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Identification of Surrounding Rock Instability Risks and Construction of a Dynamic Prevention and Control System for Coal Mine Excavation
Faces
Ruize Xia

Inner Mongolia Mengdong Energy Co., Ltd., Mindong No.1 Mine, Hulunbuir, Inner Mongolia Autonomous Region, 021100

Abstract: The surrounding rock at coal mine excavation faces is susceptible to instability-induced disasters—such as roof delamination, rib fail-
ure and collapse, or floor bulging—due to multiple factors including mining-induced stress disturbances, complex geological structures, and in-
adequate support parameter matching; these phenomena severely hinder the safe and efficient operation of mining operations. To achieve precise
prevention and control of surrounding rock disasters, this study systematically analyzes the disaster-causing mechanisms underlying surrounding
rock instability at excavation faces, identifies four major categories of instability triggers—namely geological conditions, mining-induced stress
disturbances, support systems, and environmental disturbances—and establishes a multi-indicator-based hierarchical risk identification model for
surrounding rock instability, categorizing risks into four levels: low, medium, high, and extremely high. Based on the temporal evolution char-
acteristics of surrounding rock deformation, this study develops a dynamic prevention and control technology system that integrates real-time
monitoring, dynamic risk identification, hierarchical early warning, adaptive control, and closed-loop response mechanisms. Engineering prac-
tice demonstrates that this system can accurately detect precursor signs of surrounding rock instability and dynamically align support measures
with pressure relief control strategies, thereby significantly reducing the incidence of surrounding rock instability disasters at mining faces and
effectively controlling the magnitude of rock deformation. This study provides a theoretical foundation and practical reference for the stability
management and disaster prevention and control of surrounding rock at coal mine excavation faces.
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