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Parameter design of coal pillar in highwall mining under action of

dynamic-static load

JIANG Juyu', LU Ye', CAO Lanzhu', FU Tianguang®, WANG Dong', WANG Laigui', CAI Mingxiang’, LI Lei’

(1.School of Mines Engineering, Liaoning Technical University, Fuxin 123000, China; 2. China Coal Science & Engineering Energy Technology Develop-
ment Co., Ltd., Beijing 100013, China; 3. Zhundong Open-pit Coal Mine of China Energy Group Xinjiang Energy Company, Changji 831799, China)

Abstract: In view of the application of end slope shearer mining technology to recover a large amount of residual coal, the determination
of reasonable width of supporting coal pillar is a key factor whether it can be safely and efficiently popularization and application, espe-
cially considering the influence of blasting vibration on the stability of supporting coal pillar. Based on the southern end slope at the open-
pit coal mine of Pingshuo, field vibration test, theoretical analysis and numerical calculation were used to study the web pillar stability in
open-pit highwall mining and its parameter design under the action of triangular load and blasting vibration on the side slope. Based on the
theory of limit balance and the mutation theory, the stress distribution at the coal pillar was analyzed, combined with Mohr-Coulomb fail-
ure criterion. Besides, the ultimate strength function expression of coal pillar under the influence of mining height, mining width, load
stress of overlying strata, cohesion and internal friction angle of coal pillar is established. The calculation formula of the maximum allow-

able plastic zone width and rational width of web pillar under different safety reserve factor conditions are established. The three-dimen-
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sional simple harmonic vibration response model of the supported coal pillar was established, and the blasting parameters such as the

amount of single shot, elevation difference and horizontal distance of the blast center were studied on the response of the maximum in-

stantaneous dynamic stress of the coal pillar, which revealed the influence mechanism of the blasting dynamic load effect on the width and

stability of the plastic zone of the supported coal pillar and proposed the design method of the parameters of the supported coal pillar un-

der the blasting dynamic load. The results show that the blasting vibration has a greater influence on the stability of coal pillar, and the in-

stantaneous maximum dynamic stress response of coal pillar under the blasting dynamic load is positively correlated with the amount of

single shot, and negatively correlated with the elevation difference and horizontal distance. With the increase of the maximum instantan-

eous dynamic stress response of coal pillar, the width of plastic zone of coal pillar increases proportionally, and the safety factor of coal

pillar decays in an approximately linear pattern. The width of coal pillar under dynamic-static load is determined to be 5 m, and its reason-

ableness is verified by engineering practice.

Key words: open-pit mining; dynamic and static loads; highwall mining; coal pillar; parameter design
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Fig.1 Diagram of the bearing model of coal pillar during

highwall mining
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Fig.2 Mechanical analysis model of web pillar
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Fig.4 Discrete element analysis model of coal pillar
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Table 2 Physical and mechanical parameters of coal and rock

A FHRREm BRI AREE/mM ARy GNmMY) O SEEEEMPa M FRRIICMPa NEEEEf0/)
w1t 36 0 19.5 8.6 0.31 0.028 22

R EH)ZH 133 98.6 24.6 2850 0.28 0.87 33
4J8 11.9 11.9 14.1 1500 0.31 0.36 36.8
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Table 3 Data statistics of vibration

Fa=) Okg Zim Rim v/(em:s™) fi/Hz v/(cm's ™) f/Hz v/(em's™) f/Hz
1 396 120 1210.6 0.0707 13.2 0.0593 16.2 0.068 0 117
2 396 120 1290.6 0.0648 12.7 0.0542 15.7 0.0622 113
3 396 220 1365.6 0.0471 12.4 0.0412 15.2 0.0438 10.9
4 396 220 1405.6 0.0452 12.2 0.0396 15.0 0.0402 10.7
5 396 283 1492.6 0.0377 11.7 0.0336 145 0.038 1 10.4
6 396 283 1532.6 0.0363 11.6 0.0323 143 0.0302 10.2
7 484 90 866.6 0.1408 16.1 0.1171 19.5 0.1374 14.3
8 484 90 946.6 0.1249 15.3 0.1034 18.6 0.1212 13.6
9 484 190 1021.6 0.0834 14.7 0.073 1 17.9 0.0820 13.0
10 484 190 1061.6 0.0792 14.4 0.0693 17.5 0.0776 12.7
11 484 253 1148.6 0.0634 13.8 0.0566 16.8 0.0623 122
12 484 253 1188.6 0.0608 13.5 0.0539 16.5 0.0594 11.9
13 440 150 1094 0.0773 14.1 0.0678 17.2 0.0769 12.5
14 440 150 1174 0.0717 13.5 0.0613 16.6 0.069 6 12.0
15 440 250 1249 0.0517 13.1 0.0477 16.0 0.0525 11.5
16 440 250 1289 0.0513 12.8 0.0457 15.8 0.0502 11.3
17 440 313 1376 0.0435 12.4 0.0392 152 0.0420 10.9
18 440 313 1416 0.0414 12.2 0.0374 15.0 0.0404 10.7
19 72 41 820 0.0679 15.0 0.0583 18.3 0.0640 13.2
20 72 41 900 0.0598 142 0.0473 17.5 0.056 1 12,6
21 72 141 975 0.0327 13.6 0.0285 16.8 0.0314 12.0
2 72 141 1015 0.0309 13.3 0.0270 16.4 0.0296 1.7
23 72 204 1102 0.0238 12.7 0.021 4 15.7 0.0229 112
24 72 204 1142 0.0227 12.5 0.0203 15.4 0.0218 11.0
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Fig.7 Vibration monitoring data of measuring points in vertical gravity direction
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