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=@ '|rta |=yOQ@ Q=m QO sRq *|WQ@ Ctw=kt |=yQDt=Q=B ,qwtat '`=@W=Q}e |=yl =N
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|v=QL@ Cr=L R= pOt u; u}tND |DUQO u=R}t x@ 'l =N l}v=mt QO |Q=DiQ pOt Qy
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"1388 10 14 VQ}PB '1387 11 7 x}LqY= '1387 8 5 Ci=} QO %M} Q=D



"""`
=@W=

Q}e
|=y

l=N
|W

Q@C
tw=k

t|
v}@V

}B'l =N `=@W= |tHL C@ w]Q |=wDLt �s 'Ov=tUB |tHL C@ w]Q |=wDLt R}v �r
u}= =@ "O};|t CUO x@ |y=oW}=tR; |=yxO=O VR=Q@ R= w CU= l =N QDt=Q=B � w
[14]%OwW xDWwv 5 |x]@=Q j@=]t l =N�?; |xYNWt |vLvt |xrO=at xm ZQi
�� = e�[(ua�uw)�(ua�uw)b]f (5)

%CWwv u}vJ u=wD|t `=@W=Q}e l =N |WQ@ Ctw=kt |=Q@ =Q 3 |x]@=Q

� = c0 + (�n � ua) tan�0 + [(ua � uw)b
ua � uw ]f

0 � (ua � uw) tan�0

(6)
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xm O=O u=Wv |Oa@ C=ar=]t 'OvOQm sqa= VN@C}=[Q =Q OwN C=ar=]t u}= G}=Dv
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%OW x�=Q= QF-wt VvD QDt=Q=B |=Q@ 9 |@ QHD
� = [ ua � uw

(ua � uw)b
] (9)
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xQ=W= ?r]t |xt=O= QO "OvwW|t Vmt w l =N�?; |xYNWt |vLvt |=yQDt=Q=B
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|=yVmt QO `=@W=Q}e l =N xvwtv Q=yJ |wQ |QwLtxU |=yV}=tR; s=Hv= ut[
Q=DN=U x@ ,=O}OW Vmt =@ x=Qty QF-wt VvD QDt=Q=B C=Q}}eD xm OW xO=O u=Wv 'hrDNt
|=yl =N QF-wt VvD QDt=Q=B |=Q@ Sr |@} QkD Q=Okt =t= [10]"CU= xDU@=w l =N
C=ar=]t T=U=Q@ R}v 1967 p=U QO 'C=ar=]t u}= |xt=O= QO "OW xDiQ}PB `=@W=Q}e
��� QF-wt VvD QDt=Q=B Q}O=kt CU= umtt xm OW xO=O u=Wv |Q_v w |y=oW}=tR;
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l} w |UQ l =N ẁv wO |wQ Q@ s}kDUt VQ@ V}=tR; s=Hv= =@ '1989 p=U QO
Ctw=kt Q}O=kt V}=Ri= ?@U �Vmt� ,qw= xm OW xO=O u=Wv Q=OTQ |xU=t ẁv
l}ORv lWN Cr=L x@ l =N xm |Dkw ,=}v=F w 'OwW|t |]NQ}e CQwYx@ |WQ@
|wU R= [12]"Ovm|tv O=H}= |WQ@ Ctw=kt QO |v=OvJ Q}}eD Vmt V}=Ri= OwW|t
=@ w '`=@W=Q}e l =N |=Q@ pkDUt Cr=L *Q}eDt wO *ZQi T=U=Q@ u}kkLt 'Qo}O
l =N |WQ@ Ctw=kt |x]@=Q l =N�?; |xYNWt |vLvt |=yQDt=Q=B R= xO=iDU=

[13]%OvOQm x�=Q= =Q `=@W=Q}e
� = c0 + (�n � �u) tan�0 + (ua � uw)[��(ua � uw)]� tan�0
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�� = � � �r
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[28]"CU= Cw=iDt l =N |Qy=_ |oOv@UJ Q=Okt xJQo = 'OvQ=O Q@=Q@ |Q}O=kt l =N
Q}F-=D xm CU= u; R= |m =L 2006 p=U QO C=W}=tR; Qo}O R= pY=L G}=Dv 'u}vJty
Q}F-=D R= QDW}@ 'O=} R |=yVmt QO ,=YwYNt 'VQ@ u}L QO l =N `=UD= QO Vmt

