
Research Article
Research on the Disaster-Inducing Mechanism of
Coal-Gas Outburst

Fengxiang Nie,1 Honglei Wang ,2 and Liming Qiu 2,3

1School of Resources and Safety Engineering, China University of Mining and Technology (Beijing), Beijing 100083, China
2School of Civil and Environmental Engineering, University of Science & Technology Beijing, Beijing 100083, China
3Guangxi Key Laboratory of Disaster Prevention and Engineering Safety, Guangxi University, Nanning 530004, China

Correspondence should be addressed to Honglei Wang; wang_hl007@163.com and Liming Qiu; qiulm@ustb.edu.cn

Received 25 July 2019; Revised 29 October 2019; Accepted 4 November 2019; Published 29 March 2020

Academic Editor: Antonio Formisano

Copyright © 2020 Fengxiang Nie et al.2is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In China, coal-gas outburst is seriously affecting safety of the coal mine. To improve the safety status of underground coal mining,
this work investigated the evolution process and occurrence mechanism of coal-gas outburst under the coupling action of stress
and gas. Results show that increasing either gas pressure or in-situ stress can make coal destroy and destabilize, and the
contribution of gas pressure to coal failure is twice that of in-situ stress. In ultradeep coal mining, coal-gas outburst may occur
even under the condition of low gas pressure due to large in-situ stress. Moreover, the larger the mining depth is, the lower the gas
index is required for disaster occurrence. 2e results have certain guiding significance for coal energy mining and the control of
coal-gas outburst in deep coal mining.

1. Introduction

With the development of society, people’s demand for
mineral resources has gradually increased, and coal mining
has gradually shifted to the deep part of the earth, leading to
more and more dynamic disasters during the production,
which poses a threat to the safety of energy and miners’ lives
[1, 2]. In recent years, with the increase of mining depth, coal
and gas outburst disasters have begun to occur in some low
gas mines, which contradicts previous research experience.
2is indicates that with the increase of mining depth, the
mechanical properties of deep coal and rock have changed,
and the mechanism of coal and gas outburst is different from
that of shallow coal. 2emechanism of coal and gas outburst
in deep mining and low-gas condition is an urgent problem
to be studied [3, 4].

2e occurrence of coal dynamic disasters is mainly
because of coal destabilization and failure caused by the
gestation, development, propagation, and coalescence of
microcracks. When coal and rock mass are damaged under
load, different kinds of primary cracks gradually expand
and penetrate. Rock failure caused by crack growth is an

important subject in rock mechanics research. Many
scholars have performed a lot of research on the law of
crack propagation in coal and rock. In the early 20th

century, scholars have started to explore the production
and propagation of cracks [5], and comprehensive ex-
perimental studies on the interaction of the gestation and
development of cracks in rocks began in the middle of the
last century and have achieved rich progresses [6–8]. Re-
search results show that, under compressive load, the
development of cracks, existing and newly gestated due to
ground pressure inside rocks, first from the tips of these
cracks and gradually propagate in the direction parallel to
compressive direction [9]. When the cracks are short, their
propagation is mainly under the control of the local stress
field. With their expansion, they interact with adjacent
microcracks, resulting in crack coalescence and eventual
rock failure [10].

Studies on the mechanical properties and cracking be-
haviors of a single crack in the conditions of both dynamic
and quasi-static strain rates have shown that shear cracks are
dominant in the action of dynamic load while tensile cracks
are dominant in the action of quasi-static load [11–16] In our
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work, we observed three different types of cracks and believed
that the fracturing processes of opened and closed cracks are
similar and the friction along the crack direction strengthens
the cohesion of coal, which are conducive to the coalescence
of shear cracks. cracks’ gestation and coalescent stresses,
which are conducive to the coalescence of shear cracks.

