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Aimed at investigating the differentiation of acoustic emission (AE) signals and fractal precursory characteristics between strong,
weak, and no bursting liability coals under uniaxial compression, as well as improving the accuracy of rockburst monitoring and
early warning by AE techniques, we experimentally studied the evolution law and differences of AE ring count rate, energy rate,
and correlation dimension between different loaded bursting liability coals by the YAW4306 electric mechanical test system and
CTA-1 AE monitor. Our experimental results indicated that the AE count and energy of coal samples with different bursting
liabilities showed a similar evolution law of “sharp increase-calm-sharp increase” before their main rupture. The active points of
AE signals emitted from coal with strong, weak, and no bursting liability appeared at about 85~90%, 75~78%, and 51~55% of the
peak stress, respectively. The stronger the bursting liability of coal, the shorter the duration of main rupture and postpeak failure
stage, and the greater the AE energy rate in the main rupture. The AE counts of different coals had obvious fractal characteristics,
and the AE correlation dimension values of strong and weak bursting liability coal samples presented the phenomenon of
“fluctuating rise to a peak value-sharp drop-continuous decrease,” which can be used as a precursory information of coal failure.

1. Introduction

China is the world’s largest coal consumer and has expe-
rienced the most serious coal and rock dynamic disasters
[1, 2], such as coal and gas outburst [3], rockburst [4], and
roof fall [5]. Since the first rockburst occurred at the South
Stafford coalfield in the United Kingdom in 1738, this
catastrophic event has threatened almost all coal mining
countries in the world over the past 283 years, including
Poland [6], USA [7], Czech [8], France [9], and China [10].
Among these countries, China has had the most serious
cases. Traditionally, rockburst is considered as a dynamic
phenomenon of sudden and intense release of elastic energy
accumulated in coal-rock mass during mining, which is not
only harmful and wide-ranging, but may also induce a series
of secondary disasters, including abnormal gas gushing and
gas explosion [11-17]. For example, on 14 February 2005, a

gas explosion induced by rockburst occurred in the Sun-
jiawan coal mine, located in Fuxin city of Liaoning Province,
China, killing 214 workers. As of June 2019, the number of
operating rockburst mines in China was 121, distributed in
14 provinces. Among these, in 5 provinces, i.e., Shandong
Province, Shaanxi Province, Heilongjiang Province, Gansu
Province, and the Inner Mongolia Autonomous Region, the
number of operating rockburst mines reached 10, as shown
in Figure 1. In addition, the total number of rockburst coal
mines is on the rise with the steady increase of underground
mining depth.

The prevention and control of rockburst is a global
challenge for the underground mining industry. Coal and
rock with strong or weak bursting liability are the key factors
in the occurrence of the phenomenon. Table 1 lists typical
rockburst disasters that occurred in China in the past nearly
5 years, namely, from 2016 to 2020. The coal seam, roof, and
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FIGURE 1: Quantity and distribution of rockburst mines being mined in China (up to June 2019) [18].

TaBLE 1: Typical rockburst accidents in nearly past 5 years (2016~2020) of China.
. . Accident T,
Date Accident coal mine - Bursting liability of coal or rock
fatalities

Dongbaowei Coal Mine in Heilongjiang Weak bursting liability coal and floor, strong bursting liability

2016/07/22 . 2
Province roof

2016/09/25  Junde Coal Mine in Heilongjiang Province 5 Weak bursting liability coal, strong bursting liability floor
2017/11/11 Hongyang 3rd Coal Mine in Liaoning Province 10 Strong bursting liability coal, weak bursting liability floor
2018/10/20  Longyun Coal Mine in Shandong Province 21 Weak bursting liability coal arrz)ccl) fﬂoor, strong bursting liability
2019/06/09 Longjiabao Coal Mine in Jilin Province 9 Weak bursting liability coal and roof
2019/08/02 Tangshan Mining Co., Ltd., in Hebei Province 7 Weak bursting liability coal and roof
2020/02/22 Xinjulong Energy Co,, Ltd., in Shandong 4 Weak bursting liability coal, roof, and floor

floor of the coal mines where incidents occurred had a
certain bursting liability.

