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Coalbed methane mining, suppression of coal dust, and elimination of dynamic disasters are closely related to the expansion of
coal body cracks and internal damage. Understanding the expansion mechanism of pore-cracks is critical to investigate coal
body damage. In this study, research from 2016 to 2021 conducted on the coal damage mechanism in China was sorted and
the progress in this field was analysed to systematically investigate coal body damage. Critical topics of research in this field in
recent years were identified, and load types were classified into static and dynamic loads. Dynamic loads with obvious
characteristics and considerable damage-increasing effects were classified into impacting, cyclic, pulsating, and other dynamic
load types. The current load-generating devices, various detection techniques and methods, research results, and the future
research directions under various load types were discussed. The current coal damage research is primarily based on
macrocharacteristic analysis and the stage characteristics of characterisation variables. The use of scanning electron
microscopy, computerised tomography three-dimensional reconstruction technology, and acoustic emission technology can
reveal the pore propagation mechanism at the micro level.

1. Introduction

Gas and coal dust are recognised as the five major types of
disasters in coal mining. Excessive concentration of gas
and coal dust not only poses an explosion risk but also
creates a harsh working environment for workers [1]. With
the stringent implementation of rules and regulations and
improvement of safety management levels, the number of
gas and coal dust explosion accidents has reduced consider-
ably [2]. Safe production of coal mines and working envi-
ronment of coal mine workers, elimination of gas disasters,
and improvement of gas drainage efficiency are critical in
coal mining.

Coal damage research is mostly focused on gas drainage
and dust control. To improve the efficiency of gas drainage
and underground working environments, considerable
research has been conducted on coal damage mechanisms.
These studies advocate artificially promoted coal damage.
The change of coal mechanical properties and the propaga-
tion mechanism of pore-cracks under various loads are
critical research directions in coal mining. Promoting the

expansion and development of coal pore-cracks is conducive
to increasing the fluid flow, improving the efficiency of
coalbed methane extraction, and developing geothermal
mine resources [3]. Numerous studies have been conducted
on the distribution and development of coal cracks. In the
1950s, Hobbs, Evans and Pomeroy, and Murrell conducted
experimental research on the damage state of coal under
uniaxial compression and triaxial compression [4-7]. To
study the properties and structure of coal, Van der Merwe,
Terry, and Bieniawski did not limit their study to small coal
samples and performed extensive studies on large coal
samples [8-11].

After the 1980s, researchers in China [12-16] began to
study the mechanical properties of coal and considered the
degree of metamorphism, axial pressure, confining pressure,
gas pressure, temperature, coal mechanical properties,
damage evolution characteristics, and damage morphology.
Xie et al. and Zhou et al. [17-19] analysed coal damage, coal
permeability improvement, coal and rock mining dynamics,
and coal and rock combination damage under various
typical mining methods and investigated the characteristics
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of coal and rock crack propagation, stability, and increase in
permeability under different mining conditions.

With the ever-increasing demand for high-efficiency gas
extraction and safe working environments in mines, numer-
ous methods and technologies for promoting coal body
damage and crack propagation have emerged. Research on
coal body damage has become a research hot spot. This
article searched and organised research from 2016 to 2021
on “coal damage,” as displayed in Figure 1. Research on coal
body damage is primarily focused on three aspects: charac-
teristics, load, and environment. The characteristic parame-
ters mainly include stress, permeability, and porosity. The
change of characteristic parameters reflects the effect and
degree of coal damage and macroscopically reveals the gen-
eration and expansion of fracture pores. The type and action
mode of the load mainly affect the changes in characteristic
parameters. The action mode is mainly categorised into
mechanical and hydraulic modes (including fracturing
fluids, such as water, liquid nitrogen, and liquid carbon diox-
ide). Impacting, cycling, and pulsating are some load types.
Furthermore, appropriate failure methods should be selected
in various environments. The temperature, humidity, and
gas content considerably affect coal failure. Under the com-
prehensive action of characteristics, load, and environment,
pore-cracks and deformation expand and coal failure occurs.
Coal pores determine the mechanical properties of coal and
affect the seepage and drainage of coalbed methane. The
pore fracture structure affects the gas flow behaviour, and
the well-connected pore fracture network can effectively
promote the gas flow [20, 21]. Most coal body damage is
investigated under various load types, such as static and
dynamic loads. Dynamic loads can be categorised into
various load types. Various monitoring technologies and
methods, such as original monitoring of the concentration
of underground dust, strain analysis, acoustic emission
(AE) analysis, permeability analysis, nuclear magnetic
resonance (NMR) analysis, and energy analysis have been
proposed. Among these, AE analysis is widely used.

