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Q}F-=D 'x}rw= VQ@ OwHw "OQ=O Q=Qk VQ@ u}L QO xv}W}@ |rY= VvD QwLt CyH Q}F-=D
'�?4 pmW� CU= xDW=O |Q=PoQ=@ u}L QO xOW |] VvD |=yQ}Ut QO |}=RUx@
Q=Okt x@ C@Uv =yxvwtv s}mLD u}L QO |WQ@ VvD Q=Okt uOW QDW}@ xm |Qw]x@

"=Qw}wD w QUr@=@ |=yxU=t |Ov@xv=O |vLvt "2 pmW

"QUr@=@ |xU=t |=yxv=O |BwmUwQm}t Q}wYD "3 pmW

R= |YNWt Q=Okt x@ uO}UQ u=Uty=v s}mLD R= ẁv u}= R= hOy "Ov=xOQm =O}B
Qovr '|QwLt |wQ}v p=ta= j} Q] R= xm 'CU= |r[=iD VvD w x@v=Hxty QF-wt Q=Wi
ẁQW R= p@k "OwW|t QU}t |HQ=N w |rN=O |=ypwrU ?; Q=Wi Q}}eD w |WJ}B

|=yQDt=Q=B w |i=[= |WQ@ VvD Q=Okt 'x@v=Hxty QF-wt VvD Q}O=kt 's}mLD Ov}=Qi
'x=oDUO w OwW|t |iQat x=oDUO x@ s}mLD |xrLQt |=yDv= QO Q_vOQwt bc w �c
s}_vD |Qw] =Q xvwtv GQ=N w pN=O |=yQ=Wi w |WJ}B Qovr '|QwLt Q=@ Q}O=kt

"OUQ@ QwmPt \}=QW x@ 'u=Uty=v s}mLD |=yDv= QO xm Ovm|t
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u=Uty=v s}mLD Ov}=Qi QO "Ow@ xOQm Q}}eD (bc = 0 1) b |xR=Ov= x@ R}v |v=}t VvD
VvD 's}mLD |xUwQB u}L QO bc w �c Q}O=kt pQDvm Q@ xwqa 'swO |QU |=yxvwtv
s}mLD |xrLQt |=yDv= QO =D 'CU= xOW p=ta= =yxvwtv u}= Q@ R}v |i=[= |WQ@
xvwtv QO R}v xi=[= |WQ@ VvD '|rY= |=yVvD QwLt CyH w Q=Okt pQDvm Q@ xwqa
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0 054 0 020 0 735 OQ=Ov=DU= h=QLv=

[24]%OQ=O R}v =Q QUr@=@ |xDi=}
rur = 4(�Ws

�00m
)�
0

(7)

=@ =Q QUr@=@ |xDi=}u=Uty=v s}mLD w pW |=yxvwtv |=yV}=tR; G}=Dv '6 pmW
pmW j@=]t "OyO|t u=Wv |v=wD pOt |xOW KqY= sQi R= xOW |v}@V}B Q}O=kt
|@ wN CkO =@ xOW lryDUt |SQv= |x}=B Q@ |v=wD pOt |xOWKqY= sQi 'QwmPt
QO xOW lryDUt |SQv= T=U=Q@ Q=oOv=t |}xQiL ?; Q=Wi Q=Okt |v}@V}B x@ QO=k
R}v w |rm}U C@Uv V}=Ri= =@ 'OvyO|t u=Wv G}=Dv xm Qw]u=ty "CU= pm}U Qy
?; Q=Wi u; `@D x@ w �0 Q=Okt '|Q=PoQ=@ pm}U Qy QO |i=[= |WQ@ VvD p=ta=
QO VQ@ p=ta= =} w |@ w=vD VvD C@Uv V}=Ri= =@ "O@=}|t V}=Ri= Q=oOv=t |}xQiL
V}=Ri= "Ci=} Oy=wN V}=Ri= pm VvQm R= |Q}tN |=yVvQm syU 's}mLD u}L
pm}U Qy QO xOW lryDUt |SQv= Q=Okt V}=Ri= =@ Q_=vDt |Q}tN |=yVvQm K]U
V}=Ri= =@ 'XNWt |}xQiL ?; Q=Wi Q=Okt l} <=R= x@ 'Qo}O CQ=@ax@ "Ow@ Oy=wN
lryDUt xvwtv QO |QDW}@ |SQv= 's}mLD u}L QO VQ@ p=ta= =} w VvD Kw]U

