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Abstract

To reveal the prone horizons, evolutionary process, and controlling mechanisms of overburden bed
separation under deep-buried thick-seam mining conditions, a working face in the Hulusu Coal
Mine was selected as the study area. The transfer rock-beam theory and UDEC discrete-element
modelling were employed, and regional empirical validation was conducted using data on the
height-to-mining-height ratios of the water-conducting fractured zone from five producing coal
mines in the Hujierte Mining Area. The results indicate that the 11th siltstone layer, 13th fine sand-
stone layer, 15th siltstone layer, 17th siltstone layer, and 19th siltstone layer are the main potential
bed-separation horizons. The average height-to-mining-height ratio in the mining area is 23.76, cor-
responding to an empirical water-conducting fractured-zone height of approximately 95.04 m for a
mining height of 4 m. The UDEC simulation yields an upper limit of approximately 120 m for the
mechanically affected mining-induced fracture-separation zone, which is 26.26% higher than the
empirical value. This indicates that the mechanical model provides an upper-bound estimate of the
affected failure range and that the simulated height cannot be directly equated with the height of a
stable water-conducting pathway. The highest isolated bed separation develops to approximately
202 m above the coal seam, but it is not fully connected to the lower fractured zone. Bed-separation
evolution proceeds through three stages: slow growth at low levels, rapid upward migration at in-
termediate levels, and constrained stabilization at high levels. The maximum opening decreases
from 2.53 m at an advance distance of 120 m to 0.69 m at 340 m, while the maximum strike length
reaches approximately 142 m. When the mining height increases from 4 m to 6 m and 9 m, upward
migration of bed separation occurs earlier, whereas the maximum development horizon remains
stable at approximately 202~203 m. Under hard-roof and interbedded soft-hard roof conditions,
high-level bed separation can develop to approximately 202 m, whereas under soft-roof conditions,
the maximum height is approximately 120 m. These results demonstrate that mining height pri-
marily affects the development rate and opening of bed separation, whereas the position of high-
level thick and hard strata and the assemblage of soft and hard rock layers control the maximum
bed-separation horizon. The findings may provide a reference for identifying bed-separation water
hazards under similar geological conditions.
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Table 1. Fracture-to-mining ratio statistics for major producing coal mines in the Hujierte Mining Area
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'hitps://www.chinamine-safety.gov.cn/zfxxgk/fdzdgknr/tzgg/201707/20170703_349044.shtml
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Table 2. Theoretical identification of potential bed-separation horizons
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Figure 1. Numerical model and division of rock strata

B 1. HEERRERXS
BUE TSP, SERHTER - FECARMER, Z0 R A 1S5, a1 1%
B BRI X LR R A . MR X a0 122280845 & UDEC iFRRE LA e, Wk 3.
P ROFEIEMERE 4m LK E 6ms Om XTEL T, BRI S P 40 S R4 AT HY | SR 28 Fn
=2k, AToiEEmERREHEERNEERE RN,
32. BRRANEHERIES X

DIREG s 15 BB VG B AR R T SRR, A SO B S RIX 72 A PESRbs: — 2 HB=E
TR 7] 5 B IR BN AR - B R WU ], TR e R A AR (B 3k (2 _ERR; — 5 T1%

DOI: 10.12677/ag.2026.168103 1161 HOBREL2E AT


https://doi.org/10.12677/ag.2026.168103

B 4%

Table 3. Mechanical parameters of rock mass
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Figure 2. Development characteristics of overburden bed separation at a mining height of 4 m
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Figure 3. Bed separation height versus advancing distance at a 4 m mining
height
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Figure 4. Overburden failure characteristics under different mining heights
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Figure 5. Comparison curves of bed separation height under different
mining heights
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Table 5. Statistics of bed separation height, aperture, and strike length under a mining height of 4 m
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