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In deep mining, granite is stored with high energy duing to its structural integrity and
brittleness. Rock bursts usually occur because stress changes and mining disturbances
during mining, which seriously threaten safe production. Focusing on the factor -water-
which may reduce the brittleness and rockburst tendency of granite, this work discussed
the brittleness index and AE characteristics of dry and saturated water granite samples
under uniaxial loading. The results show that the peak strength and elastic modulus
of the saturated water granite are reduced. The damage degree of the water sample
is larger than that of the dry sample, and the brittle failure is significantly reduced.
The cumulative number of acoustic emission (AE) events in saturated water granite
is significantly reduced compared to the dry sample, which is a decrease of 31.5%.
However, AE event rate is higher than that of dry granite in the late loading period; AE
quiet period of saturated water granite lasts longer and is more obvious than that of dry
granite. Dry granite stores and releases more energy during the whole loading process,
and the proportion of high energy level AE events in the later stage of loading is higher.
The b value of the two samples show a downward trend with fluctuation in the critical
state of fracture and a jump increases at the moment of instability. The decrease of b
values of dry granite is larger than that of saturated water granite. Results suggest that
the decline of AE b value of granite can be taken as the precursor of rock burst, and
water can significantly reduce the rockburst tendency of granite.

Keywords: water, rock, AE, b value, rockburst tendency

INTRODUCTION

The stress environment of underground rock mass engineering is complicated and the elastic
energy accumulated in the rock mass is released in the form of elastic wave due to mining activities
and frequent microseismicity breaking stress balance, which is accompanied by the change of rock
mass structure and even instability (Zhao et al., 2015; Dong et al., 2018; Peng et al., 2020). The
acoustic emission (AE) signal of rock contains a lot of information about the damage evolution
process of rock mass, which is used to study the failure process of rock mass and explore the effective
precursor characteristics of rock mass instability. Since Goodman (1963) discovered the AE Kaiser
effect in rock materials in 1963, many scholars have conducted a large number of laboratory
experiments on the AE phenomenon generated by the process of rock fracture and failure.

The macroscopic failure of rock material is the result of the agglomeration of micro-fractures
and the generation and expansion of large cracks (Peng et al., 2019). The temporal parameters
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and spatial distribution of AE reflect the spatio-temporal
evolution characters of internal damage. Under the uniaxial
compression experiment, a variety of AE characteristic
parameters (Rudajev et al., 2000; Zhang et al., 2019) were
used to comprehensively analyze the AE evolution of different
types of rock (Naoi et al., 2018; Sirdesai et al., 2018), and the
precursor of rock failure (Zhang Y. B. et al., 2015) has been
discussed. Related researches (Zhao et al., 2008; Li et al., 2016)
on AE precursor before rock failure pointed out the existence
of an objective phenomenon of AE quiet period in rock AE
experiments. The spatial distribution characteristics of AE are
studied by using AE source localization algorithm, and the
results of AE source localization can better reflect the direction
and process of crack propagation and nucleation. In the uniaxial
compression experiment of pre-set crack rock samples (Zhao
et al., 2006), rock samples with natural fractures of different
spatial combination types (Single type, parallel type, cross type,
and mixed type) (Pei et al., 2013), and complete rock samples,
the existing algorithm is used to reflect the spatio-temporal
evolution of cracks and demonstrate the accuracy of AE location.
The researches show that the AE localization results basically
correspond to the actual damage. At the same time, the AE
source localization method overcomes factors such as the
pre-determined wave velocity (Dong et al., 2011) and the wave’s
propagation path (Hu and Dong, 2019) as a straight line in
the update iteration to achieve high-precision positioning for
complex spatial structures (Dong et al., 2020a,b). In order to meet
the stress environment in which deep rock masses are located,
carrying out laboratory AE experiments under complex stress
paths (Du et al., 2016) provides a more effective ground reference
value for engineering practice. Meng et al. (2016) analyze the laws
of AE and energy conversion in uniaxial loading and unloading
experiments of sandstone at different loading rates. Chmel
and Shcherbakov (2013) compared the AE characteristics of
granite under compression and impact failure. Since the b value
analysis, which originated from the seismological research,
was introduced into the laboratory-scale AE research, a lot of
discussions have been made on the improvement of algorithms,
the influencing factors, and the changes in the b value in the
process of rock mass instability and failure. It is a consensus that
the brittleness rock mass failure is accompanied by the decline of
b value, but the change of b value before rock failure of different
lithology is different. The b value of salt rock, which is plastic
rock, rises later in loading (Zhang Z. P. et al., 2015). The dynamic
evolution characteristics of b value of AE during rock failure can
indicate that the crack inside the rock is expanding suddenly or
gradually (Zeng et al., 1995). The decrease in shale b value under
complex stress paths only occurs when the stress exceeds 80% of
the peak strength, and has nothing to do with bedding planes
and loading paths (Wang and Xiao, 2018). Ge and Sun (2018)
have studied the effect of heating and cooling conditions on the b
value, and considered that the b value increases with the increase
of heating and cooling cycles.

