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=w}O

R=x
O=iD

U=
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vUu
=mt=

|xa
r=]t"OtHvtQ}e l =N |m}v=mt X=wN "1 pwOH

� E(KPa) Cc Cu C&M(�) S(�) G(�) �(0)

sat

Gs
soil

(KN=m3) Classi�cation

0 3 40000 1 04 2 17 1 2 98 8 QiY 33 19 1 2 635 SP

"|OOa |R=UpOt |xUOvy l}D=tW pmW "6 pmW

"Ow@ Oy=wN QDhQ=aDtQ}e w ha=[t |=yV}=tR; s=Hv= xH}Dv QO w QDW}@ |OwQw
pOt 'p@=kt hQ] QO "OwW|t xv} RyQB w xO}J}B 'Q@u=tR =yp}rLD Ov}=Qi |iQ] R=
=Q |L=Q] w p}rLD |vi pwY= CU= umtt xOW xO=U Q=}U@ w u}}=B CkO =@ |Q=DiQ
QO "OR=U|t umtt=v =Q u; R= xO=iDU= xm OwW QHvt |ak=wQ}e G}=Dv x@ w Ovmv C}=aQ
Q_vhQY =@ OtHvt l =N Q=DiQ QO OwHwt |=y|oO}J}B x@ xHwD =@ 'Q[=L |xar=]t
x@ �Kr=Yt lQDWt xHw u}@ CQ=QL p=kDv= uDW=O xov C@=F� =tO MQv C=Q}}eD R=
s=Hv= |QwLtxU |=yV}=tR; G}=Dv T=U=Q@ 4?trm � Qywt |Q=DiQ pOt KqY=
R=}v uwO@ xm |Qw] x@ &CU= xOW xDN=OQB x=oW}=tR; QO OtHvt l =N |wQ Q@ xOW
|oOvwWsQ�v |R=UpOt C}r@=k pOt u}= 'QDxO}J}B w QDW}@ |OwQw |=yQDt=Q=B x@
|R=UpOt QO xmv}= x@ xHwD =@ "OW=@ xDW=O =Q OtHvt l =N |Q}tNwDUq= Q=DiQ
OQwt |QwLtxU V}=tR; G}=Dv w CU= xOW pOt O=tHv= R= TB Ov}=Qi '|OOa
TB ?; sHL V}=Ri= Q}F-=D R= 'Ov=xOW VR=Q@ |OOa pOt G}=Dv Q@ ,=k}kO xO=iDU=
xOW Q_vhQY |rw@k p@=k CkO =@ OtHvt l =N |m}v=mt Q=DiQ QO O=tHv= R=

"CU=
\}=QW |Q=PoQF= R= |Q}owrH Qw_vt x@ xOW s=Hv= C}U=UL p}rLD T=U=Q@
510m � |Oa@xU OwOLt <=RH= pOt |UOvy O=a@= 'p}rLD G}=Dv QO |RQ�t
102 pw] x@ |m =N OtHvt Q=w}O xm CU= xOt; CUOx@ 236m � 100m
x@ ,=DOta =yu; |xR=Ov= w =yu=tr= pmW ?=NDv= "CU= xOW |R=UpOt u; QO QDt
=yu=tr= '|m}vmDw�S p�=Ut QO "OQ=O |oDU@ R=}vOQwt p}rLD ẁv w pOt |xUOvy
x@ =Q p}rLD pw] QO xUOvy Q}}eD |ovwoJ Ovv=wD@ xm OvwW ?=NDv= |}xvwo x@ O}=@
5|yHwVW |=yu=tr= |=Q@ OwOLt<=RH= \@=wQ |iQ] R= "Ovvm |R=UpOt |@ wN
|=Q@ Q[=L |xar=]t QO u}=Q@=v@ [44]"OvDUy QDCL=Q |Q=Okt uOW xrwtQi |=Q@
Q=R@= R= xO=iDU= =@ "CU= xO�W xO=iDU= |yHwVW |=yu=tr= R= pOt |Ov@xm@W
CU= xDi=} V}=Ri= |Q=OQ@Owo |x}L=v QO Vt |r=oJ '|Ov@uW}DQ=B w |Ov@xv=O
|xUOvy l}D=tW Q} wYD '6 pmW "OwW s=Hv= |}q=@ CkO =@ G}=Dv p}rLD =D
"Ov=xOW xO=O u=Wv sRq |=yxR=Ov= |t=tD u; QO xm 'OyO|t u=Wv =Q xar=]tOQwt
QO QDt 15 u; `=iDQ= w QDt 1 OtHvt l =N Q=w}O Ct=N[ '=yp}rLD |t=tD QO
Q=@ QU 4 R= Ov=CQ=@a |OOa p}rLD x@ \w@ Qt |=yQ}eDt "CU= xOW xDiQo Q_v

