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Rockbursts are the sudden release of accumulated energy in surrounding rock of roadway and stope. Current studies on the
rockburst mechanism are primarily focused on underground mining space and mining activities, whereas efforts have rarely
been focused on regional geological dynamics. Mining activities in areas of energy accumulation under the influence of regional
geological dynamics can easily cause mine dynamic disasters such as rockburst. The paper statistically analysed the relationship
between geological dynamic environment factors (mining depth, tectonic stress, vertical crust movement, active faults, and the
ratio of hard rock on the roof) and rockbursts in China and determined the relationship between various factors and the risk of
rockbursts. Using a fuzzy comprehensive evaluation method and an analytic hierarchy process (AHP), a risk assessment method for
rockburst based on the geological dynamic environment was established. This method was applied to assess the rockburst risk for
the Tongxin coal mine in China, and it was evaluated as a weak rockburst risk. The result was consistent with the actual situation.
The method provides a new concept for the evaluation and prediction of rockburst in new coal mines or new mining levels.

1. Introduction
A rockburst is severe dynamical damage caused by the
instantaneous release of elastic deformation energy and is
often accompanied by outbursts of coal rocks and loud
noises. The number of mines experiencing rockburst in China
increased from 32 to 160 during the period from 1985 to 2014
[1]. With increasing mining depth and intensity, coal mining
is suffering from increasingly severe dynamical disasters,
such as rockburst, which largely influence mine safety.
An effective assessment of rockbursts is fundamental for
the targeted prevention of rockbursts. A large number of
research studies have addressed risk assessments of rockbursts in China and abroad. Cai et al. [2] analysed four
indicators (dynamic destruction time, burst energy index,
elastic energy index, and uniaxial compressive strength) and
built a model based on principal component analysis and
fuzzy comprehensive evaluation method to assess tendencies
for rockbursts. Wen et al. [3] evaluated the risk levels of
rockbursts via the ratio of released energy to absorbed energy

in a coal rock system. Wang et al. applied the Seismic CT
technique and built a risk assessment model for rockbursts
along a mining face using the anomaly coefficient and
gradient coefficient of the seismic wave velocity as the main
factors [4–7]. In microseismic monitoring, risk evaluations
and predictions of rockbursts were performed using the
rock stress and destruction states of coal rocks obtained via
released energy and magnitude during coal mining [8–10].
Wang et al. studied the rock compositions, motion patterns,
and stress distributions of an S-shaped strata structure and
investigated a prediction method for rockbursts based on the
theory of strata spatial structure [11]. Pan et al. analysed the
correlations between concentrated static load and rockbursts
and built a risk assessment model for rockbursts [12]. Jiang et
al. combined the overall stability of a roadway, local stability
of the surrounding rocks, and tendency for coal rockbursts
and developed a classification and assessment method for
rockbursts based on the relationship between stress and
the surrounding rocks. This method identified the potential
locations for destruction while reflecting the risk levels for
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rockbursts [13]. Sun et al. proposed an elastic energy criterion
for rockbursts through a discussion of a computation method
for the elastic energy of the surrounding rocks [14]. Pan et
al. predicted a mining rockburst disaster using the drill pipe
torque method, the drilling cutting temperature method, and
the charge-induced technique [15–17]. Cai et al. argued that
two necessary conditions for mining rockbursts are rocks
with high strain energies and mining areas with high stress
environments [18]. They performed a qualitative analysis and
an assessment on the tendency of rockbursts within a deep
mining area using multiple criteria. Lu analysed frequencyspectrum evolutionary rule of microseismic (MS) signals
before and after roof fall and put forward a specific reference
for early warning and evaluating coal rock dynamic disasters
[19–21].
Current studies on rockbursts are primarily focused on
mining areas and mining activities, whereas efforts have
rarely been applied to large-scale regional geodynamic effects.
Regional geological dynamics can lead to the redistribution
of stress and energy in the crust. Mining in the stress and
energy concentration areas can easily cause dynamic disasters, such as rockbursts. Rockbursts are a combined result of
modern tectonic movements and mining activities [22, 23].
A geodynamic environment refers to the stress and energy
environment in which a dynamic disaster can easily occur
under the action of geological dynamics (such as gravitational
stress, tectonic stress, tectonic movement, etc.). This paper
analyses the impact of the geodynamic environment (mining
depth, tectonic stress, vertical movement of the crust, active
faults, and roof lithology) on rockbursts and establishes an
analytical hierarchy process-fuzzy comprehensive evaluation
method for the risk assessment of rockbursts. The Tongxin
coal mine in China was used for verification. The risk
assessment method for rockbursts based on the geodynamic
environment can be used to evaluate the rockburst risks for
new mines and new mining levels.

