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xm CU= xOW ZQi VwQ u}= QO "Ovm|t p=@vO =Q pUo |xQ=w}O=Qi CmQL |Qo}O
Kw]U xm |}=Hv; R= ZQi u}= "CU= xDUw}B |ovU QDU@ x@ ,qt=m w ,=D=P |m =N |x}q
|Q}owrH VRer R= |rmQw]x@ |Q@ R u}= w OvDUy Q@ R QDW}@ |m =N Kr=Yt T=tD
R= |W=v |Q}F-=D Qy R= xOWs=Hv= |=y|R=Ux}@W QO "CU= xv=}=Qo`k=w ,qt=m 'Ovm|t

"CU= xOW Q_vhQY |ovU QDU@ QO VrUo Q=WDv=

R}r=v; G}=Dv "5
S = 5; 10; 15m|=yC}akwtVN@u}= QOpUoC}akwt Q}}eD QF=|UQQ@ Qw_vtx@
R= C}akwt 3 Qy QO xm CU= C}ty= R�=L xDmv u}= QmP "Ov=xDiQo Q=Qk |@=} RQ= OQwt
|r=ta= |x}=B u=mtQ}}eD u=R}t u}vJty "CU= xOW xO=iDU= =y`tW |=Q@ Oqwi �2
QO xm 'CU= xOW xDiQo Q_v QO h/H = �5 =D h/H = �1 R= C}akwt 3 Qy QO

"CU= xOW |UQQ@ C=}�RH =@ S = 10 m |=Q@ G}=Dv =Hv}=

R}r=v; w |y=oW}=tR; pOt QO '(�y) u}tR K]U s�=k |}=Hx@=H |xU}=kt "5 pmW
"h = 1 m =D h = 0 2 m pUo |}=Hx@=H |=Q@ |OOa

u}tR K]U QO |}=Hx@=H |xU}=kt "2"3
x@ OwHwt lOv= hqDN= "OwW|t xOy=Wt G}=Dv u}@ |@ wN j=@]v= '5 pmW j@=]t
|x} wv=F pUo |v}@V}B sOa w |y=oW}=tR; pOt QO x} wv=F pUo \N OwHw p}rO

"CU= |OOa pOt QO QwmPt

VrUo � `tW � CiQ@; |OOa pOt "4
|Oa@xU CQwYx@ |B w TwmatVrUo |R=UpOt '|OOa C=ar=]t s=Hv= Qw_vt x@
'CU= 3 � 3 `tW xwQo l} pt=W |B u}= '6 pmW j@=]t "CU= xDiQo CQwY
xOW ^=Lr Lp = 15 m pw] w d = 1 m Q]k x@ KrUt |vD@ |=y`tW =@ xm
uD@ "CU= xOW `tW Q]k Q@=Q@ 4 '=y`tW QwLtx@ QwLt |xrY=i xm |Qw]x@ 'CU=
l} CQwYx@ `tWQU "CU= xOW KrUt � = �2 C@=F Oqwi Q=Okt =@ `tW `]kt
CQwYx@ =y`tW =@ u; p=YD= xm 'CU= xOW pOt b = 10 m O=a@= =@ ?rY xa]k
xOW xDiQo Q_v QO H = 20 m l =N |x}q jta "CU= xOW xDiQo Q_v QO ?rY

"CU= QDt 5 =@ Q@=Q@ l =N |x}q |=yDv= w `tW lwv u}@ |xrY=i xm 'CU=
?trwm � Qywt s}rUD Q=}at '|Q}tNu=UWm pOt =@ pW |xU=t 'l =N Kr=Yt
5 Q=Okt '|oOv@UJ |=Q@ "CU= xOW pOt |WvQm |oOWsQv =@ w xOWKqY=
|x} w=R 's}kDUt VQ@ |=yV}=tR; T=U=Q@ "CU= xOW xDiQo Q_v QO p=mU=B wr}m
l =N jta QO C@=F nv=} pwOt =@ l =N u=UWm Q=DiQ w xHQO 32 =@ Q@=Q@ l =m]Y=
|=yu=tr= R= 'l =N |xDUw}B \}Lt |R=UpOt QO "CU= 0 3 uwU=wB ?} Q[ w
'=y`tW CQw=Ht QO w xOW xO=iDU= dFE � 1 m O=a@= =@ |@amt 6|}xQoCWy

