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xDN=OQB =yu; |t=tD x@ VywSB u}= QO xm 'CU= QF-wt CUOq=@ ?; `=iDQ= w 'l =N
QO=k OwOLt p[=iD VwQ =}; xm CU= xOW |UQQ@ ẁ[wt u}= =t= &CU= xOWv
CUOu}}=B QO CWv R= |W=v |Q=O}=B=v hrDNt |=ysR}v=mt K}LY |R=UpOt x@
CQwYx@ Q=w}O w xDiQo CQwY pOt QO |R=UxO=U u}=Q@=v@ "Ow@ Oy=wN Ov@?; |xQ=w}O
\UwD =yQ=w}O u}= pta QO "CU= xOW pOt w Q=QkDU= l =N Ci=@ QO C@=F ,qt=m
?rY C}=yv|@ |QBU OwN TvH u}vJty w C}@FD l =N QO ,qt=m 2=ylDUO
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|=y
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OOa
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r=]t

[10]"|y=oW}=tR; pOt l}D=tW "7 pmW

|R=UpOt |=Q@ 'u; Q@ xwqa [12]"CU= |UQQ@ OQwt RQt QO OwHwt uwR u} QDCNU
|xLiY u}@ l =m]Y= |x} w=R u}}aD x@ G=}DL= xU=t w Ov@?; |xOQB u}@ pLt
w xHQO 22 OwOL QO x} w=R u}= 'OW=@ |Oqwi |QBU ẁv Qo = "CU= xU=t w |QBU
u}= QO xD@r= "CU= xHQO 19-24 |xOwOLt QO x} w=R u}= 'OW=@ |vD@ |QBU ẁv Qo =

[14]%CU= xDiQo Q=Qk |UQQ@ OQwt hrDNt Cq=L VywSB
ES =

(K + 4
3G)

�Zmin
(7)

"CU= u=tr= Oa)@ |xv}tm |xR=Ov= �zmin 'u; QO xm
Kn = 10ES (8)

Ks = 10ES (9)

uwU=wB ?} Q[ w E = 10�24 (Mpa) |v=UWm pwOt 'R} Q |xU=t |=Q@
|B C}a[w |UQQ@ 'VywSB u}= R= hOy xmv}= x@ xHwD =@ [14]"CU= � = 0 25
(Mpa) |v=UWm pwOt =@ CU )U Q=}U@ |xU=t =Pr &CU= \}=QW u} QD|v=QL@ QO

"CU= xOW xDiQo Q_v QO E = 10
|y=oW}=tR; pOt =OD@= 'FLAC Q=Ri=sQv QO |R=UpOtG}=DvCLY|UQQ@ |=Q@
|v=O=@; w |Q=}@; |UOvyt xwQo ?; C=k}kLD |RmQt x=oW}=tR; QO xOWxDN=U
l} 'QwmPt |y=oW}=tR; pOt "CU= xOW |R=UpOt GQm |RQw=Wm |xOmWv=O
xOW xDN=U u; x@ \w@ Qt p�=Ut w CWv |@O |UQQ@ CyH xm CU= |rL=U l}=O
pw] "CU= xOW xOy=Wt R}v VWwH |xO}OB 'V}=tR; u}L u; Q@ xwqa xm 'CU=
w |}xW}W |xQ=OH w |Oqwi CrmU= TvH R= QDt 1 ZQa w `=iDQ= 'QDt 9 u;
pw] w QDt|Dv=U 100 u; ZQa 'QDt|Dv=U 50 l}=O `=iDQ= "CU= 5Tqo|UmqB
'7 pmW "CU= QDt|r}t 8 Ct=N[ =@ Tqo|UmrB TvH R= QDt|Dv=U 210 u;

[9]"OyO|t u=Wv =Q |y=oW}=tR; pOt l}D=tW KQ]
jta QO CUOu}}=B QO xm 'QDtwR}B 11 R= xO=iDU= =@ |y=oW}=tR; pOt u}= QO
C@F w C�=Qk |Pivt ?; Q=Wi 'Ov=xOW ?Yv Qo}Om} R= 10 cm pY=wi =@ 30 cm