2. Coal Body Damage

Coal is produced under the action of complex geological
structures. Plant debris undergoes numerous complex bio-
chemical and physical chemistry actions to form coal after
peatisation and the coalification stages, as displayed in
Figure 2. The pore structure of coal exhibits obvious charac-
teristics of evolution, differentiation, and inheritance, which
increases with the metamorphism degree [22].

The primary pores and secondary fissures in the forma-
tion process of coal are irregular and complex and are an
anisotropic heterogeneous medium [23]. Coal body damage
is caused by the development of internal pore-cracks under
the action of external force, which changes its mechanical
properties. The generation and expansion mechanism of
pore-cracks are critical factors of coal body damage. Apply-
ing an external load is the conventional method to promote
the development of pores and cracks in coal. Loads can be
categorised into mechanical loads and hydraulic loads.
Mechanical loads rely on external high-pressure or impact
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force to impact coal. Primary cracks close gradually after
loading on the coal body, and the coal body produces elastic-
ity and a few plastic deformations. After the load gradually
exceeds the compressive strength of the coal body, large
pores and cracks are formed and cracks and fractures occur,
as displayed in Figure 3.

For hydraulic loads, after the pressure water enters the
coal body, first, the surface of the coal body becomes wet.
Under continuous pressure, the pressure water causes the
pore network of the coal body to open, expand, and extend
[24-27], as displayed in Figure 4. The pressure water flows
in the pore-cracks and applies loads to the coal in multiple
directions, which is more effective than mechanical loads
for promoting the propagation of pore-cracks. Hydraulic
loading not only promotes the flow of coalbed methane
inside the coal body but also can infiltrate the coal body
and inhibit dust production. Therefore, hydraulic load is a
better choice for a high-gas mine [28].

3. Research on Coal Damage under
Unsteady Load

The load on the coal body can be categorised into two cate-
gories, namely, static and dynamic loads. With further
research and improvement of coal seam penetration, con-
ventional static loads cannot be applied and the focus on
the current research is on dynamic load. Critical factors,
such as impacting load, pulsating load, and cyclic loading,
are typically investigated (Figure 5).

3.1. Research on Coal Damage under Impacting Load. Pillars
and coal bodies are susceptible to the effects of blasting,
mechanical, and other dynamic loads on coal mining.
Studies have simplified the related problems on the dynamic
impact on coal and rock damage, that is, the effects of the
impact load on coal. Primary cracks subsequently develop
into macroscopic cracks [29].

Numerous methods have been proposed to comprehen-
sively study the damage of coal under impacting load. The
application of strain analysis is a critical method to describe
coal damage. The application of numerical simulation
methods can help understand the internal damage of coal
to a certain extent.

For the analysis of the loading and unloading stage of
coal damage, the coal forms internal damage and energy
accumulation during loading should be investigated. During
unloading, the internal energy release of coal causes rapid
damage to coal. Therefore, the development of an efficient
impact waveform is a critical research problem. Li et al.
[30] conducted experiments on the propagation of stress
waves in the elastoplastic combination of coal body distrib-
uted in front of the driving roadway under the impact load
and determined the unloading wave formed under the
impacting load which caused tensile stress in the coal body,
which could cause the coal body to undergo rapid damage.
Macroscopically, the tensile failure of coal and high-impact
load is the main factor of this phenomenon [31].

