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u=tOv=Q QO pt=wa u} QDsyt R= |QyW |=ypvwD Q=mxy@H |Q=Oyov |=Q@ xv}y@ Q=Wi OQw;Q@
Ea=@ |rO=aD OL R= QDtm Q=Wi p=ta= "CU= 1�EPB� u}tR |rO=aD Q=Wi |Q=iL u}W=t
Q=Wi OQw;Q@ CyH "OwW|t u}tR K]U w Q=mxy@H |oORq=@ Ea=@ u; R= QDW}@ w CUWv

'|v}tRQ} R ?; K]U 'xQ=@ wQ `=iDQ= 'l =N |m}v=mt w |m} R}i |=yQDt=Q=B R= xv}y@
|OOa w |r}rLD |=yVwQ ltm x@ |}xR=U w |m}i=QD |=yQ=@ w pvwD |UOvy |=yQDt=Q=B
pvwD Q=mxy@H |Q=Oyov |=Q@ sRq Q=Wi '|OOa w RmUv=H |r}rLDVwQ =@ "OwW|t xO=iDU=
G}=Dv "Ov=xOW xU}=kt Qo}Om} =@ w x@U=Lt �|@ Qe � |kQW |xa]k� u=QyD |wQDt 7 \N
20�25 OwOL '|r}rLDVwQ R= xOt;CUOx@ Q}O=kt =@ PLAXIS3D Q=Ri=sQv R= pY=L

VwQ QO xm 'CU= ?; Q=Wi C=v=Uwv p}rO x@ hqDN= u}= "OvQ=O hqDN= p=mU=B wr}m
VwQ =@ |@ wN j@=]D |OOa VwQ R= pY=L G}=Dv ?}DQD u}O@ "CU= xOWv Qw_vt |OOa
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'|OOa w |r}rLD |=yVwQ 'Q=mxy@H |xv}y@ Q=Wi %|O}rm u=oS=w
|wQDt 7 \N pvwD '�EPB� u}tR |rO=aD Q=Wi |Q=iL u}W=t 'PLAXIS3D

"u=QyD

xtOkt "1
QO pO=aD \}=QW "OwW|t pQDvm 2Q=Wi lk=D= R= Kr=Yt |x}rND sHL w |Q=iL
Q=Okt u} QDW}@ x@ Q@tJ pN=O Kr=Yt |r=oJ xm OwW|t Q=QkQ@ |t=ovy Q=mxy@H
|Qw�D sHL pO=at \}=QW u}= QO w OUQ@ Q=mxy@H x@ QF-wt Q=Wi p=ta= |=Q@ umtt
R}v =y|vOwRi= sHL xmCU= |y}O@ "OwW s=Hv= Kr=Yt |x}rND 'xOW|Q=iL Kr=Yt
'OvwW|t x}rND I}B Q=t |xr=kv Q=wv |xr}Uwx@ xm |Lr=Yt sHL |x@U=Lt |=Q@ O}=@

[1]"OwW xDiQo Q_v QO
xOWx}rND Kr=Yt sHL C@Uv w Q@tJ pN=O Q=Wi |rQDvm QDt=Q=B wO ,=U=U=
QO "OQ=O OwHw u}W=t |xv}y@ |wQW}B |=Q@ (R) xOW|Q=iL Kr=Yt sHL x@
'OW=@ R < 1 xm|DQwY QO "OwW|t O=H}= pO=aD Cr=L 'OW=@ R = 1 xm|DQwY
xk]vt 'OW=@ |Q=iL Kr=Yt sHL R= QDtm xOWx}rND Kr=Yt sHL xm |vat u}= x@
"O@=}|t V}=Ri= R}v Q@tJ pN=O Q=Wi w O@=}|t xaUwD Q=mxy@H |wrH QO |Q}tN
QO pmWQ}}eD w O@=}|t Vy=m Q@tJ QO Q=Wi 'OW=@ R > 1 xm|DQwY QO TmaQ@

|=yQDt=Q=B R=|m} =QH= w|L=Q]|xrLQt QO Q=mxy@H|Q=OyovCyH sRq Q=Wi OQw;Q@
|xOvQ=Oyov Q=Wi 'pta QO "CU= |QBU |Q=iL |=yu}W=t =@ |R=UpvwD QO syt
|xOvvmpQDvm QDt=Q=B u}rw= ,qwtat u}tR |rO=aD Q=Wi QBU =@ |R=UpvwD QO Q=mxy@H
"CU= u}tR K]U QO CUWv Q=Okt QO QF-wt pt=wa u} QDsyt R= |m} w |Q=iL u}L
|Owta |=y|}=Hx@=H 'OwW p=ta= Q=mxy@H x@ q=@ |xOvQ=Oyov Q=Wi xm |t=ovy
'q=@ |r}N |xOvQ=Oyov |=yQ=Wi QO |rw &OwW|t xOy=Wt u}tR K]U QO |QDtm
|Q}PB=vu=Q@H C=Q=UN x@ QHvt Ov=wD|t w OwW|t xOy=Wt u}tR K]U QO |oORq=@

[1]"OwW
sHL u}@ uR=wD O=H}= =@ Q=mxy@H Q=Wi '�EPB� u}tR |rO=aD Q=Wi u}W=t QO
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QO w xO=O CyH Q}}eD u} wRk pB � ?=wv x=QoQR@ `]=kD QO 'x}OtLt u=O}t w Qw} QyW
QPo ut[ w xt=O= u; Q}Ut �|wiY ?=wv x=QoQR@ |=DU=Q QO� |r=tW � |@ wvH O=ODt=
CO=aU |xk]vt QO 'CavY u=O}t w Oq}t GQ@ Q=vm R= Qw@a w O}LwD pvwD Q=vm R=
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xDiQ}PB s=Hv= |r}tmD w |D=tOkt '|twyit |xrLQt R=i xU QO '|@ Qe � |kQW w
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|QU |=yxDWyv w C=@ wUQ =yu; u}@ QO xm CU= xOW |Ov@s}UkD D w C 'B
C=@ wUQ "OvwW|t ?wULt |QU u} QDO}OH D |QU |=yxDWyv w u} QD|t}Ok A

