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xDN=OQB VWmuwQ}@ Ctw=kt Q@ xOvwW\U@vt |vOwRi= QF= |UQQ@ x@ j} QRD Q=Wi
QO VWmuwQ}@ |wQ}v |xv}W}@ \=kv 1VwB 'Qo}Om} =@ G}=Dv |xU}=kt Qw_vtx@ "OW

"CU= xOW x�=Q= 8 pmW
u=wD|t p=J |@v=H K]U Q@ =y M}t QO VWmuwQ}@ |wQ}v s}UkD =@ |iQ] R=
pYi |WQ@ Ctw=kt Q@=Q@ Q=Okt u}= "OQw; CUOx@ =Q \UwDt |WQ@ VvD Q=Owtv
|=Q@ \UwDt |WQ@ VvD Q=Owtv |xOvyOu=Wv 9 pmW "CU= l =N � M}t lQDWt
"CU= p=mU=B wr}m 100 j} QRD Q=Wi QO xOvwW\U@vt |vOwRi= hrDNt |=yOYQO
'xOvwW\U@vt |vOwRi= uOQm xi=[= =@ xm CU= u}= OwW|t Ci=} QO =yQ=Owtv R= xJv;
Ctw=kt '�1 |vOwRi= u=R}t QO "O@=}|t V}=Ri= M}t VWmuwQ}@ Ctw=kt =OD@= QO
V}=Ri= |}=yv Cr=L QO sy w xv}W}@ Cr=L QO sy OYQO 15 u=R}t x@ VWmuwQ}@
Ctw=kt '��2 ,qm � Qo}O �1 u=R}t x@ |vOwRi= QDW}@ uOQm xi=[= =@ "CU= xDi=}
xDi=} V}=Ri= OYQO 2 u=R}t x@ xv}W}@ Cr=L QO 'p@k Cr=L x@ C@Uv VWmuwQ}@
3 |vOwRi= Cr=L QO "CU= xDi=} Vy=m OYQO 3 u=R}t x@ |}=yv Cr=L QO |rw

"CU= xDW=O |Q}osWJ Vy=m Cr=L wO Qy QO Ctw=kt 'OYQO

"=yuwtR; pwOH "4 pwOH
|xQ=tW Q=Wi |vOwRi= OYQOuwtR; (kPa) Q=@ QU (kPa) j} QRD

1 200 100 QiY
2 200 100 1
3 200 100 2
4 200 100 3
5� 200 QiY 1
6� 200 200 1

OYQO 1 |vOwRi= =@ s-=wD j} QRD Q=Wi QF= |UQQ@ |=Q@ 6 w 5 |=yuwtR; �
"CU= xOW s=Hv=

TBU "Ovm sy=Qi =wy |xU}m uDiQo Q=Qk Q=Wi CLD QF= QO |} wQ}v Vvm =w O=H}= |=Q@
Q=Wi 'Q=Wi |xOvvms}_vD R= xO=iDU= =@ w OW pkDvt =wy |xU}m pN=O x@ =wy u=} QH

"OW pQDvm |r=ta=
j} QRD w p=J O=H}= ' hqe uO}Wm uwQ}@ "5"3"2

'[2]wS w u}} O=yvW}B =@ j@=]t xOQ=w |=yVvD pO=aD w Ca=U 24 CWPo R= TB
|mOv= u=tR w Ow@ |}xv=O ,qt=m l =N |xvwtv xm |}=Hu; R= w [12]u=Q=mty w O=UQB Qo
s=Ok= |DUO p}kFQH R= xO=iDU= =@ hqe uOQw; uwQ}@ |=Q@ 'CW=O R=}v pO=aD |=Q@
=@ 6 pmW &OwW|t O=H}= OwN pLt QO p=J 'hqe uO}Wm uwQ}@ R= TB "OW
|=RH= QO 'p=J pLt l =N |xOwD |Q=OQ@ Q=@ QF= QO VvD |R=UO=R; 'p=J O=H}=
|xO}OB ẁkw QF= QO ,=DOta p=J |xQ=w}O |rm |Q=O}=B "OyO|t MQ p=J Qw=Ht l =N
"OwW|t xO=O Q=Qk p=J \Uw QO 28 OQop}t 'xt=O= QO "CU= Q}PB Q}UiD |oORTwk
OwN pLt QO CkOx@ p=J |Ov@?; |=Q@ x=oDUO |}=yDv= w |}=OD@= |=y?QO TBU
x@ w \wrNt 0 5 u=t}U x@ ?; C@Uv =@ |k} QRD Cqt u; R= TB "OvwW|t ?Yv
uRNt OQ=w Q=Wi CLD |=wy u=} QH xt=O= QO "O@=}|t p=kDv= j} QRD QOvr}U pN=O
nvrW R= Cqt GwQN w p=J uOW QB R= TB "OwW|t R=e; j} QRD Ov}=Qi w OwW|t
Q=Wi =D OwW|t OwOUt nvrW u}= 'p=J uOW QB R= u=v}t]= pwYL w CWoQ@
|HwQN QO GvUQ=Wi |xr}Uwx@ |r=ta= j} QRD Q=Wi "OUQ@ Q_v OQwt Q=Okt x@ j} QRD
C=}�RH w j} QRD QOvr}U |xOvyOu=Wv 7 pmW "OwW|t s}_vD =wy |xOvvmsm =QDt

