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Global Behavior Analyses of Rock Mass Structures with Defects
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Abstract

The objective of this study is to develop a damage model based on damage mechanics that can be
used to analyze the mechanical behavior of structures with defects and the global behavior of damaged
structures. A modified second order damage tensor that can be applied to finite element analysis is used
to reflect the effect of damage. The damage stress computed from the effective stress is considered as
an additional loading term acting on nodes and can represent the effect of crack surface. The accuracy
of the proposed algorithm is verified by comparing the analysis results with the experimental data from
other studies and the analysis results based on transverse isotropic theory. The developed damage
model is applied to the analyses of structures with cracks under linear elastic condition. Numerical
results show that the developed model can effectively analyze the global behavior of damaged structures.
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Fig. 1 Transformation from damaged state to undamaged state
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Fig. 2 Intrinsic cell element
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Fig. 3 Flowchart of finite element analysis algorithm for damaged structure
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Table 1 Material properties of specimens
Unit: mm

Plaster mortar

Cement mortar

Elastic modulus E (t/m?)

113,190

1,429,650

Poisson’s ratio v

0.17

0.125
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Fig. 4 Specimen under
uniaxial loading
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Fig. 5 Comparison of normalized Young's modulus by experiments and damage analysis
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Fig. 6 Cracked body and transversely isotropic body under uniaxial compression
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Fig. 7 Comparison of normalized displacements by anisotropic theory and damage analysis
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Fig. 8 Rock mass configuration after excavation
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Fig. 11 Deformed shapes of tunnel lining
Fig. 12 Comparison of principal stress distribution in undamaged and damaged states
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