Mu, Wang, and others used numerical simulation
methods to study coal damage under impacting load.
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Among them, Mu and Gong [32] improved the Zhu-Wang-
Tang constitutive model to reflect the strain rate effect and
damage characteristics of the coal body and used the finite-
element programme to simulate the impact load of the coal
body under various peaks under impact load. The damage
caused by the following is categorised into two categories,
namely, “rapid jump” damage, which is caused by large ten-
sile shear stress, and “slow stepped” damage, which is caused
by the alternating tension-shear-compression-shear action.
Wang et al. [29] used the finite-element software LS-
DYNA to investigate the deformation and damage charac-

teristics of coal and rock under various constrained static
loads and impact velocities and determined that coal damage
increased with the increase in impact velocity and with the
increase in constrained static load. Coal damage was first
reduced and then remained unchanged. Studies have
revealed that coal body damage has a cumulative effect.
Zheng et al. [33, 34] conducted finite element and discrete
element analyses based on X-ray computed tomography
(XCT) images of heterogeneous coal and rock. The direction
and energy of the impacting load and mineral distribution of
coal rock considerably affect coal damage. Thus, the results
of the embedded finite element analysis revealed the same
conclusion as that of the experiment, which indicated that
the tensile stress formed by the load on the coal can cause
rapid damage and that the coal damage under the impact
load has an accumulative effect. The application of finite
element analysis can effectively reduce the experimental
workload and help investigating the damage effect and
damage mechanism under various experimental parameters.
However, the influencing factors of simulation are uncer-
tain and incomplete. Laboratory experiments and field
experiments are still a crucial part of investigating the coal
damage mechanism.

Wang et al. and Zhang et al. [35, 36] mainly focused on
the dynamic characteristics of the coal body. Both studies
used the split Hopkinson pressure bar (SHPB) to perform
the impacting load experiment of the coal body under
triaxial compression. A simple schematic of SHPB is
displayed in Figure 6. The stress—strain curves of the coal
samples obtained in the two studies are nearly identical.
Wang et al. described the process of decreasing-increasing-
decreasing the slope of the stress—strain curve when the
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stress reaches 60%-85% of the peak strength. According to
the stress—strain curve, Zhang and others categorised coal
damage into four stages, namely, no damage, microcrack
evolution, macrocrack nucleation, macrocrack propagation,
and collapse failure. For the damage constitutive model,
Wang et al. comprehensively considered the impact load,
static axial load, confining pressure, and other factors and
selected the Drucker-Prager failure criterion in the coal
body failure criterion to obtain the triaxial coal under the
impacting load. The constitutive model of body damage is
displayed in equation (1) [35]. Zhang et al. established the
coal body damage constitutive model in stages, considering

the first three stages and the fourth stage of coal body
damage, as in equation (2) [36].
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The crack growth of coal samples under impact load
with various bedding dip angles differed considerably. Gong
et al. and Minmin et al. [37, 38] used the SHPB to load the
system (Figure 6). The dynamic crack growth rate and frac-
tal characteristics of coals with various bedding under
impact load differed considerably. The fractal crack growth
rate of the 45° bedding dip angle coal sample was the largest,
and the damaging effect of the vertical bedding coal was
superior to that of parallel bedding. Thus, the crack growth
of coal samples with various bedding and dip angles was
analysed comprehensively under impact load.

Zhao et al. and Wang et al. used the constrained pendu-
lum impact dynamic loading device (Figure 7) for investigat-
ing coal samples. Zhao et al. [39-41] mainly focused on the
quantitative characterisation of the degree of coal and rock
damage. The amount of coal and rock damage is determined
by the relationship between ultrasonic wave speeds and
NMR T2 spectrum distribution. Under various static load
conditions, the increasing impulse impact load of coal
exhibits a tendency to accelerate damage. However, under
a constant impulse, a low-axial pressure ratio results in a
decelerated damage trend. A high-axial pressure ratio and
no static load revealed a tendency to accelerate damage. As
the number of impacts increases, the amount of damage to
the coal body exhibits an inverted S-shaped accumulation
growth model.

