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Q=JO CU= umtt sQv |=yQDU@ '|Qw@a |=yQ=]k QwLt Q=@ x=Qty x@ uy;x=Q R} Qm =N
QO OwHwt |vi C=}@O= x@ |y=ov =@ "OvwW |}x_Lqtp@=k CUWv =} w |oDN}Uo
u}t-=D |=Q@ |awvDt |=yVwQ xm OwW|t x_Lqt |r} Q \w]N l}vmDw�S |xRwL
|xOwOLt =yVwQ u}= "CU= xOW O=yvW}B |}=yQDU@ u}vJ Q@ |mDt R} Qm =N |Q=O}=B
'|}=}t}W w |m}v=mt C}@FD |=yVwQ =@ QDU@ \}=QW |R=Uy@ Q@ ptDWt |a}Uw
=@ QDU@ uOQmKrUt 'R} Qm =N ?}W Q}}eD =} �xrB�sQ@ O=H}= j} Q] R= xUOvy KqY=
|R=UQ=O}=B '?}W CQw=Ht QO u=@yov |=yxR=U E=OL= '=yl}DDvUw�S R= xO=iDU=

pw�Ut xOvU} wv �
"1389 11 26 VQ}PB '1389 10 8 x}LqY= '1389 1 28 Ci=} QO %M} Q=D

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

"""|
Q}oQ

=mx@
Qw_

vtx@
|L

=Q]
|=y

h=Q
o|

x�=Q=

"|ovU |=yuwDU R= xO=iDU= OvwQ "1 pmW

O=OaD 'Q]k 'pw] uwJ |}=yQDt=Q=B =@ u; R= |W=v CUWv u}vJty w |r=ta= uy;x=Q
xOW s=Ok= |UQ QDU@ |xOWv|WmyR |WQ@ Ctw=kt u}vJty w |ovU |=yuwDU
|=yh=Qo |x�=Q= x@ s=Ok= 'xOWG=QNDU= |r}rLD \@=wQ |=v@tQ@ R}v u=}=B QO "CU=
x@ uO}UQ |=Q@ j}kLD s=Hv= OvwQ '1 pmW QO "CU= xOW xv}tR u}= QO |L=Q]

"CU= xOW xO=O u=Wv Q_vOQwt |r}rLD \@=wQ

u}}aD Qw_vtx@ uRw QF= CLD R} Qm =N |Q=O}=B p}rLD "3
?U=vt |xUOvy

|Q@ Q=@ C}iQ_ u}t-=D |xr�Ut 'OQ}o|t Q=Qk R} Qm =N |wQ |r} Q \N xm |]}=QW QO
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"CU= xOW Q_vhQY VN@ u}= QO =yuwDU C=YNWt w O=OaD |x�=Q=
|x}q |=QH= UIC719 w FHWA |=yxt=vu}}; |x}YwD j@=]t xm =Hv; R=
CN=wvm} `} RwD Qw_vtx@ =yR} Qm =N Q} R QO w |ovU |=yuwDU |q=@ QO VmyR
|xR=Ov= x@ VmyR Kr=Yt u}= Ct=N[ |R=UpOt OvwQ QO =Pr 'CU= |t=Rr= VvD
Ct=N[ 'R} Qm =N `=iDQ= V}=Ri= =@ ?U=vDt w xOW xDiQo Q_vQO QDt|Dv=U 70 =D 50

"CU= xOW xO=O V}=Ri= R}v x}q u}=

uy;x=Q Q=@ QF= CLD R} Qm =N ?}W |Q=O}=B p}rLD "4
w R} Qm =N |=Q@ p@k VN@ QO xOW|}=yv ?}W Q}O=kt R= xO=iDU= =@ VN@ u}= QO
xDiQo CQwY |Q=O}=B pQDvm uy;x=Q Q=@ p=ta= =@ u; |=Q@ C@=F |xUOvy ZQi =@
w O=OaD V}=Ri= =@ xOWx_Lqt QDU@ QO |Q=O}=B=v \}=QW xJv=vJ OvwQ u}= QO "CU=
\}=QW O=H}= x@ C@Uv 'OW u=}@ �"3"3� VN@ QO xm |OvwQ j@=]t =yuwDU pw]
Oy=wN |UQQ@ p}rLD OvwQ C=}�RH 'xt=O= QO w xOW s=Ok= R} Qm =N |=Q@ Q=O}=B

