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sQwD Owo |xQ=w}O x@ l}ORv \=kv QO |Q=DiQ pOt xU Qy QO xm OQm xOy=Wt u=wD|t
QDK[=w x]kv u}= xOvwWCNU l =N pOt QO� OvQ=O xv}W}@ |x]kv l} 'Owo hm
w CU= xOW xDU=m QwmPt |xv}W}@ Q=Okt R= TQ l =N |DNU V}=Ri= =@ xm '�CU=
QO 'OwW|t xOy=Wt ?6 pmW QO xm Qw]u=ty "OwW|t xOy=Wt QDCN=wvm} |Q=DiQ
pOt QO xQ=w}O |@v=H |}=Hx@=H Q=Okt 'sQv TQ l =N Ovv=ty R}v CNU TQ l =N
u} QDtm ?trwm � Qywt |Q=DiQ pOt QO w Q=Okt u} QDW}@ xOvwWCNU l =N |Q=DiQ
TQ l =N QO xJv; Ovv=ty sy R=@ QwmPt pmW x@ xHwD =@ "OyO|t u=Wv =Q Q=Okt
pmWQ}}eD 'xOvwWsQv l =N w xOvwWCNU l =N |=ypOt QO 'OwW|t xOy=Wt sQv
pmWQ}}eD `k=w QO w xOw@ u; |v=DLD CtUk R= QDW}@ Owo |xQ=w}O |v=kwi CtUk
=t= 'CU= xQ=w}O CWB l =N R= uOWQwO p=L QO w |}xQ] CQwYx@ Owo |xQ=w}O
QwmPt pOt QO "OQ=O Qo}O pOt wO R= Cw=iDt ,qt=m |Q=DiQ '?trwm � Qywt pOt
OwW|t xOy=Wt w CU= u; |v=DLD CtUk R= QDtm xQ=w}O |v=kwi CtUk pmWQ}}eD
"CU= xOQm CmQL xQ=w}O CWB l =N CtU x@ |v=kwi CtUk QO Owo |xQ=w}O xm

CUU |}xU=t l =N QO Owo |R=UpOt "4"2
?trwm � Qywt |Q=DiQ pOt wO |=Q@ xOWxDiQo Q_v QO |=yQDt=Q=B '5 pwOH QO

u=Wv CUU |}xU=t l =N QO |Q=OQ@Owo |R=UpOt CyH xOvwWCNU l =N w



"""xQ
=w}O

pmW
Q}}eD

p}rL
DQO

|Q=
DiQ

pOt
Q}F- =D"CUU |xU=t |=Q@ xOW?=NDv= |Q=DiQ |=ypOt |=yQDt=Q=B "5 pwOH

xOvwWCNU l =N pOt CUU |xU=t ?trm � Qywt pOt CUU |xU=t
xOW|WmyR \}=QW xOW|WmyR \}=QW


Unsat (KN=m3) 17 
Unsat (KN=m3) 17
einit 0 5 einit 0 5
emin 0 ck 1015

emax 999 Eref (KN=m2) 30000
ck 1015 � 0 33

Eref50 (KN=m2) 20000 Gref (KN=m2) 11278
Erefoed (KN=m2) 16000 Eoed (KN=m2) 44449

m 0 65 Cref (KN=m2) 0 3
Cref (KN=m2) 0 3 ' (0) 34

' (0) 34  (0) 0
 (0) 0 Einc (KN=m2) 0

Erefur (KN=m2) 60000 yref (m) 0
�(nu)
ur 0 2 Cincrement (KN=m2) 0

P ref (KN=m2) 100 Tstr (KN=m2) 0
Cincrement (KN=m2) 0 Rinter 1

yref (m) 0
Rf 0 9

Tstr (KN=m2) 0
Rinter 1

�inter (m) 0
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xO=iDU= =@CUU|}xU=t l =N QO |Q=OQ@Owo R=|W=v pmWQ}}eD |xU}=kt "8 pmW
"hrDNt |Q=DiQ |=ypOt R=

?trwm � Qywt w xOvwWCNU l =N pOt wO QO Owo |xQ=w}O xm OwW|t xOy=Wt
"OQ=O |Dw=iDt ,qt=m |}=Hx@=H OvwQ

