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w |UOvy |=yu=tr= 'Kr=Yt |]NQ}e |=yQ=DiQ |R=UpOt '=y\}Lt VvmQOv= |R=UpOt

|y=ox}mD |=HQ@ |=yVvD |R=UpOt =@ ?U=vt |RQt \}=QW p=ta= u=mt= w |U=tD
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R= =yxv=}=Q VR=OQB sHL w CaQU |xOv}=Ri CiQW}B =@ 'Q}N= |=yxyO QO "CU=
u}= 'Qo}O |wU R= |r}rLD |=yVwQ w |Q_v |v=@t VQDUo w \U@ w 'wU l}
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R= |O=OaD QO |@=QN ẁkw Oy=W u=yH Q=vm w xWwo QO 'u}= OwHw =@ 'OwW|t p=ta=
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|x]@=Q CQwYx@ |tHL VvQm � Q=Wi |x]@=Q 'uRNt C=@ wUQ w ?; pt=W p=}U

%OwQ|t Q=mx@ 2
p = �"v (2)

p=}U |tHL VvQm w lr=@ pwOt '\UwDt VvD ?}DQD x@ "v w � w p 'u; QO xm
R= CU= CQ=@a |}xQo \=kv |�=H@=H R= |a@=D CQwYx@ |tHL VvQm "OvDUy

%�3 |x]@=Q�
"v = @ux

@x
+ @uy

@y
+ @uz

@z
(3)

"OvDUy Ot=aDt O=ODt= xU QO |�=H@=H |=yxir-wt ?}DQD x@ uz w uy 'ux 'u; QO xm
=@ xU}=kt QO |Sv=Qo q VwQ R= xO=iDU= =@ p=}U Q=DiQ |R=UpOt pmWt u} QDxOta
|=yVwQ "CU= QiY|WQ@ pwOt ?=NDv= R=|W=v|raH |=yOt O=H}= '|Qr} w= VwQ
xm 'CU= xOW O=yvW}B |OOaDt u=QoWywSB \UwD xr�Ut u}= Q@ x@re |=Q@ |OOaDt
et al. 1969 u=kkLt R= |NQ@ \UwD xDiQoCQwY |=yQ=m x@ u=wD|t xrtH u; R=
1978 'Hamdi et al. 1978 'Shugar and Katona 1975 'Chopra

and Khalvati 1983 'Akka�s et al. 1979 'Zienkiewicz and Bettess

Do�gang�un et al. 1996a, 2006b 'Olson and Bathe 1983 'Wilson

u}= xm 'CU= |WNQJQ}e w GRrQ}e p=}U ZQi 'pw=ODt VwQ l} "CW=O xQ=W=
u}= QO xm 'Qo}O VwQ "OwW|t `iQ Two |Q}op=QoDv= |x@DQt Vy=m =@ pmWt
|v=UWm pwOt |=Q@ QiY Q=Okt |=Hx@ R}J=v Q=Okt p=ta= 'CU= xDiQ Q=mx@ R}v xar=]t
'G}=Dv CkO V}=Ri= |=Q@ 'Q=DWwv u}= QO xm CU= sRq QmPD u}= "CU= p=}U |WQ@
|WQ@ |DNU =@ |U=tD u=tr=\UwD p=}U � Ot=H lQDWt |=yRQt |t=tD |R=UpOt

"CU= xOW xDiQo Q_v QO QiY
|R=UpOt CyH VvD p}rLD OOaDt |OOa |=yVwQ R= 'Q}N= |xyO OvJ QO
xO=iDU= OQwt |OOa |=yVwQ u} QDG}=Q "CU= xOW xO=iDU= |ovU |=yxOwD Q=DiQ
Cq[=iD VwQ pt=W xDUw}B |=yVwQ "1 %R= Ov=CQ=@a nvU l}v=mt p�=Ut QO
"2 &�BEM� |RQt u=tr= VwQ w �FEM� OwOLt QY=va VwQ '�FDM� OwOLt
=RHtCUmW |xm@W |=yVwQ '�DEM� =RHt u=tr= VwQpt=W xDUUo |=yVwQ
FEM/DEM %xrtH R= xDUUo � xDUw}B |=ypOt |@}mQD |=yVwQ "3 &�DFN�
|=yVwQ Q}=U w Hybrid FEM/BEM-Hybrid DEM/DEM-Hybrid

