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Evaluation of Rock Burst Proneness of Deep Sandstone Based on Fuzzy Mathematics Method
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Northeastern University, Shenyang, Liaoning 110819, China;
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Abstract: As mining depths increase, the synergistic effect of high in-situ stress and complex geological environments leads to
frequent rock burst incidents. However, there is carrently a lack of comprehensive evaluation methods for the rock burst
proneness of deep rock masses that accounts for multi-factor influences. Based on rock mechanics parameter tests conducted at
an iron mine in the Xinjiang Uygur Autonomous Region, the rock burst proneness of the rock mass in the —450 m to —600 m
level was evaluated using four indicators: the strength brittleness coefficient, the improved brittleness index, the maximum
storage elastic strain energy, and the strain energy index. The results indicate significant dispersion among the evaluation
results obtained by using different single indicators, rendering it difficult to accurately determine the actual rock burst
proneness relying solely on an individual metric. Consequently, a comprehensive evaluation model for rock burst proneness was
established by integrating the fuzzy mathematics method and the entropy weight method. A comprehensive assessment of the
sandstone rock burst proneness in the —450 m to —600 m level of the mine was performed. revealing a moderate rock burst
proneness across all cases. On-site investigations demonstrate that the evaluation results generated by the multi-indicator
comprehensive evaluation method based on fuzzy mathematics align closely with the actual in-situ damage conditions,
facilitating an accurate assessment of the rock burst proneness grade. These findings provide a rock bust theoretical basis and
technical support for safe mine production and rock burst mitigation.
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Fig.1 Core acquisition position and processing flow
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Table 1 Physical and mechanical parameters of

sandstone specimens
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Table 2 Classification standards of rock burst proneness
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Table 3 Single factor evaluation results of rock burst proneness of sandstone with different burial depths
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Fig.2 Ladder fuzzy distribution diagrams
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Table 4 Comprehensive evaluation results of rock

burst proneness of different burial depths

MR/m KRB BRI AR AR L AT I 2
450 0.85 vs3 o A5 R A 11
500 0.82 v o 5 R A1
550 0.88 vs o 28 R A 1)
600 0.84 vs3 o A5 R A 1)

XX —450~—600 m % 1 Btk £7 52 b BB 2%
KA [ R 2 2 I BRI TR R AE, JR EB A
Wi 2 e A Bk R A 2R ) L IR 22 4 v e A T 58 B
Pk SR AR AT ok i N Fy XG5 T B R R R B R
N 5 G S TE 4 55 R0 e AR 57 3 M 4 25 X TR
SR T R B R R L IR R IR e 4l S R 20 2 )
WG A5G SR RIE

PEHUL 7 545 — 647 m, —587 m 1 B AR E il
Wi &R AL AT — 647 m TS
—587 m B KRB 43 5y 0.82.,0.75, 5% 1 1T
MR vy v, R LRETEHIGE R Ry i 55 5 i ) 5
554 MR . IR R R, — 647 m P B
TSR 2 DR W 2 otk R R 32 PR BE AR RE i
R R AR AT B 2475 45 G v S R RRAIE s — 587 m
BN R A UL A% 1 3% )2 300 0 sl i 28 1 K Tt 59 il
AR, 2 T AR R BT XA 8 e R
FRAE

(1) R FH 58 B e 1 2 250 o3t s 8 2 I K A
A7 5P N AR R LN AE BB T8 B 4 FR A bR 43 500 % B i
#" X —450 m,— 500 m,—550 m,—600 m F1EH"
o PR IR AT PR PR SE SR R, — 450 m,
—500 m 1 BEE R 1) MR VAN 45 R N 55 3 op AR R
1A P 5 — 550 m, — 600 m F B i 1 {1 6] M DF A 4%
T i A SR A T M L AN R B I S T 1)
A G5 5 B BOME K, O v RS VE B S PR 1
] Pk

(2) BT HRHEEIFMER T TR S
TEA AH 45 A 1 R M2 B TR AR R, S5
B, 3t g KSR R B JE U X — 450 m, — 500 m,
—550 m,—600 m B AP A A R ) PR AT 25 A
PEH) A KSR B 2 5 0.85.0.82.,0.88.,0.84 , 4 48
AR5 ] 4 47 Ay v 25 S A 1