"OW

uy;x=Q |Q=PoQ=@ |wor= "1"4
|=yQ=]k |=Q@ [1] UIC719 j@=]t |O=yvW}B |Q=PoQ=@ |wor= R= VywSB u}= QO
|QwLt Q=@ Q}}eD QF= |UQQ@x@ xHwD =@ "CU= xOW xO=iDU= [9] LM71 |va} |QyWu}@
|QwLtQ=@ Q}O=kt |xOwOLt =DU=Q u}= QO 'uy;x=Q R} Qm =N |Q=O}=B |xr�Ut pL QO
Qw_vt u}= |=Q@ w xOW xDiQo Q_vQO uD 25 w 22 5 '20 '17 5 '15 '12 5 Q@=Q@
Q}}eD uD 25 OQ=Ov=DU= QwLt Q=@ x@ Q}O=kt u}= C@Uv x@ OQ=Ov=DU= |Q=PoQ=@ |wor=
"OyO|t u=Wv =Q OQ=Ov=DU= |Q=PoQ=@ Q=Okt w |rw] u=tO}J 4 pmW "CU= xOW xO=O
\}=QW QO w |Oa@ wO CQwYx@ w |[Qa CyH QO |Q=O}=B p}rLD xm =Hv; R=
"OwW u}}aD CyH u}= QO uy;x=Q Q=@ `} RwD CU= sRq 'OQ}o|t CQwY K]Ut VvQm
|[Qa CyH QO Q=@ Q=Okt TQw=QD Q} R Q=@ |=Q@ 1%2 �H:V� VvD `} RwD ZQi =@

"LM71 |Q=PoQ=@ pOt C=YNWt "4 pmW

xO=iDU= OQwt u=tr= w |RQt \}=QW 'pOt |xUOvy "2"3
OwW ?=NDv= |}xvwox@ pOt O=a@= xm CU= sRq =yR} Qm =N |Q=O}=B p}rLD |=Q@
O=a@= =Pr "OvW=@ |ak=w \}=QW QO |ki= w s�=k |=yRQt QO VvD `} RwD C=QF= xm
QmP x@ sRq "CU= xOW ?=NDv= QDt 90 u; `=iDQ= w QDt 150 Q@=Q@ pOt |[Qa
Q=@ QU VvD Q@=Q@ =yVvD '|ki= CyH QO pOt ?U=vt O=a@= ?=NDv= =@ xm CU=
C@=F CUWv u=R}t x@ uO}UQ hOy R}v s�=k |=DU=Q QO "CU= xOW uRw R= |W=v
?=NDv= pOt |=Q@ =DU=Q u}= QO |@U=vt O=a@= CyH u}= R= xm CU= jta QO
VvQm \}=QW QO |}xQo 15 |FrFt u=tr= R= |Ov@u=tr= |=Q@ u}vJty "CU= xOW
xOW xO=iDU= OQ=Ov=DU= |RQt \}=QW R= R}v |RQt \}=QW p=ta= |=Q@ w K]Ut
xOW xO=O u=Wv |QDt 15 R} Qm =N |R=UpOt '3 pmW QO xvwtv |=Q@ [14]&CU=