nvU |xOwD |m} R}i C}a[w x@ xHwD =@ '2005 p=U QO |WywSB QO "|@}mQD
|}=Q=m XwYNQO 'xR=U O=a@= =@ xU}=kt QO =y|oDUw}B=v pY=wi |Q}oQ_vQO =@ w
QO C@=kQ p@=k w ?U=vt |=yxv} Ro xm CU= xOW xO=O u=Wv QwmPt |=yVwQ |OOa
xHwD [8]"OvDUy =RHt <=RH= w OwOLt <=RH= |=yVwQ '|OOa pL |=yxw}W u=}t
O}=@ =y|oDUw}B=v 'nvU l}v=mt p�=Ut R= |Q=}U@ QO xm CU= sRq xDmv u}= x@
lQDWt pYi QY=va uOwRi= =@ Q=m u}= "OvwW xOQ@ Q=mx@ pOt QO XNWt |}xvwox@
|xDUw}B=v VwQ |Q}oQ=mx@ =@ =} 'OwOLt <=RH= VwQ Q}_v 'xDUw}B |=ypOt QO xS} w
'FEM VwQx@ Q=OxRQOnvU |xOwD |OOa |R=UpOtCyH "OwW|t s=Hv= |ak=w
CQwYx@ Q=OxRQO nvU |xOwD =} w |R=UpOt X=N |=yu=tr= CQwYx@ =yxRQO
=@ xDUw}B \}Lt u}= X=wN "OwW|t xDiQo Q_v QO pO=at |xDUw}B \}Lt l}
R= "OwW|t p=ta= pO=at \}Lt l} QO =yxRQO w Qm@ nvU X=wN uOQm^=Lr
'CU=ynvU |xQm}B |=y|oDUw}B=v pN=O QO ?; CWv w OwHw 'QF-wt pt=wa Qo}O
QO [9]"Ow@ Oy=wN Q=PoQ}F-=D u; |Q=O}=B w Ctw=kt u=R}t QO hrDNt C=yH R= xm
x=Qty x@ =ypUo w =yxRQOnQR@ QO |]NQ}e Q=DiQ =@ |U=tD u=tr= R= 'xar=]t u}=

|xvO@ uD@ CUmW w lQD '|[=@kv= |=yRQO |]NQ}e Q=DiQ 'uRNt hm C=@ wUQ
xDiQo CQwY xQ}e w uRNt CUOQwO |=yRQt QO |}xRQr G=wt= Q=WDv= |xwLv 'OU
C}a]k sOa u=m =tm |rw &CU= xOwRi= |r}rLD G}=Dv CkO Q@ |OwOL =D xm 'CU=
G}=Dv OvJ Qy "OQ=O OwHw OU |rm Q=DiQ QO =yx=ox}mD |=y|oDUw}B=v Q}F-=D R= |W=v
|rw 'CU= |twta |=y|@=} RQ= |woNU=B |OwOL =D =yx=ox}mD |Q=O}=B |=yp}rLD
Q}F-=D |Q}oQ_vQO =@ x=ox}mD � uRNt � OU sDU}U |WvmQOv= `t=H |=yp}rLD x@ R=}v
QO "OwW|t T=UL= COW x@ OU |xvO@ |rm Q=DiQ QO |ovU VN@ |=y|oDUw}B=v
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Qw_vt u}= |=Q@ "OQ}o Q=Qk |UQQ@ OQwt |Uwk OU l} |}xRQr MU=B QO C@=FQ}e w
|rY= |=yC} wrw= R= |m} |ovU x=ox}mD VN@ |=HQ@ |=yVvD K}LY p=ta=
CUQyi |=yxt=vQ@ |=yC}r@=k 'QwmPt |xt=vQ@ u} wOD QO xm CU= QmP u=}=W "CU=
[3]'EAGD-SLIDE [2]'ADAP-88 pt=W |vD@ |=yOU p}rLD |xv}tR QO R=@
`@=vt O}it |=ysD} Qwor= R= |OQ=wt QO w CU= xHwD OQwt [4]'EACD-3D-96 w
[7�5]"CU= xOW xO=iDU= OwOLt QY=va VwQ |OOa |U} wvxt=vQ@ |xv}tR QO KQ]t
w V}B OwHwt |=yxt=vQ@ QO |r}rLD G}=Dv |xOy=Wt w |R=UpOt u=mt= u}vJty
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p}rLD |=yC}r@=k |=Q=O w xOW xDWwv 90 uQDQi u=@ R x@ |OOa |xt=vQ@ "OW
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u=mtQ}}eD � lJwm |=yVvQm |UOvy |]NQ}e Q=DiQ� '�uD@ w nvU Kr=Yt
'|[=@kv= |=yRQO '=RHt |=y\}Lt lQDWt RQt |U=tD |]NQ}e Q=DiQ� w �nQR@
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Q=OQ@ fRg w |DNU w |�=Q}t 'sQH T} QD=t ?}DQD x@ [K] w [C] '[M ] 'u; QO xm
x@ R}v f �Ug w f _Ug 'fUg "OvDUy |]NQ}e C=QF= R= |W=v uR=wD R= GQ=N |=ywQ}v
[CT ] w |U=tt |DNUT} QD=t [KT ] w ?=DW wCaQU '|�=H@=H |=yQ=OQ@?}DQD
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|=Q@ lQ=tw}v VwQ R= "OwW|t u}}aD |r}=Q |xOWxDN=vW |x]@=Q =@ |�=Q}t T} QD=t
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 w � |=yQDt=Q=B "CU= xOW xDiQo Q=mx@ xr�Ut |Q=QmD pL QO
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O=a w =ypUo w =yxRQOnQR@ QO |]NQ}e Q=DiQ =@ |U=tD u=tr= R= xar=]t u}= QO
Q=DiQ |iQat QO "CU= xOW xO=iDU= OU |xvO@ |]}Lt w |[=@kv= |=yRQO R}v
CUNv 'ks2 w ks1 |WQ@ |=y|DNU w kn p=tQv |DNU pt=W |U=tD |=yu=tr=
xmv}= x@ xDU@ Oa@ |=ys=o QO w CU= xOW |iQat j@]vt sy Q@ u=tr= T=tD K]U wO
|ivt =} C@Ft �n =