2. The Relation between Regional Crustal
Stability and Mining Dynamical Disasters
2.1. Geodynamics due to Plate Movements. According to plate
tectonics theory, the crust consists of large plates. As a
result of boundary stresses, the large plates break into giant
blocks, which break into smaller blocks. Consequently, the
crust eventually becomes a complex of blocks at multiple
scales. A mining area falls within a certain block, and the
dynamic environment is influenced by plate movements.
The huge energies generated during plate movements are
transferred via crustal rock media into subplates, blocks,
and mining areas. Tectonic activities can redistribute the
stress and energy within rock strata, which generates regions
with increasing/decreasing stress and accumulating/releasing
energy. A mining dynamical disaster can only occur if energy
accumulates within the coal rocks and then mining initiates
an energy release [25].
2.2. Geodynamic Effects and Mining Dynamical Disasters.
Energy accumulated within a tectonic stress field is the
foundation for a mining dynamical disaster. Mining-induced
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stress and tectonic stress fields are the vital triggers for
dynamical disasters. New balances are achieved during plate
movements via the redistribution of the stresses and energies
within the coal and rock masses [26, 27]. Plate movements
lead to the following four conditions: (1) regions of decreased
stress and released energy, (2) regions in which stress and
energy are simply added, (3) regions of increased stress and
accumulated energy (with critical state maxima), and (4)
regions with energies that exceed the destruction limits for
crustal rocks. Under the first condition, mining does not
produce dynamical influences and is safe. Under the second
condition, certain preventive measures may be applied to
ensure safety. Under the third condition, certain preventive
measures should be applied during mining to ensure safety.
Under the fourth condition, human engineering activities are
irrelevant because energy accumulated within the crust will
be released via, for example, volcanic eruptions, earthquakes,
and tsunamis.
Rockbursts require certain geodynamic environment and
are influenced by multiple factors. Large numbers of mining
projects have illustrated that even when employing almost
the same mining techniques, some mining areas have suffered rockbursts, whereas others have not, which is due to
differences in geodynamic environment. Rockbursts will only
occur when mining in a certain geodynamic environment.

3. Influence of Geological Dynamic
Environment Factors on Rockburst
3.1. Mining Depth. Mining depth is a vital factor that determines whether rockbursts occur. With increasing mining
depth, the vertical stress and the elastic energy both increase
so that the potential for rockbursts also increases [28].
According to the synthetic index method of risk assessment
for rockbursts [29], when h>800 metres, the hazard index
for rockbursts is 3. When h is between 600 metres and 800
metres, the hazard index for rockbursts is 2. When h is
between 400 metres and 600 metres, the hazard index for
rockbursts is 1. When h≤400 metres, the hazard index for
rockbursts is 0, and there is no risk of rockbursts.
According to the above analysis, the results of rockburst
tendency based on mining depth are shown in Table 1.
3.2. Tectonic Stress. Energy accumulations within coal rocks
are a combined effect of stress and deformation, and therefore, stress conditions are a vital indicator of rockbursts [30,
31]. Tectonic stress is generated from tectonic movements and
is normally horizontal stress.
The ratio of maximal horizontal stress to the vertical
stress is defined as the lateral pressure ratio 𝜆 and reflects
the tectonic stress level. The tectonic stress is divided into 4
classes by the lateral pressure ratio 𝜆, that is, a lateral pressure
ratio 𝜆 less than 1.0, greater than or equal to 1.0 and less than
1.3, greater than or equal to 1.3 and less than 2.0, or greater
than 2.0. Based on depth and the lateral pressure ratio 𝜆,
the statistics data of 67 rockburst mines and 63 nonrockburst
mines in China are shown in Table 2. The table shows that
(1) Among the 10 mines with depths of less than 200
m, there is no rockburst mine found in the different lateral
pressure ratios.
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Table 1: Relationship between depth and rockburst risk.