"OW Oy=wN

19



"""?
;Q=W

iO}
rwDQ

O|
v=Ut

y=v
QF=|

UQQ
@u=Wv x@=Wt QF-wt |x@v=Hxty QF-wt VvD w |@Uv |r=oJ \}=QW QO xDi=} u=Uty

QO xDi=} u=Uty=v s}mLD |=yxvwtv Q=oOv=t |}xQiL ?; Q=Wi Q=Okt xmCU= xO=O
"CU= xDi=} u=Uty s}mLD |=yxvwtv Q=oOv=t |}xQiL ?; Q=Wi |xOwOLt u=ty
|}xQiL ?; Q=Wi w |@Uv |r=oJ R= XNWt \}=QW l} QO 'Qo}O CQ=@ax@
s}mLD |=yxvwtv Q=oOv=t |}xQiL ?; Q=Wi C=Q}}eD |xOwOLt R= u=wD|t Q=oOv=t
xDi=} u=Uty=v s}mLD |=yxvwtv |}xQiL ?; Q=Wi |v}@V}B |=Q@ xDi=} u=Uty

"OQm xO=iDU= R}v
CU= xO=O u=Wv Qmw@ pOt R= xO=iDU= =@ |i=[= |}xQiL ?; Q=Wi |v}@V}B "3
xO=iDU= =@ "OQ=Ov =Q |}xQiL ?; Q=Wi |v}@V}B |=Q@ |i=m CkO pOt u}= xm
CkO =@ Ov=wD|t u; |xDi=} Q}}eD sQi 'Qmw@ pOt |wQ Q@ xOW s=Hv= KqY= R=
=Q xDi=} u=Uty=v s}mLD w pW |=yxvwtv |i=[= |}xQiL ?; Q=Wi |@U=vt

"Ovm |v}@V}B
|SQv= |x}=B Q@ |v=wD pOt R= xO=iDU= =@ |i=[= |}xQiL ?; Q=Wi |v}@V}B "4
|@ wN CkO =@ 'Qmw@ |@ QHD pOt |=yC}OwOLt uDW=Ov Q@ xwqa xOW lryDUt
u=Uty=v s}mLD w pW |=yxvwtv |i=[= |}xQiL ?; Q=Wi |v}@V}B x@ QO=k
|@ wNCkO =@ u=wD|t |v=wD pOt |QDt=Q=BlD sQi R= xO=iDU= =@ "CU= xOw@ xDi=}
|v}@V}B =Q xDi=}u=Uty=v s}mLD w pW |=yxvwtv |i=[= |}xQiL ?; Q=Wi

"OQm

|xO=t; QF-wt |x@v=H xty VvD Q=Okt w xvwtv CN=U VwQ '�s}mLD |xrLQt |=yDv=
s}mLD u=Uty=v CQwYx@ =yxvwtv 's}mLD |xrLQt QO w u; R= TB "Ov=xOW |Q=PoQ=@
xv}W}@ |rY= VvD QwLt CyH s}mLD |xrLQt |=yDv= QO xm |Qw]x@ 'Ov=xOQm =O}B
TBU "CU= xOw@ Cw=iDt =yxvwtv s}mLD u}L QO |i=[= |WQ@ VvD Q=Okt R}v w
|Q=PoQ=@ CLD �b = 0 1 w � = 45� |v=Um} |Q=PoQ=@ \}=QW QO =yxvwtv |t=tD
|@ QHD pOt wO \UwD |i=[= |}xQiL ?; Q=Wi 'C}=yvQO "Ov=xDiQo Q=Qk |rm}U
pOt wO VR=Q@ R}r=v; "Ov=xOW |v}@V}B xOW lryDUt |SQv= |x}=B Q@ pOt R}v w
w pW |=yxvwtv QO xO=iDU= |=Q@ =yv; KqY= x@ QHvt =yV}=tR; G}=Dv |wQ Q@ QwmPt
x�=Q= xOt; CUOx@ |rY= G}=Dv 'xt=O= QO "CU= xOW QUr@=@ |xDi=} u=Uty=v s}mLD

%CU= xOW
s}mLD w pW |=yxvwtv |rm}U C@Uv =@ Q=oOv=t |}xQiL ?; Q=Wi C=Q}}eD "1
xv}W}@ |rY= VvD QwLt CyH xm CU= xO=O u=Wv QUr@=@ |xDi=} u=Uty=v
Q=oOv=t |i=[= |}xQiL ?; Q=Wi O}rwD OvwQ QO |v=OvJ Q}F-=D 's}mLD u}L QO
|WQ@ VvD p=ta= w (q=�00m) |rm}U VvD C@Uv V}=Ri= =@ |iQ] R= "OQ=Ov
O}rwD |QDW}@ Q=oOv=t |}xQiL ?; Q=Wi Q=Okt 's}mLD |xUwQB u}L QO |i=[=
QDW}@ ?D=Qt x@ s}mLD u}L QO |WQ@ VvD p=ta= Q}F-=D 'u}@ u}= QO "CU= xOW

"CU= xOw@ |rm}U VvD C@Uv V}=Ri= R=
s}mLD |=yxvwtv =@ xDi=} u=Uty=v s}mLD |=yxvwtv |=yV}=tR; G}=Dv |xU}=kt "2

=yCWwv=B
1. transient pore water pressure
2. residual pore water pressure
3. mean normal stress
4. cohesion-less granular assemblies
5. loop
6. sub-rounded
7. sub-angular
8. booker
9. uniform
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