�!
�:�!n |va} u=tr= |�=H@=H Q=OQ@ p=tQv |xir-wt Ctqa

Q}O=kt �s2 w �s1 u}vJty "Ow@ s}y=wN Qw=Ht Kw]U Pwiv =} |oOWR=@ Oy=W 'OW=@�!
�s =

�!
� � �n�!n =

�!
� � �!�n CQwYx@ |U=tt |�=H@=H Q=OQ@ |=yxir-wt

|=yxir-wt w fn p=tQv |xir-wt Q}O=kt pt=W u=tr= |WWm |wQ}v |=Q@ "OwW|t u=}@
%CW=O s}y=wN =Q 9 |x]@=Q fs2 wfs1 |WQ@

�!
F =

�!
Fn +

�!
F s = @�

@�n
:�!n + @�

@�s
:
�!
�s

�s
= f
�eff

��!
�n + �2�!�s

�
(9)

[13]%OwW|t u=}@ 10 |x]@=Q CQwYx@ � `@=D xm |Qw]x@

� = e�max�max

�
1�

�
1 + �eff

�max

�
exp

�
� �eff
�max

��
;

e = exp(1) (10)

%�11 |x]@=Q� s} Q=O R}v w

f = @�
@�

= e �max
�eff
�max

exp
�
� �eff
�max

�
�eff =
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p
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n + �2�2

s; �s =



�!�S




 =
q
�2
s1 + �2

s2
(11)

|U=tD u=tr= s}rUD OL VvD w VvQm ?}DQD x@ �max w �max '=yu; QO xm
w p=tQv u=mtQ}}eD Cw=iDt |=yuRw =@ xm CU= u=tr= QF-wt |�=H@=H �eff "OvDUy
h=Q]= |Q@ R w TvH x@ xDU@ � uRw ?} Q[ "OwW|t u=}@ T=tD Kw]U VRer
u}= "OwW|t xDiQoQ_v QO VRer � V}=OH |@}mQD Ot p=ta= |=Q@ w T=tD Kw]U
|WQ@ |wQ}vC@Uv T=U=Q@ '[14]�1991� u=Q=mty w 6Q}=tu=w O=yvW}B j@]?} Q[
Cr=L |=Q@ "OwW|t xOR u}tND |vD@ Kr=Yt |=Q@ |U=tD u=tr= p=tQv |wQ}v x@
VWm Cr=L x@ C@Uv QDW}@ |DNU p=ta= u=mt= =@ |]N Q=DiQ 'u=tr= |Pwiv
�l =m]Y= ?} Q[ �� CU= xOW xDiQo Q_v QO ?trwm |x]@=Q j@] '�� ?} Q[�

