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"�OvDUy QDt x@ =yxR=Ov=� pvwD |xUOvy "8 pmW

Q=Okt x@ C@Uv |m} Ci= COW x@ xHwD =@ xm CUv=O x@=Wt =Q sr w mr QDt=Q=B QF=
u=Wv |Qo}O x@ C@Uv =Q |QDW}@ =} QDtm QF= Ov=wD|t =yu; R= s=Om Qy 'OwN l}B
[14]u=Q=mty w Crowder |Q}oxH}Dv 'xOt;CUOx@ G}=Dv x@ xHwD =@ u}=Q@=v@ "OyO
|oDN}Uo |x}L=v Ct=N[ V}=Ri= QO sr Vy=m Q}F-=D sOa Q@ |v@t �2006�

"CU}v K}LY

|@U= pav pvwD l} |UQQ@ "3
Q=Wi CQwYx@ |Q=PoQ=@ w |}xQ}=O pvwD xm Ow@ u}= Q@ ZQi |r@k VN@ QO
Q}e |a]kt |=Q=O 'uy;x=Q w x=Q |=ypvwD R= |Q=}U@ 'pta QO "OW=@ |m}D=DU=wQO}y
l} '|OOa |=yp}rLD G}=Dv QO xOvvmW Q=DiQ Q}F-=D 'VN@ u}= QO "OvDUy |}xQ}=O

"CU= xOW xDiQo Q_v QO |@U= pav `]kt =@ pvwD
=yu; R= |m} xm CU= xOW xO=iDU= CNU nvUxOwD ẁv wO 'xar=]t u}= QO
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Abstract
Estimation of stress and deformation in rock mass around
deep tunnels is of great concern in geotechnical engi-
neering, rock mechanics and mining engineering. Due
to large stresses in these tunnels, the surrounding rock
mass may experience failure in some points. Hence, in
these tunnels, the failure process is of great importance.
There are di�erent rheological models to simulate the
failure behavior of rocks, including perfect plastic, strain
softening and brittle models. Since many rocks in nature
are hard, with brittle behavior, it is required to select
a suitable mechanical model for simulating such behav-
ior. In this research, the post-peak behavior of hard
rocks is studied using the numerical methods of FEM
and FDM, with Phase2 and FLAC codes. The e�ect
of brittle behavior is evaluated on deformation and the
extent of the plastic zone in deep tunnels excavated in
hard rock. Then, these results are compared with those
obtained based on perfect plastic assumption. Due to
the fact that the rock strength after failure decreases to
a residual level, di�erent residual values are considered,
in order to show the importance of selecting the correct
residual parameters. Firstly, a circular tunnel is ana-
lyzed by both numerical and closed form methods and
the obtained stresses and displacements are compared.
In addition to tunnel wall deformation, the radius of
the plastic zone is evaluated. In this circular tunnel,
deformation of the tunnel wall with brittle assumption
is obtained twice greater than the results based on per-
fect plastic assumption. This ratio is decreased at higher
radial distances. Moreover, radial stresses in brittle con-
dition are lower than values obtained in perfect plastic
condition. Also, tangential stresses in the yielded zone
are lower than those stresses in the elastic region, be-
cause of stress redistribution. In this paper, a paramet-
ric study is accomplished on a horse-shoe tunnel, with
both Mohr-Coulomb and Hoek-Brown failure envelopes.

The rock is assumed homogenous and isotropic with a
non-associated 
ow rule. The Cai et. al. approach was
adopted to estimate the peak and residual strength val-
ues of the rock mass. The importance of selecting correct
residual strength is again presented. This study illus-
trates that numerical and closed form methods submit

132

the same results in perfect plastic assumption, but dif-
ferent results in brittle assumption. Speci�cally, the ob-
tained deformations and plastic zone are highly depen-
dent on post-peak residual parameters. The strain soft-
ening behavior, as an intermediate condition between
perfect plastic and brittle conditions, was considered as
well. In this research, it was observed that the available
numerical codes usually exhibit non-symmetric results in
very low residual parameters, even for symmetric load-
ing. This can be attributed to the weak points of these
numerical codes.

Key Words: Deep tunnel, brittle behaviour, hard rock,
PHASE2, FLAC.