'xv=OR} Q C=@ wUQ R= |@}mQD pt=W QDW}@ 'u=QyD |wQDt 7 \N Q}Ut QO u=QyD |DiQ@;
&CU= xOv=WwB =Q QD|t}Ok C=@ wUQ '|WmwQ pmW x@ w CU= nvUxwrk w xU=t 'uW
|=yCtUk QO xm|Qw]x@ 'OvwW|t QDxv=OR} Q ?Qe x@ jQW R= C=@ wUQ |rmQw] x@ xm

[14]"Ov=xDi=} |QDW}@ |xaUwD |UQ |xv=OR} Q |=yx}q 'pvwD Q}Ut |@ Qe
u}vJsy w |y=oW}=tR; w |}=QLY C=ar=]t R= xOt;CUOx@ G}=Dv x@ xHwD =@
x@ pvwD Q}Ut |xOvQ}oQ@ QO |m =N |=yx}q '1:5000 xWkv T=}kt uDiQoQ_vQO =@

"Ov=xOW 1 pwOH x�=Q= QO w l}miD �ET� |UOvyt |U=vWu}tR |xvwo 6
ET-5 'ET-3 'ET-2 |=yOL=w 'pvwD |UOvyt |U=vWu}tR `]=kt T=U=Q@
x@ QDW}@ ET-4 OL=w w OvQ=O pvwD Q}Ut QO =Q VQDUo u} QDW}@ ?}DQD x@ ET-1 w

s=}k u=O}t =D Qw} QyW 17 � |DqLt `]=kD |}xQ=wy=t Tma w |QyW uqB "1 pmW
"�u=QyD |wQDt 7 \N Q}Ut�

C}@FD Q=mxy@H Q=Wi Q=OktCU= umtt xJ Qo =Cr=L u}= QO "O=O Oy=wN MQ Q=mxy@H
l =vQ]N \}=QW u}= 'xOW|Q=iL Q=Okt R= V}@ Kr=Yt |x}rND p}rO x@ |rw 'OwW
u}}aD w |wQW}B pQDvm |=Q@ |}=yvD x@ Q=mxy@H Q=Wi u}=Q@=v@ "Ow@ Oy=wN ?wr]t=v w
wO uDiQoQ_vQO =@ O}=@ |wQW}B |xv}y@ Cr=L w CU}v |i=m |Q=iL u�t]t Cr=L
pN=O QO Q=Wi C}@FD w xOWx}rND Kr=Yt w xOW|Q=iL Kr=Yt u}@ pO=aD \QW

[2]"OW=@ Q@tJ
\}=QW x@ xHwD =@ xm OQ=O OwHw Q=mxy@H Q=Wi OQw;Q@ CyH |irDNt |=yVwQ
R}r=v; |=yVwQ "OvwW|t |Ov@s}UkD |OL pO=aD w |OL R}r=v; |=yVwQ x@ l =N
5uwUv}mD= '�xOWv|WmyR w xOv@UJ l =N� 4lQ=tQv@ w 3RtwQ@ VwQ %pt=W |OL
8=mr w �xOv@UJ l =N� 7T} w}O '�VWwB uwO@ pvwD |=Q@ xOv@UJQ}e l =N� 6RD=B w
=t} Qw}t VwQ pt=W |OL pO=aD |=yVwQ "OvDUy �xOv@UJQ}e l =N� 9w}tQwO w
10smLwt '�xOv@UJQ}e w xOv@UJ l =N� TwQm '�xOv@UJQ}e w xOv@UJ l =N�
|tm w xOv@UJQ}e l =N� 12Qv}=DU= w 11RmUv=H '�xOv@UJQ}e w xOv@UJ l =N�
l =N� 15Q} wQ@ VwQ w �xOv@UJQ}e l =N� 14=DUvwov; w 13|Q=wm '�xOv@UJ
|=v@t Q@ |Oa@ xU pOt l} 1989 p=U QO |}xar=]t QO "OvDUy �xOv@UJQ}e
?Yv R= V}B 'CUWv |@=} RQ= w pvwD |Q=O}=B p}rLD |=Q@ |OL pO=aD |x} Q_v
1994 p=U QO |Qo}O |xar=]t QO u}vJty [3]"CU= xOW x�=Q= ?rY |Q=Oyov
x@U=Lt xOv@UJQ}e w |}xv=O |=yl =N QO xOWQiL |=ypvwD |=Q@ Q=mxy@H Q=Wi
xm xwo |Q=O}=B pOt T=U=Q@ |Qo}O |xar=]t QO R}v 1998 p=U QO [4]"CU= xOW
Q=mxy@H Q=Wi |x@U=Lt |=Q@ |WwQ 'CU= xOW xDiQo xwo w wr}U VwQ R= u; T=U=
[9]'|m} R}i |R=UpOt [8�6]'|@ QHDhrDNt |=yVwQ ẁtHt QO [5]"CU= xOW x�=Q=
uwo =vwo pt=wa Q}F-=D |UQQ@ w pvwD h=Q]= \}Lt pmWQ}}eD |@=} RQ= |=Q@ |OOa w
u}tR QO |R=UpvwD QO u}tR K]U CUWv w |}=Hx@=H QO Q=mxy@H Q=Wi xrtH R=

