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=@ 'p�=L Q=w}O l} QO xOWO=H}= p=ai Q=Wi xm CU= sRq |m}vmDw�S p�=Ut R= |Q=}U@ QO
|=yVwQ |=v@t Q@ j}kLD u}= QO "OwW x@U=Lt Q=w}O CWB R} Qm =N Q@ xOQ=w Q=@ QU x@ xHwD
|=Q@ u; pt=m |Ov@pwtQi w xDiQo Q=Qk j}kOD w |QovR=@ OQwt |ki= C=a]k VwQ '|r}rLD

|xOv@UJ w |m =m]Y= |=yl =N |=Q@ KrUt l =N |=yQ=w}O QO Q=@ QU QF= uOQw;CUOx@
QF= R= |W=v Xr=N Q=Wi 'O}OH |Ov@pwtQi u}= |=v@t Q@ "CU= xOW x�=Q= |m =m]Y=

xU}=kt Qo}O |=yVwQ R= xOt;CUOx@ G}=Dv =@ w x@U=Lt p�=L |=yQ=w}O QO OQ=w Q=@ QU
|@ wN x@ CU= QO=k |O=yvW}B VwQ xm OyO|t u=Wv xDiQoCQwY |=y|UQQ@ "CU= xOW

"Ovm OQw;Q@ Q=@ QU R= |W=v p=ai Q=Wi QO =Q |rN=O l =m]Y= |x} w=R w |oOv@UJ Q}F-=D

mahyar bmct@yahoo.com.au
ghanbari@tmu.ac.ir "Q=@ QU 'p�=L Q=w}O '|ki= C=a]k VwQ 'l =N p=ai Q=Wi %|O}rm u=oS=w

xtOkt
|=Q@ 1980 p=U QO w [2]'|Q=wv |=yQ=@ QU |=Q@ 1981 p=U QO u}vJty
|W=v |@v=H Q=Wi |x@U=Lt |=Q@ |v=UWm |Qw�D R= xO=iDU= =@ [3]'|]N |=yQ=@ QU
|wQ Q@ Z jta QO |ki= VvD 'u; |x}=B Q@ xm CU= xOW x�=Q= |}x]@=Q Q=@ QU R=

[2]"O};|t CUOx@ H `=iDQ= x@ p�=L |xR=U l}
�x = q

H
(� � sin� cos 2�) (2)

"OvwW|t u}}aD Q=w}O R= Q=@ QU |xrY=i x@ xHwD =@ � w � |=}=wR 'x]@=Q u}= QO
R= xO=iDU= =@ |WwQ 'CN=wvm} |xOQDUo |=yQ=@ QU |=Q@ R}v 1994 p=U QO
QF= CLD Q=w}O Q@ OQ=w p=ai Q=Wi u; QO xm CU= xOW x�=Q= ?trm uw}UqwtQi \U@

[4]CU= xOt; CUOx@ |oDN}Uo |xwo |x} w=R x@ xHwD =@ Q=@ QU
=ywQ}v pO=aD |Q=QkQ@ CQwYx@ |OL pO=aD R= xO=iDU= =yVwQ u}= s=tD |=v@t
|Q=O}=B 2000 p=U QO |v=QoWywSB u}vJty "CU= |[Qi |oDN}Uo |xwo |wQ
xOQ=w |xRQr QF= R}v Qo}O |NQ@ w [5]'Q=@ QU QF= x@ xHwD =@ =Q p�=L |=yQ=w}O |}xRQr
w 1929 |=yp=U QO xm |}=yVwQ |=v@t Q@ l}D=DU= x@W CQwYx@ =Q Q=w}O Q@
Q=Okt w Q=@ QU |xrY=i QF= u=QoWywSB u}= "OvOQm |UQQ@ [7w6]'Ow@ xOW x�=Q= 1926