In recent years, with the mining depth ever increasing,
dynamic disaster manifested that themselves in the deep coal
seams with low gas frequently. Under the complex environ-
ment of deep coal seam, coal is subjected to larger tectonic
stress. Under the influence of mining or other disturbance,
internal microcracks of coal undergo gestation, development,
and coalescence, lead to the dynamic disasters, such as ex-
tensive roof and floor fractures, rock burst, coal and gas
outburst, and others. 2erefore, the occurrence of deep coal
and rock dynamic disasters is the result of instability failure of
gas-bearing coal under the combined action of high stress and
gas. Many researchers, from the aspects of coal cracks gestation
and propagation as well as the fracture mechanics, massively
studied coal and gas outbursts and similar dynamic disasters
are caused by coal destabilization. Qiu et al. [17] found that coal
crack had fractal characteristics by comparing the photos of
crack development in the process of coal failure under load. Li
et al. [18] determined the physical laws that govern crack
propagation in coal, a fracture mechanics model. Pre-existing
cracks tend to branch towards the damage in the coal matrix
while induced fractures tend to connect with other cracks
nearby. According to crack propagation, the abutment pressure
area in an underground mine was divided into six zones and
the field data are consistent with the theoretical and experi-
mental results. Kong et al. [19] studied the dynamicmechanical
characteristics and the fracture mechanism of gas-bearing coal
based on SHPB experiments and found that gas-bearing coal
can produce more cracks under impact load. Zhao et al. [20],
based on the theories of coal spherical shell failure, coal
spallation, and coal powder pneumatic conveying, studied the
flow state and transport mechanism of coal and gas outbursts.
Chai et al. [21] comprehensively considered crack gestation and
propagation evolution under both compressive and tensile
shear stresses and introduced the initial damage tensor of
cracks and the additive damage tensor after crack gestation and
propagation into their user-defined constitutive model. Zuo
et al. [22] separately established the axial crack closure model
and the axial crack propagation model to study the variation
characteristics of axial cracks with stress and strain. Zhao et al.
[23] used a 3D mesoscopic monitoring software for dynamic
evolution of the coal surface microstructure as the main re-
search equipment to examine the propagation law of cracks on
the coal surface under impact load. He and Wang [24] further
analyzed the general law of the deformation and failure process
of a composite from the aspects of both damaged crack evo-
lution process and the mechanics of interactions of different
media. Xie et al. [25] theoretically analyzed the role of mining
the released coal seam in preventing coal and gas outburst
based on the basic theory of fracture mechanics and further
proposed a new method for preventing coal and gas outburst
from both aspects of reducing the coal’s stress intensity factor
and improving the fracture toughness. Wang et al. [26] found
the mechanical genesis of stress concentration at crack tips

from the angle of fracture mechanics and believed that rock
(coal) and gas outburst is a dynamic phenomenon in which
cracks fall in instability and failure when the stress intensity
factor at crack tips reaches the fracture toughness of the rock.

Fedorchenko and Fedorov [27] consider the nonsta-
tionary, equilibrium velocity approach of the nonuniform
environment mechanics and solved the coal and gas out-
burst problem. Zhao et al. [20] used the gas-solid plug flow
formation analysis to propose a new view of the gas-
distributed process as a reciprocating air knife of high
pressure that cuts the ejected coal powders. Gao [28] studied
the mechanism of coal and gas outburst in Shimen uncov-
ering coal under the influence of the structure. 2rough
laboratory simulation and numerical calculation, it was found
that stress concentration in the process of protrusion induced
by coal in the fault area under compressive stress increased the
elastic potential of the coal body, and the gas caused the coal
body to be unstable and thrown. Xu et al. [29] believed that
coal and gas outburst are caused by the microelement de-
struction of coal and gas and thus constructed a coal-rock
microelement model to analyze the damage of the coal-rock
microbody region and the generation of protruding regions.
Zhang [30] analyzed the dynamic mechanical characteristics
of coal, the energy dissipation characteristics under dynamic
load, and the effect of dynamic load on coal and gas outburst
through various research methods and concluded that the
combined effect of the sudden load input energy and the gas
expansion energy leads to coal and gas outburst. Wang et al.
[31] analyzed the effects of different stresses on coal and gas
outbursts. It is believed that the in-situ stress can affect the
outburst by affecting the gas emission intensity. However,
under the conditions of deep high stress and low gas, the
research on the influence of geostress and gas pressure on coal
and rock dynamic disasters is rarely reported.

2e process of damage and disaster evolution of coal and
rock is extremely complex. Especially, the study of crack
initiation, development, and structural instability fracture of
gas-bearing coal and rock under stress-gas action in deepmine
is insufficient.2ere is no consensus on themechanism of coal
and rock dynamic disasters in deep mining, especially on the
mechanism of low-index outburst disasters. 2is is of great
practical significance for the prevention and control of gas
disasters under deep mining. According to the theory of rock
fracture mechanics, we first analyze the types of crack growth
and stress intensity factors of coal and rock.2en, based on the
theory of strain energy density factor, the influence of in-situ
stress, gas pressure, and physical and mechanical properties of
coal on the internal crack growth of the coal body is studied.
Finally, the mechanism of coal body failure and outburst
occurrence at the working face is discussed and analyzed. Our
conclusions can provide a theoretical basis for more accurate
prediction of coal and gas outburst and more reasonable
determination of predictive indicators.