"CU= u;
|Q=PoQ=@ "6"3"2

ẁQW w u=t}U pt=m VQ}o |=Q@ Ca=U 72 u=tR COt FHWA O=yvW}B j@=]t
|wQ Q@ xOW s=Hv= Cqt |Q=Wi Ctw=kt V}=tR; j@] =t= &CU= sRq |Q=PoQ=@

"hqe GwQN R= TB xOW O=H}= p=J "6 pmW

"j} QRD uRNt "7 pmW
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"hrDNt j} QRD |=yQ=Wi w �1 |vOwRi= Cr=L QO |}=Hx@=H � wQ}v Q=Owtv "10 pmW

"hrDNt j} QRD |=yQ=Wi QO |}=yv w xv}W}@ |=ywQ}v VwB "11 pmW

O=H}= w |Q@ Q=@ pt=a wO u; u}@ xDi=}p=kDv= VvD R}v w |vwt=Q}B l =N w xDi=}VQ}o
OQmrta Q=mwR=U xOW j} QRD Cqt Q=Wi u=R}t V}=Ri= =@ xm u; p=L "CU= Ctw=kt
|=Q@ xOW QmP pt=a wO Q@xwqa 'Q=Wi CLD |=yj} QRD QO "OwW|t |yHwOvJ
|xQ=w}O Q@ OQ=w Q=Wi "O@=}|t V}=Ri= p=J |xQ=w}O Q@ Q=Wi u=R}t '|rkF |=yj} QRD
R= |k} QRD Cqt CHRr u=R}t x@ xDU@ xmu; CUNv "CW=O Oy=wN OQmQ=m xU p=J
'Qo}O hQ] R= =HQO sm =QD u=R}t w |m =N \}Lt |Q}PBPwiv w pNrND R}v w hQ] l}
QO l =N pN=O x@ Cqt Pwiv Q=mwR=U "CiQ}PB Oy=wN CQwY l =N x@ Cqt Pwiv
R= |W=v ,qta '�CU= hQ=aDt M}t VwQ QO xm Q=@ 2 OwOL =D� u}}=B Q=Wi Kw]U
Q=WiQB j} QRD Q}_v q=@ Q=Wi =@ j} QRD |=yVwQ R= Cw=iDt w CU= |HQi w prN Pwiv
xD@r= "CU= |HQi w prN Pwiv w lQD O=H}= R= |@}mQD Pwiv Q=mwR=U u; QO xm CU=
R}v w |k} QRD Kr=Yt CHRr x@ xDU@=w ,qt=m |HQi w prN Pwiv u=R}t xm CU= K[=w
j} QRD Q=Wi p=ta= swO OQmQ=m "CU= p=J h=Q]= l =N |xOwD Q=DN=U w sm =QD u=R}t
"CU= xQ=w}O Q@ OQ=w p=tQv VvD u=R}t V}=Ri= '|@ wmM}t VwQ QO p=J |xQ=w}O Q@
l =m]Y= |wQ}v 2?trwm � Qwt Q=}at j@=]t p=J Q=OH Q@ p=tQv VvD V}=Ri= =@
|WQ@ Ctw=kt V}=Ri= w O@=}|t V}=Ri= ?=ewO � l =N lQDWt pYi QO OwHwt
|R=Usm =QDt ?@U p=J Q=OH Q@ VvD V}=Ri= u}vJsy "CW=O Oy=wN p=@vO x@ =Q
|wU R= "OOQo|t CU@ w pik |=ywQ}v V}=Ri= ?@U w OwW|t xQ=w}O |=yl =N
|x}L=v QDW}@ xJQy V}=Ri= w p=J |xQiL \=U@v= Ea=@ |r=ta= j} QRD Q=Wi Qo}O
=yQ=mwR=U u}= xOvwW\U@vt |vOwRi= OwHw CQwY QO xm OwW|t l =N =@ Q}oQO