The AE signals generated during the loading failure
process of coal or rock with bursting liability contain rich
information and can reflect the deformation and failure of
coal and rock to some extent [19, 20]. Thus, the measure-
ment and study of AE signals can help us explore the failure
mechanism of coal or rock, as well as monitor and forecast
coal or rock failure and rockburst [21, 22]. Many researchers
have conducted laboratory experiments or field tests from
different aspects to investigate the AE characteristics of coal
or rock under loading. Wang et al. [23] analyzed the features
of AE spectrum in the process of coal fracture and found that
the larger the load and the stronger the deformation and the
fracture, the higher the frequency zone of the AE signal.
Lotidis and Nomikos [24] studied the AE evolution law of
hollow plate specimens of two calcitic marbles in the lab-
oratory under uniaxial loading and found that the overall
percentage of the signals attributed to tensile AE sources was
in the order of 90%, while most of the located shear AE
sources were nucleated after the sidewall’s rock failure. He
et al. [25] discussed the failure process characteristics of

limestone under true triaxial condition. When the limestone
sample was under relatively low load, the AE signals showed
the characteristics of high frequency and low amplitude. As
the load was increased, the AE signals tended to shift further
towards a signature of high amplitude. During the process
from unloading to failure, the cumulative AE energy release
increased rapidly. Zhang et al. [26] established that the b-
value of AE had no obvious change at the initial stage of
loading, but the spatial correlation length & presented up-
ward trend during this period, and information entropy H
was not sensitive to the damage state of samples during most
of the loading process period, while these three parameters
showed a significant changing trend before the buckling
failure of samples. Pradhan et al. [27] monitored the stress-
induced fracture of rock samples by AE and confirmed that
the amplitudes and energies of AE events clearly indicated
the initiation and propagation of main fractures. Zhang et al.
[28] experimentally researched the AE characteristics of rock
failure under uniaxial multistage loading. The AE activity of
several rock samples was high near the peak strength, the
number of AE events tended to be flat, the AE event rate
decreased, and then the phenomenon of AE quiet period
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appeared. Moradian et al. [29] discussed the correlating AE
sources with damaged zones during the direct shear test of
rock joints and concluded that the AE method had a good
capability in localizing the failure points and the intensity
(energy) failure of asperities. Zhang et al. [30] explored the
energy accumulation, dissipation form, and damage evo-
lution process of coal with strong bursting liability under
multistage cyclic loading in order to fully identify the failure
precursor of coal. The study by Yang [31] indicated that the
AE energy rate and the total energy amount tended to be
active and could be used as precursory information for coal
damage. As the bursting liability increased, the AE energy
tended to be actively lagging. Li et al. [32] discovered that the
AE activity of coal with strong or weak bursting liability had
obvious periodicity and was closely associated with the stress
change; a large number of high-energy AE signals suddenly
appeared near the fracture instability of coal with different
bursting liabilities, and the released energy value of coal
elevated with the increase of bursting liability. Mu et al. [33]
discussed the response characteristics of uniaxial com-
pression mechanics and AE of coal with different joint
angles. The bursting liability of coal samples was stronger
with the increase of angle («) between the loading direction
and the joint surface, and the values of AE early warning
parameters were different.

Fractal theory is an effective tool for studying non-
linear systems. Since its establishment in the 1970s, many
scholars have conducted extensive exploratory studies of
the AE fractal of coal and rock under loading [34]. Xie [35]
successfully combined the damage mechanics and fractal
geometry and created a new research field, namely, rock
fractal theory. Hirata et al. [36] studied the fractal di-
mension of AE event distribution of intact rock sample
and fractured rock. By conducting triaxial compression
experiments, Kusunose et al. [37] found that the AE fractal
dimension values changed with different granite textures.
Fractal signals from noisy measurements were estimated
based on wavelet analysis developed by Wornell and
Oppenheim [38]. Lei et al. [39] analyzed the spatial dis-
tribution and fractal structure of AE focuses of Inada
granite under triaxial compression and showed that the
fractal dimension values differed from the lithologies. Gao
et al. [40] suggested that the reduction of fractal di-
mension could be a valuable parameter to predict the
occurrence of major cracks or failure. Through laboratory
loading compression tests of different rocks, Yin et al. [41]
proposed a precursor to predict rock failure; that is, the
fractal dimension values went down to the minimum near
the peak stress. Li et al. [42] conducted uniaxial cyclic
loading tests on three types of rocks and pointed out that
the AE event rate, energy rate, and spatial distribution all
exhibited fractal characteristics. Carpinteri et al. [43]
analyzed the fractal characterization of fracture surfaces in
rock and used fractal geometry to characterize the
roughness of the cracked concrete surfaces. By studying
AE and fractal characteristics of different damage types of
rock under uniaxial compression, Gao et al. [44] revealed
that the fractal dimension value would jump up before
rock damage. Guo et al. [45] discussed the AE fractal

characteristics of coal samples with bursting liability
under uniaxial loading and suggested the phenomenon
that the AE fractal dimension reached a peak and then a
sudden drop, which could be used as a precursor to coal
damage.

