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�|QDmO |wHWv=O� |v=]rU O}wv

u=tQm Qvy=@ O}yW x=oWv=O 'u=Qta |UOvyt |xOmWv=O

xO=iDU= "CU= xDU@=w u}tRQ} R Q=w}O � l =N VvmQOv= x@ |}=v@ Kr=Yt =@ |=yxR=U |Q=O}=B
CkO p�=L |=yQ=w}O |}xRQr p}rLD QO x@=mw= � x@ wvwvwt |m}D=DU= x@W pw=ODt VwQ R=

VvQm |Oa@ wO Cr=L QO u}tRQ} R |}=v@ Q=w}O � l =N VvmQOv= xar=]t u}= QO "OQ=Ov |i=m
Q=w}O |m}t=v}O Q=DiQ w |R=UpOt OwOLt <=RH= VwQ x@ u; |m}vmDw�S \}=QW w |}xLiY

OQmrta lqt u=wvax@ Q=w}O |xv}W}@ |WtN Qovr "CU= xOW |UQQ@ u}tRQ} R p�=L
xOW OQw;Q@ Q=w}O Ct=N[ w `=iDQ= 'l =N ẁv '|}xRQr l} QLD Ot=U@ QF= w ?=NDv= Q=w}O

p}rLD QO l} QLD Ot=U@ w l =N |WQ@ Gwt CaQU '|OOa G}=Dv T=U=Q@ "CU=
VwQ QO C=YNWt u}= xm OvJ Qy 'OQ=O |}=RUx@ Vkv u}tRQ} R u=@yov Q=w}O |m}t=v}O

|OQ=wt QO VwQ u}= G}=Dv '=y|R=UxO=U OOaD Cra x@ w xOt=}v ?=UL x@ x@=mw= � x@ wvwvwt
OQm} wQ 'u}tRQ} R u=@yov Q=w}O |L=Q] |=Q@ =Pr "CU= ut}=Q}e =} xv=Q=mx_i=Lt Q=}U@

"OUQ|t Q_v x@ |QwQ[ Q=w}O � l =N VvmQOv=

r porhoseini@yazd.ac.ir
nvd.soltani@gmail.com

'KrUtQ}e |}=v@ Kr=Yt 'u}tRQ} R Q=w}O 'Q=w}O � l =N VvmQOv= %|O}rm u=oS=w
"|OOa p}rLD

xtOkt "1
QO Q=@ |rm}U Ca}@] QF= uOQm^=Lr 'pY=L G}=Dv |x}=B Q@ xm OW |UQQ@ Q=w}O R=

[11w10]"OW xO=O X}NWD |QwQ[ p�=L Q=w}O |L=Q]
|=yDv= xm u}tRQ} R u=@yov |=yQ=w}O |=Q@ u=tDN=U |rt C=QQkt sDiy EL@t
Q_vhQY p@=k =Q |}xRQr \}=QW QO Q=Wi xi=[= 'OQ=O =mD= hkU |xR=U x@ =yv;
I}y u}tRQ} R Q=w}O `=iDQ= |=Q@ Cr=L u}= QO 'Q=_Dv= hqN Q@ [12]"Ov=O|t
xrRrR Q]N K]U =@ ?U=vDt R}v sRq |D=@U=Lt |v=@t w xOWv ^=Lr |D}OwOLt
u=@yov Q=w}O xm |]}=QW QO u=tDN=U |rt C=QQkt R= sDiy EL@t "CU= xOWv x�=Q=
O=yvW}B =Q u=@yov |=yQ=w}O |D=@U=Lt pw=ODt |x} wQ 'OW=@ O=R; q=@ R= u}tRQ} R