QO Owo |xQ=w}O |@v=H |}=Hx@=H 'OwW|t xOy=Wt 8 pmW QO xm Qw]u=ty
QO 'CU= xOW xOy=Wt |UQ |=yl =N QO xJv; Ovv=ty xOvwWCNU l =N pOt
|v=kwi |=yCtUk QO uOWQwO u=R}t xm 'CU= xQ=w}O CWB l =N R= uOWQwO p=L
xQ=w}O uOWQwO ?trwm � Qywt pOt QO =t= "CU= xQ=w}O |v=DLD |=yCtUk R= QDW}@
CtUk R= QDtm xQ=w}O |v=kwi CtUk pmWQ}}eD xm CU= |DQwY x@ CWB l =N R=

"CU= u; |v=DLD

sm =QDt |}xU=t l =N QO Owo |R=UpOt "5"2
xOvwWCNU l =N w?trwm � Qywt |Q=DiQ pOt wO |=Q@ xOWxDiQo Q_v QO |=yQDt=Q=B
xOW xO=O u=Wv 6 pwOH QO sm =QDt |}xU=t l =N QO |Q=OQ@Owo |R=UpOt CyH
|Q=DiQ pOt wO Qy |=Q@ xr�Ut |xDi=}pmWQ}}eD Vt R}v l =N ẁv u}= |=Q@ "CU=
syR=@ 'QwmPt pmW x@ xHwD =@ xm 'CU= xOW xO=O u=Wv 9 pmW QO xOWxDiQo Q_vQO
C} -wQ p@=k ?trwm � Qywt pOt QO Owo |xQ=w}O l}ORv \=kv QO u}tR K]U sQwD

"CU= CUU |}xU=t l =N QO xOWxOy=Wt sQwD R= QDW}@ u; Q=Okt xm 'CU=
l =N QO xOW|R=UpOt Owo |xQ=w}O |ki= |}=Hx@=H w Owo hm sQwD u=R}t
QO xOvwWCNU l =N w ?trwm � Qywt |Q=DiQ |=ypOt |=Q@ 'sm =QDt |}xU=t
xOy=Wt G}=Dv |xU}=kt w hr=10 pmW x@ xHwD =@ "CU= xOW xO=O u=Wv 10 pmW
?trwm � Qywt pOt R= xO=iDU= =@ Owo hm QO xOW|v}@V}B sQwD Q=Okt xm OwW|t
QO xm OwW|t xOy=Wt ?10 pmW|UQQ@ =@ "CU= xOvwWCNU l =N pOt R= QDW}@
?trwm � Qywt w xOvwWCNU l =N pOt wO QO Owo |xQ=w}O Q=DiQsy l =N ẁv u}=
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xQ=t
W'

33
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|xQ
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�13
96

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt "sm =QDt |xU=t |=Q@ xOW?=NDv= |Q=DiQ |=ypOt |=yQDt=Q=B "6 pwOH

xOvwWCNU l =N pOt CUU |xU=t ?trm � Qywt pOt CUU |xU=t
xOW|WmyR \}=QW xOW|WmyR \}=QW


Unsat (KN=m3) 18 
Unsat (KN=m3) 18
einit 0 5 einit 0 5
emin 0 ck 1015

emax 999 Eref (KN=m2) 45000
ck 1015 � 0 3

Eref50 (KN=m2) 37000 Gref (KN=m2) 17307
Erefoed (KN=m2) 29600 Eoed (KN=m2) 60576

m 0 5 Cref (KN=m2) 0 3
Cref (KN=m2) 0 3 ' (0) 41

' (0) 41  (0) 14
 (0) 14 Einc (KN=m2) 0

Erefur (KN=m2) 90000 yref (m) 0
�(nu)
ur 0 2 Cincrement (KN=m2) 0

P ref (KN=m2) 100 Tstr (KN=m2) 0
Cincrement (KN=m2) 0 Rinter 1

yref (m) 0
Rf 0 9

Tstr (KN=m2) 0
Rinter 1

�inter (m) 0
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sm =QDt |}xU=t TQ l =N QO |Q=OQ@Owo R= |W=v pmWQ}}eD |xU}=kt "10 pmW
"hrDNt |Q=DiQ |=ypOt R= xO=iDU= =@

