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Rockburst is globally regarded as one of the most severe and complicated mining dynamic disasters to predict or control.
Generally, the occurrence mechanism of rockbursts can be considered as a process of the elastic strain energy accumulation,
emancipation, transmission, and occurrence. Tracing to the source, the reasons for large accumulation of elastic strain energy in
coal and rock mass are the high stress of the roof layer that loads on the coal and rock masses around the mining space coupling
effect with the natural horizontal tectonic stress. In this study, using the minimum energy theory and elasticity theory, the
analytical formula for calculating elastic strain energy of the roof cantilever beam structure acting on the coal body load in front of
the working face is deduced. Accordingly, we achieved a method of using hydraulic fracturing to improve the roof structure. In
detail, we use a high-pressure jet to cut the cantilever roof structure, which can make a prelocated fracture surface, and then utilize
the packers to make sure that the injected high-pressure fracturing fluid is propagating along the prelocated fracture surface and
can cut off the cantilever roof structure eventually to prevent rockbursts in advance. Due to the rockburst occurrence mechanism
and the quantitatively elastic strain energy analytical formula, a preconditioning water jet cutting induced fracture surface to
create orientation-controllable hydraulic fracture strategy is proposed to guard against the high hazard caused by the massive
elastic strain energy, which accumulated in the coal body in front of the working face and coal pillar.

1. Introduction

Rockbursts are an instantaneous release of elastic energy of
an overstressed coal and rock mass and have been recog-
nized as one of the most critical dynamic failures in coal
mines [1–6]. In March 2021, more than 27 mines were
ordered to be shut down, which are at great risk of rock-
bursts [7, 8]. -e remaining reserves of these 27 coal mines
reach 1,510,027,000 tons, and the loss of these coal resources
value is about 180 billion U.S. dollars. And the annual ca-
pacity loss reached 34 million tons, which is worth about 2.7
billion dollars.

In recent decades, although the prediction and pre-
vention methods has captured global attention and achieved
rapid development, the actual mechanism of rockburst
process remains unclear yet; especially, the elastic strain

energy quantitative solution to describe the rockburst
propensity for the surrounding rock mass and the coal body
needs to be derived urgently.

Since there are many factors affecting the occurrence
of rockbursts, including in situ stress, mechanical prop-
erties of coal and surrounding rock, seismic disturbance,
and engineering structure [9–17], it is not completely
reliable to predict the rockburst hazard by relying solely
on the impact tendency of coal, rock, or coal-rock
composite specimens. -us, to consider whether the
specific position in the surrounding coal or rock mass of
the caving space has a critical risk of rockbursts, more
efforts should be devoted to investigating the source of
high redistributed stress, especially considering the source
as two aspects, static load stress and dynamic load stress,
where the principle of minimum energy [18] can be
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applied to quantify the elastic strain energy field in the
surrounding coal and rock mass. -erefore, this study
investigates the exact numerical value in the surrounding
coal body and rock mass around the extract space.

Although many international scholars and experts
have proposed a bunch of theories on rockburst occur-
rence hazard and its prevention method [15], the pre-
diction and calculation of rockburst occurrence hazard
are still a serious challenge [16]. Including the “strength
theory” [6], “stiffness theory” (Hudson et al., 1972),
“energy theory” (Salamon, 1964), “rockburst tendency
theory” (Singh, 1988), “three factors theory” (Qi, 1997),
and “rockburst starting theory” (Pan et al., 2012). -ese
theories criteria reveal the qualitative mechanism between
the initiation, transmission, and manifestation of rock-
bursts and the conditions of related factors sufficiently.
However, the quantitative understanding of the elastic
strain energy and its evolution law has not been
researched thoroughly. Based on the research status
above, the objective of our work is to investigate the
quantized impact that dynamic load stress and static load
stress on the elastic strain energy in the surrounding coal
body and rock mass around the extract space. First, we
establish mechanical model of roof cantilever structure.
-en, a quantitative description formula of elastic strain
energy, which plays a decisive role in the whole process of
rockburst, is derived. According to the elastic strain en-
ergy formula, the law of its evolution, when the working
face continues to mining forward and the overlying strata
move repeatedly, is obtained.

