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Abstract
Fault-slip instability due to mining is a critical factor leading to coal bursts. To better understand the impact of fault-slip 
release energy on a coal seam, a static and dynamic numerical calculation model was established using FLAC3D with geo-
logical conditions at a mine longwall face in contact with the fault. The change in coal seam parameters under a dynamic 
fault-slip load was studied, including the change in vibration velocity, displacement, abutment stress, and strain energy 
density. The coal seam impact hazard level was classified with the change in longwall‒fault distance. Meanwhile, the 
numerical simulation results were compared and analyzed with microseismic monitoring records at the mining site to verify 
the accuracy of the results. The results showed that the increase in vibration velocity and displacement under the dynamic 
fault-slip load, and the sudden increase in abutment stress and strain energy density are precursors for coal bursts. As the 
longwall‒fault distance decrease, the coal seam is in a high-stress state, and the internal strain energy accumulates. After the 
dynamic fault-slip load is transferred to the coal seam, the high static and strong dynamic loads are superimposed, leading to 
an increased risk of coal bursts. Additionally, the coal seam stability was analyzed under three influencing factors, including 
the seismic energy, the seismic source location, and the burial depth. This study contributes to a better understanding of 
the mechanism for dynamic fault-slip loading on coal seam disturbance and provides insight into the associated coal burst 
propensity assessment.

Highlights

• A dynamic calculation model for analyzing the stability of the coal seam under fault-slip load was established.
• The theory that destabilization of the coal seam with high static load and strong dynamic load was proposed and verified.
• With the decrease of longwall‒fault distance, the coal seam is in the low coal burst risk, high coal burst risk, and post-

damage stage.
• The stability of the coal seam was analyzed under three influencing factors, including the seismic energy, the seismic 

source location, and the burial depth.

Keywords Fault-slip · Dynamic analysis · Strain energy density · Coal bursts · Numerical analysis

1 Introduction

A coal burst is a sudden dynamic disaster that produces 
deformation and damage in a coal and rock mass while vio-
lently releasing energy. With the gradual expansion of coal 
mining into deeper and more geologically complex areas, 
coal bursts have become increasingly prominent, seriously 
limiting safe and efficient production in coal mines (Dai 
et al. 2021; Dou et al. 2014; He et al. 2018).

 * Minghui Cao 
 mhcao@cumt.edu.cn

1 State Key Laboratory for Geomechanics and Deep 
Underground Engineering, China University of Mining 
and Technology, Xuzhou 221116, China

2 College of Energy and Mining Engineering, Shandong 
University of Science and Technology, Qingdao 266590, 
China

http://crossmark.crossref.org/dialog/?doi=10.1007/s00603-023-03224-3&domain=pdf


3318 M. Cao et al.

1 3

According to the characteristics of coal mine engineering, 
coal bursts could be classified into three types with respect 
to site-specific geological conditions. Type I: Coal bursts 
induced by material failure; Type II: Coal bursts induced by 
hard roof or floor; and Type III: Coal bursts induced by tec-
tonic structures (Jiang et al. 2017a). Mining in the vicinity 
of a fault can induce coal burst disasters. The Rudna Mine 
in southwestern Poland was mined deeper than 1150 m, and 
a fault-slip due to mining activity resulted in the release of 
2.84 ×  109 J of energy, producing a local earthquake with a 
magnitude of 4.2 (Lizurek et al. 2015). Among the 50 coal 
burst accidents that occurred in the Longfeng coal mine, 
72% occurred under the influence of faults, and 62% of the 
accidents occurred in the roadway near the fault (Kong et al. 
2019). A coal burst due to a fault in the Qianqiu coal mine 
caused the death of 10 people and left 75 people trapped 
underground (Li et al. 2014). In a fault-slip coal burst, min-
ing-induced fault-slip activation releases energy and causes 
damage to the coal and rock mass. Fault-slip coal bursts 
involve a significant energy release and serious destruction, 
and they are difficult to prevent (Li et al. 2019). The exist-
ence of fault structures significantly restrains the security 
of coal mining.

Microseismic monitoring and physical model tests can 
help effectively assess fault-slip coal burst accidents. This 
technology, including microseismic monitoring systems 
(Lu et al. 2019; Cheng et al. 2019) and seismic tomography 
(Wang et al. 2017a; Cai et al. 2014), can help investigate 
microseismic energy events around a fault in contact with a 
working face, and analyze the energy release process of fault 
activation. A similar simulation test has been used to study 
the overburden movement, abutment stress, and change in a 
fault displacement field and stress field when the longwall 
face in retreat mining encounters a fault (Jiang et al. 2017b; 
Wang et al. 2019). Wang et al. (2020) studied the evolution 
pattern of fault activation energy field based on stress and 
acoustic emission monitoring instruments. Energy accumu-
lates before a fault-slip, and a large amount of energy is 
released at the moment of fault-slip.

The sudden change in a stress state caused by mining is 
the fundamental reason leading to fault-slip (Li et al. 2016, 
2021). It is well accepted that a fault-slip will lead to a sud-
den drop in shear stress, release a large amount of energy, 
and trigger seismic waves (Brace et al. 1966; Ortlepp 2000; 
Sainoki et al. 2014a; 2015). Seismic source parameters, 
namely the seismic moment and moment magnitude, can 
be used to evaluate fault-slip risk (Xing et al. 2020). Sai-
noki et al. (2014b; c) investigated the effect of fault surface 
roughness on the magnitude of the seismic moment and fault 
activation release energy. Wei et al. (2020, 2021) analyzed 
the magnitude of the energy released during fault activation 
when the longwall face advanced in the fault direction and 
also studied the effect of the change of fault parameters on 

the energy release of the fault. However, numerical analyses 
under static conditions are unable to investigate the impacts 
of fault-slip vibration waves on the stability of underground 
mining. As a result, research on the effects of fault activation 
and dynamic loading on coal and rock mass disturbances 
has been carried out. Wang and Cai (2017b) investigated 
the effect of seismic waves on the excavation of a cavern. 
Sainoki et al. (2018) analyzed the damage around an under-
ground cavern caused by seismic waves due to fault-slip and 
proposed a plastic strain energy damage assessment method. 
Gao et al. (2021) analyzed the characteristics of fault-slip 
seismic waves and the effect of seismic waves on rockbursts 
triggered by dynamic processes. Jiang et al. (2020) calcu-
lated the magnitude of a fault activation seismic moment by 
static and dynamic numerical simulation and analyzed the 
influence of seismic waves on the disturbance of coal and 
rock mass in mining longwall face to determine the coal 
burst potential.