"OvO=O Q=Qk |UQQ@ OQwt R}v =Q |oDN}Uo |xwo |x} w=R w u;
|=yQ=w}O Q@ l}i=QD Q=@ R= |W=v |xOvR Q=@ QU sy �2002� |Qo}O u=QoWywSB
Q=my=Ql} 'pO=at |WtN Qovr VwQ R= xO=iDU= =@ w &OvO=O Q=Qk xar=]t OQwt =Q p�=L
u}vJty [9w8]"OvOQm x�=Q= p�=L Q=w}O Q@ |ki= p=ai Q=Wi |x@U=Lt |=Q@ |r}rLD
G}=Dv =@ =Q |Q=wv Q=@ QU CLD |=y|QBU Q@ OQ=w Q=Wi |Q}oxR=Ov= G}=Dv Qo}O |NQ@
45 ?}W |@} QkD VwQ w u=UWm VvD `} RwD xrtH R= hrDNt |=yVwQ R= pY=L

u=Q}= QO l =N u=@yov |x}v@= E=OL= |=Q@ pw=ODt Q=}U@ |=yVwQ R= |m} p�=L Q=w}O
'=yQ=w}O u}= R} Qm =N |wQ Q@ Q=@ QU `=wv= uOWOQ=w x@ xHwD =@ pta QO "CU= u=yH w
|=yQ=w}O QO l =N p=ai Q=Wi QO Q=@ QU QF= |x@U=Lt |=Q@ ?U=vt |WwQ x@ R=}v
p=ai Q=Wi |x@U=Lt QO |DvU |=yVwQ "OwW|t xO}O xyO u}OvJ pw] QO p�=L
QF= =OD@= xm Ovm|t pta xvwo u}O@ |Q=wv =} |]N |=yQ=@ QU QF= x@ xHwD =@ l =N
TBU w x@U=Lt |v=UWm |Qw�D R= xO=iDU= =@ xv=o =OH CQwYx@ R} Qm =N QO Q=@ QU
u}= QO "CU= xOW `tH Q=@ QU ?=}e QO Q=w}O p}rLD G}=Dv =@ xOt;CUOx@ G}=Dv
'|ki= C=a]k VwQ |=v@t Q@ O}OH |vw}UqwtQi |x�=Q= =@ CU= xOW |aU xar=]t
|=yQ=w}O QO xOQ=w Q=@ QU QF= R= |W=v p=ai Q=Wi |x@U=Lt |=Q@ O}OH |Q=my=Q

"OwW x�=Q= KrUtQ}e w KrUt l =N ?rY

u}W}B u=QoWywSB C=ar=]t
1 |x]@=Q 'T=}kt nQR@ |=yV}=tR; R= xO=iDU= =@ u=kkLt 1938 w 1929 p=U QO
[1]"Ov=xOQm x�=Q= RmQtDt Q=@ l} Crax@ p�=L Q=w}O Q@ xOQ=w |@v=H Q=Wi u}}aD |=Q@ =Q
�x = 1 77Q

H2 � m2n2

(m2 + n2)3 (1)

|ki= |xrY=i m 'Q=w}O `=iDQ= H 'Q=w}O Q@ OQ=w RmQtDt Q=@ QU Q 'x]@=Q u}= QO
"OwW|t x@U=Lt u; QO Q=@ QU R= |W=v |ki= VvD xm CU= Q=w}O R= |a=iDQ= Q=@ QU

pw�Ut xOvU} wv �
"1390 8 28 VQ}PB '1390 5 23 x}LqY= '1390 2 5 Ci=} QO %M} Q=D
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x@U
=Lt|=B pwL |xa]k Qy QO =yQovr ẁtHt xmv}= xHwD =@ xOWs=Hv= |=yp}rLD QO "3

u=QwO Ot u=ty '|oDN}Uo Ot &(PMo = 0) OQ}o|t Q=Qk QiY =@ Q@=Q@ Q=w}O
"CU=

"CU= xOW xDiQo Q_v QO |}xLiY CQwYx@ |oDN}Uo K]U "4
"CU= xOW s=Hv= |OL pO=aD VwQ |=v@t Q@ p}rLD "5

"CU= xOW xDiQo Q_v QO uoty CQwYx@ C=@U=Lt QO l =N |xOwD "6
"Ovm Qw@a Q=w}O |=B R= |oDN}Uo K]U xm CU= xOW ZQi "7

"(Hi 6= Hi+1) CU= xOW xDiQo Q_v QO Q@=Q@=v C=a]k u}@ |WQ@ |wQ}v "8
"CU= xa]k hm \Uw Ni |wQ}v QF= pLt "9