"OtHvt l =N |=Q@ pOt |OwQw |=yQDt=Q=B w X=wN "2 pwOH
=tO

�(0)
|WQ@ Ctw=kt

� E(KPa)
(0C) (KPa)

�6 QiY 4526 28 0 352 139024 2
�7 QiY 4776 16 0 344 145404 5
�8 QiY 5151 89 0 336 156967 6
�9 QiY 5292 6 0 328 161691 8
�10 QiY 5422 86 0 32 168304 7
�11 QiY 5563 0 312 174953 9

CUOx@ =yxvwtv s=tD |=Q@ xOWv |WmyR |WQ@Ctw=kt 'Ov=xOW s=Hv= xOWv|WmyR
R= pY=L |:tm G}=Dv "CU= xOW Qw_vt QiY |rN=O l =m]Y= |x} w=R w xOt;
|Oa@ VN@ QO |OOa p}rLD |OwQw |=yQDt=Q=B u=wvax@ |y=oW}=tR; |=yuwtR;

"CU= xOW xO=iDU=
ẁkw x@ Q}PBpmW CQwYx@ =y|oDN}Uo '|QwLtxU |=yV}=tR; |t=tD QO
|DL '�20 VvQm =D |QwLtxU |=yV}=tR; |xt=O= OwHw =@ xm |Qw] x@ OvDUw}B
CQwYx@ =yxvwtv QO |oDN}Uo w OWv xOy=Wt OQD |oDN}Uo R}v V}=tR; l} QO
uwU=wB C@Uv pwYL |=Q@ "OQm|t =O}B Owtv xvwtv `=iDQ= uOW x=Dwm w |oO=OsmW
u=QoWywSB |NQ@ |O=yvW}B \@=wQ R= 'xO=iDU= OQwt l =N |=Q@ hrDNt |=y=tO QO

[43w42]%CU= xOW xO=iDU= 1 |x]@=Q CQwYx@ �1993 w 1990�
� = 0 4� 0 008 jT j (1)

2 pwOH QO R}v |OOa pOt |=tO Qy |=Q@ OtHvt l =N |OwQw |=yQDt=Q=B
xO=iDU= =@ R}v OtHvt l =N |v=UWm pwOt |x@U=Lt Qw_vt x@ "CU= xOW x�=Q=
VvQm � VvD Q=Owtv |]N CtUk ?}W '|QwLtxU V}=tR; R= pY=L G}=Dv R=

"CU= xDiQo Q=Qk Q_vOt

|OOa |R=UpOt "4
Qw_vt x@ ABAQUS 6 14�3 OwOLt <=RH= Q=Ri=sQv R= Q[=L |xar=]t QO
hrDNt |=y=tO CLD u; Q=DiQ |UQQ@ w OtHvt |m =N Q=w}O |Oa@xU |R=UpOt
Kr=Yt Q=DiQ |R=Ux}@W Qw_vt x@ ?U=vt |Q=DiQ pOt ?=NDv= "CU= xOW xO=iDU=
"CU= |OOa CQwY x�@ p�=Ut pL CtUk u} QD|}=OD@= w VN@ u} QDsyt '|m =N
'xOvvmOwOLt Q=Wi '=tO x@ u;Ctw=kt w |DNU wCU= |]NQ}e OtHvt l =N Q=DiQ
xm ?U=vt |Q=DiQ pOt l} ?=NDv= "CU= xDU@=w VvQm w VvD K]U w VvQm MQv
|=y|v}@V}B Q=@Da= w CkO QO |tyt Vkv 'Ovm K} QWD =Q Kr=Yt Q=DiQ |@ wN x@
|Q=DiQ pOt uOw@ |rta w CkO u}@ pO=aD l} O}=@ xQ=wty "Ovm|t |R=@ |OOa
R= |@U=vt p=@k= xQ=wty q=@ Q=}U@ CkO =@ xO}J}B Q=}U@ |Q=DiQ pOt "OW=@ Q=QkQ@
|=yQDt=Q=B sRrDUt u; R= xO=iDU= xm =QJ "OQ=Ov u=L=Q] w u=QoWywSB Q}=U hQ]
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|R=Ux}@W w |y=oW}=tR; G}=Dv R= pY=L VvQm � VvD |=yQ=Owtv xvwtv "8 pmW
"OwOLt <=RH=