[29]"CU= l =N |WQ@ Ctw=kt V}=Ri= QO Vmt

�SWCC� l =N�?; |xYNWt |vLvt "3
|xYNWt |vLvt� u=wva =@ =Q u; QO OwHwt Vmt w l =N C@ w]Q OYQO |x]@=Q
|vLvt u}= |oDU@=w x@ xHwD =@ OvOkDat u}kkLt R= |NQ@ xJQo = "s}U=vW|t �l =N
xm =Hv; R= 'CUv=O l =N |xYNWt =Q u; u=wD|tv |Q=PoQ=@ Q}Ut w VvD Cr=L x@
|=yV}=tR; w OwW|t xDiQo Q_v QO pkDUt CQwYx@ VvD Cr=L QF= Q=DWwv u}= QO
QO l =N�?; |xYNWt u=wva 'OvDUy VvD Q}Ut l} |=Q=O =yvD s}kDUt VQ@

"OQ}o|t Q=Qk xO=iDU= OQwt sy xr=kt u}= |xt=O=
CUO x@ w |y=oW}=tR; |=yxO=O VR=Q@ |=Q@ |irDNt \@=wQ u}= R= V}B
Q=DWwv u}= QO "CU= xOW O=yvW}B l =N�?; |xYNWt |vLvt |=yQDt=Q=B uOQw;
QDsm 'OwHwt \@=wQ Qo}O Q@ u; C} Rt xm OwW|t xO=iDU= [1]|Qwm w RmwQ@ |x]@=Q R=

%OwW|t xDWwv u}vJ x]@=Q u}= "CU= =yv; uOw@ Q=O=vat w =yQDt=Q=B O=OaD uOw@8<: ���r
�s��r = ( (ua�uw)b

ua�uw )� for (ua � uw) � (ua � uw)b

� = �s for (ua � uw) � (ua � uw)b
(12)

C@ w]Q |tHL |=wDLt �s 'l =N Ov=tUB C@ w]Q |tHL |=wDLt �r u; QO xm
QO |vLvt ?}W |xOv}=tv w CU= VR=Q@ QDt=Q=B � w `=@W= Cr=L QO l =N
s=ovyx@ =wy OwQw Vmt Qou=Wv (ua�uw)b CQ=@a "CU= |tD} Q=orxt}v |=[i

"CU= xvwtv |R=UQD |xNQJ QO =wy GwQN Vmt w 'l =N uOWlWN

|@Ya |xm@W "4
s=v =@ xO=U QoVR=OQB OL=w |O=OaD R= pmWDt |Q=DN=U '|awvYt |@Ya |xm@W
G}=Dv 'xm@W x@ |OwQw |=yp=vo}U VR=OQB =@ =yuwQv u}= R= s=OmQy [30]"CU= uwQv
Cq=YD= |xi}_w "Ovvm|t pkDvt |Oa@ |x}q |=yuwQv x@ Cq=YD= j} Q] R= =Q
xH}Dv QO w CU= uRw |=Q=O Cq=YD= R= |}xN=W Qy "CU= �C=aq]= p=kDv=�
pkDvt Oa@ uwQv x@ s=OmQy x@ uRw X=YDN= R= Oa@ 'p=YD= Qy x@ |OwQw |=yp=vo}U
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x@ uwQv Qy "|HwQN |x}q w �|v=}t� u=yvB |=yx}q =} x}q '|OwQw |x}q %OvwW|t
x}q l} |=yuwQv u}@ |r=YD= I}y |rw 'CU= pYDt |Oa@ |x}q |=yuwQv s=tD
R= ,qwtat xm OQ=O �|R=Up=ai `@=D =}� p=kDv= `@=D l} uwQv Qy 'u}vJty "OQ=Ov OwHw

