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In terms of coal’s stability and failure, soaking time and water content play a significant role in geotechnical engineering practice. To
determine the soaking time effect on the mechanical behavior of coal samples and the response of AE (acoustic emission) signal
throughout loading, the samples with different soaking times (0–120 hours (h)) were prepared and tested under uniaxial
compression. AE signals were continuously monitored during loading to examine the AE characteristic response via the AEwin
Express-8.0 system. The results revealed that the mechanical characteristics of the coal samples decreased with an increase in
soaking time. When coal samples were subjected to uniaxial compression, AE events occurred due to the formation of the
cracks, which further propagated to cause coal fracture. AE counts and the accumulative counts fluctuated with time and
corresponded very well to the load. Therefore, AE counts and the trend of the accumulative counts of AE qualitatively explained
the rupture of the coal under stress. In addition, the variation in trends of AE counts, AE accumulative counts, and load with
time at various phases of all samples were obtained. It is concluded that AE counts increase suddenly during a slow increase
phase and peak at the active increase phase. During the attenuation phase, the AE counts first decrease significantly with stress
drop, but also a slight increase was observed due to the initiation of secondary cracks. These research results are of great
significance as a precursor in coal and rock failure.

1. Introduction

The influence of water on rock mass stability is significant
due to geological disasters and hazards such as karst collapse
[1], water inrush [2, 3], landslides, and dam instability [4, 5].
The literature widely reported that the strength of rock
reduces as the water content increases, resulting in an
increase in plasticity [6–8]. Water intrusion of rocks contain-
ing clay minerals significantly deteriorates the rock [9].

Moreover, the mechanical properties of rocks are also affected
by water content that results in a decrease in their uniaxial
compressive strength (UCS), elastic modulus, and tensile
strength [10]. It is observed that, prior to fracturing, the
stress-strain curve of the water bearing rock violently fluctuates
in the damaged area [11]. In cold regions, condensation of
water in rock pores into ice exacerbates the decrease in rock
strength [12]. Water in the rock cracks is one of the most crit-
ical factors that lead to the further expansion of the fracture
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network, which ultimately has adverse effects on the rock sta-
bility [13]. After triaxial compression tests of water-saturated
sandstones, Baud et al. [14] used a micromechanical model to
demonstrate the connection between water content and failure
modes. It is found that in the presence of water, EMR signals
generated by the piezoelectric effect and charge separation are
weakened due to the decrease of rock mechanical strength,
which eventually leads to the development of fracture charac-
teristics [15]. This is also supported by the literature, as
Haberfield and Johnston [16] analyzed the effect of water on
fracture toughness of rock, confirming that fracture toughness
decreases as a result of water. The results of the notched semi-
circular bending tests discovered that with increasing water
content, the fracture characteristics of rock were weakened
[17]. Since understanding the rock behavior is critical to ensur-
ing the long-term stability of underground excavations [18],
the deteriorating impact of water content in rock mass needs
full consideration while studying rock mass stability.

Coal or rock material releases strain energy in the form of
the elastic wave in the process of damage and failure. The
phenomenon of this irreversible change is called acoustic
emission (AE) [19, 20]. The AE monitoring technique is
widely used to capture the failure process of rocks by sensing
elastic waves. Due to the association of AE to the rock failure
process, AE technology has found wide application in coal
and rock mechanics research [21, 22]. For instance, Kong
et al. [23] studied the AE characteristics for rock failure under
compression and identified the four phases of AE evolution.
Filimonov et al. [24] found that an increased loading rate sig-
nificantly enhanced the AE of salt rock. Shkuratnik et al. [25]
investigated the memory effects of AE by conducting uniaxial
and triaxial cyclic unloading tests. With recent advancements
in electronic technologies and high-speed photography, sev-
eral modern techniques for rock mechanics research have
been commonly adopted in the recent years [26], for exam-
ple, electromagnetic radiation technology [27, 28], scanning
electron microscope, infrared thermal image technology
[29], and electrical resistivity technology [22]. However, the
application of these technologies is limited to the study of
coal and rock damage/failure, while the influence of water
content and soaking is rarely considered.

