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Modeling of strain-softening and analysis of a lining for circular tunnel

WANG Shui-lin, WU Zhen-jun, LI Chun-guang, TANG Hua
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: In geotechnical engineering, many types of rock masses behave in a strain-softening way. It is not easy to get the closed
form solution when strength parameters change in the strain-softening process. Literature review shows that the strain-softening
problem has not been sufficiently analyzed within the framework of the classical theory of elastoplasticity. Based on the
characteristics of strain-softening material in which the strength parameters change while the plastic strain increases, a new method
for solving strain-softening problems is proposed. In the proposed numerical scheme, stress-strain curve in the strain-softening stage
is approximated in a stepwise way; and the processes of the strain-softening is simplified as a series of stress drop and plastic flow
during the increase of plastic strain. Therefore, modeling a strain-softening problem becomes a series of brittle-plastic analysis. The
approach is employed to examine the circular opening excavation in a homogeneous and isotropic rock mass subjected to a
hydrostatic in situ stress. The effect of lining on the plastic region and deformation in the surrounding rock mass is analyzed; and the
influence of strain-softening behaviour is also discussed. Numerical results indicate that it is unsafe to ignore the strength decrease
when tunnel excavation and liner installation are carried out in the strain-softening rock mass.
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Fig.1 Idealized stress-strain curves with different post
failure behavior
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Fig.3 A circular opening in an infinite rock mass
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Table 3 The behavior of lined circular tunnel with
different displacement release rates (perfectly plastic model)
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RO R R :7 ; pMPa o /MPa
0.0 1.38 1.19 3.42 514
0.1 1.50 1.22 2.89 433
0.2 1.63 1.26 2.39 359
0.3 1.79 1.30 1.95 292
0.4 1.96 1.34 1.54 232
0.5 2.15 1.38 1.19 17.8
0.6 2.36 1.43 0.87 13.1
0.7 2.59 1.47 0.61 9.0
0.8 2.83 1.52 0.37 5.6
0.9 3.09 1.57 0.17 2.5
1.0 3.35 1.61 0.0 0.0
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Table 4 The behavior of lined circular tunnel with
different displacement release rates (strain-softening model)
uk r

IRz &S E 7: p1/MPa o /MPa
0.0 1.54 1.22 3.82 57.3
0.1 1.70 1.27 3.40 51.0
0.2 1.89 1.31 3.03 45.5
0.3 2.10 1.36 2.71 40.7
0.4 2.32 1.41 2.43 36.5
0.5 2.56 1.45 2.19 32.8
0.6 2.80 1.50 1.96 294
0.7 3.05 1.55 1.76 264
0.8 3.31 1.59 1.57 23.6
0.9 3.58 1.64 1.41 21.1
1.0 3.86 1.68 1.26 18.9
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