Water plays an important role in the geological disasters
of rock engineering, and the micro-crack and the pore in
rocks generally become the storage space of water. The original
internal structure of rock will be changed by water in the

process of complex physical (Zhao et al., 2017), chemical, and
mechanical action. The rock will soften in different degrees,
and its brittleness and strength will be reduced compared with
the dry state (Vásárhelyi and Ván, 2006; Liu et al., 2012). The
AE characteristics of water rock also show differences. Some
scholars have carried out a lot of experimental research on
the AE characteristics of rock affected by water. The effects
of water in the quiet period of granite were compared from
the perspective of AE energy rate and events. The same law
was found in the AE experiments of limestone and siltstone
under uniaxial compression. As the water content increased,
the AE activity showed a downward trend in turn (Chen et al.,
2017, 2018). Guo et al. (2018) compared the AE counts and
energy changes of igneous rocks with different water contents
under cyclic loading and unloading. Liu et al. (2018) carried
out a research on AE characteristics of water-absorbing shale
under uniaxial compression experiments, and found that water
absorption stimulated the occurrence of AE events inside the
shale and the b value is higher. Wang et al. (2017) carried out
uniaxial and triaxial compression AE experiments on saturated
karst limestone, and discussed the effect of confining pressure
on AE activities. However, research on the effect of water on
the b value of brittle rock masses is still insufficient. It is
necessary to continue to explore the influence of water on the AE
characteristics and b value of granite combined with the fracture
tendency of brittle rock masses. The differences of mechanical
properties and AE characteristics between saturated water granite
and dry granite under uniaxial compression are compared in
this paper. The effect of water on the activity and b value of AE
events during rockburst incubation was emphatic discussed. It is
of great theoretical significance and engineering application value
to study the change of the mechanical strength characteristics and
the rockburst tendency of granite as a typical brittle rock mass
after hydration combined with AE technology.

EXPERIMENT AND METHOD

Rock Samples
The cuboid samples of granite with the size
50 mm × 50 mm × 100 mm and 100 mm × 100 mm × 200 mm
were used to perform experiments. The surface of the rock
sample was polished to ensure that its parallelism, flatness and
perpendicularity to meet the ISRM recommendations. To reduce
the differences among samples as much as possible, same size
samples were obtained from one granite. Dry and saturated
water granite rock samples were set in the experiment. The
dry rock samples were placed flat in a water tank, and water
was first added to 1/4 of the height of the experiment piece.
Water was added at intervals of 2 h, until the rock sample was
completely immersed in water. The samples were taken out
after 12 h and made into water rock samples. It is important to
emphasize that all AE data except for AE localization data are
from the 50 mm × 50 mm × 100 mm sample. Since the sensor
inevitably fell off during the experiment, AE events with less
than 5 hit signals could not be located efficiently. To perform AE
localization, we also carried out the experiment with the same
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conditions on the 100 mm × 100 mm × 200 mm sample using
the Vallen 32-channel AE monitoring equipment.

