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Characterization of charge sensing signals during slip destabilization
of faults with different roughness rock interfaces

ZHAO Yang-feng!, GONG Zheng!, WANG Kai-xing', SIXu!, LIU Yu-chun'?,
ZHANG Li-liZ, LIANG Qin-feng!
(1. School of Mechanics and Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China;
2. College of Science, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract: In order to investigate the influence of rock interface roughness on the characteristics of the charge induction signal during
fault slip, the time-frequency characteristics of the multi-channel charge induction signal waveforms, the cumulative velocity of
charge, the fractal dimension, and the primary and secondary frequency zones of the rock assemblage structure with different
roughness during the slip process in the double-sided shear test under different vertical loads were investigated. The results show that:
(1) The localized micro-rupture nucleation in the elastic deformation stage leads to multiple charge induction clusters with maximum
values, which increase with the increase of interface roughness and vertical load, and then become dense and small-amplitude signals
when entering into the start-slip stage. (2) With the increase of interface roughness and vertical load, the fluctuation of the
accumulated charge velocity and fractal dimension are more obvious and highly correlated with the change of the waveform of the
charge induction signal. In the elastic deformation stage, the accumulated charge velocity shows “slow increase in the main body and
sudden increase in multiple points”, and each charge induction cluster is accompanied by the phenomenon of “first ascending and
then descending” of the fractal dimension, with the main frequency area located in the low-frequency domain and the sub-main
frequency area located in the high-frequency domain. In the start-slip stage, the accumulated charge velocity changes to an overall
rapid increase and the fractal dimension fluctuates more obviously with the increase of fault interface roughness and vertical loading.
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During the start-slip stage, the charge accumulation rate changes to an overall rapid increase, and the fractal dimension is
continuously downgraded, and the primary and secondary frequency regions show the phenomenon of “translational interchange”,
with the primary frequency region shifted right to the high-frequency domain, and the secondary frequency region shifted left to the
low-frequency domain, and the primary frequency of the charge signals at each slip stage falls into the frequency aliasing domain
common to the whole process of slipping. (3) Comparing the time-frequency resolution and time-frequency focusing of the three
time-frequency transform methods, wavelet transform, short-time Fourier transform and S transform, it is found that the wavelet
transform performs the best in the low-frequency domain, the short-time Fourier transform the second, and the S transform the worst,
while in the high-frequency domain, the S transform performs the best, the wavelet transform the second, and the short-time Fourier
transform the worst. (4) Differences in charge signals of sensors at different locations during fault slip destabilization are mainly related
to the aggregation of charges in specific regions caused by locally concentrated micro-ruptures before the start-slip phase, and are mainly

caused by the change of misalignment of the relative positions between the slip surface and the sensors after the start-slip phase.

Keywords: fault slip; roughness; charge induction; time-frequency domain analysis; precursor warning
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Table 1 Classification of red sandstone
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Table 2 Peak time and peak of charge pulse clusters in each channel during the sliding elastic deformation stage

for groups A and C3
A C3
1 j@iE 2 j@iE 3 JIE 1 JiE 2 jHiE 3 j@iE
FIARE)/s  WEH/ pC  FEIAR[E)/ s WEH/ pC FIARIE)/ s VE(H/ pC FIkEFE)/ s WE{H/ pC FUIARIE)/s VEMEH/ pC  FlIARS[E)/s  W{H/ pC

30.810 297 —2.03
43.392 030 3.49
50.144 930 2.70
58.717 910 3.80
61.458 090 3.40
68.639 820 4.48
73.786 430 6.67

30.81350  —30.52
43.398 59 —6.81
50.184 89 —9.08
58.764 62 —9.22
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73.825 44 11.79
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73.288 04 6.81 66.495 63 0.17 65.580 77 0.48
74.062 72 0.74 — —

31.619 59 0.45
36.541 06 1.73
43916 15 0.52

31.619 59 0.54
36.541 06 2.13
43.924 96 2.13
48.541 06 0.26
55.626 02 0.73

31.388 88 —0.52
36.541 30 —-3.01
44.007 43 3.43
48.593 09 1.89
55.626 02 1.34
60.765 56 2.30
66.565 12 1.10
73.390 30 -1.98

K3 A C3 HRKITH I AT H B I8 R ik vk iR e e 1) 5 e
Table 3 Peak time and peak of charge pulse clusters in each channel during the sliding elastic-plastic deformation stage
for groups A and C3

A C3

1 iliE 2 iHiE 3miE 1 iliE 2 il 3 Wil

FEISIR)/s  WE{H/ pC  FIAWIE)/ s WRME/ pC FUANS[A)/s WA/ pC FUIAWIE)/s W{H/ pC FUAWIE/s WE{H/ pC  FEWE)/s  UE{H/ pC

113.284 16 0.41 - - - - 117.651 10  —0.87 117.651 103 —1.31 117.731 73 3.07
119.605 74 —-0.44 - - 119.017 06 4.36 120.121 43 1.51 120.120 880 2.71 120.07213  —2.96
121.128 21 0.56 — — 121.007 01 3.03
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