"CU= xOw@ dFE = 0 5 m Q@=Q@ l =N u=tr= O=a@=
|}xQoCWy |xDUw}B |=yu=tr= =@ w pOt Q}D |}xR=U |=yu=tr= =@ =y`tW
QoV}=tv xm 'Q}D |=yu=tr= |=yxQo "Ov=xOW OwOLt QiY -=@} QkD |DNU =@ |@amt
Qw] x@ `=iDQ= u=ty QO |R=Ht 7Ot=H u=tr= |=yxQo =@ ?rY Qw]x@ 'OvDUy =y`tW
?rY lU}O l} CQwYx@ `tW `]kt Qy u}=Q@=v@ "Ov=xOW pYDt Q}_v x@ Q}_v
R= ,=t}kDUt =y`tW |rN=O |wQ}v OyO|t xR=H= |R=UpOt VwQ u}= "Ovm|t pta
R= xO=iDU= =@ l =N w `tW VvmQOv= uDiQoQ_vQO u}vJty "O}; CUOx@ Q}D |=yu=tr=
xOW s=Hv= s=o 3 QO |R=UpOt u}= "CU= xOW QU}t Q}D h=Q]= |R=Ht |=yu=tr=

%CU=
&x}rw= l}D=DU=w�S |=Q@ l =N uRw p=ta= �
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yt xOy=Wt hr=9 pmW QO xm Qw]u=ty "CU= xOw@ QDt � uDw}v=ot 3 R= QDtm '6 `tW

|wQ}v V}=Ri= Ea=@ xQ=wty VrUo |}=Hx@=H V}=Ri= |Q=vm |=y`tW QO 'OwW|t
xOW xDU=m V}=Ri= u}= MQv R= 'VrUo |}=Hx@=H uDiQq=@ =@ w xOW =y`tW |rN=O
|wQ}v V}=Ri= QO VrUo |}=Hx@=H pt=m |Q}oQ=mx@ sOa |xOvyOu=Wv xm 'CU=
l} =DVrUo|}=Hx@=HV}=Ri= '|v=}t |=y`tW QO um}r "CU= xOw@ =y`tW|rN=O
|Q}F-=D 'Q=Okt u; R= QD=Qi w xOW =y`tW |rN=O |wQ}v V}=Ri= Ea=@ XNWt Q=Okt
u} QD|v=QL@ |=Q@ `tW `]kt C}iQ_ Q=Owtv '?9 pmW QO "CU= xOWv xOy=Wt

"CU= xOW sUQ =y`tW u=tr=
<=R= x@ w xDW=O |y@=Wt C}iQ_ '|Q=vm |=y`tW xm CU= xO=O u=Wv =y|UQQ@
ptLDt =Q 0 01 OwOLQO |}=vLv= 'QDt uDw}v=ot 2 R= QD=Qi |WtN Qovr |xv}W}@
Ov=xDW=O|tm Q=}U@C}iQ_ 'Qo}Oh}OQ wOC@Uv x@|v=}th}OQ |=y`tW "Ov=xOW
OwOL QO |}=vLv= 'QDt � uDw}vwr}m 700 R= QD=Qi |WtN Qovr |xv}W}@ <=R= x@�

