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*e moisture content is a critical factor tightly related to rock deformation and its failure process since it leads to a significant
change in the physicomechanical properties of rock during the underground engineering construction. As a result, engineering
construction accidents take place frequently. To figure out the influence of the moisture content on the physicomechanical
properties of water-bearing rock and then effectively avoid engineering accidents, multiple tests including the uniaxial com-
pression test, Brazilian splitting test, and the acoustic emission (AE) test were carried out in this study. *e experimental results
showed that the water absorption rate of the sandstone gradually stabilizes after 5 h, and its uniaxial compressive strength, tensile
strength, and elastic modulus all decline with the increase of the moisture content. Compared to the dry state of the sample, the
reduction amplitudes of the elastic modulus, compressive strength, and tensile strength of water-saturated rock samples can reach
up to 27.3%, 35.2%, and 38.1%, respectively. It indicates that the tensile strength is more sensitive to the softening effect of the
moisture. *rough the AE test, it can be found that the internal state of water-saturated rock samples is greatly changed; the
compressive strength of rock samples drops, so the rock can be damaged after absorbing less energy. *us, moisture shows a
certain softening effect on rock.*e research results are expected to provide a basis for underground engineering construction and
rock fracture and failure.

1. Introduction

How to safely, efficiently, environmental-friendly, and sci-
entifically mine coal resources has been a research focus for
scholars all over the world [1, 2]. In the occurrence envi-
ronment of rock involved in underground engineering,
water is naturally existing, and rock deformation is generally
related to the moisture content of the rock. *erefore, ex-
ploring the mechanical properties of rock on different
moisture conditions is of engineering significance [3–6].

Many scholars have carried out studies on the influence
of water onmechanical properties of rock. By conducting the
loading and unloading tests on sandstone with different
moisture contents, Pan et al. [7] analyzed the relationships of

the moisture content with the compressive strength and
elastic modulus of sandstone. Roy et al. [8] found that the
tensile strength, Young’s modulus, and fracture stiffness of
rock all decline with increasing saturation degree by ex-
ploring the influence of different saturation times on the
mechanical parameters of sandstone. Yu et al. [9] investi-
gated the influence of water on the instantaneous and creep
properties of red sandstone. *ey concluded that the in-
crease in the moisture content corresponds to an expo-
nential growth of the instantaneous strain and steady strain
and a reduction of the creep strain and failure time of the
samples. Yu et al. [10] reported the creep properties of
silicarenite under different gradients of moisture contents.
Zhou et al. [11] studied the effect of water injection on
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mechanical properties of hard strata and found that water
injection can weaken the burst potential of strata through
uniaxial compression tests. Cen et al. [12] performed the
triaxial stress loading test on sandstone samples before and
after being immersed in water. *ey suggested that the
bonding force between sandstone particles reduces after
there is a certain moisture content in sandstone, thus de-
creasing the deformation resistance of the sandstone.

Acoustic emission (AE) test is considered as an effective
and efficient test method for detecting the internal state and
mechanical properties of rock. As the precursory infor-
mation on rock fracture and failure under compression, the
AE phenomenon can be used in various geotechnical en-
gineering fields such as coal mining, slope, tunnel, and
bridge [13, 14]. For example, Mohanty et al. [15] explored
the AE characteristics during failure and the determination
method for fracture toughness of rock. By investigating the
uniaxial compressive deformation and AE characteristics of
rock, Fu [16] showed that the deformation rate of rock
favorably corresponds to the occurrence frequency of AE
events. Zhang et al. [17] carried out the test on AE char-
acteristics of the fractured argillaceous siltstone with dif-
ferent moisture contents. *e results showed that, due to the
presence of the moisture content, the failure mode of ar-
gillaceous siltstone transits from sudden brittle failure to
steady ductile failure. Verstrynge et al. [18] analyzed the
influence of moisture on mechanical behaviors of sandstone
by combining the AE-controlled creep test with the special
multiscale method.

*e aforementioned research results greatly improve our
understanding of the evolution law of AE energy during rock
failure. However, these studies basically aimed at dry rock
and rock with different gradients of moisture contents while
rarely involving natural and water-saturated rock. *e
majority of engineering rock is on moisture condition or at a
water-saturated state during underground engineering
construction. *erefore, this study carried out the uniaxial
compression test, Brazilian splitting test, and AE test on rock
samples on three typical moisture conditions (i.e., dry,
natural, and water-saturated state) after selecting the typical
sandstone. Exploring the influence of rock samples on
moisture condition on mechanical properties of rock is
expected to provide a guidance for underground engineering
construction and rock failure in coal mines.