"CU=

R} Qm =N |v=wQ}W |Q=O}=B p}rLD VwQ "3"3
xOW xO=iDU= 8|}xrLQt CN=U VwQ R= |Q=PoQ=@ h} QaD OvwQ QO VywSB u}= QO
C}=yvQO w h} QaD hrDNt |=ys=o QO R} Qm =N |=yx}q Qw_vt u}= |=Q@ "CU=
Cr=L wO Qy QO w CU= xOW p=ta= R} Qm =N G=D QO uy;x=Q |m}D=DU= |Q=PoQ=@
u=wvax@ |R} Qm =N ?}W |Q=O}=B u=v}t]= ?} Q[ |Q=OQ@xQy@ w CN=U \}=QW
w ?}W Q}}eD QO =]N w |aU OvwQ x@ xHwD =@ "CU= xOw@ Q_vOt p}rLD G}=Dv
hOy '|ovU |=yuwDU u=tO}J O=OaD w pw] Q}}eD u}vJty w R} Qm =N |xUOvy
"CU= xOw@ R=Ht |xv}tm u=v}t]= ?} Q[ ?Um |=Q@ Cr=L u} QDxv}y@ x@ uO}UQ
9xOv@=} Vy=m |WQ@ Ctw=kt |=yQDt=Q=B CQwYx@ |v=wQ}W |Q=O}=B p}rLD OvwQ
PLAXIS 2D OwOLt <=RH= Q=Ri=sQv QO |O=yvW}B VwQ u}= xm CU= xOw@
Q} R QO =yuwDU |R=UpOt OvwQ QO CU= QmP x@ sRq [15]"CU= xOW xOv=Hvo
=@ R} Qm =N uQ=kD QwLt =} w RmQt R= xv} Qk CQwYx@ =yuwDU =OD@= QO 'R} Qm =N
V}=Ri= =yu; O=OaD R=}v x@ =v@ w Ov=xDiQo Q=Qk u}iQ] QO QDt 5 |xv}tm pw]
ZQa xm O@=}|t xt=O= |}=H =D =yuwDU O=OaD V}=Ri= OvwQ u}= QO "CU= xDi=}
uO}UQ =D pw] V}=Ri= u}vJty w CU= xOW xO=O VWwB =yuwDU \UwD R} Qm =N
[13]'FHWA |x}YwD x@ =v@ =DU=Q u}= QO "OQ}o|t Q=Qk Q_vOt Vv=tm OL x@
u}= x@ O}=@ =t= "CU= xOW OwOLt QDt 20 |xv}W}@ x@ |ovU |=yuwDU pw]
Q} R QO xm |}=yuwDU x@ R} Qm =N |}xkvRwP pmW x@ xHwD =@ xm CW=O xHwD xDmv
`k=w R} Qm =N ?}W QO xm |}=yuwDU x@ C@Uv 'OvwW|t `k=w R} Qm =N `=iDQ= u} QDW}@
|xO=iDU= =yu; |Q@ Q=@ C}iQ_ R= w OwW|t p=ta= =yu; x@ |QDW}@ Q=@ OvwW|t
RmQtD =OD@= Q=DWwv u}= QO |O=YDk=� |vi O}O R= wQ u}= R= "OW Oy=wN |QD?U=vt
pw] Oa@ s=o QO w xOW xDiQo Q_vQO `=iDQ= u} QDW}@ =@ R} Qm =N RmQt Q} R =yuwDU

"PLAXIS Q=Ri=sQv QO |QDt 15 R} Qm =N |xUOvy |R=UpOt R=|}xvwtv "3 pmW
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tU=

|[
DQt uy;x=Q |=yR} Qm =N QO |ovU |=yuwDU OQ@ Q=m |xvt=O "1"3"4

|=Q@ =yu; |}=yv ?}W u}}aD w =yR} Qm =N `=wv= |R=UpOt R= TB Q[=L VywSB QO
|=yQDU@ |wQ Q@ |ovU |=yuwDU R= xO=iDU= |xOwOLt 'uy;x=Q Q=@ CLD |Q=O}=B
R= xO=iDU= xm OyO|t u=Wv 6 pmW QO xOt;CUOx@ G}=Dv "CU= xOWXNWt|UQ
xOWs}UQD |=yQ=Owtv j@=]t "Ovm|t =O}B swyitXNWt |xOwOLtl} QO =yuwDU
Ctw=kt?ULQ@|ovU |=yuwDU |Q}oQ=mx@ |xv}W}@ w xv}tm |xvt=O 'pmW u}= QO
R= xm CU=vat u}O@ xr�Ut u}= "CU= xOW XNWt R} Qm =N `=iDQ= w QDU@ |WQ@
uy;x=Q R} Qm =N |Q=O}=B 'u}}=B x@ xOWXNWt |xOWv|WmyR |WQ@Ctw=kt Q}O=kt
|xOvyOu=Wv R}v q=@ OL w OW Oy=wNv u}t-=D R}v |ovU |=yuwDU R= xO=iDU= =@ |DL
'Q=Okt u; R= V}@ QDU@ |xOWv|WmyR Ctw=kt uOw@ QDW}@ CQwYQO xm CU= u}=
Q=O}=B QDU@ |wQ Q@ uy;x=Q Q=@ =@ R} Qm =N w OQ=Ov OwHw |ovU |=yuwDU x@ |R=}v
|xOWv|WmyR Ctw=kt Q}O=kt R} Qm =N `=iDQ= V}=Ri= =@ 'Qo}OCQ=@ax@ "Ow@ Oy=wN
w pw] 'Q]k xrtH R= |ovU |=yuwDU C=YNWt u}vJty "O@=}|t V}=Ri= QDU@
QO R} Qm =N hrDNt |=y`=iDQ= QO xDiQQ=mx@ |ovU |=yuwDU RmQt =D RmQt |xrY=i

