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=@ u=wD|t xm 'OvDUy uotyQ}e CQwYx@ Ca}@] QO OwHwt |=yl =N ?re=
C=}YwYN wCt=N["CiQo Q_v QOuoty|=yx}qCQwYx@ =Q u;|}=y|R=UxO=U
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`k=w |rk}Y |B l} CU=Q |xt}v Q} R 'xYNWt \w]N V}=Q; Q}wYD "2 pmW
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%CU= xOW xO=iDU= =]N w |aU VwQ R= 'xr�Ut

yp � yA = tan[�p + �A
2 � �]� (xp � xA) (hr=1)

yp � yB = tan[�p + �B
2 + �]� (xp � xA) (?1)

� sin(2�)� [pp � pA] + [RA +Rp]� [�p � �A]

= � � sin(�"+ 2�)� [xp � xA]

� � cos(�"+ 2�)� [yp � yA] (hr=2)

sin(2�)� [pp � pB ] + [RB +Rp]� [�p � �B ]

= � � sin(�"� 2�)� [xp � xB ]

� � cos(�"� 2�)� [yp � yB ] (?2)

x=oDUO QO �P w 'pP 'yP 'xP |=yQDt=Q=B R= |}x}rw= |=yTOL =OD@= ' ẁQW |=Q@
w pP |=y QDt=Q=B |=Q@ |O}OH O=Oa= 'xH}Dv QO "CU= xOW xO=O Q=Qk 2 CqO=at
xOW xO=O Q=Qk 1 CqO=at x=oDUO QO xOWpY=L Q}O=kt "Ot; Oy=wN CUO x@ �P
QOku; jwi C=}rta "O}; CUO x@ yP w xP |=yQDt=Q=B |=Q@ |O}OH Q}O=kt =D 'CU=
xYNWt RQt CyH QO uO=O xt=O= =@ "OwW pY=L Q_vOt CkO =D CU= xOW Q=QmD
xYNWtQ}e w swrat RQt 'P |x]kv Q}_v \=kv Qo}O uOQm =O}B u}vJty w OT
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%�? w hr=� 3 pO=aD \@=wQ x@ xHwD =@
�x1 = �x2 (hr=3)

�xy1 = �xy2 (?3)
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l =N l} Q@ `k=w pk}Y |L]U |Q=wv |=yxOwr=W |Q@ Q=@ C}iQ_ ?}=Q[ OQw;Q@
R= xO=iDU= =@ TBU "CU= xOW x�=Q= x}q wO |=yl =N |=Q@ |tD} Qwor= 'uoty
?} Q[ C=Q}}eD 'xOWQmP sD} Qwor= R= xOW G=QNDU= 1 BCTL u=wva =@ |Q=Ri=sQv
|WmyR TQ x}qwO |wQ Q@ '(N�c ) pk}Y |Q=wv |=y|B |m}D=DU= |Q@ Q=@ C}iQ_

"CU= xOW x�=Q= =DU=Q u}= QO |}=yh=Qo w =ypwOH u=}=B QO w |UQQ@ xOWv

VvD |xYNWt \w]N VwQ =@ xr�Ut pL sD} Qwor= "2
CU=Q CtU |xt}v Q} R 'xYNWt \w]N V}=Q; |ovwoJ R= |Q} wYD '1 pmW
R= |B Q} R l =N 'u; j@=]t xm 'OyO|t u=Wv =Q uoty l =N Q@ |mDt |B l}
R= TB |m} '?}DQD x@ O}=@ xm 'OwW|t p}mWD KQW u}= x@ xOW|Q}tN |x}L=v 3

%OvwW pL |Qo}O
VvD� p |=yQDt=Q=B pt=W |RQt C}a[w 'u; QO xm �OTQ� |Wwm |xk]vt "1
|=DU=Q QO \=kv C=YDNt w �xv}W}@ |rY= VvD =@ VvD CyH� � '�\UwDt

"CU= XNWt �OT RQt |va}� xYNWtQ}e |vLvt l}
�w p |=yQDt=Q=B pt=W |RQt C}a[w 'u; QO xm �OQR� CUQwo |xk]vt "2
OwN xm � O |x]kv u}vJty w OQ |oS} w wO |=DU=Q QO \=kv C=YDNt w
xOW XNWt �CU= lJwm Q=}U@ Q=}U@ Twk pw] =@ � xYNWt |vLvt l}

"CU=
|vLvt |=DU=Q QO |RQt \}=QW R= |NQ@ 'u; QO xm �ORS� Tm}t |xk]vt "3
|vLvt |=DU=Q QO �� ,qFt� \}=QW R= Qo}O |[a@ u}vJty w OR xYNWt

