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Few studies have been conducted on the crack propagation law and failure characteristics of coal-rock combined body (CRCB) with
prefabricated fissure. A sliding crack model was firstly presented to analyze the failure law of rock with a single fracture and the
influence of the inclination angle of the fracture on the strength of the rock. The RFPA numerical models of the CRCB with
different inclination angles of prefabricated fracture were then established to simulate the dynamic change process of crack
propagation and shear stress of the CRCB with prefabricated fracture under uniaxial compression. The influence of the
inclination angle of the fracture in the rock on the fracture expansion and failure characteristics of CRCB was further analyzed
based on the acoustic emission data. The results showed that (1) when 2β = arctan 1/μ, σcw takes the minimum value, and crack
initiation is most likely to occur; (2) the strength of coal-rock assemblage shows different changing trends with the fracture
inclination angle; (3) the secondary cracks of CRCB with prefabricated fracture of 0°, 15°, and 30° initiated and expanded near
the tip of the main crack, and the secondary cracks of 45°, 60°, and 75° initiated and expanded from the tip of the main crack;
(4) there are three failure modes of CRCB with prefabricated crack, the double-shear failure mode Λ, the tensile-shear
composite failure mode along the fracture surface, and the tensile failure mode along the fracture surface; and (5) intact CRCB
and CRCB with prefabricated crack when α = 75° and α = 90° have strong brittleness, and other CRCB with different
prefabricated fracture inclination angles show a certain degree of postpeak plasticity. The results on the mechanical properties
and damage characteristics of CRCB are of great significance for the safety and efficient mining of deep coal resources.

1. Introduction

Coal is the main resource of energy supply in China. As coal
in the shallow subsurface is gradually exhausted, coal mining
depth is constantly increasing, which leads to the frequent
occurrence of dynamic disasters such as coal and gas out-
burst and rock burst under deep high geostress environment
[1, 2]. The deformation damage of coal-rock combined body
(CRCB) in the deep environment is affected by multiple fac-
tors such as its own physical and mechanical properties and
geological structure, but more importantly, it is affected by
the coexistence of the coal-rock combination structure [3].
The damage and break of rock mass and coal in the engineer-

ing scale are tightly associated with their fine structural fea-
tures. Research in microscopic view provides a powerful
tool to better understand and master the damage and break-
age of coal and rock mass in the engineering scale [4]. A bet-
ter understanding of damage characteristics and fracture
mechanisms of CRCB is much helpful for us to make a rea-
sonable interpretation on mining-induced breakage, fracture
development, and stress change in the field. Therefore,
research on the mechanical properties and damage charac-
teristics of CRCB is of great significance for the safety and
efficient mining of deep coal resources.

In recent years, many scholars have carried out mechan-
ical tests of CRCB under different conditions either by
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numerical simulations or laboratory tests, aiming to explore
the mechanical response characteristics of CRCB [5]. Gong
et al. [6, 7] obtained outburst proneness of different CRCB
using the axial loading test based on prepeak energy distribu-
tion and different loading rates. Zuo et al. [8, 9] studied the
failure modes and mechanical behavior differences of differ-
ent CRCB under uniaxial and triaxial compression. Cao
et al. [10] considered the influence of the interface inclination
angle of CRCB on its strength and failure mechanism. Liu
et al. and Xie et al. [11, 12] studied the crack propagation
law of CRCB with different combinations and found that
the failure of coal and the propagation of cracks further led
to the failure of the rock. Du andWang [13] explored the fail-
ure characteristics of CRCB through the true triaxial test.
Chen et al., Zhao et al., and Dong et al. [14–16] obtained
the fracture propagation mode of CRCB under different
loading conditions through theoretical analysis and labora-
tory experiments. The above research on the failure charac-
teristics of CRCB is mainly aimed at intact coal-rock
assemblages. However, considering the influence of geologi-
cal movement during the formation of coal and rock masses,
there are a large number of original fissures in the coal and
rock masses which affect the “coal-rock” structural strength
and failure characteristics, so it is worth investigating the role
of the fissures in the mechanical behavior of the rocks. Li
et al. and Yin et al. [17–19] used Split Hopkinson Pressure
Bar (SHPB) and PFC numerical simulation methods to
perform shock compression and uniaxial compression tests
on CRCB with prefabricated cracks and obtained the crack
inclination and position on the influence of the strength
and failure characteristics of the CRCB, but the influence of
the cracks in the rock mass is not considered.