"CU= O}} wto}U ẁv
'CU= x}q Qy p=kDv= `@=D ẁv w p=YD= Qy uRw uOQm =O}B xm@W C}@ QD R= Qw_vt
uwv=k 'Qw_vt u}= x@ "OwW xv}tm Q_v OQwt hOy|v}@V}B QO xm@W |=]N xm|}xvwox@
|UQQ@ w |Q}oO=} |=Q@ |i=m |ak=w |=yxO=O xawtHt Qw[L w ?U=vt 2|Q}oO=}

|=yl =N|wQCW wCD|QwLtxU|=yV}=tR; s=Hv=ut['1998p=UQO
|x@v=Hxty |=yVvD CLD =yl =N u}= |WQ@ Ctw=kt xm OW xO=O u=Wv |RQw=Wm
[21]"OyO|t u=Wv |v=QL@ Cr=L \N xm CU= |Q=Okt R= QDsm Q=}U@ 'lJwm
|=yV}=tR; |=Q@ Xr=N VvD |=[i QO |v=QL@ Cr=L V}=tv u=mt= 'u}vJty

"OW OQ C@=F \w]N CQwYx@ CW

Xr=N *VvD |x_Lqt p@=k Q}F-=D Qou=Wv 1999 p=U QO xOWs=Hv= C=W}=tR;
|x]@=Q l} u}kkLt 'C=Oy=Wt u}= T=U=Q@ [22]"Ow@ =wy OwQw Vmt Q@ x@v=Hxty
CtUk xm OvOQm x�=Q=VvDCLD |=yl =N|WQ@Ctw=kt |=Q@ =Q|DtUkwO *|Oa@xU
w CU= |wDUtQ}e u; swO CtUk w O@=}|t xt=O= l =N � =wy OwQw Vmt =D u; pw=
|=yxO=O VR=Q@ R= xm CU= l =N X=wN R= Qo}O QDt=Q=B xU w =wy OwQw Vmt `@=D

"Ov};|t CUO x@ |y=oW}=tR;
VvD |=[i QO |v=QL@ Cr=L \w]N ?}W xm OvO=O u=Wv u}kkLt u; R= TB
C=W}=tR; u}= u}vJty [23]"OwW|t O=} RVmtV}=Ri= =@ XwYNt sHL �Xr=N
|}xU=t sm =QDt |=yl =N Q=DiQ |v}@V}B |}=v=wD |}=vwrUQ=@ |=ypOt xm O=O u=Wv

"OvQ=Ov VQ@ u}L QO =Q
|x]@=Q '|U=t; l =N |wQ |WQ@ C=W}=tR; s=Hv= R= TB '2002 p=U QO

[24]%OW x�=Q= `=@W=Q}e |=yl =N |WQ@ Ctw=kt |=Q@ 10 *|rwrPy *|@ QHD

� = c0 + (� � ua) tan�0 + a(ua � us)
1 + 1�a

pat
(ua � us) (10)

|y=oW}=tR; |=yxO=O VR=Q@ R= w CU= l =N QDt=Q=B a w :wH Q=Wi pat u; QO xm
?trm�Qywt s}rUD Q=}at w |r@k |WQ@ Ctw=kt \@=wQ =@ x]@=Q u}= "OwW|t x@U=Lt

"O=O u=Wv |@ wN j@=]D xOWs=Hv= |=yV}=tR; G}=Dv =@ =t= 'OQ=Ov j@=]D
l =N�?;|xYNWt|vLvtC=Q}}eD '|D=W}=tR; s=Hv= =@u}kkLt2005p=UQO
l =N |WQ@ Ctw=kt |=Q@ =Q 11 |DtUkwO |xrO=at w '|UQQ@ x@v=Hxty Q=Wi =@ =Q

[25]%OvOQm x�=Q= `=@W=Q}e
� = c0 + [(� � ua) + (ua � uw)] tan�0 (hr= 11)