"CU= swrat �CU= OS RQt u=ty xm � xYNWtQ}e
pLt QO \ki 'CU= uoty Cr=L Ovv=ty pL VwQ 'x}q wO |=yl =N |=Q@
|xaUwD |=DU=Q QO w Qw_vt u}ty x@ "OQm xO=iDU= pO=aD O}OH \@=wQ R= O}=@ RQt
xDWwv BCTL u=wva =@ |}xt=vQ@ [5]'�2008 'u=Q=mty w u=}r=tm � 2 SLM |xt=vQ@
|Q=wv |xOwr=W l} CU=Q |xt}v |=Q@ xr�Ut pL R= |Q} wYD '2 pmW "CU= xOW
|=Q@ xr�Ut pL |rm pwY= 'xt=O= QO "OyO|t u=Wv =Q x}q wO l =N Q@ `k=w pk}Y

"CU= xOW K} QWD QwmPt |xk]vt 3

|Wwm |xk]vt pL "1"2
x}qlD l =N "1"1"2

"CU= xOW xDiQo Q_v QO �B w A� sy Q=vm x]kv wO 'OT xYNWt RQt |wQ Q@
|=Q@ uwvm = "Ot; Oy=wN CUO x@ P |x]kv '� w � xYNWt \N wO OQwNQ@ R=
CqO=at x=oDUO \@=wQ R= 'P |x]kv C=YDNt u}vJty w � 'p |=yQDt=Q=B u}}aD
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x@ xHwD =@� swO |x}q |=Q@ =Q xr�Ut '|Wwm |xk]vt QO pw= |x}q Ovv=ty u=wD|t
� w P Q}O=kt 'pO=aD \@=wQ x@ xHwD =@ =OD@= '|va} "OQm pL �swO |x}q |oOv@UJ
xr�Ut 'pw= |x}q Ovv=ty TBU w xOt; CUOx@ |v}}=B |x}q QO B w A \=kv |=Q@

"�5 pmW� CU= xOW pL P |x]kv Q}O=kt uOQw; CUOx@ |=Q@

CUQwo |xk]vt pL "2"2
x}qlD l =N "1"2"2

u}DUNv |x]kv "CU= QiY u; Twk pw] xm CU= xYNWt |RQt O |x]kv
w swrat u; QO � w p |=yQDt=Q=B w lQDWt |Wwm |xk]vt =@ xYNWt RQt u}=
� QDt=Q=B Q=Okt 'CU= xOw@ lQDWt Tm}t |xk]vt =@ xm u; QN; |x]kv QO u}vJty
CU=Q CtU xmv}= uDiQo Q_vQO u}vJty w ?2 |x]@=Q R= xO=iDU= =@ "CU= swrat
xYNWt RQt |=Q@ |}=yDv= w |v=}t \=kv QO u=wD|t =Q p QDt=Q=B 'CU= QiY |w=UD
� |xYNWt \N %OQm pta pmW u}= x@ u=wD|t 'xt=O= QO "OQw; CUOx@ xOWQmP
|x]kv R= � |xYNWt \N u}vJty w � |xYNWt RQt Q@ `k=w swO |x]kv R=
'p |=yQ}eDt uOQw; CUOx@ |=Q@ "OQPo|t �OQ� � |xYNWt RQt Q@ `k=w swO
|x]kv u=ty xm � |xYNWt \N wO OQwNQ@ pLt QO C=YDNt u}vJty w �
P |x]kv 'p=L "OwW|t pta |Wwm |xk]vt QO pL VwQ CQwYx@ '�CU= P
w u} Ro}=H |r@k ẁQW \=kv |=H x@ � |xYNWt RQt Q@ `k=w swU |x]kv w
|=yQ}eDt w C=YDNt 'q=@ pL=Qt Q=QmD |xt=O= =@ "OwW|t s=Hv= jwi VwQ ,=OOHt
=@ "OwW|t pY=L CUQwo |xk]vt R= 'swO � xYNWt \N |=DU=Q QO � w p
CUOx@ u=mt= 'C=}rta Q=QmD u}vJty w xYNWt RQt QO Q}O=kt uOQm u} Ro}=H
|xk]vt pL 'xH}Dv QO w pY=L � |xYNWt RQt |=DU=Q QO O}OH \=kv uOQw;

