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Abstract: As the depth of underground engineering construction increases, the geostress increases gradually. Large
deformation and instability of surrounding rock due to stress concentration and rapid energy accumulation in deep
geological areas have become increasingly prevalent. With limited yielding capacity, conventional yielding anchor
bolts/cables fail to meet the pressure-relief and energy-absorption requirements of high-stress large-deformation
surrounding rock, leading to frequent fracture failures. Although high-position constant-resistance yielding support

structures can accommodate large deformations, they have low initial yielding sensitivity and delayed deformation
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responses. To address these issues, this paper proposed a prestressed gradient resistance-increasing yielding anchor
bolt/cable support method. By combining multi-level yielding startup load components, this method achieves
efficient pressure relief through “low-medium-high” gradient resistance enhancement. Through theoretical analysis,
numerical simulation, and engineering applications, the mechanical characteristics of gradient resistance-increasing
yielding components were investigated by comparing the yielding effects and stress evolution trends of different
yielding components. The results demonstrated significant differences in startup and termination load among single-
bubble yielding components with varying dimensions. The orthogonal test revealed the following sensitivity ranking
of influencing factors on component performance: thickness > inner diameter > height > outer-to-middle drum
diameter ratio. Comparative analysis shows that gradient resistance-increasing yielding components outperform
constant-resistance counterparts in yielding effect and stress distribution uniformity and exhibits the characteristic of
multi-level dynamic response, effectively avoiding the stress concentration and response lag. The successful
application of this method in the Tangdatun Tunnel test section significantly improved surrounding rock support efficacy.

Key words: gradient resistance-increasing yielding; high-stress surrounding rock; prestress; yielding startup load;

dynamic mechanical property
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Fig. 1 Schematic structure of high-strength prestressed yielding anchor bolt
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Fig. 2 Gradient resistance-increasing yielding bolt support structure
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Table 2 Design and simulation results of the orthogonal test

yielding component
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Fig. 7 Representative curves of simulation results of the orthogonal test of yielding components
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Fig. 8 Variation curves of influencing factors at different levels on the yielding stability coefficient
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Fig. 11 Load-displacement curves of multi-level yielding anchor bolts
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