In the coal body impacting load experiment, mechanical
force was used on the coal body. The axial compression
ratio, impact force, and impulse cause coal body damage
were studied. The results revealed that the high-axial com-
pression ratio, high impact force, and incremental impulse
effectively promote coal body damage. The single-factor
analysis achieved excellent results, but it is yet to be deter-
mined whether the combined influence of factors, such as
the axial compression ratio, impacting force, and impulse,
can provide superior results. However, the multifactor
analysis requires considerable experimental research and
the large workload requires considerable financial and mate-
rial resources. Thus, theoretical research is behind practice
and determining the best coal damage conditions from the
theoretical analysis is critical. The stress—strain curve also
exhibits obvious stage characteristics, which lays the founda-
tion for establishing the coal body damage constitutive

model and can be used to investigate the ideal load condition
based on the mathematical model.

3.2. Research on Coal Damage under Cyclic Loading. In coal
mining, the coal body is disturbed by the periodic load
because of the advance and stopping of working face and
roof settlement, respectively. Cyclic loading affects the
mechanical properties and long-term stability of coal. Exten-
sive research has been conducted on coal damage under
cyclic loading, and the AE technology has become a critical
technical method for the quantitative characterisation of
coal damage.

Jiang et al. [42] used a triaxial servo-controlled seepage
metre and a PCI-2 AE system. First, the axial compression
and confining pressure of 3 MPa were applied and the axial
stress was alternately loaded and unloaded at 0.05MPa/s
with increments of 2.5 MPa. Permeability exhibited a down-
ward trend in the compaction stage and a slow downward
trend in the elastic stage. Furthermore, permeability exhib-
ited a slow downward trend in the yield stage, which
increased sharply in the failure stage. Liu [43] revealed that
the change of coal permeability under cyclic loading and
unloading is categorised into three stages, namely, linear,
exponential, and stable sections. The density of cracks and
macropores can be used to determine the permeability and
rate stress sensitivity. Li et al. [44] affirmed that the perme-
ability changes of coal samples under cyclic loading present
three-stage characteristics. Jiang et al. [42] revealed that with
loading and unloading, the AE loop count rate and AE
energy first slowly increased and subsequently increased
rapidly in the yield stage and finally increased sharply in
the destruction stage. The internal damage process of coal
and rock exhibited obvious three-stage characteristics [45].
Zhong et al. [46] revealed that in the first loading cycle, the
AE count increased with the increase in the loading ampli-
tude; with the increase in the maximum loading amplitude
and loading rate, the unloading process approached the
minimum value of the cyclic loading. The event reappeared.
Zhang et al. [47] conducted an incremental cyclic loading
experiment on coal and determined that the changing trends
of AE counts, energy, and events are consistent with the
stress curve. During the cyclic loading process, the AE signal
of the coal sample exhibited an obvious Kaiser effect. In
another study, Zhang et al. [48] studied coal damage under
cyclic loading by combining the AE technology and time-
space dimensional cluster analysis and classified short-term
damage based on time-space dimensional cluster analysis.
Short links, middle links, and long links indicate local dam-
age, overall damage, and random damage, respectively. Mid-
dle links exhibit the highest correlation to damage and
destruction of coal. Jiang et al. [42] revealed that with incre-
mental cyclic loading and unloading, the cumulative dissipa-
tion energy increased exponentially. Under layered cyclic
loading, coal permeability, AE, and energy dissipation
change considerably as a result of the evolution of coal body
damage. Li et al. [49] categorised the energy conversion
before coal sample destruction into three stages, namely,
initial energy accumulation, rapid accumulation, and
rapid dissipation.
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Zhong et al. [46] conducted an experimental study on
the influence of pore water in coal under cyclic loading
and revealed that in poorly connected pores, the increase
in pore pressure causes the stress direction to rotate, result-
ing in tensile damage and pore compression. Pore water is
released into the flat cracks, increasing the frictional resis-
tance before the fractures slide. The NMR T2 distribution
revealed that the pore water pressure changes the peak of
the primary poorly connected pore size distribution and
the high pore pressure destroys the hole wall. Zhang et al.
[50] used NMR and revealed that the porosity of coal rock
does not change considerably under low-amplitude cyclic
loading, but when the pore fluid is discharged from the coal
rock, the coal rock shrinks radially, causing residual shafts.
The directional strain decreases; under the action of high-