QO |Pivt Q=Wi ,=k}kO 'FLAC QO 30 cm Ov@?; |xOQB |R=UpOt =@ "CU= xOW
"CU= xOW |UQQ@ |y=oW}=tR; pOt |=yQDtwR}B pLt

G}=Dv "3
pOt |Pivt ?; Q=Wi u}}aD x@ \w@ Qt G}=Dv xm OwW|t xOy=Wt 8 pmW j@]

"OvQ=O |@ wN j=@]v= |y=oW}=tR; G}=Dv =@ |OOa

"FLAC-2D \}Lt QO |OOa pOt |Ov@xm@W "5 pmW

[12]"FLAC QO Cw=iDt u=tr= wO p=YD= |R=UpOt "6 pmW

%OwW|t h} QaD 5 |x]@=Q j@] QF-wt VvD u}vJty "CU= `=@W=
�ij = �0ij � p�ij (5)

|x]@=Q QO 5 w 4 \@=wQ |Q=Po|=H R= TB "CU= Q=Wi p w QmvQm =DrO �ij 'u; QO xm
%O};|t CUOx@ 6 |x]@=Q 'xOWs=Hv= C=@U=Lt w 3

@�0ij
@xj

+ �dgi � (1� n) @p
@xi
� n
w @�@xi = 0 (6)

'l =N uRw �dgi u}vJty "OvDUy pNrND w QDtwR}B `=iDQ= ?}DQD x@ 'u; QO xm
[12]"OyO|t u=Wv =Q CWv |wQ}v n
w @�

@xi
w |Qw=vW |wQ}v (1� n) @p@xip[=iD |xm@W O=H}= CyH |Ov@xm@W 'xvwtv |R=UpOt CUNv |xrLQt QO

"�5 pmW� CU= xOW s=Hv= OwOLt
'CU= Cw=iDt pOt |B w Ov@?; |xOQB TvH xmv}= x@ xHwD =@ |Oa@ s=o QO
|wQ}v 'Qo}O |DQ=@a x@ "CU= R}r=v; liv}q <RH 'l =N w Q=w}O u}@ pLt |R=UpOt
'VywSB u}= QO "OQ=O Vkv C=@U=Lt OvwQ QO Ov@?; |xOQB w xU=t l =m]Y=
"CU= xOW xO=O X=YDN= =RHt CQwYx@ CtUk Qy |DNU w Kr=Yt |=y|oS} w
u=Wv 'CU= xOW |R=UxO=U 4?trm \UwD xm l =N w Q=w}O u}@ p=YD= '6 pmW QO
|k]vt CQwYx@ u=tr= wO R}=tD w l =N =@ u=tr= hQ] wO p=YD= "CU= xOW xO=O
|WQ@ Ctw=kt Q=}at 'u=tr= RQt |wQ Q@ |U=tt CQwYx@ Qvi "CU= xOW xO=OV}=tv

"OyO|t u=Wv =Q ?trm
'|WQ@ |DNU ks 'p=tQv |DNU kn '|WWm Ctw=kt T 'xOvRer S 'u; QO xm
y w x CyH wO QO xQo x@ \w@ Qt syU pw] wO Qy xm Lm = M w Ln = N

"OvW=@ |t
|DNU O}=@ 'u=tr= wO lQDWt K]U x@ \w@ Qt C}YwYN p=ta= Qw_vt x@
'7 \@=wQ j@] "OwW x@U=Lt Qw=Ht |=yxk]vt (ks) |WQ@ |DNU w (kn) s�=k
QO |WQ@ |DNU w s�=k |DNU '9 w 8 \@=wQ T=U=Q@ TBU w ES QDt=Q=B =OD@=
|DNU Q=Okt hQat pO=at |DNU "OwW|t x@U=Lt pYDt lQDWt K]U Cr=L