Therefore, this paper will use RFPA software to carry out
numerical simulations of CRCB with prefabricated cracks in
different inclination angles, explore the influence of cracks in
rock mass on the mechanical properties and failure charac-
teristics of the CRCB, and further explore the mechanical
response characteristics of the CRCB.

2. Sliding Crack Model of Rock with
Single Fracture

At present, there are two main views on the compression-
induced crack propagation of brittle materials: one is
compression-tension fracture and the other is sliding frac-
ture. Comparing the two views in explaining the microcrack
propagation of brittle materials, the sliding crack model
reflecting the mechanism of microcrack sliding opening
fracture gradually prevails and has been widely accepted in
academia. Natural rock material has the characteristics of
discontinuity, inelasticity, heterogeneity, and anisotropy. Its
structural composition is relatively complex, and it belongs
to the brittle material. In 1963, Brace and Bombolakis [20]
first proposed the sliding crack model, which was later popu-
larized and applied to the study of the mechanical mecha-
nism of fractured brittle materials under compressive
loading by Horii and Nemat-Nasser [21].

2.1. Sliding Crack Model. The frictional sliding crack model is
the most extensive model for studying coal and rock mass
damage [22]. It is believed that when coal and rock mass is
compressed, original cracks will produce secondary tensile
cracks that propagate in the direction of maximum principal
stress, and secondary cracks are the main cause of splitting
and destruction of coal and rock mass. The friction crack
model under compressive stress is shown in Figure 1.

The following assumptions are made for the model in
Figure 1. The problem is a plane strain problem, the confin-
ing pressure is σ3, and the axial pressure is σ1, and the follow-
ing assumptions are satisfied: The rock mass is homogeneous
and isotropic; both the rock strength and fracture strength
obey the Mohr-Coulomb strength criterion. The angle
between the penetration crack and the axial stress is β, the
internal friction angle is φw, the cohesion of the fracture sur-
face is cw, the normal stress vertical to fracture surface is σ,
and the shear stress along the fracture surface is τ.

Decompose the shear stress and normal stress on the
original crack surface PP1 to get

σn = σ1 cos2θ + σ3 sin2θ,

τe =
1
2 σ1 − σ3ð Þ sin 2θ:

8<
: ð1Þ

It is assumed that the failure of coal and rock mass sat-
isfies the Mohr-Coulomb criterion. The actual effective shear
stress of friction sliding can be then expressed as

τeff = σ1 − σ2ð Þ cos θ sin θ − τc − μ σ1 cos2θ + σ2 sin2θ
� �

,
ð2Þ

where u is the internal friction coefficient of coal and rock
mass and τc is the cohesion. The critical condition for fric-
tional sliding of cracks is τeff = 0, and we have

σ1 =
σ2 sin θ cos θ − τc−μσ2 cos2θ

μ sin2θ + sin θ cos θ : ð3Þ

According to the above equation, when θ0 = tan−1ðμ +ffiffiffiffiffiffiffiffiffiffiffiffi
μ2 + 1

p Þ, σ1 gets the minimum value; then, we obtain the
critical stress condition causing frictional sliding:

σ1cs =
σ2 sin θ0 cos θ0 − τc−μσ2 cos2θ0

μ sin2θ0 + sin θ0 cos θ0
: ð4Þ

When σ1 < σ1cs, the coal and rock mass materials exhibit
elastic characteristics, and the original cracks do not cause
friction sliding. When σ1cs ≤ σ1 < σ1c, the coal and rock mass
exhibits nonlinear strengthening characteristics, and some
cracks have self-similar propagation and frictional sliding.

Continuing to load, some cracks will self-similarly prop-
agate. The crack gradually expands to a certain characteristic
length cb with the increase of axial pressure, and cb is related
to the material composition of coal and rock mass.