In summary, the fault-slip mechanism and fault acti-
vation release energy under mining induction have been 
widely investigated. Nevertheless, the perturbation effect of 
dynamic fault-slip load on coal seam have not been widely 
discussed. This study, numerical methods are used to focus 
on the impact of fault-slip vibration on longwall mining dis-
turbance. A 3D model is built with FLAC3D to analyze the 
coal burst potential induced by the activation and release of 
the energy in a fault during a retreat-mining operation. The 
numerical model evaluates the coal seam stability under the 
influence of fault-slip seismic energy, including the vibra-
tion velocity, vibration displacement, abutment stress, and 
strain energy density (SED). Next, the results are compared 
with field microseismic monitoring to verify the reliability 
of the numerical simulation. Meanwhile, the stability of the 
coal seam is analyzed under different conditions of seismic 
source energy, seismic source location, and mining depth. 
This investigation provides some theoretical explanation of 
the mechanism of coal bursts induced by fault reactivation.

2  Engineering Background

2.1  Longwall Face Introduction

The Yuejin coal mine is located in the Yima coalfield, Yima 
City, Henan Province, China, as shown in Fig. 1. The F16 
large reverse-thrust fault is located at the southern boundary 
of the Yima coalfield, which leads to complex geological 
conditions in the coalfield. The F16 reverse-thrust fault is 
formed under huge compaction and the over thrusting effect 
of the thrust-nappe tectonic system (Lu et al. 2019). Small 
associated faults are extremely developed in the coalfield 
due to the influence of F16 faults.



3319A Numerical Analysis of Coal Burst Potential After the Release of the Fault-Slip Energy  

1 3

The mining depth of the 25,110 longwall face in the 
Yuejin coal mine is approximately 800‒1200 m. The thick-
ness of #2‒1 coal seam is 7.4‒13.8 m with an inclination 
angle of 12°. The immediate roof is mudstone of 18 m 
thickness, the primary roof is sandstone of 190 m thick-
ness, the immediate floor is mudstone of 4 m thickness, and 
the primary floor is sandstone of 26 m thickness. To the 
north of the 25,110 longwall face is the 25,090 longwall 
face, and the south approaches the F16 fault. F16 reverse-
thrust fault trending in the EW direction, with a fault dip 
of 30°‒75°. The dip angle of the F16 fault near the 25,110 
face is 50°‒65°.

2.2  Microseismic Monitoring

Using a microseismic monitoring system, the microseis-
mic events generated during excavation and initial mining 
were evaluated at the 25,110 longwall face of the Yuejin 
coal mine affected by the F16 reverse-thrust fault, as shown 
in Fig. 2. Figure 2a shows that low-energy seismic source 
events (E <  103 J) were generated during the initial exca-
vation stage of the roadway due to far away from the F16 
fault. As the distance between the excavation position 
and the fault became less than 100 m, the seismic source 

density gradually increased, and a large number of micro-
seismic events exceeding  105 J were generated, even reach-
ing  106‒107 J. In addition, almost all high-energy sources 
(E >  105 J) were clustered around the F16 fault zone closest 
to the 25,110 longwall face. Therefore, continuing excava-
tion produces disturbing effects, activating fault instability 
and thus inducing a large number of high-energy microseis-
mic events.

Figure 2b shows the microseismic monitoring records 
during the retreat-mining operation of the longwall face. The 
distance between the mining longwall face and the F16 fault 
gradually increased. At the beginning of mining, the long-
wall‒fault distance was less than 100 m. The disturbance 
generated by mining, as well as the change in the original 
rock stress and the collapse of the overlying rock layer after 
mining, led to the activation and destabilization of the F16 
fault. A fault-slip releases a large amount of energy and 
generates a significant number of high-energy microseismic 
events. Therefore, microseismic events near the fault with 
energy levels of  107 J or even greater than  108 J were gener-
ated at the onset of mining. As the longwall‒fault distance 
increases, the density of microseismic events decreases, and 
the energy level of the source also reduces to  105 J.

Fig. 1  Overview of Yima coal 
mine field location
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Fig. 2  Planar distribution of microseismic sources during excavation and initial mining at the 25,110 longwall face. a Excavation periods. b Ini-
tial mining periods (According to Lu et al. 2019)
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2.3  ′8.11' Impact Accident

On August 11, 2010, the "8.11" severe coal burst accident 
occurred at the early stage of mining of the 25,110 longwall 
face, with a seismicity magnitude of 2.7 and released energy 
of 9 ×  107 J. Figure 3 shows the location of the "8.11" impact 
accident. The coal burst accident occurred at 32 m along the 
lower roadway, resulting in damage to the 362 m long road-
way. At the time of this accident, the distance between the 
longwall face and the fault was less than 100 m. Fault-slip 
was an essential factor leading to this accident.

3  Simulation Methodology

3.1  Static Analysis Model

Although the coal burst site location shown in Fig. 3 is 
located at the entry ribs, the impact essentially is a change in 
the stability of the coal seam below the fault during the min-
ing influence. Therefore, in this study, a simplified version of 

the numerical calculation model is established using FLAC 
to simulate and analyze the stability of the coal seam as the 
longwall‒fault distance decreases. The FLAC3D numerical 
model is established according to the geological conditions 
of the 25,110 longwall face, and static and dynamic analy-
ses are carried out. Figure 4 shows the model with dimen-
sions of 450 m (length) × 400 m (width) × 140 m (height). 
The depth of the simulated coal seam is 800 m. A vertical 
stress of 16 MPa is applied at the top boundary of the model 
by assuming a rock density of 2500 kg/m3 above the coal 
seam. The side pressure coefficient is 1.2. The fault surface 
is established using the interface command, with a fault dip 
of 50° and a drop of 10 m. The Mohr‒Coulomb strength cri-
terion is used in the model, the coal and rock parameters are 
shown in Table 1, and the Coulomb shear model is adopted 
for the fault surface. The main mechanical parameters of the 
fault (Jiao et al. 2021; Li et al. 2021) are as follows: normal 
stiffness is 5 GPa, shear stiffness is 2 GPa, friction angle is 
15°, and cohesion is 0.3 MPa.