2. Analysis on Crack Propagation in Gas-
Bearing Coal under Load

2.1. Analysis of Crack Initiation Conditions of Coal and Rock
Containing Gas. Irwin [32] divided simple cracks into three
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types, as shown in Figure 1. Type I crack is open cracks,
which means that under tensile stress perpendicular to the
crack surface, the crack surface moves in the direction
perpendicular to itself. Both Type II and Type III cracks are
shear cracks, of which Type II cracks slip along the direction
parallel to the crack strike, while Type III cracks slip along
the direction perpendicular to the crack strike.

Feng [33] studied the stress distribution characteristics
of the surrounding rock in the coal roadway and pointed out
that in a certain range of roadway lateral displacement, the
vertical stress of coal increases and the horizontal stress
continues to decrease. 2e difference between the two will
continue to increase. 2e surrounding rock gradually
changed from three-way compression to only two-way
compression, the stress balance state will be broken, and the
deformation failure would occur. 2e research results of
Wang et al. [34] show that the characteristics of coal macro-
meso mechanical coupling failure and instability under
uniaxial compression are consistent with the results of
FLAC3D numerical simulation and the damage of coal
observed in the field which will further explain how to
simplify the failure process of coal on the coal wall in front of
the working face to the problem of uniaxial compression.
2e vertical in-situ stress σm of deep seam is far greater than
the minimum principal stress σ3. 2e stress state of the coal
at the coal wall in front of the working face can be simplified
into a uniaxial compression problem of the ground stress σm.
Figure 2(a) shows the state of stress on the characteristic unit
of the cracked coal, REV. From the figure, REV subjects to
the uniaxial compression by σm and contains a crack with a
length of 2a and an angle of 0< α< π/2 to the direction of the
maximum principal stress.2e crack contains free gas with a
pressure of P0. Because a large amount of adsorbed gas in the
coal matrix will be desorbed in the form of free gas in the
process of crack growth; the free gas pressure of P0 will
remain unchanged in the process of crack growth.

For the ground stress σ of the coal body at the coal wall in
front of the face, we decompose it into a pair of normal stress
σx and σy and a pair of shear stress τxy and τyx. 2e long-axis
direction of the crack is Y-axis and the short axis direction is
X-axis. 2e equilibrium of normal stress σy and shear stress
τxy on the crack tip in the y-axis direction shows that the
normal stress σ x-p and the shear stress τyx in the x-axis
direction are the main factors that cause the crack growth.
When the crack surface is closed by pressure, i.e., σx >P,
there is friction distribution on the crack surface, and the
crack growth belongs to type II crack growth. 2e paper
analyzes the influence of friction on KII in formula (4).
Generally, the fracture width of the coal body is millimeter
or even nanometer, which is very small compared with the
coal seam size. 2erefore, in the analysis of the influence of
the friction force generated by the decomposed normal
stress on the crack growth, the friction force is equivalent to
the uniform shear force in the infinite far field. Figure 2(b)
shows the stress state of an elliptical crack in the Cartesian
coordinate system set with its short and long axis directions
corresponding to the x- and y-axis. 2e singular term of the
stress component at the crack front in the polar coordinates
is expressed as follows:

σπ �
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θ
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(1)

where KI and KII are the stress intensity factors of Type I and
II cracks, respectively.

Set h� P0/σm, and the equivalent normal stress, σN, on
the surface of the crack inside the loaded gas-bearing coal is

σN � P0 − σmsin
2α � σm h − sin2α . (2)

Analysis of equations (1) and (2), one can find that

(1) When h≤ sin2α, the gas pressure is less than the
normal stress of the ground stress in the long-axis
direction of the crack. Under the stress, the crack
surface has to close, leading to crack closure and
friction distribution on the crack surface. 2e crack
propagation is a type II propagation with the
equivalent shear stress on the crack surface, and τe
can be computed by the following formula:

τe � σm sin α cos α + fd h − sin2α  , (3)

where fd is the friction coefficient of the crack tips and
τe> 0. 2e stress intensity factor of the crack is

KI � 0,

KII � σm sin α cos α + fd h − sin2α  
���
πa

√
.

(4)

Set M �
����
a/2r

√
and inserting equation (4) into equa-

tion (1) finds the circular stress as follows:

σθθ �
3
2

Mσmcos
θ
2
sin θ sin α cos α + fd h − sin2α  .