Therefore, the current studies of AE characteristics in the
process of rock fracturing rarely involve a water bearing rock,
so it is necessary to carry out relevant research. For this study,
coal samples were prepared with different soaking times and
water contents to conduct the uniaxial compression test and
monitor the AE signals. In addition, the AE characteristics of
coal samples with different water contents during fracturing
were studied. In conclusion, the mechanism of AE generation
and the effect of soaking time and water are discussed in detail.
These research results are of great significance for water bear-
ing rock stability and as a precursor in coal and rock failure.

2. Materials and Methods

2.1. Materials and Sample Preparation. The samples for the
test were collected from the coal block taken from the working
face. According to the International Society of Rock Mechan-
ics (ISRM), by using a vertical drill machine, Φ50mm coal

core logs were taken from these coal blocks that were cut in
100mm of length as shown in Figure 1. After the coal samples
were polished, the diameter and length were measured with a
Vernier caliper and weighed by electronic balance.

The coal was then placed in a container, and the initial
height of the water was set to 1/4 of the height of the coal sam-
ple. After every two hours, the height of the water increased by
1/4 of the samples. Therefore, after 6 hours, the samples were
fully immersed in the water. Samples were taken out from
water at 24 hours, 48 hours, 72 hours, 96 hours, and 120 hours,
respectively, for testing. The water-saturated samples were
weighted and placed in sample covered containers to prevent
the samples from dryness or get moist. The properties of the
processed samples are shown in Table 1. The effect of soaking
time on compressive strength and percentage of water
absorbed is shown in Figure 2.

2.2. Experimental System

2.2.1. Loading System. The experimentation equipment com-
prised of the axial loading subsystem and AE data acquisition
system. The axial loading subsystem consists of a press (a
servo-controlled YAW4306 compression testing machine),
a DCS controller, and a Power Test V3.3 controlling program
as shown in Figure 3. The press has closed-loop controls. It
can carry out continuous stress management and stress
retention tests. The maximum bearing capacity is 3000 kN,
the loading rate is between 600 and 60,000N/s, and the accu-
racy is ±1%. Furthermore, the press can operate in two con-
trol modes, i.e., force and displacement, enabling it to
perform creep tests, uniaxial compression or tension, cyclic
loading, and other tests accordingly.

2.2.2. Data Acquisition System and Sensing System. In this
study, Physical Acoustic Corporation manufactured AE Sys-
tem (PCI-2) was used for data recording. The system consists
of an 18-bit A/D conversion module, eight digital input/out-
put, and two high-speed and real-time data acquisition chan-
nels. It has real-time feature extraction, waveform processing,
and transmission capabilities with an occurrence response of
between 3 kHz and 3MHz (at −3 dB points). The preampli-
fier amplifies the signals acquired by the electromagnetic
antennas and AE sensors before sending them to the conver-
sion module. In the buffer, the digital signals are saved before
being sent for further processing and display. The range of
AE sensor response frequency is 50 to 400 kHz, which is
equipped with a 20dB preamplifier. The band filter operates
at frequencies ranging from 20 kHz to 1.5MHz, with input
and output impedances exceeding 10MΩ and 50Ω.

2.2.3. Test Procedure. The AE monitoring system and the
uniaxial compression system were connected as shown in
Figure 4, and the tests were performed on specimen (B1,
B2, B3, B4, and B5) groups at a loading rate of 50N/s until
failure. Before the experimental run, the AE sensors were
attached to the specimens. The preamplifier gain and the
AE system threshold values are 40 dB and 45dB, respectively.
First, a 200N initial load was used to secure the specimen
against the press head. The AE monitoring system and the
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loading system startup at the same time were used to collect
AE data and mechanical parameters.

3. Results and Discussion

3.1. Stress-Strain Curves. In this experiment, the stress and
strain are achieved from the load and displacement by
Equations (1) and (2), individually. Figure 5(a). shows
stress-strain curves of coal samples with different water con-
tents and the soaking time.

σ = F
S
, ð1Þ

ε = D
H
: ð2Þ

In Equation (1), σ is the stress, F is the load, and S repre-
sents the crossing area of the sample. In Equation (2), D rep-
resents the displacement, andH indicates the initial height of
the coal sample.

