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Abstract: Water hazard is one of the primary disasters that constrain coal mine safety exploitation. Water-conducting
fracture zones in overlying strata serve as the critical channel for groundwater influx into mining faces and their
morphological characteristics are crucial for mine water hazard prevention. This study aims to provide theoretical
basis for mine water hazard risk control through quantitative characterization of fracture zone morphology. Focusing
on medium-thick gently inclined coal seams, it conducted numerical simulations to analyze the evolution patterns of
stress fields and plastic zones in overlying strata under different mining heights (1.3~3.5 m), and proposed a
quantitative characterization method based on overburden rock failure angle a. The results indicate that both the
vertical height and lateral width of water-conducting fracture zones show positive correlations with mining heights,
with more pronounced development on the upslope side than the downslope side. With the increase of mining

heights, the overburden rock failure angle adecreases gradually and its asymmetric difference diminishes. The field
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measurements from K8404 working face in Yangquan No. 3 Mine show that the prediction errors of lateral width is
less than 3 m (when mining height <<6 m), which illustrates the higher reliability of the proposed method. The a-
based quantitative characterization achieves a transition from empirical judgment to quantitative prediction of fracture
zone morphology, revealing the nonlinear relationships between mining height and fracture zone morphology,
thereby providing novel insights for water hazard prevention in mines with similar geological conditions.

Key words: medium-thick gently inclined coal seam; water-conducting fracture zone; overburden rock failure angle;

numerical simulation
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Table 1 Main rock mechanics parameters

Eal =) B R /GPa B YIELE/GPa % J1/MPa HLHLSR I/ MPa WEEH A /(D) W/ (kg + m™ %)
K 10. 40 9.87 3.90 1.84 40.0 2.76
Wb 11. 60 9.03 3.20 1.50 35.0 2. 60

gL 1.52 0.79 1.00 0. 30 20.0 1.38
. 2. 96 1. 86 2. 00 0. 89 30.0 2. 46
M 5. 67 4.25 2.20 1.10 32.0 2.62
GRS 20. 50 10. 60 2.90 1.22 10.0 2.65
FAHUZ 0. 14 0.09 0. 80 0.85 28.0 2.10
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Fig. 3 Mining overburden stress distribution map
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Fig. 4 Distribution of plastic zone of mining overburden rock
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Table 2 Parameters of water-conducting fracture zone under different mining heights m
F5 R S TS i 5E T 5E
1 1.3 46. 69 46. 30 19. 01 18.17
2 2.0 46. 84 46. 71 19. 99 19. 94
3 2.5 46. 95 46.92 20. 67 20. 36
4 3.0 47,04 46.97 20. 87 20. 68
5 3.9 47.18 47.10 21.38 21. 20
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Table 4 Statistical table of Table 5 Failure angle a of overburden rock under
measured parameters different mining heights

P WL 3t Rws/mo JLHRM/C BB/ O r5 et /m ) o /€ T e/
1 4110 CEH) 1.45 67.5 70.7 1 1.3 67.85 68.57
2 2042CE ) 1. 45 62.5 64. 4 2 2.0 66. 89 66. 88
3 2439 (T 1. 17 69.5 88.9 3 2.5 66. 24 66. 54
4 331 CEH) 1. 85 62.0 71.0 4 3.0 66.07 66. 24
) 12211 G W) 1. 40 65.0 73.0 5 3.5 65.62 65.77
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Table 6 Comparison of the actual value and the predicted value of the lateral width of the water-conducting fracture zone

ok 2B ok 2B o 5 K R

¥4 K /m 5 /m 9 R /m HAWIRAMA o/ () I T2 22 /m
1 2 44,5 21.0 66. 86 19.01 1.99
2 4 59.5 25.7 65.32 27. 34 1.64
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Fig. 9 Comparison between predicted value and actual value
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