"CU= xOW xO=O u=Wv 2 pwOH

|=yl =N QOuy;x=Q R} Qm =N|R=UKrUt|=Q@|ovUuwDUOQ@ Q=m|xOwOLt "6pmW
"CUU |UQ

"|ovU |=yuwDU C=YNWt "2 pwOH
=D RmQt |xrY=i D Lmax Cu H

uwDU RmQt (m) (m) (kN/m2) (m)

2 1 14 11 25 5
1 8 1 10 30
1 8 0 97 17 30 7 5
1 7 0 97 7 35
1 6 0 92 17 40 10
1 5 0 92 9 45
1 4 0 9 18 50 12 5
1 4 0 9 9 55
1 0 9 20 55 15
1 0 9 14 60

"uy;x=Q R} Qm =N |wQ Q@CN=wvm} |xOQDUo Q=@ w x]Nl} R} Qm =N |xUOvy "5 pmW

%OwW|t u}}aD 1 |x]@=Q R=

q1 = P
b� a = 250

3 1� 1 6 = 50 4 kN=m

q2 = q1 + qBallast = 50 4 + 10 = 60 4 kN=m: (1)

|[Qa |Q=PoQ=@ `} RwD '|QwLt Q=@ R= |W=v VvD u}vJty w CUq=@ uRw x@ xHwD=@
Q=@ "CU= xOW xO=iDU= p}rLD |OwQw u=wvax@ 5 pmW QO xOWxO=O u=Wv CQwYx@
|@} QkD ZQa QO xm CU= 10 kN/m2 =@ Q@=Q@ R}v CUq=@ uRw R= |W=v |xOQt
|=Q@ |@=NDv= |=yQDt=Q=B Q}=U Oa@ VN@ QO "CU= xOW `} RwD R} Qm =N |wQ QDt 5

"OvwW|t |UQQ@ C}U=UL p}rLD

uy;x=Q Q=@ QF= CLD R} Qm =N |Q=O}=B p}rLD VwQ "2"4
p}rLD CtUk u}= QO '|ovU |=yuwDU ?U=vt Q=Okt w u=tO}J u}}aD |=Q@
"CU= xDiQo CQwY uy;x=Q Q=@ QF= CLD R} Qm =N R= |irDNt Cq=L |=Q@ |Q=O}=B
'QDU@ |oOv@UJ 'uy;x=Q R= |W=v |Q=PoQ=@ CQwYx@ C}U=UL p}rLD |=yQDt=Q=B
|Q=O}=B p}rLD Qw_vt u}= |=Q@ "CU= xOW ?=NDv= uy;x=Q R} Qm =N hrDNt `=iDQ= w
|=yQDU@ Q@ |QDt 15 w 12 5 '10 '7 5 '5 |=y`=iDQ= QO uy;x=Q |=yR} Qm =N
uDw}vwr}m 60 =D 20 u}@ Q}eDt |xOWv|WmyR |WQ@ |=yCtw=kt =@ CNU =D sQv
QF= CLD =yR} Qm =N |Q=O}=B |=Q@ =yp}rLD u}= QO "CU= xDiQo CQwY `@ QtQDt Q@
uO=OQ=Qk R= 'uD 25 =D 12 5 hrDNt Q}O=kt |xOwOLt QO uy;x=Q |Q=OQ@xQy@ Q=@
|ovU |=yuwDU u=tO}J u} QD?U=vt u}}aD w R} Qm =N Q} R QO |ovU |=yuwDU
xO=iDU= 2 VN@ QO Q_vOQwt u=v}t]= ?}=Q[ Q@ j@]vt |Q=O}=B pwYL Qw_vtx@

[9]"CU= xOW

uy;x=Q Q=@ QF= CLD R} Qm =N |Q=O}=B p}rLD G}=Dv "3"4
xOw@ Q_vOt p}rLD G}=Dv |xrRvtx@ |irDNt OQ=wt 'xOWs=Hv= |Q=O}=B |=yp}rLD QO
sR}v=mt 'R} Qm =N |Q=O}=B |=Q@ |ovU |=yuwDU OQ@ Q=m |xvt=O u=}t u}= QO "CU=
Q=Qk Q_vOt xS} w Qw]x@ =yuwDU QU QO VvD `} RwD '=yuwDU x@ R} Qm =N R= Q=@ p=kDv=
R} Qm =N |=Q@ CUWv w |Q@ Q=@ C}iQ_ |=yx]@=Q R}v Q=DWwv R= |WN@ QO "Ov=xDiQo
QO xm CU= xOW G=QNDU= |OOa p}rLD G}=Dv T=U=Q@ |ovU |=yuwDU Q@ |mDt