During the loading process, the stress-strain curves of the
coal samples gone through different phases, as shown in
Figure 5(b), like those mentioned in the literature [23, 30].
The compaction phase is the phase where the preexisting
cracks compressed continuously due to load, and the shape
of the stress-strain curve is slightly convex. After the compac-
tion phase, the stress-strain curve became a straight line
known as the linear elastic phase, where voids, weak joints,
and microcracks were further compressed. However, during
this phase, no new cracks were generated, nor did the

Table 1: Different properties of the coal samples.

Sample
no

Soaking time
(days)

Length
(mm)

Diameter
(mm)

Weight before
saturation Wi (g)

Weight after saturation
Wf (g)

Water
content (%)

Compressive
strength (MPa)

B1 1 100.40 49.02 226.72 234.92 3.62 10.68

B2 2 100.04 48.02 235.78 245.92 4.30 5.89

B3 3 101.01 48.04 236.09 247.70 4.92 5.88

B4 4 100.00 48.00 238.45 254.20 6.60 5.44

B5 5 100.00 48.80 225.61 245.13 8.65 4.38
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Figure 2: Effect of soaking time on compressive strength and
percentage of water content absorbed.

Figure 3: Loading experimental system.

Figure 1: Coal samples with different soaking times.
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preexisting cracks expand due to stress. During the stable
crack propagation phase, the level of stress exceeds the stress
of crack initiation, resulting in the plastic deformation phase,
where the change of the mechanical performance occurs con-
tinuously, and the curve of stress-strain deviates from the
straight line. In the accelerating crack propagation phase,
the microcracks propagate, evolve, and coalesce in the inte-
rior to form a fracture network, which leads to energy release
and volume expansion. If the stress remains constant, micro-
cracks will begin to form due to the qualitative change. When
the bearing capacity of the specimen exceeds the limit, the
peak stress is the end of the phase, that is, the peak point
on the stress-strain curve. In the postpeak and residual
phases, the peak stress falls sharply with the increase of strain
until it reaches a constant value. This value of the postpeak

stress-strain curve represents the residual stress. While the
dislocation slip causes the specimen deformation at this
point, they still have a certain bearing capacity.

Many scholars believe that the impact of water and soak-
ing time on the mechanical behavior and propagation of
crack of rock mass is basically the result of on the problem
of water rock interaction; scholars generally believe that the
influence of water on the mechanical properties and crack
propagation of rock mass is the result of the combine action
of mechanics, physics, and chemistry [30, 31]. For example,
the stress level of each specimen varies at each phase, nearly
all stress-strain curves (Figure 5) go through the five phases
mentioned above. In addition, the peak stress, corresponding
to the UCS of the coal samples with different water contents
and soaking times, is different. Therefore, it is necessary to
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Figure 4: Systematic experimental diagram of the acoustic emission system and uniaxial compression system. (a) AE data processing system,
(b) Loading control system, and (c) Loading and signal collecting system: (1) computer (for data display), (2) AE monitoring device (3)
preamplifier, (4) coal sample, (5) servo hydraulic press, (6) press head, (7) AE sensors (×4), (8) computer (for loading control), (9) valve,
and (10) pressure gauge.
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Figure 5: (a) Stress-strain curves of the coal samples. (b) The stress-strain curve through different phases.
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analyze the relationship between the water content, soaking
time, and the UCS of the coal samples.

Table 1 shows that water-softened samples of rock as it
reduced the strength and increase the plasticity of the sam-
ples. In addition, with the increase of soaking time , the con-
tent of water within coal samples raises, which decreased the
UCS. Therefore, B1 has the highest UCS (10.68MPa) and
least water content (3.62%). In contrast, B5 has the lowest
value of UCS (4.38MPa) and high-water content by percent-
age (8.65%), indicating that with the increase of water con-
tent and soaking time; mechanical properties decrease.

It is observed from Figure 6 that the samples with the
higher water content and maximum soaking time have

smaller modulus of elasticity. From Figure 5(a), it can be seen
that coal samples with higher content of water experienced
more obvious characteristics. Therefore, coal samples faced
higher macroscopic plastic damage, more strain before peak
stress, and a greater drop in stress.

