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(50) LIMITING EQUILIBRIUM FOR A DISCONTINUOUS
ROCK MASS AROUND A CIRCULAR TUNNEL
by

Masao NISHIMURA
and
Seiji EBISU

Technical Research Institute
OKUMURA CORPORATION

A rock mass mostly contains discontinuities, such as faults, joints,
cracks, and beddings, which have developed through geological activities,
mining operations or construction works. The mechanical behavior of a rock
mass, affected by these discontinuities, should be analyzed in another way
unlike isotropic soil. There are four different failure modes for a rock
mass with discontinuities, depending whether the failure is caused by ten-
sile stress or shear stress, and whether the failure occurs along by the
discontinuities or across them. The purpose of this paper is to clarify
the mechanical effects on a rock mass, of parallel plane joints in the
rock mass around a circular tunnel, the axis of which is aligned parallel
to the strike of the joints.

The assumptions for analyses are i) a rock mass is composed of intact
rock blocks and joints, ii) the strength of the joints is far below in
comparison with that of intact rock blocks, and iii) the behavior of joints
obeys the linear Mohr-Coulomb failure criterion. The failure conditions
of a rock mass, therefore, are based on the mechanical properties of the
Jjoints and the orientation of the stress field.

Since stress analyses are exceptionally complicated due to stress
discontinuity which takes place in joints, a theory of limiting equilibrium
is employed to simplify them by assuming that joint spaces are infinites-
imal and that calculation for rock stresses is based on the condition that
a rock mass is elastic, continuous, homogeneous and isotropic.

The factors which govern instable zones satisfying the failure crite-
rion are both vertical and horizontal in situ rock stresses, po, kpo,
internal pressure equivalent to the supporting pressure, pi, inclination
angle of joints, ¢, and strength constants of joints, cj, 4j. Variations
of instable zones are illustrated for nondimensional parameters, k, pi/pe,
Yy cj/po, and d4j.

The results of this study, for example, help us make decision in
selecting locations effective for rock bolt installation. These are also
helpful as a practical standard when applled to design and support for
underground excavations.
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