� VvD Q=Owtv w 'C@F s=o Qy QO VvD w VvQm 'pQDvm VvQm s=o x@ s=o CQwYx@
V}=tR; R= pY=L VvQm � VvD |vLvt uDiQo Q_vQO =@ "CU= xOW s}UQD VvQm
|Q=DiQ pOt |@=} RQ= x@ 'OtHvt l =N Q=w}O Kr=Yt |wQ Q@ xDiQo s=Hv= |QwLtxU
CQwY u}= x@ Q=m VwQ "CU= xOW xDN=OQB Q[=L |xar=]t QO xO=iDU= OQwt
s=Hv= |QwLtxU |=yV}=tR; \UwD xOt; CUO x@ QDt=Q=B OvJ ltm =@ xm CU=
|xOwOLt QO pwyHt |=yQDt=Q=B '=]N w |aU VwQ ltm x@ w x=oW}=tR; QO xOW
|=yQDt=Q=B =@ pOt Qy VvQm � VvD |=yQ=Owtv w u=LDt= xOWxDN=U pOt QO ?U=vt
w CU= hQ=aDtQ}e Kr=Yt l} OtHvt l =N xm |}=Hv; R= "OvwW|t sUQ hrDNt
R= V}B xm CU= QDy@ 'OvyO|t Q=Qk Q}F-=D CLD =Q V}=tR; G}=Dv |O=} R Q=}U@ \}=QW
OtHvt l =N Q=DiQ CN=vW CyH |QwLtxU |=yV}=tR; ,=a]k '|OOa |R=UpOt

"OwW s=Hv= \w@ Qt
=@ |y=oW}=tR; G}=Dv w |OOa |R=UpOt R= xOt; CUOx@ |=yQ=Owtv u=}=B QO
|y=oW}=tR; |xvwtv G}=Dv x@ QDl}ORv Q=Owtv x@ \w@ Qt |=yQDt=Q=B w xU}=kt Qo}Om}
|=yQ=Owtv '8pmW QO xvwtv u=wvax@ "Ov=xOW?=NDv= |Q=DiQ pOt |=yQDt=Q=B u=wvax@
�110C w�70C |=y=tOCLD |QwLtxUV}=tR; s=Hv= R= pY=LVvQm �VvD
ltm x@ OwOLt <=RH= VwQ R= pY=L G}=Dv w OtHvt l =N Q=w}O Kr=Yt |wQ Q@

"Ov=xOW xO=O u=Wv xOW KqY= ?trwm � Qywt |Q=DiQ pOt
?trwm � Qywt |Q=DiQ pOt 'OwW|t x_Lqt QwmPt pmW QO xm Qw]u=ty
CkO =@ =Q OtHvt |xOW|Ov@xv=OO@ |xU=t|oOvwWsQv w|]NQ}e Q=DiQ 'xOWKqY=
|R=Ux}@W G}=Dv Ck@=]t |xOvyOu=Wv Qt= u}= xm Ovm|t |R=Ux}@W |rw@k p@=k
?r=H?r]t "Ovm|tC=@F= =Q |OOa pOtG}=DvCLYwCU=|y=oW}=tR; w |OOa
|R=UpOt |=yDv= QO xvwtv OQDQ}e w Q}PBpmW |oDN}Uo sQi |DL xmCU= u}= xHwD
x@ OQD |oDN}Uo R}v |OOa pOt QO w CU= |y=oW}=tR; |=yxOy=Wt =@ j@=]t R}v