To this end, conducting hydraulic fracture method to
weaken the roof structure is a feasible technique to decrease
the elastic strain energy in the high rockburst hazard po-
sition. Due to the extra-thick and rigid rock properties of
basic roof, a number of induced fracturing surfaces should
be preset by water jet cutting method at the target position.
In doing so, continuous basic roof rock mass will be cut off
by fracture surface, and the rockburst potential of the region
below the hydraulic fracturing location is reduced obviously
[19, 20].

2. Occurrence Mechanism and Process of the
Coal Body Rockbursts

Over recent years, rockbursts had an increasingly bad in-
fluence on Chinese coal mines and had proven to be the
most significant and complex dynamic phenomenon in
mine engineering. Elastoplasticly speaking, rockburst of coal
body or rock mass is due to the reason that coal body or rock
mass was compressed to the three-dimensional strength
limit. -en, striking failures and destructions occur in coal
body or rock mass, which consume part of elastic strain
energy stored in the coal body and rock mass originally. -e
rest of elastic strain energy impacts the adjacent coal body
and rock mass by mechanical work elastic wave (see
Figure 1).

We name the main energy-releasing body of a self-
initiated or external dynamic load-triggered rockburst as
coal body A. After coal body A is destroyed by the ex-
cessive external stress, part of the elastic strain energy
stored in A will transfer to the adjacent coal body, which is
called coal body B. B is in limit equilibrium originally
before the elastic energy from coal body A affected. After
the transmission, coal body B is no longer in limit
equilibrium, but cracking caused by the severely me-
chanical work from coal body A. And the elastic strain
energy stored in B will be released to affect the adjacent
coal body C, just like the process when coal body A is
affecting B. -e transfer process from A to B to C is like a
repetitive chain-type cycle, as shown in Figure 2.

-rough the “chain-type” energy transfer between the
microcoal body units, the broken coal near the working
face was impacted into the mining working face forcibly.
Determined by the ultimate elastic strain energy, the
severity of rockbursts in the working face or roadways can
be predicted to a certain extent. Focusing on the solution
of the elastic strain energy stored in the unit coal body in
front of the working face, three-dimensional stress
(σv, σH, σh) and principal stresses (σ1, σ2, σ3) need to be
quantified by a series of constitutive relation equations
using elastic mechanics. According to the measurement
results of in situ stress in some typical mining areas in
Shanxi province, China, estimation formulas of in situ
stress were obtained [7]:

σv � 24500H,

σH � 21500H + 3267000,

σh � 11300H + 1954000.

⎧⎪⎪⎨

⎪⎪⎩
(1)

According to the equilibrium condition,  MA � 0;
 MA � 0, and short cantilever beam force acting on hinged
rock block of coal body in front of working face can be
obtained:

U Ue

Ud

status A
coal body of

rockburst
triggered

region
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coal
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coal body
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energy release

Figure 1: Energy transfer form of elastic strain between microcoal
and rock mass.
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-e concentrated force FB of short cantilever beam in
front of the working face:

FB � 
n

i�1
PiLi + 

n

i�1
Pihi cot β + 2

n

j�2


j−1

i�1
Pihi cot β + FAB ln + 2

n

i�1
hi cot β cos θ⎛⎝ ⎞⎠⎡⎢⎢⎣ ⎤⎥⎥⎦, (3)

where H is buried depth; σv, σH, σh are three in situ
principal stresses (σv along the vertical direction; and σH

and σh along two mutually orthogonal horizontal direc-
tions with maximum and minimum values, respectively)
of the calculated unit coal body before mining activities; L
is the length of the working face; H1 is the thickness of the
bending-subsidence layer; Hi is the accumulated height
from the bending-subsidence layer to the roof of the coal
seam; α is the angle of stratum movement; θ is the rotation

angle of the cantilever beam structure; LB is the fracture
length of the key block; and RT is the tensile strength of the
cantilever beam structure.

In equation (3), P1 is the weight of main roof broken rock
block; P2∼Pn are stresses of each layer moving with the main
roof strata, respectively; l1 is the fracture length of the direct
roof rock strata; l2∼ln are the fracture lengths of each rock
stratum overlying the direct roof, respectively; β is the
fracture angle of rock strata.

status A status B status C

(a)

dynamic disturbance causing
by rotation of rock block

rock block slides

Step sinking

"Chain-type" transmission for elastic
strain energy dissipation

�row the coal in the crushing area
violently to the working face

(b)