� = c0 + [(� � ua) +AEV ] tan�0 + [(ua � uw)�AEV ]�k

[1 + (�n � �u)�] tan�0 (? 11)

xm CU= u; R= |m =L C=W}=tR; u}= "OvDUy l =N |=yQDt=Q=B � w k u; QO xm
'O@=}|t V}=Ri= �AEV � =wy OwQw Vmt Q=Okt OwW QDW}@ x@v=Hxty VvD xJQy
R= pY=L G}=Dv "CU= QDW}@ `=@W= |xHQO QDW}@ |=yVvD w C@=F Vmt QO w
w l =N�?; |xYNWt |vLvt Q@ =Q x}rw= |=yVvD Q}F-=D u}vJty C=W}=tR; u}=

"O=O u=Wv |@ wNx@ l =N uOWlWN w QD |xNQJ
Vmt |v=OQoCNU QF= 2004 p=U QO xDiQoCQwY |WQ@ Ctw=kt C=W}=tR;
l =N Q=DiQ O=} R |=yVmt QO xm O=O u=Wv w [26]CW=Po V}=tv x@ |@ wNx@ =Q
,qt=m |WvQm |oOvwWsQv w `=UD= w CU= xDi=}s}mLDV}@ Q=}U@ |=yl =N x@=Wt
AEV R=Vmt xm |Dkw l =N CW |WQ@Ctw=kt u}vJty "CU=X}NWD p@=k

"CU= CD |WQ@ Ctw=kt R= QDsm xQ=wty 'x@=Wt ,qt=m \}=QW QO w CU= QDW}@
|xNQJ wO Qy QO |WQ@ Ctw=kt C=W}=tR; s=Hv= =@ u}kkLt '2006 p=U QO
x@ l =N |rN=O l =m]Y= |x} w=R Q=Okt xm OvO=O u=Wv l =N uOWlWN w QD
x@ xHwD =@ u}vJty [27]"OQ=Ov |oDU@ uOWlWN w QDT} RQDU}y w `=@W= |xHQO
|}x_Lqt p@=k Qw]x@ `=@W=Q}e |=yl =N |Qy=_ |oOv@UJ C=W}=tR; u}= G}=Dv
l =N |Qy=_ |oOv@UJ xm |}xvwox@ 'CU= l =N uOWlWN w QD |xNQJ R= QF-=Dt
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|=y

l=N
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Q@C
tw=k

t|
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}B

G}=Dv "6
xDi=}s}mLD s}kDUt VQ@V}=tR; 58 R= pY=LG}=Dv R= 'OW xQ=W= R}v QDV}B xm u=vJ
xOW s=Hv= Cw=iDt |=yVmt QO w hrDNt l =N ẁv VW |wQ xm xOW|WmxR w
G}=Dv R= xO=iDU= =@ QwmPt |xm@W |}=v=wD "OW xO=iDU= |@Ya |xm@W C}@ QD |=Q@
|xrLQt |=yl =N R= Cw=iDt l =N ẁv wO |wQ Q@ xm Qo}O s}kDUt VQ@V}=tR; 12

"�1 pwOH� CiQo Q=Qk |UQQ@ OQwt 'Ov=xOW s=Hv= p@k
|=Q@ QF-wt VvD QDt=Q=B |xOWx@U=Lt w |ak=w Q}O=kt 4 w 3 |=ypmW QO
xOy=Wt xm Qw]u=ty "Ov=xOW xU}=kt sy =@ xm@W |HvUQ=@Da= w VRwt; |=yxO=O
?}DQDx@ xm@W C}@ QD w VRwt; |=Q@ �RMSE� =]N C=a@ Qt ẁtHt QPH 'OwW|t

"CU= pw@k p@=k xm@W OQmrta w CU= 0 09 w 0 02 Q@=Q@
CQwYx@ =yuwQv R= s=OmQy 'xm@W x@ |OwQw |=yuwQv C}ty= |UQQ@ Qw_vtx@
G}=Dv "OW C}@ QD |OwQw uwQv 5 R= xO=iDU= =@ O}OH |xm@W 5 w hPL xv=o =OH
'OwW|t xOy=Wt xm u=vJ "CU= xOW xO=O u=Wv 3 pwOH QO C}U=UL p}rLD u}=
Q=Okt |xwqax@ l =N�?; |xYNWt |vLvt |=yQDt=Q=B s=tD x@ QF-wt VvD QDt=Q=B
C}i}m Vy=m Ea=@ =yv; R= s=Om Qy hPL w CU= xDU@=w ,qt=m |r=ta= Xr=N VvD
x�=Q= 4 pwOH QO 1 pOt |xm@W Cq=YD= |=yuRw Q}O=kt "OwW|t xm@W OQmrta

