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u=@; |=yu}W=t Q=mxy@H Q=Wi Q}F-=D w u}}aD |xwLv |xar=]t
u}tR K]U |=ypmW Q}}eD Q@ pvwD QiL

�Q=}O=DU=� |O=R; OtLt
u}wRk OL=w � |t=rU= O=R; x=oWv=O

�Q=}Wv=O� |v}ULOtLtQ}t u}Or=OHt O}U
Q}@mQ}t= |DavY x=oWv=O 'u=Qta |UOvyt |xOmWv=O

sDU}U w =QH= VwQ u}}aD |=Q@ |@U=vt C=aq]= |v}tRQ} R |xR=U l} QiL R= p@k
|=y|@=QN ẁkw p=tDL= w CU}v |i=m C=aq]= u}= ,qwtat =t= 'CU= CUO QO |Q=Oxov
|=ysDU}U OQmrta QO pqDN= Q@ xwqa xOW O=H}= |=y|@=QN "OQ=O OwHw xOWv |v}@V}B
'C=U}U-=D x@ |v=H w |r=t Q}PB=vu=Q@H |=yCQ=UN RwQ@ ?Hwt CU= umtt |Q=OQ@xQy@

pQDvm ,=YwYN '=yv; hrDNt |=yVN@ |UQR=@ wQu}=R= "OwW xQ}e w |vwmUt j]=vt
"Ovm|t Q=wo =v EO=wL ẁkw R= |Q}owrH x@ |v=}=W ltm '=ypmW Q}}eD w =yVvD C}a[w

w =ypvwD |Q=iL QO Q=m xy@H Q=Wi u}}aD hrDNt |=yVwQ |UQQ@ =@ Q=DWwv u}= QO
sQwD =} CUWv w Q=mxy@H Q=Wi u=R}t |@=} RQ= x@ |Oa@xU PLAXIS Q=Ri=sQv |Q}oQ=mx@

u=wvax@ u=yiY= |wQDt C=aq]= R= Qw_vt u}= |=Q@ "CU= xOW xDN=OQB Q=Wi u}= R= |W=v
"CU= xOW xO=iDU= |OQwt |xvwtv l}

azadi@aut.ac.ir
mirh53@yahoo.com "pvwD |Q=iL 'sQwD 'CUWv ' EPB 'Q=m xy@H Q=Wi %|O}rm u=oS=w

xtOkt
Qw]x@ 'Q=iL x=oDUO CmQL R= |W=v u}tR K]U C=Q}}eD u=R}t wQ u}= R= "OwW|t
xm |v=w=Qi C=k}kLD "OQ=O |oDU@ u; |Q@y=Q QO |w CQ=yt w TBM QwD=QB= x@ pt=m
Q=iLx=oDUO R= xO=iDU= =@ |Q=iL QO xm CU= u; R= |m =L xOW s=Hv= xv}tR u}= QO
'OOvw}B|tv ẁkw x@ l =N |oOvRer =} VR} Q xvwoI}y =yvDxv EPB QBU =@ TBM

|=y`]kt QO|DL 'pLt QO |=y|Q}oxR=Ov= T=U=Q@ R}v K]U QO l =NCUWv xmr@
[1]"CU= xOQmv Rw=HD QDt|r}t 3 R= VWwBsm

R= Cr=L u}= "CU= Q=iL x=oDUO CWB QO CUWv 'CUWv ẁv u}twO =t=
C=a]k j} QRD w ?Yv '|Q=iL u}@ |v=tR |xrY=i uOw@sm p}rOx@ hQ] l}
u; ?ka QO ,=Oa@ xm TBM |wrH QO l =N C}@FD Qo}O |wU R= w '�=yCvtoU�
|=Q@ Q=iL x=oDUO 'X=N Cq=L QO xJv=vJ =t= "OyO|tv MQ ,=twta 'OQ}o|t Q=Qk
|=yVN@ CWB QO 'OW=@ |WR} Q COWx@ pLt l =N =} ODi}@ Q=m R= |vqw] COt
pt=m Qw]x@ =Q u; u=wD|tv xm OwW|t O=H}= |r=N |=[i l} Q=iL x=oDUO hrDNt

