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Abstract

With the continuous deepening of coal mining in China, deep coal seam extraction faces complex geological environments
characterized by high ground stress, elevated temperatures, high gas content, and strong disturbances, leading to significant
deformation and failure of surrounding rock. Traditional support systems struggle to effectively control surrounding rock stability.
Based on the mechanical characteristics of deep coal seams and the failure mechanisms of surrounding rock, this study systematically
analyzes stress distribution patterns and surrounding rock instability evolution under deep mining conditions, while exploring
optimization paths for support parameters and innovative technical systems. Through numerical simulations, theoretical analysis,
and field validation, the research proposes a “active-passive-synergistic” composite control technology. This system, centered on
multi-level anchoring, strength zoning, and energy dissipation, achieves rational stress release and redistribution in surrounding rock.
Results demonstrate that this system significantly mitigates roof subsidence, rib convergence, and floor bulging, thereby enhancing
long-term roadway stability and support material utilization efficiency.
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