"Ovm|t
=@ 'u}tRQ} R u}iQ] u=@yov |=yQ=w}O u=tRsy |R=UpOt =@ 'xar=]t u}= QO
OwOLt <=RH= Q=Ri=sQv QO |}xLiY VvQm |Oa@ wO C}a[w QO xk@] l} `=iDQ=
VvmQOv= COW lqt w |UQQ@ l =N |m}t=v}OVv=Q 'PLAXIS 8 2 |m}vmDw�S
x@ |@=}DUO "CU= xOW ?=NDv= Q=w}O QO xv}W}@ |WtN Qovr |}=v@ Q=w}O � l =N u}@
ẁv 'Q=w}O |UOvy hrDNt \}=QW =@ u}tRQ} R u=@yov Q=w}O OQmrta R= |at=H lQO

xOWO=yvW}B VwQCkO wC}=im u}}aD R}v w |m}t=v}O |Q=PoQ=@ Ot=U@ wCWB l =N
=mD= =@ Q=w}O |L=Q] |=Q@ x@=mw= � x@ wvwvwt swUQt VwQ w u=tDN=U |rt C=QQkt QO
G}=Dv xm CU= QmPD x@ sRq "CU= xar=]t u}= h=Oy= R= |OOa |=ypOt G}=Dv x@

"CU= s}taD p@=k sy |@=ku=}t |=yQ=w}O x@ =ypOt u}= R= xOt;CUOx@

KrUtQ}e |}=v@ Kr=Yt |=yxR=U x@ u=Q}= QO =yR=U w CN=U R= |yHwD p@=k OYQO
=@ |=yxR=U QO QDW}@ |@=QN Qou=}@ =yxR=U |}xRQr OQmrta |UQQ@ "OQ=O X=YDN=
|}xR=U |=[a= '|}=v@ Kr=Yt |=yu=tDN=U QO [1]"CU= KrUtQ}e |}=v@ Kr=Yt
pwL QDW}@ xOWs=Hv= |=yVywSB "OvDUy =yQ=w}O '|@v=H |=ywQ}v Q@=Q@ QO sw=kt
R= GQ=N Q=DiQ x@ QDtm w [6�2]'CU= |QH; |=yQ=w}O |}xLiYuwQO OQmrta QwLt

"CU= xOW xHwD u}tRQ} R u=@yov |=yQ=w}O Ovv=t u; |xLiY
|]NQ}e Qvi =@ Q=w}O � l =N |Owta VvmQOv= 2010 p=U QO |WywSB QO
|=yCW=ov?=DWCLD OwOLt<=RH=VwQ x@p�=L|=yQ=w}O w =ypB|xrwm w|R=UpOt
p�=L Q=w}O l =N VvmQOv= R}v �2011� |Qo}O |xar=]t QO [7]"OW p}rLD xrRrR
G}=Dv T=U=Q@ w xar=]t (FLAC-2D) lri |Q=Ri=sQv pOt =@ u}tRQ} R KrUt uD@
xHwD =yQ=w}O u}= |L=Q] QO xrRrR Q]N K]U QF= x@ '|OOa |=ypOt R= xOt;CUOx@
`} RwD w Q=Okt OQw;Q@ hOy =@ �2010� |Qo}O u=QoWywSB u}vJty [8]"CU= xOW
R}v w Sw}i} QDv=U |y=oW}=tR; Q=m x@ |}xQ] p�=L Q=w}O Q@ OQ=w |}xRQr |@v=H Q=Wi
xv=Q=mx_i=Lt =Q G}=Q |=yVwQ w OvOQm s=Ok= |]NQ}e OwOLt <=RH= |R=UpOt
|xQ=w}O T=}ktlJwm pOt |xar=]t =@ R}v Qo}O VywSB wO QO [9]"OvO=O X}NWD
xrY=i Q}}eD =@ Q=w}OCWB R} Qm =N K]U QO|rm}U |Q=PoQ=@ Q}F-=D 'xOWOwOLt?rY

pw�Ut xOvU} wv �
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|m}t=v}O p}rLD |U=U= CqO=at "3
[14]OwOLt <=RH= Q=Ri=sQv R= xO=iDU= =@ w u=tR |xRwL QO |m}t=v}O |=yp}rLD
Q=@ Q}F-=D CLD sHL l} u=tR x@ xDU@=w CmQL "CU= xOW s=Hv= PLAXIS 8 2

