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Abstract: Rock mass structure rupture is an important factor that seriously restricts the construction and safe operation of
underground space engineering projects such as mines, subways and tunnels. Realizing the identification of rock mass
fracture state is one of the hotspots and emphases of current research. In this study, some experiments of sandstone load-
ing failure under different conditions were carried out, the acoustic emission Mel-frequency cepstral coefficient (MFCC)
and its fluctuation difference during the whole loading process were extracted, the variation law of the coefficient and its
fluctuation difference during the whole loading failure process was studied, and the correlation characteristics of coeffi-
cient No.l (According to the calculation of acoustic emission Mel-frequency cepstral coefficients, it can be seen that a set
of acoustic emission Mel-frequency cepstral coefficient includes 12, and coefficient No.1 refers to the first Mel-frequency
cepstral coefficient) and its fluctuation difference with the fracture state of sandstone were analyzed. Based on this, a
method to identify sandstone fracture state using the Mel-frequency cepstral of acoustic emission was proposed, and the
identification criteria was constructed. The identification effect was finally verified. The results show that with loading in-
crease, the coefficient No.1 increases as a whole, and the coefficient value and its discreteness increase significantly in the
failure stage and show significant regular fluctuations. The fluctuation difference of the coefficient has the characteristics
of periodic variation. The size of the fluctuation difference and its fluctuation can characterize the fracture of sandstone.
The overall increase and sudden increase of the fluctuation difference can reflect the macroscopic fracture of sandstone in
the unstable deformation and post-peak failure stage, and the sudden increase level of the fluctuation difference can reflect
the fracture degree of sandstone. The acoustic emission Mel-frequency cepstral coefficient and its fluctuation difference
show good response characteristics to sandstone fracture, which is less affected by different loading conditions, thus they
have applicability in reflecting sandstone fracture. The coefficient No.l and its fluctuation difference have a good correla-
tion with the fracture state of sandstone. The correlation can be divided into three stages as: in the micro-fracture stage of
sandstone, the coefficient No.1 and its fluctuation difference are intensively distributed; in the unstable deformation stage
just prior to the peak load, the distribution range increases sharply, the overall value increases and the high abnormal value
appears; in the post-peak failure stage, the distribution range further increases, the overall value is higher, and more high
abnormal values appear. The identification method and criteria of sandstone fracture state were constructed by using the
75% site value and outliers of coefficient No.1 and the 75% site value and outliers of the fluctuation difference of coeffi-
cient No.1. The effect of the identification criteria was tested by the confusion matrix of the three-classification model. The
accuracy and precision of identification are 90.43% and 94.45%, respectively, which indicate the identification effect is
good. The results can provide a reference for the identification of the fracture state of other types of coal and rocks, and for

the monitoring and early warning of coal rock instability.
Key words: sandstone damage state; acoustic emission (AE); Mel-frequency cepstral coefficient (MFCC); identifica-
tion method
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Fig.1 Schematic diagram of the experimental system and acoustic emission sensor arrangement
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Fig.2 Size of prefabricated crack and photographs of sandstone specimens
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Fig.3 Relationship between MFCC-1 and stress curve of complete specimen DZ-1 under uniaxial loading
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Fig.4 Relationship between MFCC-1 and stress curves of sandstone specimens at the unstable deformation and post-peak failure

stage under different loading conditions
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Fig.6 Variation of MFCC-1 fluctuation difference in different loading conditions of intact sandstone specimens
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Fig.7 Distribution characteristics of MFCC-1 with sandstone fracture state under different experimental conditions
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Fig.8 Statistical distribution characteristics of MFCC-1 under different fracture states of sandstone specimens under various

experimental conditions
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