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xOt;CUO x@ G}=Dv R= xO=iDU= =@ u}vJty "OwW s=Hv= KrUtQ}e w KrUt|}xU=t QDU@
\@=wQ |HvUCLY x@ |OOa w |m} R}i |=ypOt |wQ xOWs=Hv= |=yV}=tR; R=
w xOW xDN=OQB |Q@ Q=@ C}iQ_ CqO=at QO [24w23]'|W} Q}W w ?}@L |O=yvW}B

"Ov=xOW |@=} RQ= w xU}=kt sy =@ G}=Dv

|y=oW}=tR; VywSB VwQ "4
xvwtv |=y|B O=a@= '|OOa |R=UpOt |x}rw= G}=Dv R= xO=iDU= =@ =OD@= VywSB u}= QO
uOQw;CUO x@ |=Q@ x}rw= V}=tR; |QU l} '=yu; CN=U =@ TBU w xOt; CUO x@
=@ u=tRsy "CU= xOW s=Hv= |Oa@ |OOa |=y|R=UpOt |=Q@ R=}v OQwt |=yQDt=Q=B
s=Hv= R}v PLAXIS Q=Ri=sQv R= xO=iDU= =@ |OOa |R=UpOt '|rY= =yV}=tR; s=Hv=
x@ lwmWt =yu; |xH}Dv xm |}=yV}=tR; 'G}=Dv |xU}=kt =@ C}=yvQO w CU= xOW

"Ov=xOW s=Hv= ,=OOHt QDW}@ u=v}t]= |=Q@ 'O}UQ|t Q_v

xO=iDU= OQwt l =N "1"4
|}xU=t '|B O=a@= x@ xHwD =@ "CU= xOW xO=iDU= xU=t R= =yV}=tR; s=Hv= |=Q@
uDiQoQ_vQO =@ w |B O=a@= x@ C@Uv w OW=@v CWQO |r}N xm CU= xOW xO=iDU=
|xU=t |wQ lr= R}r=v; V}=tR; "OW=@ xDW=O |rw@k p@=k |Ov@xv=O '3T=}kt QF=
Q=Owtv '1 pmW QO "CU= xOW sUQ xU=t |Ov@xv=O Q=Owtv w s=Hv= xOWxO=iDU=
xOW xO=O u=Wv xU=t |=yQDt=Q=B '1 pwOH QO w xO=iDU= OQwt |xU=t |Ov@xv=O

"CU=
w l =m]Y= |x} w=R uOQw;CUO x@ |=Q@ w xOw@ lWN xO=iDU= OQwt |xU=t
|x} w=R xOt;CUOx@ G}=Dv |wQ R= w '4s}kDUt VQ@ V}=tR; Q=@ 3 'u; |oOv@UJ

"=yV}=tR; QO xOWxO=iDU= |xU=t |Ov@xv=O Q=Owtv "1 pmW

"=yV}=tR; QO xOWxO=iDU= |xU=t |=yQDt=Q=B "1 pwOH
Q=Okt QDt=Q=B
8 64 (Cu) |DN=wvm} ?} Q[
1 48 (Cc) =vLv= ?} Q[
16 (kN/m3) lWN XwYNt uRw
43 �xHQO� |rN=O l =m]Y= |x} w=R
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"=yV}=tR; QO =y|B w '=yQ}D '=yG}*o |Q}oQ=Qk |xwLv "5 pmW

"l =N Q} R xOvvmKrUt |x}q |Q}oQ=Qk |xwLv "6 pmW

=yV}=tR; s=Hv= |xwLv "5
u; x@ VvD xm |kta =D uRNt QO OwHwt l =N =OD@= 'V}=tR; R= xrLQt Qy |=Q@
|xw}W R= xO=iDU= =@ TBU "CU= xOW |r=N �QDt|Dv=U 40 OwOL� OUQ@ jta
|=yx}q 'VwQ u}= QO "CU= xOW xDN} Q |QDt|Dv=U 10 |=yx}q QO l =N '6|v=Q=@
xDN} Q K]U |wQ QDt|Dv=U 20 C@=F `=iDQ= R= w h}k l} R= xO=iDU= =@ l =N
uRNt K]U QO l =N |=yxv=O CN=wvm} uOWVNB Ea=@ VwQ u}= "CU= xOW
xOW xO}@ wm l =N 'V@ wm |xvRw l} R= xO=iDU= =@ 'x}q Qy uDN} Q R= TB "OwW|t
O=a@= w QDt|r}t 5 Ct=N[ =@ |Oqwi jQw l} 'XwYNt V@ wm |xvRw "CU=
uO}@ wm VwQ "CU= xOW xO=O u=Wv 7 pmW QO xm 'CU= 0 45m� 0 45m

uOQm =yQ Q=@ 10 =@ x}q Qy xm CU= xOw@ xvwo u}O@ |QDt|Dv=U 10 l =N |x}q Qy
|x}q TBU "CU= xOW sm =QDt l =N K]U |wQ |QDt|Dv=U 20 `=iDQ= R= xvRw
"CU= xOW xO}@ wm wLv u}ty x@ w xOW xDN} Q |v=Q=@ VwQ =@ |Oa@ |QDt|Dv=U 10
R= xO=iDU= =@ |@Uv sm =QD "CU= xDi=} xt=O= Q_v OQwt R=QD x@ l =N uO}UQ =D Q=m u}=