"CU= xOW xDiQo Q=m x@ sQv
|=yxR=U =@CN=Up=L QOpvwDVvmQOv=p}@k R=|r�=Ut '|UOvyt|=yxSwQB QO
|xO}J}B |=yxR=U =} �=y`tW w =ypvwD�|L]UQ} R |=yxR=U '�=yu=tDN=U�|L]U
CU= K[=w "OQ=O OwHw |v}tRQ} R |=yx=oDU}= =} wrkwO |=ypvwD uwJty |v}tRQ} R
O=tDa= p@=k |xH}Dv '|Q_v ^=Lr R= w OvQ=O |OwOLt |}=Q=m |r}rLD |=yVwQ xm
"OvyO|tv x�=Q= R=}v OQwt |xOvQ=Oyov Q=Wi u; `@D x@ w |Q=iL C=QF= R= =Q |rt=m w
\}=QW |UQQ@ '|R=UpOt |=Q@ |QDxO}J}B |=yQ=R@= |OOa |=yVwQ 'p@=kt QO
Qw_vt x@ |OOaDt |OOa |=yVwQ xRwQt= "OvDUy =yCUWv w Q=mxy@H |Q=O}=B
u}= QDW}@ w Ov=xDi=} xaUwD |m}t=v}O w |m}D=DU= CQwYx@ |QyW |=ypvwD p}rLD
p}rLD [2]"Ov=xDiQo Q_v QO xDUw}B \}Lt l} CQwYx@ =Q l =N \}Lt =yVwQ
pvwD u}@ VvmsyQ@ u}vJty w Q=mxy@H |Oa@xU Q=DiQ 'CN=U |=yVwQ |OOa
x@ ,qt=m =yVwQ u}= G}=Dv CLY u}= OwHw =@ "OR=U|t sy=Qi =Q |vD@ VWwB w
VwQ R= xO=iDU= =@ '2003 p=U QO |WywSB QO "OQ=O |oDU@ xr�Ut |x}rw= |=yxO=O
xOW |UQQ@ u}tR K]U CUWv QO j} QRD Q=Wi w Q=mxy@H Q=Wi Q}F-=D 'OwOLt <=RH=
p[=iD Q=Ri=sQv R= xO=iDU= =@ '2012 p=U QO |Qo}O VywSB QO u}vJty [10]"CU=
Q=Wi Q}F-=D w p}rLD l =N uwo =vwo |Q=DiQ |=ypOt C}U=UL 'FLAC3D OwOLt
OQwt O} QO=t |wQDt |xSwQB |=Q@ u}tR K]U CUWv QO j} QRD Q=Wi w Q=mxy@H
|R=UpOt R= xO=iDU= =@ R}v 2012 p=U QO |}xar=]t QO [11]"CU= xDiQo Q=Qk xar=]t
x�=Q= Q=mxy@H Q=Wi |=Q@ |]@=wQ 'EPB =@ |R=UpvwD Ov};Qi |R=Ux}@W w |m} R}i
Q=Ri=sQv OwOLt <=RH= |OOa VwQ |=yQ=Ri=sQv u} QDsyt R= |m} [12]"CU= xOW
|Oa@xU p}rLD |=Q@ OwOLt u=tr= |xt=vQ@ l} Q=Ri=sQv u}= "CU= PLAXIS3D

\}=QW |R=UpOt w p}rLD |=Q@ |@U=vt Q=}U@ Q=R@= w CU= pvwD |Q=O}=B w pmWQ}}eD
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UL [14]"pvwD Q}Ut |xOvQ}oQ@ QO |m =N |=yx}q QO xOWl}miD �ET� |UOvyt |U=vWu}tR |=yOL=w C=YNWt "1 pwOH
ET� 6 ET� 5 ET� 4 ET� 3 ET� 2 ET� 1 |U=vWu}tR |=yOL=w

|UOvyt

|}xU=t Cr}U
w |UQ Cr}U R= xv=OCWQO l =N x@ |UQ xU=t R= xv=OCWQO l =N w |}xU=t pw=Qo l =N h}YwDx=Qty x@ |Dr}U TQ x@ |UQ xU=t TvH pw=Qo x=Qty x@ |rw=Qo xU=t TvH |rw=Qo xU=txU=t |mOv= pw=Qo x=Qty x@ TQ w Cr}U x=Qty

�60 R= QDnQR@ �60 R= QDnQR@ �22�34 �30�60 �12�30 �3�12 lr= R= |Qw@a OYQO
�TQ w Cr}U� 200

ML
CL, ML

SC, SM
SC, SM SC, SC-SM GW, GW-GM,

(USCS) l =N ẁv
& CL-ML &CL & GC GP-GC, SW & SP

[14]"pvwD Q}Ut |UOvyt |U=vWu}tR |=yOL=w |m}vmDw�S |=yQDt=Q=B "2 pwOH
XwYNt lWN uRw C@Uv pmWQ}}eD pwOt l =m]Y= |x}w=R QF-wt |oOv@UJ |U=vWu}tR |=yOL=w

(KN/m2) uwU=wB (MPa) QF-wt |rN=O (KPa) |UOvyt
18 6 0 3 80 34 14 ET-1
18 4 0 3 75 33 15 ET-2
19 0 0 32 50 33 30 ET-3
18 2 0 3 50 32 22 ET-4
17 0 0 35 35 28 31 ET-5
17 0 0 35 10 27 0 ET-6

u=QyD |wQDt 7 \N pvwD Q}Ut |Swrw�SwQO}y "3
pvwD QwLt R=QD xm OyO|t u=Wv pvwD Q}Ut R= xDiQoCQwY |Swrw�SwQO}y C=ar=]t
|RmQt |L=wv QO w |v}tRQ} R |=y?; R=QD R= QDq=@ 'xSwQB |xOwOLt |kQW |L=wv QO
pvwD Q}Ut |kQW |L=wv RH x@ u}=Q@=v@ "CU= |v}tRQ} R ?; R=QD R= QDu}}=B |@ Qe w
QO |v}tRQ} R ?; R=QD "Ow@ Oy=wN x=Qty ?; OwQw =@ pvwD |Q=iL '�4300 =D 0 S=QDt�
OwOL =D �nvy; w |Q `]=kD� s=}k u=O}t R= QDq=@ QO QDt 1130 OwOL R= pvwD Q}Ut
\N pvwD Q}Ut "O@=}|t Vy=m �lv=} Q@ |xrLt� xSwQB Q}Ut |=yDv= QO QDt 1102
OvJ x@ u=wD|t xOW|Q}oxR=Ov= |}=DU}= K]U u}ov=}t x@ xHwD =@ =Q u=QyD |wQDt 7

[14]"CU= xOW x�=Q= 3 pwOH QO xm OQm |Ov@s}UkD xk]vt
=Q CqmWt u} QDW}@ 'CU= xk]vt u} QD|vqw] xm 4 |xQ=tW |xk]vt u}=Q@=v@
Q=Qk |}x}L=v QO u=QyD |wQDt 7 \N Q}Ut "CW=O Oy=wN pvwD x@ ?; OwQw ^=Lr x@

|}=DU}= K]U ^=Lr R= u=QyD |wQDt 7 \N pvwD Q}Ut |Ov@s}UkD "3 pwOH
"xOW|Q}oxR=Ov=

xk]vt pw] |@; Q=@ |xOwOLt S=QDt |xOwOLt |xQ=tW
�QDt� �QDt� �QDt� xk]vt
4300 0 4300 |r= 0 1
800 2 |r= 0 5100 |r= 4300 2
500 10 |r= 2 5600 |r= 5100 3
5900 15 |r= 10 11500 |r= 5600 4
700 10 |r= 5 12200 |r= 11500 5