2. Experimental Work

2.1. Test Equipment andSample Preparation. *e RMT-150B
rock mechanics test system in Anhui University of Science
and Technology Laboratory was used for the test, which is
controlled by a computer, is easy to operate, and has
complete functions. Moreover, researchers can modify the
control mode, test parameters, and test steps during the test.

*e ADS5 AE system was selected to monitor the rock
samples, which can collect signals by combining with a
probe. Cai et al. [19] found that the AE frequency of rock
generally ranges from 1 to 500 kHz. *erefore, to eliminate
the influence of environmental noises on the AE test, the
sampling frequency, threshold, and AE sampling frequency

of the preamplifier were, respectively, set as 40 dB, 50 dB,
and 1 kHz–2MHz according to the previous tests. *is set of
AE devices can collect data for various parameters including
the number of AE events, energy, and arrival time. *e test
equipment is shown in Figure 1.

White sandstone was selected as the test sample owing to
its favorable water absorption and uniform particles.
According to the Suggested Method for Rock Mechanics
Test, the rock samples were processed into rock cores with
ϕ50mm by utilizing a laboratory SC-200core machine; af-
terwards, rock samples with the lengths of L100mm and
L25mmwere cut by applying a SCQ automatic stone cutting
machine; and finally, rock samples were ground by
employing a SCQM automatic cutting and grindingmachine
to ensure smoothness and evenness of two ends of the
samples.

2.2. Test SchemeandProcess. *e loading test was conducted
based on the slope wave control at the rate of 0.5MPa/s. It
enabled more favorable cooperation with the AE system to
control well the time synchronization of the RMT-150B rock
mechanics test system and the AE monitoring system and a
moderate amount of the collected AE information later. *e
AE probe was installed on the surface of the samples by
utilizing the couplant before the test, and photos were taken
during the test. In order to prepare the samples with dif-
ferent moisture contents, the specific test steps are shown as
follows [20–22].

Table 1 displays different parameters of the tested
samples. *e Nos. S1∼ S9 rock samples were weighed in the
natural state, to take the mean M1 after repeated weighing;
the Nos. S1∼ S9 rock samples were weighed repeatedly after
being dried 48 h later in a constant-temperature (100°C)
drying oven. When the change of the mass was less than
0.01%, it was considered that the rock sample had been
completely dried. *e mass M2 of the dried specimens was
then measured; and the specimen was wetted and main-
tained in a constant-humidity curing chamber to allow
completed water absorption and to reach the preset mass.
Meanwhile, the time required to reach the preset moisture
content was recorded; subsequently, the rock samples were
taken out and kept in a constant-temperature and constant-
humidity curing chamber for 24 h to perform the test. As
shown in Table 1, the moisture content of the group of white
sandstone (S4∼ S6) in the natural state is in the range of
0.202%∼ 0.231%; the moisture content of the water-satu-
rated rock samples (S7∼ S9) is in the range of 2.416%∼
2.562%; and due to the negligible error that appeared during
the test, the rock samples were dried for 48 h at 100°C, and it
was thought that the moisture contents of dry rock samples
(S1∼ S3) were 0%. *e moisture content ω was calculated
according to:

ω �
M1 − M2

M2
× 100%, (1)

where M1 and M2 refer to the mass of samples with natural
moisture and that of dried samples, respectively.
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*e change of the average moisture content of rock
samples (S7∼ S9) with time is displayed in Figure 2. It can be
seen that the moisture content of white sandstone with
strong water absorbability rises with increasing wetting and
water absorption time, while its water absorption rate, de-
fined as the change of the water content by weight per unit
time, greatly drops after 5 h; the final moisture content
stabilizes at 2.481%. *e fitting equation for the moisture
content and wetting time of rock samples is shown in
Equation (2), with the correlation coefficient R2 � 0.9890.
*e red curve in Figure 2 represents the fitting equation,
which is only applicable for the selected white sandstone
with ϕ50mm and L100mm during the test. *e fitting
equation possibly varies when the dimension and type of
rock samples are changed:

y � −0.0232e
(− t/1.6278)

+ 3.6241e
(− t/0.1314)

+ 0.02549. (2)

In the complete process from the uniaxial compressive
deformation to the failure of rock, the compression machine
was operated always synchronously with the AE system.*e
system was capable of automatically collecting data; the
stress, strain, and time were recorded to draw the stress-
strain and displacement-loading curves; moreover, the AE
system could automatically record the number of AE events.