%CU= 1 |O=}v@ |xrO=at CQwYx@ |m}t=v}O
M �u+ C _u+Ku = F

M = Msoil +Mstru

C = Csoil + Cstru + Cint

K = Ksoil +Kstru +Kint (1)

T} QD=t K 'pm |}=Q}t T} QD=t C '\}Lt pm sQH T} QD=t M 'QwmPt \@=wQ QO
?U=vDt (�ug) u}tR ?=DW =@ |}xRQr p�=Ut QO xm CU= Q=@ Q=OQ@ F w 'pm |DNU
|iQat �u w _u 'u =@ ?}DQD x@ ?=DW w CaQU 'u=mtQ}}eD "(F = �M �ug) CU=
xR=U 'l =N |xOvvmXNWt ?}DQD x@ intr w stru 'soil |=yT} wvQ} R w Ov=xOW

"OvDUy lQDWt pYi <RH w
l =N |Q}tNu=UWm X=wN w |}=Q}t \UwD sDU}U u}= QO |SQv= hqD=
|}=Q}t '|@trwm |m =m]Y= |}=Q}t pt=W |}=Q}t ?} Q[ "CU= xOW |R=Ux}@W
CQwYx@ Ov=wD|t sDU}U |}=Q}t "CU= l =N RwmU} w |}=Q}t w Q=w}O T} RQDU}y
|Ov@pwtQi 2 |x]@=Q j@] '�R w�R |r}=Q?}=Q[ =@ w|DNU w sQH R=|a@=D '|r}=Q

%OwW
C = �RM + �RK (2)

CqO=at R= xO=iDU= =@ 'lQ=tw}v |vt[ VwQ j@] 'u=tR |xOwOLt QO |Q}op=QoDv=
%OwW|t s=Hv= 3

_ut+�t = _ut + ((1� b) �ut + b�ut+�t�t

ut+�t = ut + �u (3)

"OvDUy |Q}op=QoDv= |=yQDt=Q=B b w a w '|v=tR wtv �t '=yu; QO xm
xDWwv 4 |x]@=Q CQwYx@ (t + �t) |v=tR |xrLQt |=yDv= QO 1 |xrO=at

%OwW|t
M �u t+�t + C _u t+�t + Ku t+�t = F t+�t (4)

=@ w 4 |x]@=Q QO |Q=Po|=H w 3 CqO=at |wQ Q@ |D=}[=} Q C=}rta s=Hv= =@
%CW=O s}y=wN =Q 5 |x]@=Q |R=UxO=U

(�oM + �1C +K)�u =F t+�t
ext +M(�2 _u t + �3�ut)

+ C(�4 _ut + �5�ut)� Fint (5)

w u=tR wtv Q=Okt ?UL Q@ |v=tR |xrLQt Qy QO �5 � �0 ?}=Q[ xm |Qw] x@
u=mtQ}}eD x@ w x@U=Lt �u Q=Okt '5 |x]@=Q R= "OvwW|t u=}@ b w a |=yQDt=Q=B

"OwW|t xi=[= (ut) p@k |v=tR |xrLQt

|Q=PoQ=@ w |RQt \}=QW "4
'CU= QD`}Uw |m}D=DU= p}rLD x@ C@Uv |m}t=v}O p}rLD QO =yRQt |xOwOLt
O=OaD uOv=UQxv}tm x@ "OwW O=H}= CUOQwO |L=wv QO |v=O}t O=R; \}=QW =D