"OwW|t Q}PBu=mt= CUQwo
x}q wO l =N "2"2"2

x@ xHwD =@� xHQO 0 =D 90 R= � |x} w=R C=Q}}eD x@ xHwD =@ 'x}q wO RQt pLt QO
|=Q@ "O};|t OwHwx@ pL CyH |irDNt Cq=L '�|B u} Q} R K]U uOw@ pk}Y

%CU= xOW |UQQ@ p}P QO u; |rm Cr=L wO 'xvwtv
QO XA w XB 'XP xm|v=tR 'Cr=L u}= QO %�6 pmW�XP =< XB Cr=L
|=Q@ xOW xO=O K}[wD Cr=L Ovv=ty pL VwQ 'OvW=@ xDiQo Q=Qk pw= |x}q
|v=tR 'u}vJty "�CU= u}tR K]U R= x]kv `=iDQ= X� CU= x}qlD l =N
'CU= xOw@ p@k Ovv=t pL VwQ 'OvW=@ swO |x}q QO XA w XB 'XP xm
swO |x}q QO l =N XwYNt uRw w |oOv@UJ w l =m]Y= |x} w=R R= \ki
|=Q@ pO=aD \@=wQ R= O}=@ =OD@= 'CQwYu}= Q}e QO "OwW|t xO=iDU= \@=wQ |=Q@

"x]kv 10 |=Q@ |Wwm |x}L=v QO x}q Q}}eD Q}F-=D "5 pmW

w ? 'hr=� 4 |x]@=Q '4 pmW w \w@ Qt VwQ |[=} Q |v=@t x@ xHwD =@ 'u}vJty
%Ot; Oy=wN CUOx@ �G

�x = p+R� cos 2� (hr=4)

�y = p�R� cos 2� (?4)

�xy = R� sin 2� (G4)

%O};|t CUOx@ 5 |x]@=Q R= R 'u; QO xm
R = p� sin'+ c� cos' (5)

"�4 pmW� CU= C=YDNt -=O@t =@ xQ}=O RmQt |xrY=i p w xQ}=O `=aW R 'u; QO xm
%CW=O s}y=wN =Q �? w hr=� 6 \@=wQ 'jwi \@=wQ ?}mQD =@ p=L

p1 +R1 � cos 2�1 = p2 +R2 � cos 2�2 (hr=6)

R1 � sin 2�1 = R2 � sin 2�2 (?6)

%Ov};|t CUOx@ �?w hr=� 7 |x]@=Q R= R2 w R1 '=yu; QO xm
R1 = p1 � sin'1 + c1 � cos'1 (hr=7)

R2 = p2 � sin'1 + c2 � cos'2 (?7)

"CU= u} Q} R |x}q x@ \w@ Qt '2 T}Ov= w q=@ |x}q x@ \w@ Qt '1 T}Ov=
XNWt u}vJty 'pw= |x}q |oOv@UJ w � 'P uOw@swrat x@ xHwD =@ 'uwvm =
� w P Q}O=kt 'pwyHt wO |x]@=Q wO pL R= u=wD|t 'swO |x}q |oOv@UJ uOw@

"x}q wO RQt pLt QO VvD C}a[w "3 pmW

"|oDN}Uo C}a[w QO Qywt |xQ}=O "4 pmW
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|x}q QO B |x]kv xmv}= x@ xHwD =@ |va} "OQm pta CUQwo |x}L=v QO swO Cr=L
pwyHt 6 w xrO=at 6 pL x@ C@Uv O}=@ 'CU= pw= |x}q QO A |x]kv w swO
s=Ok= u=tRsy Qw]x@ P |x]kv C=YNWt uOQw; CUOx@ |=Q@ �3 |r= 1 \@=wQ�
Q=Qk RQt R= QDu}}=B =} w QDq=@ |mOv= P `=iDQ= ?UL Q@ RQt `=iDQ= Cr=L u}= QO� OQm

