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ABSTRACT The collapse and damage of inclined rock and soil masses caused by subsidence in mining goaf areas pose serious
geological risks. These hazards are not only highly destructive and widespread but also occur suddenly, endangering mine operations and
human safety. Traditional stability evaluation methods often overlook the variations in thrust caused by the settlement of goaf blocks at
the leading edge locking section, making it difficult to dynamically evaluate mine slope stability. This limits the effectiveness of early
warning and prevention strategies for geological disasters in mines. To address these challenges, this study introduces a dynamic stability

evaluation method tailored for mine slopes, targeting the landslide formation mechanisms in mining goaf areas. The first involves
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constructing a settlement analysis model for the goaf areas to calculate the settlement range of the rock mass above the goaf and the
resulting impact forces. The proposed model helps analyze how settlement affects the stress field of slopes. Therefore, the traditional
unbalanced thrust method is modified. During stability evaluation, the safety factor of the slope’s locking section under the subsidence
effect of the goaf was analyzed. When the safety factor of the locking section (SF) is less than 1, the residual strength needs to be
considered to calculate the overall safety factor (SF) of the slope. If SFy exceeds 1, the section remains intact, allowing the SF to be
calculated under original working conditions. The Jiweishan case in Wulong, Chongging, illustrates the limitations of traditional
methods, which neglected the settlement and locking section damage, overestimating the safety factor at 1.355. The improved method,
accounting for these effects, found the locking section’s safety factor at 0.667, indicating damage and an overall landslide safety factor of
0.979. This finding aligns with the observed failure and instability mechanism of the mine goaf landslide. When the weight of the
settlement slope at the rear edge is large, settlement causes instantaneous shear failure of the landslide locking section, substantially
reducing the stability of the Jiweishan landslide. The settlement—horizontal displacement ratio (SHDR) of the slope is crucial in dynamic
stability analysis for goaf areas. An SHDR greater than 0.73 indicates significant stability variations, leading to instability under working

conditions previously deemed safe. This improved method offers a more accurate assessment of mine slope stability by considering goaf

settlement and locking section damage, providing a valuable tool for managing similar geological disasters.

KEY WORDS slope of goaf; dynamic stability evaluation; settlement of goaf; locking section; settlement-horizontal displacement

ratio (SHDR)
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Scope of settlement impact
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Fig.1 (a) Schematic diagram of the goaf slope; (b) schematic diagram of the goaf’s impact range
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Table 1 Value table of lithological influence coefficient

Rock Lithological influence coefficient
Soft rock [2.0,2.8]
Medium hard rock [1.2,2.0]
Hard rock [0.7, 1.2]
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Fig.3 Technical roadmap for stability evaluation of the goaf slope
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Fig.4 (a) Remote sensing satellite image of the Jiweishan landslide; (b) engineering geological profile of the Jiweishan landslide
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Table 2 Parameters of various rock layers in the Jiweishan landslide

Rock formation distribution Unit weight, y/(kN-m~) Poisson’s ratio, v Internal friction angle, ¢/(°) Cohesion, c/kPa
Limestone of Maokou formation 26.70 0.262 20.0 100
Block of locking section 20.00 0.262 25.0 (19.8) 200 (95)
Limestone in the middle and upper part of the Qixia formation 26.47 0.216 40.6 492
Lower part limestone of the Qixia formation 26.25 0.255 55.3 560
Clay rock of Liangshan formation 15.50 0.314 32.0 470
Shale of Hanjiadian formation 26.20 0.318 14.4 3840

Note: The residual strength after the failure of the block of locking section is indicated in parentheses.

R3 REMRECTEER

Table 3 Safety factor calculation results

Calculation result Traditional method Improved method Stable state Calculation error/%

SFy — 0.667 Unstable —
SF 1.355 0.979 Unstable 27.71

2.2 1.5
V72 SHDR —e— Safety factor of locking section —=— Safety factor of the overall part
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Fig.5 Process diagram of dynamic stability evaluation of the Jiweishan landslide
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Table 4 Comparative analysis of stability evaluation cases in mine goaf

slopes
Landslide case Trriiitgzgal Improved method Cilrcrl(l)l:/lfyioon
Jl:):?ilssl?c?: 1355 0.979 27.71
el 1.025 0.820 19.99
No. ol 1.222 0914 25.18
Jianshanying 1273 0811 360

No.2 landslide
Note: The No. 1 landslide is located on the north side of the Jianshanying
landslide, while the No. 2 landslide is located on the south side of the
Jianshanying landslide.
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