"CU= OwyWt Q}PBpmW pmWQ}}eD w OOvw}B|tv ẁkw

EL@ w G}=Dv "5
|k]vtQ}e |OO�a pOt QO p}NO |=yQDt=Q=B|t=tD|UQQ@ '|OOa |xar=]tl} QO
QO xS} w x@ Ci=} Oy=wN V}=Ri= |iQ=aDt=v Qw] x@ =yp}rLD O=OaD xm =QJ "CU=
"OvDUy Q@ u=tR =yp}rLD lDlD 'OwHwt |=y|oO}J}B p}rO x@ xm Q[=L |xar=]t
QO xm xvwou=ty "OvwW |UQQ@ Q=PoQ}F-=D w syt |=yQDt=Q=B \ki xm O�W QQkt wQ u}= R=

R= TB �90C OtHvt |m =N Q=w}O pmWQ}}eD w VvD `} RwD |wor= "7 pmW
"p=mU=Bwr}m 264 Q=@ QU CLD w QDt 8 jta =D |Q=OQ@Owo

xk@] 10 u=tDN=U Q=@ QU '(0 kPa) Q=@ QU uwO@ |=yCr=L %pt=W 'hrDNt
20 u=tDN=U Q=@ QU w (195KPa) xk@] 15 u=tDN=U Q=@ QU '(117KPa)

R= QDt 10 w 8 ' 6 '4 '2 j=ta= QO |Q=OQ@Owo Q}F-=D u}vJty "(264KPa) xk@]
xOw@ �110C =D �60C |=y=tO QO OtHvt l =N Q=w}O |=tO R}v w u}tR K]U

"CU=
s=o QO &Vv=Qo 'pw= s=o QO xm OwW|t s=Hv= s=o 7 QO |OOa pOt |R=Ux}@W
OwW|t Qw_vt |Q=OQ@Owo QDt 2 R}v '7 |r= 3 |=ys=o R= l} Qy <=R= x@ w Q=@ QU 'swO
x@ |Q=OQ@Owo s=o Qy |R=UpOt |xwLv "OvUQ|t |QDt 10 jta x@ ẁtHt QO xm
|@v=H w |Wv=Qo |wQ}v Q}F-=D 'QDt 2 jta x@ Owo hm hPL =@ xm OwW|t s=Hv= |@}DQD
VvD `} RwD |wor= w xDi=}pmWQ}}eD Q} wYD '7 pmW "OwW |FvN xOW hPL CtUk
w xk@] 20 u=tDN=U Q=@ QU p=ta= R= TB �90C |=tO QO OtHvt l =N Q=w}O QO

"OyO|t u=Wv Q=Ri=sQv \}Lt QO =Q |Q=OQ@Owo QDt 8

OwOLt <=RH= pOt |HvUCLY O}}-=D "1"4
?U=vt |=yQDt=Q=B ?=NDv= w |R=UpOt =@ 'OwOLt <=RH= pOt|HvUCLY Qw_vt x@
pY=L G}=Dv w xDN=OQB Q=Ri=sQv\UwD xr�Ut p}rLD x@ 'K}LY |RQt\}=QW p=ta= w
"CU= xOW xU}=kt pLt QO OwHwt |=y|Q}oxR=Ov= =} w xDU@ sQi |=ypL G}=Dv =@
'xar=]t OQwt \}Lt Q=DiQ |R=Ux}@W Qw_vt x@ '?U=vt |Q=DiQ pOt l} ?=NDv=
|=yQDt=Q=B Q}O=kt u=}t u}= QO "CU= |OOa VwQ x@ p�=Ut pL QO sOk u}rw=
pOt OQmrta '|vwvm VN@ QO "OQ=O |O=} R C}ty= '|Q=DiQ pOt QO xO=iDU= OQwt
|wQ Q@ |QwLtxU |=yV}=tR; G}=Dv T=U=Q@ xOWKqY= ?trwm � Qywt |Q=DiQ
"CU= xOW |@=} RQ= OtHvt l =N Q=w}O Kr=Yt Q=DiQ |R=Ux}@W QO 'OtHvt l =N
|xDi=}vs}mLD |QwLtxUV}=tR; 'OwOLt <=RH= VwQ R= xO=iDU= =@ Qw_vt u}= x@
hrDNt |xOvvmOwOLt |=yVvD w =y=tO QO OtHvt l =N |wQ Q@ xOWv |WmyR
|=Q@ V}=tR; pw] QO x@v=Hxty Q=Wi Q=Okt "OW |R=Ux}@W |Oa@xU CQwYx@
Qw_vt x@ C@=F |NQv =@ pOt |v=DLD K]U w OW xDW=O xov C@=F hrDNt |=yR=QD
l} R= 'QwmPt hOy x@ p}v |=Q@ "OW xO=O CmQL q=@ CtU x@ '|i=QLv= VvD |x�=Q=
x=oW}=tR; QO OwHwt |=yxvwtv Ovv=ty QDt|r}t 100 `=iDQ= w 50 Q]k x@ xv=wDU=
|R=UpOt Qw_vt x@ "Ow@ C3D8R Solid ẁv R= xOW xO=iDU= u=tr= ẁv "OW xO=iDU=
x@v=HxtyVvD p=ta=CyH Surface tractionl} R= '|y=oW}=tR; |RQt\}=QW
'OtHvt |=yl =N xvwtv u}@=t VRer |xOy=Wt sOa x@ xHwD =@ "OW xO=iDU= xvwtv x@
|xLiY QO w |WQ@ |=yCyH QO Fix CQwYx@ OtHvt |=yxvwtv |}=yDv= \}=QW
xvwtv �q=@� |=yDv= QO VvQm p=ta= =@ TBU "OW xDiQo Q_v QO Cap w xvwtv lQDWt
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r=]t