In the past several decades, many scholars conducted
extensive laboratory and field experiment researches on the
AE signals and fractal evolution of coal or rock under
loading and achieved remarkable results. However, the
present research mainly focuses on a certain kind of coal
samples, such as strong bursting liability coals, to analyze the
AE signals and fractal characteristics of AE; there are few
reports on the comparative study between three different
bursting liability coals. Due to the differences in the degree of
anisotropy, porosity, crack development, and failure process
of coals with different bursting liabilities, the AE charac-
teristics during the failure process are also different. Thus,
through laboratory loading compression tests of different
bursting liability coals, this paper explores the differentiation
of AE signals and fractal characteristics between coals with
strong, weak, and no bursting liability and investigates the
precursory information of coal in the failure process. The
results provide a reference for further improving the fore-
casting accuracy of rockburst by AE techniques and have
certain theoretical and practical significance for ensuring
coal mine safety.

2. Experimental System

2.1. Experimental Devices. The experimental system is
mainly composed of an axial loading system, an AE data
acquisition system, and a shielding system. Figures 2 and 3
show its schematic diagram and physical map, respectively.
The loading system is a YAW4306 electric mechanical test
system with a maximum load of 3000 kN and is suitable for
shear test, split tensile test, elastic static modulus test, and
flexural strength test. Its test power resolution is better than
15N, and the relative error rate and test range are +1% and
2~100%, respectively. The AE data acquisition system
comprises a CTA-1 acoustic emission monitor manufac-
tured by Physical Acoustics, which consists mainly of a filter,
a preamplifier, an A/D converter, and a computer, and can
be used for signal acquisition, analog-to-digital signal
conversion, data storage, and graphic display. The 8-channel
data acquisition system can collect AE signals in real-time
through the AEwinRockTest software, which is convenient
for the spectrum analysis of data tested in the experiment.

The resonant frequency of AE sensor for the experiment
was set as 49.8 kHz. We fixed the AE sensors symmetrically
on the sidewall of coal sample with tape and coated Vaseline
between sensor and sample to ensure that the AE signals
generated during the deformation and failure process were
well received by the sensor. We conducted AE experiments
with coal samples loaded under uniaxial compression at the
loading rate of 0.005 mm/s using the displacement mode. In
this paper, the sampling frequency and threshold of CTA-1
AE monitor were set as 500 kHz and 45 dB, respectively, and
the AE signals and load were collected synchronously in the
failure process of coal samples.
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FIGURE 2: Schematic diagram of experimental system. (1) Compression
testing machine; (2) insulating gasket; (3) coal sample; (4) AE sensor;
(5) shielding system; (6) preamplifier; (7) AE data acquisition system;
(8) loading control system; (9) shielding room.
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FIGURE 3: Physical map of the experimental system.

2.2. Coal Sample Preparation and Bursting Liability Test.
Experimental coal samples were extracted from strong,
weak, and no bursting liability coal seams, respectively. In
the hope of maintaining the original state of coal, samples
were taken from the same or adjacent large coal blocks and
prepared as standard cylindrical coal samples with a di-
ameter of 50 mm and length of 100 mm according to the
recommendations by the International Society of Rock
Mechanics (ISRM). Figure 4 shows the partial experimental
coal samples.

In accordance with the National Standard of People’s
Republic of China entitled “Classification and laboratory
test method on bursting liability of coal (GT/T25217.2-
2010),” the classification criteria of coal bursting liability,
presented in Table 2, were applied [46]. The coal samples
numbered as Q1~Q3, R1~R3, and W1~W3 were sampled
from the Yuejin Coal Mine, Anju Coal Mine, and Qian-
shuta Coal Mine, respectively. The average values of
bursting liability indices, i.e., the duration of dynamic
fracture index (DT), elastic strain energy index (Wgr),
bursting energy index (Kg), and uniaxial compressive
strength index (Rc), were determined. The evaluation re-
sults for samples are illustrated in Table 3.
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FIGURE 4: Partially processed coal samples.