"OyO|t xH}Dv =Q |QDW}@ VWmuwQ}@ Ctw=kt w OwW|t O}OWD

OYQOhrDNt |=yCr=L QOVWmuwQ}@ |wQ}v|}=yv w xv}W}@ \=kv VwB "8 pmW
"|vOwRi=

"|vOwRi= hrDNt |=yOYQO |=Q@ |}=Hx@=H � |WQ@ VvD Q=Owtv "9 pmW

xOvwW\U@vt |vOwRi= =@ s-=wD j} QRD Q=Wi QF= "1"3
u=kkLt |=yVywSB QO w CU= |@ wmM}t |=yxSwQB QO |tyt pt=a j} QRD Q=Wi
Ctw=kt QO u; QF= |UQQ@ x@ R}v VywSB u}= QO TB "CU= xOW |UQQ@ |O=} R
j} QRD Q=Wi QF= |UQQ@ |=Q@ "OW xDN=OQB xOvwW\U@vt |vOwRi= =@ x=Qty VWmuwQ}@
C@Uv �p=mU=B wr}m 200� QDq=@ j} QRD Q=Wi QO |m} 'V}=tR; wO 'Ovw}B Ctw=kt Q@
QO u; G}=Dv xm OW s=Hv= �|rkF� QDtm j} QRD Q=Wi QO |Qo}O w =v@t Cr=L x@

"CU= xOW x�=Q= 11 w 10 |=ypmW
Ctw=kt 'j} QRD Q=Wi V}=Ri= =@ xm Ci=} QO u=wD|t 11 w 10 pmW x@ xHwD =@
100 j} QRD Q=Wi Cr=L QO V}=Ri= u}= "O@=}|t |Q}osWJ V}=Ri= VWmuwQ}@
OYQO 27 w xv}W}@ Cr=L QO OYQO 38 u=R}t x@ |rkF Cr=L x@ C@Uv p=mU=B wr}m
xv}W}@ Ctw=kt 'p=mU=B wr}m 200 j} QRD Q=Wi QO u}vJsy "CU= |}=yv Cr=L QO
Q=Wi QO V}=tR; x@ C@Uv OYQO40 u=R}t x@ |}=yv Ctw=kt w OYQO 39 u=R}tx@

"CU= xDi=} V}=Ri= p=mU=B wr}m 100 j} QRD

G}=Dv Q}UiD "2"3
Qw]x@ hrDNt j} QRD |=yQ=Wi QO xOW s=Hv= |=yV}=tR; R= pY=L G}=Dv x@ xHwD =@
lQDWtpYiCtw=kt xHwDp@=kV}=Ri=Ea=@ j} QRD Q=WiV}=Ri=Cio u=wD|t|rm
Cqt u}@ l =m]Y= w |oOv@UJ,qta '|rkF |=yj} QRD QO "OwW|t l =N w Cqt
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"OwW|tv xOy=Wt VWmuwQ}@
Vy=m |}=yv w xv}W}@ Cr=L wO Qy QO Ctw=kt '|vOwRi= OYQO 3 Cr=L QO "4
V}@ uOwRi= xm OwW|t Q}UiD CQwYu}O@ Ci= u}= "CU= xDW=O |Q}osWJ
|oOW=OH w Cqt Ctw=kt O}OW Vy=m ?@U xOvwW\U@vt |xO=t OL R=
sOa x@ QHvt |vOwRi= u}= uOQm Q}oOvm QF= 'u}vJsy "OwW|t Cqt Ci=@ QO