Depth(h)
Risk of rockbursts

h≤400 m
Negligible

400 m<h≤600 m
Slight

600 m<h≤800 m
Moderate

h>800 m
Serious

Table 2: Statistics data of rockbursts coal mines with different 𝜆 value.

Depth /m

0∼200
200∼300
300∼400
400∼500
500∼600
600∼700
700∼800
800∼900
900∼1000
≥1000

𝜆<1
The number
The number
of rockburst
of mines
mines
0
2
1
1
4
2
0
1
0
1

0
0
0
1
1
2
0
1
0
1

1.0≤𝜆<1.3
The number
The number
of rockburst
of mines
mines
4
4
5
7
5
3
4
2
1
7

(2) Among the 31 mines with depths of between 200 m
and 400 m, there are no rockbursts in the 12 mines with the
condition 𝜆 <1.3; there are 6 rockburst mines in the 18 mines
with the condition 1.3⩽ 𝜆 <2, and 1 mine with the condition
𝜆 ⩾2 is a rockburst mine.
(3) Among the 36 mines with depths of between 400 m
and 600 m, there are 2 rockburst mines in the 5 mines with
the condition 𝜆 <1; there are no rockbursts in the 12 mines
with the condition 1⩽ 𝜆 <1.3; 9 out of 12 mines with the
condition 1.3⩽ 𝜆 <2 are rockburst mines; and all 7 mines with
the condition 𝜆 ⩾2 are rockburst mines.
(4) Among the 27 mines with depths between 600 m and
800 m, the 2 mines with lateral pressure ratios less than 1 are
rockburst mines; there are 3 rockburst mines in the 7 mines
with the condition 1⩽ 𝜆 <1.3; 9 of the 11 mines with the
condition 1.3⩽ 𝜆 <2 are rockburst mines; and all 7 mines with
the condition 𝜆 ⩾2 are rockburst mines.
(5) Among the 26 mines with depths greater than 800
m, the two mines with a lateral pressure ratio less than 1
are rockburst mines; 7 out of 10 mines with the condition
1⩽ 𝜆 <1.3 are rockburst mines; there are 12 rockburst mines
in the 14 mines with the condition 1.3⩽ 𝜆 <2; and there is no
statistical data of mines with the condition 𝜆 ⩾2.
The above analysis shows that, in the shallow ground (at
depths of less than 200 m), due to both the low gravity and
low tectonic stress level, there are no rockburst mines. With
the increase of depth (200 m to 400 m), the mines with
lateral pressure ratios greater than or equal to 1.3 experience
rockbursts. As the depth increases to 400 m ∼ 500 m,
the mines with lateral ratio less than 1 become rockburst
mines. At the same mining depth, the greater the lateral
pressure ratio, the higher the proportion of rockburst mines.
Therefore, under the condition that the buried depth is not
taken into consideration, the probability of occurrence of
rockburst is positively correlated with the pressure ratio, and