3.2. Acoustic Emission during the Loading Process. The varia-
tion trend of AE counts and accumulative AE counts with
time for coal samples with water content at the various soak-
ing times under compression process is shown in Figure 6.
During the compression process, AE counts corresponded
very well to the stress (load per unit area). To analyze the
AE characteristic in Figure 6, based on the stress-strain curve,
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Figure 6: The relationship among variation of AE count, accumulated AE count, and stress with respect to time.
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the process has been distributed in five different phases,
shown in Figure 5(b)).

(1) The compaction phase corresponds to the initial
activity phase, where a small amount of AE counts resulted
because, under stress, the cracks in the samples come close.
(2) The linear elastic phase corresponds well to the calming
phase because the load is not enough to generate new crakes,
and there is a very small value of AE counts. (3) Crack prop-
agation phase corresponds to the slow increase phase, where
the initiation stresses generate new cracks resulting in a sud-
den increase of AE counts and accumulative counts. (4) The
accelerating crack propagation phase, corresponding to
active increase phase. The new cracks further propagated
and developed into macrocracks, which resulted in a large
amount of rapid elastic energy. The AE counts and AE accu-
mulative counts are maximum at this phase. (5) Postpeak
phase and residual phase corresponded to the attenuation
phase; soon after the deformation, there is a significant
decrease in stress and AE counts and AE accumulative
counts. However, due to the existence of residual stress, the
coal sample still has a specific bearing capacity, and many
secondary cracks begin and further expand, resulting in the
AE count rate slightly higher than that before fracture.

To investigate the acoustic emission time series feature in
more detail, the AE counts and AE accumulative counts
parameters were used in the failure process of water-
saturated coal, based on the stress-strain curve, the detail
process of AE in five different phases of water-saturated sam-
ples with different soaking times is shown in Figure 6.

The initial activity phase, where a small amount of AE
counts resulted because, under stress, the cracks in the sam-
ples come close. However, sample B1 AE counts resulted in
much smaller than other saturated samples. In the calming
phase where the stress is not enough to generate new crakes,
there is a very small value of AE counts in all samples but
samples with higher saturation took less stress to reach calm-
ing phase. The slow increase phase, where the initiation
stresses, generate new cracks resulting in a sudden increase
of AE counts and accumulative counts. In the active increase
phase, the new cracks further propagated and developed into
macrocracks, which resulted in a large amount of rapid elas-
tic energy. The AE counts and AE accumulative counts are
maximum at this phase. B1 took a lot of stress and time to
reach this phase, Samples B2, B3, and B4 took almost the
same time; sample B5 took the least time. Sample B2 resulted
the highest number of AE counts and AE counts in this
phase. B3 and B4 resulted in approximately the same amount
of AE counts and accumulative counts. In the attenuation
phase, there is a significant decrease in stress in all samples
and AE counts and AE accumulative counts. However, due
to the existence of residual stress, the coal sample still has
a specific bearing capacity, and many secondary cracks
begin and further expand, resulting in the AE count rate
slightly higher than that before fracture. During loading,
although the acoustic emission (AE) characteristics of coal
samples in different phases with various water contents fol-
low the samples patterns, however, AE characteristics are
more obvious in samples with higher soaking time and
saturation.

4. Conclusion

Laboratory research was conducted to characterize the effect
of water content on coal’s mechanical properties and the
characteristic of acoustic emission under uniaxial loading.
The main outcomes are as follows:

(1) The mechanical behavior of coal samples is reduced
because of the soaking time of the coal specimens.
However, with the increase of soaking time, the influ-
ence gradually decreases. Therefore, as the soaking
time increases, the UCS decreases

(2) With the increase of soaking time, the water content
increases, reducing the mechanical behavior of coal

(3) The loading method passes through five different
phases corresponding to the stress-strain curve: the
compaction phase, the linear elastic phase, the stable
crack growth phase, the accelerated crack growth,
and finally the postpeak residual phase

(4) The response of AE signals with different water con-
tents at the different soaking times follows the same
pattern; during the entire loading process, however,
the peak value of AE counts was different at the time
of failure and is more obvious

(5) When failure occurs, AE counts increase suddenly
during a slow increase phase and reached the maxi-
mum at the active increase phase. During the attenu-
ation phase, the AE counts first decrease significantly
with stress drop, but also a slight increase was
observed due to the initiation of secondary cracks.
These research results are of great significance as a
precursor in coal and rock failure
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