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�p = �max(A1e(�LnA1)Is) (23)

"Ov};|t CUOx@ uw}U=Q@}r=m R= xO=iDU= =@ 'X=N |xU=t l} |=Q@ A1 C@=F Q=Okt
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x@ C@Uv 18 |xrO=at |=}=Rt R= |m} "CU= pOt C@=F A1 '18 |xrO=at QO
C@=F l} |=Q=O '17 w 16 CqO=at hqNQ@ xm CU= u}= QO |r@k CqO=at
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RSR! 1 ) �p ! �max (19)
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xOWv|WmyR Cr=L QO u}ov=}t QF-wt VvD p@=kt QO pNrND C@Uv Q=Owtv "13 pmW
=@ xOWKqY= |=ypOt |=y|v}@V}B |xU}=kt |=Q@ Toyoura |xU=t |wQ

"xOW |Q}oxR=Ov= |=yxO=O

"p )W |}xU=t |=yxvwtv |=Q@ |QwLt VvQm p@=ktQO |WQ@ VvD Q=Owtv "14 pmW

"sm =QDt|}xU=t |=yxvwtv |=Q@ |QwLtVvQm p@=ktQO|WQ@VvD Q=Owtv "15 pmW

|=yxO=O |xU}=kt |=Q@ '|QwLt VvQm p@=kt QO |WQ@ VvD Q=Owtv "8 pmW
|xU=t |=Q@� xOWKqY= |=ypOt \UwD xOW|v}@V}B |=yxO=O =@ x=oW}=tR;

"�0 833 |x}rw= pNrND C@Uv =@ Toyoura

|=yxO=O |xU}=kt |=Q@ 'QF-wt *u}ov=}t VvD p@=kt QO |WQ@ VvD Q=Owtv "9 pmW
Toyoura|xU=t|=Q@� xOWKqY=|=ypOt =@ xOW|v}@V}B|=yxO=O =@ x=oW}=tR;

"�0 735 |x}rw= pNrND C@Uv =@

|=yxO=O |xU}=kt |=Q@ '|QwLt VvQm p@=kt QO |WQ@ VvD Q=Owtv "10 pmW
Toyoura|xU=t|=Q@� xOWKqY=|=ypOt =@ xOW|v}@V}B|=yxO=O =@ x=oW}=tR;

"�0 735 |x}rw= pNrND C@Uv =@

|=yxO=O |xU}=kt |=Q@ 'QFwt *u}ov=}t VvD p@=ktQO |WQ@ VvD Q=Owtv "11 pmW
Toyoura|xU=t|=Q@� xOWKqY=|=ypOt =@ xOW|v}@V}B|=yxO=O =@ x=oW}=tR;

"�0 907 |x}rw= pNrND C@Uv =@
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"""K
qY

=QO
hrD

Nt
Cr=

L|
=yQD

t=Q=B
QF=|

UQQ
@umtt hrDNt Cr=L |=yQDt=Q=B \UwD pOt KqY= "CU= Q}PB=v?=vDH= Cr=L

sy x@ Q=}U@ hrDNt C=LqY= \UwD xOWx�=Q= |=y|v}@V}B |rm Cr=LQO "CU=
sm =QDt |=yl =N Q=DiQ |v}@V}B QO  QDt=Q=B =@ xOWKqY= pOt =t= 'OvDUy l}ORv
QO RSR =@ xOWKqY= pOt Qo}O hQ] R="Ovm|t pta Qo}O C=LqY= R= QDy@
=@ xOW|v}@V}B Q}O=kt w OyO|t x�=Q= =Q |QD?U=vt |=y|v}@V}B p )W |=yl =N
Qo}O KqY= wO =@ |v}@V}B Q}O=kt u}@ ,qwtat Is =@ xOWKqY= pOt R= xO=iDU=

"OvQ=O Q=Qk
'|y=oW}=tR; |=yxO=O =@ w sy =@ xOWs=Hv= |=y|v}@V}B |xU}=kt R= 'C}=yvQO
RSR Cr=L QDt=Q=B \UwD xDiQo CQwY KqY= xm OQm |Ov@`tH u}vJ u=wD|t
C}LHQ= Qo}O Cr=L QDt=Q=B wO \UwD xOWs=Hv= C=LqY= x@ C@Uv |D=yH R=
Q}O=kt 'KqY= hrDNt |=yVwQ R= xOW|v}@V}B Q}O=kt |m}ORv seQ|ra "OQ=O
pNrND C@Uv xm p )W |=yxvwtv QO RSR =@ xOWKqY= pOt \UwD xOW|v}@V}B
xm |}x]@=Q u}vJty "CU= l}ORv xOW|Q}oxR=Ov= Q}O=kt x@ Q=}U@ 'OvQ=O |}q=@
xm|r=L QO OQ=O QDt=Q=B l} \ki 'OW x�=Q= �p |=Q@ RSR =@ pOt KqY= QO
R=}v uw}U=Q@}r=m s=ovy QO QDt=Q=B wO x@  =@ pOt KqY= QO xOWx�=Q= |x]@=Q