0
0
0
0
0
2
1
0
1
6

1.3≤𝜆<2.0
The number
The number
of rockburst
of mines
mines
4
9
9
6
6
5
6
10
3
1

𝜆≥2.0
The number
The number
of rockburst
of mines
mines

0
2
4
3
6
3
6
10
1
1

2
1
0
4
3
2
5
0
0
0

0
1
0
4
3
2
5
0
0
0

the relationship between the pressure ratio of the ground
stress and the risk of rockburst is shown in Table 3.
3.3. Vertical Crustal Movement. Figure 1 shows the vertical
crustal deformation rate distribution in China's continental
crust. It can be seen from Figure 1 that the rise is mainly in the
south and the subsidence is mainly in the north; the vertical
crustal movement is strong in the west and weak in the east
[32].
The statistical analysis of the 160 mines with rockbursts
in China is shown in Table 4. The statistics show that
rockburst mines are mostly located in the crustal-rise regions
and relatively violent movement regions, and few mines in
the subsidence regions experience rockbursts. According to
the statistics of 160 rockburst mines in China, there are
101 rockburst mines in relatively violent movement regions
(movement rate -1 mm/a<x<1 mm/a), accounting for 63.13%
of the total. There are 43 rockburst mines located in the
rising area of crustal movement (movement rate x≥ 1 mm/a),
accounting for 26.87% of the total. There are 16 rockburst
mines located in the subsidence area with a crustal movement
rate x<-3 mm/a, accounting for 10% of the total statistical
mines. Therefore, according to the relationship between the
number of rockburst mines and vertical crustal movement,
the rockburst risk at different vertical crustal movement rates
is shown in Table 5.
3.4. Active Fault. Figure 2 shows the distribution of active
faults and rockburst coal mines in China's continental crust.
The statistical analysis illustrated that 93.8% of the 160 mining
areas with rockbursts in China are close to a large active fault.
The influence of the range of activity of the fault structures
can be obtained [33]:
𝑏 = 𝐾 ⋅ 10 ℎ,

(1)
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Figure 1: Map of vertical crustal deformation rate and rockburst mines in China (circular marks stand for rockburst coal mines).
Table 3: Relationship between 𝜆 value and rockburst risk.
The ratio of maximal horizontal
main stress to the vertical stress 𝜆
Risk of rockbursts

𝜆<1

1.0≤𝜆<1.3

1.3≤𝜆<2.0

𝜆≥2.0

Negligible

Slight

Moderate

Serious

According to the Geotechnical Investigation Regulations,
breaks in activity occurred after the mid to late Pleistocene,
and activity has been strong during the Holocene, with
horizontal crustal movement rate v>1 mm/a and historical
earthquake magnitudes M≥7 being categorized as strong
breaks in activity, 0.1 mm/a≤v≤1 mm/a and 5≤M<7 being
categorized as medium breaks in activity, and horizontal
crustal movement rate v<0.1 mm/a and historical earthquake
magnitudes M<5 being categorized as weak breaks in activity.
According to the positional relationship between the
rockburst coal mine and the active faults, the rockburst risk
in different impact areas of active faults can be determined,
as shown in Table 6.
Figure 2: Active faults and rockburst coal mines distribution in
China (triangle marks stand for rockburst coal mines).

where K (=1, 2, 3) is the activity coefficient, and h is the
vertical drop of the fault, m. K=1 when the fault is weak, K=2
when the fault has moderate strength, and K=3 when the fault
is strong.

3.5. Ratio of Hard Rock on the Roof. An important inducer
of rockbursts is the roof strata condition, including the condition of the hard roof and thick overlying strata. Influenced
by the mining conditions, the elastic energy within the thick
hard roof is released dramatically and violently, forming a
dynamic load that can trigger rockbursts.
Related studies have shown that rock strata within 100 m
above the coal seam have a greater impact on the occurrence
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Table 4: Distribution of rockburst coal mines in different crust movement rates.