jta QO OtHvt l =N Q=w}O RmQt |@v=H u=mtQ}}eD QO =tO Vy=m Q}F-=D "9 pmW
"p=mU=Bwr}m 195 Q=@ QU CLD w QDt 6 |Q=iL

=D RmQt R= OtHvt l =N Q=w}O G=D |@v=H u=mtQ}}eD QO =tO Vy=m Q}F-=D "10 pmW
"QDt 6 |Q=OQ@Owo w p=mU=Bwr}m 264 Q=@ QU CLD x=ox}mD

x=ox}mD =D Q=@ QU RmQt pLt R= u=mtQ}}eD Vy=m xm OwW|t x_Lqt "CU= �18 6
|@v=H u=mtQ}}eD '=tO Vy=m =@ u}vJty "CU= u=Um} ,=@} QkD =y=tO |t=tD |=Q@
'O@=}|t Vy=m Q=w}O G=D |=yCtUk |t=tD QO Owo CtU x@ OtHvt l =N Q=w}O
`]=kt |t=tD |UQQ@ =@ "CU= QDW}@ |tm Q=w}O x=ox}mD pLt QO QwmPt Vy=m w
'|v=Um} OvwQ =@ ,=@} QkD =tO Vy=m xm OQm x_Lqt u=wD|t R}v OtHvt l =N Q=w}O
=D �60C |}=tO |xR=@ R= Q}e x@ OyO|t Vy=m =Q Owo CtU x@ |@v=H u=mtQ}}eD
|=Q@ OwHwt \}=QW Q}=U xm =QJ "CU= |QwLtxU V}=tR; G}=Dv R= |W=v xm �70C

"CU= u=Um} ,=k}kO p}rLD Qy

OtHvt l =N Q=w}O |}xR=U |Q=O}=B QO Q=@ QU Q}F-=D |UQQ@ "2"5
'CU= xOW |UQQ�@ OtHvt |m =N Q=w}O |Q=O}=B QO Q=@ QU Q}F-=D 'Q[=L |xar=]t QO
CLD p=m�U=B wr}m 264 w 195 '117 'QiY |=yQ=@ Q�U CLD pO�t xm |Qw] x@
`=iDQ= "CU= xOW xDiQo Q_v QO hrDNt |Q=OQ@Owo |=yjta w hrDNt |=y=tO
'11 pmW "CU= xDiQo Q=Qk Q_vOt QDt 1 u; Ct=N[ w QDt 15 OtHvt l =N Q=w}O
QO =Q ��960C |=tO QO� OtHvt l =N Q=w}O |@v=H u=mtQ}}eD QO Q=@ QU `=wv= Q}F-=D
QwmPt pmW j@=]t "OyO|t u=Wv QDt 6 |Q=OQ@Owo w Q=w}O RmQt |=Q@ `=iDQ= p@=kt