(M-O) x@=mw= � x@wvwvwt VwQ "2
|=yl =N |m}t=v}O Vv=Q |wQ}v �1926� 2x@=mw= w �1929� 1wUD=t w x@ wvwvwt
|xDi=}\U@VwQu}= "Ov=xOQmu}}aD|m}D=DU= x@WCQwYx@ =Q xrRrRCr=L QO|}xv=O
CWB l =N |oDN}Uo |xwo Q@ OQ=w |UQv}= |=ywQ}v uDiQoQ_vQO =@ w CU= ?trwm
u}= "OwW|t x@U=Lt sw=kt w p=ai Cq=L QO l =N |m}t=v}O Vv=Q ?}=Q[ 'Q=w}O
|Q=PoQ=@ w Kr=Yt |Q=DiQ '|UOvy |xOvvmxO=U C=}[Qi Q@ |vD@t |D=@U=Lt pOt
=@ �1970� 4utD} w w 3O}U "OW=@ xDW=O x=Qty x@ |O=} R |=y=]N Ov=wD|t xm CU=
R= TB "Ov=xO=O O=yvW}B =Q p=ai Vv=Q |wQ}v QF= pLt |y=oW}=tR; G}=Dv |xU}=kt
|O=yvW}B |=yVwQ |xU}=kt w pQDvm Qw_vt x@ |Qo}O u=QoWywSB 'utD} w w O}U

"Ov=xO=O Q=Qk |@=} RQ= OQwt =Q M-O VwQ R=}v x@ =v@ =} w OwN
xm 'CU= xOW xO=O u=Wv 1 pmW QO l =N |oDN}Uo |xwo QO QF-wt |=ywQ}v
'u}tR |x@P=H ?=DW x@ xrRrR s�=k w |ki= ?=DW ?}=Q[ ?}DQD x@ kv w kh 'u; QO
Q=w}O � l =N l =m]Y= |x} w=R w l =N |rN=O l =m]Y= |x} w=R ?}DQD x@ � w '

"OvDUy l =N |xwo uRw w w
%Ovv=t 'OQ=O |}=yC}OwOLt |m}vmDw�S |=y|L=Q] QO M-O VwQ R= xO=iDU=
|UQQ@ sOa '|v}tRQ} R ?; Q}F-=D uDiQovQ_vQO '|oOv@UJ uwO@ l =N |R=UpOt
u}tR ?=DW |xv}W}@ =@ |}xRQr |Q=PoQ=@ |iQat 'CWB R} Qm =N ?}W |Q=O}=B
w l =N QO |W=aDQ= CmQL C} wkD 'Q=w}O |}xQ=wyo CmQL uOWv^=Lr '�PGA�

"Q=w}O � l =N VvmQOv= QO u; Q}F-=D w Q=w}O |xR=U |Q}oQ=Qk jta
xi=[= QwmPt OQ=wt x@ =yC}OwOLt u}= u}tRQ} R Q=w}O |m}t=v}O C=@U=Lt |=Q@

%OwW|t
xm |Qw] x@ CU= |}qwr CQwY x@ Q=w}O u}}=B 'wUD=t � x@ wvwvwt V}=tR; QO "1

"OQ=Ov |ki= |}=H@=H u=mt=
Ovv=t w CU= xOW xDiQo Q_v QO O=R; wUD=t � x@ wvwvwt V}=tR; QO Q=w}O |q=@ "2

"CU}v xDU@ =} C@=F q=@ QO u}tRQ} R |=yQ=w}O
T=}kt QF= w CU}v u=Um} |W}=tR; |=yQ=w}O =@ u}tRQ} R Q=w}O C}@rY w O=a@= "3

"CU= xOWv p=ta= G}=Dv QO
p�=L Q=w}O |x@U=Lt |=Q@ M-O VwQ R= xO=iDU= =yCQ}=et u}= OwHw =@

[13]"CU= R=Ht FEMA 450 Ovv=t |D=OvDUt QO u}tRQ} R

"M-O VwQ QO (Pae) |}xRQr p=ai Vv=Q |wQ}v "1 pmW
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"�T=}kt uwO@� pOt C=YNWt R= |Oa@ wO |=tv "2 pmW