Vertical crustal movement rate ( mm⋅a-1)
The number of rockburst mines
Vertical crustal movement rate ( mm⋅a-1)
The number of rockburst mines

-6≦x<-5
7
0≦x<1
60

-5≦x<-4
5
1≦x<2
7

-4≦x<-3
4
2≦x<3
8

-3≦x<-2
0
3≦x<4
10

-2≦x<-1
0
4≦x<5
18

-1≦x<0
41

Table 5: Relationship between vertical movement rate and rockburst risk.
Vertical movement rate /( mm⋅a-1)
Risk of rockbursts

-3≦x≦-1
Negligible

x<-3
Slight

x≥1
Moderate

-1<x<1
Serious

Table 6: Risk of rockbursts in different areas of active fractures.
Relationship between mine
position and active fault impact
scope b
Risk of rockburst

x>b

0.5 b <x≦b

0.3 b <x≦0.5b

X≦0.3 b

Negligible

Slight

Moderate

Serious

Table 7: Relationship between the proportion of hard rock and rockburst risk.
The proportion of hard rock
within 100 m of the roof
Risk of rockburst

x<20%

20% ≦x<50%

50% ≦ x<80%

x≥80%

Negligible

Slight

Moderate

Serious

Table 8: The correspondence relationship of rock uniaxial compressive strength Rc and rock hardness.
Rc (MPa)
Hardness

>60
Extra Hard Rock

60∼35
Hard Rock

30∼15
Slightly Soft Rock

15∼5
Soft Rock

<5
Extra Soft Rock

of rockbursts [34].The statistical analysis of 160 typical mines
with rockbursts in China illustrates that as the proportion
of hard rock increases, the strength appears to increase.
Therefore, the rockburst risk corresponding to the proportion
of hard rock above the coal seam was determined, as shown
in Table 7.
Hard strata are categorized by the correspondence relationship of rock uniaxial compressive strength and rock
hardness (Table 8) according to the Engineering Rock Mass
Classification Standards (GB50218-94).

roof could be taken from geotechnical boring data. Tectonic
stress can be taken from in situ stress measurements. The
vertical crust movement rate can be read from Figure 1. The
distance between coal mines and active faults can be obtained
from the figure of active faults in China’s mainland and its
neighbouring regions [35].

4. Rockburst Risk Evaluation Based on Fuzzy
Comprehensive Evaluation Method and
Analytic Hierarchy Process (AHP)

4.2.1. Forming Judgement Matrix (A). The relative importance of the indices (u1, u2, u3, u4, and u5) with respect to the
risk of rockburst can be created according to the experience
and knowledge of experts. The relative importance of the two
indices to the risk of rockburst can be categorized on a scale
ranging from 1 to 9 [36]. A judgement matrix (A) was formed
and its structure is given as follows:

4.1. Determination of an Evaluation Index System for Rockburst. The first step was to structure an index system and
identify the indices. Based on the analysis of the impact
of the geodynamic environment on rockburst, five factors,
such as mining depth(u1), tectonic stress (u2), vertical crust
movement rate (u3), distance between coal mine and active
fault (u4), and the ratio of hard rock in roof (u5), are selected
as evaluation indicators. The index system is given as follows:
U = {u1, u2, u3, u4, u5}

(2)

The index system for rockbursts included one layer. The
indicators of mining depth and the ratio of hard rock in the

4.2. Weights of Indices for Rockburst. The weights of the
rockburst indices are a constant value in different coal mines.
The weights can be obtained using the AHP method. The
process is as follows.

1
[1
[
[
[5
[1
[
𝐴 = [9
[
[1
[
[7
[1

5 9 7 3
1]
]
1 5 3 ]
3]
1
1 1]
]
1
5
3 7]
]
1
1]
3 1 ]
3
7]
]
3 7 7 1
[3
]

(3)
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4.2.2. Calculating Weight Vector (W). The maximum eigenvalue (𝜆max) and the corresponding eigenvector (X={X1,X2,
. . .Xn,}) of the obtained judgement matrix are calculated to
satisfy AX=𝜆X. The weight vector (W) can be attained by
normalizing the eigenvector (X) [37].
The weight vector is
𝑊 = (0.4951, 0.1305, 0.0345, 0.0641, 0.2759) ;

(4)

The maximum eigenvalue is
𝜆 max = 5.2849

(5)

