doi:10.3799/dqkx.2026.157

HIRMEMEE A 2 S B RTINS B R R T SR
B3, EAAKT, AKX, TR, A2
LA A HERA RN, T, 102628
2EREEY HEFRERKELSF PG, LR, 102628
SAAFAR K FRARIART FIE, 4L, 100083
CRFEHBARFHREELSIEFKE, LK, 100083

FAE: DR TR PR R M A I RN 3 BU™ B R 9, JL U i BT
SERIRITISAE S WU ARTRT, DA 7 I B Sy A M AR ) 5 A1 (O B AR AIE 22 57
20 T P R HERE S I 2t o ASCRHIRLAE R A AIRIAE B B R SCE AR RO B, S
AR AR AR« P RAT IHAL 5L ARFLBR A M RAE, ARG 12 Al T 0 ) 20
R B S s LR fEMEIERE b, R TR A ORI, b IRETH T
PIREREOHIE (AECE) W2 SR RATHD b R, JRE RN 1% S BRI )
AR KL o SRR WS (CADRAE R 5 A8 19 AE RIJE (S
5 LN [P 5 2 B TR AT CHDREAERG ) L AECF X SRR VEREIR S0 MIUR: s it 4
H ARG 7 B B2 OB A USSR, T SCBGHAN [R5 PR R O 22 AL R
B FU R R 1 AR R IR PP 5 B SR 1 38 SO 5 BOR Bt

REEW: mRMGIES s RERAE: FERA 2SHIE

FEGES: TU4S Wikt H #1: 2026-1-29

Multi-Parameter Acoustic Emission Precursory Information and Failure Early-Warning

Strategies for High-Strength Brittle Rock

Chen Lu'?, Dong Jinshui**, Guo Lijie!?, Li Qingwen*, Qiao Lan*

1. BGRIMM Technology Group, Beijing 102628, China.

2. BGRIMM Technology Group, National Centre for International Research on Green Metal Mining,
Beijing 102628, China.

3.8chool of Future City, University of Science and Technology Beijing, Beijing 100083, China.

4. School of Resources and Safety Engineering, University of Science and Technology Beijing, Beijing
100083, China.

RETH: ERESWETE (No: 2024YFC2909500) ; AbmiiiBHEEHE R (No: 20230484242) .

PEZ RIS BRBE (1990-) , 2o, (i, SR TN, MHE A% 5 TRRFEGEMICHIF, ORCID: 0000-0003-4076-
2088, E-mail: chenlu@bgrimm.com

SEWAEF: #wEK (1998-) , J3, FEEL L, WSEA S TR EPEMIIIF, ORCID: 0009-0000-0378-4857,
E-mail: jsdong 1@163.com



Abstract: Deep engineering in high-strength brittle rocks is prone to sudden failure, which often
triggers severe rock mass hazards. Early warning relies heavily on reliable identification of
precursory signals. However, existing acoustic-emission (AE) single-parameter warning methods
cannot simultaneously accommodate failure-feature differences among lithologies, limiting warning
accuracy and timeliness. In this study, coarse-grained granite, fine-grained granite, and quartzite
were investigated using uniaxial compression tests, AE monitoring, and nuclear magnetic resonance
(NMR) characterization of pore structures. The lithology-controlled mechanical responses, failure
modes, and microfracturing evolution mechanisms were systematically revealed. On this basis, a
multi-parameter AE precursor indicator system integrating correlation dimension, b-value, ring
count, and average energy centroid frequency (AECF) was established, and the pre-peak evolution
patterns and physical implications of each parameter were quantitatively analyzed. The results show
that precursory AE signals in highly brittle rocks (fine-grained granite and quartzite) emerge
significantly later than those in quasi-brittle rock (coarse-grained granite), and AECF is more
sensitive to sudden failure. Accordingly, a lithology-adaptive, stage-wise multi-parameter joint
warning strategy is proposed, enabling differentiated identification of failure in rock masses with
different brittleness. These findings provide a theoretical basis and a technical pathway for
intelligent assessment and real-time early warning of catastrophic risks in deep rock engineering.
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Fig 1. NMR experimental results of rocks with different lithologies: (a) T- relaxation curves and

corresponding pore sizes; (b) Internal pore size distribution of rocks
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Fig 2. Stress-strain curves and post-failure states of rocks with different lithologies: (a) Stress-strain
curves of the specimens; (b) Macroscopic failure mode of CG-1; (c) Macroscopic failure mode of FG-1;

(d) Macroscopic failure mode of Q-1
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Fig 3. Precursory information of correlation dimension for rocks with different lithologies: (a)
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Fig 4. Precursory information of b-value for rocks with different lithologies: (a) CG-1; (b)
FG-1; (c) Q-1
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Figure 6. Precursory information of AECF for rocks with different lithologies: (a) CG-1; (b) FG-
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Figure 7. Multi-parameter acoustic emission stage-by-stage warning framework for rock failure
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