In the rock loading test, the cracks of the rock sample
experience a process from opening to closing to expansion
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and rupture. Therefore, to study the influence of cracks on
the strength of the rock in the compression test, it is neces-
sary to start with the closed crack [23]. Because the crack is
closed, the effective shear stress on the crack causes relative
sliding on the crack surface, which can be regarded as a pure
type II crack at the crack initiation stage, that is, KI = 0 [24];
according to the theory of fracture mechanics, the stress
intensity factor at the crack tip is

kII = τe
ffiffiffiffiffi
πc

p
: ð5Þ

Taking σ3 = 0 and σ = σ1 and substituting Equation (2)
into Equation (5), we have

kII = τe
ffiffiffiffiffi
πc

p
= σ cos θ sin θ

ffiffiffiffiffi
πc

p
− τc

ffiffiffiffiffi
πc

p
− μσ cos2θ

ffiffiffiffiffi
πc

p
:

ð6Þ

For shear fracture under compression, the following for-
mula is adopted as the criterion:

λ12kI + kII = kIIc: ð7Þ

In the formula, λ12 is the compression reduction
coefficient, and kIIc is the shear toughness under compres-
sion. Since kI = 0, the failure criterion of the crack surface is
kII = kIIc.

The criterion of stable growth of microcracks can be
expressed as

K IIC =
1
2 sin 2θ − μ − μ cos 2θð Þσ − 2τc½ � ffiffiffiffiffi

πc
p

, ð8Þ

where a is the type II fracture toughness of the weak surface.
Since the cohesion τc of the crack surface during uniaxial

compression is very small, take τc = 0 and β = 90°‐θ, the ini-
tial fracture strength of the crack is

σcw = 2K IICffiffiffiffiffi
πc

p sin 2θ − μ − μ cos 2θð Þ =
2KIICffiffiffiffiffi

πc
p sin 2β − μ + μ cos 2βð Þ :

ð9Þ

2.2. The Influence of Fissure Angle on the Strength of Rock
Mass. No unified standard has been reported for the testing
of type II fracture factor kIIc; however, when the test model
size, material, and the external conditions are all the same,
the value of fracture toughness kIIc only varies in a very small
range if using the same loading method, and it can be consid-
ered that it remains unchanged during the experiment [25].
Under uniaxial compression, the strength and failure mode
of a rock mass with a single closed crack are determined by
the strength of the rock and the strength of the crack surface.
It can be seen from Equation (9) that σcw is a function of
β, c, and μ. When the crack length c and the friction coeffi-
cient μ of the crack surface is fixed, σcw is only related to
the crack inclination angle. β < π/2‐ψw is the discontinuity
point of the function σcw . When β > π/2‐ψw, σcw < 0. At this
time, the failure of the rock mass is due to tensile stress,
which does not conform to the assumption. In order to
obtain the extreme value of σcw, we take the derivative of
Equation (9):

∂σcw
∂β

= 0, ∂2σcw
∂β2 > 0: ð10Þ

It can be seen from Equation (10) that when β = 1/2
arctan 1/μ, Equation (10) holds. When β = 1/2 arctan 1/μ,
σcw takes the minimum value, crack initiation is most likely
to occur, and the corresponding crack initiation stress is the
smallest. When μ is 0.1, β = 42:145° [25].

3. Numerical Simulation

The RFPA (rock failure process analysis) software is adopted
to study on the crack propagation law and failure character-
istics of CRCB with prefabricated fissure. RFPA2D is a rock
failure process analysis system with elastic mechanics as
stress analysis tools, elastic damage theory, and modified
Coulomb failure criterion as medium deformation and
failure analysis module [26, 27], enabling to simulate the
microcracking process of rock during the deformation process.

3.1. Model Construction and Parameter Selection. Figure 2
shows the model established for numerical simulation. The
sample model is a rectangular CRCB with 100mm height
and 50mm width. Both the height of coal and the height of
rock in the model are 50mm, and the model is divided into
200,000 units. Mohr-Coulomb is used as the constitutive
relationship. The length of the crack is 20

ffiffiffi
2

p
mm, and the

closing cracks are in contact with each other, the crack sur-
face friction coefficient is 0.1, and the fracture is located in
rock, and the angles with the minimum principal stress are
0°, 15°, 30°, 45°, 60°, 75°, and 90°, respectively. Mechanical
parameters of CRCB with prefabricated fissure are shown
in Table 1. The uniaxial compression test was performed on
the CRCB. The loading method was axial displacement

𝜎1

𝜎3

q1x1

p

q

l

b1 x2

x2′

x1′

p1
𝜃

Figure 1: Frictional sliding crack model under compressive loading
(the overall coordinate system o‐x1x2 and the local coordinate
system o‐x1 ′x2 ′; the ox1 ′ axis is parallel to the crack’s outer normal
line; the length of the crack is 2c, and the azimuth angle is θ).
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loading with a one-step increment of 0.002mm/step, and the
load was carried out until the sample failed.