[15]%�13 w 12 |=yx]@=Q�

�n < 0 : fn = k0n �n ; k0n = �: kn ; (� � 1) (12)

fs = � fn (13)

|x}L=v w OU |xvO@ RQO |=yu=tr= |DNU ?}=Q[ |x@U=Lt |=Q@ =yp}rLD QO
xDiQo Q=Qk pta lqt 14 \@=wQ T=U=Q@ p=tQv w |WQ@ |DNU ?} Q[ '=ypUo

%CU=

kn = nE
L
A; ks;t = mG

L
A (14)

A 'RQO hQ] wO Kr=Yt |WQ@ w p=tQv |v=UWm pwOt u} QDtm G w E 'u; QO xm
w n w CU= RQO Q@ Owta CyH QO Qw=Ht |tHL u=tr= pw] L w T=tD K]U
100 =D 0 1 R= T=tD K]U C=YNWt x@ xDU@ xm OvDUy |}=yQ}eDt O=Oa= m

VN@ QO |@=QN |=yOt `=wv= |R=UpOt u=mt= =@ OwOLt QY=va |QH; |=yu=tr=
"CU= xOW xO=iDU= pO=at |xDUw}B \}Lt |xrRvtx@ =yx=ox}mD Q=OxRQO nvU

?}DQD x@ OU |xvO@ |[=@kv= |=yRQO w uD@ OQD xt}v Kr=Yt Q=DiQ xm |}=Hv; R=
|v=Um} u=tr= 'CU= VN@ u}= |=y|oDUw}B=v w =yx=ox}mD nvU |xOwD x@=Wt
xOW p=ta= Kr=Yt C=YNWt QO \ki 'Cw=iD w CU= xDiQo Q=Qk xO=iDU= OQwt
|@}mQD |QDt=Q=B xU Q=}at R= pw@k p@=k ?} QkD l} x@ |@=}DUO |=Q@ wQ u}= R= "CU=
'2u=wm � CU= xOW xO=iDU= xv}W}@ |WWm Ctw=kt `]k l} =@ ?trm � Qywt
sq} w |QDt=Q=B GvB Q=}at uwJty |Qo}O |=yQ=}at '|vi C=}@O= QO xD@r= "[10]�1953
� Qywt Q=}at QO "Ov=|OOa |xt=vQ@ x@ p=ta= p@=k xm 'OvDUy KQ]t R}v xmvQ=w �
|]N |x]@=Q Q=Okt x@ xv}W}@ |WQ@ VvD xm ODi=|t j=iD= |v=tR CUmW '?trm
OUQ@ � Kr=Yt |rN=O l =m]Y= |x} w=R w � s�=k VvD 'c |oOv@UJ x@ xDU@=w

%�4 |x]@=Q�
j� j = c� � tan� (4)

'3Qv}r@ wr� CU= 5 |x]@=Q j@=]t ?trm � Qywt s}rUD `@=D '|rY= |=yVvD |=Q@
%[11]�1990

�11
(1 + sin�)
2c cos�

� �33
(1� sin�)
2c cos�

= 1 (5)

u=}@ 6 |x]@=Q CQwYx@ � w J2 'I1 VvD |=yC@=F ?ULQ@ '5 |x]@=Q
%OwW|t

f(I1; J2; �) = 1
3I1 sin�+

p
J2 sin

�
� + �

3
�

+
p
J2p3 cos

�
� + �

3
�

sin�� c cos� = 0 (6)

s}y=wN =Q 7 |x]@=Q '�11 > �22 > �33 |rY= |=yVvD ?UL Q@ xm |Qw]x@
%CW=O

I1 = �11 + �22 + �33

J2 = (1=6):
h
(�11 � �22)2 + (�22 � �33)2 + (�33 � �11)2i

cos 3� = 3p3J3=2J3=2
2 ; 0 � � � �=3 (7)

Sij = �ij � �ii�ij=3 %xm |Qw]x@ 'CU= J3 = S11S22S33 \@=wQ u}= QO
"Sii = S11 + S22 + S33 = 0 w

VvD xm OwW|t ZQi Kr=Yt |WWm CUmW Q=}at QO u}vJty
pY=L |WWm Ctw=kt Q=Okt x@ sUH pN=O |}x]kv QO xv}W}@ |rY=
|=yVvD R= Q_vhQY "�1876 '4u}mv=Q� OUQ@ xO=U VWm V}=tR; R=
u}= CUmW K]U |=Q@ '|WQ@ �11 = ft; �22 = ft; �33 = ft w p=tQv
|=yC@=F R= xO=iDU= =@ R}v Cr=L u}= QO "CW=O s}y=wN =Q |x]@=Q 3 Q=}at
'5uJ� CW=O s}y=wN =Q 8 |x]@=Q 0 � � � 60|xOwOLt |=Q@ VvD

