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Damage characteristics and support optimization of roadway surrounding rock in near-vertical coal seams

under combined dynamic and static loads

ZHU Hongwei', KANG Zhongquan®>, SONG Binglin', FENG Panfei'
(1. CHN Energy Xinjiang Energy Co., Ltd., Urumqi 830000, China; 2. School of Resources and Safety Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: Currently, most research on rock burst prevention and control focuses on horizontal and gently
inclined coal seams. However, due to the unique occurrence characteristics of near-vertical coal seams, the
characteristics of rock burst in these seams are significantly different from those of conventional horizontal coal
seams. Using the Wudong coal mine of CHN Energy Xinjiang Energy Co., Ltd. as a case study, numerical
simulations were conducted to investigate the distribution characteristics of stress, displacement, and plastic zones
of roadway surrounding rock in near-vertical coal seams under combined dynamic and static loads. The results
showed that under static loads, the surrounding rock stress distribution exhibited regional stress interconnection
and local high stress concentration, with asymmetric distribution characteristics of stress, displacement, and

plastic zones. Specifically, the stress and displacement in the upper region of the roadways gradually increased as
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the distance to the hard roof decreased, reaching a peak at the junction of the coal body and the hard roof on the
right shoulder of the roadway. Under combined dynamic and static loads, the asymmetric distribution
characteristics of surrounding rock stress, displacement, and plastic zones were further intensified. The local peak
stress significantly increased, and the maximum deformation of the surrounding rock caused by dynamic loads
doubled compared to under the condition of static loads. The high stress concentration zones and plastic zones
rapidly expanded. Based on the asymmetric damage characteristics of the roadway surrounding rock under
combined dynamic and static loads, an optimized roadway support scheme was proposed for the near-vertical coal
seam group at Wudong Coal Mine, which included the following measures: reducing the spacing between roof
anchor bolts and cables to mitigate the effect of dynamic and static loads; increasing the number of roof anchor
bolts and adjusting their inclination angles to address the roof deformation; adding short anchor cables at the right
shoulder of the roadway to prevent the compression and prying of the hard roof; and enhancing the pre-tensioning
force of the anchor bolts to improve the resistance to dynamic load impact. This optimized support scheme

significantly improves the stability of the roadway surrounding rock under the condition of combined dynamic

and static loads.

Key words: near-vertical coal seam; combined dynamic and static loads; surrounding rock stress;

surrounding rock displacement; asymmetric damage characteristics; roadway support
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Fig. 1 Profile of roof floor and coal seam distribution
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Fig. 2 Distribution patterns of microseismic events in

roadway surrounding rock
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Fig. 3 Numerical simulation model

F 1 BEBHIBE Y B 12 28

Table | Physical and mechanical parameters of coal and rock in numerical simulation model

ey B/ (kg'm ) R/ GPa HEL/NEA NEESEEFR/(°) Fi J1/MPa URIBEEE/MPa
AR 2429.11 6.202 0.269 28.6 3.250 437
Bl R
HHR 2651.97 5.171 0.219 27.1 2.400 3.59
B2 A 1271.42 3.089 0.326 315 2420 1.22
B2AETE T 2693.84 5.465 0.272 30.2 3.260 1.39
A B2 TESEATI 2459.53 8.620 0.227 273 3.530 3.38
RESSENERAS 2693.54 3.629 0.353 327 2910 3.28
B oM E A 1273.84 2.132 0.348 30.5 2310 1.36
HEE 2403.50 4.040 0.272 26.9 2.670 3.87
B I T AR
HART 2709.88 6.176 0.284 285 3.510 243
i+ 2000.00 0.200 0.400 15.0 0.009 0

*2 RITRSE

Table 2 Parameters of anchor bolt and cable

AR KB /mm AR /mm AR /mm BSRE/AN EIHER/ (mm>xmm)

#E 10000 3000 18.9 200 15001 600

iFF 2500 900 20.0 120 800800
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Fig. 5 Velocity field distribution contour maps of seismic waves at different times
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Fig. 6 Stress distribution of roadway surrounding rock under different load conditions
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load conditions
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Fig. 9 Roadway surrounding rock displacement under

different load conditions
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different load conditions
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and after implementation of optimized support scheme
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