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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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"CU= s}mLD

=yV}=tR; G}=Dv "5
QUr@=@ |xU=t |xDi=} u=Uty=v s}mLD |=yxvwtv 'CU= xOW xQ=W= xm Qw]u=ty
VvD QwLt CyH "Ov=xOW |Q=PoQ=@ b = 0 1 w � = 45 \}=QW CLD |oty
QO Q}eDt QDt=Q=B wO u=wvax@ 's}mLD u}L QO |i=[= |WQ@ VvD w xv}W}@ |rY=
Q}}eD hrDNt |=yV}=tR; QO =yv; Q=Okt w xDiQ Q=tW x@ u=Uty=v s}mLD |=yV}=tR;
|SQv= R}v w |rm}U C@Uv =@ |}xQiL ?; Q=Wi Q=Okt C=Q}}eD 'xt=O= QO "CU= xOQm
xOW |v}@V}B Q}O=kt =@ =yV}=tR; G}=Dv w xOW x�=Q= pm}U Qy QO xOW lryDUt
"CU= xOW xU}=kt xOW lryDUt |SQv= |x}=B Q@ |v=wD pOt w Qmw@ |@ QHD pOt R=

8Qmw@ pOt R= xO=iDU= =@ Q=oOv=t |}xQiL ?; Q=Wi |v}@V}B "1"5
Q=oOv=t |}xQiL ?; Q=Wi Q=Okt |v}@V}B CyH |OQ@ Q=m |=ypOt R= |m} Qmw@ pOt
pOt Q@ sm =L |x]@=Q '1 |x]@=Q [2]"OwQ|t Q=tW x@ |}xv=O |=yl =N QO (rur)

O=OaD T=U=Q@ Q=oOv=t |}xQiL ?; Q=Wi Q=Okt 'Qmw@ pOt QO "OyO|t u=Wv =Q QwmPt
|v}@V}B � C@=F ?} Q[ R= |@U=vt u}tND w (NL) |}=Qou=wQ x@ QHvt pm}U

%OwW|t
rur = 2

�
arcsin( N

NL
)

12� (1)

|WmyR |@ w=vD |=yV}=tR; G}=Dv R= xO=iDU= =@ � QDt=Q=B R= u}tND u} QDy@
Q=Okt OQw;Q@ CyH R}v '2 |x]@=Q "OW Oy=wN x@U=Lt VR=Q@ p}rLD s=Hv= w xOWv

%OW Oy=wN xO=iDU= VR=Q@ C}i}m

R2 =

nP
i=1

(Yi � Y )2 � nP
i=1

(Yi � Ŷi)2
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0 99 1 1 10 0 1
0 92 1 3 30 0 1

qc = 30;0 88 1 2 45 0 1
q = 240 75 1 1 60 0 1

0 90 1 3 80 0 1

xDi=} u=Uty=v s}mLD |r=NwD |xv=wDU= |=yxvwtv Q=oOv=t |}xQiL ?; Q=Wi Q}O=kt
"CU=

|Q}F-=D 's}mLD u}L QO xv}W}@|rY=VvD QwLtCyH QO Q}}eD '5 pmW j@=]t
|@U=vt CkO =@ w CW=O Oy=wNv =yxvwtv Q=oOv=t |}xQiL ?; Q=Wi O}rwD OvwQ QO
s}mLD hrDNt \}=QW QO =Q Q=oOv=t |}xQiL ?; Q=Wi Q}O=kt u}ov=}t Q=Okt u=wD|t
V}=Ri= =@ Q=oOv=t |i=[= |}xQiL ?; Q=Wi Q=Okt 'p=L u}a QO "OQm u}}aD �c Q_v R=
Oy=wN V}=Ri= s}mLD u}L QO |i=[= |WQ@ VvD p=ta= (q=�00m) |rm}U C@Uv
'�00m = 50kPa \}=QW QO Q=oOv=t |}xQiL ?; Q=Wi 'QwmPt pmW j@=]t "Ci=}
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|xDi=} u=Uty=v s}mLD |=yxvwtv |wQ Q@ 3 |x]@=Q VR=Q@ R}r=v; G}=Dv "4 pwOH
"QUr@=@

y = �=�� arcsin(N=NL)^(1=2�)

R2 � � �c bc

0 99 1 1 1 5 10 0 1
0 99 0 9 1 5 30 0 1

qc = 0;0 99 1 1 1 5 45 0 1
q = 240 98 1 1 1 5 60 0 1

0 99 1 0 1 4 80 0 1

0 99 1 0 1 5 10 0 1
0 96 1 1 1 3 30 0 1

qc = 0;0 97 1 0 1 3 45 0 1
q = 301 00 0 9 1 5 60 0 1

0 98 0 9 1 3 80 0 1

0 99 1 1 1 6 10 0 1
0 92 1 4 1 6 30 0 1

qc = 30;0 88 1 5 1 6 45 0 1
q = 240 79 1 6 1 3 60 0 1

0 90 1 1 1 6 80 0 1
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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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