"OwW|t QQkt u=tR QO OwN ?wr]t Ctw=kt x@ Cqt |@=}DUO
=@ x=Qty VywSB u}= QO w CU= j} QRD Ov}=Qi QO syt |rt=a R}v j} QRD Q=Wi "5
O=O u=Wv G}=Dv "OW |UQQ@ �OYQO 1 |xv}y@ Cr=L� xOvwW\U@vt |vOwRi=
x@ |}=yv w xv}W}@ |wQ}v 'p=mU=B wr}m 100 u=R}t x@ j} QRD Q=Wi V}=Ri= =@ xm

"Ci=} V}=Ri= OYQO 35 |OwOL u=R}t
|r= 1 u=R}t x@ xOvwW\U@vt |vOwRi= R= xO=iDU= 'VywSB u}= G}=Dv x@ xHwD =@ "6
|=yVwQ QO QDW}@ VWmuwQ}@ Ctw=kt x@ |@=}DUO |=Q@ u=t}U uRw OYQO 2

"OwW|t x}YwD |@ wmM}t
|UQQ@ '|k} QRD Cqt |=RH= |xv}tR QO xOW s=Hv= C=ar=]t Ow@tm x@ xHwD =@
|xt=O= |=Q@ |O=yvW}B Ov=wD|t VWmuwQ}@ Ctw=kt Q@ OwHwt |=y|vOwRi= Q}=U QF=

"OW=@ Q[=L VywSB

QmWD w Q}OkD
|oO}WmuwQ}@Ctw=kt u}}aD x=oDUOCN=U|t=L xm u}tRQyo uy;nvUCmQW R=
QmWD w Q}OkD 'CU= xOW s=Hv= x=oDUO u}= =@ C=k}kLD u}= R= |WN@ w CU= M}t

"OwW|t

QO |vOwRi= R=Ht OL R= QPo =@ CU= XNWt G}=Dv R= xm Qw]u=ty u}vJsy
Q}UiD CQwYu}O@ Ci= u}= "O@=}|t |Q}osWJ Vy=m VWmuwQ}@ Ctw=kt 'Cqt
Ctw=kt O}OW Vy=m ?@U xOvwW\U@vt |xO=t OL R= V}@ uOwRi= xm OwW|t
QF= xH}Dv QO w OwW|t �=yxQiL V}=Ri= R= |W=v� Cqt Ci=@ QO |oOW=OH w Cqt
Q}oOvm QF= u}vJsy "Ovm|t x@re sHL V}=Ri= ?wr]t QF= Q@ Ctw=kt Vy=m Q[t
u=tR QO OwN ?wr]t Ctw=kt x@ Cqt |@=}DUO sOax@ QHvt |vOwRi= u}= uOQm

"OwW|t QQkt

|Q}oxH}Dv "4
Q=Wi w |k} QRD Cqt QO xOvwW\U@vt |vOwRi= QF= |UQQ@ x@ 'Q[=L j}kLD QO
xDN=OQB M}t VWmuwQ}@ x=oDUO R= xO=iDU= =@ M}t VWmuwQ}@ Ctw=kt Q@ j} QRD

%CU= Q} R Q=Qk x@ VywSB u}= G}=Dv u} QDsyt xm OW
Ctw=kt V}=Ri= ?@U 'xv}y@ w u}at |OL =D 'xOvwW\U@vt |vOwRi= R= xO=iDU= "1

"OwW|t |@ wmM}t |=yVwQ QO VWmuwQ}@
OQmrta QF= QO 'xOvwW\U@vt |vOwRi= R= |W=v VWmuwQ}@ Ctw=kt V}=Ri= "2
x@ p=tQv Q=Wi V}=Ri= =@ sHL V}=Ri= u}= "CU= Cqt sHL V}=Ri= Q=mwR=U
V}=Ri= ?@U u; p=@vO x@ w p=J |xQ=w}O |R=Usm =QDt ?@U p=J |xQ=w}O
=@ j@=]t l =m]Y= |wQ}v V}=Ri= Ea=@ u}vJsy "OwW|t l =m]Y= |x} w=R

"OwW|t Cqt � l =N lQDWt pYi QO ?trwm � Qwt uwv=k
V}=Ri= ?@U 'u=t}U uRw OYQO 1 u=R}t x@ xOvwW\U@vt |vOwRi= R= xO=iDU= "3
|}=yv Cr=L QO sy w xv}W}@ Cr=L QO sy OYQO 15 u=R}t x@ Ovw}B Ctw=kt

=yCWwv=B
1. Push over
2. Mohr-Coulomb
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