Experimental Instruments
The experimental instruments included two parts: stress
loading equipment and AE monitoring system (Figure 1).
The loading equipment was the MTS322 material test system
(load the 50 mm × 50 mm × 100 mm sample) and the
MTS815 Flex test GT rock mechanics test system (load the
100 mm × 100 mm × 200 mm sample), which performed
the static, dynamic, normal temperature, high temperature, high
pressure, and failure mechanics experiments of brittle materials
such as rock and concrete. It recorded load, stress, displacement
and strain values in real time, and simultaneously draws load-
displacement, stress-strain curves. The PCI-2 AE equipment
from the PAC Company in the United States was used to collect
the AE data of the 50 mm × 50 mm × 100 mm sample. The
sensor was NANO30 resonant sensor with a center response
frequency of 125 kHz. AE monitoring system used in the
100 mm × 100 mm × 200 mm sample was the AMSY-6 multi-
channel equipment from Vallen, Germany (consisting of parallel
measuring channels). AE characteristic parameters and waveform
acquisition were synchronized during the experiment. The
system was equipped with the highest international acquisition

card. Each block had two independent channels. The channel
ADC was 40 MHz, the accuracy was 18 bits, and the wideband
operating frequency was 18 KHz–2.4 MHz. VS45-H sensor
was used in the experiment, and the response frequency of
that was 40–450 KHz.

AE Sensor Arrangement
In the experiment, 6 AE sensors and 32 AE sensors were placed
on the surface of the 50 mm × 50 mm × 100 mm and
100 mm × 100 mm × 200 mm samples, respectively, with an
alternating dislocation arrangement to record the characteristic
parameters and waveforms of the AE hits (Figure 1). Vaseline
was applied to the contact area between the sample and the
sensor to ensure the coupling effect, and the sensor was fixed
with tape to avoid it falling off during the loading process. The
pre-amplifier of the AE experiment and analysis system was
set as 40 dB, the threshold value was 50 db, and the sampling
frequency was 10 MHz. Before the experiment, checked the
installation of the specimen, the coupling degree of AE sensor and
debugged the equipment.

Experiment Procedure
In order to avoid the influence of the noise generated by the
contact between the rock sample and the pressure plate on the

FIGURE 1 | Experimental instruments and Installation and distribution diagram of AE sensor (100 mm × 100 mm × 200 mm sample). (Top Left)
50 mm × 50 mm × 100 mm sample under uniaxial compression experimental equipment. (Top Right) 100 mm × 100 mm × 200 mm sample under uniaxial
compression experimental. (Bottom) The sensors arranged on two parallel sides are misaligned to reduce duplication of arrival time data for AE source location.
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results of AE monitoring, the rock sample was placed on the
loading device in advance to load 1 ∼ 2 kN to make the rock
sample fully contact the reinforced plate. Granite was loaded
by controlled force during uniaxial compression experiment.
The loading rate set in the experiment was 40 kN/min. During
the experiment, ensured the synchronization of the loading
experiment system and the AE monitoring system, and recorded
the experiment data in real time. After loading the rock sample to
the peak strength, the experiment ended.

CALCULATION METHOD OF b VALUE
BASED ON AE EVENT

In the method of calculating b value of rock AE, the magnitude
in the G-R relationship is usually replaced by the magnitude
and energy of the AE hit. Since the noise signal was doped, the
b value calculated by the AE hit recorded by a single sensor
could not accurately reflect the rock variation characteristics
(Figure 2). So the calculation method of b value is given first.
In the experiment, when an AE hit signal generated by an AE
source was detected by multiple sensors simultaneously, it was

recorded as an AE event. We defined the absolute energy and
absolute amplitude of the AE event as the maximum value of the
energy or amplitude of multiple AE hits corresponding to an AE
event. The average energy and average amplitude of the AE event
were the average value of the energy or amplitude of multiple
AE hits. Both the amplitude and energy of AE were used to
characterize the strength of a rock fracture, which was equivalent
to the physical significance of the magnitude. Therefore, the
maximum amplitude, maximum energy, average amplitude, and
average energy of the AE event were used to calculate the b value.
In order to standardize AE to earthquake, the magnitude of AE
event is divided by 20 (A/20) and the energy of AE event is
taken as logarithm (lgE) to represent the magnitude of AE source
(Chmel and Shcherbakov, 2014; Liu et al., 2017; Sagasta et al.,
2018; Dong and Zhang, 2019). The correction formula calculated
by least squares can be expressed as Eq. 1 and Eq. 2:

lgN(A/20) = a− b (A/20) (1)

lgN(lgE) = a− b lgE (2)

FIGURE 2 | AE b value curve of dry granite calculated by AE hit. The b values were calculated by the AE hit monitored by six of all the sensors, and the fitted value R
of the b value was obtained. These AE signals did not remove noise.
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Each time b value was calculated using 200 AE events as the
sampling window, then 100 AE events were used as the step size
to slide in time and repeatedly calculate the b value. Furthermore,
the variation of b value calculated by 4 parameters of granite with
time under uniaxial compression was obtained.