3. Analysis of Test Results

3.1. Analysis of the Compressive Strength. Figure 3 shows the
stress-strain curves of rock samples on different moisture
conditions. By comparing the results through parallel tests, it
can be found that the stress-strain curves of rock samples in
the dry (S1∼ S3), natural (S4∼ S6), and water-saturated
(S7∼ S9) states exhibit a favorable similarity. Considering
that a difference is shown among rock samples, the postpeak
stress-strain curves during the test present a difference under
the same moisture conditions. With the growing moisture
content of the samples, the peak strength and the peak strain
of the samples decline. In this case, the fracture compaction
stage is greatly prolongated. As for all rock samples, the
stress rises, and the stress-strain curves partly approximately
linearly vary (that is, the samples are in an elastic

deformation stage within the range) after fracture com-
paction for a short time during loading; moreover, after
reaching the peak, the stress of all samples rapidly and
linearly drops to 0MPa, suggesting that the samples on
different moisture conditions all immediately lose the
bearing capacity after the samples are damaged.*e possible
reason is that the moisture in rock samples shows a certain
softening effect on mechanical properties of rock, which
tends to undergo the creep deformation. Water molecules
flow into pores between particles to wet the particles and
cements, and therefore the extent of deformation and failure
of the water-saturated rock samples is lower than that of dry
rock samples. If the force applied by the testing machine is
larger than the bearing capacity of rock samples, the co-
hesion strength of the particle cementation fails. In this case,
rock failure appears because the cohesion of rock samples
cannot resist the externally applied load [23]. *e debris is
generated during rock failure, making a light sound, and
rock samples lose the bearing capacity because they cannot
keep in the original state.

As shown in Figure 4, the mean values of the maximum
compressive strengths and elastic moduli of dry rock
samples are 55.167MPa and 5.409GPa; the two parameters
in the natural state are 54.783MPa and 5.461GPa; and the
two values in the water-saturated state are 35.762MPa and
3.935GPa, respectively. *e moisture content of rock
samples in the natural state is 0.202% (lower than 1%), which
basically approximates to that in the dry state. *ere is a
slight difference between rock samples in the two states in
terms of the elastic modulus and compressive strength. *e
elastic modulus and compressive strength of water-saturated
rock samples both decline, showing the reduction ampli-
tudes of 27.3% and 35.2% compared with those in the dry
state. It can be seen that moisture content can remarkably
affect themechanical properties of rock samples and the final
rock fracture and failure [20, 24].

Jia, Cai [25–27] thought that water presence lowers the
elastic limit of rock by softening the rock, and the moisture
in rock mainly appears as free water and bound water. On
one hand, rock experiences the damage effect by free water:
free water poses the pore water pressure on rock under the
gravitational effect and thus, the tip of microcracks in rock is
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Figure 1: Sample preparation and the test equipment.
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subjected to the tensile stress; on the other hand, rock
samples undergo the damage effect by bound water: the
bound water can be adsorbed onto the surface of mineral
particles in rock to decompose cements between particles,
thus directly leading to the reduction of the friction force
between mineral particles and further decrease of rock
strength. *erefore, the moisture in rock induces the re-
duction of the rock strength and aggravates the damage
capacity under the loading effect.

3.2. Analysis of the Tensile Strength. *e standard rock
samples with ϕ50mm and L25 cm were used for the splitting
test, in which a1, a2, and a3 corresponded to the dry rock
samples; b1, b2, and b3 denoted the natural rock samples,
and c1, c2, and c3 represented those containing moisture.
*e RMT-150B rock mechanics test system was employed to
load the rock samples based on slope wave control. Since the
splitting test speed was fast, the loading rates were all set as
0.2MPa/s.