[14]"u=QyD |wQDt 7 \N pvwD Q}Ut |UOvyt |U=vWu}tR p}iwQB "2 pmW

ET-6 OL=w u=}t u}= QO "CU= xDi=} VQDUo |}xU=t |=y|UOa w =yRvr CQwY
7�600 =D 7�100 QDtwr}m QO \ki u; C}akwt w xDW=O |tm VQDUo pvwD Q}Ut QO

[14]"CU= pvwD hkU |q=@ |xOwOLt QO
w |UQQ@ =@ |UOvyt |U=vWu}tR hrDNt |=yOL=w |m}vmDw�S |=yQDt=Q=B
OQw;Q@ |y=oW}=tR; |=yuwtR; w |}=QLY C=ar=]t R= pY=L G}=Dv |Q=t; p}rLD
|UOvyt |U=vWu}tR p}iwQB 2 pmW QO u}vJsy "CU= xOW x�=Q= 2 pwOH QO w

[14]"CU= xOW xO=O u=Wv u=QyD |wQDt 7 \N pvwD Q}Ut
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w;Q@a = 0 5�D
1 + tan �

(6)

Ka = 1� sin�0
1 + sin�0 (7)

K0 = 1� sin�0 (8)

�w &?} QND Cr=L QO l =N Q=Wi u}tND QO u=v}t]= ?} Q[ �e '=yu; QO xm
pm Q=Wi �v &(KPa) u}tR QF-wt Q=Wi �0v &?; Q=Wi u}tND QO u=v}t]= ?} Q[
Cr=L QO l =N Q=Wi ?} Q[ K0 &l =N p=ai Q=Wi ?} Q[ Ka &(KPa) u}tR
&(KPa) l =N QF-wt |oOv@UJ c0 &u}tR |Owta x@ |ki= VvD C@Uv K &uwmU
HW &(m) xQ=@ wQ `=iDQ= H &(deg) l =N QF-wt |rN=O l =m]Y= |x} w=R �0
&(KN/m3) l =N QF-wt |r=oJ 0 &(KN/m2) |L]U Q=@ q0 &(m) ?; `=iDQ=
&(KN/m3) l =N lWN |r=oJ: d &(KN/m3) l =N |a}@] |r=oJ n

"(deg) xwo VRer |x} w=R � &(m) pvwD Q]k D
Q=Wi w 1 75 Q@=Q@ (�e) u}tR ?} QND Q=Wi u}tND |=DU=Q QO |vt}= ?}=Q[
9 164 Q@=Q@ pvwD |Q=iL Q]k w [5w2]'CU= xOW xDiQo Q_v QO 1 05 Q@=Q@ (�w) ?;

%CU= xOW |UQQ@ CQwY wO x@ |L]U Q=@ Q=DWwv u}= QO "CU= QDt
|L]U Q=@ j]=vt u}= QO %Ovm|t Qw@a =yu=@=}N Q} R R= pvwD xm |k]=vt "1

"CU= xOW xDiQo Q_v QO p=mU=B wr}m 20 Q@=Q@
|xv}W}@ ZQi =@ j]=vt u}= QO %Ovm|t Qw@a =yxv=N Q} R R= pvwD xm|k]=vt "2
"CU= xOW xDiQo Q_v QO p=mU=B wr}m 100 Q@=Q@ |L]U Q=Wi 'xk@] 5 u=tDN=U
?; `=iDQ= 'xQ=@ wQ x@ xHwD =@ pvwD hrDNt |=yCtUk QO Qo}O |=yQDt=Q=B
R= |NQ@ "Ov=xOW OQ=w C=@U=Lt QO w u}}aD `]kt Qy QO l =N C=}YwYN w

"CU= xOW xO=O u=Wv 4 pmW QO l}D=tW CQwYx@ xOWQmP |=yQDt=Q=B
4 pwOH QO xOWx�=Q= \@=wQ =@ j@=]t pvwD |=DU=Q QO Q=mxy@H Q=Wi Q}O=kt
smCUO 'pvwD G=D QO Q=mxy@H Q=Wi 'C=@U=Lt QO u}vJty "CU= xOW xO=O u=Wv

"CU= xOW xDiQo Q_v QO p=mU=B wr}m 20 Q@=Q@
|=Q@ Qv}DU= w RUmv=H \UwD xOWx�=Q= h=Qo R= xO=iDU= =@ xwo VRer |x} w=R
CQwYx@ VRer |x} w=R h=Qo u}= QO "�5 pmW� CU= xOW x@U=Lt hrDNt `]=kt
hrDNt `]=kt |=Q@ |rN=O l =m]Y= |x} w=R w pvwD Q]k x@ xQ=@ wQ C@Uv R= |a@=D

[4]"CU= xOW xOR u}tND

7 \N pvwD Q=mxy@H |Q=O}=B EL@ QO xO=iDU= OQwt |=yQDt=Q=B R= |NQ@ "4 pmW
[4]"u=QyD |wQDt

|xSwQB QO xv}W}@ w \UwDt C}a[w QO ?; K]U `=iDQ= |rm C}a[w "3 pmW
[13]"u=QyD |wQDt 7 \N

C=Q}F-=D '|QyW |=y?=UB w |Q=OQ@xQy@ |=yx=J uwJty |Q=}U@ pt=wa xm OQ=O
?; K]U `=iDQ= C}a[w '3 pmW QO "OvQ=Po|t |v}tRQ} R |=y?; QO =Q |Q=}U@