"CU= xa]k Qy `=iDQ= |xv=}t |x]kv Pi |wQ}v QF= |x]kv "10
VwQ u}= pt=m |Ov@pwtQi CqwyHt w CqO=at 'xOWQmP C=}[Qi x@ xHwD =@

"CU= xOW x�=Q= 1 pwOH QO
CU= xOW s}UkD |ki= <=RH= x@ u; CWB l =N xm p�=L Q=w}O l} '1 pmW QO
"CU= xOW xO=O u=Wv 'OR=U|t � |x} w=R |ki= QwLt =@ u; |oDN}Uo |xwo w

"CU= xOW xO=O V}=tv 2 pmW QO QwmPt Q=w}O R= i |xa]k Q@ xOQ=w |=ywQ}v
n |=Q=O Q=w}O CWB l =N xm |DQwY QO |OL pO=aD \}=QW uDiQoQ_vQO =@
%O};|t CUOx@ 3 |x]@=Q R= xa]k Qy `=iDQ= 'OW=@ |w=Ut `=iDQ= =@ |ki= |xa]k

hi = H
n

(3)

"|ki= C=a]k x@ |oDN}Uo |xwo s}UkD "1 pmW

:i |xa]k QO =ywQ}v pO=aD "2 pmW

VwQ 'j}kLD u}= G}=Dv T=U=Q@ [10]"OvOQm xU}=kt?trm VwQ G}=Dv u}vJty w xHQO
u=QoWywSB R= |NQ@ u}vJty "OQ=O |ak=w Q}O=kt =@ |yHwD p@=k hqDN= u=UWm
p�=L |=yQ=w}O Q@ OQ=w p=ai Q=Wi Q@ |Q=wv Q=@ QU QF= ?trm |Qw�D R= xO=iDU= =@
x�=Q= u; Ov}=Q@ QF= |x]kv w Q=Wi u=R}t |x@U=Lt |=Q@ |r}rLD |WwQ w |UQQ@ =Q

[14�11]"OvOQm
[16]'�2005� =m} Qt;VDQ=u=UOvyt xwQo [15]'�2007� wDW;uwJty|}=yxt=vu}};
Q=@ QU QF= |x@U=Lt |=Q@|r}rLD|}=yVwQ R}v [17]'�2002� u=tr; uD@ ptar=QwDUO w
|O=yvW}B VwQ CLY |UQQ@ |=Q@ =yu; uw}UqwtQi R= xt=O= QO xm Ov=xO=O x�Q=

"OW Oy=wN xO=iDU=

|ki= C=a]k VwQ
|=Q@ VwQ u}= [18]"OW x�=Q= 2001 p=U QO |ki= C=a]k VwQ |x}rw= |xO}=
x@ |oDN}Uo \N |q=@ |xOwD s}UkD |=v@t Q@ 'xOWKrUt |m =N |=y?}W

"CU= xOW `=O@= |ki= |xa]k |O=OaD
2006 |=yp=U QO |ki= C=a]k VwQ pt=m |Ov@pwtQi CqwyHt w CqO=at
VwQ R= xO=iDU= =@ 2008 p=U QO |v=QoWywSB [20w19]"CU= xOW x�=Q= 2008 w
|xwo |x} w=R OQw;Q@ w Q=w}O `=iDQ= pw] QO p=ai Q=Wi `} RwD |UQQ@ x@ |ki= C=a]k
Q=Wi u}}aD x@ |ki= C=a]k VwQ R= xO=iDU= =@ R}v Qo}O |NQ@ w [21]'|oDN}Uo
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p=ai Q=Wi u}}aD |=Q@ |ki= C=a]k VwQ R= sy |Qo}O u=QoWywSB [22]"OvDN=OQB
xO=iDU= |m =m]Y= |xOv@UJ |=yl =N QO xOWKrUt |=yQ=w}O Q@ OQ=w |}xRQr
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u=QoWywSB '=Pr "OQ=O =yQ=w}O u}= |L=Q] QO |}q=@ C}ty= 'OW=@ Q=@ QU pt=W =yu;
OQ=w Q=@ QU R= |W=v Q=Wi u}}aD w =yQ=w}O ẁv u}= |L=Q] |=Q@ |}=yO=yvW}B u}W}B
|ak=w Q=Wi 'VwQ Qy QO Q_vOQwt C=}[Qi x@ xHwD =@ ,=@r=e xm Ov=xOQm x�=Q= l =N Q@
VwQ l} T=U=Q@ CU= xOW |aU xar=]t u}= QO "OvyO|tv x�=Q= =Q Q=w}O Q@ OQ=w
Q@ |m}D=DU= pO=aD |Q=QkQ@ w |ki= C=a]k x@ |oDN}Uo |xOwD s}UkD =@ '|r}rLD
"O}; CUOx@ Q=w}O x@ xa]k Qy hQ] R= |r=ta= Xr=N Q=Wi C=a]k s=tD |wQ
|r=ta= Xr=N Ov}=Q@ Q=Wi 'Q=w}O Q@ C=a]k hQ] R= xOQ=w |wQ}v `tH =@ C}=yvQO
Q_v QO C=a]k s=tD |=Q@ =ywQ}v w Qovr pO=aD VwQ u}= QO "O};|t CUOx@ Q=w}O Q@