"CU= OYQO 50� 5 VwQ u}=
x@ w |m}rwQO}y lH l} R= xO=iDU= =@ xOWs=Hv= |=yV}=tR; QO pOt |=y|B
|m}D=DU= |Q=@ 'xrLQt Qy QO xm ?}DQD u}O@ "Ov=xOW |Q=PoQ=@ 7VvD pQDvm VwQ
lH uwQO `}=t Q=Wi TBU "CU= xOW |Q}oxR=Ov= \w@ Qt CUWv w OQ=w =y|B x@
V}=Ri= 1 bar |xR=Ov= x@ '|m}rwQO}y lH 8umWQ=Wi |=yQ}W R= xO=iDU= =@
=D CU= xOW Q@Y ,=OOHt w CU= xOW =y|B |wQ Q=@ V}=Ri= x@ QHvt xm 'CU= xDi=}
=yG}*o xm |Dkw "OwW C@=F |Q=Okt =y|B CUWv w hkwDt G}*o |=yx@ Qka CmQL
bar |xR=Ov= x@ lH uwQO `}=t Q=Wi R=@ w xOW C@F CUWv 'OvO=DU}= CmQL R=

"=yV}=tR; QO xOWxO=iDU= |}xQ}=O w |wkrL pOt |=y|B "3 pmW

"V}=tR; x=oDUO "4 pmW

'OW=@ Q@ R =y|B Q} R K]U xmv}= |=Q@ w xOW xDiQo Q_v QO QDt|r}t 70 =@ Q@=Q@ =yu;
"�3 pmW� CU= xOW xOv=@UJ =yu; hm x@ xO=@tU R= |}=yx}q

|m}rwQO}y lH l} pt=W '=yV}=tR; QO xO=iDU= OQwt |Q=PoQ=@ sDU}U
|B x@ Q=@ 'IPE16 Q}D |QDt|Dv=U 85 |xa]k l} R= xO=iDU= =@ xm 'CU= xOw@
hQ] wO QO G}*o wO uDiQoQ=Qk 'uy;Q}D R= xO=iDU= p}rO "�4 pmW� CU= xOW pkDvt
QO QwmPt Q}D uRw u}vJty "CU= xOw@ =yCUWv |Q}oxR=Ov= QO QDW}@ CkO w |B
wO R= =yCUWv |Q}oxR=Ov= |=Q@ "CU= xOW xDiQo Q_v QO =y|B Q@ OQ=w Q=@ |x@U=Lt
|m}rwQO}y lH |x@r wO R= |w=Ut |xrY=i x@ xm 'QDt|r}t 0 01 CkO =@ G}*o
=@ Q@=Q@ xm '=yG}*o \UwD xOW|Q}oxR=Ov= CUWv \UwDt w xO=iDU= 'OvOw@ xDiQo Q=Qk
QO "CU= xOW xDiQo Q_v QO |B CUWv Q=Okt u=wvax@ 'CU=|B CUWv \UwDt

"CU= xOW xO=O u=Wv =y|B w '=yQ}D '=yG}*o |Q}oQ=Qk |xwLv '5 pmW

xOvvmKrUt "3"4
O} Qow�S ẁv R= 'CU= xOW xO=iDU= u; R= =yV}=tR; s=Hv= |=Q@ xm |}xOvvmKrUt
u=tr; QwWm CN=U O} Qow�S u}= "CU= xOw@ �PP� u}r}B wQB|rB TvH R= w xQwLtwO
QDt Q@ uDw}vwr}m 30 =@ Q@=Q@ �EA� |WWm |DNU 'u; x@ \w@ Qt pwOH j@] w xOw@

"CU= xDW=O 32cm� 32cm O=a@= =@ |}=y|oOWR=@ w
0 95m�0 95mO=a@= =@O} Qow�S|x}ql} R= =yV}=tR; QO xU=tuOQmKrUt|=Q@
pOt |=y|B |HQ=N Q]k D xm � 0 5D jta QO O} Qow�S u}= "CU= xOW xO=iDU=
xv}y@ jta u=wvax@ [18]'u=U=wr w |w=[k \UwD ,q@k xm '�CU= QDt|r}t 6 =@ Q@=Q@ w
"CU= xOW xO=O Q=Qk 'Ow@ xOt; CUO x@ |B |Q@ Q=@ C}iQ_ uDN=Uxv}W}@ |=Q@
"CU= xOW xO=O u=Wv 6 pmW QO l =N Q} R xOvvmKrUt |x}q u}= |Q}oQ=Qk |xwLv
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"KrUtQ}e |xU=t |wQ |wkrL w|}xQ}=O |=y|B |=Q@CUWv � Q=Wi Q=Owtv "8 pmW