(5)

(2) When h> sin2α, that is, the gas pressure is greater
than the normal stress of the ground stress in the
direction of the crack’s long axis. 2e friction on the
crack surface caused by the normal stress equals zero,
and the equivalent shear stress, τe, on the crack
surface is

τe � σmsin α cos α. (6)

2e stress intensity factor of the crack is

KI � σm h − sin2α 
���
πa

√
,

KII � σm sin α cos α
���
πa

√
.

(7)

Putting equation (7) into equation (1), find the circular
stress as follows:
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σθθ �
1
2

Mσmcos
θ
2

(1 + cos θ) h − sin2α  + 3 sin α cos α sin θ .

(8)

Erdogan and Sih [35], based on their experimental
observations, proposed the maximum circular tensile stress
criterion and applied the maximum circular stress theory to
explain the cracking initiation of two-dimensional Type I,
Type II, and Type I-II composite cracks. 2e criterion holds
that if a crack propagates in the direction θ corresponding to
σθθmax, the direction satisfies the following conditions:

zσθθ
zθ

� 0,
zσθθ
zθ
< 0. (9)

2emaximum circular stress theory holds that the crack
propagation initiates when σθθmax meets the following
condition:

σθθ �
θ�θ0

� σθθmax > σc. (10)

Equation (10) is the so-called initiation condition of
crack propagation inside the loaded gas-bearing coal.

For closed cracks, the stress intensity factor is obtained
from formula (4), while for the nonclosed crack, the stress
intensity factor is obtained from formula (7). It can be seen
from formulas (4) and (7) that the first part of the stress
intensity factor KII of the type II closed crack is the same as
that of the type II nonclosed crack and is related to the shear
stress τyx decomposed by the ground stress in the axial
direction of the crack. 2e combined force of the normal
stress decomposed from the ground stress in the direction of
short axis and gas is related to the stress intensity factors KII
of closed crack and KI nonclosed crack.

2.2. Analysis of Crack Propagation Type. Utilizing the values
of stresses applied on the crack surface, τxy and σN, one can
divide the crack propagation in the loaded gas-bearing coal
into three types: Type I, Type II, and Type I-II composite
cracks. Figure 3 shows the stress state and crack propagation
type on the crack surface.

(1) When h≤ sin2α, τe � 0 and the crack direction
α� π/2 and h≤ 1, τxy � 0, σN≤ 0, that is, the gas
pressure is less than the ground stress, the horizontal
crack has KI � 0 and KII � 0.2us, the crack surface is
closed under the stress and there is a crack disturbing
stress in the matrix.

(2) When the crack direction α� 0 and α� π/2 and h> 1,
τxy � 0, σN> 0, that is, the vertical crack, or the
horizontal crack at the time when gas pressure is
greater than the ground stress, the crack has KI≠ 0
and KII � 0. 2us, the crack propagation belongs to
Type I, and the crack starts to expand if it meets the
maximum circular stress cracking condition, i.e.,
zσθθ/zθ � 0 and zσθθ/zθ < 0, from which, it follows

θ0 � 0. (11)

2us, the second-order partial derivative of σθθ with
respect to θ is bigger than zero, which is the solution to this
problem. Putting equation (11) into equation (5), we find the
maximum circular stress as follows:

σθθmax � Mσm h − sin2α . (12)

(3) When h≤ sin2α, σxy≠ 0, σN≤ 0, and the oblique crack
has KI � 0 and KII≠ 0, the gas pressure is less than the
normal stress of the ground stress in the long axis
direction of the crack. 2us, the crack surface is
subjected to stress and the crack in its expanding
process will produce a friction against crack prop-
agation. 2e crack propagation belongs to Type II,
and the crack that begins to expand needs tomeet the
maximum circular stress cracking condition, i.e.,
zσθθ/zθ � 0 and zσθθ/zθ < 0, from which it follows

θ0 � arccos
1
3

� −70.53°, (13)

where θ� −arccos (1/3) can make the second-order partial
derivative of σθθ with respect to θ bigger than zero. 2us,
θ� −arccos (1/3) is the solution to this problem. Inserting
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Figure 1: 2ree basic types of cracks Anderson [3]. (a) Type I. (b) Type II. (c) Type III.
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4 Advances in Civil Engineering



equation (13) into equation (5), we find the maximum
circular stress:

σθθ �
2
�
3

√ Mσm sin α cos α + fd h − sin2α  . (14)

(4) When h> sin2α, τxy≠ 0, and σN> 0, that is, the gas
pressure greater than the normal stress of the ground
stress in the long axis direction of the crack and the
oblique crack has KI≠ 0 and KII≠ 0. 2us, the crack
that begins to propagate needs to satisfy the maxi-
mum circular stress rupture condition, that is,
zσθθ/zθ � 0 and zσθθ/zθ< 0, from which one finds

cos
θ
2

KI sin θ + KII(3 cos θ − 1)  � 0. (15)

2e solution that makes the abovementioned equation
be of physical significance is

θ0 � −2acrtan

����������������

1 + 8 KII/KI( 
2

− 1


4 KII/KI( 
. (16)

Inserting equations (7) and (16) into equation (5), we
find the maximum circular stress to be

σθθmax �
1
2

Mσmcos
θ0
2

1 + cos θ0(  h − sin2α 

+ 3 sin α cos α sin θ0.