"�CU= xOQm ptLD =Q 0 001

S = 10 m Cr=L "2"5
QO pUo xm OwW|t xOy=Wt 10 pmW j@=]t 'p@k Cr=L Ovv=t R}v Cr=L u}= QO
QO VrUo Cr=L u}= QO xm Cw=iD u}= =@ 'CU= xOQm OQwNQ@ `tW xwQo =@ O=R; u=O}t
|}xrY=i QO w xDW=Ov `tWQU =@ |OQwNQ@ xm CU= xO}UQ u}tR K]U x@ |}x]kv
xm |}=y`tW OwHw "CU= xO}UQ u}tR K]U x@ `tWQU CU=Q |xWwo R= QDQwO
pUo Q}Ut "1 %CU= xDW=O p=@vO x@ =Q G}=Dv u}= 'Ov=xOW |Q=PoQ=@ |QwLt CQwYx@
u}@ |}x}L=v QO =Q VrUo "2 'CU= xDN=U hQLvt CU=Q CtU x@ |Q=Okt =Q
MQ `tWQU QO |yHwD p@=k u=QwO w |ki= |}=Hx@=H "CU= xDN=U xOvm =QB =y`tW
|@v=H |=yQ=Wi O=H}= ?Hwt 'xQ=w}OwQi CU=Q CtU x@ `tW xwQo u=QwO w xO=O
u=QwO p}rO x@ |B Q} R l =N "CU= xOW xQ=w}OwQi CtUk l =N QO sw=kt ẁv R=
'xQ=w}OwQi CtU l =N |oDN}Uo w xDiQo Q=Qk |yHwD p@=k VvQm ZQat QO '|B
VrUo |}=Hx@=H QO "CU= xO}WN@ p}yUD =Q CU=Q CtU x@ VrUo Q}Ut h=QLv=
u}tR K]U hQ] x@ s�=k CQwYx@ ,=@} QkD w xOW p}mWD |WQ@ VvQm Q=wv 'QDt 0 4
CtU x@ w xDi=} \U@ |WQ@ Q=wv u}= 'QDt 0 8 |}=Hx@=H QO 'CU= xDi=} Q=WDv=
K]U x@ `tWQU CU=Q |xWwo R= |}xrY=i x@ VrUo "CU= xOW hQLvt xQ=w}OwQi
`tW xwQo 'wQ}v u}= |xH}Dv QO w CU= xOQm OQ=w wQ}v u; x@ w xOQm OQwNQ@ u}tR
VrUo Q=WDv= =@ `tW xwQo Q=DiQ u}= "CU= xOQm u=QwO �xQ=w}OwQi� CU=Q CtU x@
|WvQm |oDN}Uo R= xm 'CU= xOQm O=H}= =Q xO}J}B sU}v=mt l} w xOW ?}mQD

VrUo|}=Hx@=H =@ S = 10 mC}akwt QO OwOLt u=tr= pOt pmWQ}}eD "10 pmW
"h = 2 m pm

S = 5 m Cr=L "1"5
QO O=R; u=O}t QO pUo \N xm OQ}o|t Q=Qk |D}akwt QO `tW xwQo Cr=L u}= QO
xOW `k=w xQ=w}OwQi QO `tW xwQo u} QDW}@ w xO}UQ u}tR K]U x@ `tWQU \Uw
AJ CtU x@ QDt 5 R= QDtm O=R; u=O}t x@ C@Uv 'VrUo Q}Ut "�8 pmW� CU=
"CU= xOW QDtm O=R; u=O}t x@ C@Uv xQ=w}O=Qi |=vyB 'u}=Q@=v@ w xOW hQLvt `tWQU
l} Q=@ |WQ@ Q=wv l} w xOW `}Uw l =N pmWQ}}eD 'QDt 0 4 VrUo |}=Hx@=H QO
V}=Ri= =@ w xDi=} Q=WDv= u}tR K]U hQ] x@ s�=k CQwYx@ xm 'CU= xOy=Wt p@=k
u}= "CU= xOQm OQ=w wQ}v `tWQU hm x@ w xDi=} V}=Ri= Q=wv u}= |=vyB '|}=Hx@=H
"CU= xOW xOy=Wt `tW xwQo QO |R}J=v u=QwO 'xH}Dv QO w xOw@ lOv= Q=}U@ wQ}v
MQ `tWQU x@ `tW p=YD= pLt QO |WtN Qovr |xv}W}@ '=y`tW |t=tD QO
3 OwOL QO '4 `tW QO 'Qovr |xv}W}@ Q=Okt u}= 'hr=9 pmW j@=]t xm 'CU= xO=O
QO =yDv= QO w &QDt � uDw}v=ot 1 R= QDtm '|v=}t h}OQ |=y`tW QO &QDt � uDw}v=ot

