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Analysis of stability of tunnel and roadway during excavating based on
deformation reinforcement theory

1 P 1 2 . 1
LIU Yao-ru, CUI Zhi-xiong, ZHANG Li", YANG Qiang
(1. State Key Laboratory of Hydroscience and Hydraulic Engineering, Tsinghua University, Beijing 100084, China;
2. Department of Electronics and Information Engineering, Handan Polytechnic College, Handan, Hebei 056001, China)

Abstract: The traditional method which focuses on displacement, stress and yield zone has some difficulties in stability and
reinforcement analysis during excavation in underground engineering. The deformation reinforcement theory mainly discusses the
optimal reinforcement force required by the structure to keep stable when it bears load which is beyond the limits of the load bearing
capacity. It notes that for the structure under the action of a given load, the area where unbalanced forces exist is the location of initial
failure occurs; structure under a given load reinforcement force always tends to minimize the reinforcement force and maximize
self-bearing. The whole stability can be judged by plastic complementary energy norm quantitatively. Two important concepts of
deformation reinforcement theory, unbalanced force and plastic complementary energy norm, are deducted and illustrated based on
3D nonlinear finite element method. Through two typical examples of tunnel and roadway in deep rock, the distribution of
unbalanced force and the plastic complementary energy norm of surrounding rock before and after the reinforcement have been
analyzed. The results show that the reinforcement of the surrounding rock can improve the strength and the bearing capacity, and the
deformation reinforcement theory based on nonlinear calculation is effective for analyzing stability and reinforcement of underground
structures.
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Fig.1 Elastoplastic stress adjustment
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Fig.2 Elastoplastic solution in vector space
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Fig.3 Finite element meshes of tunnel
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Fig.4 The distribution of unbalanced
force before excavation
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Fig.5 The distribution of unbalanced force after
excavation (no support)
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Fig.6 The distribution of unbalanced force before
excavation (bolt and shotcrete)
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Fig.7 The distribution of unbalanced force before
excavation (bolt, shotcrete and liner)
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Fig.8 Finite element model of roadway
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Fig.9 Yield zone of rock before excavation
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Fig.10 The distribution of unbalanced force after
excavation (no support)
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Fig.11 Plastic complementary energy after
excavation (no support)
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Fig.12 Yield zone after excavation (no support)
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Fig.13 The distribution of unbalanced force after
excavation (with support)
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Fig.14 Yield zone after excavation (with support)
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