amplitude cyclic loading, the porosity increases consider-
ably. The application of the NMR technology allows us to
see the changes in coal porosity under load and study coal
damage through the changes in pore size and porosity.
Because of the repeated pressure change of the cyclic load,
fatigue accumulation can effectively open closed pores,
improve the porosity of coal, and change the strength of
coal. Under regular loading, the coal damage exhibits phased
changes. Xu et al. [51] revealed that under cyclic alternating
hydraulic pressure, the damage evolution of coal is cate-
gorised into three stages, namely, the initial damage defor-
mation stage, the cumulative damage deformation stage,
and the accelerated damage deformation stage. Variable
water pressure exhibits a cumulative effect and can limit
the strength of coal and rock. Water is typically used as a
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fracturing fluid. Cold loading under certain conditions is still
necessary for investigating coal body damage. Typically, lig-
uid nitrogen is used as the fracturing fluid [52, 53]. Li et al.
[54] used liquid nitrogen injection instead of water pressure
to study the structural damage of coal samples subjected to
cyclic cold loading and revealed that the degree of structural
damage of the coal body exhibits a positive correlation with
the cold loading cycle. The cold loading cycle is related to
and considerably expanded the coal body’s primary cracks.
Cold and hot loading is relative to the research under some
special situations. The damage law of coal under cold and
hot loading is nearly identical to that under normal temper-
ature loading. The law of crack propagation is mainly
affected by the mechanical properties of coal and primary
pore-crack, which is also a general law of coal damage.
Therefore, the special damage mechanism under cold and
hot loading should be investigated to improve production
efficiency and eliminate disasters in a special environment.

Cyclic loading includes the mechanical load, hydraulic
load, and liquid nitrogen injection. The effect of hydraulic
load on increasing the permeability of coal is greater than
that of the mechanical load, and hydraulic load promotes
the expansion of cracks inside the coal. Cyclic loading can
simulate periodic operation activities of mining working
faces. Researchers can master the law of coal damage and
the change of mechanical properties, which can eliminate
hidden dangers of coal and gas outbursts. Cyclic loading
causes fatigue damage to the coal body. The AE technology
is used for observing coal body damage. AE can record the
time-space location of coal body damage. Coal body stage
damage can be a novel characterisation method. The rela-
tionship between primary cracks and cracks expansion is
used in AE to determine the time-space location of cracks.
However, AE cannot be used to confirm the reason for
expansion. The NMR technology is used to investigate the
size distribution of pores and to a certain degree can be used
to supplement coal damage and the degree of development
of pore-cracks. In various studies on the effect of coal cyclic
loading, hydraulic cyclic loading is critical in mining of high-
gas coal mines.

3.3. Research on Coal Damage under Pulsating Load. The
research of coal damage under pulsating load is primarily
focused on two aspects, namely, the repeated action of pore
water in the coal seam and the improvement of the cyclic
loading pressure waveform. Pulsating hydraulic load can
effectively increase the porosity of coal, promote the devel-
opment of pores and cracks, and increase the gas permeabil-
ity coeflicient [28]. Impulsive loads can cause fatigue damage
of coal and higher cracking and damage effects than conven-
tional loads, which improve the permeability and mining
conditions of coal [55, 56]. Furthermore, it has been used
in the research on coal damage in recent years.