3.2. Analysis of Strength and Deformation Characteristics.
The crack initiation stress σci and the damage stress σcd are
not only important characteristic values of CRCB strength
but also the boundary point of different stages in the crack
propagation process. There are many methods to determine
the rock initiation stress and damage stress [28, 29]; in this
paper, the axial stress corresponding to the crack initiation
point is taken as the crack initiation stress σci, and the dam-
age stress σcd is determined by the axial stress corresponding
to the rapid growth point of the crack. According to the frac-
ture process of the CRCB (Figure 2), Table 2 shows the σci
and σcd of intact CRCB and CRCB with prefabricated fissure
and their relationship with the uniaxial compressive strength
σ of intact CRCB.

Figure 3 shows the fracture evolution process of CRCB
with prefabricated fracture of different inclination angles
(Due to space limitation, only the shear stress diagrams when
the inclination angles of the fractures are α = 15° and α = 45°
are listed). The generation, propagation, and penetration of
microcracks formed the macroscopic failure surface of the
CRCB, which in turn caused its failure and instability. As
the axial strain increases, the evolution of the number of
microcracks in CRCB with different inclination angles of
crack is basically the same. There is initially no microcracks;
microcracks slowly grow, then grow rapidly, and finally sta-
bilize. The number of cracks increases sharply near the peak
strain area, especially in a certain stage after the peak strain,
which indicates that the microcracks within this stage are

rapidly generated (step 26-2 of Figure 3(a) and step 27-4 of
Figure 3(b)), expanded, and penetrated, forming macro-
cracks. The crack propagation and failure mode in intact
CRCB and CRCB with prefabricated fracture of 90° are
almost the same. The cracks have almost no effects on the
crack propagation mode of the CRCB under uniaxial com-
pression. The cracks start and propagate in the coal part,
and no cracks show up in the rock part. The secondary cracks
of CRCB with prefabricated fracture of 0°, 15°, and 30° initi-
ated and expanded near the tip of the main crack, and the
secondary cracks of 45°, 60°, and 75° initiated and expanded
from the tip of the main crack. It can be seen from Figure 3
that the failure of the CRCB with α = 15° and α = 45° all expe-
rienced crack initiation, propagation, and final macroscopic
failure, and the CRCB slipped along the crack surface during
the failure process. The difference is that when α = 15°, the
initiation and propagation of secondary cracks do not appear
at the tip of the main crack, but near the tip of the main crack.
The crack propagation is relatively easy before the stress
reaches the peak value, but the crack initiation stress is large.
When step = 17, the crack initiation occurs, and the CRCB
sample reaches its peak strength at step 39. When α = 45°,
the initiation and propagation of secondary cracks mainly
spread around the tip of the main crack. As the loading con-
tinues, the stress intensity factor of the crack tip increases,
and the microcracks penetrate through the tip of the main
crack and at both ends of the main crack. Wing cracks are
formed and propagate toward the crack end along the main
loading direction. In addition, when α = 45°, the crack initia-
tion is much easier; when step = 10, the cracks start to initi-
ate, and CRCB has been completely broken when the load
reaches 29 steps, which is much easier to break compared
with α = 15°. Compared with α = 45°, when α = 75°, the crack
angle is close to parallel to the axial loading direction, crack
initiation is also easy, but the crack growth is strongly sup-
pressed, which leads to an increase in its peak strength
(Figure 4).

Figure 4 shows the stress-strain curves of CRCB with dif-
ferent prefabricated crack inclination angles. It can be seen
that the CRCB with prefabricated fissure went through three

Coal

Rock

(a) Containing no crack

Coal

Rock

(b) Containing 45° crack

Figure 2: Numerical models.

Table 1: Mechanical parameters of CRCB with prefabricated
fissure.