"sm =QDt |}xU=t l =N QO |Q=OQ@Owo R= |W=v |xDi=}pmWQ}}eD Vt "9 pmW

|xQ=w}O |@v=H |}=Hx@=H xm OwW|t xOy=Wt QwmPt pmW j@=]t "CU= Cw=iDt
'CU= xOW xOy=Wt |r@k |=yl =N QO xJv; Ovv=ty xOvwWCNU l =N pOt QO Owo
|v=kwi |=yCtUk QO uOWQwO u=R}t w xOw@ xQ=w}O CWB l =N R= uOWQwO p=L QO
|v=kwi CtUk '?trwm � Qywt pOt QO =t= "CU= xQ=w}O |v=DLD |=yCtUk R= QDW}@
l =N R= xQ=w}O |v=DLD CtUk w xOQm CmQL CWB l =N CtU x@ ,qt=m xQ=w}O

"CU= xOW QwO CWB

|Q}oxH}Dv "3
R= xO=iDU= =@ CNU w sQv TQ l =N ẁv wO QO |Q=OQ@Owo 'Q[=L VywSB QO
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1. Mohr-Coulomb
2. �nite element method (FEM)
3. constitutive model
4. softening soil
5. hardening soil
6. Geogrid
7. facing
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QwmPt pOt wO uDiQoQ_vQO =@ Q=w}O pmWQ}}eD OvwQ w OvyO|t u=Wv Q=w}O |v=kwi
w CUU |}xU=t |=yl =N QO |R=UpOt G}=Dv |xOy=Wt =@ "CU= Cw=iDt ,qt=m
pOt R= QDW}@ ?trwm � Qywt pOt QO Owo hm sQwD u=R}t xm OwW|t xOy=Wt sm =QDt
pOt QO Owo hm sQwD u=R}t u} QDW}@ 'sQv TQ l =N QO "CU= xOvwWCNU l =N
&OwW|t xOy=Wt xOvwWsQv l =N pOt QO sQwD u=R}t u} QDtm w xOvwWCNU l =N
u} QDtm w u} QDW}@ 'Owo |xQ=w}O x@ l}ORv pY=wi QO w CNU TQ l =N QO =t=
w OwW|t xOy=Wt ?trwm � Qywt w xOvwWCNU l =N |=ypOt QO ?}DQD x@ sQwD
?}DQD x@ xOvwWCNU l =N w xOvwWsQv l =N |=ypOt 'xQ=w}O R= uDiQoxrY=i =@

"OvyO|t u=Wv =Q Owo hm sQwD u=R}t u} QDtm w u} QDW}@

wO QO w xOvwWsQv l =N w 'xOvwWCNU l =N '?trwm � Qywt |Q=DiQ pOt xU
w ?trwm � Qywt |Q=DiQ pOt wO R= xO=iDU= =@ sm =QDt w CUU |}xU=t l =N ẁv
T=U=Q@ "CU= xOW |R=UpOt PLAXIS Q=Ri=sQv R= xO=iDU= =@ xOvwWCNU l =N
pmWQ}}eD '?trwm � Qywt pOt Cio u=wD|t Q[=L |xar=]t R= xOt;CUOx@ G}=Dv
CQwYx@ Owo |xQ=w}O l}ORv \=kv QO =Q =yl =N hrDNt `=wv= QO u}tR K]U
u}= QO sQwD u=R}t l =N |Dtw=kt |=yQDt=Q=B V}=Ri= =@ xm 'Ovm|t |v}@V}B |tQwD
xm CU= xOW xOy=Wt Owo |xQ=w}O |@v=H pmWQ}}eD OQwt QO "O@=}|t V}=Ri= \=kv
u=R}t u} QDW}@ xOvwWCNU l =N pOt 'xOWxDiQo Q_v QO l =N ẁv Q=yJ Qy QO
CtUk QO =Q |@v=H pmWQ}}eD u=R}t u} QDtm '?trwm � Qywt pOt w |@v=H pmWQ}}eD