As shown in Figure 5, the tensile strength of white
sandstone reduces with the growth of the moisture content,
which is basically coincident with the change trend of the
uniaxial compressive strength. *e means of the tensile
strengths of rock samples in the dry, natural, and water-
saturated states are 3.471, 3.168, and 2.153MPa, respectively.
Compared to the dry state, the tensile strength of water-

saturated rock samples reduces by 38.1%. In the initial
loading stage during the test, the stress rapidly grows, while
the strain basically remains unchanged, indicating that the
rock samples are stressed to absorb energy in the initial stage;
after the energy reaches a certain level, rock samples are
fractured within a short time; when the rock samples cannot
bear the loading effect of the external force, the splitting
failure occurs at the middle part of rock samples along the
loading direction; in this context, the stress rapidly drops. It
can be clearly seen from the figure that the rock samples at
different states show a same rise section in the stress-strain
growth stage, implying that the rock samples with different
moisture contents all reflect the mechanical properties
thereof.

*e attenuation of the compressive strength and tensile
strength of rock samples after absorbing water reflects the
softening effect of water on rock structures at different di-
rections, so the concept of the softening coefficient is in-
troduced [21].*e softening coefficient reflects the change of
the mechanical strength of rock before and after water
absorption treatment and engineering geological properties
of rock. Generally, under KC/T > 0.75, the softening per-
formance is poor, and the engineering performance is fa-
vorable. *e softening coefficient is calculated according to
the following equation:

KC/T �
σs

σd

, (3)

where KC and KT refer to the compressive and tensile
softening coefficients of rock; σd and σs denote the com-
pressive and tensile strength (MPa) of the rock samples,
respectively.

According to Equation (3), it can be calculated that
KC � 0.987 and KT � 0.912 for rock samples in the natural
state, while KC � 0.648 and KT � 0.621 for water-saturated
rock samples. It can be found that KT is lower than KC for
rock samples both in the natural and water-saturated states,
which indicates that the tensile strength is more sensitive to
the softening effect of water. It can be also verified based on
the reduction amplitude of the compressive and tensile
strengths of rock samples in the water-saturated state rel-
ative to those in the dry state.

3.3. Analysis of Failure Modes of Rock. Figure 6 shows the
failure modes of the samples (S2, S4, and S8) from the same
rock block on different moisture conditions. *e mean value

Table 1: Physical parameters of rock samples in different states.

Serial number Dry weight (g) Wet weight (g) Moisture content ω (%) Average moisture content ω (%)
S1 471.61 — 0

0S2 462.82 — 0
S3 470.36 — 0
S4 470.61 471.56 0.202

0.215S5 472.62 473.63 0.214
S6 470.86 471.98 0.231
S7 473.21 483.82 2.461

2.481S8 473.71 484.18 2.418
S9 472.19 483.25 2.562
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Figure 2: Relationship between the average moisture content and
the wetting time.
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of the compressive strengths of the rock sample in the dry
state is 55.167MPa; and like other brittle rocks, X-shaped
conjugated and inclined planes can be observed, which
means that the sample was broken under shear stress. After
being damaged, the sample is fractured into 3–6 large rock
blocks, together with a few fragments. However, the mean
compressive strength of the rock samples in the natural state
slightly decreases, and the rocks undergo a combined failure
of shear and tensile stress. X-shaped conjugated and inclined
planes imply the dominated role of the shear stress in rock
failure, but the vertical fractures suggest that the tensile
stress also takes a part. *e mean of the compressive
strengths of the water-saturated rock sample is 35.762MPa.
*e rock sample is relatively broken after loading. *e

damaged rock sample is crushed into many small rock
blocks, being relatively broken. *e water-saturated rock
sample also experiences a combined failure: dominated by
tensile failure, together with shear failure appearing as X-
shaped conjugated and inclined planes. During the test, rock
samples on three different moisture conditions all do not
show significant precursor information on failure.

It can be seen that the failure mode of rock samples
becomes more complex gradually with increasing moisture
content of rock samples. Under the effect of moisture, the
compressive strength decreases, and Poisson’s ratio rises;
furthermore, the lateral deformation of rock samples is
strengthened. On this condition, the failure mode of the rock
samples progressively varies from the dominated X-shaped
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Figure 3: Stress-strain curves of rock samples on different moisture conditions under the uniaxial compression. (a) Dry state. (b) Natural
state. (c) Water-saturated state.
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shear failure to the combined tensile and shear failure. At a
high moisture content, the rock samples are greatly de-
formed and complexly stressed. After rock failure, many
complex cracks occur. During the Brazilian splitting test, the
rock samples in the three states are all damaged from the
central plane along the loading direction and further, they
are crushed into two rock blocks. However, the tensile
strength of the rock samples in the water-saturated state is
significantly lower than that in the other two states, which
further reveals the softening effect of water on rock. *e
failure modes of rock samples during the Brazilian splitting
test are displayed in Figure 7.

