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Crack propagation and energy evolution characteristics of
water-saturated red sandstone containing a single hole
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Abstract: Uniaxial compression tests are conducted on dry and water-saturated red sandstone specimens
containing a single hole. The objective of these experiments is to examine the characteristics of stress and
deformation, crack propagation mechanisms, acoustic emission characteristics and energy evolution based on
the TAW-2000 test equipment, camera system and PCI-2 acoustic emission detector. The results show that the
mechanical parameters of water-saturated rock samples are significantly lower than those of dry rock samples

while the brittleness drop coefficients significantly increase. The crack propagation process is comprised of four
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distinct stages: the initial deformation stage, crack initiation stage, crack stable propagation stage and crack
unstable propagation stage. The initial fissures and secondary fissures of water-saturated rock samples are more
numerous and longer, and significant stress drop appears when initial cracks generate and cracks propagate
unsteadily. The ring counts of rock samples focus on the crack initiation and crack unstable propagation stages.
In numerous water-saturated rock samples, AE signals are fewer than thase in dry rock samples. The AE
signals during the crack initiation stage are more than those during the crack unstable propagation stage.
Compared with dry rock samples, the external energy is easier to dissipate in the water-saturated rock samples
and the energy storage rate is slower to reach the peak. Consequently, the stored elastic energy is reduced in the
water-saturated rock sample, which is more conducive to reducing the intensity of energy release during rock
failure.

Keywords: red sandstone; water-saturated state; hole; acoustic emission (AE); crack propagation; energy

evolution
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Fig. 2 PCI-2 acoustic emission detector
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Fig.3 Force-displacement curves of single-hole rock

samples under uniaxial compression
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Table 1 Mechanical parameters of single-hole

rock samples

s MR V(AT VEEATECE RN/ SRR
7 -

B #R/KN BE/KN (GN/m) fE/(GN/m)
£1 144. 11 0.40
#2 TH: 135.26  135.90 0.32 0.33
£3 128.33 0.28
4 84.45 0.27
#5 ik 85.94 86.13 0.22 0.25
=6 88.00 0.25
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Fig.4 Non-ideal brittle-plastic model
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Table 2 Brittleness drop coefficients of single-hole

rock samples

s WWHE  sy/mm sp/mm s/mm R/% R,/ %
#1 0.029 0.635 0. 645 1.65
#2 T 0.001 0.632 0.654 3.48 3.38
#3 0.036 0.616 0. 645 5.00
#4 0.209 0. 649 0. 669 4.55
#5 K 0.025 0.595 0.635 7.01 5.32
#6 0.025 0.639 0. 666 4.39
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Fig. 5 Crack propagation process of rock samples
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Table 3 Loading time and percentage of each stage
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Fig. 6 Crack propagation process and load-

displacement-AE ring number curves
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Table 4 Maximum and average values of various energies

under uniaxial loading

G5 U,/J Un/T U/l Uy/T Uy/T Ug,/J

#1 0.030 0.026 0.030
#2 0.033  0.032 0.029 0.028 0.032  0.032
#3 0.034 0.029 0.034
#4 0.017 0.013 0.017
#5 0.021 0.020 0.016  0.015  0.021 0.020
#6 0.021 0.015 0.021
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Fig. 8 Variation curves of stored energy percentage with

displacement percentage of rock samples
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