"KrUt |xU=t |wQ |wkrL w |}xQ}=O |=y|B |=Q@ CUWv � Q=Wi Q=Owtv "9 pmW

KrUt |xU=t |wQ |wkrL |B |Q@ Q=@ C}iQ_ u}vJty "CU= xDW=O V}=Ri= �84
|Q@ Q=@ C}iQ_ =@ xU}=kt QO Q=Okt u}= xm 'CU= xOt; CUO x@ 728 kPa =@ Q@=Q@
Qy QO OwW|t xOy=Wt "CU= xDW=O V}=Ri= �68 KrUtQ}e |xU=t |wQ x@=Wt |B
V}=Ri= x@ QHvt =y|B Q} R O} Qow�S |x}q uO=OQ=Qk |wkrL w |}xQ}=O |B Cr=L wO
|}xQ}=O |B |Q@ Q=@ C}iQ_ QO u; Q}F-=D |rw 'CU= xOW |Q@ Q=@ C}iQ_ Q}osWJ
CUWv 'u=Um} Q=Wi QO O}=@ ,=DOa=k '9 pmW QO "CU= xOw@ |wkrL |B R= V}@
u}vJ p=mU=B wr}m 700 OwOL Q=Wi =D =t= 'OW=@ |wkrL R= QDW}@ |}xQ}=O |B Q} R
'OW=@ xOvvmKrUt Q}F-=D R= |W=v Ov=wD|t Q=DiQ u}= p}rO "CU= xOWv xOy=Wt |}xO}OB
xOQm QDtm Q_vt u}= R= =Q |B ẁv wO u}= Cw=iD 'xOWQmP Q}O=kt QO VvD `} RwD =@ xm
KrUtQ}e w KrUt l =N |=yCr=L QO CUWv Q}O=kt |xU}=kt =@ u}vJty "CU=
QO CUWv Q}O=kt 'xOvvmKrUt R= xO=iDU= QF= QO xm CU= xOt; CUOx@ xH}Dv u}=
|wQ |B u=ty x@ C@Uv KrUt l =N |wQ xDiQoQ=Qk |B Cr=L QO X=N VvD l}
|oDN}Uo |x_Lr QO CUWv Q}O=kt u}vJty "CU= xDi=} Vy=m KrUtQ}e l =N
"CU= KrUtQ}e l =N |wQ |=y|B R= QDW}@ KrUt l =N |wQ xDiQoQ=Qk |=y|B QO

|OOa R}r=v; "7
|xNUv PLAXIS 3D Foundation |Oa)@ xU |xt=vQ@ R= =ypOt R}r=v; |=Q@
'QwmPt |xt=vQ@ QO l =N |Q=DiQ pOt "CU= xOW xO=iDU= |OOa R}r=v; |=Q@ 1 1
=y|B uOQmpOt |=Q@ |}xQo 15 |FrFt |=yu=tr= R= w xOW xDiQo Q_v QO ?trmQywt
wO R= xt=vQ@ |=yC}OwOLt p}rO x@ =y|B u}= uOQmpOt QO "CU= xOW xO=iDU=
Foundation |xt=vQ@ xmv}= p}rO x@ ,qw= "CU= xOW xO=iDU= |Q=mD@= VwQ

"l =N V@wm |xvRw "7 pmW

xDi=} xt=O= =yu; Q} R l =N |oDN}Uo =D =y|B Q=@ V}=Ri= u}= "CU= xDi=} V}=Ri= 1
w xOW sUQ V}=tR; pL=Qt R= s=Om Qy |=Q@ CUWv � Q=Wi Q=Owtv ,=D}=yv "CU=

"CU= xOW xOQw; CUO x@ u; |wQ R= =y|B |}=yv |Q@ Q=@ C}iQ_
|}=OD@= |=yCtUk QO T=tt wO OQwNQ@ pLt R= '=y|B |}=yv |Q@ Q=@ C}iQ_
X=N CUWv l} QO |Q@ Q=@ C}iQ_ Q=Okt Qou=Wv xm 'CUWv Q=@ Q=Owtv |}=yDv= w
C}iQ_ uOQw;CUOx@ VwQ u}= x@ Kq]Y= QO "CU= xOW xOQw; CUO x@ 'CU=
|=Q@ u=UOvyt ?re= \UwD |U=tt VwQ "OwW|t xDio �9|U=tt VwQ� '|Q@ Q=@
xO=iDU= 'CU= CUWv |vLvt QO O=} R ?}W Q}}eD |x]kv =@ Q_=vDt xm |Q=@ u}}aD
C}iQ_ u=wvax@CUWv QO RQ=@ C=Q}}eD |x]kv =@ Q_=vDt Q=@ VwQ u}= QO "CU= xOW