VrUo |}=Hx@=H =@ 'S = 5 m C}akwt QO OwOLt u=tr= pOt pmWQ}}eD "8 pmW
"h = 2 m pm

"S = 5 m C}akwt QO=y`tW |rN=O Qovr "9 pmW
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"S =10 m C}akwt QO =y`tW |rN=O Qovr "12 pmW

QDt � uDw}v=ot 5 OwOL QO |Qovr |xv}W}@ 'QDt 2 pUo |}=Hx@=H QO �4 |xQ=tW�
� uDw}v=ot 2 R= QD=Qi '�5 |xQ=tW� |v=}t h}OQ QO Qovr |xv}W}@ "Ov=xOW ptLDt =Q
6 `tW QO "CU= xOw@ QDt � uDw}v=ot 1 R= QD=Qi xQ=w}O=Qi CtU |=y`tW QO w QDt
=@ |WtN Qovr |xv}W}@ 'QDt 1 R= QDW}@ VrUo |}=Hx@=H QO xm OwW|t xOy=Wt
OW=@ p}rO u}= x@ Ov=wD|t Vy=m u}= "CU= xDi=} Vy=m VrUo |}=Hx@=H V}=Ri=
R= |QD`}Uw |xOwOLt '|Q}tN |WQ@ VvQm Q=wv \U@ w |}=Hx@=H V}=Ri= =@ xm
Qovr u=R}t R= |WtN Qovr CyH Q}}eD =@ w xDiQo Q=Qk Q=wv u}= |xOwOLt QO `tW

"CU= xOW xDU=m QDW}@ 'VrUo |}=Hx@=H QO
"CU= xDiQo Q=Qk |UQQ@ OQwt `tW |=yu=tr= `]kt C}iQ_ '?12 pmW QO
|DNU |xOvyOu=Wv Q=Owtv C@=F ?}W xm CU= |]N CQwYx@ =vLv= Qovr Q=Owtv
|}=vLv= <=R= x@ 'xQ=w}O=Qi CtU `tW QO |WtN Qovr u} QDW}@ "CU= `tW `]kt
QO w '0 004 R= QD=Qi |}=vLv= <=R= x@ �|v=}t h}OQ� 5 `tW QO '0 09 OwOL QO

"CU= xOW O=H}= 0 002 R= QDtm |}=vLv= QO 'xQ=w}OwQi CtU |=y`tW QO QN;

S = 15 m Cr=L "3"5
CtU R= |QDt 5 |xrY=i QO O=R; u=O}t QO pUo xm OwW|t xOy=Wt 13 pmW QO
'xOWpkDvt |=yQ=@ w u=WQw[L =@ =y`tW "CU= xO}UQ u}tRK]U x@ `tWQUCU=Q
xOvm =QB 'CN=wvm} Q}e nQR@ |=y|}=Hx@=H w Q@=Q@=v |=yCUWv p}rO x@ =Q pUo Q}Ut
CtU QO |WQ@ VvQm CLD |x}L=v "Ov=xDN=U hQLvt CU=Q CtU x@ |mOv= w
xDi=} V}=Ri= '|B OQoCa=U u=QwO |xH}Dv QO p=ai |xwo |xaUwD =@ '|B CU=Q
=Q sw=kt ẁv R= |@v=H |=yQ=Wi 'xQ=w}OwQi CU=Q CtU x@ `tW xwQo u=QwO "CU=

'3 � 3 `tW xwQo QO u=UWm Q=DiQ =@ =y`tW QO |WtN Qovr `} RwD "11 pmW
"S = 10 m

|oDN}Uo u}= xm 'CU= xOW p}mWD l =N |Q@ Q=@ C}iQ_ w VrUo CLD |WQ@
"CU= xO=O MQ |oDN}Uo VwB x@ uO}UQ w VvD Vy=m =@ xQ=w}OwQi QO

