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ABSTRACT Coal and gas outburst seriously threatens the safety of underground coal mining. With the increase in coal mining
depth, the geological conditions of coal mines become complicated, which adversely affects the safety of coal mining production. Promi-
nent prediction is an important link to reduce the damage caused by outburst accidents. This study investigated the prediction model of
coal and gas outburst. On the basis of the analysis of the gas geological factors of coal and gas outburst, a prediction system including
3 major indices (i.e. , gas, coal, and crustal stress indices) and 12 minor indices (e. g. , gas pressure and tectonic coal thickness)
was established. A multi-index coupling prediction model based on the improved input and output of the gray correlation model was pro-
posed. Network analysis and multi-class distance discriminant method were also comprehensive applied to improve the accuracy of coal
and gas outburst index prediction. On the basis of the comprehensive analysis of the gas geological factors of coal and gas outburst, the
model calculates the weight of the prediction index, classifies the possible grade of the outburst, and derives the discriminant formulas
to discriminate the possibility of outbursts. Taking the Pingdingshan No. 8 coal mine as an example, the model estimated the probabili-
ty of coal and gas outburst in eight sets of prediction samples. The predicted results are consistent with the actual conditions, provide
technical support for coal mine and gas outburst prevention, and prove the accuracy and applicability of the multi-index coupling pre-
diction model.
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Fig.1 Coal and gas outburst multi-index coupling prediction model
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1 3 9 7
173 1 7 5
T, = (D)
9 177 1 3
/77 1/5 173 1
F2 LB AHMITER Y, N B, P TCER 1Y LB AL E
Table 2 Criteria for Y5 elements in B, , comparison value and weight of

two elements in B,

W70 % LA

TTE D

Y, Y, Y, Y,
Y, 1 1/9 3 1/7 0. 0662
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Table 3 Sample gradient of coal and gas outburst prediction of Pingdingshan No. 8 coal mine

F5 q P Ap f h g R; 58 T BEPE SR

3 1. 81 15.73 9.20 0.43 0. 60 1.0 0.7074

4 2.00 8. 15 9.00 0.13 0.42 2.0 0. 6663

7 2.00 5.39 15.70 0.34 0.12 1.1 0. 6205

20 0. 65 13.78 12.72 0. 64 0.87 1.2 0. 6098

16 0. 89 8.54 16. 54 0.53 0.93 1.6 0. 5925

15 0.67 6.97 13.77 0. 88 0. 81 1.5 0. 5909

18 0.76 9.78 13. 44 0. 82 0.56 1.4 0. 5686

19 0.98 9.55 12.51 0.61 0. 81 1.3 0. 5650 GESULAD]E
1 0.70 8.63 23.9 0.19 0.7 1.0 0.5538

17 0. 65 8. 60 15. 37 0.61 0.54 1.8 0.5432

21 0. 66 12. 31 10. 31 0.55 0.51 1.4 0. 5365

6 1.13 13.18 10. 10 0.27 0.39 0.6 0. 5320

11 0. 80 5.42 15. 60 0. 65 0.44 1.8 0.5311

12 0. 85 5.86 14. 88 0.73 0.31 1.3 0.5150

13 0.94 5.97 14. 50 0.61 0. 54 1.1 0. 5094

2 0. 64 7.06 17. 10 0.29 0. 30 1.8 0. 4999

14 0.73 6. 86 13. 66 0.51 0.51 1.2 0. 4890

5 0.70 5.20 13.70 0.29 0.55 0.8 0. 4550

9 0.43 0. 37 7.70 0.36 0.40 0.5 0. 3959

22 0.31 3.21 8.70 0.31 0.16 0.8 0. 3956

10 0.28 1.39 9.90 0.45 0.16 0.3 0.3915 g i b
8 0. 54 1. 14 8.40 0.37 0.05 0.4 0. 3907

24 0.34 1. 64 6.50 0.13 0.31 0.9 0. 3852

23 0.26 2.17 8.40 0.21 0.21 0.7 0. 3834

25 0.12 1.89 4.5 0.16 0.25 0.54 0. 3661
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Table 4 Results of forecasting training samples of coal and gas outburst

of Pingdingshan No. 8 coal mine

R R; JFZ S FAIEZE
3 0.7074 1 1
4 0. 6663 1 1
7 0. 6205 1 1
20 0. 6098 1 1
16 0.5925 1 1
15 0. 5909 1 1
18 0. 5686 1 1
19 0. 5650 1 1
1 0.5538 1 1
17 0. 5432 1 1
21 0.5365 1 1
6 0.5320 1 1
11 0.5311 1 1
12 0.5150 1 1
13 0. 5094 1 1
2 0. 4999 2 2
14 0. 4890 2 2
5 0.4550 2 2
9 0. 3959 2 2
22 0. 3956 2 2
10 0.3915 2 2
8 0. 3907 2 2
24 0. 3852 2 2
23 0.3834 2 2
25 0. 3661 2 2
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Table 5 Samples to be measured at the 21050 working face of Pingding-

shan No. 8 coal mine
FEA q p Ap S h g
1 1.95 13. 56 11.45 0.82 0.55 1. 60

2 1. 84 10. 36 9.88 0.73 0. 60 1.30
3 1.13 11.36 9.84 0.50 0.53 1.40
4 1.21 9.78 10. 01 0.52 0.45 1.20
5 0.73 5.45 8.21 0.45 0.32 1.10
6 0. 82 4.32 9.81 0.52 0.40 0.80
7 0.45 3.76 7.56 0.32 0.41 0.45

8 0.32 2. 60 5.75 0.45 0. 44 1.10

6 CFHAG 21050 TAEERHEEAFI R4S
Table 6 Discriminant results of samples to be measured at the 21050

working face of Pingdingshan No. 8 coal mine

BA M, i, ¥ﬂi'iﬂ]%€ %W?%%ﬁ&ﬁﬁ’]
ERE BHUN YA
1 13.350  -13.350 1 LIpeyial
2 17.750  -17.750 1 ML
3 6.530 -6.530 1 Roh
4 5.950 -5.950 1 R CRIER)
5 -1.324 1.324 2 ¥
6  -0.156 0.156 2 R4
7 -5.922 5.922 2 X
8 -5.671 5.671 2 ¥
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Table 7 Prediction results of forecasting samples by gray relational anal-

ysis
FEARZH A YSUES 35S SAIFHIUEES BRI
2 0. 8002 1 1
1 0. 7356 1 1
6 0. 7003 1 2
4 0. 5469 1 1
7 0.4753 2 2
3 0.4552 2 1
8 0.3245 2 2
5 0.3229 2 2
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