AEHEF A TRBMBEFEGERDEZRMERENT] T LFRS L ,2026,46(3). 35

ol

%1

DN

(3) SEHb AR S R %0 X — 450~ —600 m
25 T BRI [ 2 )2 S BT 2L IR ) Y REAE  JR R A
Wi 7 T 5L S R e 2R P e R AR H B R e Rl S
BRI G AT G h AR A R RRAE . N S R

P, R ) 1 22 A8 Rk B VAN 7 Bk BT AR PR AN 4
SR — 20 BENS TR PN A R ) 1 2 2
2 % LHK (References) :

[1]

2]

(3]

[4]

(5]

(6]

(7]

BRI YR R IE FE T 250 07 Wk A BT TR T 1R 25 A 1
i PN L) ] 0 T 25 6] 5 TR 240 . 2020, 16 (2) :591-598.
ZHU Yongsheng, LI Zhen, LIANG Jiuzheng. Prediction of
rockburst proneness of surrounding rock in iron mine based
on empirical method[ J]. Chinese Journal of Underground
Space and Engineering,2020,16(2) :591-598.

JAT e EARE 8 E RIS R S R 5 R T R
KE R TR F L] E A 64 8 ¥ H.2025,35(1)
306-322.

ZHOU Zilong, WANG Shaofeng, CAI Xin, et al. Control
for rock dynamic disasters induced by blasting mining
disturbance under heterogeneous condition in deep metal
mines[ J]. The Chinese Journal of Nonferrous Metals,2025,
35(1):306-322.

Em T REAR ARSI AE 5 R A R )
PEAKIRWF ST [T 1. R B 5 54 2 5 i T8 2 4. 2024, 6 (3D
47-56.

WANG Yunfei, SONG Mengyi, JIAO Huazhe, et al.
Experimental study on strength and rockburst proneness of
granite under loading and unloading[J]. Journal of Mining
and Strata Control Engineering,2024,6(3) :47-56.

KBS kIR E R X R ABIGR L)) A0 S TR
242 ,2008(10) :2034-2042.

ZHANG Jingjian, FU Bingjun. Rockburst and its criteria
and control [ J]. Chinese Journal of Rock Mechanics and
Engineering,2008(10) :2034-2042.

T 22 38 4K X0, A5 30 0 T 4 R T L A R O R AL
i K B0 i B Sk R L] 4B 1 2023(3) 1 14-28.
QIAO Lan, DONG Jinshui, LIU Jian, et al. Review on the
study progress of rockburst mechanism and prediction in
underground metal mines in China[J]. Metal Mine, 2023
(3):14-28.

BT R L 2R, AR R A AR S W U R WF U O
(7. E 4k, 2023,47(6) :55-62.

HUANG Ning, LU Haizhu, PENG Geng, et al. Research
progress of rock burst criterion and monitoring prediction
technology[ J]. China Molybdenum Industry, 2023,47 (6)
55-62.

AR5 SRS B /NI 45 TR A TR SR S Ik 9 5 By 2 B Y
JB5 T RSCEJ].8716 ,2024,33(4) :482-494 514,

CHEN Lu, GUO Lijie, YANG Xiaocong. Research progress
and engineering practice of rockburst disaster prevention and
control in deep mining of metal mines [ ]J]. Mining and

Metallurgy, 2024 ,33(4) :482-494+514.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

AT, ST SC, XU 4B T CNN-LSTM 2 8 #) TBM %
T 0k 2 B R A A AN L) ] R R 22 R, 2024, 52 (3
) 2).21-37.

MAN Ke, WU Liwen, LIU Xiaoli, et al. Prediction of TBM
tunneling parameters and rockburst grade based on CNN-
LSTM model [ J]. Coal Science and Technology, 2024, 52
(Suppl.2) :21-37.

T E B B SRR ] A LR B SR A o B 0 A R B A
HIML ] BRE 2%, 2023, 48(5) :2011-2023.

YANG Ling, WEI Jing. Prediction of rockburst intensity
grade based on SVM and adaptive boosting algorithm[ ] ].
Earth Science,2023,48(5) :2011-2023.

w5 BAR. T Fisher JA MM~ TRAFE BT &80
111,2010(11) : 140-142.

GAO Weidong. Forecast of rock-burst in underground
engineering based on Fisher discriminant[ J]. Metal Mine,
2010(11):140-142.