"CU= xOW

|=Q@ |awvYt |@Ya |xm@W pOt w |y=oW}=tR; G}=Dv |xU}=kt "3 pmW
"�RMES = 0 02� VRwt; |=yxO=O

|=Q@ |awvYt |@Ya |xm@W pOt w |y=oW}=tR; G}=Dv |xU}=kt "4 pmW
"�RMES = 0 09� |HvUQ=@Da= |=yxO=O

sD} Qwor= =@ QwNV}B |xm@W l} Q=DWwv u}= QO [31]"CU= |QwQ[ xm@W OQmrta
|=yV}=tR; O=OaD uOw@OwOLt x@ xHwD =@ "OQ}o|t Q=Qk xO=iDU= OQwt =]N *Q=WDv=TB
l =N�?; |xYNWt |vLvt xm |a=@W=Q}e |=yl =N |wQ xOWs=Hv= s}kDUt VQ@
uRw |x}rw= ?=NDv= 'xm@W C}@ QD QO `} QUD Qw_vtx@ R}v w 'CU= TQDUO QO R}v =yv;
u}t[D hOy =@ 'u}vJty "OwW|t s=Hv= [32]=QO} w�u} wo VwQ R= xO=iDU= =@ Cq=YD=
'|rLt |=yxv}tm QO uOWQ=DiQo R= R}yQB w =]N C=Q}}eD `@=D |wk |xv}tm uOQm =O}B
[34]CQ=wmQ=t w [33]nQ@v*w*r |Q}oO=} VwQ QO OwHwt *u=tR =@ Q}eDt |Q}oO=} MQv R=

"OW Oy=wN xO=iDU=

xm@W VRwt; "5
QDt=Q=B Q=Okt |v}@V}B hOy =@ w =]N Q=WDv=TB sD} Qwor= =@ QwNV}B |xm@W l}
xmCU= |OwQw uwQvVW |=Q=O xm@W u}= "OWC}@ QD `=@W=Q}e |=yl =N QF-wtVvD
|r=ta= Xr=N s�=k VvD 'l =N�?; |xYNWt |vLvt |=yQDt=Q=B pt=W ?}DQDx@
|xYNWt |vLvt |=yQDt=Q=B "OvDUy l =N QO OwHwt Vmt Q=Okt w 'xvwtv x@
Ov=CQ=@a w Ov};|tCUO x@ |Qwm w RmwQ@ |x]@=Q R= xO=iDU= =@ �SWCC� l =N�?;
|xvwtv ?; |tHL |=wDLt '��r� l =N |xvwtv Ov=tTB ?; |tHL |=wDLt %R=
uOQmlWN u}L QO l =N |xvwtv |=Q@ =wy OwQwVmt '��s� `=@W=Cr=L QO l =N
|vLvt ?}W w '�hb� |R=UQD u}L QO l =N |xvwtv |=Q@ =wy GwQN Vmt =}
[35]|vLvt R= ,=t}kDUt �s w hb Q}O=kt "��� |tD} Q=orxt}v |=[i QO SWCC