3. Results and Analysis of AE Experiment

3.1. AE Signal Analysis. We conducted a series of uniaxial
compression experiments with different bursting liability
coal samples and collected the AE count rates and energy
rates. The relationships among AE count rate, cumulative
count, AE energy rate, camulative energy, and stress with
time are depicted in Figures 5-7 .

As seen from the above figures, the AE signals emitted
from loaded coal samples were significantly different be-
tween the five stages of the whole deformation and failure
process. Generally, the AE count rate and energy rate were
proportional to the number and magnitude of cracking
events. In the compaction stage, the cracks inside coal
sample closed and microcracks slowly developed primarily
in a small range, resulting in fewer AE signals and keeping a
calm state; the cumulative counts and energy increased at a
slow pace. In the elastic deformation stage, when the
microcracks and joints had been completely compacted, the
coal sample appeared to partially fracture, and the fluctu-
ating AE signals slightly increased. In the plastic deforma-
tion stage, part of the cracks inside the coal sample
continued to be compacted, a large number and density of
new cracks and microcracks were produced, and the fluc-
tuating AE signals increased, indicating the entrance of AE
into the accelerated growth stage. Near the main rupture
stage, many cracks had been produced in the coal samples.
With the continuous increase of load, all kinds of cracks
connected and merged with each other, and a large amount
of energy was released. When the strength of coal was in-
sufficient to bear the heavy load, crack propagation and
penetration caused macroscopic rupture, and the AE signals
increased rapidly to the peak value. In the residual defor-
mation stage, the AE signals greatly reduced. The proportion
of each stage in the whole deformation and failure process of
coal samples varied with the coal’s bursting liability. Spe-
cifically, the stronger the bursting liability of coal, the larger
the proportion of compaction and elasticity stage that
accounted for the overall failure process; the longer the
elastic energy accumulation time of coal is, the smaller the
proportion of plastic failure stage is and the more suddenly
the coal sample was damaged.
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TaBLE 2: Classification criteria of coal’s bursting liability.

Classification indexes of bursting
liability

DT (ms)

Wer

P (kN)

Schematic diagram

Stress (MPa)

Strain (%)

Stress (MPa)

=]

Stress (MPa)

Time (ms) Strain (%) Strain (%)
Strong bursting liability DT <50 Wer=>5 Kg=5 Rc>14
Weak bursting liability 50 < DT <500 2< Wgr<5 1.5<Kgp<5 7<Rc<14
No bursting liability DT > 500 Wer<2 Kg<1.5 Rc<7

TaBLE 3: Bursting liability data of coal samples.

Dimensions (mm)

Average value of bursting liability

Sample source Sample no. indexes Evaluation result
Length Diameter DT (ms) Wer Ky Rc (MPa)
Q1 100.1 50.1
Yuejin Coal Mine Q2 100.2 49.5 72 6.18 8.34 25.7 Strong bursting liability
Q3 99.6 49.8
R1 100.1 50.3
Anju Coal Mine R2 100.4 49.3 483 2.31 1.22 7.3 Weak bursting liability
R3 99.8 50.2
w1 100.3 50.4
Qianshuta Coal Mine w2 100.3 49.6 820 1.22 1.41 5.4 No bursting liability
w3 99.4 49.5
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FIGURE 5: (a) AE count rate and cumulative count. (b) AE energy rate and cumulative energy of strong bursting liability coal.

Furthermore, throughout the whole process of loading
failure of coal samples, whenever there was a large fracture
inside a coal sample, the AE signals would increase peri-
odically, as shown at about 83 s in Figure 5(a), at about 79,
1135, and 119 s in Figure 6(a), and at about 135s and 170
in Figure 7(a), etc. Moreover, the increase of AE ring count

rate was not necessarily continuous but could also exhibit
surges. The occurrence of observed large ring count rate is
the result of energy release in the process of crack prop-
agation and accumulation, and there is a good corre-
sponding relationship between AE signals and coal sample
failure.



According to Figures 5-7 and the above analysis, the AE
characteristics of coal samples with strong, weak, and no
bursting liability during the loading failure process are
presented in Table 4. The comparative analysis demonstrated
that, before the main rupture of coal samples, the AE signals
emitted from coal samples with different bursting liabilities
under loading showed a similar evolution law of “sharp
increase—calm-sharp increase,” but the precursor times of
AE signals and the AE energy rate at the main rupture time
were different. The active points of AE signals of strong,
weak, and no bursting liability coals appeared at about
85~90%, 75~78%, and 51~55% of the peak stress value,
respectively, which indicated that the stronger the bursting
liability of coal, the more lagging the active point of AE
signals, and the shorter the time for early warning of coal
failure, the shorter the duration of main rupture and
postpeak failure stage (namely, it dropped from 113 s to 2s)
and the higher the AE energy rate in main rupture. Spe-
cifically, the energy rate of strong bursting liability coal was
5.6 times and 1.8 times that of weak and no bursting liability
coal, respectively.