[25]"OwW|t ?=NDv= |Q@ Q=@
C}iQ_ 'OwW|t KrUt xU=t |Dkw xm CU= xO=O u=Wv xOWs=Hv= |=yVywSB
Oa)@ uwO@ QDt=Q=B l} CQwYx@ ,qwtat V}=Ri= u}= "O@=}|t V}=Ri= |B |}=yv |Q@ Q=@

%�1 |x]@=Q� OwW|t h} QaD 10�|Q@ Q=@ C}iQ_ C@Uv� BCR s=v x@
BCR = qu(reinforced)

qu(unreinforced)
(1)

'KrUt l =N |wQ |B l} |}=yv |Q@ Q=@ C}iQ_ qu(reinforced) 'u; QO xm
"KrUtQ}e l =N |wQ |B u=ty |}=yv |Q@ Q=@ C}iQ_ qu(unreinforced)

EL@ w =yV}=tR; G}=Dv "6
xOWs=Hv= |=yV}=tR; R= s=Om Qy |=Q@ CUWv � Q=Wi |=yQ=Owtv 'VN@ u}= QO
\UwD =yQ=Owtv R= s=Om Qy |Q@ Q=@ C}iQ_ "CU= xOW EL@ =yu; OQwt QO w x�=Q=
xOWC@F CUWv u}ov=}t =yQ=Owtv |ki= QwLt "CU= xOt; CUO x@ |U=tt VwQ

"OyO|t u=Wv =Q =yG}*o \UwD
|wQ |wkrL w |}xQ}=O |B |=yCr=L |=Q@ CUWv Q=Wi |=yQ=Owtv '=OD@= QO
'OwW|t xOy=Wt G}=Dv QO xm |}xDmv "CU= xOW x�=Q= 8 pmW QO KrUtQ}e |xU=t
�432 kPa� KrUt Q}e l =N |wQ |wkrL |B |Q@ Q=@C}iQ_ |OYQO 21 V}=Ri=
x@=Wt xm 'CU= �357 kPa� l =N u=ty |wQ |}xQ}=O |B |Q@ Q=@ C}iQ_ x@ C@Uv

"Ov=xOQm VQ=Ro [12]'|w[Q w hD=yxm CU= |}xH}Dv
"CU= xOW |UQQ@ KrUt |xU=t Cr=L QO x@=Wt |=yV}=tR; G}=Dv 'xt=O= QO
xOW x�=Q= KrUt l =N |wQ |wkrL w |}xQ}=O |=y|B x@ \w@ Qt G}=Dv '9 pmW QO
xOt;CUO x@ 656 kPa =@ Q@=Q@ KrUt l =N |wQ |}xQ}=O |B |Q@ Q=@C}iQ_ "CU=
KrUtQ}e |xU=t |wQ x@=Wt |B |Q@ Q=@ C}iQ_ =@ xU}=kt QO Q=Okt u}= xm 'CU=
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|xU=t |wQ |wkrL w |}xQ}=O |=y|B |=Q@ CUWv � Q=Wi Q=Owtv "11 pmW
"KrUtQ}e

"KrUt |xU=t |wQ |wkrL w |}xQ}=O |=y|B |=Q@ CUWv � Q=Wi Q=Owtv "12 pmW

=Q |Q@ Q=@ C}iQ_ V}=Ri= �6 xm 'CU= xOW xOQw; CUO x@ �287 kPa� l =N
QO |Q@ Q=@ C}iQ_ Q=Okt wO Qy "OyO|t u=Wv |}xQ}=O |B x@ C@Uv |wkrL |B QO
|@ wN OL =D |rw '=yV}=tR; R= xOt;CUO x@ Q}O=kt R= QDtm |}xQ}=O w |wkrL |B