|Qwm w RmwQ@ |x]@=Q Q@ |y=oW}=tR; |=yxO=O VR=Q@ R= � w �r |=yQDt=Q=B w SWC

"CU= xOW xO=O u=Wv xO=iDU= OQwt |xm@W |Q=tat 2 pmW QO "Ov};|t CUO x@
hrDNt l =N ẁv VW |wQ xOWs=Hv= s}kDUt VQ@ *V}=tR; 58 |xH}Dv R=
|@Ya |xm@W C}@ QD Qw_vtx@ '`=@W=Q}e |=yl =N l}v=mt C=}@O= QO OwHwt
xO=O u=Wv 1 pwOH QO =yl =N u}= x@ \w@ Qt |=yQDt=Q=B "OW xO=iDU= QwmPt
s=Hv= Qo}O l =N wO |wQ xm Qo}O s}kDUt VQ@ V}=tR; 12 G}=Dv R= "CU= xOW
l =N wO u}= C=YNWt "OW xO=iDU= xm@W OQmrta |HvUQ=@Da= Qw_vtx@ 'xOW
|}xvwox@ '|v=}t |=yx}q |=yuwQv w =yx}q O=OaD "CU= x_Lqt p@=k 2 pwOH QO
OvwQ xm u; OwHw =@ "O@=} <=kDQ= umtt wLv u} QDy@ x@ xm@W OQmrta xm OvOW ?=NDv=
s=ovyOwR hkwD x@ |R=}v xm Ow@ u=vJ 'xm@W OQmrta |HvUQ=@Da= |] =]N Vy=m

"OW OwOLt 80 x@ xO=iDU= OQwt |=ylwB= O=OaD 'OWv T=UL= xm@W C}@ QD

"xO=iDU= OQwt |awvYt |@Ya |xm@W |Q=tat "2 pmW
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Lt "xm@W |HvUQ=@Da= QO xOW xO=iDU= C=W}=tR; G}=Dv "1 pwOH

`HQt (kPa) s�=k Xr=N VvD (kPa) Vmt � hb �r �s �

ESCARIO & JUCA, 1989 120 0 1 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 80 0 7609 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 160 0 4549 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 500 0 2767 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 1000 0 1443 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 2000 0 0692 30 0 23 8 0 19
ESCARIO & JUCA, 1989 120 4000 0 0271 30 0 23 8 0 19

Miller & Hamid, 2006 105 50 0 9449 6 0 23 7 0
Miller & Hamid, 2006 145 50 0 9986 6 0 23 7 0
Miller & Hamid, 2006 212 50 0 7969 6 0 23 7 0
Miller & Hamid, 2006 105 20 1 6 0 23 7 0
Miller & Hamid, 2006 105 100 0 6147 6 0 23 7 0

"xO=iDU= OQwt |=yl =N C=YNWt "2 pwOH
`HQt l =N Wopt d max (gr/cm3) Gs xOLDt |Ov@ xk@] LL PI

Vanapalli, et al. (1996) Glacial till 16 3 1 8 - CL 35 5 18 7
Escario and Juca (1989) Madrid Gray Clay - - 2 64 MH 71 35
Escario and Juca (1989) Red Silty Clay - - 2 66 CL 33 13 6
Escario and Juca (1989) Madrid Clay Sand - - 2 71 SC 28 8

Zhan and Ng (2006) Brown Yellow Clay 20 5 1 65 2 67 CH 50 5 31
Miller and Hamid (2006) Minko Silt 12 8 17 7 2 68 CL 28 8

"xOWC}@ QD hrDNt |@Ya |=yxm@W OQmrta |xU}=kt "3 pwOH
RMSE (|HvUQ=@Da=) RMSE (VRwt;) lQLt `@=D |Q=tat |OwQw pOt

0 093 0 02 logsig-logsig 6� 6� 1 �3; net; suction; hb; �r; �s; � 1
0 14 0 07 logsig-logsig 5� 5� 1 �3; net; suction; �r; �s; � 2
0 16 0 045 logsig -logsig 5� 5� 1 �3; net; suction; hb; �s; � 3
0 23 0 06 logsig-logsig 5� 5� 1 �3; net; suction; hb; �r; � 4
0 13 0 1 logsig-logsig 5� 5� 1 �3; net; suction; hb; �r; �s 5
0 33 0 07 logsig-logsig 5� 5� 1 suction; hb; �r; �s; � 6

"1 pOt |xm@W Cq=YD= |=yuRw Q}O=kt "4 pwOH
uwQv |OwQw T}=@ � �s �r hb (kPa)Vmt Xr=N VvD |v=}t |x}q|HwQN (kPa) s�=k