Figure 2: A-B-C coal body “chain-type” energy transfer process. (a) Zoning diagram of rock energy storage state. (b) Diagram of energy
transfer process of rockburst.
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Combined with the Mohr–Coulomb criterion and
elastoplastic theory, we introduce formula (2) into formula
(3) to simplify the form:

FB �
1
2x0

RT + RT cot β + 2 RT − RT
′( cot β + FAB x0 + 2hi cot β cos θ( ( 

x0 �
M

2f

1 + sinφ
1 − sinφ

 ln
KcH

τ0 cotφ
1 − sinφ
1 + sinφ

   +
Mυ
2f

· ln K,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(4)

where RT
′ is the tensile strength of the rock strata overlying

the direct roof short cantilever beam hinged structure; M is
the thickness of the coal seam; φ is the internal friction angle;
K is the coefficient of stress concentration; and ] is the
coefficient of horizontal pressure.

-e mechanical model of key block and cantilever beam
is shown in Figure 3:

By analyzing the formulas above, the stress and strain
field distribution in the coal seam in front of the caving space
can be obtained, where the rockburst occurrence results in
high hazard and high elastic strain energy stored zone,
precisely.

3. Elastic Strain Energy and Stress Distribution
Analytical Solution in Status A and Status B

Based on the energy theory and elastic mechanics, the failure
of rock material is the result of energy conversion [16].
Assuming that a unit volume of material deforms by outer
stress and load in a closed system, the energy conversion can
be defined according to the first law of thermodynamics as

U � U
e

+ U
d
, (5)

where U is the energy done by the external stress and Ue and
Ud are the elastic strain energy and dissipation energy,

respectively. For the intact rock mass and coal body, Ue can
be calculated by the following formula:

U
e

�
1
2E

σ21 + σ22 + σ23 − 2μ σ1σ2 + σ2σ3 + σ3σ1(  , (6)

where σ1, σ2 and σ3 are the total stresses in the three
principal stress directions, respectively; E is elastic modulus,
GPa; and μ is Poisson’s ratio.

-us, we need to conduct a derivation using formulas (3)
and (4) to obtain the values of σ1, σ2 and σ3; after that, we can
determine the elastic strain energy distribution in status A
and status B zones as in Figure 4.

Based on the elastoplastic mechanics and its superpo-
sition principle, assume the unit coal body in zone A and B
as homogeneous, isotropic, and intact coal. Stress curve of σz
in front of the working face can be simplified as two straight
lines. And the function expressions of these two straight
lines can be obtained by method of undetermined coefficient
with the three coordinates [21]: (0, q1-cH), (x0, KcH) and
(L2, 0). At this time, the principal stresses of any unitM (x, y)
of coal seam under the stress curve can be obtained as those
aforementioned in formula (6):
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Figure 3: Mechanical model of the key block and cantilever beam. (a) Stress analysis of key blocks. (b) Stress analysis of cantilever structure.
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Variables in formulas (7), (8), and (9) can be expressed as
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(10)

where q1 is swelling stress of the coal seam, MPa; C is co-
hesion, MPa; f is the friction factor between coal seam and
roof and floor.

According to the principal stress deflection formula,
using formulas (7), (8), and (9), the elastic strain energy Ue

can is obtained. Due to the lengthy formula, here is a
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simplified form that can be substituted into the aforemen-
tioned formula for calculation:

U
e

�
1
2E
Δσx + σH(  + Δσy + σv cos α sin θ + σh + Δτxy  + Δσy + σv sin α cos θ 

2


+ Δσx + σH + Δσy + σv cos α 

cos θ + σh + Δτxy + Δσy + σv sin α sin θ
2

+ Δτ2xy − 2μ Δσx + σH + Δσy + σv cos α sin θ

+ σh + Δτxy + Δσy + σv sin α cos θ

Δσx + σH + Δσy + σv cos α cos θ

+ σh + Δτxy + Δσy + σv sin α sin θ

+ Δσx + σH + Δσy + σv cos α cos θ

+ σh + Δτxy + Δσy + σv sin α sin θΔτxy

+ Δτxy Δσx + σH + Δσy + σv cos α sin θ

+ σh + Δτxy + Δσy + σv sin α cos θ.

(11)

-e analysis of the above expressions shows thatUe is not
only related to buried depth H, mining thickness M or
physical and mechanical properties of coal body but also
related to the concentrated stress caused by cantilever beam
structure on coal seam [18].

