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Mechanical Effect and Control Technology of Surrounding Rock in
Unloading-Support Process of High Stress Roadway
ZHAO Guangming"’, QI Minjie"*, ZHAO Conghui'”

(1.Key Laboratory of Safe and Effective Coal Mining, Ministry of Education, Anhui University of Science and Technology,
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Abstract: Objective To study the compensation and strengthening effect of support timing on a high-stress
unloaded rock mass. Methods A true triaxial perturbation unloading rock test system coupled with acoustic
emission monitoring technology was used to carry out unloading rock support tests under different support timing
conditions, and the influence of support timing on the mechanical properties, deformation characteristics and
damage evolution law of the unloaded rock mass was investigated. Results Within the scope of this study, timely
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support can significantly improve the ultimate bearing characteristics of the unloaded rock mass, resulting in an
increase of over 60%. There is an interval effect in the sensitivity of the rock mass's bearing capacity to the timing
of support. And a significant inflection point occurs near a support timing of support k£ = 85%. There is a rebound
deformation phenomenon in the direction of the maximum principal stress during single-side unloading of the
minimum principal stress, while the intermediate principal strain remains relatively unchanged. The maximum
principal strain is the main component causing the deformation of the rock mass, and the contribution of the
deformation during the initial loading phase is particularly prominent, accounting for 50% to 57% of the
cumulative peak strain deformation. With the lag of support timing, the cumulative deformation of the rock mass
in the loading damage stage increases, from 2.23% at k = 70% to 16.02% at k = 95%, whereas the opposite trend
is observed in the loading failure stage, where the cumulative deformation decreases from 53.70% at k = 62% to
27.30% at k = 95%. During sudden stress changes and three-way stress imbalance loading, the rock mass shows
strong acoustic emission signals, and exhibits the characteristics of “silent period - sudden release”, predictive of
imminent failure. The timing of support significantly affects the damage accumulation path and final failure mode
of the rock mass by regulating the proportion of crack types and the accumulation rate of damage at each stage.
Earlier support timing more effectively inhibits crack propagation, especially damage accumulation during the
loading damage stage, whereas lagging support may induce secondary instability due to accumulated early-stage
damage and deformation. Conclusion The research results can provide theoretical references for revealing the
dynamic coupling mechanism of surrounding rock damage evolution and support compensation timing under
deep excavation unloading conditions, and for achieving the optimal design of deep roadway support parameters.

Key words: true triaxial; single-side unloading; unloading effect; supporting effect; high stress
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