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Fig.1 Evaluation index system for the stability of regenerated roof
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Construction and application of a stability evaluation model for regenerated
roof in ultra-close distance coal seam mining

HUO Bingjie' , KANG Shangbo', LI Qiping’, XIA Pingchuan’, LIU Can’*, GUO Dongxu', ZHANG Chengbo'

(1 School of Mining, Liaoning Technical University, Fuxin 123000, Liaoning, China;
2 Heze Tengda Mining Co. , Lid. , Changji 831115, Xinjiang, China;
3 School of Mechanical and Civil Engineering, Wuhan University of Engineering and Science, Wuhan 430200, China)

Abstract: This study addresses the critical issue of safe and efficient mining of lower coal seams while considering the stability of
regenerated roofs during the downward extraction of ultra-close coal seams. The research investigates theories and methodologies for
evaluating regenerated roof stability to enhance mine safety. Methodologically, we construct an innovative comprehensive evaluation
index system that includes three criterion layers: factors inherent to the regenerated roof itself, geological environment factors, and
mining disturbance factors. This framework comprises eight specific indicators, including lithological composition and compaction-
cementation duration. We propose an evaluation model that integrates the Analytic Hierarchy Process (AHP) with the Entropy Weight
method and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS). This combined weighting approach balances
subjective and objective influences to scientifically assess the significance of each indicator, while the TOPSIS method quantifies relative
closeness to determine stability. Furthermore, utilizing the ArcGIS platform, we employed the Inverse Distance Weighting (TDW)
method to visualize the spatial distribution of regenerated roof stability, leading to the formulation of targeted management strategies. We
applied this methodology at Shengli Mine, focusing on the No. 14 and No. 15 coal seams, which are characterized by an exceptionally
small interlayer spacing averaging 1.45 m, thereby serving as an engineering case study to evaluate the method’s applicability and
scientific validity. The results indicate that; (1) Lithological composition is the predominant factor affecting regenerated roof stability,
with a weight of 0. 543; (2) Regenerated roof stability can be categorized into four grades. In the study area, stable ( Grade I) and
relatively stable (Grade I ) zones of the No. 15 coal seam account for 80% of the total area, reflecting generally favorable stability
conditions. Conversely, unstable ( Grade Il ) and extremely unstable ( Grade IV) zones are primarily located in areas with complex
hydrogeological conditions, minor faults, unfavorable lithological combinations, and short cementation durations; (3) A validation
against a similar mining face demonstrated an 80% consistency between the model evaluation outcomes and actual field conditions. The
evaluation model and methods developed in this study effectively assess and spatially predict the stability of regenerated roofs in
extremely close coal seams. The findings provide a theoretical foundation and technical support for the safe mining of coal seams under
comparable conditions.

Key words: safety engineering; ultra-close distance coal seams; regenerated roof; stability evaluation; entropy weight method;

technique for order preference by similarity to ideal solution
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