[2]"Q=m xy@H Q=Wi QF= Q@ u}tR K]U sQwD w CUWv l}D=tW V}=tv "1 pmW

u}= |v}@V}B w |Q=iL C=QF= |UQQ@ '=ypvwD QiL QO C}ty= R�=L p�=Ut R= |m}
|U=vWu}tR R=|i=m C=aq]= uDW=O '|D=QF= u}vJ|@=} RQ= |=Q@ "CU= xOv}; QO C=QF=
|m} R}i X=wN Q_v R= R}v w |m}vmDw�S |=yQDt=Q=B w |Ov@x}q Q_v R= �� xk]vt
Q=OhOy w K}LY C=ar=]t s=Hv= wQu}= R= "CU= |QwQ[ �� l =N |}=}t}W w

"OyO jwU QDW}@ |vt}= w |L=Q] Ow@y@ CtU x@ =Q =t Ov=wD|t
xJv; Q@ |Q=iL C=QF= OQwtQO C=aq]= ?Um |=Q@ =y|UQQ@ u} QDW}@ ,=twta
QO xm CU= u}tR K]U sQwD w CUWv x@ \w@ Qt 'xOW E=OL= u}tR K]U Q@ xm

%Ov};|t OwHw x@ Q} R pt=wa QF= Q@ Q=iL |=yu}W=t OQ@ Q=m s=ovy
&Q=m xy@H QO |Q=iL Q=Wi R= |W=v CUWv �hr=

"Q=iL x=oDUO CWB QO CUWv �?
Q=iL |=yu}W=t R= xO=iDU= =@ |Q=iL |U=U= pmWt ,=twta xm pw= Cr=L QO
|wrH l =N OwW QDW}@ OwHwt Q=Wi R= Q=m xy@H x@ xOQ=w Q=Wi xm |DQwY QO 'CU=
l =N Q=Wi R= Q=Wi u}= xm |DQwY QO w OwW|t sQwDt u}tR K]U QO Q=m xy@H
w sQwD u}= l}D=tW V}=tv 1 pmW "Ovm|t CUWv u}tR K]U 'OW=@ QDsm OwHwt
Q=m xy@H Q@ xOQ=w Q=Wi u=R}t xJv=vJ pmW u}= x@ xHwD =@ "OyO|t u=Wv =Q CUWv
w OwW|t xOy=Wt CUWv u}tR K]U QO 'O@=} jwU lQLt Cr=L Q=Wi CtU x@
sQwD x@ CUWv u}= s} wW|t QDl}ORv sw=kt Cr=L QO l =N Q=Wi Q=Okt x@ xJQy

"OwW|t p}O@D
Q=Wi pQDvm C}r@=k p}rOx@ '1 EPB QBU =@ TBM |Q=iL |=yx=oDUO QO
|Q}owrH l =NCUWv R= w 'u}t-=D pvwD xy@H QO |Q=O}=B ,=twta l =N |xOvvmpO=aDt
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[2]"Mair w Atkinson VwQ hrDNt |=yQDt=Q=B l}D=tW V}=tv "2 pmW

'�Cu� l =N |xOWv|WmyR |oOv@UJ =@ xm CU= |Q=O}=B OOa N u; QO xm
Q=Wi w |L]U |=yxR=U R= |W=v Q=@ QU w 'pvwD QwLt =D u}tR K]U |xrY=i
OwW pY=L |k} Q]x@ O}=@ Q=mxy@H Q=Wi u=R}t x]@=Q u}= QO [2]"OQ=O x]@=Q Q=mxy@H

"OwW 5 R= QDsm �N� |Q=O}=B OOa Q=Okt xm
Q=_Dv= OQwt CkO w OwHwt C=aq]= x@ xHwD =@ xOWO=} |x]@=Q 5 R= s=OmQy

