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Stability evaluation of goaf collapse sites in typical coal mining subsidence areas

ZHANG Jing, ZHU Wei, CUI Jian, SUN Jia-quan, DAI Ya-jian
Shenyang Center of China Geological Survey, Shenyang 110034, China

Abstract: The stability evaluation of goaf collapse sites serves as a crucial basis for subsequent engineering
construction. The study first adopts the probability integration method to calculate the surface residual movement and
deformation values in goaf areas, including residual tilt value, residual curvature and residual horizontal deformation
value, and then establishes the site stability evaluation index system by integrating qualitative and quantitative
approaches, incorporating factors such as coal mining subsidence rate, cumulative subsidence, surface residual
movement and deformation, mining depth-to-thickness ratio, and macroscopic stability of ground collapses and ground
fissures. Taking a coal mining subsidence area in Shenyang City as an example for site stability evaluation, the results
show that the unstable zone is located in the western part of the study area, covering approximately 1.64 km?,
accounting for 5.13% of the total area. In this zone, the mining depth-to-thickness ratio is greater than or equal to 60,

with relatively high current surface subsidence rate (=60 mm/a) and large residual surface movement and deformation
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values, and the ground collapses and fissures are well-developed and still evolving. The basically stable zone is

primarily situated in the eastern part, with an area of 2.34 km?, representing about 7.32% of the total area. The mining

depth-to-thickness ratio is 35-60, with the surface subsidence rate of 30-60 mm/a and moderate residual movement and

deformation values. The ground collapse and fissure have largely stabilized.

Key words: probability integration; surface movement and deformation; ground collapse; site stability; subsidence rate;

geological hazard
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Table 2 Calculation parameters of surface subsidence
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G B () B FE(GQ) REOb)
(tanB)
i 1# 0.86 0 0.86 0.25 2.5
RIX 2#  2021-11 0.86 0.75 0.22 0.25 2.5
13# 2020-12 0.86 0.825 0.15 0.25 2.5
15# 2021-12 0.86 0.75 0.22 0.25 2.5
12# 2019-06 0.86 0.862 0.12 0.25 2.5
14# 2016-09 0.86 0.910 0.08 0.25 2.5
10# 2018-02 0.86 0.9 0.09 0.25 2.5
i 2# 2013-06 0.86 0.934 0.06 0.25 2.5
RIX 1# 2011-10 0.86 0.942 0.05 0.25 2.5
11# 2017-03 0.86 0.922 0.07 0.25 2.5
7# 2015-06 0.86 0.919 0.07 0.25 2.5
3# 2014-02 0.86 0.930 0.06 0.25 2.5
5# 2018-10 0.86 0.875 0.11 0.25 2.5
6# 2020-03 0.86 0.844 0.13 0.25 2.5
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Fig. 1 Location map of the evaluation area
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Table 3 Site stability grade by surface residual movement and deformation values
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Fig. 2 Grading maps for single factors of site stability evaluation

a—1LIE K (subsidence rate); b—22 1 UTHE & (cumulative subsidence); R K5 H (depth-to-thickness ratio); d—F| 43 RHE (residual tilt value);
e— 45 il R (K (residual curvature); f—3| 437K 25 FE (residual horizontal deformation); g—3b a1 [ | H1 24 4% 72 WL A% 5 M (macroscopic stability of
ground collapse and fissure) ; 1—F&5E (stable ) ; 2—HEAFE E( basically stable); 3— a2 (unstable)
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Fig. 3 Site stability zoning map of Puhe-Qingshui
coal mining subsidence area

1—H&7E (stable ) ; 2—IEAFESE (basically stable); 3—ANFa5E (unstable)
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