"OwW|t xDiQo
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"CU= xOWv Qw_vt C=@U=Lt QO u; |}xR=U QF=
CUOx@ xa]k K]U QO xOQ=w Q=@ QU s}UkD R= pw= |xa]k Q@ xOQ=w s�=k VvD "2
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=}yt "Q=@ QU QF= |x@U=Lt |=Q@ |ki= C=a]k VwQ QO CqwyHt w CqO=at O=OaD "1 pwOH

O=OaD �C=twrat�CqO=at O=OaD CqwyHt
n

P
Fx = 0

n
Hi

xa]k Qy |=Q@ C=a]k u}@ |WQ@ |wQ}v
n

P
Fy = 0

n
Ni

xa]k Qy |=Q@ xa]k Qy hm Q@ OQ=w s�=k |wQ}v
n

P
Mo = 0

n
Si

xa]k Qy |=Q@ C=a]k hm Q@ OQ=w |WQ@ |wQ}v
n

Si = Ni(tan�) + C
n

Pi
xa]k Qy |=Q@ Q=w}O Q@ OQ=w X=N |wQ}v

n� 1 Hi = �Vi n� 1 Vi
xa]k Qy |q=@ Q@ OQ=w |wQ}v

5n� 1 ẁtHt 5n� 1 ẁtHt

Q=@ QU OwHw =@ xm Q=w}O Q@ OQ=w Q=Wi QwmPt CqO=at x=oDUO pL R= "CU= xOW
Q=w}O w l =N u}@ l =m]Y= |x} w=R � xOWx�=Q= CqO=at QO "Ot; Oy=wN CUOx@

"CU=

G}=Dv
QO '3 pmW QO xOWxO=O u=Wv Q=w}O |=Q@ p}rLD R= pY=L G}=Dv =OD@= 'CtUk u}= QO
QO |r@k u=QoWywSB G}=Dv =@ w xOt; CUOx@ 'CU= QiY Q@=Q@ xOQ=w Q=@ QU xm |Dr=L
|O=yvW}B uw}UqwtQi G}=Dv Cr=L u}= QO xm CU= xOW xOy=Wt w xU}=kt 2 pwOH
xOQ=w Q=@ xm |Dq=L |=Q@ Q=w}O TBU "OQ=O Qo}O u=QoWywSB G}=Dv =@ |@ wN j}@]D
=D Q=@ QU hrDNt pY=wi |=Q@ w CU= 100 kN/m w 50 kN/m Q@=Q@ u; Q@
|rN=O l =m]Y= |x} w=R w |oOv@UJ hrDNt Cq=L QO u}vJty w Q=w}O |=B
G}=Dv =@ w 'x@U=Lt Q=@ QU R= |W=v Xr=N Q=Wi Q}O=kt '=yDv= QO "CU= xOW p}rLD
VDQ= u=UOvyt xwQo '�2007� wDW; |=yxt=vu}}; G}=Dv u}vJty w |r@k u=QoWywSB