[16]"OvQ}o|t Q=Qk EL@ OQwt xt=O=
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"""|
Q}oQ

=mx@
Qw_

vtx@
|L

=Q]
|=y

h=Q
o|

x�=Q=w |UOvy |=yQDt=Q=B w Q=]k |QwLt Q=@ u=}t |x]@=Q G=QNDU= "3"3"4
QDU@ |WQ@ Ctw=kt

Ctw=kt Q_v R= |UQ QDU@ \}=QW x@ xHwD =@ xm CU= u; hOy VN@ u}= QO
\}=QW QO =y`tW |Q@ Q=@ C}iQ_ |=yx]@=Q |x�=Q= QO xm xJv; x@=Wt xOWv|WmyR
uy;x=Q hQ] R= |r=ta= Q=@ QU u=}t |y@=Wt |x]@=Q 'OQ}o|t Q=Qk Q_vOt COtx=Dwm
|UOvy QDt=Q=B '�Q]k x@ pw]� LD |ovU |=yuwDU Oa@|@ |UOvy |=yQDt=Q=B w �q�
|WQ@ Ctw=kt u}vJty w N =yuwDU O=OaD '�ZQa x@ `=iDQ=� HB R} Qm =N Oa@|@
%s} Q}o|t Q_vQO 2 |x]@=Q CQwYx@ =Q |rm sQi Qw_vt u}= |=Q@ [17]"OwW O=H}= QDU@

q = � � (N � L
D

)� � (Cu)
 � (H
W

)� (2)

ẁtHt |xv}tm VwQ R= xO=iDU= =@ w |OOa p}rLD R= xOt;CUOx@ G}=Dv x@ xHwD =@
|=Q@ "Ow@ Ovy=wN x@U=Ltp@=k � w 
 '� '� |=yQDt=Q=B Q}O=kt '10=]N C=a@ Qt
[16]%CU= xOW xO=iDU= 3 |x]@=Q CQwYx@ xrO=at |xOW|]N sQi R= QDW}@CrwyU
ln q = ln�+ � ln(NL

D
) + 
 ln(Cu) + � ln(H

W
) (3)

%OvDUy CQwY u}=x@ ?}DQDx@ LSM VwQ R= =yQDt=Q=B u}= Q}O=kt CQwY u}= QO
� = 46 99; � = 0 024; 
 = �0 29; � = �0 65
|x]@=Q |=Q@ |ak=w Q=Okt R= pwtQi h=QLv= u=R}t =} w |oDU@ty ?} Q[ Q=Okt
4 |x]@=Q CQwYx@ 3 |x]@=Q |}=yv sQi =Pr "CU= Rv = 0 97 xOt; CUOx@

%Ow@ Oy=wN
q = 46 99:(N:L

D
)0 024::C�0 29

u :(H
W

)�0 65 (4)

uDw}vwr}m?ULQ@ R} Qm =N ZQa QO uy;x=QCN=wvm} |xOQDUo Q=@ q 'x]@=Q u}= QO xm
Cu &QDt?ULQ@|ovU |=yuwDU Q]k w 'pw] 'O=OaD?}DQDx@D;L;N &`@ QtQDt Q@
W;H &`@ QtQDt Q@ uDw}vwr}m ?ULQ@ QDU@ l =N |xOWv|WmyR |WQ@ Ctw=kt

"QDt ?ULQ@ uy;x=Q R} Qm =N u}}=B ZQa w `=iDQ= ?}DQDx@
|=yQDt=Q=B w '|UOvy |=yQDt=Q=B 'CUWv u=}t |x]@=Q G=QNDU= "4"3"4

QDU@ |WQ@ Ctw=kt
'=yuwDU |UOvy |=yQDt=Q=B 'CUWv u=}t u=wD|t p@k VN@ x@=Wt |OQm} wQ =@
|x]@=Q CQwYx@ =Q |y@=Wt |x]@=Q QDU@ |WQ@ Ctw=kt QDt=Q=B u}vJty w 'R} Qm =N

%OQm Q=QkQ@ 5
Smax = � � (N � L

D
)� � (Cu)
 � (H

W
)� (5)