The phased characteristics of coal damage are critical to
understand the coal damage process. Zhu et al. [57-59] con-
ducted numerous studies on coal body damage under the
action of pulsating pore water pressure. The RLW-2000M
coal and rock rheometer were used to generate the pulsating
hydraulic pressure, as displayed in Figure 8. Under water

FiGURE 8: RLW-2000M coal and rock rheometer [58].

pressure, the coal sample exhibited fatigue failure and the
strain curve revealed large deformation in the compact cou-
pling stage, plastic deformation in the elastic coupling stage,
and large slip deformation in the yield failure stage. In addi-
tion to this three-stage division of coal damage in the strain
curve, AE data have also been considered in some studies.
The AE technology can be used to realise the quantitative
characterisation of coal damage through AE data, namely,
the temporal and spatial evolution of coal damage. Studies
have used AE data to describe coal damage in stages. Chen
et al. and Wu et al. [60-62] used a true triaxial loading pul-
sating hydraulic fracturing test system to study coal damage,
as displayed in Figure 9. Wu et al. categorised coal and rock
damage into the following three stages according to the AE
evolution: initial stage, damage development stage, and
damage accelerated development stage. The three-stage
characteristics of coal damage provide an excellent conclu-
sion, which also corresponds to the macrocharacteristics of
coal damage.

Pulsating frequency and pulsating peak pressure are two
vital parameters of coal damage under pulsating load.
Appropriate load parameters can promote coal damage. In
the current research, the pulsating frequency and pulsating
peak pressure are categorised into high and low levels,
respectively. Ni et al. and Jingna et al. [63-65] studied the
pore structure changes and overall damage of coal samples
under pulsating hydraulic fracturing and used a pulsating
water injection pump to generate the pulsating pressure, as
displayed in Figure 10. The pore size and porosity were ana-
lysed by using mercury injection and liquid nitrogen adsorp-
tion methods. An energy spectrometer and scanning
electron microscope were used to analyse the coal surface.
The results revealed that the damage of pulsed load to coal
was considerably higher than that of the static load effect
by monitoring the adsorption and desorption of coalbed
methane. For coal pores, the cumulative volume of micro-
pores and its sum proportion are negatively correlated with
the pulsation frequency and pressure; the large pores are
positively correlated. The mesopores are positively corre-
lated with the pulsation frequency. Furthermore, they
revealed that low pressure and low frequency inhibited gas
desorption, whereas low pressure and high frequency, high
pressure and low frequency, and high pressure and high fre-
quency promote the desorption of coalbed methane. They
proposed that pulsating water exhibits corrosive effects,
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and pulsating peak pressure is the main factor that affects
the fracturing radius. We can conclude that in addition to
the low-pressure and low-frequency modes, the other three
combinations can promote the damage of coal and the
high-pressure and high-frequency modes are preferred to
increase the damage. Furthermore, for pulsating pressure
and pulsating frequency and the viscosity of fracturing fluid,
a new factor was considered in the experiment. Wu et al.
[61] revealed that low-frequency pulsation and low-
viscosity fracturing fluid have a better effect on promoting
fracture development. The next research direction is deter-
mining whether a better combination of pulsating pressure,
pulsating frequency, and fracturing fluid viscosity can be
found to achieve efficient coal loss increasing effect.

Fatigue damage accumulation of coal under pulsating
load is consistent with the action mode of pulsating load
and cyclic loading. The generation and action mechanisms
of fatigue damage should be investigated and are related to

eliminating the hidden danger of power disaster and
enhancing the permeability of coal. Chen et al. [60] studied
the fracture expansion of synthetic coal samples with preex-
isting cracks and revealed that the frequency and pressure
amplitude exhibit a considerable effect on the fatigue dam-
age of the coal body under the effect of pulsating load. They
determined that pulsed gas load promotes the distribution of
coal pores and the generation and transfer of smaller pores
to large pores, forming a crossnetwork of cracks, which
can effectively achieve penetration improvement. Hou et al.
[66] did not use mechanical and hydraulic loads but instead
used pulsed gas loads to observe the evolution of the coal
pore structure and permeability changes and determined
that pulsed gas loading can also cause coal body fatigue.
They proposed a fatigue threshold of near 100 actions of pul-
sating load. Liu et al. [67] revealed that increasing the frequency
or amplitude pressure of pulsed gas load can increase the pore
volume and permeability of coal. In their approach, the
“fatigue-induced fracturing effect” of pulse fracturing is used
to produce irreversible deformation of coal pores and fissures.