In the static analysis model, the bottom boundary of the 
model is fixed, the top boundary is free, and the surrounding 

Fig. 3  “8.11” impact accident 
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boundary is fixed in the horizontal direction and free in the 
vertical direction. The longwall face is advanced from the 
left of the model in the x-axis direction, and the mining 
width is 140 m with a depth of 20 m. Due to the boundary 
effect, the mining area is not less than 50 m from the model 
boundary. As shown in Fig. 5, a monitoring line is arranged 
inside the coal seam in front of the longwall face to monitor 
the changing internal parameters, such as vibration veloc-
ity, vibration displacement, abutment stress, and SED. Four 
monitoring points are arranged on the fault face, and the 
monitoring points are located at 70 m, 45 m, and 20 m from 
the roof of the coal seam, and 20 m from the floor of the 
coal seam, as indicated by points 1, 2, 3, and 4, respectively.

The user-defined FISH program implements the calcula-
tion of SED. The equation for calculating the SED in the 
FLAC3D model is as follows

where σ1, σ2, σ3 are the maximum, intermediate and mini-
mum principal stresses; v and E0 are the Poisson's ratio and 
the elastic modulus, respectively.

Static analysis process: (1) Establish the initial model, 
and set up monitoring points and monitoring lines. (2) Initial 
stress field balance, speed and displacement reset. (3) Pro-
gressive excavation of the longwall face, and static calcula-
tion balance. (4) Output monitoring data.

(1)W =
[
�2

1
+ �2

2
+ �2

3
− 2�

(
�1�2 + �2�3 + �3�1

)]
∕2E0,

3.2  Validation Analysis of Static Analysis Model

The Coulomb shear model is adopted for the fault surface. 
According to the Coulomb shear strength criterion, the shear 
force Fs max required for the relative sliding of the contact 
surface can be obtained as (Itasca 2009):

where Fs max is the maximum shear strength; c is the cohe-
sive strength; ϕ is the interface friction angle; Fn is the nor-
mal force calculated from the numerical step.

When the shear force on the contact surface is greater 
than or equal to the maximum shear force (Fs ≥ Fs max), the 
state of the interface nodes changes to the Coulomb slip 
state.

Figure 6 shows the process of fault-slip when the long-
wall‒fault distance decreases. The fault-slip when the 
longwall‒fault distance is less than 120 m. When the long-
wall‒fault distance is 100 m, 80 m and 60 m, the fault at 
the location of monitoring points 1, 2 and 3, respectively, 
undergoes fault-slip, as shown in Fig. 6c, d, e. The fault at 
the floor plate slips when the longwall‒fault distance is 0 m, 
as shown in Fig. 6h. The shear-slip area of the entire fault 
gradually increases as the longwall‒fault distance decreases.

(2)Fsmax = cA + Fn tan�,

Table 1  Rock mass properties Lithology Density (kg/m3) K (GPa) G (GPa) c (MPa) φ (°) σt (MPa)

Sandstone1 2650 14.2 9.7 6.5 35 4.2
Mudstone1 2530 6.2 3.9 3.0 32 1.5
Coal 1450 1.8 1.2 1.4 28 1.2
Mudstone2 2550 6.7 4.2 3.2 33 1.7
Sandstone2 2650 14.2 9.7 6.5 35 4.2

Fig. 5  Diagram of monitor-
ing points and monitoring line 
arrangement. The monitoring 
points are located at 70 m, 
45 m, and 20 m from the roof of 
the coal seam, and 20 m from 
the floor of the coal seam, as 
shown in points 1, 2, 3, and 4. 
The rib and the peak abutment 
stress area at 35 m ahead of 
longwall face is the key area of 
coal seam studied in this study
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At the time of the "8.11" severe coal burst accident, the 
distance between the longwall face and the fault was less 
than 100 m. Therefore, the numerical simulation results are 
in good agreement with the field monitoring results.

The shear stress evolution process of the fault can effec-
tively reflect the fault stability (Wei et  al 2020; Wang 
et al 2021a, b). Figure 7a shows the evolution of the shear 
stress at monitoring point 2 as the longwall‒fault distance 
decreases. The shear stress at point 2 diminishes gradually 
as the longwall‒fault distance decreases to 140 m. When 
the longwall‒fault distance is 140‒80 m, the shear stress 
increases rapidly at first, and then gradually reaches the 
peak (2.92 MPa) at 80 m and drops suddenly. The shear 
stress decreases continuously as the longwall‒fault distance 
decreases below 80 m.

Figure 7b shows that the shear stress trend at points 1, 3 
and 4 is similar to that of point 2 as the longwall‒fault dis-
tance decreases. When the longwall‒fault distance is 100, 
80, 60 and 0 m respectively, the shear stresses at points 1, 2, 

3 and 4 reach the peak strength and drop abruptly, leading 
to fault-slip destabilization.

Comparing Figs. 6 and 7, it can be seen that the shear 
stress trend is consistent with the slip process of the interface 
contact surface in the fault.

The sudden increase in shear stress is a precursor to fault-
slip instability (Wang et al 2021b). As the longwall‒fault 
distance decreases, the maximum shear strength of the fault 
gradually decreases due to the influence of mining. Fault-
slip occurs as the shear stress exceeds the maximum shear 
strength (Fs ≥ Fs max). The fault-slip will lead to a sudden 
drop in shear stress, release a large amount of energy, and 
trigger seismic waves (Brace et al. 1966; Ortlepp 2000; Sai-
noki et al. 2014a; 2015).