4.2.3. Consistency Check. The random consistency ratio (CR)
is proposed for consistency check.
𝐶𝑅 =

𝐶𝐼
𝑅𝐼

(6)

where (CI) is a consistency indicator, 𝐶𝐼 = (𝜆 max −
𝑛)/(𝑛−1) is the average random consistency indicator, and the
reference values of (RI) for different numbers of n are shown
in Table 9.
When CR < 0.1, the judgement matrix can be considered
to satisfy the consistency condition; otherwise, the matrix
should be adjusted to meet the consistency.
The random consistency ratio is 𝐶𝑅 = 0.0636; judgement
matrix (A) consistency is acceptable.
The weight vector of rockburst is
𝑊 = (0.4951, 0.1305, 0.0345, 0.0641, 0.2759)

(7)

4.3. Determination of the Evaluation Criteria and Rules. The
evaluation criteria of rockburst risk are assumed as negligible,
slight, moderate, and serious.
4.4. Determination of the Fuzzy Relationship Matrix. The
fuzzy relationship matrix is ascertained as
𝑟11 𝑟21 𝑟31 𝑟41 𝑟51

[
]
[𝑟12 𝑟22 𝑟32 𝑟42 𝑟52 ]
[
]
𝑅=[
]
[𝑟13 𝑟23 𝑟33 𝑟43 𝑟53 ]

𝑇

(8)

[𝑟14 𝑟24 𝑟34 𝑟44 𝑟54 ]
R indicates the membership of the ith index belonging to the
jth rank.
The membership function is established according to the
characteristics of the index system. Trapezoidal membership
function and semitrapezoidal membership function models
[38] were selected for the indicators of mining depth (u1),
tectonic stress (u2), distance between coal mine and active
fault (u4), and the ratio of hard rock in the roof (u5). A rectangular and semirectangular membership function model was
selected for the indicator of vertical crust movement rate (u3).
Combining the rockburst risk evaluation data of each factor
in Tables 1, 3, 5, 6, and 7, the corresponding membership
functions can be obtained.
(1) Trapezoidal membership function and semitrapezoidal membership function model is as follows:

Table 9: The reference values of random consistency indicator.
n
RI

1
0

2
0

3
0.58

4
0.90

5
1.12

6
1.24

7
1.32

8
1.41

9
1.45

Class I membership function:
1
{
{
{
{𝑎 −𝑥
𝑟1 (𝑥) = { 2
{
{
{ 𝑎2 − 𝑎1
{0

𝑥 < 𝑎1
𝑎1 ≤ 𝑥 ≤ 𝑎2

(9)

𝑥 > 𝑎2

Class II membership function:
0
𝑥 ≤ 2𝑎1 − 𝑎2
{
{
{
{
{
{ 𝑥 − 𝑎1 + 1 2𝑎 − 𝑎 < 𝑥 < 𝑎
{
{
1
2
1
{
{
{ 𝑎2 − 𝑎1
𝑟2 (𝑥) = {1
𝑎1 ≤ 𝑥 ≤ 𝑎2
{
{
{
𝑎2 − 𝑥
{
{
{
+ 1 𝑥1 < 𝑥 < 2𝑎2 − 𝑎1
{
{
𝑎
{
{ 2 − 𝑎1
𝑥 ≥ 2𝑎2 − 𝑎1
{0

(10)

Class III membership function:
0
{
{
{
{
𝑥 − 𝑎2
{
{
{
+1
{
{
{
{ 𝑎3 − 𝑎2
𝑟3 (𝑥) = {1
{
{
{
𝑎3 − 𝑥
{
{
{
+1
{
{
{
{ 𝑎3 − 𝑎2
{0

𝑥 ≤ 2𝑎2 − 𝑎3
2𝑎2 − 𝑎3 < 𝑥 < 𝑎2
𝑎2 ≤ 𝑥 ≤ 𝑎3

(11)