"1 5 HZ Ot=U@ =@ QDU@ nvU x@ |r=ta= l} QLD "3 pmW

Kr=Yt C=YNWt "5
(c � 0) |oOv@UJ uwO@ Q=w}O CWB l =N |R=UpOt '|m}t=v}O p�=Ut ?re= QO
=@ "CU= xOW s=Hv=?trwm � Qywt |Q}tNu=UWm pOt =@ u; |]NQ}e Q=DiQ p}rLD w
R= xO=iDU= VvQm MQv w VvQm K]U x@ l =N |}=Q}t w |WQ@ pwOt |oDU@=w x@ xHwD
Cra x@ =t= 'CU= KHQ= |]NQ}e u=UWm C}a[w =@ |Q}tNu=UWm � wmU} w pOt
|Q}tNu=UWm Cr=L x@ |m}t=v}O p�=Ut QO C=@U=Lt u=tR V}=Ri= w |oO}J}B
1 pwOH QO w |Ov@xk@] x}q wO QO u}tR |m}v=mtw�S C=YNWt "CU= xOW xOvU@
?trwm � Qywt pOt R= xO=iDU= =@ Q=w}O CWB l =N |]NQ}e Q=DiQ "CU= xOW x�=Q=
xOQWi Q=}U@ Kr=Yt R= 2 |x}q "CU= xOW |R=Ux}@W 9R=Usy |Q}tN Cr=L x@ w
QDU@ nvU u=wvax@ '|}xRQr l} QLD G=wt= QDy@ Q=WDv= hOy =@ xm 'CU= u=UWm w
'|m}t=v}O |v=UWm pwOt E '1 pwOH QO "CU= xOW |R=UpOt QDt 2 Ct=N[ =@
?}DQD x@ ' w c '|WQ@ Gwt CaQU vs 'uwU;wB C@Uv v 'l =N XwYNt uRw 


"OvDUy l =N |rN=O l =m]Y= |x} w=R w |oOv@UJ Ctw=kt
KrUtQ}e |}=v@ Kr=Yt =@ Q=w}O |m}t=v}O |v=UWm pwOt 'Q=w}O s=Oyv= R= p@k
u}}aD |�=v@ Kr=Yt R= |}xQ] uwDU |@v=H O=R; V=aDQ= V}=tR; R= u=wD|t =Q (E0)
XwYNt sQH 
 '`]kt |WtN |UQv}= u=tt I '|[Qa `]kt K]U A Qo = "OQm
'OW=@ L pw] x@ |vwDU |=Q@ O=R; V=aDQ= |a}@] Ot=U@ N w '|iQYt Kr=Yt

%OwW|t u}}aD 6 |x]@=Q R= |m}t=v}O |v=UWm pwOt

E0 = 3 204N 2L4A

I g

(6)

"OwW|t |m}t=v}O Cr=L QO xS} w x@ C=@U=Lt CaQU V}=Ri= ?@U =yu=tr=
p}rLD l} QO "OwW|t QDsyt |RQt \}=QW QF= 'OwW QDlJwm pOt O=a@= xJ Qy
|=ypOt QO "CW=O Oy=wN |Y=N C}ty= |a=aW |}=Q}t |R=Ux}@W '|m}t=v}O
|=yRQt QF= =D 'OwW|t hPL G=wt= T=mav= 5?P=H RQt h} QaD =@ |m}t=v}O
"OwW |R=Ux}@W pOt pN=O x@ G=wt= ?=DR=@ sOa w C=W=aDQ= Qw@a |=Q@ |y=vDt=v
xOW xO=O u=Wv 2 pmW QO xR=U w l =N VvmQOv= |m}t=v}O |Oa@ wO pOt

"CU=
"OvDUy O}kt ji= CyH QO w O=R; s�=k CyH QO u}iQ] s�=k |=yRQt =Hv}= QO
O}kt y w x CyH wO QO 'pOt u}}=B QO |ki= QDU@ nvU Q@ `k=w |RQt \=kv
|ovU QDU@ ?}W u}vJty w l =N p}iwQB C=YNWt 'xk]vt |i=QowB wD "Ov=xOW
OwHw CQwY QO "OvQ=O |}xRQr G=wt= 7h}a[D =} w 6C} wkD QO |}x_Lqt p@=k Q}F-=D
|y=oCN=U C=QF= '|ovU QDU@ ?}W =} w '|rLt C=@ wUQ 'uwoty=v |=y|i=QowB wD