Type σ (MPa) E (GPa) ψ (°) μ ρ (kg·m-3) m

Coal 50 12 32 0.25 1800 5

Rock 140 50 38 0.2 3500 10
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stages under uniaxial compression: linear elastic deformation
stage, fracture development stage, and failure stage. Different
from the real rock test, the initial compaction stage does not
show up obviously, which is mainly related to the constitutive
model setting of the simulation software. The stress-strain
curve basically rises linearly at the beginning of loading.
When the stress reaches the peak strength, the CRCB begins
to break, and meanwhile, the stress begins to drop. In addi-
tion, the peak strengths of CRCB with different fracture
angles are different. Figure 5 shows the relationship between
the peak strength of the CRCB and the inclination angle of
the crack. It can be seen that the crack inclination angle
affects the strength of the CRCB under uniaxial compression.
As the crack inclination angle increases, the strength of the
CRCB firstly decreases and then increases. CRCB has the
lowest peak strength when α = 15°. When α < 15°, the peak
strength of the CRCB decreases with the increase of the crack
inclination angle. When α > 15°, the peak strength of the
CRCB increases with the increase of the inclination angle of
the prefabricated fissure.

Compared with the intact CRCB, the bearing capacity of
the CRCB with prefabricated fracture is reduced to a certain
extent, that is, deterioration. In order to quantitatively

express the degradation characteristics, the deterioration fac-
tor w is introduced and is expressed as

ω = 1 − σ0
σω

� �
× 100%: ð11Þ

In the formula, σ0 is the uniaxial compressive strength of
the CRCB with prefabricated fissure (MPa) and σw is the uni-
axial compressive strength of the CRCB with different pre-
fabricated crack inclination angles (MPa).

Figure 6 shows the relationship between the deterioration
factor and the crack inclination angle of the CRCB. As the
inclination angle increases, the deterioration factor firstly
increases and then decreases and reaches the maximum value
when α = 15°; as the inclination angle continues to increase,
the deterioration factor decreases continuously until α = 75°.
When α = 90°, the deterioration factor further decreases,
which is close to the intact CRCB.

3.3. Failure Characteristic Analysis. Failure of the CRCB is
caused by macroscopic cracks formed by the propagation of
the prefabricated cracks in the rock and interpenetrating with
each other, which in turn leads to the overall failure of the

Table 2: Peak strength and peak strain of prefabricated fractured rock-coal combined body.

Angle (°) σci Step σcd Step Peak strength (σ) (MPa) Peak strain (%) Step σci/σ σcd/σ
Intact 14.1 46 16.7 55 17.3 0.11 57 0.815 0.965

0 3.95 16 6.39 35 6.58 0.068 36 0.600 0.971

15 4.03 17 4.87 26 5.16 0.05 27 0.781 0.944

30 3.18 14 5.24 24 5.93 0.05 27 0.536 0.884

45 2.95 13 4.36 19 6.38 0.054 29 0.462 0.683

60 5.87 22 9.03 33 10.8 0.084 44 0.592 0.836

75 8.18 27 13.4 45 16.2 0.106 55 0.504 0.827

90 12.1 40 16.1 53 16.9 0.108 56 0.715 0.953

Step = 1-1 Step = 17-2 Step = 17-10 Step = 17-23 Step = 26-2 Step = 26-21 Step = 29-6 Step = 36-4

(a) When the prefabricated crack angle is 15° (α = 15°)

Step = 1-1 Step = 10-1 Step = 16-5 Step = 23-2 Step = 27-4 Step = 30-9 Step = 33-10 Step = 43-2

(b) When the prefabricated crack angle is 45° (α = 15°)

Figure 3: Shear stress evolution processes for different prefabricated crack angles of CRCB.
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CRCB. Therefore, the destruction of the rock mass in CRCB
leads to its failure, and the inclination angle of the prefabri-
cated cracks in the rock mass affects its failure mode. As
shown in Figure 7, there are three failure modes of CRCB
with prefabricated crack, the double-shear failure mode Λ
(Figures 7(a), 7(g), and 7(h)), the tensile-shear composite
failure mode along the fracture surface (Figures 7(b)–7(d)),
and the tensile failure mode along the fracture surface
(Figures 7(e) and 7(f)). The failure of the intact CRCB and
the CRCB with 90° prefabricated fissures mainly occurs in
the coal. This is mainly due to the fact that the strength of
the coal sample is much smaller than that of the rock sample,
and it is a double-shear failure mode, and the crack propaga-
tion is typeΛ; the angle between the shear failure surface and
the vertical direction is 47.3° and 33.8°, respectively; when the
prefabricated fracture is 75° (α = 75°), the CRCB also exhibits
Λ-type double-shear failure, the difference is that the fracture
expansion angle is reduced to 34.2° and 32°, and the crack tip
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(a) Intact