4 4079 5 4646 0 0557 0 5383 �0 563 �0 2718 0 0413 �0 0236 1
1 805 �1 422 0 0006 �1 0463 0 2893 0 3812 �0 0041 0 2114 2
6 0201 6 1918 �0 0585 0 8095 0 3572 �0 0421 0 0533 0 0937 3
�1 1761 �1 105 �0 0837 �0 3359 �2 263 �0 9952 �2 2377 0 5082 4
5 3304 �7 652 0 1015 �0 3269 �0 8547 0 0434 �0 0777 �0 3683 5
�2 1714 6 8575 0 7079 �0 7143 5 4595 1 9873 1 6526 5 6063 6
2 063 - - - - - - - |HwQN T}=@
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}B'CU= p=mU=B wr}m 200 Q@=Q@ xvwtv x@ |r=ta= Xr=N VvD xm |Dkw 'R=Q}W |xv=OR} Q
Ea=@ VvD p=ta= 'OwW|t xOy=Wt xm u=vJ "CU= u}tND p@=k 7 pmW j@=]t
G} QODx@ hb R= Qw@a R=TB � Q=Okt "OwW|t =wy OwQwVmt |x_Lqt p@=kV}=Ri=
SWC |vLvt |v}}=B CtUk x@ \w@ Qt ,=Qy=_ u; u}}=B OL Q=Okt w O@=}|t Vy=m

"CU= 3Ov=tUB Vmt R= Qw@a R= TB w
xm@W G}=Dv QO |}=RUx@ Q}F-=D �s QDt=Q=B xm OwW|t x_Lqt 3 pwOH x@ xHwD =@
umtt ,qta xm OW xOy=Wt hrDNt |=yl =N SWCC |UQQ@ =@ wU l} R= "OQ=O
Q@=Q@ V}@ w sm =yu; |=yQDt=Q=B |x}k@ w OvW=@ Cw=iDt l =N ẁv wO �s CU=
'Qo}O |wU R= "CU}v Q}PBu=mt= hb QDt=Q=B x@=Wt C}U=UL p}rLD u}=Q@=v@ "OvW=@
pNrND C=Q}}eD 'u}=Q@=v@ "CU= pNrND Vy=m l =N Q@ VvD p=ta= Q}F-=D u} QDxOta

"CU= � =@ VvD C=Q}}eD Tma ,=k}kO � =@
xOWx�=Q= |Q_v \@=wQ xJQo = 'xm CU= u}= QmP p@=k |xDmv u} QN; xQNq=@ w
QO 'Ov=Cw=iDt sy =@ l =N sHL Q}}eD w |WQ@ Ctw=kt QO QF-wt VvD QDt=Q=B |=Q@
u}=Q@=v@ "CU= Z=te= p@=k w R}J=v Q=}U@ hqDN= u}= |rwtat |UOvyt |=yVvD
|=Q@ xOWx�=Q= |Q@H Q}O=kt w |UOvyt QO QF-wt VvD pY= CLY u}@ CU= sRq

"s} wW p�=k Cw=iD QF-wt VvD QDt=Q=B

"R=Q}W CWO |=yl =N |m} R}i C=YNWt "5 pwOH

Wopt
d max

PI LL Gs |Ov@xk@]
(gr/cm3)

21 5 1 66 7 27 2 77 CL-ML

12 5 1 91 5 20 2 69 CL-ML

"R=Q}W CWO |=yl =N SWC |=y|vLvt *u}}=B OL w q=@ OL C=YNWt "6 pwOH
� �s �r hb (kPa) `H=Qt

0 25 44 10 25 Johari, A. (2006):

|}q=@ OL

0 23 40 6 9 50 Johari, A. (2006):

|v}}=B OL

"R=Q}W CWO xv=OR} Q |=yl =N QF-wt VvD QDt=Q=B |v}tND |xvt=O "7 pmW

|=y|vLvt '|OwQw |=yQDt=Q=B x@ C@Uv xm@W C}U=UL p}rLD s=Hv= hOy =@
Q=Qk |UQQ@ OQwt `=@W=Q}e |=yl =N C=}@O= QO OwHwt hrDNt |=yl =N SWC

