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Abstract

Deep mining operations face complex environments characterized by high geostatic stress, elevated temperatures, and high
permeability, resulting in significantly different stress conditions for surrounding rock compared to shallow mining. Stability control
has become critical for ensuring mine safety and operational efficiency. With increasing depth, surrounding rock deformation exhibits
diverse patterns, and its mechanical properties demonstrate stress sensitivity and time-dependent behavior. Traditional static support
methods are no longer sufficient, driving the integration of active control and information technology. Based on analyzing the failure
mechanisms of deep surrounding rock, this study explores control theories from three dimensions: deformation characteristics, stress
transfer pathways, and coupling mechanisms of support systems. Key technologies such as bolt-cable composite support, flexible
systems, energy-absorbing structures, and intelligent monitoring systems are investigated. The results indicate that surrounding rock
control must adhere to the principle of “rock-centric management,” establishing a full lifecycle support system through structural
regulation, parameter optimization, and information-based interventions to provide technical support for safe and efficient deep
mining operations.
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