"�OQ}o|t
u=Um} x}q wO C=YNWt� uoty l =N l} Q@ `k=w '|Q=wv |xOwr=W %p=Ft
"CU= xOW xDiQo Q_v QO QDt 2 ZQa x@ pk}Y hm =@ '�CU= xOW xDiQo Q_v QO
CtU QO `k=w |x}L=v 'u}vJty "CU= OwN RmQt QO s�=k |Q=@ QF= CLD xOwr=W u}=
|rY= VvD CyH "CU= xOW xDiQo Q_v QO |Q}tN 'QDt 6 pw] x@ w |B CU=Q
|w=Ut |rY= |=yVvD \UwDt Q=Okt 'u}vJty w Owta '|B CQw=Ht QO QDW}@
C=}YwYN =@ x}q wO� uoty l =N "CU= `@ QtQDt|Dv=U Q@ sQowr}m 1 7321 =@
10 |oOv@UJ '?amtQDt Q@ uDw}vwr}m 10 XwYNt uRw 'u; Q} R QO `k=w �u=Um}
V}=Q; |xwLv '8 pmW "CU= xDW=O xHQO 30 l =m]Y= |x} w=R w p=mU=B wr}m
l} Q} R w �x@=Wt |x}q wO C=}YwYN� uoty l =N l} QO xYNWt \w]N
OSw OR 'OQ \w]N w =y|vLvt "OyO|t V}=tv =Q |L]U |Q=wv |xOwr=W
j]=vt u}@ lQDWt RQt 'CUQwo w |Wwm j]=vt u}@ lQDWt RQt QoW}=tv ?}DQD x@

"OvDUy |B Q} R ,=D}=yv w Tm}t w CUQwo
Q_vQO xQo 7 R= |}=yDv= w |}=OD@= xQo wO C=YDNt pLt '3 |r= 1 |=y pwOH
VvD |=DU=Q |x} w=R |xR=Ov= u}vJty "Ov=xOW x�=Q= xt=vQ@ |=QH= CyH 'xOW xDiQo
'(p) |rY= VvD wO |xR=Ov= \UwDt w �� |x} w=R� |Owta QwLt =@ QDW}@ |rY=
u}vJty w [3]'T} w}O w Qmw@ |xOt; CUOx@ G}=Dv =@ w xOW x�=Q= |vLvt 3 Q@ `k=w

"Ov=xOW xU}=kt [5]'u=Q=mty w u=}r=tm
V}=Q; u=ty ,=k}kO 'QwmPt u=QoWywSB \UwD xOWs}UQD pmW 'CU= QmP x@ sRq
pY=L G}=Dv 'u; j@=]t xm 'OyO|t u=Wv =Q 8 pmW QO 'VvD |xYNWt \w]N
xOt;CUO x@ G}=Dv =@ |@U=vt Q=}U@ j@=]D '�BCTL Q=Ri=sQv� xYNWt \w]N R=
"CU= xOw@ �1 Q} R \=kv |xty QO =y=]N OYQO w xDW=O QwmPt u=QoWywSB \UwD
Q}}eD p@=kt QO Nc |Q@ Q=@ C}iQ_ ?} Q[ C=Q}}eD Qov=}@ '9 pmW u}vJty
xU}=kt QO 'BCTL |xt=vQ@ R= xO=iDU= =@ uoty l =N l} |=Q@ l =m]Y= |x} w=R
xOy=Wt xm Qw]u=ty "CU= x}ql} l =N |=Q@ [4]'u}DQ=t VywSB R= pY=L G}=Dv =@

"OQ=O |@ wN Q=}U@ j=@]v= pY=L G}=Dv 'OwW|t

"CUQwo w |Wwm lQDWt RQt QO � w p Q}O=kt w \=kv C=YDNt "1 pwOH
P � y x u=QoWywSB xQo

1 73 90 00 0 00 0 00 �1977� T} w}O w Qmw@
11 73 90 00 0 00 0 00 �2008� u=}r=tm

1 73 90 00 0 00 0 00 Q[=L j}kLD

5 20 90 00 3 00 1 73 �1977� T} w}O w Qmw@
75 20 90 00 3 00 1 73 �2008� u=}r=tm

5 20 90 00 3 00 1 73 Q[=L j}kLD

"CUQwo |xk]vt QO x}q Q}}eD QF= R= l}D=tW Q}wYD "6 pmW

"Tm}t w CUQwo |=yxk]vt QO x}q Q}}eD QF= R= l}D=tW Q}wYD "7 pmW

x@ TBU "OQm xO=iDU= B w A \=kv |=Q@ � w P O}OH Q}O=kt uOQw;CUO x@
?UL Q@ RQt `=iDQ= Cr=L u}= QO� CU= xOW xDN=OQB swO |x}q QO xr�Ut pL