3.3  Dynamic Analysis Model

Dynamic research is employed to analyze the stability of 
the coal seam under the influence of fault activation energy. 

Fig. 6  The process of fault-slip when the longwall‒fault distance decreases. a-h The fault distance at the longwall face is 140, 120, 100, 80, 60, 
40, 20, 0 m
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Fig. 7  Shear stress change law with the longwall‒fault distance decrease. a Shear stress change law of monitoring point 2. b Shear stress change 
law of monitoring points 1, 2, 3 and 4
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Figure 8 shows the direction of the interface contact sur-
face in FLAC3D, where n is the normal direction, d is the 
dip direction, and s is the strike direction. When shear-slip 
instability occurs in a fault, a pair of shear stresses parallel 
to the fault surface and another pair of stresses perpendicular 
to the fault surface are released (Gao et al. 2021). In other 
words, the released fault-slip energy is not only in the dip 
direction of the fault plane but also in the normal direction 
of fault plane. Therefore, when the dynamic fault-slip load 
is applied to the interface contact surface, vibration waves 
along the normal and inclined directions of the contact sur-
face simulate the process of fault activation release energy.

The vibration waveform is different under various rupture 
modes such as coal seam rupture, roof fracture, and fault-
slip. The impact vibration wave generated by a fault-slip has 
a more prolonged action time and a higher peak intensity. 
In general, the source peak vibration velocity for fault-slip 
shock waves is in the range of  100 m/s.

As shown in Fig. 2, a large amount of energy is released 
around the F16 fault, while mining the 25,110 longwall face. 
Most of the microseismic energy is less than  106 J, but there 
are also high-energy microseismic events with energy greater 
than  107 J. Therefore, a seismic source energy of  107 J is 
selected analyze the effect of the dynamic load of fault activa-
tion on the coal seam disturbance and simultaneously verify 
the reasonableness of model parameter selection.

The seismic source is generated by fault activation slip, 
so the velocity waveform can be used to establish the source 
function (Liu et al. 2019). The source time function of the 
velocity wave is set according to Eq. (3).

where A0 represents the source peak vibration velocity, 
according to the fault activation release energy size, refer to 
Table 2 to set the value; f is the vibration wave frequency, 

(3)A(t) =

⎧
⎪⎨⎪⎩

1

2
A0

�
1 − cos (2𝜋ft)

�
0 ≤ t ≤ 0.1

0 t > 0.1,

taking the value of 10 Hz, dynamic load action time is one 
cycle 0.1 s.

According to the results in Sect. 3.2, the fault at the loca-
tion of monitoring points 1, 2 and 3 undergoes fault-slip 
when the longwall‒fault distance is 100 m, 80 m and 60 m, 
respectively. Therefore, the dynamic load position is applied 
to the fault at 45 m above the coal seam, as indicated by 
point 2 in Fig. 5.

To reduce the reflection of seismic waves during the 
model calculation and to improve the calculation accuracy, 
it is necessary to choose reasonable boundary conditions in 
FLAC3D for dynamic analysis (Jiang et al. 2020). The quiet 
boundary is used to reduce wave reflections at the bound-
ary. The quiet boundary of the model is equipped with an 
independent damping device (mechanical viscosity damping 
device) in the normal and shear directions that can effec-
tively absorb the energy of the seismic wave when the inci-
dent angle is greater than 30° (Itasca 2009). Considering the 
self-oscillation effect of the material, Rayleigh damping is 
chosen for the dynamic analysis. For geotechnical materials, 
the critical damping ratio is generally 2‒5%. The Mohr‒
Coulomb elastic–plastic constitutive model is used in the 
dynamic analysis, and the energy is dissipated in the plastic 
flow phase, so the critical damping ratio is set to 5%, and the 
minimum center frequency is set to 250 Hz.

Dynamic analysis process: (1) Call static calculation 
results. (2) Set dynamic on, and apply dynamic load. (3) 
Balance of dynamic calculation. (4) Output monitoring data.

4  Stability Analysis of Coal Seam Under 
Fault‑Slip Load

This section discusses the results of fault-slip load distur-
bance on coal seam, mainly focusing on the vibration veloc-
ity, displacement, abutment stress, and SED indicators.

4.1  Vibration Velocity

Under the influence of mining, fault-slip release energy, and 
the energy is transferred outward in the form of a shock 

Fig. 8  Interface contact direction (Itasca 2009)

Table 2  Shock wave parameter selection

No Energy (J) Density (kg/m3) Wave velocity 
(m/s)

A0 
(m/s)

1 104 2500 4300 0.93
2 105 2500 4300 2.71
3 106 2500 4300 5.58
4 107 2500 4300 9.30
5 108 2500 4300 15.10
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wave. When the shock wave reaches the coal seam in front 
of the longwall face, the vibration speed of the coal seam 
increases, resulting in a decrease in the stability of the coal 
and rock mass.

Figure 9 shows the fault-slip velocity propagation graph 
when the longwall‒fault distance is 80 m. After the dynamic 
load is applied, the vibration velocity wave propagates to the 
rock layers above and below the fault and dissipates rapidly. 
At a propagation time of 0.05 s, the vibration wave begins to 
have a disturbing influence on the coal seam in front of the 
longwall face. As the propagation time increases to 0.10 s, 

the vibration velocity of the coal seam increases, and the 
dynamic fault-slip load has a more significant disturbance 
effect on the coal seam. When the propagation time exceeds 
0.20 s, the influence of the dynamic fault-slip load on the 
coal seam is gradually weakened.