RESULTS AND DISCUSSION

The Change of b Value
Acoustic emission b value is used as a measure to characterize
the development of cracks. The change of b value corresponds
to the fluctuation of the proportion of large and small AE events
in the rock, that is, the trend of crack development at different
scales. The trend of b value can indicate that the crack inside
the rock is expanding suddenly or steadily. When the b value
fluctuates steadily, the proportion of large and small AE events
is basically maintained at a stable level, and microcracks with
different internal scales develop stably. Large fluctuation of b
values indicate a sudden burst of crack growth. The decrease of
the b value before failure indicates that there are more large-
scale AE events, and the cracks accelerate and penetrate (Rao and
Lakshmi, 2005; Zhang and Zhang, 2017).

The 4 b values are calculated using the maximum amplitude,
average amplitude, maximum energy, and average energy of AE

events, respectively. During the fracture of dry and saturated
water granite under uniaxial compressive load, the changes of 4
b values with stress and strain are basically consistent (Figures 3,
4). After the start of loading, the b value is at a relatively high level
relative to the whole loading process, showing a downward trend
with fluctuation; It reflects that small-scale cracks dominate in
the initial stage and a large number of new cracks are generated
with the progress of loading; Since the scale of the new crack is
larger than the original crack that is compacted, the proportion of
large AE events gradually increases and micro-fractures inside the
rock gather together; The crack development in the rock shows
a steady expansion. When granite approaches instability, the b
value fluctuates greatly and reaches its minimum; The clustering
of the large AE events is apparent in the process, and a large
number of cracks of different scales start to spread suddenly
and penetrate each other. When the granite reaches the peak
stress, the b values rise sharply and reach high values, and the
local rock mass is crushed at rockburst moment, causing severe
damage. It may be because the sensor and the rock poor coupling
or even falling off causes loss of rock fracture signal due to the
volume expansion effect. Therefore, the signals in the moment of
failure cannot objectively reflect the truth of the size of AE event.
Granite, as a typical brittle rock, is sensitively affected by the
difference in the degree of development of internal joint fractures.
Large change in b value reflects dramatic changes in crack growth;

FIGURE 3 | The variation in 4 AE b values (blue point-line) of dry granite versus strain under uniaxial compression. The distribution characteristics of the absolute
amplitude (blue point), absolute energy (orange point), average amplitude (cyan point), and average energy (green point) of the AE event show good consistency with
the fluctuation of the b value.
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FIGURE 4 | The variation in 4 AE b values (blue point-line) of saturated water granite versus strain under uniaxial compression. The distribution characteristics of the
absolute amplitude (blue point), absolute energy (orange point), average amplitude (cyan point), and average energy (green point) of the AE event show good
consistency with the fluctuation of the b value.

The critical state of the rock will cause stress concentration at the
end of the large-scale crack that has been formed, and a series
of diffusive microcracks will be generated around the large crack;
Collapse occurs in fragile local or adjacent large cracks causing
significant volume response.

Compared with dry granite, the minimum value of b value is
larger and the maximum value of b value is smaller in saturated
water granite. The AE b value of the saturated water granite has
a relatively gentle downward trend, with a decrease in b value
between 0.7 and 1. The microcracks in water rock are stable and
slow. The large-scale cracks continue to accumulate steadily and
the proportion of large-scale cracks gradually increase (Figure 4).
The b value of dry granite fluctuates violently during this
process, with a larger and more rapid decline. The difference
in b value reach 1.5. It reveals that the scale of the micro-
fracture inside the rock changes significantly, and large-scale
cracks expand more fully, showing a state of rapid expansion
(Figure 3). The pore water filling reduces the friction caused by
rock compaction, and the fissure water filling is easy to further
expand the original cracks, reflecting that the b value of the
saturated water granite in the early stage of loading is smaller.
Due to the stress corrosion and pressure dissolution of water on
rocks at the later stage of loading (Li et al., 2010), the proportion
of small-scale cracks is higher, and the b value is higher than
that of dry granite.

