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Elastoplastic solution of deep buried tunnel considering strain-softening
characteristics based on GZZ strength criterion

XIA Caichu', XU Chen', LIU Yupeng®, HAN Changling®
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China;
2. CCCC First Highway Consultants Co., Ltd., Xi'an, Shaanxi 710075, China)

Abstract: An approach for simulating the nonlinear response of surrounding rock was employed to analyze the
excavation of circular tunnels in strain-softening rock masses. The proposed procedure was implemented in a
finite element code based on the classical theory of plasticity in which the three-dimensional nonlinear Hoek-
Brown strength criterion(GZZ strength criterion) is employed. This criterion not only inherits the advantages of
the two-dimensional Hoek-Brown strength criterion but also can take account of the influence of the intermediate
principal stress. The stress, strain, displacement and plastic zone in surrounding rock were solved with the
numerical method according to the classical elastic-plastic theory. The traditional two-dimensional Hoek-Brown
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strength criterion was found to underestimate the deformation of surrounding rock. The calculated radii of plastic
zone and softening zone in surrounding rock and the maximum strain in tunnel wall with GZZ strength criterion
are much larger than those calculated with the traditional two-dimensional Hoek-Brown strength criterion. The
maximum circumferential stress is located at the elastic-plastic boundary. The gradient of circumferential stress in
the plastic zone is sharply changed, which shows the transition from the softening region to the residual region. In
the softening region, the radial and circumferential strains in surrounding rock are relatively small. In the residual
region, the stresses are relatively small, but the strains can reach scores of times of those in the softening region.
The strain-softening behavior of rock masses reduces the ground stress near the tunnel wall in the plastic zone, but
the tunnel deformation was greatly increased at the same time. When the internal supporting pressure is small, the
deformation in the surrounding rock may increase scores of times due to the effect of strain-softening behavior.
Similarly, under the same convergence deformation, the internal supporting pressure may increase scores of times
due to the effect of strain-softening behavior. Therefore, the strain-softening behavior of the surrounding rock is
the key to the large deformation of tunnel in the high stress area. It is critical to consider properly the
strain-softening behavior of the surrounding rock in the design and calculation of the tunnel supporting structure.

Key words: tunnelling engineering; deep buried tunnel; GZZ strength criterion; strain-softening behaviour; finite

difference method; large deformation of tunnel
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Fig.7 Stress curves with different GSI™
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Table 3 Mechanical parameters of surrounding rocks
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