𝑎3 < 𝑥 < 2𝑎3 − 𝑎2
𝑥 ≥ 2𝑎3 − 𝑎2

Class IV membership function:
0
{
{
{
{𝑥−𝑎
2
𝑟4 (𝑥) = {
{
𝑎
−
𝑎
{ 3
2
{
{1

𝑥 < 𝑎2
𝑎2 ≤ 𝑥 ≤ 𝑎3

(12)

𝑥 > 𝑎3

(2) Rectangular and semirectangular membership function model is as follows:
Class I membership function:
{1
𝑟1 (𝑥) = {
0
{

𝑥 ≤ 𝑎1
𝑥 > 𝑎1

(13)

Class II membership function:
{1
𝑟2 (𝑥) = {
0
{

𝑎1 < 𝑥 ≤ 𝑎2
𝑥 ≤ 𝑎1 𝑜𝑟 𝑥 > 𝑎2

(14)

Class III membership function:
{1
𝑟3 (𝑥) = {
0
{

𝑎2 < 𝑥 ≤ 𝑎3
𝑥 ≤ 𝑎2 𝑜𝑟 𝑥 > 𝑎3

(15)
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Class IV membership function:
{1
𝑟4 (𝑥) = {
{0

𝑥 > 𝑎3
𝑥 ≤ 𝑎3

(16)

4.5. Determination of Comprehensive Evaluation Classes of
Rockburst Risk. By performing the fuzzy composite operation between the set of fuzzy weights and the fuzzy relationship matrix, a comprehensive evaluation vector is established:
𝐵 = 𝑊 × 𝑅 = (𝑏1 , 𝑏2 , 𝑏3 , 𝑏4 )

(17)
Figure 3: Geographical location of Tongxin coal mine.

According to the principle of maximum degree of membership, the corresponding risk level of the largest 𝑏j (j=1, 2, 3,
4) in vector B can be determined.

5. Verification Case
5.1. Overview of Engineering Geology in Tongxin Mine.
Tongxin coal mine is located in Datong coalfield, Northern
China, as shown in Figure 3. No. 3–5 coal seam is mined at
an average depth of 450 m, its thickness ranging from 15 to
18 m, dipping between 1∘ and 4∘ . Mechanized cave mining
technology was applied to the mining face. The longwall
working faces in the Tongxin coal mine are 193 ∼ 207 m wide,
1700∼ 2000 m long, and the average seam thicknesses are 16
m. The overlying strata include fine sandstone, coarse grained
sandstone, siltstone, medium sandstone, and sandy mudstone
(Table 10), among which the sandy rock strata account for
90–95%. Within 100 metres above the coal seam, there are
multiple hard rock strata that are thicker than 10 metres.
The mining depth of coal seam No. 3-5 in the Tongxin
mine is 450 m, the maximum horizontal stress is 20.96
MPa, and the vertical stress is 13.8 MPa. Thus, the ratio of
the maximum horizontal stress to vertical stress is 1.52. The
vertical movement rate of the crust in Tongxin mine is -0.5
mm⋅a-1, which is in the relatively violent vertical movement
area.
The Kouquan fault zone is to the southeast of the
Tongxin coal mine (Figure 4). Its historical seismic level is
6.5 (5≤M<7). Seismic activity occurred after the mid to late
Pleistocene, and severe activity has been observed during
the Holocene, indicating that the fault zone remains active.
According to the Geotechnical Investigation Regulations, the
activity on the Kouquan fault zone is moderate, with K=2.
The elevation difference across the Kouquan fault zone
is approximately 380 metres, and its width of influence is
therefore
𝑏 = 𝐾 ⋅ 10ℎ = 2 × 10 × 380 = 7600 𝑚

(18)

The distance between the edge of the Tongxin coal mine
and the Kouquan fault zone is approximately 1200 metres,
which is smaller than the serious influence width of 0.3b
(7600 m×0.3=2280 m).
During the mining process, strong strata behaviour occurs, resulting in entry deformation and even damage within
a short time frame. It causes roof subsidence (to a maximum

Figure 4: Holocene active segment spread of Kouquan fault. [24].
1, bedrock mountains and basins; 2, gullies and flow; 3, Holocene
active range of Kouquan fault.