"[12]�1982
f(I1; J2; �) = 2p3:pJ2 cos � + I1 � 3ft = 0 (8)

`=wv= x@ u=wD|t =Q |ovU w |vD@ Kr=Yt |oDN}Uo 'Q}N= h} Q=aD R= xO=iDU= =@
|Ov@s}UkD |WQ@ |WRer =} |Q=Wi uOWOQN w VWm R= |W=v uOQwNlQD

"OQm
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nvU Kr=Yt C=YNWt "CU= xOW xDiQo Q_v QO 0 05 |}=Q}t C@Uv R}v w 1 25
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"?wUQ w ?; sm |Q}PBsm =QD ZQi =@ 0 495 uwU=wB ?} Q[
VN@ sQHp=ta= "1 %OvDUy OQ=wtu}=pt=W|m}D=DU= |xrLQt QO xOQ=w |=yQ=@
Q=@ "2 'u}tR |=yx}q QO OwHwt 12=HQ@ |=yVvD O=H}= CyH |ovU |=yx=ox}mD
w ?; l}D=DU=wQO}y Q=Wi pt=W uRNt R= |W=v |=yQ=@ "3 'OU |xvO@ uRw R= |W=v
�d = 2450 Kg=m3 ?}DQD x@ uw}U=OvwinvU w xvO@uD@Kr=Yt|r=oJ "?wUQ
?wUQ w ?; |r=oJ u}vJty "CU= xOW xDiQo Q_v QO �f = 2500 Kg=m3 w
xOW ?=NDv= �s = 1360 Kg=m3 w �w = 1000 Kg=m3 ?}DQD x@ uRNt
x�=Q= |@=NDv= pOt pm QO |U=tD |=yu=tr= |DNU C=YNWt '1 pwOH QO "CU=
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|=ys=o QO w 0 56 g u=R}t x@ |}=tvnQR@ R= Oa@ PGA=0 178 g =@13CiD