Q[=L Q=DWwv QO xm '|m =N OtHvt Q=w}O |Q=O}=B QO QF-wt pt=wa 'OW xQ=W= 4 VN@
Q}F-=D 'OtHvt l =N Q=w}O |=tO %R= Ov=CQ=@a 'Ov=xOW xar=]t l} QDt=Q=B CQwYx@
QO u}tR K]U Q@ `k=w |=yxR=U uRw R= |W=v Q=@ QU w |Q=OQ@Owo hrDNt j=ta=
\UwD OwOLt <=RH= |Oa@xU p}rLD 24 'hOy u}= x@ p}v |=Q@ "|Q=OQ@Owo CQw=Ht
xOW xDN=OQB =yQDt=Q=B lDlD Q}F-=D |UQQ@ x@ 'xt=O= QO xm &OW s=Hv= QwmPt Q=Ri=sQv

"CU=

OtHvt l =N Q=w}O |}xR=U |Q=O}=B QO =tO Vy=m Q}F-=D |UQQ@ "1"5
Q=_Dv= '=tO Vy=m QF= QO OtHvt l =N |WQ@ Ctw=kt xHwD p@=k V}=Ri= x@ xHwD =@
"OW=@ xDW=O |OOa pOt p}rLD G�}=Dv QO |}x_Lqt p@=k Q}F-=D =tO pt=a OwQ|t
QO ?}DQD x@ OtHvt l =N Q=w}O |@v=H u=mtQ}}eD QO =Q =tO Vy=m Q}F-=D '9 pm�W
j@=]t "O�yO|t u=Wv |Q=OQ@Owo QDt 6 R= TB w p=mU=B wr}m 195 Q=@ QU O=ODt=
15 jta� OtHvt l =N Q=w�}O hm R=QD R= '|OOa p}rLD R= xO�t; CUOx@ G�}=Dv
xDW=Ov Q=w�}O |@v=H u=mtQ}}eD QO |Q}F-=D =tO Vy=m 'Q=w}O |QDt 9 `=iDQ= =D �|QDt
QO xm |}=Hv; R= w CU= QwmPt `=iDQ= =D sw=kt |xk]vt OwHw u; p}rO xm CU=
|xR=H= 'CU= |i=m uwiOt jta w OwHwt OtHvtQ}e l =N 'Q=w}O CtU wO Qy
wQ u�}= R= "CU= xOWv xO=O Q=w}O hm =D R=QD u}= R= OtHvt l =N Q=w}O u=mtQ}}eD
|QDt 15 =�D |QDt 6 `=iDQ= R= OtHvt l =N Q=w}O |@v=H u=mtQ}}eD '9 pm�W QO
3 jta� Q=w}O |QDt 12 `=iDQ= QO 'Q}N= pm�W j@=]t "C�U= xO�W xO=O V}=tv
�16 2 Vy=m x@ QHvt �110C =D �60C R= =tO Vy=m '�u�}tR K]U |QDt

"C�U= xOW OtHvt l =N Q=w}O |@v=H u=mtQ}}eD
=D �60C R= =tO Vy=m '�u�}tR K]U� Q=w}O |QDt 15 `=iDQ= QO u}vJty
Owo CtU x�@ OtHvt l =N Q=w}O |@v=H u=mtQ}}eD xm CU= xOW Ea=@ �110C
MQv '|QDt 12 =D 9 jta R= xm CU= x_Lqt p@=k "O@=} Vy=m �17 7 OwOL
|xy@H OwHw Qt= u}= p}rO "CU= xO}UQ OwN OL u} QDW}@ x@ u=mtQ}}eD V}=Ri=
|xR=H= |QDt 9 R=QD =D xm CU= sw=kt |@v=H |wQ}v OwHw u; ?k=aDt w sw=kt
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|=yQDt=Q=B 'OtHvt l =N Q=w}O |=tO x@ C@Uv |Q=OQ@Owo jta w Q=@ QU COW xm

"OvDUy OtHvt l =N Q=w}O |Q=O}=B QO |QDQ=PoQ}F-=D

Q=w}O xm =vat u=O@ "CU= OtHvt l =N Q=w}O x@ VtN p=ta= R= u=Wv xm 'OvUQ|t
xOQmv x@ QHD =Q xvwo?rY u=QwO =} w |ki= |}=Hx@=H 'Q=@ QU CLD OtHvt l =N
x@ |OOa pOt QO xm xJv; Ovv=ty &CU= xOW |}xR=U pmWQ}}eD Q=JO xmr@ 'CU=