of 0.5 m), floor heave (to a maximum of 1.2 m), rib fall, bolt
(cable) support failure, and hydraulic prop breakage upon
entry, as shown in Figure 5. This result reflected the weak
rockburst in the Tongxin coal mine.
5.2. Rockburst Risk Evaluation in Tongxin Mine. According
to the above description, the value of each rockburst impact
factor can be obtained from Table 11.
The fuzzy relationship matrix R can be obtained by combining the sample data from Table 11 and the membership
function of each factor.
0.75

0

0

0

0

𝑇

]
[
[ 1 0.69 0 0 0]
]
[
𝑅=[
]
[0.25 1 0 0.29 0]
[ 0

0.31 1

1

1]

(19)
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Table 10: Geological data of all the strata overlying above the working face.

No.

Rock type

Thickness /m

Compressive
strength/MPa

No.

Rock type

Thickness /m

Compressive
strength/MPa

18.60

15.94

12

Coarse
sandstone

3.90

43.87

13.35

43.87

13

Siltstone

4.95

55.73

7.05

55.73

14

9.60

43.23

3.15

43.87

15

1.80

43.87

4.35

55.73

16

3.15

41.35

11.85

43.87

7.05

41.35

2.55

43.87

15.60

41.35

3.75

55.73

5

No. 3-5 coal
seam
Coarse
sandstone
Siltstone
Coarse
sandstone
Siltstone

6

Sandy mudstone

5.55

41.35

17

7

Siltstone

1.95

55.73

18

8

Fine sandstone

1.65

61.53

19

9

Siltstone
Coarse
sandstone
Siltstone

2.25

55.73

20

Mudstone
Coarse
sandstone
Mudstone
Coarse
sandstone
Sandy mudstone
Coarse
sandstone
Sandy mudstone

14.85

43.87

21

Siltstone

4.35

55.73

1
2
3
4

10
11

Table 11: The value of each rockburst impact factor in the Tongxin coal mine.

Index

Mining depth /m

The ratio of maximal
horizontal main stress to
the vertical stress

Value

450

1.52

Vertical crustal
deformation rate (
mm⋅a-1)

Distance between
mine position and
active fault (b=7600
m)

Ratio of hard rock
on the roof

-0.5

1200

100%

This method for assessing the risk of rockburst breaks
through the limitations of the traditional mining space
research and establishes the relationship between the regional
geological environment and rockbursts. This method provides a new tool for the evaluation and prediction of rockburst in new mines and new mining levels.

6. Conclusions

Figure 5: Hydraulic prop break in entry [24].

Once the fuzzy relation matrix R and the weight vector W
are brought into the fuzzy comprehensive evaluation formula,
the judging vector B can be obtained:
𝐵 = (0.3713, 0.5851, 0.2729, 0.4150) .

(20)

So the degree of membership of rockburst risk’s influence
factors can be shown in Table 12.
According to the principle of maximum subordination,
it can be determined that the Tongxin coal mine is a slight
rockburst mine, which is consistent with the actual situation.

Whether dynamic disasters will occur in a mine depends on
the regional geodynamic environment. Mining activities in
areas of energy accumulation under the influence of regional
geological dynamics can easily cause mine dynamic disasters,
such as rockbursts.
A statistical analysis on some mines with rockbursts in
China was performed. The effects of the impacts of geodynamic factors on rockbursts, including mining depth, tectonic stress, tectonic movements, and fault structure tectonic
subsidence, were determined. An assessment method and an
indicator system for the geodynamic environments for rockbursts were established.
The Tongxin coal mine in Shanxi province was taken as
an example. The assessment method was applied to evaluate
the risk for rockbursts, and the results were consistent with
reality.
The assessment method provides a new method for the
evaluation and prediction of rockbursts in new coal mines or
new mining levels.
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Table 12

Evaluation grade
Degree of membership

Negligible risk
0.3713

Slight risk
0.5851
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