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ABSTRACT Rock failure and instability have been key research topics in rock mechanics domestically and internationally. Numerous
geotechnical disasters, such as rock bursts and slope instability, are associated with these phenomena. Acoustic emission detection is
recognized as an effective method for monitoring rock failure and instability processes. Uniaxial compression tests were carried out on
marble and siltstone to investigate the anisotropic characteristics of rock wave velocity and their influence on the accuracy of acoustic
emission location. Prior to reaching the peak, marble remains predominantly in the elastic stage, with the average wave velocity
remaining nearly constant. The horizontal wave velocity is consistently higher than the oblique longitudinal wave velocity, indicating
fewer longitudinal cracks in the initial state. In the compaction stage of siltstone, horizontal, oblique longitudinal, and average wave
velocity show an increasing trend. During the elastic stage, the horizontal and average wave velocities decrease slowly, indicating the

presence of small longitudinal fractures. In the damage stage, the horizontal, oblique longitudinal and average wave velocities decrease
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rapidly, signifying that the fractures have propagated. A 3D ellipsoid characterization method for rock anisotropic wave velocity using
the Rodrigues matrix is proposed in accordance with the characteristics of rock wave velocity evolution in different directions. The long
axis of the ellipsoid represents the maximum wave velocity within the rock, whereas the short axis reflects the minimum wave velocity.
During the compression of marble, the maximum and minimum wave velocities in various directions remain relatively stable until the
peak stress is reached. By contrast, for siltstone, the maximum wave velocity increases during the compaction phase, whereas the
minimum wave velocity remains constant. In the damage stage, the minimum wave velocity decreases due to rock damage and crack
formation, whereas the maximum wave velocity remains unaffected. The statistical results indicate that the azimuth of the wave velocity
ellipsoid for marble and siltstone is over 77% consistent with the crack azimuth. This finding suggests that the method can effectively
predict crack propagation. In addition, an acoustic emission location method that incorporates the anisotropic wave velocity evolution
characteristics is proposed. The average error of the proposed method is determined to be 1.89 mm for marble and 2.76 mm for siltstone,
as measured by the lead breaking test. The location error for siltstone is greater than that for marble due to three primary reasons. First,
siltstone exhibits high porosity, resulting in unstable and noisy acoustic emission signals, which complicate the extraction of the received
signals. Second, the wave velocity of siltstone varies at different stages, displaying distinct changing trends and significant amplitude
fluctuations. Lastly, siltstone demonstrates stronger wave velocity anisotropy, with inconsistent variation trends observed across different
stages. Compared with traditional simplex and Geiger methods, the positioning accuracy of the proposed method improves by more than
58% in both rock types, validating the effectiveness of the proposed location method. In addition, this method is applicable to

microseismic positioning, offering a more accurate solution for monitoring and early warning in geotechnical engineering disasters.

KEY WORDS Lodrigues matrix; wave velocity; anisotropy; three-dimensional characterization; acoustic emission location
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Table 1 First measurement of array wave velocity in marble  m-s'

Signal transmission Signal receiving sensors

sensors

S1 S2 S3 S4 S5 S6

S1 0 4565 4638 3357 3670 3884
S2 4638 0 4641 4770 3600 4366
S3 4670 4517 0 4675 3903 3953
S4 3340 4684 4565 0 4520 4520
S5 3670 3547 4025 4683 0 4628
S6 3903 4366 3976 4627 4627 0

2 RPN (57 Rk

Table 2 First measurement of array wave velocity in siltstone  m-g'

Signal transmission Signal receiving sensors

sensors

S1 S2 S3 S4 S5 S6

S1 0 2031 2031 2061 2076 2305
S2 2055 0 2057 2245 2090 2216
S3 2055 2057 0 2061 2160 2196
S4 2076 2230 2151 0 1963 2259
S5 2106 2105 2122 1963 0 2133
S6 2321 2216 2199 2244 2159 0
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Table 3 Location result and error of the lead breaking test
Proposed method Simplex method Geiger method
Lead break point/mm
Rock  Number Location results/mm Location results/mm Location results/mm
Error, AS Error, AS Error, AS
X v z X y z x y z X y z
P1 0 0 100 0.12 035 99.61 0.54 -126 135 97.61 3.02 234 362 9731 5.08
P2 -12.5 21.651 90 —13.46 2193 91.34 1.67  —13.68 18.45 8524 586  —13.82 23.54 92.85 3.67
P3 25 0 80 —24.05 —-1.12 79.66 1.51 2342 552 7717 640 2246 1.69 7751 3.94
P4 -12.5 21.651 70 -12.86 21.13 68.27 1.84  -10.22 19.64 66.48 4.65 -10.48 18.12 67.14 497
P5 0 25 60 1.68 2331 6235 3.35 -1.28 2238 56.87 4.28 —42 1854 56.61 8.42
Marble P6 125 21.651 50 12.6  22.55 47.29 2.86 1046 248 44.6 6.58 1421 2491 5934  10.04
P7 25 0 40 2431 -1.62 3896  2.05 21.69 2.57 46.16 7.45 19.26 9.52 30.57 14.58
P8 125 21.651 30  13.03 21.58 29.12 1.03 11.59 16.66 25.97 6.48 1425 23.61 32.65 3.73
P9 0 25 20 -1.36 24.85 21.87 2.32 2.18 23.54 2371 4.54 -6.81 2051 1342 1048
P10 -125 21.651 10 -12.6 2198 1207 210 -14.92 20.14 11.64 329  -1146 17.15 15.64 7.29
P11 25 0 0 2468 128 085 1.57 2461 1.61 -0.81 1.84  -21.64 451 3.65 6.70
P1 0 0 100 028 0.17 98.69 1.35 479 296 9221 9.61 -32 285 96.21 5.72
P2 -12.5 21.651 90 -11.11 20.03 94.96 540  -11.49 20.84 95.13 5.29 -10.5 24.68 87.05 4.68
P3 25 0 80 —23.05 1.88 79.26 2.81 -22.33 131 7717 4.11 —22.45 -6.94 86.14 9.61
P4 -12.5 21.651 70 —12.09 21.33 69.24 092  -15.69 19.27 64.75 6.59  -19.78 23.69 76.28 9.83
P5 0 25 60 -1.46 2452 60.51 1.62 1.88 23.34 57.96 3.23 -3.67 2239 68.86 9.94
Siltstone  P6 125 21.651 50 11.29 19.55 47.1 3.78 1831 16.36 43.92 9.94 531 1236 59.17  14.90
P7 25 0 40 2324 1.78 40.67 2.59 204 496 5032 12.34 19.6 —691 5539 17.71
P8 125 21.651 30 12.09 2036 27.54 281 19.21 2445 22.61 10.37 2021 16.45 3994 13.61
P9 0 25 20 1.68 24.67 22.36 2.92 2.07 22.64 25.69 6.50 -9.84 19.45 30.58 1548
P10  -12.5 21.651 10 —-12.35 20.03 11.25 2.05 —9.55 23.84 14.28 564 1793 24.84 16.28 8.89
P11 25 0 0 2357 268 276 410  —22.64 531 6.82 896 2394 426 534 6.91
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Fig.14 Comparison of acoustic emission location of marble: (a) Geiger
method; (b) proposed method; (c) original cracks
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(a) Geiger method; (b) proposed method; (c) original cracks
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