"CU= xOw@ u; x@ l}ORv
|wQ \ki |wkrL w |}xQ}=O |=y|B x@ \w@ Qt |OOa R}r=v; G}=Dv '12 pmW QO
KrUt l =N |wQ \ki |}xQ}=O |B |Q@ Q=@ C}iQ_ "CU= xOW x�=Q= KrUt l =N
|B |Q@ Q=@ C}iQ_ =@ xU}=kt QO Q=Okt u}= xm 'CU= xOt; CUO x@ 531 kPa =@ Q@=Q@
|Q@ Q=@ C}iQ_ u}vJty "CU= xDW=O V}=Ri= �85 KrUtQ}e |xU=t |wQ x@=Wt
xm 'CU= xOt; CUO x@ 539 kPa =@ Q@=Q@ KrUt |xU=t |wQ \ki |wkrL |B
�76 KrUtQ}e |xU=t |wQ x@=Wt |B |Q@ Q=@ C}iQ_ =@ xU}=kt QO Q=Okt u}=
=Hv}= QO 'CU= xOt; CUO x@ =yV}=tR; R= xm |}xH}Dv x@=Wt "CU= xDW=O V}=Ri=
O} Qow�S |x}q uO=OQ=Qk '|wkrL w |}xQ}=O |B Cr=L wO Qy QO OwW|t xOy=Wt R}v
QO u; Q}F-=D |rw 'CU= xOW |Q@ Q=@ C}iQ_ Q}osWJ V}=Ri= x@ QHvt =y|B Q} R
|xU}=kt =@ u}vJty "CU= xOw@ |wkrL |B R= V}@ |}xQ}=O |B |Q@ Q=@ C}iQ_
xOt; CUOx@ xH}Dv u}= 'KrUtQ}e w KrUt l =N |=yCr=L QO CUWv Q}O=kt
Cr=L QO X=N VvD l} QO CUWv Q}O=kt 'xOvvmKrUt R= xO=iDU= QF= QO xm CU=
Vy=m KrUtQ}e l =N |wQ |B u=ty x@ C@Uv KrUt l =N |wQ xDiQoQ=Qk |B
|wQ xDiQoQ=Qk |=y|B QO |oDN}Uo |x_Lr QO CUWv Q}O=kt u}vJty "O@=}|t
R}v xOWs=Hv= |=yV}=tR; "CU= KrUtQ}e l =N |wQ |=y|B R= QDW}@ KrUt l =N
12 w 11 |=ypmW =@ 9 w 8 |=ypmW |xU}=kt QO "Ov=xO=O u=Wv =Q xH}Dv u}ty
QO =y|vLvt CWoQ@ �|@ QHD C=Oy=Wt� 9 w 8 |=ypmW QO xm OwW|t xOy=Wt

"=yu; |Q=PoQ=@ w PLAXIS Q=Ri=sQv QO xOWpOt |=y|B "10 pmW
"|OOa R}r=v; QO xOWxO=iDU= Q}O=kt "2 pwOH

Q=Okt QDt=Q=B Kr=Yt
16 (kN/m3)XwYNt uRw

xU=t
1 (kPa) |oOv@UJ
43 (�) l =m]Y= x} w=R
0 3 uwU=wB ?} Q[

18000 (kPa) u=UWm pwOt
1 (mm) Ct=N[

hm17 (kN/m3) XwYNt uRw
x@ xOW ZQi�1500 X CyH QO u=UWm pwOt

�xOvvm KrUt u=wva15 Y CyH QO u=UWm pwOt
1500 Z CyH QO u=UWm pwOt
0 3 uwU=wB ?} Q[
25 (kN/m3) XwYNt uRw

|B0 3 uwU=wB ?} Q[
2E8 (kPa) u=UWm pwOt

CQwYx@ =y|B w Ovm|tv sUQ Q=O=vLv= ,qm w |}xQ}=O |=yQDUqm 'PLAXIS 3D

uOQmh} QaD |=Q@ "Ov=xOWh} QaD 'OvQ}o|t Q=Qk u}tR K]U |wQ xm '|@rY |=y`tW
u=UWm pwOt w xOW xO=iDU= Linear-Elastic |Q=DiQ pOt R= xt=vQ@ QO =yu;
K]U |wQ R}v xOQ=w |=yQ=@ TBU "CU= xOW xDiQo Q_v QO Oqwi OL QO =yu;
QO =y|B |Q=PoQ=@ w h} QaD |xwLv "Ov=xOW p=ta= xOQDUo CQwYx@ w =y`tW u}=

"CU= xOW xO=O u=Wv 10 pmW QO 'Q=Ri=sQv
|xNUv hqNQ@ PLAXIS 3D Foundation |xt=vQ@ xmv}= p}rO x@ ,=}v=F
CQwYx@ O} Qow�S 'OyO|tv xt=vQ@ uwQO =Q O} Qow�S uOQmpOt u=mt= u; |Oa)@ wO
|WWm |wQ}v Ovv=wD|t \ki =yxOvvmKrUt "CU= xOW h} QaD xt=vQ@ QO 11hm l}
=@ hm ,qw= 'Q=DiQ u}= uOQmpOt |=Q@ wQu}= R= "OvQ=Ov |WtN Ctw=kt w Ovvm ptLD
Q=}U@ |Owta CyH QO u; u=UWm pwOt ,=}v=F w xOW h} QaD sm |r}N Ct=N[
Q=DiQ 'QwmPt VwQ R= xO=iDU= =@ "CU= xOW xDiQo Q_v QO |ki= |=yCyH R= QDtm
'2 pwOH QO "CU= xOW l}ORv Q=}U@ O} Qow�S Q=DiQ x@ xt=vQ@ QO xOWh} QaD hm