3.2. Evolution Analysis of Correlation Dimension. The fractal
dimension is a key parameter to describe the character-
istics of fractal structures, namely, the complexity of
fractal. The disordered development of internal cracks of a
loaded coal sample can be measured by the correlation
dimension D, which can reflect the development and
evolution of the internal damage and failure of coal. The
calculation method of correlation dimension used in this
paper is the G-P algorithm, proposed by P. Grassberger
and I. Procaccia in 1983, which takes the AE parameter
sequence as the research object. Each AE parameter series
corresponding to one set X, with a capacity n can be
obtained:

Xo ={xp x5 x50+, x,} (1)

An m-dimensional phase space is constructed according
to equation (1). First, m (m < n) numbers are selected from
the time series as a vector in the m-dimensional space, and
the vector is expressed as

Xy ={x, %0, X3, X0} (2)

where m is the embedding dimension.
Then, moving one data point to the right forms the
second phase space vector X,:

’xm+1}' (3)

According to above method, m-dimensional vectors
with a capacity of N (N=n—m+1) are constructed, and the
N vector is

X

X5 ={x2,x3,x4,---

s X} (4)

Finally, the reconstructed phase space X is established as
follows:

n-m+l = {‘xn—erl’ Xn-m+2> Xn-m+3> " **
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X1 Xy ot X Xy |
X X3t Xpemal Xn-ma2
Xm-1 Xm Xn-2 Xn-1
L X Xme1 "0 X Xp

The corresponding correlation function is defined as
1 &N
Cr=—)Y ZH(r—|Xi—Xj|), (6)
N™ T =

where r represents the measurement scale, N represents the
number of time series data, and H(x) is the Heaviside step
function, which can be expressed as

1, x>0,

H(x) ={ )
0, x<0.

For a given r, there is a corresponding correlation
function C(r) according to equation (6). Subsequently, the
points (InC(r), Inr) are plotted in double logarithmic co-
ordinates and fitted. Different r values are selected one by
one, and then multiple sets of data are drawn in the co-
ordinate system. Then, the unary linear regression of InC(r)
and Inr is carried out, and the value of correlation dimension
D can be defined by the slope of straight line in the InC(r)-Inr
curve as follows:

. InC(r)
lim .

D:
r—0 Inr

(8)

Taking the case of a weak bursting liability coal, the peak
stress ratio was divided into 20 groups from 0~5% to
95~100%, and the D value of each group of stress corre-
sponding to AE count was calculated by using MATLAB, as
presented in Table 5. The fitting correlation coefficient r of
each group was greater than 0.85, and that of 10 groups was
no less than 0.9, indicating that the AE count rate of loaded
weak bursting liability coal has obvious fractal characteristics
during sample failure. Simultaneously, the same conclusion
was obtained from coals with strong and no bursting liability.

When the damage of the coal body reaches a certain
extent, the fracture will lead to disaster, and the fractal
dimension of AE signals can accurately reflect the precursory
information. Figure 8 shows the AE correlation dimension
evolution of loaded coal samples with strong, weak, and no
bursting liability before the main rupture. It can be observed
that the correlation dimension D values differ significantly at
different stress levels. In detail, when the load level is low, the
corresponding D value of AE time series is also low, which
reflects the law of coal deformation and failure approaching
the initial equilibrium. With the increase of load, the D value
increases to the maximum, indicating the disorder of coal
deformation and failure.

Due to many differences between coals with strong,
weak, and no bursting liability, including physical and
mechanical properties, internal crack propagation mode,
deformation and fracturing process, energy accumulation
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FIGURE 6: (a) AE count rate and cumulative count. (b) AE energy rate and cumulative energy of weak bursting liability coal.
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FIGURE 7: (a) AE count rate and cumulative count. (b) AE energy rate and cumulative energy of no bursting liability coal.

TaBLE 4: AE characteristics of different coal samples.