The increasing frequency and decreasing pressure result
in the initial crack expansion rate, and the pressure drop rate
of the synthetic coal sample increases first and subsequently
decreases, that is, a certain frequency and pressure can result
in the best effect of coal body damage. Li et al. [68] revealed
that the pulsating load can promote the formation of a better
crack network in the coal body at low frequencies, but it can
quickly produce cracks at high frequencies. They proposed
that the graded pulse load exhibits superior working efficiency.

The use of the pulsating load base on cyclic loading
results in better coal damage and pore expansion. The pul-
sating load is mostly hydraulic loads, and its focus is on
the effects of pulsating frequency and pulsating pressure on
coal damage. A higher pulsation frequency can increase the
crack propagation rate, which mainly increases the number
of fatigue damages of the coal body. The effect of a lower
pulsation frequency on crack propagation is not ideal, but
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a better crack network will be formed under its action. How-
ever, the pressure waveform still exhibits defects and rapid
pressure increase and rapid pressure relief result in the loss
of a part of the pulsating hydraulic pressure. Because of the
rapid arrival of pressure unloading during the pressurisation
process, the hydraulic pressure cannot play a full role in coal.
The new pulsating load (strong pressure loading-slow pres-
sure unloading) exhibits a better effect of coal body damage
and crack expansion.

3.4. Research on Coal Damage under Other Dynamic Loads.
The effect of dynamic load causes considerable coal body
damage. In addition to the aforementioned load methods
with obvious characteristics, other types of dynamic loads
have been also considered.

Under uniaxial compression, dynamic damage evolution,
energy release, and AE are the key causes of coal damage
and the effects of various factors on coal damage have been
observed. The water content of coal considerably influences
the mechanical properties of coal. An increase in the water
content can effectively promote the coal damage. Kong et al.
[69] analysed the AE technology and crack images at various
stages and proposed that the primary fractures of coal affect
its mechanical properties. Under uniaxial compression, the
coal sample enters the plastic failure stage and the number of
AEs increases markedly and new cracks form and expand.
Thus, the AE technology can be used to effectively reflect the
evolution of loading cracks. Lai et al. [70, 71] conducted uniax-
ial compression experiments on water-bearing coal and rock
and determined that the increase in the water content effec-
tively reduced the mechanical properties of coal and rock,
which is an effective method for promoting coal body damage,
and it is also effective for the AE technology. The characterisa-
tion of coal damage evolution was verified and affirmed.
Focusing on the hydraulic coupling effect, Li et al. [72]
revealed that the combined water and free water in the coal
and rock aggravate the damage and destruction and the
increase of the water content can reduce the peak stress and
brittleness of coal.

Various loading paths, loading and unloading rates, and
loading areas of coal samples have been studied. Xu et al.
[73] used three paths (increased axial compression and con-
stant confining pressure, constant axial compression and
unloading confining pressure, and increased axial compres-
sion and unloading confining pressure) to perform the
loading experiment of coal. The result revealed that the com-
bination of increasing the axial compression and unloading
confining pressure is the best effect of coal body damage
and permeability change. Liu et al. [74] studied coal damage
under constant axial pressure and various unloading confin-
ing pressure rates and revealed that increasing the unloading
rate results in a substantial increase in permeability and pro-
posed that the change in coal permeability can be measured
by increasing the crack length. Quantitative characterisation
revealed that the increase in permeability is linearly related
to the increase in the fracture length. Zhao et al. [75] studied
the internal damage and crack evolution of coal samples
under various loading areas. According to the relationship
between ultrasonic wave speed and strain, the internal dam-