"OQ}o Q=Qk xO=iDU= OQwt Q=mxy@H x@ xOQ=w Q=Wi u}}aD Qw_vtx@ Ov=wD|t

|L]U C=Q}}eD u}}aD
s=Hv= jta QO CUWv `} RwD w |L]U C=Q}}eD u}}aD |xv}tR QO |a}Uw C=k}kLD
'(Mair, Bracegirdle,1993) C=k}kLD u}= u} QDhwQat R= |m} QO "CU= xOW
QiL R= |W=v |kta w |L]U CUWv `} RwD |xwLv xOWs=Hv= |=y|UQQ@ |]
|x]kv u}@ |ki= |xrY=i i pmW u}= QO "OW xDiQo Q_v QO 3 pmW j@=]t pvwD
�pvwD G=D |q=@ QO `k=w� |L]U CUWv xv}W}@ pLt w CUWv |vLvt h]a
xOt; ptax@ |}=QLY C=ar=]t |=Q@ "OwW|t pY=L i = kz |x]@=Q R= xm CU=

[4]"j=ta= w u}tR K]U QO CUWv p}iwQB V}=tv "3 pmW

wQ u}=R= "OwW|t Q=iL x=oDUO CWB QO CUWv O=H}= Ea=@ u}ty w OQm QB j} QRD =@
|xR=Ov=x@ |QDt|Dv=U 1 5 u=mtQ}}eD l} 'QF= u}= uDiQo Q_v QO |=Q@ xar=]t u}= QO

"CU= xOW xDiQo Q_v QO h=Q]= l =N w 2QBU u}@ |xrY=i

C=ar=]t |xJN} Q=D
Q=m xy@H Q=Wi u}}aD

xwqa xm OW=@ |}xR=Ov= x@ Q=mxy@H x@ OQ=w Q=Wi Q=Okt O}=@ |Q=iL CUQO VwQ QO
|x@U=Lt |=Q@ "OyOv MQ |oOt;Q@ =} CUWv u}tR K]U QO 'Q=mxy@H uOv=t Q=O}=B Q@
w ?; Q=Wi uwJ |vwo =vwo pt=wa =yv; QO xm OQ=O OwHw |irDNt |=yVwQQ=Wi u}=
"CU= xOW xDiQo Q_v QO �""" w XwYNt uRw 'uwU=wB ?} Q[� l =N |=yQDt=Q=B
x@ |oDU@ xOQ=w Q=Wi u=R}t u}}aD Qw_vtx@ ?U=vt VwQ ?=NDv= p}rO u}tyx@
'CU= xDiQo CQwY |v=w=Qi C=ar=]t \=@DQ= u}= QO "OQ=O OwHwt C=aq]= w \}=QW

"s} R=OQB|t =yv; R= |O=OaD |iQat x@ xm
?; K]U u=R}t uDiQo Q_v QO 'Q=Wi u}= u}tND |=Q@ =yx=Q u} QDxO=U R= |m}
Q=Wi Q} R w `=@W= |=yu}tR QO xm VwQ u}= "CU= pvwD |Q}oQ=Qk C}akwt x@ C@Uv
xm CU= u;Q@ ZQi w OQ=O G=wQ =y|vB=S u}@ ,=twta 'OwQ|t Q=m x@ l}D=DUwQO}y
Ovm|t C}=im 'l =N Q=Wi pO=aD |=Q@ ?; Q=Wi Q@ xi=[= '30 kpa pO=at |Q=Wi

"�1 pwtQi�
P = Pw + 30(kPa) (1)

CU= |Owta Q=Wi ?=UDL= =@ l =N |ki= Q=Wi R= xO=iDU= Qo}O |xO=U VwQ
\@=wQ u}= R= xO=iDU= =@ "OwW|t h} QaD 3 w 2 |x]@=Q wO R= |m} CQwYx@ xm
|y}O@ "OQm u}}aD =Q lQLt w uwmU Cr=L QO l =N |xOQ=w Q=Wi u=R}t u=wD|t
xO=O jwU uwmU Cr=L QO Q=Wi u=R}t CtU x@ Q=m xy@H Q=Wi Q=Okt xJQy CU=
Vy=m u}tR K]U sQwD w CUWv Q=Okt xH}DvQO w l =N |}=Hx@=H u=R}t 'OwW

"O@=}|t
Po = Ko
h (2)

Pa = Ka
h� 2CpKa + Pw (3)

QO l =N Q=Wi ?} Q[ ka 'uwmU Cr=L QO l =N Q=Wi ?} Q[ ko \@=wQ u}= QO
Q=Wi u}}aD |=Q@ "OvDUy l =N XwYNt uRw 
 w |oOv@UJ C 'lQLDt Cr=L
[3]"CU= xOW O=yvW}B 4 |x]@=Q ?; K]U |q=@ QO |}xU=t |=yl =N QO Q=mxy@H
�T = �sTs + 
bDsT
 (4)