[13]"CU= xOW xO=O V}=tv xv}W}@ w u}ov=}t Cr=LwO QO pvwD hm R=
hqDN= 'xSwQB Q}Ut |=yDv= =D 10500 S=QDt R= OwW|t x_Lqt xm Qw]u=ty
S=BtB C=Q}F-=D "OQ=O OwHw ?; K]U `=iDQ= \UwDt w xv}W}@ |Q}oxR=Ov= u}@ |O=} R
QO |v}tRQ} R |=y?; K]U `} QU C=Q}}eD pt=wa u} QDsyt R= u=wD|t =Q =yx=J
?; K]U xm CW=O xHwD xDmv u}= x@ O}=@ "OQm u=wva xar=]t OQwt |xOwOLt
x@ QHvt |QyW pt=wa w OQ=O l}t=v}O Cr=L xar=]t OQwt |xk]vt |v}tRQ} R

"OwW|t u; QO |O=} R C=Q}}eD

|r}rLD VwQ x@ Q=mxy@H Q=Wi u}}aD "4
|=yu}tR QO xS} w x@ pvwD uwQO x@ l =N swHy w Q=mxv}U ?} QND R= |Q}owrH CyH
|xrm QO xOW|Q=iL O=wt 'OvwW|t u}tR xHwD p@=k CUWv x@ QHvt xm CU )U
O=H}= x@ QHvt Qt= u}= xm 'OvwW GQ=N x=oDUO |wQW}B Q=Okt =@ ?U=vDt O}=@ Q=iL
|UQQ@ |=yVwQ R= |m} [15]"Ov} wo Q=mxv}U Q=Wi u; x@ xm 'OwW|t Q@tJ QO |Q=Wi
=yVwQ u}= ltm x@ "CU= |r}rLD |=yVwQ R= xO=iDU= l =N Q=DN=U |Q=O}=B
x@ xHwD =@ Q=DWwv u}= QO "OQm u}}aD l =N Q=DN=U QO =Q |Q=O}=B=v OwOL u=wD|t
RUmv=H VwQ R= \ki '�|@ Qe � |kQW |xa]k� u=QyD |wQDt 7 \N l =N \}=QW

[4]%�8 |r= 1 |=yx]@=Q� CU= xOW xO=iDU= Q=mxy@H Q=Wi p}rLD |=Q@
Pf = �e � Pe + �w + 20 KPa (1)

Pf = �e �Ka � �0v + w �Hw + 20 KPa (2)

Pf = �e �Ka � �v + �w � w �Hw + 20 KPa

H � 2D Qo = (3)

�0v = a:0 � c0
K0 � tan�0

�
1� e�K0�tan�0�HWa

�
+ a:d � c0
K0 � tan�0

�
e�K0�tan�0�HWa � e�K0�tan�0�Ha

�
+ q0 � e�K0�tan�0�Ha (4)

�v = n �H H � 2D Qo = (5)
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xy@H Q=Wi QO ?; Q=Wi QO u}tR Q=Wi |x}w=R l =N |oOv@UJ l =N |r=oJ K]U `=iDQ= `=iDQ= S=QDtwr}m |xQ=tWQ=m pvwD hkU pvwD hkU l =m]Y=

(KN/m3) (KN/m3)
?; xQ=@wQ

(m) `]kt
(Kpa) (Kpa) (Kpa) �xHQO� |rN=O (m) (m)

20 0 0 33 30 19 0 9 4 1500 1
36 0 9 33 15 18 4 0 14 5 2600 2
35 0 9 33 15 74 18 43 0 14 2 2700 3
29 0 5 33 47 19 08 18 68 0 15 8 4000 4
25 0 3 30 8 22 04 17 78 0 10 5000 5
42 21 0 33 30 19 2 1 18 8 5700 6
77 54 0 28 26 30 95 17 1 5 4 19 4 9400 7
75 52 0 28 31 17 2 2 19 6 9500 8

|OOa |=yp}rLD R= pY=L G}=Dv 'xOv@UJ |=yu}tR |=Q@ "CU= |r}rLD |=yVwQ
=} Q@=Q@ xQ=wty 'Q=mxy@H |Q=Oyov CyH R=}v OQwt |xOvQ=Oyov Q=Wi |xv}tm |=Q@

[1]"CU= |r}rLD |=yVwQ R= xOt;CUOx@ G}=Dv R= QDnQR@
|Oa@xU |OOa |=yVwQ QO C=@U=Lt s=Hv= w pOt CN=U xm CU= K[=w
=@ \=@DQ= QO |}=yC}a]k sOa 'Qo}O |wU R= "OQ=O |O=} R u=tR w VqD x@ R=}v
|RQt \}=QW w '=yVt |xR=Ov= 'pOt O=a@= %p}@k R= |}=y?=NDv= w Q=Ri=sQv |}=v=wD
w =yC}a]k sOa '|Oa@xU |OOa |=yVwQ R= pY=L G}=Dv 'C}=yvQO "OQ=O OwHw
|xO=iDU= Qw_vtx@ p}rO u}ty x@ "OwW|t pt=W R}v =Q |OwQw |=yQDt=Q=B |Q}PB Q}}eD
Q}}eD Q}F-=D CyH C}U=UL R}r=v; l} s=Hv= '|Oa@xU |OOa |=yVwQ R= ?wr]t

"CU= |QwQ[ =y|HwQN QO |OwQw |=yQDt=Q=B
xm 'CU= OwOLt <=RH= |=yQ=Ri=sQv u} QDsyt R= |m} PLAXIS3D Q=Ri=sQv
Q=DWwv u}= QO "OwW xO=iDU= Ov=wD|t pvwD |Q=O}=B w pmWQ}}eD |Oa@xU p}rLD |=Q@

"CU= xOW xO=iDU= Q=Ri=sQv u}= R= |R=UpOt CyH

Q}Ut pw] QO |v=QL@ `]=kt ?=NDv= w |UQQ@ "1"5
\N pvwD |@ Qe � |kQW |xa]k Q=mxy@H |xOvQ=Oyov Q=Wi |OOa p}rLD Qw_vt x@
R=QD u} QDW}@ 'xQ=@ wQ u=R}t u} QDW}@ w u} QDtm ^=Lr R= syt `]kt 6 'u=QyD |wQDt 7
OwHw 'pvwD |q=@ QO |Dtw=kt |=yQDt=Q=B u} QDh}a[ =@ |}=yl =N '|v}tRQ} R ?;
xOW ?=NDv= pvwD Q}Ut pw] QO uoty=v Q=mxy@H w |L]UQ} R w |L]U ZQ=wa
"CU= xOW x�=Q= `]kt Qy QO xQ=@ wQ `=iDQ= w `]=kt u}= C}akwt '5 pwOH QO "CU=