Bursting liability type Peak stress value

AE precursor position

AE energy rate in main  Duration of postpeak failure

of coal (MPa) rupture point stage (s)
: ~90)9,
Strong 26.9 During 85~90% stress level to 353157 )
peak strength
: 7RO,
Weak 74 During 75~78% stress level to 196605 9
peak strength
1 ~ 0,
No 41 During 51~55% stress level to 63456 113

peak strength

and release mode, and other factors, the evolution law of AE
correlation dimension will be also different. However, the D
values of strong and weak bursting liability coal samples
showed a similar variation trend, i.e., fluctuating rise to a
peak value-sharp drop-continuous decrease. That is, in the
stable initial loading stage, the D value firstly increased
slowly and fluctuated within a smaller range, all cracks of

different kinds in the coal sample closed, and the damage
gradually began to develop. Then, the D value gradually
increased and reached the maximum value when the stress
level exceeded 50% of the peak stress. Subsequently, when it
reached 80~90% of the peak value, the D value dropped
sharply. With the continuous rise of the damage level of coal
sample, the D value continued to decrease to the minimum
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TaBLE 5: AE correlation dimension of weak bursting liability coal in different failure stages.

Peak stress ratio (%) Fitting correlation coeflicient r Correlation dimension value D
0~5 0.85 0.80
5~10 0.89 0.14
10~15 0.93 0.71
15~20 0.88 1.16
20~25 0.90 0.52
25~30 0.87 0.06
30~35 0.88 0.14
35~40 0.93 0.10
40~45 0.95 0.15
45~50 0.95 0.60
50~55 0.88 0.04
55~60 0.91 0.21
60~65 0.87 0.53
65~70 0.89 0.04
70~75 0.88 0.46
75~80 0.94 0.44
80~85 0.96 2.11
85~90 0.92 0.50
90~95 0.97 0.03
95~100 0.88 0.03
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F1GURE 8: AE correlation dimension evolution of coals with different bursting liabilities in failure process. (a) Strong bursting liability coal.
(b) Weak bursting liability coal. (c) No bursting liability coal.
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until the coal sample completely lost its bearing capacity.
This variation trend could be used as a precursory infor-
mation of coal failure. However, the coal with no bursting
liability presented a different phenomenon of fluctuating rise
to a peak value and then sudden drop to a smaller value,
fluctuation to a local peak value several times, and finally
continuous decrease, which was significantly different from
the process for strong and weak bursting liability coal.

The correlation dimension value D of AE time series
reflected the development degree of microdefects inside the
samples. At a low stress level, a large amount of micro-
damage occurred in coal samples, which were different in
size, disorderly, and randomly distributed. As a measure of
disorder, the fluctuating increase of D value could well reflect
the statistical evolution law of this microdamage, which
meant that the crack propagation in coal samples developed
gradually from disorder to order. The AE correlation di-
mension of strong and weak bursting liability coal samples
decreased abruptly and continuously declined to the lowest
value before sample failure, indicating that the internal
microfractures of coal samples gradually merged into a large
fracture, and the samples were about to shatter. This research
finding has important significance for guiding the preven-
tion of potential rockburst disasters.

4. Conclusions

(1) The AE response law of loaded coal is of great sig-
nificance for early warning signs of rockburst. Our
experimental study results indicate that the stronger
the bursting liability of coal, the larger the propor-
tion of compaction and elasticity stage accounting
for the overall failure process, the longer the elastic
energy accumulation time of coal, the smaller the
proportion of plastic failure stage, and the more
sudden the coal damage.

(2) Prior to the main rupture of coal samples, the AE
signals emitted from coal samples with different
bursting liabilities under loading showed a similar
evolution law of “sharp increase-calm-sharp in-
crease.” The active points of AE signals of strong,
weak, and no bursting liability coal appeared at about
85~90%, 75~78%, and 51~55% of the peak stress,
respectively. The stronger the bursting liability of
coal, the shorter the duration of main rupture and
postpeak failure stage, and the greater the AE energy
rate for the main rupture.

(3) The AE correlation dimensions of strong and weak
bursting liability coal samples showed a similar
variation trend of “fluctuating rise to a peak value-
sharp drop-continuous decrease,” which can be used
as a precursory information of coal failure.

(4) With the increase of mining depth, coal seam oc-
currence conditions will become more and more
complicated, and a single parameter can no longer
meet the requirements of rockburst early warning. It
is therefore necessary to build a comprehensive
monitoring system by combining the microseismic

method, the drilling cutting method, the mining
stress monitoring method, and the electromagnetic
radiation method to integrate multiple information
sources of early warning for the improvement of
forecasting accuracy.
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