5 |x]@=Q x@ 4 |x]@=Q 'OQ}o|t Q=Qk |v}tRQ} R ?; K]U Q} R pvwD xm |t=ovy
[2]%OwW|t p}O@D

�T = �sTs + [
b(h� hw) + 
0hw]T
 + 
whw (5)

p=mW=� |L]U Q=@ QU |=Q@ pvwD |Q=O}=B OOa Ts '|L]U Q=@ QU �s u; QO xm
Qwx]we sHL OL=w uRw 
0 'l =N |a}@] sHL OL=w uRw 
b '�?2 w hr=2
|=Q@ "CU= �G2 pmW� l =N Q=@ |=Q@ pvwD |Q=O}=B OOa T
 w QBU Q]kDs 'l =N
%OQm pQDvm =Q Q=m xy@H |Q=O}=B 6 |x]@=Q R= xO=iDU= =@ u=wD|t R}v xv=OR} Q |=yl =N
N = �s + 
H � �T

Cu
(6)

sQ=yJ w pyJ |xQ=tW �h} QW 40



|v}
UL

OtL
tQ}t

u}O
r=OH

tO}
Uw

|O
=R;O

tLt [5]"l =N |=yx}q |m}vmDw�S C=YNWt "1 pwOH

|Q}PB|rmWQoO pt=wa |WQ@ Ctw=kt pt=wa (m/s) |}=w=QD ?} Q[ OL=w uRw

l =N ẁvMohr-Coulomb

|@v=H |rmWQoO ?} Q[ 'pm |rmWQoO pwOt l =m]Y= |x}w=R |oOv@UJ pm sHL
'|@Uv Et �0 '|rN=O c0 kh '|ki= kv 's�=k 
t

�r (kg=cm2) (deg:) (kg=cm2) (gr=cm3)

0 35 150 23 0 15 1� 10�5 2� 10�6 1 8 |DUO l =N
0 35 260 25 0 3 1 2� 10�8 2 5� 10�9 1 9 xv=OR} Q
0 3 600 35 0 2 5� 10�3 2 5� 10�4 2 0 xv=O CWQO

"pw= Cr=L QO l =N |Ov@x}q |xwLv "4 pmW

"swO Cr=L QO l =N |Ov@x}q |xwLv "5 pmW

pmW u}= x@ xHwD =@ "CU= xOW xDiQo Q_v QO 5 pmW j@=]t l =N |Ov@x}q |xwLv
[5]"�1 pwOH� OwW|t xOy=Wt xk]vt QO �|}xU=t� xv=OCWQO |x}q l} =yvD

|DUO |=yp}rLD G}=Dv |UQQ@
QO |Q=iL Q=Wi |@=} RQ= |=Q@ hrDNt Cr=L wO |@=NDv= |=yx=oCN=U x@ xHwD =@
|@ QHD \@=wQ R= xm |DQwYQO "CU= xOW xDiQo Q_v QO xv=OCWQO w xv=OR} Q l =N
Q=Wi u}= Q}O=kt OwW xO=iDU= Q=mxy@H x@ xOQ=w Q=Wi |x@U=Lt Qw_vtx@ 3 w 2 '1

"Ow@ Oy=wN 2 pwOH j@=]t hrDNt Cq=L |=Q@ pvwD G=D QO
u}@ �|UQ l =N QO� pw= Cr=L |=Q@ Q=mxy@H Q=Wi Q}O=kt 2 pwOH x@ xHwD =@
1 84 =D 1 6 bar u}@ �|}xU=t l =N QO� swO Cr=L |=Q@ w 0 93 =D 0 27 bar

xm OyO|t u=Wv lQLt w uwmU Cr=L Q=Wi |=yVwQ |xU}=kt u}vJty "CU=
QBU CtU x@ l =N CmQL xm u; Crax@ �� uwmU Cr=L x@ lQLt Cr=L Q}}eD =@