116

www.SID.ir

Archive of SID

www.sid.ir


"""w
|R}

wQBQ
wYv

t'Q
P;x

yr=

"|m}rwQO}y |RQt \}=QW "11 pmW

"VWwH ẁkw u=tR QO VvQm MQv "12 pmW

|x} w=R Q_v R= w Cw=iDt |=yl =N |wQ Q@ Ov@?; Q=w}O |wQ Q@ xOWs=Hv= |OOa
'H=D C@Uv QO QF-wt pt=wa "CU= xDiQo CQwY XwYNt uRw w l =m]Y=
|UQQ@ CU )U |}xU=t l =N |=Q@ 'Ov@?; |xOQB jta x@ CUOq=@ ?; `=iDQ= |va}
uRw w xHQO 30-40 |xR=@ QO l =m]Y= |=}=wR =@ |}xU=t |=yl =N "CU= xOW
"Ov=xDiQo Q=Qk |UQQ@ w p}rLD OQwt 1600-2100 (kg/m3) |xR=@ QO XwYNt
|x} w=R w Ov@?; |xQ=w}O w l =N u}@ l =m]Y= |x} w=R C=Q}}eD Q}F-=D u}vJty
|=yR}r=v; w C=@U=Lt |] "CU= xDiQo Q=Qk |UQQ@ OQwt VWwH |xO}OB QO `=UD=
=} |r}]DUt |oORq=@ CQwYx@ CUOu}}=B QO l =N |Q=O}=B=v sR}v=mt 'xOWs=Hv=
u=Wv G}=Dv "CU= xDiQo CQwY l =N pt=m |oDN}Uo w pt=m VWwH =} w |FrFt
Q=w}O u}@ l =m]Y= |x} w=R 'l =N |rN=O l =m]Y= |x} w=R Q@ xwqa xm OyO|t
u; sR}v=mt w VWwH |xO}OB QO R}v l =N XwYNt uRw '`=UD= |x} w=R w 'Ov@?;

"OQ=O Q}F-=D
'1700 (kg/m3) R= QDtm XwYNt uRw QO 'OW=@CU )U l =N xm|DQwY QO
V}=Ri= "ODi=|t j=iD= xU=t VWwH w Ow@ Oy=wN Q=O}=B=v ,qt=m CUOu}}=B QO l =N
'13 pmW QO QiY x@ pO=aDt=v |wQ}v |}=Qosy sOa w 12 pmW QO VvQm MQv
'14 pmW u;Q@ xwqa "CU= xQ=w}O CUOu}}=B QO VWwH ẁkw |xOvyOu=Wv
'16 pmW w &l =N Ci=@ uO}UQ s}rUD x@ '15 pmW &CUOu}}=B QO pmWQ}}eD
C}=Oy q=@ CtU x@ =Q C=QP ,qta xm 'OvyO|t u=Wv =Q CUOu}}=B QO QF-wt VvD

"CU= VWwH ẁkw Q@ |v@t G}=Dv s=tD w 'Ovvm|t
'|rN=O l =m]Y= |x} w=R w XwYNt uRw uOWO=} R w l =N uOW QD|wk =@
QwWvt Cr=L u}= QO xm OyO|t u=Wv G}=Dv "OwW|t xOy=Wt |r}]DUt |oORq=@

"QDt|Dv=U 30 Ov@?; |xOQB jta QO Q@q=@ Q=Wi Vy=m |ovwoJ "8 pmW

|xOQB jta <=R= x@ VWwH ẁkw u=tR QO pO=aDt=v |wQ}v |xv}W}@ Q=Owtv "9 pmW
"QDt|Dv=U 30 Ov@?;

"|oDN}Uo pLt QOVWwH ẁkw u=tR QOCUOu}}=B QO =yO} Qo pmWQ}}eD "10 pmW

'CUOu}}=B QO Ov@?;|xOQB 30 cmjta QO|y=oW}=tR;|xvwtv QOu}=Q@ xwqa
Q=Ri=sQv QO |R=UpOt G}=Dv '9 pmW j@=]t "CU= xOW xOy=Wt VWwH w |Q=O}=B=v
'10 pmW j@=]t w xOWv =Qoty QiY x@ pO=aDt=v |wQ}v xm OyO|t u=Wv R}v FLAC