[16w15]"OvwW OQ=w |R=UpOt QO O}=@ xOWO=}
p}O@D l}vwtQ=y Gwt u}OvJ R= |@}mQD x@ u=wD|t =Q xrRrR l} QLD G=wt=
|}=H@=H Q=Okt 'xrRrR ?r=e Ot=U@ w l}vwtQ=y G=wt= =@ xrRrR |R=UpOt QO "OQm
p}rO x@ u}= xm CU= QDW}@ |mOv= 'pO=at |xrRrR l} QLD x@ C@Uv |D=@U=Lt
|=Q@ Ov=wD|t l}vwtQ=y Gwt u}=Q@=v@ [18w17]"CU= xrRrR l} QLD 8|t=}Dr= OwN QF=
Q@ l} QLD Ot=U@ QF= w OQ}o Q=Qk xO=iDU= OQwt u}tR CmQL C=YNWt p}rLD
R= |r=ta= l} QLD xar=]t u}= QO "CU= |UQQ@ p@=k xR=U � l =N VvmQOv=
QO 0 3 g =@ Q@=Q@ �PGA� xv}W}@ ?=DW =@ |Uwv}U CQwYx@ w SV Gwt ẁv
u}= w u}}aD QDU@ |}=H@=H '?=DW R= |Q}op=QoDv= Q=@ wO =@ "CU= xOW xDiQo Q_v
"CU= xOW p=ta= QDU@ nvU x@ xOWu}}aD V}B R= |}=H@=H CQwYx@ l} QLD
R}v w �sL=Rt� =QPo |=y?=wH lqyDU= |=Q@ sRq u=tR w pOt O=a@= x@ xHwD =@
3 =@ Q@=Q@ xOQ=w l} QLD |=ypm}U O=OaD 'xrRrR CW=ov?=DW QF= =@ |ovy=ty
O=OaD C}=im 'Q=w}O Q=DiQ p}rLD QO xOt;CUOx@ |OOa G}=Dv "CU= xOW ?=NDv=
=@ xm |Qw] x@ 'CU= xO=O u=Wv =Q |UQQ@ OQwt Ot=U@ |xOwOLt QO pm}U 3
Cw=iD Q=w}O |WtN Qovr w pmWQ}}eD Q=Okt QO QDW}@ pm}U O=OaD uDiQoQ_vQO
[19]'=yp�=L Q=w}O |wQ Q@ |}xar=]t QO ,=vt[ "CU= xOWv O=H}= |}x_Lqt p@=k
QO xvwtv u=wvax@ "CU= xOW xO=iDU= |Uwv}U |}xRQr l} QLD pm}U 3 QF= R=
xOW xO=O u=Wv 1 5 HZ Ot=U@ =@ QDU@ nvU x@ |r=ta= |}xRQr l} QLD 3 pmW

"CU=
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KrU
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eQ
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�l
=NV

vmQO
v=|

UQQ
@"l =N |=yx}q C=YNWt "1 pwOH

'0 c vs 

v

E Kr=Yt pOt ẁv x}q
(kPa) (m/s) (kN/m3) (kPa) l =N

32 5 600 18 0 33 1 7� 106

?trwm � Qywt
S1

132 5 450 18 0 33 106 S2
28 5 300 16 0 33 4� 105 S3
28 5 150 15 0 33 105 S4
- - 600 20 0 33 5� 106 u=UWm QDU@ nvU 2

"p}rLD QO xO=iDU= OQwt |}xQo 15 u=tr= |iQat "4 pmW

"KrUtQ}e |QH; Q=w}O |xLiY Q@ OwtaQ=DiQ |R=UpOt "5 pmW

p=ta= xm |Qw] x@ "(Rintr = 1) CU= xOW xDiQo Q_v QO |WQ@ pt=m |Q}oQO u;
Q=w}O |L=Q] w xOW Mmax w Q=w}O Q@ OQ=w |ki= Vv=Q V}=Ri= Ea=@ \}=QW u}=
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