Figure 10 shows the vibration velocity curve in the peak 
abutment stress zone at different phases of mining. The 
peak abutment stress area is introduced in the later analysis 
(Sect. 4.3). After the action of the dynamic load for 0‒0.2 s, 
the vibration velocity in the peak abutment stress zone 
appears to have large fluctuations. When the longwall‒fault 

Fig. 9  Cloud diagram of velocity propagation at the longwall‒fault distance is 80 m. a Time is 0.01 s. b Time is 0.05 s. c Time is 0.10 s. d Time 
is 0.20 s. e Time is 0.50 s. f Time is 1.0 s
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Fig. 10  Vibration velocity variation curve with the longwall‒fault distance decrease. a Longwall‒fault distance is 200‒100 m. b Longwall‒
fault distance is 80‒0 m
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distance is 200 m, 140 m, and 100 m, the distance between 
the hypocenter of the earthquake and the rib of the longwall 
face is 169.73 m, 113.46 m, and 79.05 m, respectively, and 
the peak particle velocity (PPV) of the peak abutment stress 
zone is 0.14 m/s, 0.22 m/s, and 0.78 m/s, respectively. There-
fore, with the decrease in the longwall‒fault distance, the 
PPV increases. When the longwall‒fault distance is 80 m, 
the hypocenter is closer to the longwall face at a distance 
of 64.31 m, and the PPV reaches 1.41 m/s. With the long-
wall‒fault distance continuing to decrease from 80 to 0 m, 
the PPV does not significantly increase and remains stable 
at approximately 1.0 m/s.

Brinkmann (1987) stated that a PPV of approximately 
1.0 m/s is sufficient to induce a coal burst, resulting in 
severe roadway or rock fall deformation. In particular, the 
frequency of coal bursts is associated with high PPV values 
in overstressed coal seam zones (Mutke et al. 2015). The 
PPV is less than 0.78 m/s when the longwall‒fault distance 
exceeds 100 m, resulting in a lower risk of coal burst. When 
the longwall‒fault distance is less than 80 m, the fault-slip 
position is closer to the longwall face, and the PPV reaches 
1.41 m/s, as shown in Fig. 10b. Hence, it can be assumed 
that when the seismic source is far from the longwall face, 
the vibration waves dissipated in the transmission, and there 
is no significant effect on the coal seam. However, when 
the longwall‒fault distance is less than 80 m, the seismic 
wave has a significant perturbation effect on the coal seam. 
Seismic hazard criteria based on the analysis of one seismic 
parameter can lead to incorrect or low-quality estimations of 
seismic and coal burst hazards (Mutke et al. 2015). For this 
reason, further analyses of coal burst hazards using abutment 
stress, SED and other indicators will be carried out later.

4.2  Displacement in the Rib of Longwall Face

Plastic damage occurs to the rib in front of the longwall face 
after mining. Rib damage produces displacement toward the 
free surface direction, resulting in displacements that are 
skewed toward the panel. The vibration velocity of the coal 
seam increases due to the influence of the dynamic load due 
to fault activation, which intensifies the damage to the rib. 
Therefore, by analyzing the magnitude of horizontal dis-
placement in the rib of the longwall face, the damage of the 
coal and rock mass can be derived, and the danger can be 
judged.

Figure 11 presents the horizontal displacement curve of 
the rib with the longwall‒fault distance. When the long-
wall‒fault distance is greater than 80 m, the barrier effect of 
the fault on mining is not clear, and there is only minor dam-
age to the rib. When the longwall‒fault distance is 60 m, 
the rib is under a greater load from the combined effect of 
relative fault-slip and extra-thick rock strata, and is in the 
ultimate stable state. After the dynamic fault-slip load, the 
plastic destruction area of the rib increases, which leads to 
a larger displacement of the rib. When the longwall‒fault 
distance is less than 40 m, the rib shows clear plastic failure 
and large displacement under the influence of mining. The 
dynamic load has a weak effect on the rib disturbance that 
has already caused plastic damage. Therefore, the increment 
of horizontal displacement for a rib under dynamic load is 
small.

From the content in Sect. 4.1, it can be seen that the 
vibration velocity fluctuates significantly within 0‒0.2 s 
after the seismic wave is applied. At the same time, the rib 
is affected by the dynamic fault-slip load when the seismic 
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wave acts for 0‒0.2 s, and a large displacement occurs along 
the horizontal direction, as shown in Fig. 11b. The dynamic 
fault-slip load can have a large impact on the coal seam in a 
short period of time.

4.3  Abutment Stress

Figure 12 shows the evolution of abutment stress in the 
coal seam at different phases of mining under static and 
dynamic loadings. The abutment pressure peak area is 
located 5‒10 m in front of the longwall face. Before the 
dynamic fault-slip load, the peak abutment stress (PAS) of 
the coal seam is 34.2 MPa, 35.0 MPa, and 38.1 MPa when 
the longwall‒fault distance is 200 m, 140 m, and 80 m, 
respectively, as shown in Fig. 12a. It can be seen that 
with the decrease in the longwall‒fault distance, the PAS 
gradually increases. When the longwall‒fault distance 
is 60 m and 20 m, the PAS is 38.2 MPa and 37.6 MPa. 
When the longwall‒fault distance is less than 80 m, the 
change in PAS is insignificant and remains approximately 
37‒38 MPa. The increased load from the combined effect 
of the fault-slip and extra-thick rock strata movement 
causes the abutment stress of the coal seam to increase. 
Therefore, when the longwall‒fault distance is less than 
80 m, the coal seam appears to concentrate the stress, lead-
ing to a risk of coal burst.

The abutment stress of the coal seam is affected by the 
dynamic fault-slip load, as shown in Fig. 12b. When the 
longwall‒fault distance is greater than 100 m, the PAS of 
the coal seam shows a subtle change due to the effect of 
energy attenuation. The PAS is 44.7 MPa and 47.6 MPa, 
respectively, when the longwall‒fault distance is 80 m and 
60 m, with the dynamic fault-slip load disturbance; the PAS 

increases by 6.6 MPa and 9.4 MPa, respectively, compared 
to the situation without a dynamic load. The sharp increase 
in PAS of the coal seam leads to significant coal burst poten-
tial. When the longwall‒fault distance is 40, 20, and 0 m, 
the PAS decreases by 2.5 MPa, 11.4 MPa, and 8.0 MPa, 
respectively, after the dynamic load, which are decreases of 
6.7%, 30.3%, and 21%, respectively. The abutment stress of 
the coal seam drops suddenly, which indicates that the coal 
seam has plastic damage.