4. Controllable Factors That Reduce the
Degree of Elastic Strain Energy Accumulation

By changing the load stress on the coal seam, the thickness of
the main roof and direct roof has a significant impact on the
elastic strain energy of the coal body in zone A-B-C. It can be
obtained from formula (11) that the trend of Ue is with the
thickness of the main roof:

Select the actual geological conditions and parameters of
a coal mine: buried depth H is 960m; elastic modulus E is
2.2GPa; Poisson’s ratio μ is 0.3; the mining thickness M is
6.2m; the internal friction angle φ is 42°.

As illustrated in Figure 5(a)–5(c), elastic strain energy
Ue does not increase blindly with the increase of main roof
rock mass’s cohesion.-ere is a tendency thatUe increases
first and then decreases with C, when C increases from
1.0MPa to 1.7MPa, and Ue increases from 1.604 ×106 J to
1.647 ×106 J. -en, with the increase of C from 1.7MPa to
2.5MPa, Ue decreases from 1.647 ×106 J to 1.574 ×106 J
with it.

From the overall trend in Figure 5, the increase in C of
main roof rock mass causes the suspension length of can-
tilever beam structure to gradually transform from “Stress
source objection” to “Stress endurance objection.” -ere-
fore, shortening the suspension length of cantilever beam
structure can reduce the degree of elastic strain energy
accumulation to a certain extent.

Considering the relationship between the thickness ofmain
roof and Ue, elastic strain energy increases with the addition of
thickness from beginning to end and oversized thickness of
main roof strata structure is definitely an adverse condition to
reduce the accumulation of Ue to cut down the hazard of
rockbursts. As shown in Figure 5(b), when thickness increases
from 5m to 15m, Ue increases 1.146×106 J from 9.3×105 J to
2.076×106 J. With similar patterns, tensile strength RT affects
Ue linearly. When RT increases from 1MPa to 2MPa, Ue in-
creases from 7.07×105 J to 1.596×106 J.

Generally, undermining the main roof structure and re-
ducing the weight of the cantilever beam structure is the most
effective method to mitigate the hazard of rockbursts from the
source. At present, presplitting blasting and water jet cutting
roof are both feasible methods to implement. Considering the
dangerousness of presplitting blasting, some mine commands
prohibit the use of presplitting blasting with emulsified ex-
plosive. -erefore, water jet and hydraulic fracturing become
the focus method to prevent rockbursts.
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5. Construction Scheme to Prevent Rockburst
Measures forDirectional PresplittingCutting
Main Roof Using the Water Jet

Hydraulic fracturing was initiated in the oil industry and
is now being used in the cave mining industry diffusely as
a preconditioning method and for solving the problem of
mine dynamic-seismic problems. Hydraulic fracturing
had its first commercial application in 1949 (Clark 1949).
When hydraulic fracturing is used in cave mining for
preconditioning, boreholes are drilled from the surface
or subsurface excavations into the rock mass to create
multiple transverse hydraulic fractures along each
borehole. -ese artificial fractures aim to improve coal
body cave-ability below the hard and thick rock strata
and reduce fragmentation sizes in the rock strata
[17–20, 22].

In order to create orientation-controllable hydraulic
fractures in the hard roof rock mass, here, we proposed an
approach to use water jet to create a prefracturing surface
considering in situ stress effect in the first place.-en, we use
a packer to isolate the position to be fractured and inject
high-pressure fracturing fluid to fracture the hard rock strata
continuously; here, it is termed water jet-hydraulic frac-
turing method [23, 24].

5.1.Hydraulic FractureReorientationunder the Influence of In
Situ Stress Effect. -e in situ principal stress system can be
defined in terms of three orthogonal stresses: σv, σH, σh.
-e geological fault systems are defined (Jaeger and Cook.
1969) on the basis of Coulomb-Mohr theories of shear
failure. According to the relative magnitudes of σv, σH, σh,
there are three stress regimes: Normal-slip fault
(σv > σH > σh) , Reverse fault (σv > σH > σh), and Trans-
current fault (σv > σH > σh) are defined as illustrated in
Figure 6.

When a bore hole is drilled into the rockmass formation,
rockmass stressed by the three stress regimes is transformed.
In addition, the surface orientation of main hydraulic
fracture is severely affected by the difference between three
in situ principal stresses and the types of three regimes. -e
influence relationship is shown in Figure 6 at the right
column.

