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Experimental study on the effect of hydration and temperature synergism
on acoustic wave propagation and mechanical strength
of Longmaxi deep shales
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(1. Faculty of Engineering, China University of Geosciences (Wuhan), Wuhan Hubei 430074, China; 2. State Key
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610500, China)

Abstract: Deep shale exhibits high water sensitivity and high-temperature characteristics, and the coupled effects of
hydration and temperature have a significant impact on the physical and mechanical properties of shale. Using deep
shale samples from the Longmaxi Formation in the Sichuan Basin as the research subject, fracture parameters,
ultrasonic parameters, and mechanical parameters of the shale after immersion under different temperature conditions
were obtained through experiments involving X-ray diffraction (XRD) , scanning electron microscopy (SEM) ,
hydration-temperature coupled immersion tests, ultrasonic testing, and laboratory mechanical compression. The

experimental results reveal that, the energy of ultrasonic waves decayed with increasing immersion time under both
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ambient temperature (24°C) and high-temperature (120°C) conditions. The reduction in longitudinal and transverse
wave velocities in the high-temperature environment was 1.41 and 1.71 times greater, respectively, than that under
ambient conditions. Hydration caused changes in the fracture parameters of the shale, showing a phased behavior. The
ultrasonic attenuation coefficient and hydration-induced structural damage coefficient increased rapidly in the early
stages of hydration, increased gradually in the middle stages, and tended to stabilize in the late stages. The ultrasonic
attenuation coefficient and hydration damage coefficient at high temperatures were 1.72 and 2.98 times higher,
respectively, than that under ambient conditions. Additionally, the mechanical properties of the shale deteriorated after
immersion, with compressive strength, elastic modulus, internal friction angle, and cohesion showing a staged decline.
Under high-temperature conditions, the reduction in these mechanical parameters was 1.24, 1.42, 2.06, and 1.39
times greater, respectively, than that under ambient conditions. The findings of this study provide a theoretical basis
for optimizing geological designs for horizontal drilling in deep shale formations and for adjusting drilling fluid densities.

Key words: deep shale; hydration-temperature synergistic effect; acoustic parameters; damage characteristics; mechanical

parameters; Longmaxi Formation
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Fig.1 Shale experimental sample and grouping
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Table 1 Basic physical properties of rock samples
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Table 2 Mineral composition and proportion

of rock samples
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A-1 49.80 15.38 16.24 4.57 793 14.58
A-2 48.60 15.16 17.34 3.67 7.30 1249
A-3 48.58 17.11 17.26 434 694 13.39
A-4 48.21 15.09 17.29 3.03 7.87 13.76
A-5 48.15 16.76 15.77 3.02 593 14.32
B-1 49.02 1750 17.12 3.61 576 14.05
B-2 48.22 15.63 16.98 3.32 6.11 13.16
B-3 48.50 17.13 1593 345 509 13.12
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A-1 64.23 2.57 1.307 0.00570 3073.12 2023.39
A-2 64.02 2.57 1.315 0.00530 2989.25 2009.73
A-3 63.82 2.58 1.375 0.00510 2983.79 2042.82
A-4 61.88 2.59 1.373 0.00550 2906.74 1992.86
A-5 64.04 2.58 1.425 0.00540 2910.41 1975.59
B-1 63.83 2.58 1.341 0.00580 2857.63 2037.62
B-2 62.38 2.59 1.774 0.00550 2835.40 2019.18
B-3 64.45 2.59 1.537 0.00516 2877.31 2037.62
B-4 63.95 2.57 1.535 0.00527 2853.41 2025.31
B-5 64.02 2.58 1.447 0.00505 2886.90 2038.76
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Table 3 Relative content of clay mineral
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A-1 61.99 4.42 16.48 18.44
A-2 59.71 2.18 14.63 18.23
A-3 61.22 2.81 16.12 20.09
A-4 60.55 5.49 14.97 18.05
A-5 59.94 2.02 15.19 20.53
B-1 61.67 5.47 16.05 19.89
B-2 61.61 4.55 14.97 20.74
B-3 60.66 2.01 16.99 18.26
B-4 59.84 3.63 16.45 20.80
B-5 59.99 5.92 15.74 21.66
-5 60.72 3.85 15.76 19.67
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Fig.2 High temperature roller heating urnace equipment
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Fig.3 Ultrasonic testing system
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Fig.8 Shale mechanical parameters
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