(17)

From equations (12), (14), and (17), clearly, the circular
stress at the crack tips of the loaded gas-bearing coal is the
function of the crack angle, α, and the relationship between
the maximum circular stress at the crack tips and the crack
angle is shown in Figure 4.

It can be seen from Figure 4 that the maximum cir-
cular stress at the crack tips shows a trend of increase
before decrease with the increase of the angle between the
crack direction and its maximum principal stress.
According to the maximum circular stress criterion,
when the maximum circular stress at the crack tip, σθθ, is
greater than the tensile strength of the coal body, σc, the
crack of the coal body begins to expand, that is, for a
certain stress state, if the presence of αmax and αmin makes
the crack angle α satisfy αmax < α< αmin, and the crack
propagation starts.

3. Process Analysis of Dynamical Disasters
due to Gas-Bearing Coal Fracture

3.1. Analysis of Factors Influencing Maximum Circular Stress
on Loaded Gas-Bearing Coal

3.1.1. Effect of Ground Stress on Maximum Circular Stress.
At gas pressure P � 1MPa and the friction coefficient
fd � 0.6, the relationship of the circular stress at the crack tips
in the loaded gas-bearing coal to the ground stress is shown
in Figure 5(a). From the figure, it is clear that the circular
stress keeps constant at different ground stresses when the
crack angle is 0°. As the angle increases, the circular stress
begins to increase. When the angle reaches 29.4°, the circular
stress simultaneously reaches its peaks. At this time, the
circular stress corresponding to σm of 5MPa, 10MPa,
15MPa, and 20MPa is 2.33MPa, 3.96MPa, 5.60MPa, and
7.23MPa, respectively. When the angle further enlarges, the
circular stress shows a tendency to decrease. When the angle
is 58.8°, the stress remains the same. When the angle is
greater than 58.8°, the lower the ground stress, the higher the
circular stress. Data fitting finds that the maximum circular
stress is positively correlated to the ground stress, which can
be expressed as σθθmax � 0.3269σm+ 0.6928, as shown in
Figure 5(b).

3.1.2. Effect of Gas Pressure on the Maximum Circular Stress.
When the ground stress σm � 10MPa and the friction co-
efficient fd � 0.6, the relationship of the circular stress at the
tips of cracks in the loaded gas-bearing coal to gas pressure is
shown in Figure 6(a). From the figure, it is clear that when
the crack angle is 0°, the maximum circular stress equals to
the gas pressure, and as the angle increases, the circular
stress begins to increase. When the gas pressure is at 0MPa,
0.5MPa, 1.5MPa, and 3.0MPa, the angle αm corresponding
to the maximum circular stress of 3.27MPa, 3.62MPa,
4.31MPa, and 5.28MPa is 28.7°, 28.9°, 30.2°, and 32.1°, re-
spectively. When the angle further grows, the circular stress
shows a downward trend. Data fitting finds that the max-
imum circular stress is positively correlated with the ground
stress, which can be expressed as σθθ � 0.6761P + 3.2772, as
shown in Figure 6(b). 2e maximum circular stress has
linear relationship with both ground stress and gas pressure,
and the corresponding proportion coefficient are 0.3269 and
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σ θ
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Figure 4: Relationship between circular stress at the crack tip and
crack angle.
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0.6761, respectively. In other words, the destructive power of
increasing the same gas pressure to the coal is about twice of
that of increasing the ground stress. 2e maximum circular
stress has a negative power function correlation with the
friction coefficient. 2erefore, the main factor affecting the
maximum circular stress is the gas pressure of cracks inside
the coal seam. At high ground stress, smaller gas pressure
can lead to coal failure.