13.1°
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(b) 0°
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Figure 7: Continued.
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propagates inside the rock mass, as shown in the circle in
Figure 7(g). When the inclination angles of the prefabricated
cracks are 0°, 15°, and 30°, the failure mode of the CRCB is
tensile-shear composite failure. The coal and rock masses in
the CRCB are damaged, and the cracks first start propagating
near the tip of the prefabricated crack, and then, expanding
and penetrating cause the CRCB to reach the peak strength
and eventually fail. When the inclination angles of the
prefabricated cracks are 45° and 60°, both the coal and rock
samples of the CRCB are damaged. Among them, the coal
samples are mainly shear failure, and the rock samples are
tensile failure with the increase of axial stress. The failure
surface and the vertical direction form a certain angle to
gradually deflect and finally coincide with the vertical direc-
tion. The crack expansion shape in the rock mass is basically

S-shaped. The crack propagation and failure process are as
follows: under the axial stress, the prefabricated crack of the
rock mass slips, a small number of microcracks are generated
on both sides of the joint surface, and an upward extending
tensile crack is formed on the upper part of the joint surface.
At the same time, the microcracks near the two tips of the
joint gather and nucleate; when the axial stress increases, they
expand upward in the coal sample and the rock sample to
form tensile cracks, while the joint surface will continue to
slip and expand; when the axial stress continues to increase,
the tensile cracks will continue to increase. The extension
crack continues to propagate until the total failure of CRCB.

3.4. Acoustic Emission Characteristic Analysis. Coal and rock
will release energy in the form of elastic waves (acoustic

(e) 45° (f) 60°

34.2° 32°

(g) 75° (h) 90°

Figure 7: Failure modes of different coal-rock combined bodies with different prefabricated fissure angles.
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Figure 8: Continued.
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Figure 8: Continued.

10 Geofluids



emission) during its deformation and failure process [16]. By
analyzing acoustic emission parameters, the characteristics of
coal and rock deformation and failure can be better understood.

The acoustic emission of the rock in the process of failure
and deformation reflects the evolution process of its internal
crack initiation, propagation, and penetration failure. It can
be seen from Figure 8 that the acoustic emission characteristics
of the CRCB with prefabricated fracture of different inclination
angles have a general law: At the beginning of loading, no
acoustic emission events can be detected because the internal
crack is closed; and then, only a small amount of acoustic emis-
sion events are generated in the elastic phase. As the load con-
tinues to increase to the plastic deformation stage, the internal
cracks expand, and more acoustic emission events are gener-
ated. Near the peak loading, a large number of acoustic emis-
sions are produced, and the number of acoustic emission
events reaches the maximum, which can be used as a precursor
to the failure of the CRCB. In the postpeak stage, a certain
acoustic emission signal will be generated due to the further
propagation and penetration of cracks. At the same time, as
shown in Figure 8, the influence of the prefabricated crack
inclination angle in CRCB on its acoustic emission characteris-
tics under uniaxial compression can be found: the total number
of acoustic emission events as a whole decreases first and then
increases with the increase of the prefabricated fracture inclina-
tion angle. The CRCB has the highest number of acoustic emis-