4.4  SED

The SED index is an essential indicator for analyzing the 
safety of coal and rock mass (Wang et al. 2015; Miao et al. 
2016; Xiao et al. 2021). When affected by mining activi-
ties, fault-slip events release large amounts of energy and 
trigger seismic waves (Sainoki et al. 2014a; Jiang et al. 
2020). Consequently, the law of SED change in a coal 
seam after a dynamic fault-slip load is investigated.

Figure 13 shows the distribution pattern of the SED 
stored inside the coal seam before and after the dynamic 
fault-slip load at different phases of mining. After the 
action of the dynamic load, the SED remains stable at a 
longwall–fault distance of 100 m, concentrates and accu-
mulates at a distance of 80 m, and releases suddenly at a 
distance of 20 m. To analyze the magnitude of the change 
in SED values before and after the action of dynamic load, 
monitoring lines are arranged inside the coal seam, as 
shown in Fig. 13a-1.

Figure 14 shows the magnitude change of SED in the coal 
seam before and after the dynamic load. When the long-
wall‒fault distance is 200 m, the peak strain energy density 
(PSED) inside the coal seam is 177.49 kJ/m3 and 172.91 kJ/
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Fig. 12  Evolution of coal seam abutment stress before and after dynamic load. a Before dynamic load. b After dynamic load
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m3 before and after the action of the dynamic load, as shown 
in Fig. 14a. The position of the PSED remains relatively 
stable. Therefore, the effect of dynamic load on coal seam 
disturbance is insignificant. The coal seam exhibits strain 
energy accumulation when the longwall‒fault distance is 
100 m, which is affected by the relative slip and barrier effect 
of the fault. The PSED stored inside the coal seam before 
the impact of dynamic load disturbance is 238.82 kJ/m3; 
after the dynamic load, the PSED decreases to 230.72 kJ/
m3. Strain energy accumulation occurs inside the coal seam 
20‒60 m in front of the longwall face. It can be seen that the 
coal seam accumulates energy and remains stable.

The PSED increases from 249.10 kJ/m3 to 328.04 kJ/m3 
after the dynamic load when the longwall‒fault distance is 

80 m, as shown in Fig. 14c. The PSED increases sharply, 
and its position extends to the inside of the rib. Strain energy 
accumulation occurs inside the coal seam 8‒40 m in front 
of the longwall face. When the longwall‒fault distances are 
40 m, 20 m, and 0 m, the PSED is 243.62 kJ/m3, 241.15 kJ/
m3, and 242.88 kJ/m3 before the dynamic load, respectively; 
after the dynamic load, the sudden drop in PSED is 45.61 kJ/
m3, 113.92 kJ/m3, and 77.23 kJ/m3, respectively.

As the longwall‒fault distance decreases, the trend of 
the PAS of the coal seam is similar to that of the PSED, 
i.e., slow decline–sharp increase–quick release, as shown 
in Fig. 15. The rapid energy accumulation inside the coal 
seam is the precursor to coal bursts. Therefore, the coal burst 
risk is classified according to the energy changes in the coal 

Fig. 13  The SED cloud diagram of coal seam before and after dynamic load. a Longwall‒fault distance is 100 m. b Longwall‒fault distance is 
80 m. c Longwall‒fault distance is 20 m
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seam. When the longwall‒fault distance is in the ranges of 
200–80 m, 80–40 m, and 40–0 m, the coal seam is in the 
state of low coal burst risk, the state of high coal burst risk, 
and the post-damage stage, respectively.

4.5  Analysis of Coal Seam Destabilization 
Mechanism Under the Influence of Dynamic 
Fault‑Slip Load

The internal energy field of the coal and rock mass evolves 
under dynamic loading. Figure 16 shows the SED evolu-
tion law in the coal seam after the dynamic loading effect of 
fault-slip.

Under the mining disturbance, the stress state around the 
fault changes, resulting in a sudden drop in shear stress and an 
increase in sliding displacement. The fault-slip release energy 
(Es) is defined in Eq. (4) (Sainoki and Mitri 2014a):

(4)Es = 0.5Δ�DS,

where Δτ is the stress drop defined as the average decrease 
between the shear stress on the fault before excavation and 
the shear stress after the excavation; D is the fault-slip dis-
placement; S is the fault-slip area.

Fault-slip energy is transferred to the upper and lower rock 
masses, and the energy gradually decays. The received energy 
(Er) at a certain point is (Liu et al.2022):

where η is the energy attenuation coefficient, related to the 
magnitude of ground stress, stratigraphic fracture develop-
ment, and other factors; l is the distance from the earthquake 
hypocenter to the longwall face.

As seen in Eq. (5), when the longwall face is far from the 
fault-slip seismic source, the energy decays in a negative 
exponential form. After the dynamic load is transferred to 
the coal seam near the longwall face, the residual energy 
is smaller, and the influence on the coal seam disturbance 
is reduced. In addition, the degree of fragmentation of the 
roof rock above the coal seam also affects the energy trans-
fer process. As the roof is broken, the energy attenuation 
increases and the influence of fault activation shock on the 
coal seam decreases.

The strain energy stored in the coal seam is the primary 
source of coal bursts. The magnitude of the SED stored 
inside the coal seam before the effect of dynamic load dis-
turbance is:

where σ′1, σ′2, σ′3 are the maximum, intermediate and mini-
mum principal stresses; v′ and E′0 are the Poisson's ratio and 
the elastic modulus of coal seam, respectively.

The strain energy has been stored inside the coal seam 
before being disturbed by the dynamic load. However, under 
the influence of dynamic load, the energy inside the coal 
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seam is superimposed, and the superimposed energy equa-
tion is:

where V is the unit volume; σ"1, σ"2, σ"3 are the maximum, 
intermediate and minimum principal stresses after the action 
of dynamic load; v" and E"0 are the Poisson's ratio and the 
elastic modulus of coal seam after the action of dynamic 
load, respectively.

The ultimate stored energy (energy storage limitation) 
(Ws) of the coal seam in the three-dimensional stress state 
can be used in Eq. (9) (Xie et al.2005):

where σc is the uniaxial compressive strength.
When the strain energy stored inside the coal seam 

exceeds its energy storage limitation, damage destabiliza-
tion occurs inside the coal seam.