"CU= xOW Q=O}=B=v ,qt=m CUOu}}=B QO \}Lt
FLAC \}Lt QO =yxR=U u}= K}LY |R=UpOt 'xOWx�=Q= G}=Dv x@ xHwD =@
|v}@V}B|@ wN x@VvD R}r=v; T=U=Q@ =Q|oORq=@ sR}v=mt 'KQ] |=QH= R=p@k Ov=wD|t
Q=Qk |UQQ@ OQwt w xOW |R=UpOt Ov@?; |xQ=w}O |ak=w O=a@= QO 'xt=O= QO "Ovm

"CU= 11 pmW j@=]t pOt u}= QO |RQt \}=QW "CU= xDiQo
Ctw=kt xm OyO|t MQ |v=tR w CU= xU=t VWwH u=} QH ẁv l} '|}=Qou=wQ
|WQ@VvD� l =N |xOwD |m}D=DU= pO=aD |=Q@ sRq |WQ@VvD R= QDtm 'l =N |WQ@
OQwt ?trwm � Qywt |OOa pOt VywSB u}= QO T=U= u}= Q@ [15]"OW=@ �|m}D=DU=
|=y|UQQ@ "CU= xOW |UQQ@ u; R= xO=iDU= =@ l =N |Q=O}=B=v w xDiQo Q=Qk xO=iDU=
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r=]t"OyO|t MQ 'Ovm|t |v}@V}B |k=RQD VwQ xm |rLt R= QDtm |}xrY=i QO |}xv=wDU=
"OvyO|t u=Wv =Q |r}]DUt |oORq=@ ẁkw 20 |r= 17 |=ypmW

(kg/m3) R= XwYNt uRw w OW=@ xDW=O `=UD= |x} w=R 'xU=t xm |DQwY QO
24|r= 21|=ypmW "Ow@ Oy=wN|FrFt|xwoCQwYx@|oORq=@ 'OW=@ QDW}@ 1800

"OvyO|t u=Wv =Q |FrFt |oORq=@ ẁkw
Q_v R= Cw=iDt |=yl =N |wQ Q@ Ov@?; Q=w}O |wQ Q@ xOWs=Hv= |OOa |UQQ@
H=D C@Uv "CU= xDiQo Q=Qk |UQQ@ OQwt XwYNt uRw w l =m]Y= |x} w=R
l =m]Y= |x} w=R '|rN=O l =m]Y= |x} w=R x@ |oDU@ CU )U |}xU=t l =N |=Q@

"p}]DUt QwWvt |oORq=@ ẁkw u=tR QO VvQm MQv "17 pmW

"|r}]DUt QwWvt |oORq=@ ẁkw u=tR y CyHQO |}=Hx@=H "18 pmW

"|r}]DUt QwWvt |oORq=@ ẁkw u=tR QO pmWQ}}eD "19 pmW

"VWwH ẁkw u=tR QO pO=aDt=v |wQ}v "13 pmW

"VWwH ẁkw u=tR QO pmWQ}}eD "14 pmW

"VWwH ẁkw u=tR QO uO}UQ s}rUD x@ "15 pmW

"30 cm Ov@?; |xOQB jta <=R= x@ VWwH ẁkw u=tR QF-wt VvD "16 pmW
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"""w
|R}