CtU |=y`tW "CU= xOW xO=O u=Wv 11 pmW QO =y`tW |WtN Qovr `} RwD
|xH}Dv l} u=wvax@ w xOW xO}Wm q=@ w pN=O CtU x@ xQ=w}O=Qi CmQL =@ xQ=w}O=Qi
u}= w O=H}= `tWQU x@ `tW p=YD= pLt QO |WtN Qovr u} QDW}@ 'syt Q=}U@
xm 'Qo}O h}OQ wO |=y`tW "Ov=xOW ptLDt =Q |WtN Qovr u} QDW}@ `tW h}OQ
'xQ=w}O=Qi CtU |=y`tW x@ C@Uv 'Ov=xOW `k=w xQ=w}O=Qi QO =yv; R= |WN@ \ki
QO �6 |xQ=tW� xQ=w}OwQi CtU |=y`tW "Ov=xOW ptLDt =Q |QDtm |WtN Qovr
|yHwD p@=k OQoCa=U u=QwO "CU= xDiQo Q=Qk Q=Wi CLD `tW pw] \Uw |m}ORv
l =N s}rUD x=Qty x@ '=y`tW QO =Q |}=yVvD xm 'CU= xO=Di= j=iD= `tW xwQo QO

"CU= xOQm O=H}= =yv; pw] R= |a}Uw VN@ QO =y`tW h=Q]=
lQLt lwr@ |q=@ x@ wQ CmQL ?Hwt x@ xQ=w}O=Qi CtU |=y`tW h}OQ
xQ=w}OwQi CtU |=y`tW h}OQ xm |r=L QO 'Ov=xOW xO}Wm q=@ hQ] x@ �xQ=w}O=Qi�
"Ov=xDiQo Q=Qk C@=F �xQ=w}OwQi� sw=kt lwr@ QO w xOQm Ctw=kt CmQL u}= p@=kt QO
CtU |=y`tW w q=@ CtU x@ xQ=w}OwQi CtU |=y`tW h}OQ 'xH}Dv l} u=wvax@
|WtN Qovr `} RwD |wor= xmCW=OCkO O}=@ "Ov=xOW xO}Wm pN=O hQ] x@ xQ=w}O=Qi
w 4 |=y`tW |=Q@ |WtN Qovr |xv}W}@ "Ov=xOQmv p=@vO =Q |YNWt OvwQ 'jta =@
"CU= xOW O=H}= QDt 6 =@ Q@=Q@ ,=@} QkD|kta QO '�?kah}OQ� 6 `tW |=Q@ w q=@ QO '5
xQ=w}O=Qi CtU |=y`tW 'OwW|t xOy=Wt hr=12 pmW QO xmQw]u=ty
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'xQ=w}OwQi CtU l =N |oDN}Uo w xDiQo Q=Qk |yHwD p@=k VvQm ZQat QO '|B
"CU= xO}WN@ p}yUD =Q CU=Q CtU x@ VrUo Q}Ut h=QLv=

CQwYx@ ,=@} QkD w xOW p}mWD |WQ@ VvQm Q=wv 'QDt 0 4 VrUo |}=Hx@=H QO
|WQ@ Q=wv 'QDt 0 6 |}=Hx@=H QO "CU= xDi=} Q=WDv= u}tR K]U hQ] x@ s�=k
VrUo 'h = 1 m QO w CU= xOW hQLvt xQ=w}OwQi CtU x@ w xDi=} \U@ QwmPt
x@ VrUo "CU= xOQm OQwNQ@ u}tR K]U x@ `tWQU CU=Q |xWwo R= |}xrY=i x@
u=QwO �xQ=w}OwQi� CU=Q CtU x@ `tW xwQo 'u; |xH}Dv QO w xOQm OQ=w wQ}v `tWQU
xO}J}B sR}v=mt l} w xOW ?}mQD VrUo Q=WDv= =@ `tW xwQo Q=DiQ u}= "CU= xOQm
|Q@ Q=@ C}iQ_ w VrUo CLD |WQ@ |WvQm |oDN}Uo R= xm 'CU= xOQm O=H}= =Q

