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Prediction of Surface Subsidence Range Induced by Caving Mining in Metal Mines
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Abstract: Caving mining is widely recognized to trigger large-scale strata movement and ground deformation, making a reliable
delineation of the surface subsidence range essential for mitigating associated losses. In this study. a representative metal mine
adopting the caving method was investigated, and the subsidence range was evaluated using numerical simulation, analytical
modelling, and similarity simulation model test. Numerical simulations were first performed to obtain a preliminary subsidence
profile. On this basis, an enhanced Weibull-distribution-based formulation was developed to better capture the subsidence
characteristics induced by caving mining in metal mines. The spatial uncertainty of rock-mass mechanical properties was then
incorporated via reliability theory to provide a reliability-informed prediction of the subsidence range. Finally, the analytical
predictions were validated by similarity simulation tests. The three approaches yield subsidence extents in the following
ascending order: numerical simulation <T similarity simulation test <C reliability-based analysis. The discrepancy between
theoretical predictions and test results ranges from 0.30% to less than 5%, demonstrating the robustness and credibility of the
proposed method for subsidence-range delineation.
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Fig.1 Engineering sections and numerical model
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Table 1 Mechanical parameters of the numerical model
. PR/ I/ P EE 4 A7) / VRS T BB B/ 2 1) W 2/ Y 1) Wi 2/ W/
* GPa MPa (@) n MPa GPa GPa (kg/m?®)
PERLS 4.20 1.60 33.0 0.25 0.30 — — 2 670
R 0.20 22.0 0.03 30 30
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Fig.2 Numerical simulation results
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Fig.3 Weibull distribution model
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Fig.5 The adjusted Weibull distribution method coordinate system
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Table 2 Calculation parameters of the

Weibull distribution method

FR Wo/ L/ Lo/ xw/ 0/ %%‘7‘ ;}%‘7
o Bt m m m m (@) 5 A
) )
HEBDO —2.867 96 85 31.7  89.3  67.0  70.2
HEE®  —9.517 108 92 37.9  87.0  70.5 68.8

TBE® —13.423 118 102 44.7 849  69.6  67.3
SBE@® —17.241 147 112 49.6 83.8 66.4 65.9
HB® —23.700 156 121 51.9  83.6  65.2 64.2
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Table 3 Values of the morphological parameter p

Jr B P D2
53 B © 3.424 3.532
bi=10) 3.932 3.748
Fi=40) 3.825 4.064
IrB@ 3.766 4.532
IrB® 3.678 5.012
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Fig.6 Comparison of subsidence curves
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Fig.7 Comparison of near-surface subsidence
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Fig.8 Meanings of geometric parameters
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Table 4 Values of the rock mechanics parameters
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Table S Calculation results of rock movement

angle based on reliability
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Table 6 Physical and mechanical parameters of

rocks and similar materials
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B 2.67 114.630 7.260 28.070 12.820 44.25 0.23

MR 1,77 0.276 0.019 0.066 0.035 45.07 0.24
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Fig.9 Structure of similarity material test
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Fig.10 Similarity simulation test results

x7 HEOUEMLBNEES
Table 7 Rock movement angles of the

similarity simulation tests
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Fig.11 Comparison of calculation result of rock movement angle under three schemes
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