wQBQ
wYv

t'Q
P;x

yr=

"|FrFt QwWvt |oORq=@ ẁkw u=tR QO uO}UQs}rUD x@ "24 pmW

"|}xU=t l =N QO VWwH sR}v=mt |UQQ@ "1 pwOH
VWwH sR}v=mt

� = (30� 40) H=D = 4 
sat=
w

�=� '=� 1 6 1 7 1 8 1 9 2 0 2 1

0
0 *** *** * * * +

0 5 *** *** *** ** + +

1 *** *** *** ** + +

1 3
0 *** *** *** * + +

0 5 *** *** *** ** + +

1 *** *** *** ** + +

2 3
0 *** *** *** * + +

0 5 *** *** *** ** + +

1 *** *** *** ** + +

1
0 *** *** * * * +

0 5 *** *** *** ** + +

1 *** *** *** ** + +

|Dr=L QO xOWs=Hv= |=y|UQQ@ |] "OQ=O l =N `=UD= |x} w=R w 'l =N w Q=w}O u}@
,=a]k 'OW=@ 1900 (kg/m3) R= QDtm l =N XwYNt uRw w 4 < H=D xm
Q=w}O w l =N u}@ l =m]Y= |x} w=R C=Q}}eD "OyO|t MQ CUOu}}=B QO |Q=O}=B=v
|] "CU= xDiQo Q=Qk |UQQ@ OQwt VWwH |xO}OB |wQ Q@ `=UD= |x} w=R w Ov@?;
CQwYx@ CUOu}}=B QO l =N |Q=O}=B=v sR}v=mt 'xOWs=Hv= |=yR}r=v; w C=@U=Lt
CQwY l =N pt=m |oDN}Uo w pt=m VWwH =} w |FrFt =} |r}]DUt |oORq=@
l =m]Y= |x} w=R |=Q@ Cio u=wD|t xv=Q=mx_i=Lt x=oO}O =@ u=}=B QO "CU= xDiQo
"CU= 1 pwOH j@=]t VWwH sR}v=mt 'H=D > 4 w 30-40 |xOwOLt QO
+ w '|r}]DUt |oORq=@ * '|FrFt |oORq=@ ** 'VWwH *** 'QwmPt pwOH QO
l =m]Y= |x} w=R � %u; QO u}vJty "OvyO|t u=Wv =Q VWwH Q@=Q@ QO |Q=O}=B
XwYNt uRw 
sat '`=UD= |x} w=R ' 'l =N w Ov@?; Q=w}O u}@ |x} w=R � '|rN=O
jta D w CUOq=@ ?; `=iDQ= H '?; XwYNt uRw 
w '`=@W= Cr=L QO l =N

"OvDUy Ov@?; |xOQB

"|r}]DUt QwWvt |oORq=@ ẁkw u=tR QO uO}UQs}rUD x@ "20 pmW

"|oORq=@ ẁkw u=tR QO |}=Hx@=H |=yQ=OQ@ w VvQm MQv "21 pmW

"|FrFt QwWvt |oORq=@ ẁkw u=tR QO y CyH QO |}=Hx@=H "22 pmW

"|FrFt QwWvt |oORq=@ ẁkw u=tR QO pmWQ}}eD "23 pmW
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=wQ
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xU=t

VW
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|xO
}OB|

OOa
|xa

r=]t`=UD= |x} w=R QF= '2100 (kg/m3) XwYNt uRw =@ |}xU=t l =N |=Q@ xvwtv
"OyO|t u=Wv =Q u=v}t]= ?} Q[ QO

|Q}oxH}Dv "4
CQwY x@ xO}OB u}= Rwvy VWwH w CWv |xv}tR QO u=w=Qi |=yVywSB OwHw =@
|v}@V}B|m}rwQO}y |=yxR=U E=OL= R= p@k u�t]t p=L u}a QO w 'K}LY 'j}kO
?; Q=Wi T=U=Q@ w |rm CQwYx@ xO=iDU= OQwt |OOa |=ypOt QDW}@ "OwW|tv
w Q@u=tR ?re= 'OwHwt |y=oW}=tR; |=ypOt w Ovvm|t |@=} RQ= =Q xO}OB u}= |Pivt
s}_vD FLAC Q=Ri=sQv \}Lt QO |OOa pOt VywSB u}= QO "OvDUy |O=YDk=Q}e
QF= QO l =N Q=DiQ |UQQ@ C}r@=k |Pivt ?; Q=Wi |x@U=Lt Q@ xwqa xm 'CU= xOW
VWwH Q@=Q@ QO u=v}t]= ?} Q[ u}}aD x@ QO=k u}vJty "OQ=O =Q ?; u=} QH OwHw
C=@U=Lt x@ R=}v uwO@ w |k=RQD VwQ x@ C@Uv |QDW}@ |=yQDt=Q=B uDiQoQ_vQO =@
s}kDUt |WwQ u=v}t]=?} Q[ u}}aDCyH Seep-w G}=Q Q=Ri=sQv QO "CU= |DUO