KA, I R S R T o U R HIL &% 2 T B e A R
175 DR 25 ) 5 TR A, 2011, 7(2) :392-397.
ZHANG Yan, SU Guoshao, YAN Liubin. Method of
identifying rockburst grades based on gaussian process
machine learning[ J]. Chinese Journal of Underground Space
and Engineering,2011,7(2):392-397.

BRI AR, 5101 5 26 T WOA-SVM (1751 7K B i 4 45
FUBE VAR [T, b [ 2 2 b 2A 24 . 2023, 33(9) : 41-48.
JIN Chunling, JI Zhaotai, GONG Li, et al. Evaluation model of
rockburst intensity of diversion tunnel based on WOA-SVM[]].
China Safety Science Journal,2023,33(9) :41-48.

ZRREA RS A AR T A B 2 IO 4 i1 o R S A
% T [T ] A4 100 S5 5 B0 4 2023, 51(10) : 94-103.

LI Kangnan, WU Yaqin, DU Feng, et al. Prediction of
rockburst intensity grade based on convolutional neural
network[ J]. Coal Geology &. Exploration, 2023, 51 (10);
94-103.

S L R E T, 2R 0 0, SR TR0 0 43 0T 0k 1 O R B TR
WRFFE )4 @48 (0 1L 43) 2022, 74(1) 1 97-102.

JING Yangfan, CHEN Yuming, LI Yuefeng, et al. Study
on rockburst prediction based on discriminant analysis
method[ J ]. Nonferrous Metals ( Mining Section) , 2022, 74
(1):97-102.

1AL A B T IR 00 RSO R A 0 R 1% S AR T ) B N T
FE[D]. K k. 2023,

HU Xingmiao. Rockburst evaluation and application research
based on game theory and improved unascertained measurement
[D]. Changsha: Central South University,2023.

TeR AL 2 W, 46 3 T 2 % WAL — ) 78 7T 43 468 7Y
D A R At e PN 7 ik (0] A (4 )8 TR, 2022,12(8)
119-130.

QIAO Mu, ZHOU Zonghong, LI Yuefeng, et al. Optimization
of rockburst tendency prediction method based on subjective and
objective model [ ] .
Nonferrous Metals Engineering,2022,12(8) :119-130.

weighting-matter-element  extension



36

g LB R S5 A

2026,46(3)

(171

(18]

[19]

it 2, 5P B A T RO RO 1 B £ B TR L B MR
B[], TR R L 2023,29(3) : 71-79+ 146.

SHI Jianjun, GUO Shucheng, ZHANG Wei. Analysis of
rockburst tendency in deep buried section of Huangtai tunnel
based on fuzzy mathematics[J]. Engineering Blasting,2023,
29(3):71-79-+146.

WA R T AN AR T B Y o TR R AR R 43 8 R
BARIAGLD] KW g K. 2022,

CHEN Chao. Coalburst and rockburst classification and
control technology evaluation based on uncertainty theory
[D]. Changsha: Central South University,2022.

PR 05 5 BT A B S A S ALY R 25 A T
E BN AT G 48 (9L #R 4 2022, 74(4) :64-69.
CUI Pengyan, CHEN Yuming. YANG Gongyin, et al.
Extension comprehensive evaluation rockburst prediction
model based on combination weighting [ ] ]. Nonferrous

Metals (Mining Section) ,2022,74(4) :64-69.

[20]

L21]

[22]

it 2 W O I L T B L A5 T T A R b 1 R R AR T
WWEFELT ] T 28 18] 45 TR 2441 . 2021, 17 G 7] 2) :949-955.
QU Honglue, ZHANG Xinshang, ZHANG Yong, et al.
Prediction of rock burst in deep-buried tunnel based on
tendency index[ ] ]. Chinese Journal of Underground Space
and Engineering,2021,17(Suppl.2) :949-955.

AR BRGSO 1) DT A B R O A T
FE[D]EB R TR KA, 2022,

WANG Weiqing. Evaluation of rockburst propensity and
rockburst hazard management methods at Sujiapo phosphate
mine[ D]. Wuhan: Wuhan Institute of Technolog,2022.
TeLLH B TR BT A B LA R AR AT 4 A B T T 12 4
FE[D] R L AL JL B T R4, 2022,

JI Hongyu. Research on mine rockburst feature analysis and
prediction method based on information fusion [ D ].
Tangshan: North China North China University of Science
and Technology, 2022.



