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Simulation-driven intelligent optimization method for floor failure

depth in ultra-wide double-unit mining faces
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Abstract: Accurate calculation of the failure depth of a coal seam floor is essential for ensuring coal mine safety.
However, achieving accurate calculations under ultra-wide working face mining conditions remains a key
engineering challenge. To address the difficulty in quantitatively calculating the floor failure depth of the 21609
double-unit working face in Binhu Coal Mine, an eight-factor orthogonal test scheme was established using
FLAC™ numerical simulation. The influence laws of working face length, mining depth, mining height,
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reasonable staggered distance, roof-cutting height, roof lithology combination, floor lithology combination, and
coal seam dip angle on floor failure depth were analyzed. Based on the range analysis results of the orthogonal
tests, an initial empirical formula for floor failure depth was constructed, and the correction coefficients of the
empirical formula was optimized by adopting a multi-strategy improved dung beetle optimizer ( MSIDBO),
thereby obtaining an optimized empirical formula for floor failure depth. The zoning parameter optimization for
the 21609 double-unit working face was carried out according to the variation in working face length and mining
advance process. The relative errors of the optimized empirical formula were 6.4%, 5.6%, and 6.7%
respectively, which were significantly lower than those of the initial empirical formula, indicating that MSIDBO
can effectively correct the calculation deviation of the initial empirical formula. In conclusion, the MSIDBO-
optimized empirical formula for floor failure depth exhibits better calculation accuracy, generalization capability,
and engineering applicability, and can provide a reference for floor failure depth calculation, mining parameter
optimization, and water hazard prevention in deep coal mining working faces.

Key words: failure depth of coal seam floor; ultra-wide double-unit mining faces; dung beetle optimizer; multi-

strategy synergistic improvement; microseismic-electrical monitoring
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Fig. 1 Location, structure and stratigraphic histogram of the study area
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Table 1 Physical and mechanical parameters of rock mass in the study area

o e %EC ?%'lﬁi*ﬁi/ — W@'&\Tﬁﬁ/ ﬁ?ﬁ]ﬁﬁ/ NER T/ Féfﬁ?ﬁl/ B s B/

(kg*m 7) GPa GPa GPa MPa ) MPa
1 MR 2 698 1.16 0.32 1.07 0. 44 3.1 29 0. 64
2 3 2 746 13.02 0.24 8.35 5.25 11.8 32 5.31
3 WA 2758 10. 23 0.17 5.17 4.37 3.5 38 2.01
4 ks 2 686 7.86 0.19 4.23 3.30 3.6 37 1. 96
5 iR 2 750 8. 46 0.17 4,27 3.62 6.8 36 6. 80
6 b 2 687 12.11 0.29 9.61 4.69 6.4 35 5.59
7 PR 2 410 8.92 0.22 2.75 2.38 7.5 35 6.20
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Table 2 Factors and levels

K TAERHAK/m RE/m K /m  TAEEHEE/m VBEE/m DA S RS BRSO
1 100 400 1.5 0 5 1 1 1
2 200 450 1.6 5 10 2 2 2
3 300 500 1.7 10 15 3 3 3
4 400 550 1.8 15 20 1 1 1
5 500 600 1.9 20 25 5 5 5
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Fig. 2 Contour plot of plastic zone failure in the floor
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Table 3 Orthogonal test range analysis of influence factors of floor failure depth

I K TAEEAK/m RE/m RE/m TAEESEE/m UIW&E/m BiMCATEAA RBCETEA S A/ CO)

0 - - - 32.3 - - - -

1 - - - - 19.7 31.3 21.9
1.5 22.9
1.6 23.0
1.7 23.2
1.8 24.3

1.9 25.4

K. 10 — — — 25.9 22.8 — — —
15 — — — 27.9 20.2 — — —

20 — — — 30. 4 13.6 — — —

25 — — — — 10.3 — — —

100 11.2 — — — — — — —

200 19. 8 — — — — — — —

300 22.5 — — — — — — —

400 23.6 21.6 — — — — — —

450 — 22. 4 — — — — — —

500 25.8 22.9 — — — - - -

600 - 24.9 - - - - - -
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Fig. 3 Relationship curve between the eight factors and floor failure depth
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Fig. 4 Test results of different algorithms in the ablation experiment
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Table 4 Parameter optimization results for different zones
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Fig. 5 Schematic diagram of zoning for engineering geophysical verification
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Fig. 6 Layout diagram of the microseismic-electrical monitoring system
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Fig. 7 Microseismic-electrical event profile distribution
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Table 5 Comparison of calculation results between the initial empirical formula and the optimized empirical formula
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