3.1.3. Effect of Friction Coefficient on the Maximum Circular
Stress. Figure 7(a) shows the relationship of the circular
stress at the tips of cracks in the loaded gas-bearing coal to
the friction coefficient at ground stress σm � 10MPa and gas
pressure P � 1MPa. From Figure 7(a), it is evident that
when the crack angle is less than 20.4°, the crack propagation
belongs to Type I-II composite. At this time, the maximum
circular stress is independent of the friction coefficient.
When the crack angle is greater than 20.4°, the maximum
circular stress reduces with the friction coefficient increas-
ing. When the friction coefficient is 0, 0.4, 0.6, and 0.8, the
angle αm corresponding to the maximum circular stress of

5.77MPa, 4.37MPa, 3.96MPa, and 3.70MPa is 45°, 34.5°,
29.4°, and 25.8°, respectively, and when the angle further
increases, the circular stress shows a decreasing trend. Data
fitting finds that the maximum circular stress is positively
correlated to the ground stress, which can be expressed as
σθθmax � 5.4679exp (–0.422∗fd), as shown in Figure 7(b).

3.2.MechanismofDynamicDisaster Evolution inGas-Bearing
Coal Seam

3.2.1. Analysis of Coal Fracture Process in Front of Working
Face. A change in the state of stress inside a coal in front of
the working face will in turn cause a change in both fracture
and gas fields [36], as shown in Figure 8. Under the mining
disturbance, the coal in front of the working face undergoes
three stages, namely, elastic stress stage or stage I, ground
stress and gas pressure failure stage or stage II, and gas-
tearing coal stage or stage III [37]. In the stage I, as the
working face advances, the two mutually perpendicular
tangential stresses increase continuously and the radial stress
decreases ceaselessly. During this time, the coal under their
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Figure 5: Effect of ground stress on maximum circular stress.
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Figure 6: Effect of gas pressure on maximum circular stress.
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actions is still in the elastic stress stage. When the tangential
stress constantly increases and the radial stress continually
reduces, the critical condition of crack growth is reached
under the action of ground stress and gas pressure. Some of
the cracks begin to expand, thus, part of the coal undergoes
fracture, and the front of the working face enters the ground
stress and gas pressure damage stage or stage II. Under the
joint action of ground stress and gas pressure, the cracks
inside the gas-bearing coal propagate and the presence of gas
in the coal accelerates both tensile and shear damages of coal.
2us, coal is very prone to rapid crack expansion and the
front of the working face enters gas-tearing coal (III) stage.
After crack propagation, from equations (12), (14), and (17),

clearly, the ability of gas pressure to break the coal body is
positively proportional to the square root of the crack length
a, and the asymptote of crack expansion orients toward the
direction of the maximum principal stress, as shown in
Figure 8. 2e ground stress-induced tensile force σθθ
gradually decreases, and the gas effect gradually strengthens
in the later stage of coal crack propagation.

A shallow mine has smaller ground stress, thus it is
necessary to combine with higher gas pressure so as to
initiate crack propagation in coal [38]. Coal fracturing
requires greater gas pressure to do work, that is, it needs
higher gas pressure. When coal mining extends to the deep
part of coal mines, the larger ground stress can initiate
crack propagation, and the crack length can be extended to
be longer. 2e capacity of the gas pressure to break the coal
increases rapidly with crack expansion. Although it is also
possible to crack coal under the action of lower gas
pressure, the gas threshold to initiate dynamic phenome-
non reduces.

3.2.2. Deep Stress-Gas Disaster Evolution Process. 2e geo-
logical conditions of mines with dynamic disasters are
generally complex. Gao et al. [39], Song and Zhang [40], Jia
et al. [41], Li et al. [42], and Qiu et al. [43] have studied the
influence of faults, folds, and other geological structures on
coal and gas outburst. 2e former research results show that
in the abnormal geological structure, under the disturbance
of mining, it can produce greater unbalanced force. In the
deep mine, this kind of unbalanced stress phenomenon is
more intense. Under the action of large unbalanced stress
and gas pressure, the coal body breaks, and the unstable
failure causes the coal-rock dynamic disaster. 2e evolution
process of the disaster is shown in Figure 9.

(1) Gestation stage: this stage experienced a series of
events as the natural sedimentary formation, geo-
logical structure, and mining process of coal mass.
2e existence of geological structures such as faults
affects the distribution of stress in the coal and
changes its physical and mechanical properties, and
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the mining operation destructs the mechanical
balance in coal around the roadway. 2e strength,
stress distribution, and gas pressure of coal in the
coal seam are constantly changing, while the formed
low-strength coal, abnormal stress distribution, and
gas accumulated areas all provide a good breeding
environment for the evolution of dynamic disasters
in deep coal seams with low gas pressure.