"CU= xOW xU}=kt �2002� u=tr; uD@ ptar=QwDUO w �2005� =m} Qt;
OQ=w p=ai Q=Wi [26]�1996� |QwB w T=O w [23]�2009� |Q@vk w |O=@; OtL=
"Ov=xOQm |UQQ@ Q=@ QU xvwoI}y uwO@ w R} Qm =N uRw QF= CLD \ki =Q p�=L Q=w}O Q@

Q=@ QU x=Qty x@ xOvvmKrUt uwO@ R} Qm =N =@ xOWp}rLD Q=w}O l}D=tW |=tv "3 pmW
"|]N

"OvDUy Q=w}O R= s�=k |=ywQ}v |xrY=iXGi wXVi+1 'XVi 'pY=wi '2 pmW QO
\Uw QO s�=k |=ywQ}v xmv}= ZQi =@ w 2 pmW QO xOWxO=O u=Wv |xa]k x@ xHwD =@
%Ov};|t CUOx@ 6 |r= 4 |=yx]@=Q xa]k Qy |xUOvy R= 'OwW|t OQ=w xa]k Qy

XVi = hi
2 tan�

+

nP
j=i+1

hj

2 tan�
(4)

XVi+1 =

nP
j=i+1

hj

2 tan�
(5)

XGi =
�
XVi +XVi+1

�
2 (6)

%OvDUy 9 |r= 7 |=yx]@=Q KQW x@ 1 pwOH pw= |xrO=at xUX
Fx= 0) si cos� �Ni sin�+ pi cos (�) +Hi �Hi+1 = 0

(7)X
Fy = 0) Pi sin �+ Vi+1 �Vi�Wi +Ni cos�+ si sin (�)

(8)X
Mo = 0) �Vi �XVi + Vi+1 �XVi+1 �Wi �XGi
+
�

Ni
sin (�)

� P cos(�)
� " nX

j=i+1
hj + hj

2
#

+ hi+1

"
nX

j=1+1
hj

#
�hi

"
nX
j=1

hj

#
= 0 (9)

%O};|t CUOx@ 10 |x]@=Q R= xm CU= i |xa]k uRw Wi 'CqO=at u}= QO
Wi = Ai � 
 � 1 (10)

\=kv |=Q@ xmCU=?trm � Qywt s}rUD Q=}at u=ty `k=w QO 1 pwOH sQ=yJ |xrO=at
xOWx�=Q= |x]@=Q 1 pwOH sHvB |xrO=at "CU= xO=iDU= p@=k |oDN}Uo |xwo |wQ
xm CU= xOW ZQi '� C@=F |x@U=Lt |=Q@ "CU= [25]T}=QB w uQDUvoQwt \UwD
Q=@ QU |=Q=O |=yQ=w}O QO u; Q=Okt =@ Q=@ QU uwO@ |=yQ=w}O QO QwmPt C@=F Q=Okt
xO=iDU= [23]�2009� |Q@vk w |O=@;OtL= |xOWVQ=Ro Q}O=kt R= w CU= |w=Ut
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"""QO
l=N

p=ai
Q=W

iQO
Q=@Q

UQ
F=|

r}rL
D|

x@U
=LthrDNt pY=wi |=R= x@ 100 kN/m Q=@ QU R= |W=v p=ai Q=Wi Q}O=kt "4 pwOH

"Q=@ QU
C = 0 (kN=m2) q = 100 (kN/m)

d = 6 (m) d = 4 (m) d = 2 (m)

442 3 491 4 540 6
Pa

� = 200

� 334 7 380 2 � = 300

C = 10 (kN=m2)
322 9 360 8 398 6

Pa
� = 200

� 223 3 260 2 � = 300

C = 20 (kN=m2)
180 4 219 2 258 1

Pa
� = 200

� 111 8 140 3 � = 300

|=y|oOv@UJ|=Q@ xOQ=w Q=@ QUC=Q}}eD =@|oDN}Uo|xwo|x} w=RC=Q}}eD "4pmW
:(� = 200; � = 100) hrDNt

|=y|oOv@UJ|=Q@ xOQ=w Q=@ QUC=Q}}eD =@|oDN}Uo|xwo|x} w=RC=Q}}eD "5pmW
:(� = 300; � = 100)

u}vJty "Ovm|t =O}B V}=Ri= x} w=R u}= 'Q=@ QU V}=Ri= =@ w CU= |]N CQwYx@
Q=@ QU |xrY=i V}=Ri= =@ X=N Q=@ QU l} |=Q@ xm CU= u; R= |m =L xrY=L G}=Dv