"|OOa VwQ x@ pvwD Q=mxy@H Q=Wi |x@U=Lt |=Q@ |@=NDv= `]=kt "5 pwOH
C@Uv xQ=@wQ `=iDQ= S=QDtwr}m |xQ=tW
C
D (m) `]kt
1 1 10 1 + 500 1
1 6 15 2 + 650 2
1 8 16 4 + 000 3
1 2 11 5 + 000 4
2 1 19 5 + 700 5
2 2 20 9 + 460 6

u=QyD |wQDt 7 \N pvwD QO VRer |x}w=R u}tND |=Q@ xO=iDU= OQwt h=Qo "5 pmW
[4]"�|@ Qe � |kQW |xa]k�

|OOa VwQ x@ Q=mxy@H Q=Wi u}}aD "5
sR}v=mt Q@ |vD@t 'Q=mxy@H |Q=Oyov CyH R=}v OQwt Q=Wi u}tND |r}rLD |=yVwQ
w l =N |=yQDt=Q=B 'xk]vt \}=QW uDiQoQ_vQO =@ u}=Q@=v@ "OvDUy Q=mxy@H CUmW
QF= ,qwY= =yVwQ u}= QO "OwW|t OQw;Q@ R=}v OQwt Q=Wi 'xr�Ut |UOvy C=YNWt
Q_v QO |Q=iL C=}rta s=Hv= |ovwoJ x@ \w@ Qt QF= =} |L]U |=yxR=U Qw[L

"OwW|tv xDiQo
|R=Ux}@W |q=@ |}=v=wD w l =N w |Q=iL u}@ xO}J}B VvmsyQ@ x@ xHwD =@
u=v}t]= p@=k w pt=m |xH}Dv l} |x�=Q= x@ QO=k =yVwQ u}= \ki |Oa@xU |OOa
'pta QO OvJ Qy "OvDUy R=}v OQwt |R=UQ=O}=B Q=Wi w |Q=iL C=QF= OQwt QO
`} QU |R=Ux}@W Qw_vtx@ CN=U R=i pw] QO w x}rw= |L=Q] R=i QO XwYNx@
'xv}y@ VwQ ,qwtat "OwW|t xO=iDU= xO=U ,=D@Uv |=y|R=Ux}@W R= |Q=iL \}=QW

[2]"Ow@ Oy=wN hrDNt |=yVwQ R= |@}mQD
=@ pvwD jta xm |t=ovy xOv@UJQ}e |=yu}tR QO xOWs=Hv= C=ar=]t j@]
Q}O=kt pO=at |OwOL =D |OOa |=yR}r=v; R= pY=L G}=Dv 'CU= Q@=Q@ ,=@} QkD u; Q]k
u; Q]k x@ pvwD jta C@Uv xm |t=ovy "OvDUy |r}rLD |=yVwQ R= xOWx@U=Lt
Q}O=kt R= QDnQR@ |OOa |=yVwQ \UwD xOWO=yvW}B Q}O=kt 'OwW|t QDW}@ 1 R=

141

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

"""|
QyW

uwQ
O|

=yp
vwDQ

=mxy
@H

Q=W
i|

xv}t
mOQ

w;Q@[14]"�|@ Qe � |kQW |xa]k� u=QyD |wQDt 7 \N pvwD Q}Ut QO OwHwt |=yl =N `=wv= |Dtw=kt |=yQDt=Q=B "6 pwOH
?} Q[ u=UWm pwOt l =N |m}v=mt |=yQDt=Q=B l =N |m} R}i |=yQDt=Q=B |Ov@xk@]uwU=wB Et �0 c0 d sat l =N
� (MPa) (deg) (kPa) (KN=m3) (KN=m3)

0 3 80 34 14 18 6 21 85 ET-1
0 3 75 33 15 18 4 21 65 ET-2
0 32 50 33 30 19 23 ET-3
0 3 50 32 22 18 2 21 45 ET-4
0 35 35 28 31 17 21 5 ET-5
0 35 10 27 0 17 21 25 ET-6

Q=Ri=sQv =@ 9�460 C}akwt QO u=QyD |wQDt 7 \N pvwD |xUOvy "6 pmW
"PLAXIS3D

`]kt QO |@ Qe � |kQW |xa]k '|wQDt 7 \N pvwD pOt |Ov@u=tr= "7 pmW
"9�460

xa]k '|wQDt 7 \N pvwD pOt QO QF-wt VvD w |Pivt ?; Q=Wi p=ta= "8 pmW
"9�460 `]kt QO |@ Qe � |kQW

|wQDt 7 \N pvwD |@ Qe � |kQW |xa]k EPB u}W=t C=}YwYN "7 pwOH
[13]"u=QyD

Q=Okt OL=w EPB u}W=t |=yQDt=Q=B
8 2� 106 KN/m (EA) |QwLt C}@rY
8 38� 104 KN.m2/m (EI) |WtN C}@rY

38 15 KN/m2 (W) uRw
0 �� (�) uwU=wB C@Uv

pOt |xUOvy "2"5
|rO=aD Q=Wi ẁv R= u=QyD |wQDt 7 \N |@ Qe � |kQW |xa]k |Q=iL u}W=t
pL=Qt 'Q=DWwv u}= QO "CU= QDt 9 164 Q]k w QDt 10 5 pw] x@ '�EPB� u}tR
Q=Qk |v}tRQ} R ?; K]U Q} R QO pvwD xm '9�460 S=QDtwr}m QO `]kt |=Q@ |R=UpOt
w QDt 30 ZQa w 40 pw] =@ xvyB u}= |=Q@ pOt |xUOvy "CU= xOW x�=Q= 'OQ=O
x@ xHwD =@ `]=kt |R=UpOt "CU= xOW xDiQo Q_v QO Z QwLt CyH QO 45 O=ODt=