The longwall face is far from the fault when its location is at 
point A, as shown in Fig. 16. At this time, the fault barrier 
does not affect the coal seam. The dynamic fault-slip load 
transfer to the longwall face is severely attenuated, so the 
strain energy stored inside the coal seam is smaller. At point 
A, Wb remains smaller than Ws, and the coal seam is stable. 
However, as the longwall face advances toward the fault, it 
reaches point B close to the fault. A significant amount of 
strain energy is stored inside the coal seam in front of point 
B due to the relative slip and barrier effect of the fault. After 
the dynamic fault-slip load, the energy superposition within 
the coal seam exceeds the energy storage limit, leading to 
destabilization damage of the coal seam with simultaneous 
release of strain energy. It can be seen that the high static 
load and strong dynamic load together lead to the occurrence 
of coal burst accidents.

5  Parametric Study and Results Analysis

The fault-slip releases the energy when the longwall face 
approaches the fault. As the distance between the longwall 
face and the fault decreases, the fault-slip location evolves 
from the high level of the fault far away from the coal seam 
to the location close to the coal seam and the floor, and the 
energy released gradually increases (Jiang et al. 2020; Wei 
et al. 2021). Therefore, investigation of coal seam stability 
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at different seismic energies and seismic positions has been 
carried out.

In this section, 11 models were conducted for the para-
metric study as shown in Table 3. Model 1 is the benchmark 

model; its model parameters are shown in Sect. 3. Models 
2–11 are established on the basis of Model 1. The energy 
magnitudes recorded for field microseismic monitoring 
data are  103‒108 J, respectively, as shown in Fig. 2. When 
the seismic energy is less than  103 J, the dynamic load has 
no apparent effect on the coal seam disturbance, which is 
ignored in this study. Therefore, this study sets the source 
energy as  104 J,  105 J,  106 J,  107 J, and  108 J to investigate 
the influence of different source energy on the disturbance of 
the coal seam. The parameter settings of velocity vibration 
waves for different seismic energy are shown in Table 2. The 
location of seismic source were set at 70 m, 45 m, and 20 m 
from the roof of the coal seam, and 20 m from the floor of 
the coal seam, as shown in points 1, 2, 3, and 4 in Fig. 5.

According to Eq. (5), the fault-slip energy transfer is 
related not only to the magnitude of the source energy and 
propagation distance but also to the coefficient η. Generally, 
fissures in the roof and floor of a coal seam is developed 
and enriched with groundwater (Zuo et al. 2022). The coef-
ficient η is influenced by the degree of fracture development, 
groundwater, ground stress, and other factors. Therefore, the 
study on the effect of dynamic fault-slip load on the stabil-
ity of coal seam at different burial depths (400 m, 800 m, 
1200 m, and 1600 m, as shown in Table 3) was carried out.

5.1  Impact of Seismic Energies

Figure 17a shows the change in PSED stored in the coal 
seam in front of the longwall face with the fault-slip 
Table 3  Model parameters

Model Buried depth (m) Seismic energy 
(J)

Seismic 
location 
(m)

1 800 107 45
2 800 104 45
3 800 105 45
4 800 106 45
5 800 108 45
6 800 107 70
7 800 107 20
8 800 107 -20
9 400 107 45
10 1200 107 45
11 1600 107 45
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seismic energy. As the fault-slip seismic energy increases, 
the energy accumulated and released inside the coal seam 
increases. When the seismic energy is  104 J, the magnitude 
and location of the PSED do not change significantly after 
the dynamic fault-slip load. When the seismic energy is 
 105 J, a slight energy accumulation and release phenom-
enon occur inside the coal seam as the longwall‒fault dis-
tance decreases. A seismic energy of  105 J can also induce 
a small coal burst event. When the seismic source energy 
exceeds  106 J, a significant accumulation and dissipation 

of energy occur inside the coal seam after being subjected 
to the dynamic load. At the longwall–fault distance of 
80 m, when the seismic energy is  106 J,  107 J, and  108 J, 
the location of PSED is 10 m, 12 m, and 14 m inside the 
rib, respectively, and the PSED is 305.90 kJ/m3, 328.04 kJ/
m3 and 350.35 kJ/m3, respectively, as shown in Fig. 18. 
With the increase in seismic energy, the depth of coal seam 
damage increases. When the seismic energy is  104‒108 J 
and the longwall‒fault distance is 20 m, the PSED release 
inside the coal seam after the fault-slip load is 9.99 kJ/m3, 
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Fig. 17  Disturbance effect analysis of coal seam at different seismic energies. a Distribution of the PSED. b Distribution of the PPV

Fig. 18  The SED cloud diagram of coal seam at different seismic energies. a  105 J. b  106 J. c  107 J. d  108 J
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46.57 kJ/m3, 89.46 kJ/m3, 113.92 kJ/m3, and 133.37 kJ/m3, 
respectively. With the growth of seismic energy, the coal 
burst potential increases significantly and the destructive 
force increases.

Figure 17b shows the PPV of the coal seam under dif-
ferent seismic energies. The PPV approaches or exceeds 
1.0 m/s when the seismic energy exceeds  106  J, which 
enhances the influence of the dynamic fault-slip load on the 
coal seam. When the seismic energy is  104–108 J and the 
longwall‒fault distance is 20 m, the PPV magnitudes of the 
coal seam are 0.07 m/s, 0.39 m/s, 0.83 m/s, 1.08 m/s, and 
1.83 m/s, respectively.

In general, when the fault-slip release energy exceeds 
 106 J, the coal seam is susceptible to damage instability 
by the impact dynamic load. The damage depth of the coal 
seam increases continuously with increasing seismic energy. 

However, with the increase in seismic energy, the dynamic 
load affects the coal seam within 80 m from the longwall 
face to the fault.

