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Abstract

Fault structures serve as critical factors influencing the complexity of coal mine geological conditions and production safety risks.
Their spatial distribution characteristics directly determine coal seam occurrence patterns, gas migration pathways, and stress
distribution patterns. This study focuses on typical coal mine fault zones to systematically analyze fault formation mechanisms,
activity characteristics, and their impacts on roof stability, gas outburst phenomena, and water inrush disasters. Based on
comprehensive analysis of geological structure detection data and mine pressure monitoring results, a fault disaster prediction method
integrating geological modeling, numerical simulation, and risk zoning is proposed. A prevention system centered on geological
early detection, stress relief, and coordinated control of gas outburst prevention and water inrush prevention is established. Research
indicates that fault-affected areas exhibit significant stress concentration, enhanced permeability, and poor mechanical stability,
making them high-risk zones for mine disasters. Through refined fault detection and tiered management, the risks of impact pressure
and gas outburst can be effectively reduced, achieving intrinsic safety and green efficiency in coal mining operations.
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