^=Lr p=tQv |DNU R= QDtm ,qwtat |WQ@ |DNU xm |wLv x@ 'OvwW|t ?=NDv=
"OwW|t

=@ \=@DQ= QO sDU}U |R=UpOt R= |tyt VN@ '?U=vt |RQt \}=QW p=ta=
CqO=at |xOvQ}oQ@ QO sDU}U |RQt \}=QW "OwW|t pt=W =Q OwN h=Q]= \}Lt
QO "CU= |y=ox}mD |=ynvUxOwD w uRNt CUOQwO |=yRQt 'O=R; K]U Q@ sm =L
x@ QHvt CqO=at ,=D}=yv '7|rkF G=wt= R= Q_vhQY =@ O=R; K]U |RQt \QW p=ta=
R}J=v Q}F-=D Crax@ G=wt= QF= uDiQoxO}O=v 'ZQi u}= p}rO "OW Ovy=wN QiY Q=Wi `@=D
'uRNt |R=UpOt QO "CU= p�=Ut QDW}@ QO [16]'�j}ta uR=Nt |=Q@ ,=YwYNt� u;
QO s}kDUt Q}F-=D 'CUOQwO |RQt \QW C=}YwYN w CUOq=@ uRNt pw] u}}aD
u}= |=Q=O O}=@ |@=NDv= |RQt \QW "CW=O Ovy=wN |r}rLD |=yxv} Ry w CkO u=R}t
?PH |@U=vt wLv x@ =Q uRNt QO xDi=} Q=WDv= |m}t=v}OwQO}y G=wt= xm OW=@ |oS} w
8OriQt=U |O=yvW}B |RQt \QW "OyOvCWoQ@\}Lt uwQO x@ 'Qo}O CQ=@ax@ w Ovm
xmv}= x@ xHwD =@ "CU= XwYN u}= QO =yVwQ u} QDpw=ODt w u}DUNv R= '�1949�
uRNt |a}@] Ot=U@ x@ C@Uv l} QLD X=N |=yOt=U@ CLD OriQt=U |RQt \QW
'Hanna & Humar-1982 C=ar=]t |] [17]'Ow@ xO=O u=Wv =Q OwN |�=Q=m sOa
Sharan-1985 'Hall & Chopra-1983 'Humar & Roufaiel-1983
|}=ypOt 'K�u�c�ukarslan-2004 w Maity & Bhattacharyya-1999 '
l} "CU= xOW O=yvW}B uRNt pw] Vy=m p=L u}a QO w CkO V}=Ri= CyH
xt}v \}Lt `]k pLt QO 9C}=yv|@ xt}v |=yu=tr= R= xO=iDU= 'Qo}O QF-wt pL VwQ
'uw}U=Ovwi |=yRQt QO x@=Wt Qw]x@ [18]"CU= uw}U=Ovwi w uRNt p}@k R= C}=yv|@
'OwW xDiQo xO}O=v G=wt= Q=WDv= QF= xm |DQwY QO 'xOvvmxO=U ZQi l} T=U=Q@
\QW |=Q@ ZQi u}= [16]"OvwW|t xDiQo Q_v QO Q=OQ}o =[i QO |RQt K]U |=yxQo
xm |r=L QO &OUQ|t Q_vx@ ?U=vt |OwOL =D ?rY w sQH uwO@ uw}U=Ovwi |RQt
RQt uwJty G=wt= ?P=H \QW p=ta= x@ R=}v 'Q}PBpmW w Q=OsQH uw}U=Ovwi |=Q@
RwmU} w |=yu=tr= R= |OOaDt `@=vt QO 'Qw_vt u}= |=Q@ "Ow@ Oy=wN uRNt CUOQwO
\QW u}= [19]"CU= xOW xO=iDU= G=wt= Q=WDv= K}LY |R=UpOt CyH 10Qo =Q}t =}
CWoQ@ sOa =} G=wt= ?PH CQwYx@ OwOLt QY=va VwQ x@ |R=UpOt QO |RQt
OQ=wt Q@ xwqa "CU= xOW xO=O \U@ �1969� 11Q}=t}rwm w QtU}q \UwD G=wt=
R= |Dav=tt O}=@v |r=ta= |RQt \QW xm CU= u}= Qo}O C}ty= R�=L |xDmv 'QwmPt
"Ovm O=H}= =yxRQOnQR@ w =ypUo pLt QO VRer R=|W=vCN=wvm} Q}e |=y|�=H@=H
|xOQwNVQ@ |=yRQt QO G=wt= |�=Q}t u=mt= =@ |U=tD |=yu=tr= R= 'xar=]t u}= QO
?}=Q[ u}}aD |=Q@ sm =L \@=wQ "CU= xOW xO=iDU= |ovU uw}U=Ovwi w uRNt
|x]@=Q� R= Ov=CQ=@a QDU@ nvU w uRNt |=y\}Lt |xOQwNVQ@ |=yRQt |�=Q}t

[20]%�15
Cn = A�VP ; Cs;t = A�VS (15)

VS w VP u}vJty w 'Q_vOQwt \}Lt Kr=Yt |r=oJ � 'u=tr= K]U A 'u; QO xm
%OvDUy 16 |x]@=Q CQwYx@ xDi=} Q=WDv= Gwt |x} wv=F w x}rw= |=yCaQU ?}DQD x@

VP =

s
Ef (1� vf )

�f (1 + vf )(1� 2vf )
; VS =

s
Gf
�f

(16)

Kr=Yt x@ \w@ Qt QDt=Q=B Qou=}@ f T} wvQ} R w uwU=wB ?} Q[ v '=yu; QO xm
"CU= uw}U=Ovwi

|}xQo 8 |QH; u=tr= %pt=W |R=UpOt QO xDiQQ=mx@ l} QDt=Q=B wR}= |=yu=tr=
|x@DQt =@ |}xQo 8 |U=tD u=tr= w 2 � 2 � 2 |Uwo |Q}op=QoDv= |x@DQt =@
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Q=Qk Q_v Ot |L=Q] QO O}=@ w OW=@ KQ]t OU |xR=U |Q=O}=B QO xOvvmu}}aD w

"OQ}o

|Q}oxH}Dv "6
'|vD@ |=yOU Q=@ CLD Q=DiQ QO Q=PoQ}F-=D pt=wa XwYN QO EL@ =@ 'Q=DWwv u}= QO
� OU pt=W sDU}U |=Q@ |r}rLD G}=Dv u=v}t]= |x}W=L w CkO V}=Ri= QO |aU

=yCWwv=B
1. full Newton
2. Cowan
3. Lubliner
4. Rankine
5. Chen
6. Van Mier, et al.
7. gravity waves
8. Sommerfeld
9. hyperelement
10. dashpot
11. Lysmer and Kuhlemeyer
12. in situ
13. Taft Lincoln school, Kern county/S69E

14. El Centro
15. hanging
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