The variation characteristics of b value under uniaxial loading
indicate that the internal micro-fracture state of dry granite
changes sharply during loading, and the internal fracture degree
of damage is more sufficient. The existence of water makes the
crack growth trend of granite gentle, the rock appears to soften,
plastic enhancement, and weaken rockburst tendency.

The Change of AE Energy
Energy distribution and cumulative process of AE events during
uniaxial loading are used to evaluate the effect of water on the
tendency of granite rockburst (Figures 5, 6). The AE energy
released by microfractures in rocks is proportional to the scale
of crack propagation. The size of AE energy characterizes the
size of microfractures in rocks. From the perspective of the
release of AE energy, The energy release of dry granite remains
active throughout the loading process, and the energy stored and
released is much greater than that of saturated water granite.
The energy released by granite throughout the fracture process is
significantly reduced by water. With the increase of the axial load,
the accumulation of AE energy is almost stagnant, corresponding
to the quiet period of the AE event. AE energy of saturated
water granite increases exponentially before rupture. From the
perspective of AE energy level distribution, the proportion of AE
events with high energy level which is above 103 accounts for
44.9% in the crack propagation stage before dry granite failure
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FIGURE 5 | Evolution and distribution of AE events energy versus time in dry granite. The crack propagation phase corresponds to the concentrated release of
energy (highlighted area), and high energy level acoustic emission events account for 44.9%. AE sources tend to fracture more violently in critical state of rock burst.

FIGURE 6 | Evolution and distribution of AE events energy versus time in saturated water granite. The crack propagation phase corresponds to the concentrated
release of energy (highlighted area), and high energy level acoustic emission events account for 31.6%. AE sources tend to fracture more gently in critical state of
rock burst.

(Figure 5). Saturated water granite produce more AE events
before failure, but the energy level of AE events are distributed at
lower levels, and AE events with energy levels above 103 accounts
for 31.6% (Figure 6).

On the one hand, the crystal grains inside the rock are
softened by water and the bonding between the particles
is weakened, which inhibits the release of energy during
rock fracture. On the other hand, water reduces the
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FIGURE 7 | Damage evolution of granite on time and strain scales under uniaxial compression in dry state. Divides the different stages of the uniaxial compression
process according to the AE characteristics and stress-strain.

FIGURE 8 | Damage evolution of granite on time and strain scales under uniaxial compression in water state. Divides the different stages of the uniaxial compression
process according to the AE characteristics and stress-strain.

TABLE 1 | comparison of AE event characteristics between dry and saturated water granite.

Sample Cumulative
AE events

Loading
time (s)

Quiet period
duration (s)

Quiet period
duration ratio (%)

Initial stress in quiet
period σ1 (MPa)

Peak stress σ

(MPa)
The stress ratio

σ1/σ (%)

Dry granite 1378 492 84 17.0 61.661 125.571 49.1

Saturated water granite 944 482 130 26.9 52.948 124.462 42.5

threshold of internal fracture in the critical state of the
rock, resulting in the generation of a large number of low
energy level AE events. Due to the water rock interaction,

the process of energy release is more peaceful when the
instability occurs, which cause that the rockburst tendency is
significantly reduced.
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FIGURE 9 | Uniaxial compression stress-strain curve of dry (warm color) and
saturated water granite (cool color) samples. Divides the different stages of
the uniaxial compression process according to the AE characteristics.

TABLE 2 | Mechanical parameters of dry and saturated water granite.

Sample UCS (MPa) Young modulus (Gpa) Peak strain

1# Dry granite 165.835 43.087 5.25 × 10−3

2# Dry granite 156.842 37.834 5.72 × 10−3

3# Dry granite 125.571 36.726 5.65 × 10−3

Mean 149.416 39.215 5.54 × 10−3

1# Saturated water granite 141.854 39.025 4.94 × 10−3

2# Saturated Water granite 133.861 33.215 5.39 × 10−3

3# Saturated Water granite 124.462 28.611 6.45 × 10−3

Mean 133.392 33.617 5.59 × 10−3

The Change of AE Events and Quiet
Period
Acoustic emission events can be used to capture and classify
rock deformation and failure processes (Liu et al., 2018;
Du et al., 2019). When the axial stress is small, a small number of
AE events can be observed during the crack closing stage. With

TABLE 3 | Lumpiness statistics of dry and saturated water granite.

