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Prevention and control mechanism of deep-hole blasting in deep mining
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Abstract: Most of the coal mines in East China, Northeast China and North China have been mined below 600 m in depth, and
dynamic disasters such as mine earthquakes have occurred frequently, which have seriously restricted the safety, green and
efficient production of coal mines. In view of the frequent occurrence of mine earthquakes under thick and hard roofs in deep
coal mines in China, this study takes Dongtan coal mine as an example, and uses the methods of field monitoring, theoretical
analysis and numerical simulation to elaborate the effects of deep-hole blasting roof pressure relief on the prevention and
control of mine earthquakes, the pre-cracking mechanism and the influences on the overburden activities during mining process.
It is found that the deep-hole blasting technology can effectively weaken the thick and hard overlying strata, release the strain
energy accumulated in the overlying strata, and reduce the risk of large energy mine earthquakes. Based on the theoretical
analysis of rock failure zone under explosion loads, the rock fracture zone, fracture zone and effective failure range of deep-hole
blasting are calculated. Combined with the monitoring of working face support, the deep-hole blasting technology can actively
regulate the mine pressure and avoid the appearance of strong mine pressure. The numerical simulation model for the whole
process of coal seam mining with four deep-hole blastings is established, and the evolution characteristics of stress and
displacement of overburden before and after blasting are analyzed. In addition, the influence mechanism of the deep-hole
blasting on the overburden activity during mining is revealed. The pressure relief technology of broken roof by the deep-hole
blasting can effectively weaken the thick and hard roof above the coal seam, reduce the compressive strength of thick and hard

roof and increase the coefficient of crushing and swelling —
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Table 1 Main physical and mechanical parameters of overlying strata in No. 6 mining area of Dongtan coal mine (drilling #170)

1 xLHE 123.08 — — — — 10 40w 1338 4676 3.17 9.85 0.30
2 MibE 11566 8560 817  21.01 029 | 11 b 550 103.01  6.65 3013 0.27
3 dimbs 21.06 6835 514 2066 026 | 12 WA 3.08 5487 247  13.80 0.26
4 b 2466 5097  7.06 1245 022 | 13 hRE 30.87 9025 861  36.63  0.23
5 diRbAE 5417 6835 514 2066 026 | 14  FilL#H 1.10 2844 274 1500 0.33
6 gibE 21922 7235 692 1929 021 | 15 kA 169 7488 646 2423 025
7 dimbs 5129 7887  7.82 1552 0.6 | 16  F#E 072 10658 623 4335 024
8 dimbs 1298 3334 529 1934 025 | 17 MWHE 573 10714 757 50.89  0.26
9 JH  8.65 — — — — 18 3 M 5.39 — — — —
#+ 2 6 F[X 63 £03-06 TIEEMESHINST
Table 2 Microseismic events on 63upper 03-06 panels in No. 6 mining area
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63 103 2018.12—2020.02 727 19 2.61 2.42x109J

63 104 2015.12—2016.12 2187 39 1.78 8.82x106 J

63 105 2017.08—2018.08 7857 55 0.70 1.45x107J

63 106 2020.02—2021.03 5867 27 4.60 6.81x1097
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Fig. 3 Spatial distribution characteristics of mine earthquakes
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Fig. 9 Clouds of simultaneous and delayed blasting stress and final

damage
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Table 3 Physical and mechanical parameters of overlying strata

A E /GPa F, /MPa F, /MPa P/(gzem?)  y/(kN-cm?) v ¢ /MPa 0 /(°)
LR+ 1.00 20.00 2.100 2.41 23.58 0.30 13.21 24
WA 21.01 85.60 8.170 2.49 24.44 0.29 17.99 31
A 11.55 43.99 3.730 2.44 23.92 0.41 15.46 20
wH 18.70 63.22 6.290 2.33 22.88 0.22 5.29 28
A 35.51 72.24 7.170 2.63 25.80 0.27 12.68 20
WA 36.63 90.25 8.610 2.59 25.57 0.23 13.84 27
Wb 50.89 107.00 7.570 2.61 25.57 0.26 16.21 11
JCA 1.00 8.00 0.032 1.54 23.00 0.36 1.30 30
W 50.89 105.06 5.900 2.56 25.10 0.33 14.32 18
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Fig. 11 Clouds overburden stress and displacement after deep-hole blasting
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Fig. 12 Separation fissures and hole failure patterns after blasting
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Fig. 13 Vertical stresses in roof slab and at top of hole after
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