"�OQ}o|t Q=Qk QDu}}=B =} w QDq=@ |mOv= A `=iDQ=
'XP xJv=vJ '1 Cr=L Ovv=ty R}v Cr=L u}= QO %�7 pmW�XB > XP Cr=L
xOWxO=O K}[wD Cr=L Ovv=ty pL VwQ 'OvW=@ pw= |x}q QO XA w XB
swO |x}q QO XA w XB 'XP xm |v=tR u}vJty "CU= x}qlD l =N |=Q@
|oOv@UJ w l =m]Y= |x} w=R R= \ki w xOw@ p@k Ovv=t pL VwQ 'OvW=@
QO "CU= xOW xO=iDU= \@=wQ |=Q@ swO |x}q QO l =N XwYNt uRw w
QO A |x]kv w swO |x}q QO B |x]kv xmv}= x@ xHwD =@ 'CQwY u}= Q}e
|r= 1 \@=wQ� pwyHt 6 w xrO=at 6 pL x@ C@Uv O}=@ 'CU= pw= |x}q
QO� OQm s=Ok= u=tRsy Qw]x@ P |x]kv C=YNWt uOQw; CUOx@ |=Q@ �3
Q=Qk RQt R= QDu}}=B =} w QDq=@ |mOv= 'p `=iDQ= ?UL Q@ RQt `=iDQ= Cr=L u}=

"�OQ}o|t

Tm}t |x}L=v pL "3"2
x}qlD l =N "1"3"2

u} QD|}=yDv= |=DU=Q QO C=YDNt w � 'p |=yQ}eDt 'CUQwo |xk]vt pL R= TB
l} '� |xYNWt \N "OwW|t pY=L OR |vLvt |va} '� |xYNWt \N
pL CyH "CU= swrat u; C=YNWt xm 'CU= Tm}t |xk]vt QO xYNWt RQt
pL R= TB 'uwvm = "OwW pta CUQwo |xk]vt x@ x}@W O}=@ 'Tm}t |xk]vt
xOwr=W |DU=Q CtUk w Q} R QO Q=Wi s}UkD |xwLv |x@U=Lt 'Tm}t |xk]vt
|Q=Wi T=tD |wQ}v u=wD|t '=yxir-wt R= |Q}op=QoDv= =@ "OwW|t umtt �OS \N�

34

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

3/
1|

xQ=t
W'

33
�2

|xQ
wO'

�13
96

R}}=B
�h

}QW
u=Qt

a|
UOv

yt CU= |Q}O=kt `tH =@ |w=Ut xOwr=W |Q@ Q=@ C}iQ_ 'xH}Dv QO "CU= xiQ]wO uQ=kD
%OQm pta pmW u}= x@ u=wD|t uwvm = "OyO|t x�=Q= xr�Ut AJ w CU=Q CtU xm
|U=tD Q=Wi 'u; |xH}Dv QO xm OwW pL xOwr=W CU=Q CtUk R= 'xr�Ut =OD@= "1

"O};|t CUO x@ xOwr=W Q} R QO
Q} R |U=tD Q=Wi u; |xH}Dv QO xm OwW pL xOwr=W AJ CtUk R= xr�Ut "2
|w=Ut xOt;CUOx@ Q=Okt 'uQ=kD p}rO x@Cr=L u}= QO� O};|tCUO x@ xOwr=W

"�CU= pw= |xrLQt
w 1 |=yxQ=tW R= pY=L |U=tD |=yQ=Wi |=Q@ xOt; CUOx@ |=yQ=Okt `tH "3

"CiQo Q_v QO (qv) xOwr=W |Q@ Q=@ C}iQ_ u=wvax@ u=wD|t =Q 2
Q=Wi qave 'u; QO xm OwW|t x@U=Lt Nc = qave=c |x]@=Q R= 'Nc Q=Okt "4

"CU= |B Q} R QO \UwDt

x}qwO l =N N�c |Q@ Q=@ C}iQ_ ?} Q[ "4
'N�c |Q@ Q=@ C}iQ_ ?} Q[ pwYL Qw_vt x@ |m} QDt=Q=B |UQQ@ 'Q[=L VN@ QO
|x}q x@ \w@ Qt xOWv|WmyR |WQ@ Ctw=kt cu1� Cu1=Cu2 C@Uv T=U=Q@
u}vJty w �CU= u} Q} R |x}q x@ \w@ Qt xOWv|WmyR |WQ@ Ctw=kt Cu2 w |} wQ
|=Q@ "CU= xOW s=Hv= �|B ZQa B w q=@ TQ |x}q Ct=N[ H� H/B C@Uv
'0 5 '0 57 '0 66 '0 8 '1 %|va} 'Cu1=Cu2 R= hrDNt C@Uv 9 'Qw_vt u}=
'0 75 '1 |=yC@Uv %|va} 'H/B R= C@Uv 4 x=Qtyx@ 0 2 w 0 25 '0 33 '0 4
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1. bearing capacity of two layer
2. slip line method
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