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Abstract

China’s coal mining has entered a phase of deepening and complexity, where intricate geological conditions demand higher safety
and efficiency standards for longwall mining. Traditional techniques face limitations in roof control and surrounding rock stability
due to faults, stress concentrations, and roof-and-floor structures. This study focuses on coal seam group mining under complex
geological conditions, integrating theoretical analysis, numerical simulation, and engineering validation to establish a technical
framework centered on “geological modeling—dynamic monitoring—coordinated control.” By optimizing support parameters,
improving roadway layouts, and implementing intelligent roof management, the system achieves precise control in fault zones and
high-stress areas. Results demonstrate that this framework significantly reduces mining-induced risks, enhances roof stability and
resource recovery rates, and provides scientific support for safe and efficient mining in complex geological environments.
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