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Abstract: Systematically grouted bolts, as the main support structure of deep-buried hard rock tunnels, compose
the bolt-rock composite structure with surrounding rocks, which reinforces the mechanical property of surrounding
rocks. Based on the Mohr-Coulomb(M-C) criterion, the stress condition and the strength of the composite
structure meeting the M-C criterion were derived under high-stress conditions. Combining with the rock mass
deterioration model(RDM) of brittle rock, an approach to determine the mechanical parameters of the composite
structure was presented. The difference of mechanical parameters between two different composite structures of
bolt-elastic surrounding rock and bolt-yielding surrounding rock was taken into account. In this approach, the
mechanical parameters of the bolt-yielding surrounding rock composite structure were associated with present
equivalent plastic strain of surrounding rocks. A numerical method, which could model the reinforcing effect of
normally grouted bolts laid out systematically during excavating and supporting stages, was proposed. It is
identified that this method has an advantage over other methods in modeling the effect of supporting time on
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surrounding rock stability. Finally, the method was applied to evaluate the stability of surrounding rocks, and

related references were provided for design and construction of the diversion tunnel #2 of Jinping II hydropower

station.

Key words: tunneling engineering; deep-buried tunnels; bolt; rock mass deterioration model(RDM); failure

approach index; equivalent plastic strain
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Fig.1 Failure modes of surrounding rocks under condition

of deep-buried hard rock
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Fig.2 Basic idea for study of reinforcing mechanism and
simulating method for reinforcing effects of
systematically grouted bolts in deep-buried

hard rock tunnels
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Fig.5 Strength envelopes of bolt-surrounding rock

composite structures
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Fig.6  Sketch of tunnel excavation and support
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compression strength of surrounding rock before and

after reinforcement and density of bolts
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