"CU= xOW xO=O u=Wv |OOa |R=UpOt QO xOWxO=iDU= |=yQDt=Q=B
|}xQ}=O |B |=yCr=L |=Q@ |OOa R}r=v; R= pY=L CUWv � Q=Wi |=yQ=Owtv
|B |Q@ Q=@ C}iQ_ "CU= xOW x�=Q= 11 pmW QO KrUtQ}e |xU=t |wQ |wkrL w
u=ty |wQ |}xQ}=O |B |Q@ Q=@ C}iQ_ w �306 kPa� KrUtQ}e l =N |wQ |wkrL
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� Q=Wi |=yQ=Owtv xm OwW|t xOy=Wt xOt;CUOx@ G}=Dv x@ xHwD =@ KrUt |=yl =N
QO xOt;CUOx@ x@=Wt |=yQ=Owtv R= QDu}}=B |tm PLAXIS G}=Dv QO CUWv
VvD l} QO w KrUt |xU=t Cr=L QO xm CU= |vat u}O@ u}= w OvDUy =yV}=tR;
xOQm |v}@V}B =yV}=tR; x@ C@Uv =Q |QDW}@ CUWv |OOa |R=UpOt '|[Qi

"CU=
|=Q@ �BCR� |Q@ Q=@ C}iQ_ C@Uv |y=oW}=tR; G}=Dv 'VN@ u}= QO
G}=Dv =@ xOvvmKrUt |x}q l} =@ xOWKrUt l =N |wQ |wkrL w |}xQ}=O |=y|B
|xOvvmKrUt w xU=t C=YNWt "CU= xOW xU}=kt [13]'hD=yw u=} QyWw@ |v=}H=L
C@Uv |y=oW}=tR; G}=Dv |xU}=kt w hD=y w u=} QyWw@ VywSB QO xOWxO=iDU=
xm OyO|t u=Wv G}=Dv |xU}=kt "CU= xOW x�=Q= 3 pwOH QO =y|B |Q@ Q=@ C}iQ_
CU= |wkrL Cr=L BCR R= QDW}@ |}xQ}=O Cr=L QO BCR 'VywSB wO Qy QO
R= QDW}@ |}xQ}=O |B |Q@ Q=@ C}iQ_ QO xOvvmKrUt Q}F-=D xm OyO|t u=Wv u}= w
|rai C=k}kLD QO BCR Q}O=kt uOw@ QDW}@ p}rO u}vJty "CU= xOw@ |wkrL |B
xOvvmKrUt |WWm |DNU uOw@ QDW}@ Ov=wD|t 'hD=y w u=} QyWw@ VywSB x@ C@Uv

"OW=@ =yV}=tR; s=Hv= |xwLv w xOWxO=iDU= |xU=t |=yCw=iD u}vJty w
xOWx�=Q= |=yQDt=Q=B x@ xHwD =@ |wkrL w |}xQ}=O |B |Q@ Q=@ C}iQ_ 'xt=O= QO

"CU= xOW x@U=Lt l}Uqm \@=wQ R= xO=iDU= =@ w
l =N l =m]Y= |x} w=R 'D = 0 12 m =y|B |HQ=N Q]k C=@U=Lt u}= QO
uOw@lJwm p}rO x@ "CU= xOW xDiQo Q_v QO c = 0 l =N |oOv@UJ w '� = 430

|y=oW}=tR; G}=Dv =@ |O=} R OL =Dl}Uqm\@=wQ R= pY=L G}=Dv 'pOt |=y|B O=a@=
=@ |OwOL =D =Q hqDN= u}= u=wD|t xm 'OQ=O hqDN= Q[=L VywSB |OOa w

"(BCR) =y|B |Q@ Q=@ C}iQ_ C@Uv |xU}=kt "3 pwOH
C=_Lqt BCR `HQt |B pmW

� = 380;  = 17kN=m3; 1 65 hD=y w u=} QyWw@ |}xQ}=O
EA(geonet) = 28kN=m; 1 32 �2003� |wkrL

D = 15cm; SW

� = 430;  = 16kN=m3; 1 84 Q[=L VywSB |}xQ}=O
EA(geogrid) = 30kN=m; 1 68 |wkrL

D = 12cm; SW

"|wkrL w |}xQ}=O |=y|B |rm |=yu=mtQ}}eD "13 pmW

�|OOa |R=UpOt� 12 w 11 |=ypmW QO =t= 'CU= xO=O MQ |OL =D =yu; |=yDv=
'CU= Q=Ri=sQv C=}[Qi x@ \w@ Qt pmW |QU wO u}= QO hqDN= "CU}v xvwou}=
CWoQ@ w xDi=} xt=O= |a[wt |=y|oDN}Uo uO=Di=j=iD= seQ|ra |Q=PoQ=@ xm

