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Acoustic emission response and fractal temporal evolution characteristics of coal body damage and failure

REN Xiaowei', WANG Xiaokai', QI Longhui', JI Yuan', ZHANG Chaochao', LIU Guozhong’
(1. Shaanxi Shanmei Caojiatan Mining Co., Ltd., Yulin 719000, China; 2. CCTEG Chongqing Research Institute,
Chonggqing 400037, China)

Abstract: To address the issue that the discrete nature of acoustic emission (AE) signals and the insufficient
correlation of characteristic parameters during coal body damage and failure make it difficult to reliably and
comprehensively reflect the damage and failure characteristics, uniaxial loading experiments were conducted. The
AE response characteristics of the coal body during damage and failure were analyzed. Additionally, based on
fractal theory, the information dimension of AE signals was calculated to analyze the fractal temporal evolution
characteristics of coal body damage and failure. The results showed that: () The AE energy of the coal body
exhibited distinct stage-dependent characteristics across five phases: compaction, linear elasticity, elastoplasticity,
instability failure, and residual strength. A sharp increase in AE energy during the instability failure phase served
as a precursor signal of macroscopic coal body fracture. This precursor signal was influenced by the initial
damage level of the coal: the better the integrity of the coal, the more obvious the precursor signal during the
damage and failure process. (2 The coal body demonstrated prominent fractal characteristics throughout the
loading process, with the information dimension decreasing as the AE signal threshold increased. At the initial
loading stage, the information dimension increased due to the closure of microcracks. In the elastoplastic phase,
crack propagation caused a rapid decrease in the information dimension, while in the instability failure phase,
macroscopic fracture led to a subsequent increase. The stage of rapid decrease in information dimension
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corresponded to the critical state of internal crack propagation and coalescence, which served as an effective

predictor of macroscopic coal body failure. These findings provide a theoretical foundation for the identification

of precursors of coal body damage and failure and the analysis of coal failure mechanisms.

Key words: coal body damage and failure; acoustic emission; uniaxial compression; fractal; information

dimension
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Fig. 2 Time-dependent variation curves of acoustic emission energy

and cumulative acoustic emission energy
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Fig. 3 Probability distribution of acoustic emission energy at different thresholds of acoustic emission signals
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Fig. 4 Double-logarithmic fitting curves of acoustic emission energy signals versus box scale
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