sion events (2399) when α = 75° (Figure 8(f)), followed by the
intact CRCB (2148), which is mainly caused by the develop-
ment and expansion of the crack tip. The single largest acoustic
emission events first decrease and then increase with the
increase of the prefabricated fracture inclination angle, and its
ratio to the total number of cumulative acoustic emission
events is 0.89, 0.38, 0.78, 0.38, 0.53, 0.70, 0.81, and 0.93, respec-
tively, which are consistent with the stress-strain curve in
Figure 3 and indicate that intact CRCB and CRCB with prefab-
ricated crack when β = 75° and β = 90° have strong brittleness,
while other CRCB with different prefabricated fracture inclina-
tion angles show a certain degree of postpeak plasticity. The
single peak acoustic emission events of the CRCB is located
after its peak strength when α = 45° (Figure 8(d)) and α = 60°
(Figure 8(e)). The number of steps (strain) corresponding to
the peak acoustic emission counts of the other CRCB first
decreases and then increases with the increase of the inclination
angle of the prefabricated fracture, which is consistent with the
peak strength of the CRCB. The single peak acoustic emission
events and the peak strength correspond to the same strain,
indicating that after the peak strength, the CRCB with 45°

and 60° prefabricated cracks further expand and penetrate, so
it is unreliable to confirm the failure of CRCB by single peak
acoustic emission events.

The failure of coal and rock mass under stress is a process
of energy absorption and release, and the energy of acoustic
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Figure 8: Acoustic emission characteristic curves of coal-rock combined bodies with different prefabricated fissure angles.
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emission reflects the elastic energy released when the cracks
inside the coal and rock are generated or expanded [30, 31].
From Figure 8, the accumulative amount of acoustic emis-
sion energy increases with the increase of strain. In the initial
stage of loading, although the number of acoustic emission
events of the CRCB is small, the acoustic emission energy
gradually accumulates. When the energy accumulates to a
certain extent, the CRCB reaches its peak strength, and the
acoustic emission count increases rapidly. It can also be seen
from Figure 7 that during the uniaxial compression of differ-
ent CRCB, the cumulative energy of acoustic emission in
descending order is as follows: 45°, 15°, intact CRCB, 75°,
60°, 90°, 30°, and 0°, indicating that the cumulative energy
of acoustic emission has a nonlinear relationship with the
strength of the CRCB with different inclination angles of pre-
fabricated fracture. The cumulative energy before the peak
value of acoustic emission events is as follows: 75°, intact
CRCB, 60°, 90°, 45°, 0°, 30°, and 15°, so from the perspective
of acoustic emission energy, the outburst proneness of the
CRCB with 75° prefabricated fissure is higher than that of
the intact CRCB. The single peak acoustic emission energy
is located before the peak strength of CRCB for α = 60°,
α = 75°, and intact CRCB, while it is located after the peak
strength of CRCB for α = 0°, 15°, 30°, 45°, and 90°, which
shows the influence of the cracks in the rock mass and their
inclination angle on the postpeak characteristics of the CRCB
under uniaxial compression.

4. Conclusion

(1) The inclination angle of the cracks in CRCB will
affect its crack initiation stress. When the crack incli-
nation angle is around 45°, the crack initiation stress
is the smallest, and the numerical simulation results
are consistent with the theoretical analysis

(2) The inclination angle of CRCB affects the propaga-
tion mode of the crack. The secondary cracks of
CRCB with prefabricated fracture of 0°, 15°, and 30°

initiated and expanded near the tip of the main crack,
and the secondary cracks of 45°, 60°, and 75° initiated
and expanded from the tip of the main crack

(3) The inclination angle of CRCB will affect its strength.
When α = 15°, the peak strength of the CRCB is the
lowest. When α < 15°, the peak strength of the CRCB
decreases with the increase of the crack inclination
angle. When α > 15°, the peak strength of the CRCB
increases with the increase of the inclination angle
of the prefabricated fissure

(4) The inclination angle of CRCB will affect its failure
modes. The failure of the intact CRCB and the CRCB
with 90° and 75° prefabricated fissures mainly occurs
in the coal, and it is a double-shear failure mode, and
the crack propagation is type Λ. When the inclina-
tion angles of the prefabricated cracks are 0°, 15°,
and 30°, the failure mode of the CRCB is tensile-
shear composite failure. When the inclination angles
of the prefabricated cracks are 45° and 60°, the coal

samples are mainly shear failure, and the rock sam-
ples are tensile failure with the increase of axial stress

(5) The existence of cracks in CRCB will affect its brittle-
ness and plastic characteristics. The acoustic emis-
sion results indicate that intact CRCB and CRCB
with prefabricated crack when α = 75° and α = 90°
have good brittleness, and other CRCB with different
prefabricated fracture inclination angles show a cer-
tain degree of postpeak plasticity
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