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Study on Failure Mechanism and Dynamic Catastrophe Analysis of Multiple Pillar Groups
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Abstract: To reveal the failure mechanism and dynamic catastrophe evolution law of pillar group and solve the problem of large-
area goaf collapse caused by pillar group instability in gently inclined orebody mining, the PFC2D numerical simulation method
was adopted to conduct parallel uniaxial loading test simulations on three specimens with different strengths. The failure force
chain and crack evolution characteristics of multiple pillars were analyzed, the chain instability mechanism of multiple pillars
was revealed, and a key pillar theory based on trigger pillars, chain-breaking pillars, and critical pillars as well as a key pillar
identification method were proposed. The method was verified by using the Fetr6 chromite mine case. The research shows that
the instability of pillar group follows the law of chain failure, and pillars fail sequentially in the order of their strength from low
to high. The trigger pillar is the weakest pillar that fails first during the chain failure process. The chain-breaking pillar can stop
the propagation of chain failure in the pillar group. The critical pillar determines the critical state of overall instability of the
pillar group system. The proposed key pillar identification method can accurately identify key pillars in the chain dynamic
instability process. Verified by the Fetr6 chromite mine case, when the pillar bearing area loss rate reaches 0.523, the pillar
group system can be judged as overall unstable. The research results provide a theoretical basis and technical support for the
stability assessment and disaster prevention and control of pillar group in mines.
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Fig.1 Numerical simulation model of parallel pillars
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Table 1 Parameters of farallel pillar model

s BOMRLARS R £ ik kL MURLRE B Bz B/ E AP RSP MR/
mm Bitd/GPa  HWIEELL P % GPa W2 Lt % 3 /MPa MPa

1% 0.35 1.66 35.0 2.0 0.47 35.0 2.0 30 27.3 27.3

2% 0.35 1.66 35.0 2.0 0.47 35.0 2.0 30 21.0 21.0

3% 0.35 1.66 35.0 2.0 0.47 35.0 2.0 30 15.0 15.0
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Fig.2 Axial pressure-time step curves during

the failure process of specimens
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Fig.3 Evolution characteristics of contact force chains during the failure process of specimens
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Table 2 Statistical results of the number of cracks during the failure process of specimens

1# 5 4 27§k 3FHRE IF R 4E
W RHE R WHELY BHEm/ PR/ WRL/ RRGY WMRELY WHELY NHELY RHEL WRHL/
* % * * * * % * * * & %*
0 0 0 0 0 0 0 0 0 0 0 0 0
80 000 0 0 0 0 0 0 20 20 0 20 20 0
90 000 0 0 0 2 2 0 96 85 11 98 87 11
95 000 0 0 0 4 4 0 210 182 28 214 186 28
100 000 0 0 0 7 6 1 2 582 2 281 301 2 589 2 287 302
110 000 1 1 0 20 19 1 3225 2 862 363 3246 2 882 364
120 000 3 3 0 50 44 6 3233 2 870 363 3286 2 917 369
130 000 5 5 0 99 84 15 3235 2872 363 3339 2 961 378
135 000 9 5 0 574 481 93 3236 2873 363 3819 3359 456
140 000 15 14 1 3005 2 647 358 3239 2 876 363 6 259 5537 722
150 000 34 30 4 3009 2 651 358 3241 2 878 363 6 284 5559 725
160 000 68 59 9 3010 2 652 358 3243 2 880 363 6321 5591 730
170 000 135 113 22 3010 2 652 358 3244 2 881 363 6 389 5646 743
175000 1952 1665 287 3010 2 652 358 3244 2 881 363 8 206 7198 1008
180 000 2556 2 235 321 3010 2 652 358 3245 2 882 363 8 811 7769 1042
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Fig.4 The variation of the number of cracks with the

loading time step during the failure process of specimens
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Fig.5 Crack propagation pattern during the failure process of specimens
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Fig.6 Sketch of single-point instability mode of single pillar
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Fig.7 Sketch of local instability mode of pillar cluster
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Fig.8 Sketch of regional chain instability mode of pillar group
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Fig.9 Sketch of overall system instability mode of pillar group
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Fig.10 Sketch of chain instability mechanism of pillar group
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for pillar bearing area division
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Table 3 Characteristic parameters and

safety factors of the pillars
SR 2/ W kE W kE

pE MR e MR e wy ER
m MPa MPa
2 63 7.9 12 19.1 8.9 2.15
3 36 6.5 12 19.8 10.2 1.94
4 36 6.3 12 19.8 9.8 2.02
5 19 4.5 12 20.7 15.7 1.32
6 42 7.0 12 19.6 9.2 2.13
8 18 4.2 12 20.8 14.6 1.42
10 166 9.2 12 17.9 10.1 1.77
12 108 10.8 12 18.5 7.1 2.61
13 50 7.7 12 19.4 9.5 2.04
14 213 11.7 12 17.7 9.2 1.92
16 30 6.0 12 20.1 25.0 0.80
17 10 3.3 12 21.6 42.0 0.51
18 40 6.7 12 19.7 20.0 0.99
19 15 4.0 12 21.0 20.0 1.05
20 35 6.4 12 19.9 10.0 1.99
21 100 8.0 12 18.5 8.0 2.31
22 86 9.6 12 18.7 8.0 2.34
23 130 11.8 12 18.3 7.0 2.61
24 170 10.5 12 17.9 7.0 2.56
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Table 4 Loss rate of bearing area of pillar group and its stability
MG B 2R B AR TR 3 T FR A 2R 2 KA SHE REGRBRE
1 16,17.18 0.059 0.500 i
2 16,17,18—>10 0.182 0.500 i
3 16,17,18—>10—>14.8 0.351 0.500 i
4 16.17,18>10—>14.8—>6.19.20 0.419 0.500 E
5 16,17,18>10—>14.,8—>6.,19,20—>3.4.5,13 0.523 0.500 =
6 16,17,18>10—>14.8—>6.,19,20—>3.4.5.13—>2.12 0.648 0.500 P
7 16,17,18>10—>14.8—>6.,19.20—>3.4.5.13—>2,12—>21 0.721 0.500 =
8 16.17.18>10—>14.8—>6.19.20—>3.4.5.13—>2.12—>21—>22.24 0.910 0.500 =
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