(2) Formation stage: under deep mining conditions, coal
is subjected to a higher stress and accumulates more
elastic energy. At this time, the coal seam has stable
stress distribution and is in its equilibrium. 2e
presence of faults and similar geological structures
breaks the original stress distribution, forming the
stress concentration in the fault and construction
area, which reaches the maximum near the fault. In
the coal seam-mining process, the mining-formed
plastic zone continues to near the structure-formed
plastic zone.2emining stress and tectonic stress are
superimposed on each other, causing the stress state
of the coal seam to be changed and the original stress
balance system in the coal-rock mass to be broken.
When the stress exceeds the ultimate strength of the
coal, the coal will crack.

(3) Expansion stage: the effect of gas on coal is gen-
erally divided into two aspects: the corrosive action

of adsorbed gas on the skeleton of coal and the
mechanical action of free gas on the skeleton of
coal. Both adsorbed and free gases make the
strength of coal decrease and its brittleness in-
crease. Meanwhile, as a fluid, free gas flows in
micropores and microcracks of coal, making coal
more susceptible to tensile damage. 2e effect of
gas on coal is also affected by stress. When coal has
a lower fracture degree, the effect of the low gas
content on coal is not obvious; when coal has a
higher fracture degree, fine coal under gas pressure
will migrate outward. Deep coal mines have higher
ground stress and accumulate a large amount of
energy, which can provide a sufficient power
source for the occurrence of coal dynamic disas-
ters. Under the joint action of both stress and gas,
the deformation and fracture of coal ever in-
creases. Only when the pressure of gas in coal
meets the condition for blowing crushed coal, gas-
induced dynamic disaster will outburst.

(4) End stage: after the occurrence of gas outburst and
other dynamic disasters, coal accumulates massive
elastic energy due to gas expansion, which cannot
provide a sufficient power source for coal dynamic
disasters, thus resulting in the termination of gas
dynamic disasters.

Stress anomaly region

(a)

Stress anomaly region

(b)

Stress anomaly region

Failure region 

(c)

Coal and gas outburst

Stress anomaly region
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Figure 9: Evolution model of deep low gas dynamic disaster.
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4. Discussion

4.1.Ae JointEffect ofDifferent In-Situ Stress andDifferentGas
Pressure. Figures 5 and 6, respectively, show the influence of
ground stress on the maximum hoop stress under the same
gas pressure and the influence of gas pressure on the
maximum hoop stress under the same in-situ stress. In coal
mine, the ground stress and gas pressure are usually dif-
ferent, so it is necessary to discuss the effect of different
ground stress and gas pressure. For this reason, four sets of
simulation values of gas pressure and ground stress are
designed, which are shown in Table 1. When the tensile
strength of the coal sample is 1.15 MPa in the experiment,
the variation curves of maximum circular stress at the tip of
the internal crack of the four coal samples with the crack
angle are analyzed by equations (12), (14), and (17), as
shown in Figure 10. It can be seen from Figure 10 that when
the ground stress is 5 MPa and the gas pressure is 0.1 MPa
(the black line), the crack angle range that can make the
stress exceed the bearing capacity of the coal body is about
10°∼40°. 2erefore, only a small number of coal body cracks
can expand, the damage area is small, and it is difficult to
have no significant damage. When the ground stress is 15
MPa and the gas pressure is 1.5 MPa (the orange line), the
crack angle range that can make the stress exceed the
bearing capacity of the coal body is about 0°∼52°. When the
ground stress is 30 MPa and the gas pressure is 3 MPa (the
red line), although the ground stress exceeds the orange
line, the crack angle range that can make the stress exceed
the bearing capacity of the coal body is about 2°∼49° and the
damage capacity is lower than the orange line. In con-
clusion, it is easy to explain the critical value of coal and gas
disasters.

2e larger in-situ stress in deep mine can fully break the
coal body, and only a small gas pressure is needed to eject the
broken coal body to generate dynamic phenomenon. How-
ever, the ground stress of the shallowmine is small, so it needs
high gas pressure to break the coal body. 2erefore, the ef-
fective gas critical value of coal and rock dynamic disaster
early warning verified in the shallow part is not applicable to
the deep mining mine, and the gas critical value of coal and
rock dynamic disaster early warning in the deep mine should
be smaller than that in the shallow mine [44–48].

