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Numerical analysis of tunnel excavation
considering rock dilatancy dependent on the effective confining pressure.

Masaru SATO, Taisei Corporation
Shigeru ITHOSHI, -Taisei Corporation

Abstract

The authors have found that rock dilatancy is dependent on the effective confining pressure
(i.e. the difference between confining and pore pressures), based on the theoretical and
experimental studies. This behavior should be incorporated in the constitutive model. A coupling
analysis, which solves rock deformation and pore water flow simultaneously, is considered to be
an effective tool to examine the stability of underground opennings excavated in water-saturated
rock. In this paper, constitutive equations which incorporate the dilatancy behavior dependent
on the effective confining pressure are proposed. The coupling analyses are carried out on the
stability of tunnels excavated in a saturated rock to understand the rock behavior caused by
the interaction between dilatancy and pore water pressure. The results are summerized as shown;

i) The dilatancy resulted from stress concentration around the tunnel significantly affects
the deformation of rock as well as the distribution of pore water pressure.

ii) Rock stability can be improved by the supports which increase the effective confining
pressure as a result of appling the confining pressure to the rock wall.

iii) Low-permeable supports cause the increase of pore water pressure in the rock around the
tunnel. This induced pore pressure decreases the effective confining pressure and hence, can
result in instability of the rock behind the supports
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