Q}O=kt LSM VwQ R= xO=iDU= w |OOa p}rLD R= xOt;CUOx@ G}=Dv T=U=Q@ ,=OOHt

 = 0 17 '� = �0 21 '� = 0 15 pO=at ?}DQDx@ � w 
 '� '� |=yQDt=Q=B
xOt; CUOx@ |x]@=Q |=Q@ R}v |oDU@ty ?} Q[ "OwW|t x@U=Lt � = 0 36 w
xOWG=QNDU= |x]@=Q uOw@?U=vt |xOvyOu=Wv?}=Q[ u}= xmCU=Rv = 0 91

"CU= |Q=t; ^=Lrx@
|L=Q] |=yh=Qo |x�=Q= "5"3"4

|=yh=Qo |x�=Q= p=@vOx@CtUk u}= QO 'p@kVN@ QO xOWG=QNDU=\@=wQ x@ xHwD =@
'uy;x=Q |Q=OQ@xQy@ Q=@ |=v@tQ@ =yu; R= xO=iDU= =@ u=wD@ xm s}DUy |OQ@ Q=m |L=Q]
G=QNDU= |ovU |=yuwDU |=Q@ |}x}rw= C=YNWt 'R} Qm =N `=iDQ= w QDU@ \}=QW
|}=yh=Qo 4 w 2 |xOt;CUOx@ |r}rLD |=yx]@=Q R= xO=iDU= =@ =DU=Q u}= QO "OQm

CUU |=yQDU@ QO |ovU |=yuwDU |Q@ Q=@ sR}v=mt |UQQ@ "2"3"4
R} Qm =N uRw w Q=]k Q=@ p=ta= QF= Q@ |ovU |=yuwDU Q@ OQ=w |=yVvD VN@ u}= QO
|ovU |=yuwDU R= l} Qy |q=@ QO VvD Q}O=kt xm|Qw]x@ 'CU= xOW |UQQ@
Q_vOQwt \=kv "CU= xOW XNWt R} Qm =N Q} R QO =yu; Q=DiQ Q=Owtv sUQ =@ w C�=Qk
l} Qy QO VvD Q}O=kt w XNWt R} Qm =N hQ] l} QO =yuwDU \Uw w q=@ QO
uQ=kDt Q=Owtv 'CU= xOW xO=O u=Wv 7 pmW QO xmQw]u=ty "CU= xOW xOv=wN
=yuwDU |q=@ QO VvD u=R}t w uQ=kDt |UOvy ^=Lrx@ ,qt=m |R=UpOt xm =QJ CU=
|}=yuwDU w CU= xOW ZQi u=Um} pw@kp@=k ,qt=m ?} QkD =@ R} Qm =N hQ] wO QO
`k=w R} Qm =N \Uw QO xm |}=yuwDU x@ C@Uv OvQ}o|t Q=Qk R} Qm =N |v=wQ}W QO xm
xm =QJ &CU= |y}O@ Qt= u}= xD@r= xm Ovvm|t ptLD =Q |QDsm VvD Q=Okt 'OvwW|t
QO VvD Q}O=kt 7 pmW QO "CU= QDW}@ R} Qm =N \Uw QO xOWp=ta= Q=@ w l =N uRw
|=yQ=@ CLD �|QDt 15� R} Qm =N `=iDQ= u} QDW}@ Q} R QO xDiQoQ=Qk |=yuwDU \Uw
CN=wvm} |xOQDUo CQwYx@ xm uD 25 w 22 5 '20 '17 5 '15 '12 5 |QwLt
xO=O u=Wv F6 w F5 'F4 'F3 'F2 'F1 CQwYx@ 'CU= xOW `k=w R} Qm =N |wQ Q@
QwLt w R} Qm =N Q} R QO xDiQoQ=Qk |=yuwDU O=OaD Qov=}@ R}v |ki= QwLt "CU= xOW

"OyO|t u=Wv =Q uwDU R= l} Qy QO VvD s�=k
|=yuwDU xm OwW|t XNWt 8 w 7 |=ypmW u}@ xU}=kt w CkO |tm =@
|}=yuwDU x@C@Uv |QD?U=vt OQmrta 'u}}=B|WQ@Ctw=kt =@ |=yQDU@ QO |ovU
Cw=iD '`k=wQO "OvyO|t u=Wv OwN R= Ov=xDiQo Q=Qk QDq=@ Ctw=kt =@ |}=yQDU@ QO xm