Sample Number of pieces

>50
(mm)

50∼40
(mm)

40∼30
(mm)

30∼20
(mm)

20∼10
(mm)

<10
(mm)

Dry granite 2 2 1 7 23 neglect

Saturated Water
granite

2 2 3 4 16 neglect

the increase of the axial load, stable crack propagation occurs in
the rock, and the slope of the cumulative number of AE events
almost remains constant. Unstable crack growth accompany by
the exponential increase in the release of AE events, and the
slope of the curve gradually increases, indicating that the rock is
approaching failure.

It is similar for the trends of AE event rate and cumulative
event at different Crack stage of dry and saturated water granites
(Figures 7, 8). In the initial stage of loading, the original cracks
of the granite are compacted, and both the dry and saturated
water granite have AE phenomena, but the AE event rate of the
dry granite is greater. As the internal micro-cracks of saturated
water granite absorb water to fill the interstitial spaces, the
existence of pore water pressure reduces the degree of micro-
cracks being compacted, resulting in a reduction in AE event
(Zhang et al., 2017). The AE quiet period that corresponds to
the elastic stage occurs in both the dry and saturated water
granites, and the AE event rate remains at a low level. The
peak value of AE event rate in the elastic stage of dry granite
(elastic I in Figure 7) may be influenced by Kaiser effect, and it
is speculated that there may be defects or uneven distribution
of particles in the rock, resulting in a significant change in
the slope of stress-strain curve in the elastic stage. The dry
granite enters the AE quiet period when the stress is loaded
to 49.1% of the peak intensity, and the duration accounts for
17% of the whole loading process. The AE quiet period of the
saturated water granite is more obvious. The AE quiet period of
saturated water granite is more obvious. When the peak stress
reaches 42.5%, it enters the AE quiet period that the duration
of accounts for 26.9% of the whole loading process. The quiet

FIGURE 10 | Fracture status of granite after rockburst. (Left) Dry granite, (Right) Saturated water granite. The statistical results of the block degree are shown in
Table 3.
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period of AE of dry granite has a short duration and a high
stress level, while that of saturated water granite has a long
duration and a low load level. When the crack expands rapidly
and approaches failure, the AE event rate increases rapidly to
the peak value, and the peak value of AE event rate of saturated
water granite exceeds 25, which is significantly higher than that
of dry granite. This is because water can significantly reduce the
threshold value of subcritical crack propagation in rocks, and
water in a high stress state promotes the generation of micro-
fracture and intensification of crack propagation (Wan et al.,
2010; Hao et al., 2015). The cumulative AE events of dry granite
and saturated water granite during the loading process are 1378
and 944, respectively. Compared with dry granite, the cumulative
AE events of saturated water granite decrease by 31.5%, and the
AE activities of dry granite during the whole loading process
are more intense (Table 1). To some extent, water as a whole
inhibits the AE activity of granite but stimulates AE activity of
granite under high pressure. We can consider that the internal
fracture of granite is reduced and the loading capacity of granite
is deteriorated.

Analysis of Mechanical Properties
The linear elastic deformation of dry granite is more significant
and the peak strength is higher, while the saturated water
granite shows obvious plasticity (Figure 9). The compressive
strength of granite under different conditions is 149.416 MPa and
133.392 MPa, respectively, and the uniaxial compressive strength
of granite samples under dry conditions is higher. The average
modulus calculated in this paper is the slope of the secant line
at the two points on the stress-strain curve before the peak.
The average modulus of dry granite is 39.215 Gpa and that of

saturated water granite is 33.617 Gpa (Table 2). Due to the water
content of granite, its peak strength and elastic modulus are
reduced to a certain extent and the granite exhibits a significant
ductility during loading. This weakens the damage of the water to
the interior of the rock and promotes the growth of native cracks,
causing the granite to yield the intensity and peak intensity
decrease accordingly.

