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Abstract : It is easy for over high advancing rate of working face to induce dynamic disasters such as rock burst. To ex-
plore the reasonable advancing rate of working face has become the key to a safe and efficient mining of rock
burst mine. Using the methods of numerical simulation, rock mechanics tests and field micro-seismic monitoring, by

studying the mining stress path experienced by the coal in front of the working face under the influence of the advan-
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cing rate of the steeply inclined thick coal seam,the mechanical behavior characteristics of coal samples under the ad-
vancing rate mining stress path were analyzed. The study on the change law of loading-unloading response ratio of coal
samples under mining stress path and the reasonable determination of advancing rate of steeply inclined super
thick coal seam were completed and verified by on-site engineering practice. The results show that the peak value
of mining stress increases with the increase of the advancing rate of the working face in steeply inclined thick coal
seam. At the same time, with the increase of advancing rate,the cyclic loading-unloading amplitude of mining stress
path increases,the cycle times decrease,the main influence area increases,and the action time decreases. The strength
of coal samples under different advancing rates stress paths shows a nonlinear increasing trend , and its increasing range
increases gradually. The failure degree,cumulative count of acoustic emission and energy of coal samples all increase
with the advancing rate of stress paths. The coal sample under the stress path of 6.4 m/d obtained by analogy with the
evaluation index of rock burst can be regarded as rock burst. At the same time, the loading-unloading response ratio is
introduced ,and a reasonable method for determining the advancing rate of rock burst mine face based on the mining
loading-unloading response ratio is put forward. The evaluation index of loading-unloading response ratio influenced
by different advancing rates mining stress paths is formed, and the safe and efficient mining advancing rate of +425 m
level working face is determined. The measured results of micro-seismic field verify the effectiveness of determining the
advancing rate of working face based on the response ratio of mining loading-unloading.

Key words: advance speed ;steeply inclined extra-thick coal seam;rock burst;loading-unloading effect ; response ratio
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Fig.1 Mechanical structure and mining state model of

steeply inclined extra-thick coal seam
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Table 1 Physical and mechanical parameters of

some strata of steeply inclined coal and rock mass
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(kN +-m™3@) J/MPa  ®/GPa  J#/MPa
1 W 27.68 3.83 1.30 31.20
2 Yk 7 24.45 4.61 1.35 38.20
3 iR iEe) 23.41 1.78 1.19 17.80
4 pBERAH 21.31 2.18 1.22 19.70
5 Bl1+2 #i 12.53 1.73 1.69 16.60
6 KB 21.20 1.23 1.15 18.40
7 wmibs 25.73 4.60 1.28 38.60
8 Yikib 24.83 2.39 1.34 25.30
9 it iEe) 26.73 4.42 1.30 37.90
10 REBTA 21.23 2.25 1.19 18.76
11 B3+6 H 13.00 1.73 1.69 15.90
12 RERA 21.27 2.26 1.26 19.60
13 JRBTRE 24.23 1.46 1.15 18.40
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Fig.2 Schematic diagram of columnar structure of coal strata in Wudong Coal Mine
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Fig.3 Construction of numerical calculation model
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Fig.6  Evolution characteristics of mining stress under

different advancing speeds
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Table 2 Summary of mechanical test scheme of coal sample
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Table 3 Loading-unloading parameters of stress paths at

different propulsion speeds

3.2 m/d 4.8 m/d 6.4 m/d

75 T o/ T in” T o/ T in” T/ Tin/
MPa MPa MPa MPa MPa  MPa

1 7.15 7.05 6.93 6.86 6.89  6.77
2 7.24 7.19 7.03 6.93 6.92 6.84
3 7.45 7.34 7.37 7.18 724 7.13
4 7.80 7.58 7.62 7.44 7.87 7.57
5 8.05 7.78 8.13 7.95 8.32 798
6 8.65 8.46 9.27 8.52 9.72  8.92
7 8.94 8.43 10.95 9.53 11.67 10.56
8 9.35 8.98 14.26 9.21 15.20 10.03
9 10.57 9.46 — — — —

10 11.66 9.75 — — — —
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Fig.7 Cyclic loading-unloading stress path of coal sample mechanical test
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Fig.8 Pressure testing machine system and its test flow
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Fig.9 Layout method of coal sample acoustic emission sensor
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Fig.10  Stress-strain curves of coal sample
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Table 4 Mechanical characteristic parameters of coal

samples under cyclic loading-unloading

(5. e Wfl/s 40/ MPa W N 25 /1072

DX1 537.4 15.69 1.31

R DX2 548.0 16.22 1.30
PJIFEIE=? DX3 552.8 16.46 1.22
¥i{E 546.1 16.12 1.26

7X1 684.2 16.83 1.24

hEER ZX2 664.8 15.86 1.38
pIFiETE= 7X3 680.0 16.62 1.35
i 676.3 16.44 1.32

GX1 707.8 17.83 1.31

SR GX2 683.2 16.66 1.45
g GX3 690.4 16.96 1.43
o) 693.8 17.15 1.40
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Fig.11 Relationship between peak strength of coal samples

and stress paths at different advancing speeds
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Fig.12  Acoustic emission events and energy distribution characteristics of coal samples under different loading rates
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Fig.13  Cloud chart of acoustic emission energy distribution of coal samples under cyclic loading-unloading
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Fig.14  Acoustic emission energy distribution and failure characteristics of coal samples under different mining stress paths
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Table 5 Elastic modulus ratio and acoustic emission quantity ratio of coal cyclic loading and unloading
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