"Ovm|tv Q}}eD w CU= C@=F ,=@} QkD |oDN}Uo |xwo |x} w=R 'Q=w}O |x@r R=
`=iDQ= pw] QO l =N p=ai Q=Wi QO Q=@ QU Q}F-=D |UQQ@ |=Q@ CtUk u}= QO

%OwW|t h} QaD 11 |x]@=Q CQwYx@ Q=@ QU R= |W=v p=ai Q=Wi ?} Q[ 'Q=w}O

Kaq = Paq
1
2
H2 (11)

w �2009� |O=@;OtL= w |Q@vk VwQ =@ |O=yvW}B VwQ G}=Dv |xU}=kt "2 pwOH
:q = 0 (kN/m) Cr=L QO �1996� |QwB w T=O

C = 0 (kN=m2) q = 0 (kN/m)

|QwB w T=O |O=@;OtL= w |Q@vk VwQ
�1996� �2009� |O=yvW}B
51 1 51 51 1 �

� = 200
446 7 446 7 446 7 Pa

57 8 57 7 57 7 �
� = 300

308 4 309 1 308 4 Pa

C = 10 (kN=m2)
50 6 52 6 52 7 �

� = 200
314 3 318 1 318 Pa

56 5 58 5 58 8 �
� = 300

184 6 201 8 201 2 Pa

C = 20 (kN=m2)
50 6 53 7 53 9 �

� = 200
190 4 190 4 190 4 Pa

55 7 59 2 59 5 �
� = 300

65 6 95 94 4 Pa

Q=@ QU uwO@ Cr=L QO xOWQmP |=yVwQ =@ |O=yvW}B VwQ G}=Dv |xU}=kt =Pr
|=Q@ xOWx�=Q= uw}UqwtQi CLY R= =D 'CU= xDiQo s=Hv= Qw_vt u}O@ (q = 0)

CLD \ki Q=w}O CWB R} Qm =N xm |D}a[w QO |oDN}Uo |xwo |x} w=R w p=ai Q=Wi
"OwW pY=L u=v}t]= 'CU= OwN uRw QF=

l =N p=ai Q=Wi R= Q=w}O |=B R= Q=@ QU |xrY=i V}=Ri= =@ '4 w 3 pw=OH j@=]t
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comparison of the analytical results obtained from the
proposed method with those of previous research, it was
concluded that the analytical procedure proposed reli-
ably calculates active earth pressure due to surcharge in
cohesive-frictional soil.
The variations of angle of failure wedge versus intensity
of surcharge indicate that an increase in the intensity of
the surcharge causes an increase in the angle of the fail-
ure wedge, but, a change in the distance of the surcharge
from the wall does not a�ect the angle of the failure
wedge signi�cantly. Also, the results show that by an in-
crease in the distance of the surcharge from the wall, lat-
eral pressure decreases, and that moving the surcharge
out of the failure wedge has no e�ect on active earth
pressure. Comparisons show that the results from the
suggested method are a lower bound for values obtained
by recommended methods in ASHTOO (2007) and U.S
Army Crops (2005) codes. The suggested method is also
in good agreement with that of Motta (1994).

Key Words: Active earth pressure, horizontal slice
method, retaining wall, surcharge.
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Abstract
The use of retaining walls is one of the most common
approaches for construction of retaining soil structures
around the world. These walls have remarkable 
exi-
bility against earthquake loads and are less sensitive to
settlement. In many retaining wall problems, it is neces-
sary to determine the additional earth pressure produced
by surcharge loads acting on the soil surface behind the
wall. Considering the application of various surcharge
loads on the back�ll in such systems, the necessity has
been felt, over recent decades, to �nd an appropriate
method for calculating the e�ect of surcharge on active
earth pressure in retaining walls.
In this study, based on analytical methods, previous for-
mulations of horizontal slices methods are improved, and
a new formulation has been proposed for estimating the
e�ect of surcharge on the active earth pressure of re-
taining walls with a cohesive-frictional back�ll. Using a