"CU= QDW}@ u}}=B |=yCu QO VvD Q=Okt u} QDsm w u} QDW}@ u}@

w |QDt 15 R} Qm =N Q} R QO `k=w |ovU |=yuwDU |q=@ QO VvD Q}O=kt "7 pmW
"Cu = 55

w |QDt 15 R} Qm =N Q} R QO `k=w |ovU |=yuwDU |q=@ QO VvD Q}O=kt "8 pmW
"Cu = 60
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DQt

Q@ |mDt uy;x=Q |=yR} Qm =N |}xRQr |Q=O}=B pQDvm "5
|ovU |=yuwDU

|=Q@ ?}W u} QDut}= uy;x=Q |Q=PoQ=@ =}; xm CU= u; VN@ u}= QO |rY= p=-wU
xOQm x�=Q= |Q=OQ@xQy@ hrDNt \}=QW QO =Q =yuwDU |=Q@ u=tO}J u} QDy@ w R} Qm =N
'xrRrR Q=@ =@xU}=ktQO xOvR Q=@ QU |xrRvtx@ Q=]k Q=@ =}; 'Qo}OCQ=@ax@ #Q}N =} CU=
|=yR} Qm =N |wQ l}D=DU=x@W |=yp}rLD s=Hv= =@ #Q}N =} OwQ|t Q=tWx@ ?r=e Q=@
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|ovU |=yuwDU Q@ |mDt uy;x=Q R} Qm =N 'pwtat |=yxrRrR w |UOvyt |OQ@ Q=m
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u=mtQ}}eD Q=Okt x@ l}ORv Q=}U@ xm CU= R} Qm =N u}= QO pm CUWv u=R}t QDt|Dv=U
Q=Ri=sQv R= 12 6 cm u=R}t x@ R} Qm =N QwLt QO x]kv u} QDq=@ |xOWC�=Qk s�=k
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"O@=}|t Vy=m uy;x=Q Q=@ R= |ovU

\Uw QO xm |}=yuwDU x@ C@Uv |Q=vm |=yuwDU x@ xOWp=ta= Q=@ xm|}=Hv; R= "5
QDW}@ \Uw |=yuwDU QO VvD Q=Okt 'CU= QDsm OwW|t `k=w R} Qm =N `=iDQ=
u=}t Cw=iD |oOv@UJ Q=Okt V}=Ri= =@ xm|Qw]x@ 'CU= h=Q]= |=yuwDU R=
hqDN= u}= `=iDQ= V}=Ri= =@ w O@=}|t Vy=m VvD Q=Okt u} QDsm w u} QDW}@

"OwW|t QDW}@
R} Qm =N xm CU= u; |xOvyOu=Wv l}D=DU=x@W \}=QW QO |}xRQr |=ypQDvm "6
Ov=|@U=vt |Q=O}=B |=Q=O 0 5 g|ki= ?=DW =D|ovU |=yuwDU Q@|mDtuy;x=Q
QO ?r=e Q=@ u=wD|t =Q uy;x=Q |xOvR Q=@ xm OQm \=@vDU= xvwou}= u=wD|t =Pr w

"OQm ZQi sDU}U u}= |L=Q]
|=Q@ |@U=vt CkO =@ u=wD|t =Q xOWx�=Q= |L=Q] |=yh=Qo w uw}UQoQ |=yx]@=Q "7

"OQ@ Q=mx@ uy;x=Q R} Qm =N Q} R |ovU |=yuwDU O=a@= w O=OaD |x}rw= |@=} RQ=

|Q}oxH}Dv "6
|=yuwDU R= xO=iDU=|HvUu=mt= |=Q@|r}rLD |OvwQ |x�=Q= hOy 'Q[=L Q=DWwv QO
"CU= xOw@ CUU |UQ |=yQDU@ Q@ |mDt uy;x=Q |=yR} Qm =N C}@FD |=Q@ |ovU
xwQo =@ uy;x=Q R} Qm =N VvmQOv= 'OwOLt <=RH= VwQ R= xO=iDU= =@ '=DU=Q u}=QO
l}D=DU=x@W VwQ =@ xrRrR |ki= ?=DW w uy;x=Q Q=@ QF= CLD |ovU |=yuwDU
u}=x@ u=wD|t =Q VywSB R= xOt;CUOx@ G}=Dv |xOta |rm Qw]x@ "CU= xOW |UQQ@

%OQm xYqN CQwY
|}=QH= `=iDQ= u; |xOWv|WmyR Ctw=kt =} w QDU@ l =N |oOv@UJ V}=Ri= =@ "1