"CU= |DUO C=@U=Lt x@ G=}DL= w OQ=Ov OwHw u�t]t w
=@ |m}rwQO}y |=yxR=U QO |} wWQ} R w VWwH |xO}OB xmv}= x@ xHwD =@
'Q=DWwv u}= QO xOWx�=Q= G}=Dv T=U=Q@ 'CU= ?wr]t=v w ?QNt Q=}U@ |DiQ@; |=y|B
'KQ] |=QH= R= p@k Ov=wD|t FLAC \}Lt QO =yxR=U u}= K}LY |R=UpOt
G}=Dv ?U=vt j=@]v= "Ovm |v}@V}B |@ wN x@ VvD R}r=v; T=U=Q@ =Q |oORq=@ sR}v=mt
|UQQ@ CyH VwQ u}= uOw@j}kO Q@ p}rO |y=oW}=tR; |=y KQ] =@ Q=Ri=sQv u}=
xm OyO|t u=Wv xOWs=Hv= |OOa |=yR}r=v; "CU= |}xU=t |=yl =N QO VWwH
"OQ=O |oDU@ l =N C=}YwYN x@ CUOq=@ ?; `=iDQ= w |oDN}Uo pmW sR}v=mt
'OwW|t |}xU=t |=yl =N QO |Q=O}=B=v O=H}= ?@U xm H=D C@Uv u}}aD �
w l =N u}@ |x} w=R '`=UD= |x} w=R '|rN=O l =m]Y= |x} w=R uwJ |rt=wa x@

"OQ=O |oDU@ l =N XwYNt uRw w Ov@?; |xQ=w}O
QO u=v}t]= ?} Q[ xHwD p@=k V}=Ri= ?@U |rN=O l =m]Y= |x} w=R V}=Ri= �

"OwW|t |}xU=t |=yl =N |=Q@ VWwH Q@=Q@
V}=Ri= ?@U xHQO 15 =D `=UD= |x} w=R V}=Ri= 'sm =QDt |}xU=t |=yl =N |=Q@ �
?} Q[ Vy=m ?@U xHQO 15 R= QDW}@ `=UD= |x} w=R |=Q@ w u=v}t]= ?} Q[

"OwW|t u=v}t]=
QO |oORq=@ pmW w sR}v=mt |wQ Q@ l =N XwYNt uRw w `=UD= |x} w=R �
'OW=@ xDW=O `=UD= |x} w=R l =N xm |DQwY QO "OQ=O Q}F-=D |}xU=t |=yl =N
ẁv ẁ[wt u}= R= `q]= =@ "Ow@ Oy=wN |FrFt QwWvt CQwYx@ VWwH sR}v=mt

"OwW|t u}}aD Ov@?; |xQ=w}O CUOu}}=B QO |Q=OQ@l =N w |Q=iL
'4 < H=D w 1900 (kg/m3) R= QDtmXwYNt uRw =@|}xU=t|=yl =N QO �

"OyO|t MQ CUOu}}=B QO |Q=O}=B=v ,=a]k
'4 < H=D w 1700 (kg/m3) R= QDtmXwYNt uRw =@|}xU=t|=yl =N QO �

"OyO|t MQ VWwH ,=a]k
QDtm u; ZQa 'OQ}o CQwY |r}]DUt QwWvt CQwYx@ |oORq=@ xm |Dr=L QO �

"O};|t CUOx@ |k=RQD VwQ R= xm CU= |[Qa R=
w |Q=iL ẁv u=wD|t Ov@?; |xQ=w}O CUOu}}=B QO VWwH sR}v=mt u}}aD =@ �
w |@=QN u} QDtm xm OQm ?=NDv= |Qw] =Q |Q=iL |=Q@ R=}v OQwt |=yx=oDUO
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p=tDL= xm O=O s=Hv= =Q |Q=iL |}xvwo x@ u=wD|t VWwH sR}v=mt R= `q]= =@
"OUQ@ OwN |xv}tm x@ xO}OB u}= ẁkw
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1. braced sheet pile
2. struts
3. fast lagrangian analysis of continua
4. Coulomb
5. Plexiglas
6. strength reduction technique
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