�swy OU l =N ,qFt� Ci=} =Q |}=yl =N u=wD|t =y|vLvt u}= u}@ QO "CiQo
=yQDt=Q=B |x}k@ w CU= Q@=Q@ sy =@ =yv; SWC |vLvt R= QDt=Q=B l} \ki xm
pw@k p@=k |m} R}i Q_v R= |}=yp}rLD u}vJ s=Hv= u}=Q@=v@ [17w9]"Ov=Cw=iDt ,qt=m

"CU=
Vmt Q=Okt x@ C@Uv =Q QF-wt VvD QDt=Q=B *C}U=UL p}rLD G}=Dv 5 pmW
G}=Dv "OyO|t u=Wv p=mU=B wr}m 125 w 100 '75 hrDNt |=yVvD QO '=wy OwQw
hrDNt |=yVmt QO w |r=ta= s�=k VvD OQwtQO u=wD|t =Q p}rLD u}= x@=Wt
R= CmQL pt=W CU= umtt xm |Qo}O |=yp}rLD "OQm xOy=Wt 6 pmW QO
|Dr=L QO 'OvW=@ �� << 1� `=@W=Q}e C}a[w x@ �� = 1� `=@W= Cr=L
|vat|@ |m} R}i Q_v R= 'Ovv=t|t Q}}eD uwO@ =wy OwQw *Vmt w Vmt Q}O=kt xm

"OvDUy
|=yl =N QF-wtVvD Q=Okt xR=@ u}tND |=Q@ 'xar=]t u}= QO xOWC}@ QD |xm@W R=
'1385 p=U C=k}kLD QO "�5 pwOH� OW xO=iDU= R=Q}W CWO QO OwHwt |xv=OR} Q
x@ xLiY Q=Wi V}=tR; R= xO=iDU= =@ =yl =N u}= R= ẁv 14 |xYNWt |vLvt
xO=O u=Wv 6 pwOH QO =y|vLvt u}= u}}=B OL w q=@ OL C=YNWt [36]"Ot; CUO
|=yl =N QF-wt VvD QDt=Q=B Q=Okt |xvt=O '=yQDt=Q=B u}= R= |Q}oxQy@ =@ "CU= xOW

"=wy OwQw Vmt =@ QF-wt VvD QDt=Q=B Q=Okt C=Q}}eD "5 pmW

"Xr=N s�=k VvD =@ QF-wt VvD QDt=Q=B Q=Okt C=Q}}eD "6 pmW
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OQmrta CLY "OvyO|t VWwB =Q p=mU=B wr}m 250 =D 5 xR=@ j}kLD u}= QO
|UQQ@ OQwt O}=@ OvDUy |QDW}@ |=wy OwQw *Vmt |=Q=O xm |}=yl =N |=Q@ xm@W
|HvUQ=@Da= w VRwt; |] QO xO=iDU= OQwt |=yxO=O |t=tD 'u}vJty "OQ}o@ Q=Qk
u=v}t]= =@ u=wD|tv xrLQt u}= QO w Ov=xOW CW=OQ@ xOW |WmxR |=yV}=tR; R=

"Cio uNU CW |=yV}=tR; G}=Dv |v}@V}B QO xm@W OQmrta OQwtQO

|Q}oxH}Dv "7
QF-wt VvD QDt=Q=B |v}@V}B QO |awvYt |@Ya |xm@W |}=v=wD R= xO=iDU= Qw_vtx@
Q=WDv=TB *QwNV}B |xm@W l} '|}xLiY VvQm Cr=L QO `=@W=Q}e |=yl =N
|t}kDUt VQ@ |=yV}=tR; G}=Dv |v}@V}B QO xm@W |}=v=wD "OW xO=O VRwt; =]N
|UQQ@ u}= G}=Dv w CiQo Q=Qk |UQQ@ OQwt Ow@ xOWv x@ QHD VRwt; pw] QO xm

CWwv=B
1. suction hardening
2. learning rule
3. residual suction
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