4.2. Analysis of the Causes of Excessive Gas Generation in Coal
and Gas Outburst Process. Coal and gas outburst is an ex-
tremely complicated mechanical process. It is generally
believed that its development process is affected by com-
prehensive action of ground stress and gas [49]. Coal crack
expansion is an inevitable step of coal and gas outburst [50].
In the process of coal and gas outburst, the amount of
outburst gas is often much higher than the actual gas content
of the prominent coal body, up to several tens or hundreds of
times [51]. For example, the coal and gas outburst in the
Daping Coal Mine in 2004 outbursts 1894 tons of rocks and
about 25×104m3 gas with average gas volume per ton of
coal being 132m3/t. In China, the measured gas content in
the coal seam of medium and high-grade coal and anthracite

coal is 10–30m3/t, with the highest of 36m3/t, which is
obviously lower than the amount of gas outburst [52]. Even
considering the gas stored in the surrounding rocks in the
process of gas production and gas outburst, the amount of
gas present in the coal seam is far from being able to
compensate for the difference between the gas content and
the amount of Lan’s adsorption.

Coal is a porous medium with pores and cracks, which
contains a large number of macroscopic cracks and mi-
croscopic cracks and endogenous cracks and exogenous
cracks [53]. In the process of coal formation, the gas gen-
erated per ton of coal is as high as 200–300m3, most of which
can dissipate through coal’s porous and fracture systems,
and only part of it remains in the coal seam. 2e porous
system of the coal seam is divided into closed pores-fractures
and connected fractures. Because of the extremely poor
permeability of the coal matrix, there are high gas pressure
gradient between the closed pore fracture and the connected
fractures, which forms favorable conditions for storage of
high-pressure gas inside the closed pores and fractures. 2e
directly measured gas pressure is the gas pressure in the
opened pores, which is much lower than that in the closed
pores and fractures.

2e deformation and failure of coal is the result of cracks
and fractures development. 2e new-formed cracks will
connect some pores and fractures. 2e volume of the pores
and fractures will increase after coal damaged under load,
which indicates that under the action of ground stress and
gas pressure, part of closed fissures communicate with open
fractures. 2e closed fissures inside the coal seam can be
transformed into open fissures, and the internal gas may be
involved in coal and gas outburst processes such as coal body

Table 1: Modeling scheme.

Number Gas pressure (MPa) Load stress (MPa)
1 0.1 5
2 0.1 15
3 1.5 15
4 0.1 30
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Figure 10: Variation of the maximum circular stress at the crack
tip of four coal samples with the crack angle.
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crushing and throwing, which also explains that closed-
fracture cracking is connected with the coal’s pore and
fracture system to release the internal gas in coal and gas
outburst process under the action of high ground stress and
high gas pressure. 2erefore, in the process of outburst, the
amount of outburst gas is often much higher than the
measured coal-gas content. In the process of outburst
prediction, the amount of gas generated by the fractured coal
should also be comprehensively investigated together with
analyzing the total amount of gas.

5. Conclusions

Gas dynamic disasters are still one of the important research
directions of safety science, and the frequency of occurrence
is increasing, which poses a threat to the safety of miners’
lives and property. It is beneficial for controlling the oc-
currence of disasters to reveal stress-gas coupling function
and the occurrence law of gas dynamic disaster under the
condition of deep mining. 2e main conclusions of this
paper are as follows:

(1) 2e maximum circular stress at the crack tip showed
a trend of decrease with the increase of the angle
between the crack and the maximum principal stress
and increases linearly with the increase of gas
pressure and ground stress. 2e destructive capacity
of increasing the same gas pressure on the coal body
is about twice of that of the ground stress and had a
negative power function relationship with the fric-
tion coefficient of coal.

(2) In the process of dynamic disaster, crack propagation
and penetration of coal under the joint action of
ground stress and gas pressure is an important
gestation stage. 2e superposition of large tectonic
stress and mining stress in the geological structural
zone can cause crack expansion and penetration,
leading to fully broken of the coal body, which is
prone to dynamic phenomena.

(3) In the shallow mining process, small ground stress
needs work together with a large gas pressure to
make coal body cracks to expand and penetrate,
resulting in dynamic disaster. When the mining
extends to the deep ground, the large ground stress
can initiate crack expansion. 2us, even under the
action of lower gas pressure, it is also possible to
break the coal body with reduced gas threshold of the
dynamic phenomenon, which is prone to the oc-
currence of the dynamic phenomenon of the low
index.

(4) 2ere are a large number of closed fissures inside the
coal body. 2e high-pressure gas existing inside the
closed fissure is an important source of excess gas in
the process of coal and gas outburst.2erefore, in the
process of predicting coal and gas outburst, the
amount of gas generated by coal body fragmentation
should be also comprehensively investigated except
analysis of the total amount of gas.
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