"CU= xOW s=Hv= uQ=kDt xt}v CQwYx@ pvwD `]kt uOw@uQ=kDt

O=wt C=}YwYN "3"5
|=yQDt=Q=B "CU= |Q=iL u}W=t u}vJty w |m =N |=yxwQo pt=W O=wt C=}YwYN
Q=Wi u}W=t C=}YwYN w 6 pwOH QO u=QyD |wQDt 7 \N QO l =N |L=Q]
pOt |xUOvy '6 pmW "Ov=xOW x�=Q= 7 pwOH QO Q_v OQwt �EPB� u}tR |rO=aD

"OyO|t u=Wv 9�460 C}akwt QO =Q
<=RH= w =yxOwD x@ Kr=Yt C=YNWt X=YDN= w |UOvy pOt pt=m sUQ =@
xOW s}UkD OwOLt |=yu=tr= x@ C=@U=Lt s=Hv= Qw_vtx@ pOt |xUOvy '|}xR=U
30�40�45 O=a@= =@ |}xQo 15 |FrFt |=yu=tr= x@ pOt '7 pmW j@=]t "CU=

"CU= xOW s}UkD

x}rw= \}=QW "4"5
K]U Q@ |v@t ?; Q=Wi pt=W x}rw= \}=QW '|Ov@u=tr= w pOt |xUOvy sUQ =@
"CU= xOW O=H}= l =N |@v=H Q=Wi ?} Q[ Q@ |v@t QF-wt VvD w |v}tRQ} R ?;
Q=Qk pvwD hm R= |QDt 15 jta QO xar=]t OQwt |xvyB QO |v}tRQ} R ?; K]U
QO "OyO|t u=Wv QwmPt pOt QO =Q QF-wt VvD w |Pivt ?; Q=Wi '8 pmW "OQ=O
QF-wt VvD '?8 pmW QO w p=mU=B wr}m 256 pOt hm QO ?; Q=Wi 'hr=8 pmW
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"OvDUy Q=mxy@H QO CUWv Qou=}@ swU w swO R=i "CU= l =N sHL hqD= w QBU
u=Wv Q=mxy@H Q=Wi Vy=m x@ xHwD =@ =Q swO R=i x@ \w@ Qt pm |}=Hx@=H '11 pmW

"CU= QDt|Dv=U 0 5 R= QDtm xm 'OyO|t
|=Q@ PLAXIS3D Q=Ri=sQv R= xO=iDU= =@ |OOa p}rLD G}=Dv '12 pmW QO
u}@ |}xU}=kt '13 pmW QO u}vJty "CU= xOW xO=O u=Wv xOW?=NDv= `]kt 6
QO |OOa w |r}rLD |=yVwQ R= xO=iDU= =@ Q=mxy@H Q=Wi |xOWx@U=Lt Q}O=kt
|=yQDt=Q=B uDiQoQ_vQO =@ |OOa VwQ "CU= xOW x�=Q= u=QyD |wQDt 7 \N |xSwQB
'l =N |voty=v =} |voty 'uwU=wB ?} Q[ 'u=UWm pwOt %Ovv=t l =N R= |QDW}@
CWv w u}tR 'Q=mxy@H CUWv |UQQ@ '|R=Uy@ O=wt w |Q=iL u}W=t C=}YwYN
|r}rLD |=yVwQ x@ C@Uv Q=mxy@H |Q=O}=B R= |QD|k]vt w QDK}LY p}rLD '?;
p=mU=B wr}m 20�25 OwOL |OOa w |r}rLD VwQ Cw=iD '13 pmW j@=]t "OQ=O
QO "CU= xar=]t OQwt |xOwOLt QO ?; Q=Wi C=v=Uwv OwHw p}rO x@ xm 'CU=
Q_v QO Q=mxy@H |xOvQ=Oyov Q=Wi |xv}tm |x@U=Lt QO Q=Okt u}= |r}rLDVwQ
'G}=Dv |HvUQ=@Da= Qw_vtx@ "CU= xOWv Qw_vt |OOa VwQ QO =t= 'CU= xOW xDiQo
Q=mv=t}B CmQW \UwD xOWsqa= |Q=iL lk=D= |xOWj}kOD Q=Wi 9 w8 pwOH QO
x�=Q= 9600 =D 9300 w 5800 =D 5600 |=yS=QDtwr}m QO �OU=BU |UOvyt CmQW�

"�Q=mxy@H Q=Wi Vy=m � swO R=i u=}=B QO pm |}=Hx@=H "11 pmW

6 |=Q@ PLAXSIS3D Q=Ri= sQv R= xO=iDU= =@ |OOa |R=UpOt G}=Dv "12 pmW
"u=QyD |wQDt 7 \N |xSwQB QO xOW?=NDv= `]kt

w |v}tRQ} R ?; \}=QW x@ xHwD =@ xm 'CU= p=mU=B wr}m 379 pOt hm QO l =N
"CU= xOW x@U=Lt PLAXIS3D Q=Ri=sQv =@ 'l =N

|OOa p}rLD R= pY=L G}=Dv "5"5
C=}rta 'x@=Wt Qw]x@ "OwW|t s}UkD R=i OvJ x@ xSwQB l} '|UOvyt C=}rta QO
|Q=DN=U R=i "CU= xOW s}UkD R=i OvJ x@ R}v PLAXIS3D QO x@U=Lt
QO u}W=t Q=QkDU= =@ "CU= |Q=iL u}W=t ?Yv w l =N |Q=iL pt=W 'pw=
C=}YwYN u=ty 'u}=Q@=v@ 'OwW|t sm |oOv@UJ w l =m]Y= 'pw= |xa]k
p=ta= pOt x@ u}W=t |xOwOLt QO 0 9 Ctw=kt Vy=m ?} Q[ =@ l =N
19 67 jta� x}rw= Q}O=kt T=U=Q@ pvwD G=D QO Q=mxy@H Q=Wi [16]"OwW|t
hm w G=D u}@ Q=Wi ?}W w xOW p=ta= p=mU=B wr}m 40 u=R}t x@ �|QDt
R= |W=v Z=@kv= "CU= QDt Q@ p=mU=B wr}m 15 |Q=iL lk=D= pN=O QO pvwD
xOW xDiQo Q_v QO �0 48 u}W=t |=yDv= QO uOw@|]wQNt w |Q=iL xi=[=