QO xar=]t OQwt pvwD jta xm u}= x@ xHwD =@ "CU= xOW OQw;Q@ k =0 5 Q=Okt
u}= R= "CU= 7 5 =D 5 u}@ i Q=Okt CU= Q}}eD QO QDt 15 =D 10 R= |Oa@ |=yVN@
|x]kv uDW=O =@ "OW=@ Q}Ut pw] |=Q@ ?U=vt |Q=Okt Ov=wD|t i = 6 Q=Okt wQ
x@ =Q l =N pmW Q}}eD |vLvt pmW u=wD|t CUWv |vLvt h]a \=kv w QakD
|=Q@ 7 |x]@=Q |[=} Q hrDNt \@=wQ |UQQ@ ut[ 'Qw_vt u}= |=Q@ "OQw; CUO

[4]"OW x�=Q= |UQ |=yl =N QO u}tR |L]U CUWv `} RwD
S = Smax exp(�x2=2i2) (7)

Q_v OQwt |x]kv |ki= |xrY=i x w |L]U CUWv xv}W}@ Smax x]@=Q u}= QO
"CU= xv}W}@ CUWv pLt R=

|DUO |=yp}rLD hrDNt |=yVwQ |xU}=kt
p}rLD |v=@t w pwY=

xO=iDU= =@ xm u=yiY= |wQDt R= |OQwt |xar=]t l} Q=mxy@H Q=Wi |@=} RQ= Qw_vtx@
"CU= xOW xDiQo Q_v QO 'OwW|t |Q=iL EPB QBU =@ TBM Q=iL x=oDUO R=
|rN=O Q]kx@ |}xQ}=O pvwD wO R= pmWDt u=yiY= |wQDt |v=}t |xa]k |=ypvwD
Q=Qk u}tR K]U R= QDt 15 =D 10 OwOL |kta QO =yu; RmQt xm OvDUy QDt 6 0

"Ovvm|t Qw@a u=@=}N Q} R R= Q}Ut QDW}@ QO w OvQ=O

pvwD x=oCN=U |@=} RQ=
x}L=v u}= QO l =N x}q xU 'xar=]t OQwt |xk]vt |m}vmDw�S C=ar=]t x@ xHwD =@
Cr=L wO p}rLD |=Q@ "CU= 1 pwOH j@=]t =yx}q u}= C=YNWt "OwW|t xOy=Wt

%CU= xOW xDiQo Q_v QO Q} R CQwYx@ hrDNt
w CU= QDt 12 u}tR K]U R= =ypvwD RmQt s�=k |xrY=i Cr=L u}= QO "pw= Cr=L
|Ov@x}q |xwLv 4 pmW QO "CU= xDiQo Q=Qk jta u}= QO R}v |v}tRQ} R ?; K]U
l =N QDt 2 5 pmW u}= x@ xHwD =@ "CU= xOW xO=O u=Wv Cr=L u}= QO l =N
|Q=iL Q}Ut R= |WN@ Qou=}@ xm |}xU=t l =N QDt 8 w |UQl =N QDt 9 5 '|DUO
1 pwOH j@=]t hrDNt |=yx}q C=YNWt "OwW|t xDiQo Q_v QO CU= pvwD

[5]"CU=
QDt 1 5 ?; K]U OwQxOv}=R |xv=NOwQ OwHw p}rOx@ Cr=L u}= QO "swO Cr=L
"CU= QDt 15 u}tR K]U R= =ypvwD RmQt |xrY=i w OQ=O Q=Qk u}tR K]U R= QDq=@
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t"|Oa@xU p}rLD hrDNt Cq=L "3 pwOH

?; K]U u}tR K]U R= =ypvwD RmQt xrY=i Cr=L
(m) (m)

�12 12 pw=
�10 11 swO
1 5 15 swU

"pvwD VWwB |=yxa]k C=YNWt "4 pwOH
xa]k Ct=N[

EA(kN=m) EI(kN:m2=m)
(m)

0 3 6 708� 106 5 031� 1047

pOt C=YNWt
|=yp}rLD QO 5 w 4 |=ypmW j@=]t Cr=L wO 'OW xO=O KQW QDV}B xm u=vJ
=ypvwD |Q}oQ=Qk pLt w pOt O=a@= =ypmW u}= QO "CU= xDiQo Q=Qk xHwD OQwt |OOa
QO pvwD |Q}oQ=Qk jta uOw@ QDW}@ x@ xHwD =@ "CU= xOW xO=O V}=tv Cr=L Qy QO

