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Experimental study on acoustic time domain propagation characteristics of rock
under high water pressure and ground stress
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Abstract: Rocks bodies in underground engineering are generally subjected to water pressure and geo-stress environment,
where water pressure and ground stress together control the physical and mechanical properties of the rock. The study of
the influence characteristics of high water pressure and high stress on the propagation of rock acoustic waves is helpful to
reveal the damage evolution and dynamic mechanical properties of the surrounding rock and the inversion of water pres-
sure and soil stress during deep rock engineering excavations. Using a self-developed high hydraulic pressure and high

stress rock acoustic test system, and multiple levels of hydraulic pressure and axial static stress were set to simulate the
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groundwater pressure and geo-stress environment, then the acoustic propagation tests were conducted on red sandstone
and limestone. The head waveforms of rock acoustic waves were selected to investigate the relationship between wave ve-
locity, amplitude and energy of rock acoustic waves with water pressure and axial static stress, and to construct an empir-
ical model for the evolution of rock acoustic parameters. The results show that when the axial static stress is determined,
the acoustic wave velocity of red sandstone increases and then decreases with the increase in water pressure, and the two
show a good Gaussian function relationship, and the acoustic wave velocity of limestone increases rapidly and then de-
creases slowly with the increase in water pressure. When the water pressure is determined, the acoustic wave velocity of
both types of rock shows an increasing and then decreasing trend with the increase of axial static stress. The relationship
between the acoustic wave velocity of red sandstone and axial static stress follows a Gaussian function, and the change in
acoustic wave velocity is significant. In contrast, the change in limestone is smaller. The axial static stress condition is de-
termined. As water pressure increases, the first wave amplitude and energy of red sandstone initially increase gradually,
but then decrease rapidly, and the head wave amplitude shows an exponential function with the water pressure. The head
wave amplitude and energy of limestone first increase rapidly and then increase slowly or decrease slightly. When the wa-
ter pressure is determined, the head wave amplitude and energy of red sandstone increase with the increase in axial static
stress and then decrease gradually, while the head wave amplitude and energy of limestone increase rapidly with the in-
crease in axial static stress and then decrease sharply. The research results provide a theoretical basis for the characteriza-
tion of the surrounding rock state, the propagation of stress waves and the stability analysis of adjacent structures in deep

rock excavations under high hydraulic pressure.
Key words: deep high water pressure; rock acoustic propagation; acoustic wave velocity; head wave amplitude; head
wave energy
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Fig.1 Acoustic test system for rock with high water pressure and

high ground stress
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pressure and static stress of rock
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Table 2 Acoustic wave propagation experimental results of rock under different water pressure and axial static stress

ARzt FIRE
Pw/MPa o,/MPa
tlps Ap/mV E/N Clm - s ths Ay/mv EN Clm - s
0 120.00 5.97 209.66 3636.36 101.00 5.06 182.43 5555.56
5 118.00 6.18 251.28 3773.58 99.00 8.03 454.38 5 882.35
10 118.00 6.25 314.08 3773.58 99.00 9.31 576.65 5882.35
15 % 119.00 5.10 166.47 3703.70 99.00 9.68 614.61 5 882.35
20 120.00 3.56 82.86 3636.36 99.00 9.52 597.77 5 882.35
25 123.00 2.95 59.73 3448.28 99.67 9.24 574.23 5768.68
0 118.67 7.17 300.75 3726.48 100.00 9.30 587.73 5714.29
5 116.67 7.21 313.68 3870.97 98.67 10.44 681.46 5940.01
10 117.33 7.41 365.05 3 821.66 97.67 10.82 717.72 6121.82
15 2 118.67 7.23 355.08 3726.71 98.00 11.09 750.15 6 060.61
20 120.00 5.65 203.60 3636.36 98.00 10.73 700.07 6 060.61
25 121.33 3.49 76.21 3550.30 98.00 10.92 729.42 6 060.61
0 117.00 9.42 546.20 3 846.15 101.00 8.07 459.14 5555.56
5 115.67 9.92 596.44 3947.11 98.67 9.95 626.20 5940.01
10 115.33 10.01 619.92 3973.77 98.67 10.49 678.58 5940.01
15 3 116.00 9.42 530.62 3921.57 99.00 10.12 635.27 5 882.35
20 118.00 8.54 440.64 3773.58 99.00 10.27 661.23 5 882.35
25 119.00 6.00 217.70 3707.70 99.00 10.28 667.56 5882.35
0 117.00 10.69 752.42 3 846.15 100.33 7.47 402.70 5660.91
5 115.67 10.99 719.30 394737 98.00 10.31 677.78 6 060.61
10 116.00 11.03 754.03 3921.57 97.67 10.61 707.19 6121.82
15 0 116.33 10.47 680.52 3896.10 97.00 10.77 726.57 6250.00
20 117.33 9.73 611.56 3 821.66 97.67 10.16 664.15 6121.82
25 118.33 7.98 393.77 3750.00 98.00 9.82 636.79 6 060.61
0 117.33 10.44 697.77 3821.90 100.33 2.35 4491 5660.91
5 116.00 10.21 660.02 3921.57 98.00 4.41 148.28 6 060.61
10 115.33 10.12 669.45 3973.51 99.00 8.31 482.91 5882.35
15 44 116.33 8.13 508.70 3896.10 98.67 9.21 563.54 5940.01
20 117.00 7.42 336.53 3 846.15 98.67 7.97 430.70 5940.01
25 117.33 6.19 235.17 3 821.66 98.67 7.98 422.70 5940.01

T ENFIERRR, T OvfFSREMNE, us; ARNLRPAE IR, mV; A OB IR, mV.
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Table 5 Fitting result between head wave amplitude of red
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Table 6 Fitting result between head wave amplitude of red

sandstone and axial static stress

p/MPa  A/mV  MPa  AJmV  wMPa R
0 5.09 41.29 5.79 6.65 0.993
5 5.60 40.42 5.56 5.64 0.969
10 5.59 40.30 5.52 6.13 0.993
15 3.45 38.62 6.88 6.35 0.935
20 2.89 39.20 6.94 5.32 0.998
25 2.88 41.15 492 484 0.935
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