5.2. Hydraulic Fracture Initiation Criteria. According to
rock fracture mechanics criterion, the fracture initiates at the
bore hole wall when a Type I fracture emerges [21, 25]. -e
parameters in the in situ stress coordinate system are
converted into the parameters of the borehole azimuth
coordinate system as shown in Figure 7 through the fol-
lowing formulas:

σx � σh cos
2
(β) + σHsin

2
(β) cos2(ψ) + σvsin

2
(ψ),

σy � σh sin
2
(β) + σHcos

2
(β),

σz � σh cos
2
(β) + σHsin

2
(β) sin2(ψ) − σvcos

2
(ψ),

τyz � 0.5 σH − σh( sin 2β sinψ,

τzx � 0.5 σhcos
2
(β) + σHsin

2
(β) − σv sin 2β,

τxy � 0.5 σH − σh( sin 2β cosψ.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(12)

σr � Pw,

σθθ � σx + σy − 2 σx − σy cos 2θ − Pw � 4τxy sin 2θ,

σzθ � σz − 2v σx − σy cos 2θ − 4vτxy sin 2θ,

τrθ � τrz � 0,

τθz � 2 −τxz sin θ + τyz cos θ .

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎩

(13)

Based on formulas (12), (13) and the mechanical model
in Figure 7, fractures initiated at an azimuth θcr with the
minimum fluid pressure Pwf can be determined by

Pwf � σx + σy − 2 σx − σy cos 2θcr − 4τxy sin 2θ −
τ2θzcr

σzθcr

.

(14)

-e fracturing fluid injection pressure of pump during
construction can be calculated by the formulas as
aforementioned.

6. Hydraulic Fracturing Cutting Main
Roof System

-e hydraulic fracturing technology equipment system
consisted of a bench frame, a 100MPa plunger pump, a filter,
an in-line pump, and a 250 kW electric motor. All the above-
mentioned electronics parts have explosion-proof enclo-
sures with coal mine safety certification, as shown in
Figure 8.

-e loading rate of fluid pressure could be controlled by
the electric control system from 0 to 100MPa. In addition,
the other parameters of the hydraulic fracturing system are
as follows: motor speed� 1480 r/min, rate flow� 116 L/min,
and piston diameter� 30mm. According to the above pa-
rameters and variables, the water pressure in the bore hole at
the fracturing position can be calculated, and the pressure at
the hole of the water jet can be determined, similarly.

After the low pressure water is pressurized through the
hydraulic fracturing system, the high-pressure water flows
through the jet (Figure 9) to form a high-energy waterline,
which can cut the rock mass into a fracture surface by
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Figure 6: Reorientation effect of in situ stress on fracture propagation. (a) Normal-slip fault fracture propagation. (b) Reverse fault fracture
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10 Shock and Vibration



whirling bore through the combined effects of erosion,
stretching, shearing, and grinding [26–31].

Horizontal and vertical cross-sections of hard roof rock
formations cut by water jet process are shown in Figures 10
and 11.

After the water jet cutting the preset fracture surface
operation is finished, pull out the drill pipe and water jet.
Send the packer into the preset fracture surface position, and
perform high-pressure hydraulic fracturing.

Consider the typical geological conditions of rockburst
coal mines in Shandong province. Select the average geology
parameter as in Table 1.

By taking the geological conditions parameters as the
value in Table 1, the relationship between the maximum
principal stress σ1, elastic strain energy Ue, and the distance
from the coal wall (which is in the front of the working face)
to the calculated position in the deep coal seam I is obtained,
as shown in Figure 12.

From the regular pattern shown in Figure 12, status A is
from 0 to 15m approximately, status B is from 15 to 25m,
and status C is from 25 to 40m.-e peak value of σ1 reaches
36.4MPa, and the maximum value of Ue is 1.3×106 J. -e
changing law of σ1 from status A to b to c is increasing first
and finally decreasing to initial situation stress. Elastic strain
energy reaches the maximum in the junction of status B and
status C.

-e fracture initiation fluid pressure is calculated by
formula (14), combined with the field parameters, where Pwf
should not be less than 36.5MPa to overcome the effects of
three principle stresses and make the preset fracture surface
to propagate. Obviously, the operating pressure of the high-
pressure plunger pump can fully meet this criteria threshold.

For this case, the thickness h of main roof rock mass is
5m.-e length LTof main roof rock mass is 10m. When the
hydraulic fracturing process creates a horizontal fracture
surface in the main roof formation, the thickness h’ of the
main roof formation is reduced to 2.5m. Under these cir-
cumstances, reformed relationship between σ1, elastic strain
energy Ue, and I is shown in Figure 13.