The distribution of the block size after the granite breaks
directly reflects the degree of damage (Figure 10). The sieving
method is used to calculate the sample size of the broken samples
in the experiment. According to the actual fracture characteristics
of the rock samples, the average value of the three-dimensional
length of the fragments is taken, and the 6 intervals (>50 mm,
50–40 mm, 40–30 mm, 30–20 mm, 20–10 mm, and <10 mm)
are divided by 10 mm intervals. The number of fragments is
statistically classified in the interval. For over-broken pieces with
block size less than 10 mm, the statistical significance is not
obvious and ignored.

There are 35 pieces of dry granite larger than 10 mm,
while 27 pieces of saturated water granite are larger than
10 mm. In the interval below 30 mm, the number of
dry granite is more than that of saturated water granite.
It is more sufficient for the fracture degree of dry sample
indicate that the uniaxial compression cracking is more
significant. It is consistent with the analysis conclusion of
AE characteristics. The degree of granite fragmentation is
positively correlated with the magnitude of the change in b
value. The fractured degree of the saturated water granite is
low, and the more large pieces are retained, which corresponds
to less accumulated AE events and energy release during the
loading process.

FIGURE 11 | Spatial distribution of AE event density and failure types of saturated water or dry granite are shown, and the density of AE events is directly
proportional to the color depth of the cell cube. (A) Surface density distribution of AE event location results; (B) Granite crack growth and fracture mode; (C) Spatial
density distribution of AE event location results; (D) Samples. The AE events in the process of granite damage caused by water are significantly reduced.
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Figure 11 shows the positioning results of AE events using the
collaborative localization method using analytical and iterative
solutions (Dong et al., 2019). From density distribution of AE
events on samples surface and inside, it can be clearly reflected for
the inhibit influence of water on the damage difference of granite
under uniaxial compression. The spatial location results of AE
events reflect the propagation distribution of the crack and are
consistent with the actual failure.

The granite -a typical brittle failure- collapses instantaneously
with large huge noise when it reaches peak strength. In the
fracture mechanics, cracks are often classified into the opening
crack, the sliding mode crack, and the tearing mode crack (Zhao
et al., 2019). according to their forces and crack propagation
paths. There is no obvious difference between the failure modes
of dry and saturated water granite under uniaxial compression.
The fracture mode of the uniaxial compression granite sample
is composed of the fracture plane parallel to the axial splitting
failure plane, the shear failure plane penetrating the whole rock
sample, and expansion and fragmentation of local rock. However,
from the perspective of the degree of damage, the dry granite is
dominated by tensile failure surfaces and the secondary fracture
surfaces formed are more abundant; the crack propagation is
more sufficient with dense fracture surface; The local brittle
expansion and fragmentation of the rock sample is more obvious.
Due to the shear slip, the material on the side of the rock sample is
broken out and part of the bearing capacity is lost instantly. This
kind of failure situation corresponds to the obvious stress drop of
the stress-strain curve of dry granite at the peak strength.

CONCLUSION

(1) The peak strength and elastic modulus of the saturated
water granite are decreased, showing obvious plasticity.
After uniaxial compression, penetrating shear fracture
surface and axial tensile fracture surface was appeared in
dry and saturated water granite, and a local comminuted
expansive fracture failure occurred. Unlike in the dry
state, saturated water granite has better integrity of
rock fragmentation that the failure case is fewer surface
cracks, smaller localized areas of fragmentation and
expansion of rock.

(2) The variation characteristics of b value of dry and saturated
water granite are similar in the process of uniaxial
compression. The decrease of b value is the precursor
of rockburst. However, the changing trend of b value

of saturated water granite is more gradual with smaller
decline, and the internal damage breeding process of
hydrated granite is stable.

(3) The cumulative AE events of saturated water granite is less,
but the AE event rate of saturated water granite is higher
in the near failure. The AE quiet period of saturated water
granite is more obvious, and it enters the quiet period at
lower load level and lasts longer. Water significantly inhibit
the release of energy in the process of fracture, reduced the
proportion of high energy level AE events generated in the
critical state, and the rockburst process is more peaceful.

(4) After being softened by water, granite shows obvious
plasticity and rockburst tendency is significantly reduced.
Water-rock interaction is a complex physical and chemical
process. The erosion of rock mass by water can reduce
the fracture tendency of brittle rock, but correspondingly
increase the potential support burden of surrounding rock.
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