3.4. AE Characteristics of Rock with Different Moisture
Contents. *e failure process of rock under the loading
effect actually corresponds to the coupling process between

energy absorption and energy release. *e ratio of AE events
and the cumulative number of AE events can indicate the
formation, extension frequency, and total number of cracks
in sandstone [14, 28]. According to the data collected by
using the DS5 AE detection system, the change curves of the
total energy and cumulative AE events in rock samples on
different moisture conditions with time are drawn. *e
curves concerning S3, S5, and S8 are selected as those of rock
samples in the dry, natural, and water-saturated states.
Scholars have suggested that types of AE sources during
failure of materials mainly include shear, tensile, and tensile-
shear fractures [29–32]. AE characteristics vary under dif-
ferent fracture types during rock failure.

*e stress-strain-cumulative energy-ringing count
curves of rock samples are shown in Figure 8. According to
the relationships among various curves in the figure, the
stress-strain-cumulative energy-ring-down count curves can
be divided into five stages, corresponding to OA, AB, BC,
CD, and failure stage after the point D [33–35], in which
point O is considered as the initial point. PointA is taken as a
significant inflection point of the curves of the uniaxial
compression process and the cumulative AE energy in rock
samples. Point B is an inflection point of the cumulative
energy from steady change to growth. PointC is an inflection
point where the cumulative energy dramatically rises and the
ring-down count of rock samples significantly occurs, and
point D corresponds to the peaks of the compressive
strength, cumulative energy, and ring-down count of rock
samples.

With the test process, the ring-down count and the
cumulative energy within BD gradually rise and further, the
deformation rate greatly increases. It can be seen from the
image that newmicrofractures start to occur in rock samples
with the growth of the axial load applied by the loading
machine. In this stage, AE signals are strong, and the ring-
down counts are high, also having high energy, especially
after point C. Moreover, the ring-down counts are basically
distributed within the section and reach a peak at point D. It
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Figure 4: Scatter diagrams of the elastic modulus and maximum stress on rock samples on different moisture conditions. (a) Scatter
diagram of elastic modulus. (b) Scatter diagram of the maximum stress.
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indicates that the samples are in a critical state, that is, the
instable and propagation of cracks to fracture failure. *ere
are basically no energy release and generation of ring-down
counts after point D, implying that the rock samples have
been completely damaged.

It can be seen from Figure 8(a) that the axial strain ranges
of sections AB and BD of dry rock samples are 0.04 × 10− 2 ∼
0.38 × 10− 2 and 0.38 × 10− 2 ∼ 0.87 × 10− 2, in which the
corresponding axial strains at point C and in sections AB,
BC, and CD are 0.75 × 10− 2, 0.34 × 10− 2, 0.37 × 10− 2 and
0.12 × 10− 2, respectively. *e peaks of the ring-down
counts and the cumulative energy are 2458 and
1674597.85mV × mS, respectively. In this context, the
compressive strength of rock samples is 53.608MPa.

As shown in Figure 8(b), the axial strain ranges of
sections AB and BD of the natural rock samples are 0.2 ×

10− 2 ∼ 0.48 × 10− 2 and 0.48 × 10− 2 ∼ 0.88 × 10− 2, in
which the corresponding axial strains at point C and in
sections AB, BC, and CD are 0.72 × 10− 2, 0.28 × 10− 2,
0.24 × 10− 2 and 0.16 × 10− 2, respectively. *e peaks of the
ring-down counts and the cumulative energy are 1688 and
1888748.7mV × mS, respectively. On this condition, the
compressive strength of rock samples is 53.384MPa.

As shown in Figure 8(c), it can be found that the axial
strain ranges of sections AB and BD of water-saturated rock
samples are 0.10 × 10− 2 ∼ 0.70 × 10− 2 and 0.70 × 10− 2 ∼
0.86 × 10− 2, respectively, in which the corresponding axial
strains at point C and in sections AB, BC, and CD are

(a) (b) (c)

Figure 7: Macroscopic failure modes of rock samples on different moisture conditions during the Brazilian splitting test.