"CU= xOW xDiQo Q_v QO QDW}@ pOt `=iDQ= 'swO Cr=L
=@ w ?trwm �Qywt pOt j@=]t l =N |Q=DiQ pOt xOWs=Hv= |=yp}rLD QO
xDiQo Q_v QO u=vJ R}v pOt |=yRQt "CU= xOW xDiQo Q_v QO 1 pwOH C=YNWt
|mDre |=yRQt pt=W =yRQt u}= "OUQ@ umtt OL u} QDsm x@ =yRQt C=QF= xm OwW|t

"OvDUy pOt u}}=B QO |rYit |=yRQt w pOt h=Q]= QO

pvwD VWwB C=YNWt |@=} RQ=
QDt 6 91 u; |Q=iL Q]k xm CU= u=yiY= |wQDt R= |WN@ xar=]t OQwt pvwD
"CU= QDt|Dv=U 30 u;Ct=N[ w �|DvtoU�|}xa]k CQwYx@ pvwDVWwB "CU=

"CU= xOW xDiQo Q_v QO 4 pwOH j@=]t pvwD VWwB C=YNWt

|Q=iL pL=Qt
|m} "OQm QDl}ORv C}ak=w x@ =Q C=@U=Lt u=wD|t |Q=iL pL=Qt uDiQo Q_v QO =@
wQ u}=R= "CU= |Q=iL pL=Qt u}= uDiQo Q_v QO PLAXIS |xt=vQ@ |=yC}r@=k R=

%CU= xOW xDiQo Q_v QO |Q=iL |xrLQt 4 'xOWs=Hv= |=yp}rLD QO
&u=@=}N K]U R= =yu}W=t Qw@a R= |W=v l}i=QD |Q=PoQ=@ "1

&Q=mxy@H Q=Wi p=ta= w pw= pvwD |Q=iL "2
&pw= pvwD |Q=iL |xt=O= "3

"swO pvwD |Q=iL "4

G}=Dv |@=} RQ=
"CU= xOW s=Hv= 3 pwOH j@=]t hrDNt Cr=L 3 |=Q@ PLAXIS |=yp}rLD
Cr=L xU u}= |=Q@ =Q u}tR K]U QO u=mt Q}}eD `} RwD |xwLv 8 =D 6 |=ypmW
xHwD OQwt xDWPo C=k}kLD QO xm |}=ypmW w \@=wQ =@ =ypmW u}= "OvyO|t u=Wv

"OQ=O |@U=vt j@=]D 'CU= xDiQo Q=Qk

"hrDNt |=yVwQ T=U=Q@ Q=m xy@H Q=Wi Q}O=kt "2 pwOH

(bar) swO Cr=L (bar) pw= Cr=L VwQ
1 6 0 3 P = Pw + 30
1 84 0 93 uwmU Cr=L Q=Wi
1 64 0 27 lQLt Cr=L Q=Wi
1 66 | Mair w Atkinson

CUO x@ Q}O=kt |xOy=Wt "OwW|t xOwRi= Q=mxy@H Q=Wi u=R}t Q@ �� O@=}|t Vy=m
"CU= OwHwt ?; Q=Wi `@=D Q=mxy@H Q=Wi Q=Okt xm OyO|t u=Wv pw= VwQ R= xOt;
Q}O=kt u=wD|tv VwQ u}= R= 'CU= u}}=B |v}tRQ} R ?; K]U xm |Dr=L |=Q@ u}=Q@=v@

"OR u}tND =Q |@U=vt
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|}=yv u=R}t 'u; E=OL= \}=QW w |B ẁv x@ xDU@ =yu=tDN=U |Q=PoQ=@ uOw@Cw=iDt
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txDU@=w |v}tRQ} R ?; K]U w l =N ẁv x@ Q=mxy@H Q=Wi u=R}t xm Ci=} QO u=wD|t

OQwt pO=aD sDU}U |Q=O}=B |=Q@ |QDW}@ Q=Wi ,=twta |}xU=t |=yl =N QO "CU=
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