"CU= xO=Ov MQ =yDv= QO CUWv Q=@ |=y|vLvt
VvD =@ s}kDUt |x]@=Q xm =y|B |rm u=mtQ}}eD |=ypmW |UQQ@ x@ 'xt=O= QO
=yu=mtQ}}eD 'VvD |=ypmW |=H x@ wQu}= R= "CU= xOW xDN=OQB 'OvQ=O =y|B Q} R
R= QDK[=w w QDj}kO u=mtQ}}eD |=y|HwQN 'xt=vQ@ R= xNUv u}= QO xm 'Ov=xOW x�=Q=
Cr=L QO =yu=mtQ}}eD pt=W '13 pmW "OvDUy =yVvD |=Q@ |HwQN |=ypmW
xOy=Wt |@ wN x@ |B Q} R |=yVvD '`]kt u}= QO xm 'CU= |B RmQt R= xOvQPo `]kt

"OwW|t

G}=Dv |xU}=kt "8
=yV}=tR; w |OOa |R=UpOt G}=Dv u}@ xU}=kt |QU l} x@ =OD@= VN@ u}= QO
C=ar=]t G}=Dv =@ =yVywSB u}= QO xOt;CUOx@ G}=Dv R= |[a@TBU w xOW xDN=OQB
KrUtQ}e |xU=tCr=L QO xOWxU}=kt G}=Dv "CU= xOW xU}=kt xDWPo QO xOWs=Hv=
G}=Dv '=yDv= QO "OwW|t xOy=Wt 15 pmW QO KrUt Cr=L QO w 14 pmW QO

"Ov=xOW xU}=kt |r}rLD pw=ODt |=yVwQ =@ C=ar=]t u}= R= xOt;CUOx@
|OOa |R=UpOt G}=Dv 'OwW|t xOy=Wt 15 w 14 |=ypmW QO xm Qw]u=ty
KrUtQ}e |=yl =N |=Q@ "OvDUy l}ORv Qo}Om} x@ |rw@k p@=k OL =D =yV}=tR; w
G}=Dv QO CUWv � Q=Wi |=yQ=Owtv xm OwW|t xOy=Wt xOt;CUOx@ G}=Dv x@ xHwD =@
u}= "OvDUy =yV}=tR; QO xOt;CUOx@ x@=Wt |=yQ=Owtv R= QDq=@ |tm PLAXIS

|R=UpOt '|[Qi VvD l} QO w KrUtQ}e |xU=t Cr=L QO xm CU= |vat u}O@

"KrUtQ}e |xU=t |wQ |wkrL w |}xQ}=O |=y|B |=Q@ =yV}=tR; w PLAXIS G}=Dv |xU}=kt "14 pmW
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"KrUt |xU=t |wQ |wkrL w |}xQ}=O |=y|B |=Q@ =yV}=tR; w PLAXIS G}=Dv |xU}=kt "15 pmW
"|Q@ Q=@ C}iQ_ |y=oW}=tR; w '|OOa '|r}rLD G}=Dv |xU}=kt "4 pwOH
(kPa) |Q@ Q=@ C}iQ_ Q}O=kt VwQ |B pmW

N� (Shirishi) N� (Habib) N

238 8 124 8 11 87 |k=RQD

|}xQ}=O
199 9 105 6 98 6 hwyQ}=t
218 1 114 6 107 6 l}Uw
160 85 9 78 9 uUvy

357 �|y=oW}=tR;� Q[=L VywSB
287 �|OOa� Q[=L VywSB

(kPa) |Q@ Q=@ C}iQ_ Q}O=kt
|wkrL432 �|y=oW}=tR;� Q[=L VywSB

306 �|OOa� Q[=L VywSB

x�=Q= 4 |x]@=Q CQwYx@ u}W}B u=QoWywSB G}=Dv R= xO=iDU= =@ N KqY= |=Q@
%CU= QDt 1 4 Q@=Q@ Bi u; QO xm 'CU= xOW

N� =

 
1 +

�
Bi
B

� 13
!

(1 +
�
Bi
B

� 15
)N (4)

?}=Q[ =@ l}Uqm \@=wQ |xr}Uw x@ |Q@ Q=@ C}iQ_ |x@U=Lt R= pY=L G}=Dv
xOWKqY= |Q@ Q=@ C}iQ_ ?}=Q[ R= xO=iDU= =@ u}vJty w N |Q@ Q=@ C}iQ_
xU}=kt Q[=L VywSB |OOa w |y=oW}=tR; G}=Dv =@ w x�=Q= 4 pwOH QO N�
Q_v QO QiY |B uwiOt jta w QDt|Dv=U 12 =y|B Q]k \@=wQ u}= QO "CU= xOW
w CU= pOt |=y|B O=a@= uOw@lJwm 'G}=Dv O=} R hqDN= p}rO "CU= xOW xDiQo
|W} Q}W VwQ x@ XwYN x@ |Q@ Q=@ C}iQ_ ?}=Q[ KqY= xm OwW|t xOy=Wt