"OQ=O
R= uw}U=Q@}r=m OvwQ QO =yu; u}}aD CrwyU w pOt |=yQDt=Q=B O=OaD uOw@sm

"Ovm|t QD?=PH |OQ@ Q=m p�=Ut QO =Q pOt R= xO=iDU= xm CU= |}=}=Rt

|xOW|v}@V}B |=y|vLvt =t= "Ov=xDiQo Q=Qk jwi |v}@V}B wO u}@ 'Is KqY=
sy Q@ ,=@} QkD KqY= Cr=L xU Qy QO '=yxvwtv u}= |=Q@ '|QwLt VvQm� |WQ@ VvD
x@ xm |WvQm Q=Okt `k=wQO |va} "OvQ}o|t Q=Qk |Q}oxR=Ov= |=yxO=O |q=@ w Ov=j@]vt
xm CU= |ak=w VvQm Q=Okt R= QDtm OwW|t |v}@V}B X=N |WQ@ VvD l} <=R=
R= VvD K]U V}=Ri= =@ R}v =Hv}= QO "Ov=xOW xOy=Wt |y=oW}=tR; |=yxO=O \UwD
|rw "OwW|t xDU=m |y=oW}=tR; |=yxO=O =@ xOW|v}@V}B |=yxO=O j=@]v= u=R}t
Cr=L C}a[w QO =y|vLvt |}=yv Q=Okt 'j=@]v= sOa u}= seQ|ra xDiQsy|wQ
|=yQ=Owtv QO xD@r= "OvQ=O =Q sRq j=@]v= |y=oW}=tR; |=yxO=O =@ ,=@} QkD |t�=O
xOy=Wt �15 w 14 |=ypmW� xOW|WmyR Cr=L QO |QwLt VvQm� |WQ@ VvD
|=yxO=O =@ ,=k}kO xOW|v}@V}B |=y|vLvt Q}Ut OQ=wt R= |}xQ=B QO xm OwW|t
\}=QW =@ xOW|WmyR |xvwtv x@ \w@ Qt Q=Owtv ,qFt� OQ=O j=@]v= xOW|Q}oxR=Ov=

"�15 pmW QO e0 = 0 831 w p00 = 98 KPa |x}rw=

|Q}oxH}Dv
Q=DiQ |v}@V}B x@ QO=k l =N Cr=L uDiQoQ_vQO sOa x@ xHwD =@ |rY= pOt
QDt=Q=B R= xO=iDU= 'pmWt u}= `iQ |=Q@ "CU}v u=tRsy Qw]x@ |a=UD= w |[=@kv=

CWwv=B
1. critical state
2. bounding surface
3. cap
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Abstract
Laboratory equipment is progressing, alongside advance-
ments in technology, day by day. Along with these ad-
vancements in laboratory studies, the requirement to
provide an appropriate model which can accurately pre-
dict soil behavior is felt more than at any other time.
A great advancement was evolved in soil engineering
by introducing the critical and steady state concept to
geotechnical problems. This evolution was accompanied
by an introduction to constitutive models in a critical
state framework. In spite of successful predictions for
clayey soil behavior, presented models failed to repre-
sent the behavior of granular soils. This weakness was
signi�cantly compensated for by introducing the con-
cept of a state parameter in laboratory �ndings, and
also by proposing the use of this parameter in constitu-

tive models. In this paper, the e�ect of di�erent state
parameters on the improvement of model predictions has
been shown by modifying an elasto-plastic model from
the family of bounding surface models.
For this purpose, the model of Manzari (1994) has been
chosen. This model, which was developed in a bounding
surface framework, is one of the elastoplastic constitu-
tive models developed to predict sand behavior. The
critical state concept was ignored by this model. In
other words, the model of Manzari (1994) does not in-
volve the concept of critical state and state parameters.
Accordingly, this model predicts soil behavior without
considering the current conditions of the sand, such as
void ratio and mean e�ective stress. As a result, the
model must be recalibrated when the state of the soil
changes. In this paper, it has been attempted to modify
the original model by adding di�erent state parameters
to it, in order to assess the e�ects of these parameters
on the constitutive model predictions "Several state pa-
rameters have been introduced by some investigators,
but there are three common ones used widely in a large
number of papers. These state parameters ( ,Is , RSR),
in three di�erent ways, were added to the main model
formulation, and the capabilities of the modi�ed model
were evaluated by the results of laboratory data on Toy-
oura sand.

Key Words: state parameter, constitutive model, bound-
ing surface.
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