age evolution of coal samples was categorised into three
stages, namely, loading strengthening zone, loading weaken-
ing zone, and loading instability area. They found that
changing the local load area does not change the three-
stage characteristics, but only affects the time of each stage.
Chu et al. [76] considered coal body damage under explosive
stress waves during coal mining and conducted laboratory
research using explosives and ultrasonic detectors. They deter-
mined that as the number of explosive stress waves increases,
the overall degree of coal body damage increases, the damage
in the near area becomes pronounced, the greater stress inten-
sity directly leads to the generation of cracks, and the middle
and far areas promote the generation of coal cracks in the form
of elastic waves. After the damage, the accumulated pores and
cracks propagate and coal breaks occur.

In addition to the role of axial pressure and confining
pressure, studies have considered the role of the gas pres-
sure. Bai et al. [77] revealed that the increase of gas pressure
increases the initial permeability of coal and rock mass.
Rong et al. [78] indicated that under the constant effective
confining pressure, the permeability of coal decreases with
the increase in the gas pressure.

To investigate the mechanism of coal internal damage
intuitively and systematically, the combination of CT
three-dimensional reconstruction technology and numerical
simulation can be used to obtain the characteristics of coal
damage at each stage and the mechanism of crack propaga-
tion and effectively eliminate the influence of the difference
in coal samples. Zhong et al. [79] used coal sample CT
three-dimensional reconstruction and FLAC3D to study the
damage evolution of deep coal. Wang et al. [80] characterised
the pore structure of coal by three-dimensional CT reconstruc-
tion, NMR, and magnetic resonance imaging (MRI). Du et al.
and Wang et al. [81, 82] first used the method of fractal dimen-
sion to affirm the validity and usability of CT scan images. The
effective CT three-dimensional reconstruction of coal can be
used to characterise the pore-crack structure which is a solution
for studying the microscopic level of coal damage.

No systematic elaboration is available on the mechanism
of coal damage and crack propagation. Most research results
obtained at this stage are mainly based on macroscopic char-
acteristics. The stress—strain curve, coal damage variable
curve, and cumulative AE count and energy have stage char-
acteristics. Gaps still exist in the understanding of the expan-
sion of the microlevel cracks. The combination of scanning
electron microscopy and CT three-dimensional reconstruc-
tion technology determines the validity of the microstruc-
ture of the coal model. The AE technology is used to
monitor the spatiotemporal data of the generation and the
expansion of coal pore-cracks and is combined with the
microstructure of the coal model for microlevel analysis
and establishing a damage theory and mathematical model
describing the propagation of microscopic pores and cracks.

4. Conclusion

A thorough review of the research status of the coal damage
mechanism and increase in permeability and dust removal
in China in recent years was performed. The current
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research progress in this field was analysed. The article
revealed the critical research directions in this field in recent
years. Furthermore, the load types are categorised into two
fields, namely, static and dynamic loads. Some of the
dynamic loads with obvious characteristics and better
damage-increasing effects are classified as impacting load,
cyclic loading, pulsating load, and other dynamic load types.
The current load-generating devices, various detection tech-
niques and methods, and the crucial research results under
various load types were reviewed. The AE technology, ultra-
sonic detectors, and stress—strain detection are widely used
in the research of coal body damage. Coal and rock rheom-
eters, three-axis servo-controlled seepage metres, separated
Hopkinson pressure rods, restrained pendulum loading
devices, and pulsating water injection pumps are widely used
as load-generating devices. In coal damage, the impact of
axial pressure, confining pressure, water content, and gas
pressure on the damaging effect of coal is critical. The gener-
ation, expansion, and development of pore-cracks directly
determine the degree of coal damage, and it is also related
to coalbed methane. The efficiency of extraction and dust
suppression is a critical research direction for the generation
and expansion of pore-cracks. The microscopic mechanism
of the generation and expansion of pore-cracks is still a
crucial research direction. The combination of scanning
electron microscopy, CT three-dimensional reconstruction
technology, and acoustic emission technology may be the
key to microscopic crack expansion.
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