"CU= xOW p}mWD l =N
Qovr |xv}W}@ w Ov=xDiQo Q=Qk Q=Wi CLD `tW R= |kta QO =y`tW |t=tD
QO w QDt 5 Q@=Q@ '4 `tW QO jta u}= xm 'CU= xOW O=H}= jta u; QO |WtN
xm OwW|t xOy=Wt hr=14 pmW QO "CU= xOw@ QDt 10 Q@=Q@ '6 w 5 |=y`tW
QDt � uDw}v=ot 4 OwOL QO w Q@=Q@ ,=@} QkD =y`tW |t=tD QO |WtN Qovr |xv}W}@
j@=]t xm 'CU= xOW xO=O u=Wv `tW `]kt C}iQ_ ?14 pmW QO "CU= xOw@
|=vLv= �QDt � uDw}v=ot 4� x@=Wt |WtN Qovr |xv}W}@ =@ 5 w 4 |=y`tW 'u;
|WtN Qovr |xv}W}@ <=R= x@ '6 `tW "Ov=xOW ptLDt =Q 0 008 =@ Q@=Q@ |y@=Wt

"CU= xOQm ptLD =Q 0 009 =@ Q@=Q@ |}=vLv= 'QDt � uDw}v=ot 4 =@ Q@=Q@

|Q}oxH}Dv "6
|=yQ=@ w u=WQw[L =@ u=UWm Cr=L QO =y`tW 'CU= xOW u=}@ xm Qw]u=ty
nQR@ |=y|}=Hx@=H w Q@=Q@=v |=yCUWv p}rO x@ =Q pUo Q}Ut 'xOWpkDvt
"OvQw;|t OwHwx@ pUo Q}Ut QO h=QLv= |mOv= w OvR=U|t xOvm =QB CN=wvm} Q}e
|xWwo QO O=R; u=O}t QO pUo \N xm CU= |v=tR `tW xwQo |=Q@ C}akwt u} QDO@
u=QwO w|ki=|}=Hx@=H 'Cr=L u}= QO "(S = 10 m) Ovm|t OQwNQ@ `tWQUCU=Q
xm |Dr=L QO "OwW|t O=H}= =y`tW nQR@ |WtN Qovr =@ ?U=vDt |oQR@ `tWQU
'(S = 15 m) ODi= j=iD= `tWQUCU=QCtU R= QDQwO|}xrY=i QOVrUo ORuwQ@
xm |v=tR 'Qo}O Cr=L QO "OvwW|t ptLDt |yHwD p@=k |WtN Qovr =y`tW R}v
Q}Ut '(S = 5 m) Ovm|t OQwNQ@ xQ=w}O=Qi CtU |=y`tW x@ pUo Q=WDv= \N
?}DQD u}= x@ w OwW|t hQLvt q=@ CtU x@ =yu; O=ODt= QO w =y`tW \UwD VrUo
u}= QO '`k=w QO "Ovm|t lQD ?}U; uwO@ �xQ=w}OwQi� sw=kt lwr@ QO =Q `tW xwQo
VvD R}v =y`tW u}vJty w |tm Q=}U@ s�=k w |ki= |}=Hx@=H `tWQU C}akwt

"OvwW|t ptLDt =Q |mJwm |WtN

|}=Hx@=H =@ 'S = 15 m C}akwt QO OwOLt u=tr= pOt pmWQ}}eD "13 pmW
"h = 2 m pm VrUo

"S =15m C}akwt QO =y`tW |rN=O Qovr "14 pmW

=yCWwv=B
1. Mohr-Coulomb
2. strain softening
3. step

4. hanging wall
5. strain softening
6. eight-noded elements
7. solid
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