(a) (b) (c)

Figure 6: Macroscopic failure modes of rock samples on different moisture conditions during the uniaxial compression test. (a) Dry state.
(b) Natural state. (c) Water-saturated state.
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0.72×10−2, 0.6×10−2, 0.12×10−2 and 0.04×10−2, respec-
tively. *e peaks of the ring-down counts and cumulative
energy are 1398 and 244737.6 mV × mS, respectively. In
this case, the compressive strength of rock samples is
38.890MPa.

By comparing and analyzing the AE diagram of rock
samples at the three states during uniaxial compression, it
can be seen that, in the initial test stage (section OA), a few
ring-down counts are generated in dry and natural rock
samples, while ring-down counts are hardly found in the
water-saturated rock samples. In section AB during the test,
there are a small number of ring-down counts and low
cumulative energy. *e section length of natural rock
samples is 18% and 54% shorter than that of dry and water-
saturated rock samples, respectively; within section BC, the
ring-down counts and cumulative energy gradually rise, and
the deformation rate greatly increases. *e section length of
natural rock samples is 36% shorter than that of dry rock

samples, while it is 50% longer than that of water-saturated
rock samples. In section CD, the ring-down counts and
cumulative energy gradually grow and further, the defor-
mation rate significantly increases. *e section length of
natural rock samples is 25% and 75% longer than that of dry
and water-saturated rock samples, respectively. In this
context, the cumulative energy peak of the moisture-satu-
rated sample is more than 10 times lower than both of the
natural and dry rock samples. *e peaks and total counts of
the moisture-saturated rock samples in each stage are all
lower than those of dry rock samples; and the ring-down
count of the water-saturated samples is sparsely distributed
with time series. Zang et al. [36, 37] thought that fewer
microfractures are generated in rock samples on moisture
condition during uniaxial compression process and there-
fore, the absorbed heat is less. It can be concluded that the
moisture in rock samples will greatly change the internal
state of rock samples to lower their compressive strength;
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Figure 8: Stress-strain-cumulative energy-ring-down count curves of rock samples in different states. (a) Dry state. (b) Natural state.
(c) Water-saturated state.
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and the rock failure occurs after absorbing less energy.
Moisture shows a certain softening effect on the rock to
some extent.

4. Conclusions

*e compressive strength, tensile strength, and elastic
modulus are three important mechanical parameters when
conducting underground activities including underground
excavation, tunneling support, and mineral ore mining.
However, the influence of the moisture content has long
been ignored, leading to serious hazard potential. In this
study, the uniaxial compression test, Brazilian splitting test,
and AE test were carried out on white sandstone on different
moisture conditions. And also, the influence of the moisture
content on the uniaxial compressive strength, tensile
strength, failure modes, and AE signals was analyzed. *e
following conclusions are drawn:

(1) With the growth of themoisture content, the fracture
compaction stage in the stress-strain curve of rock
samples increases. *e elastic modulus and com-
pressive strength of rock samples at the water-sat-
urated state both decline, showing reduction
amplitudes of 27.3% and 35.2% relative to those of
dry rock samples; in addition, the tensile strength of
the water-saturated rock samples presents a reduc-
tion amplitude of 38.1% compared with that of the
dry rock samples.

(2) Water also exhibits a certain influence on defor-
mation characteristics of rock samples. *e dry rock
samples undergo the shear failure appearing as oc-
currence of X-shaped conjugated inclined plane; the
natural rock samples are subjected to a combined
failure: dominated by shear failure appearing as
occurrence of X-shaped conjugated inclined planes,
accompanying with tensile failure. Owing to the
presence of water that will reduce the elastic limit of
rock and soften the rock, the water-saturated rock
samples mainly experience the tensile failure, ac-
companying the shear failure appearing as the oc-
currence of X-shaped conjugated inclined planes.

(3) Water greatly influences the AE characteristic pa-
rameters of rock samples. In the initial loading stage
(section OA), AE signals hardly occur in the dry,
natural, and water-saturated rock samples. After
developing to section AB, there are a small number
of ring-down counts and low cumulative energy; in
section BD, the ring-down counts and cumulative
energy gradually increase, and the rock is damaged
after reaching the peak at point D. *e deformation
rate greatly rises. *e peaks and total counts of
water-saturated rock samples in each stage are all
lower than those of dry rock samples; the ring-down
counts of water-saturated rock samples are sparsely
distributed with time series. Water-saturated rock
samples are damaged after absorbing less energy. It
indicates that the moisture presents a softening effect
on the rock to some extent.
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