kr=Yt Gmax Q}O=kt
OwOL� |}xv=O Kr=Yt R= |}q=@ OYQO =@ TQ R= |]wrNt =}ra OvwDo OU |xDUy
Kr=Yt x@ \w@ Qt |@ QHD |x]@=Q R= xO=iDU= p}rO u}tyx@ "CU= �xv=OCWQO �40
|=Q@ wQ u}= R= "O=O Oy=wN |QD?wr]t G}=Dv 'Gmax u}tND CyH xv=OCWQO
R= xO=iDU= =@ [32w14]"OW xO=iDU= 13 |x]@=Q R= xDUy Kr=Yt Gmax |x@U=Lt
=@ 'xNQm OU |xDUy Kr=Yt |wQ xOWs=Hv= |y=oW}=tR; l} QDt=Q=B C=ar=]t G}=Dv
OU |xDUyKr=Yt |=Q@ k2 max QDt=Q=B 'xv=OCWQO w xv=OR} QKr=Yt R=C@Uv u}ty
=v}y=D=t OU |wQ Q@ xm |y@=Wt VywSB QO u}vJty "OW u}}aD 40 Q@=Q@ R}v =}ra OvwDo
[16]"CU= xOt;CUOx@ \wrNt|UQ |xDUy Kr=Yt |=Q@ 40 Q=Okt 'Ow@ xOW s=Hv=
Gmax = 21 7PatK2 max

�
�0m=Pat

�0 5 (kPa) (13)

QiUtD= Q=Wi � w |WQ@ Gwt CaQU Vs 'xv}W}@ |WQ@ pwOt Gmax 'u; QO xm
w |@Uv |r=oJ x@ xm CU= Kr=Yt x@ \w@ Qt |@} Q[ K2 max u}vJty "OvDUy
K2 max Q=Okt '11 pmW w 3 pwOH x@ xHwD =@ [32]"OQ=O |oDU@ u}ov=}t QF-wtVvD

[30]"pOt |@v=H |=yRQt QO O=R; |xk]vt |=yRQt R= xO=iDU= "10 pmW

"CU= xv}W}@ |WQ@ VvD �max w xv}W}@ |WQ@ pwOt Gmax 'Q=@ CWoQ@ |x]kv
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Q=}U@ u=tR 'xOW QmP O=a@= x@ |OU |=Q@ sy u; =yu=tr= O=OaD V}=Ri= w R} Q |r}N
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1. She�eld
2. SantaBarbara
3. Lower San Fernando
4. Lentini
5. St. Lucia
6. San Pietro
7. collapse limit state
8. life safety limit state
9. Yele
10. Wenchuan
11. design basis earhquake
12. maximum design earhquake
13. maximum credible earhtquake
14. chainage
15. discharge
16. fast lagragian analysis of continua
17. hysteresis loop
18. masing
19. backbone or skeleton curve
20. Matahina
21. rayleigh
22. local
23. Spitak
24. Landers
25. overtopping

�References� `@=vt
1. Castro, G., Poulos, S. and Leathers, F. \Re-examination

of slide of lower san Fernando dam", International of
Geotechnical Engineering, 111(9), pp. 1093-1107 (1985).

2. Sica, S., Santucci de Magistris, F. and Vinale, F. \Seis-
mic behaviour of geotechnical structures", Annals of
Geophysics, 45(6), pp. 799-815 (2002).

3. Bahrami, R. \Avaluation and comparison of deforma-
tions in earth dams with mixed clay core and pure
clay core during earthquake (The case study of Karkhe
dam)", MSc Thesis, Supervisor: Seyyed Majdeddin
Mir Mohammad Hoseini, PhD, Amirkabir University of
Technology, Tehran, Iran (2006).

4. Karbor-e-shyadeh, A.H. and Soroush, A. \A compari-
son between seismic behaviors of earth dams with in-
clined and vertical clay cores- a numerical analysis ap-
proach", 14th World Conference Earthquake Engineer-
ing, Beijing, China, pp. 1-8 (2008).

5. Ebrahimian, B. \Numerical analysis of nonlinear dy-
namic behavior of earth dams", Frontiers of Structural
and Civil Engineering, Springer, China, 5(1), pp. 38-39
(2011).

6. Kim, M.K., Lee, S.H., Choo, Y.W. and et al. \Seismic
behaviors of earth-core and concrete-faced rock-�ll dams
by dynamic centrifuge tests", Soil Dynamics and Earth-
quake Engineering, ELSEVIER, 31(11), pp. 1579-1593
(2011).

7. Francesco, C., Valentina, L. and Carla Assunta, T. \1D
seismic analysis of earth dams: the example of the
Lentini site analysis of earth dams: the example of the
Lentini site", VI Italian Conference of Researchers in
Geotechnical Engineering, 158, pp. 356-361 (2016).

8. Alibertia, D., Casconea, E. and Biondi, G. \Seismic per-
formance of the San Pietro dam", VI Italian Confer-
ence of Researchers in Geotechnical Engineering, 158,
pp. 362-367 (2016).

9. Yuan, L., Liu, X., Wang, X. and et al. \Seismic per-
formance of earth-core and concrete-faced rock-�ll dams
by large-scale shaking table tests", Soil Dynamics and
Earthquake Engineering, 56, pp. 1-12 (2014).

10. Han, B., Zdravkovic, L., Kontoe, S. and et al. \Numeri-
cal investigation of the response of the Yele rock�ll dam
during the 2008 Wenchuan earthquake", Soil Dynamics
and Earthquake Engineering, 88, pp. 124-142 (2016).

11. Upper Gotvand DAM & HEPP, Dam Body Design, Re-
port NO. 3382030/10569311, Iran (2005).

12. Iran Water and Power Resources Development Company
(I.W.P.C.), \Dam and hydroelectric power plant, Report
of instrumentation of Gotvand dam body", Tehran, Iran
(In Persian) (2009).