As shown in the figure, status A is from 0 to 8m ap-
proximately, status B is from 8 to 17m, and status C is from
17 to 30m. -e peak value of σ1, Ue reaches 34.7MPa and
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1.1732×106 J, respectively. Whether the peak value or the
average value of σ1 and Ue is obviously less than the value
before the hydraulic fracturing process was conducted.

When the hydraulic fracturing process creates a vertical
fracture surface in the main roof formation, the length LTof
the main roof formation is reduced to 5m. In these con-
ditions, the new relationship between σ1, elastic strain en-
ergy Ue, and I is shown in Figure 14.

-e maximum principal stress and elastic energy values
at each position in front of the working face are presented in
Figure 14. -e length of statuses A, B, and C is not much
different from that of horizontal hydraulic fracturing sur-
face, which is 0–7.3m, 7.3–16.8m, and 16.8–27m, respec-
tively. And compared to creating a horizontal fracture
surface in the main roof formation, the vertical hydraulic
fracturing surface method reduces the peak value of σ1 from
34.7MPa to 26.84MPa.-e peak value ofUe is reduced from
1.1732×106 J to 9.32×105 J significantly.

7. Conclusions

-e following conclusions can be drawn from this study:

(1) Based on the elastic-plastic mechanics, materials
mechanics, and research results of experts and
scholars on rockburst theory previously, the ana-
lytical formula of elastic strain energy in front of the
working face is derived, whereby the partition and its
length of A-B-C coal body “chain-type” energy
transfer process can be obtained. Among the three
statuses, B as the rockburst resistance zone and C as
the rockburst starting zone have decisive influences
on the occurrence and transmission process of
rockbursts.

Table 1: Main parameters of geological conditions and technical conditions.

Name of parameters Symbols Unit Value
Maximum in situ horizontal stress σH MPa 200
Maximum in situ horizontal stress σh MPa 215
Vertical in situ stress σv MPa 250
Buried depth H m 1000
Main roof tensile strength σt MPa 2
Poisson’s ratio of the main roof rock mass formation μ Dimensionless 0.2
Internal friction angle φ ° 42
Elasticity modulus E GPa 2.58
Stress concentration coefficient K Dimensionless 2.5
Average formation volume force c N/m3 25000
Density of the main roof rock mass ρ Kg/m3 2630

3.5×107

2.5×107

4.0×107

3.0×107

2.0×107

1.5×107

-5.0×106 2.0×105

4.0×105

U
e  (J

)8.0×105

1.0×106

1.2×106

1.4×106

6.0×105

0 20 40
Distance I (m)

60 80 100

5.0×106

0.0

1.0×107

σ 1 (P
a)

Figure 12: Relationship between the maximum principal stress σ1,
elastic strain energy Ue and I.

3.5×107

2.5×107

4.0×107

3.0×107

2.0×107

1.5×107

-5.0×106

2.0×105

0.0

4.0×105

U
e  (J

)

8.0×105

1.0×106

1.2×106

6.0×105

0 20 40
Distance I (m)

60 80 100

5.0×106

0.0

1.0×107

σ 1 (P
a)

Figure 13: Relationship between σ1,Ue, and Iwhen themain roof is
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(2) By analyzing the elastic strain energy calculation
analytical formula found that the integrity, strength
properties and thickness of the main roof rock mass
have significant influences on the stockpile and ac-
cumulation of the elastic strain energy. -erefore,
reducing the above three properties of the main roof
rock formation has become a breakthrough to
prevent rockbursts [32, 33].

(3) According to three types of in situ stress and dif-
ferent borehole layout azimuths, hydraulic fracturing
initiation criteria are obtained. -e calculation re-
sults show that our plunger high-pressure water
pump can meet the minimum threshold pressure to
fracture the main roof rock mass and maintain the
continuous propagation of the fracture surface.

(4) -e theoretical calculation values of the different
hydraulic fracturing construction methods, hori-
zontal fracturing and vertical fracturing, are com-
pared. As a result, the vertical hydraulic fracturing
method should be emphasized. -e vertical hy-
draulic fracturing method has the most obvious
effect of reducing the elastic strain energy to decrease
the hazard of rockbursts, and this method is also
convenient to be implemented in construction.
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