"CU= xOQm ltm G}=Dv Ow@y@ x@ w QDtm =Q hqDN= u}=

|Q}oxH}Dv "9
'0 4 =@ Q@=Q@ |HQ=N Q]k x@ |rN=O Q]k C@Uv =@ |wkrL |B |Q@ Q=@ C}iQ_ ��
w QDxv}y@ |xOvyOu=Wv xm CU= QDq=@ Q@=Q@ |HQ=N Q]k =@ |}xQ}=O |B x@ C@Uv

"CU= x@=Wt \}=QW QO |}xQ}=O |B x@ C@Uv |wkrL |B uOw@ QD|O=YDk=
|B Cr=L wO Qy QO 'O} Qow�S |x}q l} =@ =y|B Q} R |}xU=t QDU@ uOQmKrUt ��

C}iQ_ |x]@=Q "OQm hQ]Q@ =y|B |Q@ Q=@ C}iQ_ QO T=}kt QF= \@=wQ R= xO=iDU=
|}xQ}=O |xOwr=W l} |=Q@ �1943� |k=RQD \UwD Q=@ u}rw= |L]U |=y|B |Q@ Q=@

%CU= xOW u=}@ 2 |x]@=Q CQwYx@
qult = 1 3cNc + qNq + 0 3BN (2)

w 'Q=@ QU R= |W=v VvD q 'l =N XwYNt uRw  'l =N |oOv@UJ c 'u; QO xm
\ki 'N|Q@ Q=@ C}iQ_ ?} Q[ xm Ov=xO=O u=Wv =yVywSB "CU= |B ZQa B
|xR=Ov= V}=Ri= =@ |}xv=O Kr=Yt QO w CU}v l =N l =m]Y= |x} w=R R= |a@=D
xO=yv s=v 12T=}kt QF= [26]'Q@ |O \UwD ẁ[wt u}= "O@=}|t Vy=m uw}U=Ovwi
'l =N |rN=O l =m]Y= |x} w=R %pt=W N QO QF-wt pt=wa '|rmQw]x@ "CU= xOW
|=Q@ "OwW|t uw}U=Ovwi |xR=Ov= w '=yxv=O |xR=Ov= '|@Uv |r=oJ 'XwYNt uRw
[24]'|W} Q}W w [23]'?}@L p}@k R= u=QoWywSB R= |O=OaD T=}kt QF= uOQm?=UL
xOW xH}Dv =yxv=O |xR=Ov= Q}F-=D T=U=Q@ xm '?}@L |x]@=Q "Ov=xOQm KqY= =Q N

[23]%CU= xOW u=wva 3 |x]@=Q CQwYx@ 'CU=
N� = N + 400=n (3)

n 'xOWKqY= |Q@ Q=@ C}iQ_ ?} Q[ N� '|Q@ Q=@ C}iQ_ ?} Q[ N 'u; QO xm
|B ZQa B u; QO xm 'CU= (B=�) =yxv=O |xR=Ov= u}ov=}t x@ |B ZQa C@Uv
[24]'|W} Q}W |x]@=Q u; R= TB "CU= (� = D50) =yxv=O |xR=Ov= u}ov=}t � w
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yt G}=Dv Q}O=kt R= QDtm |OOa R}r=v; |Q@ Q=@ C}iQ_ G}=Dv Q=Okt 'O} Qow�S |x}q l}
G}=Dv x@ l}ORv |rw@k p@=k OL =D G}=Dv |rw 'CU= xOt; CUO x@ |y=oW}=tR;

"CU= xOw@ |y=oW}=tR;
R= QDtm |r}rLD R}r=v; R= pY=L G}=Dv 'pOt |=y|B O=a@= uOw@lJwm p}rO x@ ��
QF= uOQm^=Lr =@ xm 'CU= xOt; CUO x@ |OOa |R=UpOt w |y=oW}=tR; G}=Dv

"CU= xOW QDtm G}=Dv u}@ hqDN= '|r}rLD R}r=v; QO T=}kt

=y|B CUWv Vy=m w |Q@ Q=@ C}iQ_ Q}osWJ V}=Ri= ?Hwt |}xQ}=O w |wkrL
Q]k D u; QO xm � 0 5D jta QO O} Qow�S |x}q l} uO=OQ=Qk =@ xm 'CU= xOW
C}iQ_ QO xOvvmKrUt Q}F-=D '�CU= QDt|r}t 6 =@ Q@=Q@ w pOt |=y|B |HQ=N

"CU= xOw@ x@=Wt |wkrL |B R= QDW}@ |}xQ}=O |B |Q@ Q=@

=@ xOWKrUt w KrUtQ}e |xU=t |wQ |wkrL w |}xQ}=O |B Cr=L wO Qy QO ��

=yCWwv=B
1. Geosynthetic
2. superposition
3. scale factor
4. direct shear test
5. uni�ed soil classi�cation system
6. rainfall
7. stress control
8. relief valve
9. tangent method
10. bearing capacity ratio
11. oor
12. scale e�ect
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