13. Itasca Consulting Group, \Fast lagrangian analysis of
continua FLAC", Minnesota, USA (1998).

14. Shahverdi Tarkhorani, L. \Evaluation and analysis of de-
formations and settlements of Gotvand dam using instru-
mentation data", MSc Thesis, Supervisor: Seyyed Ma-
jdeddin Mir Mohammad Hoseini, PhD, Amirkabir Uni-
versity of Technology, Tehran, Iran (2014).

15. Majnooni, A., Ardakani, A. and Yazdani, M. \Compari-
son of mohr coloumb, hardening soil and HSS models in
numerical simulating of nailing walls", 9th International
Congress on Civil Engineering, Esfahan, Iran (2012).

16. Nasrollahi, M. \Avaluation and comparison of pore pres-
sure in earth dams with mixed clay core and pure clay

110



3/
1|

xQ=t
W'

35
�2

|xQ
wO'

�13
98

R}}=B
�h

}QW
u=Qt

a|
UOv

yt

core during earthquake (the case study of Karkhe dam)",
MSc Thesis, Supervisor: Seyyed Majdeddin Mir Moham-
mad Hoseini, PhD, Amirkabir University of Technology,
Tehran, Iran (2005).

17. Iran Water and Power Resources Development Com-
pany (I.W.P.C.), \Stress-strain & seepage analysis re-
port (Phase II) of Gotvand dam", Tehran, Iran (In Per-
sian) (2008).

18. Iran Water and Power Resources Development Company
(I.W.P.C.), \Back analysis report of construction and
the e�ects of impounding rate of Gotvand dam", Tehran,
Iran (In Persian) (2010).

19. Escuder, I., Andreu, J. and Rechea, M. \An analysis
of stress-strain behavior and wetting e�ects on quarried
rock shells", Canadian Geotechical Journal, NRC, 42(1),
pp. 51-60 (2005).

20. Asadifard, M. \Monitoring of Gotvand dam behav-
ior during construction using instrumentation data",
MSc Thesis, Supervisor: Ali Asghar Mirghasemi, PhD,
Tehran University, Tehran, Iran (2011).

21. Ordonez, I. \In
uence of the boundary condition on the
seismic response predictions of a rock�ll dam by �nite
element", MSc Dissertation, University of Pavia, Italy
(2009).

22. Ozakan, M. \A review of considerations on seismic safety
of embankments and earth and rock-�ll dams", Soil Dy-
namics and Earthquake Engineering, 17(7-8), pp. 439-
458 (1998).

23. Seed, H.B., Wong, R.T., Idriss, I.M. and et al. \Moduli
and damping factors for dynamic analyses of cohesionless
soils", Journal of Geotechnical Engineering, 112(11), pp.
1016-1032 (1986).

24. Zhou, W., Chen, Y., Ma, G. and et al. \A modi�ed dy-
namic shear modulus model for rock�ll materials under
a wide range of shear strain amplitudes", Soil Dynamics
and Earthquake Engineering, 92, pp. 229-238 (2016).

25. Rampello, S., Cascone, E. and Grosso, N. \Evaluation of
the seismic response of a homogeneous earth dam", Soil
Dynamics and Earthquake Engineering, 29,pp. 782-798
(2009).

26. Zhou, W., Chen, Y., Ma, G. and et al. \A modi�ed dy-
namic shear modulus model for rock�ll materials under

a wide range of shear strain amplitudes", Soil Dynamics
and Earthquake Engineering, 92, pp. 229-238 (2016).

27. Ebrahimian, B. \Advances in geotechnical earthquake
engineering soil liquefaction and seismic safety of dams
and monuments", Soil Liquefaction and Seismic Safety
of Dams and Monuments, In Tech (2012).

28. Das, B.M. \Principles of soil dynamic", PWS-KENT
Publishing Company, Boston (1992).

29. Pashang Pishe, Y. \The Mechanism of soil deformations
due to the liquefaction of sand double lenses and the
determination of its unlimited depth", MSc Thesis, Su-
pervisor: Seyyed Majdeddin Mir Mohammad Hoseini,
PhD, Amirkabir University of Technology, Tehran, Iran
(2005).

30. Zamiran, S. \Modelling and analysis of rock and soil
structures in FLAC", Tehran, Noavar pub., (2012).

31. Rudbar Lorestan Dam, \Two-dimensional seismic analy-
sis of dam body", Report No. 9A000009.33, Switzerland
(2012).

32. Seed, H.B. and Idriss, I. \Soil moduli and damping fac-
tors for dynamic response analysis", Earthquake Engi-
neering Research Center (EERC), Berkely, California
(1970).

33. The Planning and Supervision Department of the Presi-
dent, \Dynamic analysis and design of earth and rock�ll
dam", Publication No. 624 (2013).

34. Jafarzadeh F. and Javaheri H. \Dynamic analysis of
rock�ll dams considering elasto-plastic behavior and
three dimensional canyon e�ects", Proceedings of 23th
World Congress in Large Dams (ICOLD), Montreal,
Canada, pp. 109-130 (2003).

35. Shahbazi, R., Mir Ghasemi, A. and Mahin Roosta, R.
\Comparison of the results of two-dimensional and three-
dimensional dynamic Analysis in narrow valleys", 1st In-
ternational and 3rd National Conference on Dams and
Hydropower, Tehran, Iran (2011).

36. Shari� Borujerdi, M., Salehi, D., Hazrati Aghchay, M.
and et al. \Dynamic stability analysis of right abutment
Gotvand on under earthquake force", 1st International
and 3rd National Conference Dams and Hydropower,
Tehran, Iran (2011).

111




