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Abstract

Surface subsidence and collapse induced by mining activities are among the major geological hazards
encountered during mineral resource exploitation, posing serious threats to the ecological environ-
ment of mining areas as well as to human life and property safety. Surface collapse not only damages
the geological structure but also causes significant deterioration to surface buildings, structures, and
engineering facilities, exhibiting pronounced engineering and environmental impacts. In this study,
the surface subsidence induced during the block caving mining process at the Pulang Copper Mine in
Yunnan Province is taken as the research object. A three-dimensional numerical simulation method
is employed to systematically investigate the mechanisms of surface deformation caused by mining
activities, with a particular focus on the evolution of surface collapse under the condition of continued
mining in the southern mining area after the completion of extraction in the initial mining zone. The
simulation results indicate that mining activities in the southern mining area lead to progressive sur-
face collapse above the mined-out region, and the extent of collapse continuously expands with the
advancement of mining. By comparing the simulated surface displacement and collapse extent with
field monitoring data, the reliability and applicability of the established numerical model and simula-
tion approach are validated. On this basis, the potential extent of surface collapse induced by subse-
quent mining is further predicted, providing a scientific basis for safe production and ecological envi-
ronmental protection in the mining area.
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Figure 1. Schematic of collapse in block caving mining
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Figure 2. Location of the collapse area on a satellite image
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Figure 3. Mining extent and initial collapse extent
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Figure 4. Three-dimensional model mesh
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Figure 5. Three-dimensional geological model
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Table 1. Geotechnical mechanical parameters
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pl(kg/m?) 2760 2100 2100
E/(GPa) 45 0.46 0.40
v 0.25 0.11 0.1
¢/(MPa) 0.88 0.056 0.051
o/(MPa) 1.06 0.126 0.110
/(%) 2738 34.9 32.1
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Figure 6. Locations of monitoring points
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Figure 8. Surface displacement contours: (a) numerical model; (b) 1000 steps;
(c) 2000 steps; (d) 3000 steps; (e) 4000 steps
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Figure 9. Z-displacement of monitoring points in the numerical simulation
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Figure 11. Surface collapse boundary in 2025: (a) aerial view; (b)
numerical model
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Figure 12. Comparison between simulated and observed collapse results:
(a) observed collapse; (b) numerical simulation
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Figure 15. Predicted collapse extent induced by mining activities:
(a) displacement contours at 4000 steps; (b) collapse boundary
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