"CU= xDUw}B ẁkw
?=@L CQwYx@ u=mtQ}}eD `} RwD |x}[Qi xm OyO|t u=Wv 16 pmW u}vJty
|=yQwDv=m QO xOWO=H}= |=y?=@L w CU= K}LY =yxOwr=W w =yQ=@ QU Q} R QO
=y|Q}oxR=Ov= wG}=Dv "CU= xOy=Wtp@=k Kw[w x@ QwmPtpmW QO xOW x�=Q= u=mtQ}}eD
R= TB� QDt 1 OwOL QO nQR@ Q=}U@ |@v=H |=yu=mtQ}}eD QO |DL xm OvO=O u=Wv
|Q}PBpmW Qw] x@ w OwW|tv xDN}Uo OQD CQwYx@ OtHvt l =N Q=w}O '�|O=a@= R}r=v;
p}rLD CQwY QO xmCU= u; xOt;CUOx@ |xH}DvC@Ft |x@vH "OyO|t pmWQ}}eD
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ẁkw xm CU= u; QwmPt |xDi=} xHwD p@=k |xDmv "O=O Oy=wNv MQ OtHvt l =N

uwQO sy w CUOq=@ QO sy �|oDN}Uo ẁkw uwO@ |DL� nQR@ |=yu=mtQ}}eD
l =N Q=w}O R= xO=iDU= CQwY QO wQ u}= R= "OQm Oy=wN |Q=OQ@xQy@ p@=kQ}e =Q Owo
=yOv@CWB =} =yQ=yt R= OwW|t O=yvW}B �QDt 1 OwOL QO� sm Ct=N[ x@ OtHvt
uOw@ `} QU w xiQY x@ uwQkt u; Cra xm "OwW xO=iDU= Q=w}O u=mtQ}}eD pQDvm CyH
�QDt 3 OwOL |=yCt=N[ =D� s}N[ OtHvt l =N |=yQ=w}O CN=U p@=kt QO
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=@� h} Q_ OtHvt l =N |=yQ=w}O u=wD|t 'OW=@ xDW=Ov OwHw =[i C}OwOLt xm
OwW|t O=yvW}B xm OQm |L=Q] w p}rLD |Uwk CQwYx@ =Q �QDt 1 OwOL Ct=N[

"OQ}o Q=Qk Q_vOt |D; C=ar=]t |=Q@ OQwt u}=

|Q}oxH}Dv "6
jta� |Q=OQ@Owo jta w Q=@ QU COW 'OtHvt l =N |=tO Q}F-=D 'Q[=L |xar=]t QO
C=YNWt w KQ]|xUOvy "CU= xOW|UQQ@ OtHvt|m =N Q=w}O |Q=O}=B QO �uwiOt
|OQwt |xar=]t T=U=Q@ xO=iDU= OQwt OtHvt l =N w OtHvtQ}e l =N |m}v=mt
QO '|OOa |R=UpOt Qw_vt x@ "CU= xOW |R=Ux}@W R} Q@D |QyW Q=]k 2 \N
"CU= xOW xO=iDU= Twm =@; OwOLt <=RH= Q=Ri=sQv R= Q[=L |xar=]t pL=Qt |t=tD
pY=L |m}v=mt |=yQDt=Q=B uOQw;CUOx@ R=TB 'OtHvtQ}e l =N |R=UpOt |=Q@
R= '=yxv=to R= xOW p=YLDU= |=yxvwtv |wQ Q@ |y=oW}=tR; |=yuwtR; s=Hv= R=
Kr=Yt l} OtHvt l =N xm |}=Hv; R= "OW xO=iDU= ?trwm � Qywt |Q=DiQ pOt
\}=QW uDiQoQ_vQO =@ 'OQ=Ov OwHw u; |=Q@ |@U=vt |Q=DiQ pOt w CU= hQ=aDt=v
|@v=H Q=Wi w pNrND C@Uv 'C@ w]Q u=R}t 'OL=w uRw R= sa=� x=oCN=U |ak=w
s=Hv= OtHvt l =N |=yxvwtv |wQ Q@ |QwLtxU |Q=Wi V}=tR; 60 Q@ dr=@ �l =N

=yCWwv=B
1. barcelona basic model

2. peak
3. residual
4. Mohr-Coulomb
5. Hex-dominated
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