[17]"CU=
"OvyO|t u=Wv =Q pw= R=i QO |Owta w pm |}=Hx@=H '10 w 9 |=ypmW
Q=mxy@H |Q=O}=B |=Q@ |i=m |xR=Ov= x@ Q=mxy@H Q=Wi OwW|t x_Lqt xm Qw]u=ty

"pw= R=i u=}=B QO pm |}=Hx@=H "9 pmW

"pw= R=i u=}=B QO |Owta |}=Hx@=H "10 pmW
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|@U=vt |=yVwQ |OOa w RUmv=H |r}rLD VwQ 'xOWs=Hv= C=ar=]t x@ xHwD =@
CU= �|@ Qe � |kQW |xa]k� u=QyD |wQDt 7\N QO Q=mxy@H Q=Wi |x@U=Lt |=Q@
Q=mv=t}B CmQW \UwD |Q=iL lk=D= |xOWj}kOD Q=Wi =@ |@ wN Q=}U@ j@=]D w
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xm OwW|t x_Lqt |OOa w |r}rLD |=y|UQQ@ R= pY=L G}=Dv |xU}=kt =@ �
R= xOt;CUOx@ Q}O=kt =@ |OOa |R=UpOt \UwD xOW|v}@V}B Q}O=kt hqDN=
OwHw p}rO x@ hqDN= u}= "CU= p=mU=B wr}m 20�25 OwOL |r}rLD |=yVwQ
Q=Okt u}= |r}rLDVwQ QO xm CU= xar=]t OQwt |xOwOLt QO ?; Q=Wi C=v=Uwv
=t= 'CU= xOW xDiQo Q_v QO Q=mxy@H |xOvQ=Oyov Q=Wi |xv}tm |x@U=Lt QO

"CU= xOWv xDiQo Q_v QO |OOa |R=UpOt QO
Q=mxy@H Q=Wi u}tND QO |tyt Q=}U@ Vkv |v}tRQ} R ?; R=QD xmv}= x@ xHwD =@ �
"CU= C}ty= R�=L u; x@ \w@ Qt O=Oa= |DUQO w CLY |UQQ@ 'OQ=O pvwD
xOW xO=iDU= =yQ=Wi u}tND CyH \UwDt |v}tRQ} R ?; R=QD R= 'Q=DWwv u}= QO
'u=QyD QyW QO hrDNt pwYi QO |v}tRQ} R ?; C=v=Uwv x@ xHwD =@ =t= "CU=
Q=Wi w j}kOD xv=y=t w |oDiy 'xv=RwQ CQwYx@ |v}tRQ} R ?; R=QD xm CU= QDy@

"OwW RwQ x@ u; T=U=Q@ Q=mxy@H
Q}O=kt =@ |OOa |R=UpOt\UwD xOWx@U=Lt Q}O=kt 'xOWx�=Q=?r=]t x@ xHwD =@ �
u=Wv =Q p=mU=B wr}m 20�25 OwOL QO |Dw=iD '|r}rLD |=yVwQ R= xOt;CUOx@
` VwQ QO ?; Q=Wi C=v=Uwv ?=UDL= sOa p}rO x@ hqDN= u}= "OyO|t
Q=Wi |x�=Q= QO |r}rLD |=yVwQ Ovv=ty |OOa Q}O=kt '|rm Qw] x@ "CU= |OO

"OvyO|t u=Wv =Q |y@=Wt OvwQ 'xOvQ=Oyov
|xOwOLt QO CUWv Q=Okt 'Q=mxy@H Q=Wi R= xOt;CUOx@ G}=Dv CLY |=Q@ �
u}= xmv}= x@ xHwD =@ xm CU= xOt; CUOx@ QDt|r}t 32 45 '9�460 S=QDtwr}m
Q=mxy@H Q=Wi Q=Okt u}= p=ta= =Pr 'OQ=O Q=Qk R=Ht |xOwOLt QO CUWv u=R}t

"CU= ?U=vt
xJQo = =t= 'O=O Vy=m |OwOL =D =Q CUWv u=R}t 'QDq=@ Q=Wi p=ta= =@ u=wD|t �
OwW|tu}tRK]U QOCUWv pQDvmEa=@ 'Q=mxy@H|xOvQ=Oyov |q=@ |=yQ=Wi
Q@xwqa O=} R |r}N |=yQ=Wi p=ta= =t= 'OW Oy=wN Q=mxy@H pQDvm C}=yv QO w
x=oDUO VQ@ CtUk ?} QND Ea=@ Ov=wD|t '|�RH |L]U |=y|oORq=@ O=H}=

"OwW Q}taD CyH u=tR hqD= x=Qty x@ O=} R |=yxv} Ry p}tLD w |Q=iL

|=yVwQ R= xO=iDU= =@ Q=mxy@H Q=Wi |xOWx@U=Lt Q}O=kt |xU}=kt "13 pmW
"u=QyD |wQDt 7 \N |xSwQB QO |OOa w |r}rLD

"9�460 S=QDtwr}m QO pvwD QwLt O=ODt= QO s�=k CUWv Q=Owtv "14 pmW
S=QDtwr}m � OU=BU|UOvytCmQW � |Q=iLlk=D= |xOWj}kOD Q=Wi Q}O=kt "8 pwOH

"�5800 =D 5600
(bar) Q@tJ Q=Wi S=QDt h}OQxv}W}@ xv}tm u=}=B ẁQW

0 6 0 4 5700 5600 1
0 7 0 5 5800 5700 2

S=QDtwr}m � OU=BU|UOvytCmQW � |Q=iLlk=D= |xOWj}kOD Q=Wi Q}O=kt "9 pwOH
"�9600 =D 9300

(bar) Q@tJ Q=Wi S=QDt h}OQxv}W}@ xv}tm u=}=B ẁQW
0 7 0 5 9400 9300 1
0 9 0 7 9500 9400 2
0 8 0 6 9600 9500 3

=yCWwv=B
1. earth pressure balance

2. Chamber
3. Broms
4. Bennermark
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UL 5. Atkinson
6. Potts
7. Davis
8. Leca
9. Dormieux
10. Mohkam
11. Jancsecz
12. Steiner
13. Kovari
14. Anagnostou
15. Broere
16. borehole
17. tyest pit
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