"CU= V}=Ri= p@=k uy;x=Q R} Qm =N
u} QDW}@T=U=Q@|ovU|=yuwDU R= xO=iDU=|xOwOLt 'R} Qm =N`=iDQ=V}=Ri= =@ "2
|oOv@UJ x@ `@ QtQDt Q@ uDw}vwr}m 25 QDU@ |oOv@UJ R= �uD 25� |QwLt Q=@

"O@=}|t V}=Ri= `@ QtQDt Q@ uDw}vwr}m 60
QO VvD `} RwD Cw=iD 'xHwDp@=k |xOWv|WmyR Ctw=kt =@ |}=yQDU@ QO "3

=yDWwv=B
1. nailing
2. stone or sand column
3. KTM
4. Graz-Wies-Eibiswald
5. ipoh-rawang double track
6. SFM rail yard
7. ASHTO-T221-T222
8. stage contraction
9. c-' reduction
10. list square method (LSM)

�References� `@=vt
1. UIC719R, Earthwork And Track-Bed Layers For Railway

Lines, International Union Of Railway, 2nd Edition1.1,
Paris (1994).

2. Etezad Borojerdi, M., Geotechnical Performance of
Group of Stone Columns, A Thesis In Department of
Bilding, Civil And Environmental Engineering at Con-
cordia University, Quebec, Canada (August 2007).

3. Raju, V.R., Ground Improvement Techniques for Rail-
way Embankments, Keller (M) Sdn.Bhd., Malaysia,
Technical Paper, 10-59E (2004).

4. Aboshi, H.; Ichimoto,E.; Enoki, M. and Harada, K. \The
composer, a method to improve characteristics of soft
clays by inclusion of large diameter sand columns", Pro-
ceedings, International Conference on Soil Reinforce-

ment: Reinforced Earth and other Techniques, 1, Paris
(1979).

5. Balaam, N.P. and Booker, J.R. \Analysis of rigid rafts
supported by granular piles", Int. Journal For Numerical
and Analytical Methods in Geomechanics, 5(4), pp. 379-
403 (1981).

6. Guetif, Z.; Bouassida, M. and Debats, J.M. \Improved
soft clay characteristics due to stone column installa-
tion", ScienceDirect, computers and Geotechnics, 34(2),
pp. 104-111 (2007).

7. Tan, S.A.; Tjahyono, S. and Oo, K.K. \Simpli�ed plane-
strain modeling of stone-column reinforced ground",
Journal of Geotechnical and Geoenvironmental Engi-
neering, 134(2), 101061/(ASCE) 1090-0241-134:2(185)
(2008).

8. Abusharar, S.W.; Zheng, J.J. and Chen, B.G. \Finite
element modeling of the consolidation behavior of multi-
column supported road embankment", Computers and
Geotechnics, 36(4), pp. 676-685 (2009).

9. Eurocode1, Action on Structures-Part 2: Tra�c loads on
Bridges, Final Draft PrEN 1991-2 (July 2002).

10. Instruction of design and supervision on hight speed rail-
way, Management and planing organization of Iran, Bul-
letin (394) (2007).

11. General speci�cation of railway substructure, Bulletin
(279), (2004).

12. Skempton, A.W. \Notes on the compressibility of clays",
Quarterly Journal of the Geological Society of London,
100, pp. 119-135 (1944).

148

www.SID.ir


Arc
hive

 of
 S

ID

www.SID.ir

|}=Q
Us

}Qt
w|

r}a=
tU=

|[
DQt 13. FHWA, Design and Construction of Stone Columns, 1,

Report No. FHWA/ RD- 83/026 (1983).
14. Finite Element Code for Soil and Rock Analyses, Plaxis

Version 8 Tutorial Manual (2002).
15. Brinkgreve, R.B.J. and Bakker, H.L. \Non-Linear �-

nite element analysis of safety factores", Proc. 7th Int.
conf. on Comp. Methods and Advances in Geomechanics,
Cairns, Australia, pp. 1117-1122 (1991).

16. Saraei, M. \Numerical investigation of stone columns ef-
fect on clayey beds bearing capacity", A Thesis In De-
partment of Railway Engineering at University of Sience
and Technology, Tehran, Iran (2009).

17. Bahman, M. \Numerical calculation". 16th Ed. (2009).

18. Kramer, S.L., Geotechnical Earthquake Engineering,
Prentice-Hall, Inc (2003).

149

www.SID.ir