5.2  Impact of Seismic Source Locations

The variation pattern of PSED and PPV in the coal seam 
with the location of the dynamic fault-slip load, as shown 
in Fig. 19. The location of the seismic source as shown in 
Fig. 5. When the fault-slip position is located at point 1, 
there is no energy accumulation inside the coal seam as the 
longwall face advances toward the fault. The coal seam dam-
age energy released is 52.23 kJ/m3 when the longwall‒fault 
distance is 40 m. When the fault-slip position is located 
at point 2, 3, the PSED of the coal seam is accumulated 
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Fig. 19  Disturbance effect analysis of coal seam at different seismic source locations. a Distribution of the PSED. b Distribution of the PPV

Fig. 20  The SED cloud diagram of coal seam at different seismic source locations. a Seismic location at point1. b Seismic location at point 3
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at 78.94 kJ/m3 and 165.11 kJ/m3 after the longwall face 
advances to 80 m and 40 m from the fault. With the fault-
slip continuously extending to the seam, the influence of 
dynamic load on the disturbance range of the coal seam 
decreases. When the fault-slip location is located at the 
floor, point 4 location, the dynamic load has a more negli-
gible effect on the long-distance coal seam. However, when 
the longwall‒fault distance is 20 m and 0 m, the coal seam 
damage energy released is 136.70 kJ/m3, 188.58 kJ/m3. A 

significant accumulation of energy indicates an impact haz-
ard within the coal seam. The energy accumulation occurs 
at 8.5 m, 12 m, and 13 m in front of the rib when the fault-
slip position is points 1, 2, and 3, as shown in Figs. 18c, 20.

When the fault-slip position is 1, 2, 3, and 4 points, the 
PPV of the coal seam after the dynamic load is 0.51 m/s, 
1.41 m/s, 1.60 m/s, and 6.58 m/s, and the PPV position is the 
longwall‒fault distance 100 m, 80 m, 40 m, and 0 m, respec-
tively. It is shown that the PPV and PSED of the coal seam 
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Fig. 21  Disturbance effect analysis of coal seam at different burial depths. a Distribution of the PSED. b Distribution of the PPV

Fig. 22  The SED cloud diagram of coal seam at different burial depths. a Buried depth is 400 m. b Buried depth is 1200 m. c Buried depth is 
1600 m
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under the dynamic fault-slip load show a consistent pattern. 
Fault-slip continuously extends to the seam and the floor, 
the depth of coal seam damage increases, and the released 
energy of coal seam damage increases.

5.3  Impact of Burial Depths

As the cover depth increases, the PSED stored inside the 
coal seam increases. Figure 21 shows the trends of PSED 
and PPV in the coal seam with burial depth. The burial 
depths are 400 m, 800 m, 1200 m, and 1600 m, respec-
tively. When the longwall‒fault distance is 80 m, the mag-
nitudes of energy accumulated inside the coal seam after 
the dynamic load at different burial depths (from 400 to 
1600 m) are 42.94 kJ/m3, 78.94 kJ/m3, 38.60 kJ/m3, and 
95.14 kJ/m3, respectively. The location of the PSED under 
different burial depth conditions after the dynamic load is 
shown in Figs. 18c and 22. The damage depth of the coal 
seam is positively correlated with the burial depth, and the 
PSED locations are at 10 m, 12 m, 16 m, and 23 m from 
the rib. When the longwall‒fault distance is 20 m, the 
energy released during the coal seam damage is 11.20 kJ/
m3, 113.92 kJ/m3, 206.14 kJ/m3, 244.25 kJ/m3, respectively. 
Therefore, as the burial depth increases, the ground stress 
level increases, and the degree of fracture development of 
the rock layer decreases, so that the extent of energy transfer 
attenuation decreases.

The PPV of the coal seam is less than 1.0 m/s after 
dynamic loading at a burial depth of 400 m, as shown in 
Fig. 21b. The seismic energy is severely attenuated at a 
burial depth of 400 m, leading to a more negligible effect of 
the dynamic load on the coal seam. When the burial depth 
exceeds 800 m, the PPV increases with increasing burial 
depth, which means that the ground stress size determines 
the energy transfer efficiency.

6  Discussion

During recovery of the 25,110 longwall face, the F16 fault-
slip was induced to release energy, which led to a coal burst 
accident. The four parameters, including vibration velocity, 
displacement of rib, abutment stress, and SED, can be used 
to determine the stability of a coal seam after the effect of 
a dynamic fault-slip load. As the longwall‒fault distance 
decreases, the internal abutment stress and SED of the coal 
seam increase due to the influence of the fault blocking 
effect (Chen et al. 2012). After the dynamic fault-slip load, 
the vibration velocity in the coal seam gradually increases 
and induces horizontal displacement (toward the longwall 
face) of the rib. The superposition of the fault-slip energy 
and the strain energy stored inside the coal seam exceeds 
the energy storage limitation, which reduces the stability 

of the coal seam. Cai and Dou et al. (2021) proposed that 
fault-induced coal bursts are triggered by the superposition 
of high static stress in the fault pillar and dynamic stress 
from fault reactivation. Under the conditions of high static 
load, strong dynamic load, and low critical stress, coal 
burst accidents frequently occur. The numerical simulation 
results in this study verify the fault-slip-induced coal burst 
mechanism.

As the longwall face approaches the fault, the coal burst 
potential significantly increases (Jiang et al. 2020). Wei et al. 
(2020, 2021) found that PSED showed a drastic increase 
across longwall‒fault distances of 45 m to 25 m, and PSED 
showed the most significant drop as longwall‒fault distance 
changed from 25 to 0 m. In this study, the strain energy 
accumulates in the coal seam at the longwall‒fault distance 
between 80 and 40 m, and the strain energy releases at the 
longwall‒fault distance between 40 and 0 m, as shown in 
Fig. 14. The influence of dynamic fault-slip load possibly 
caused the energy superposition to occur inside the coal 
seam, increasing the damaged area. As Lu et al. (2019) 
noted, the "8.11" severe coal burst accident occurred when 
the longwall‒fault distance was less than 100 m. There-
fore, in this study, the longwall‒fault distance is 80–40 m, 
defined as a high-risk coal burst area, and the longwall‒fault 
distance is 40–0 m, defined as the coal seam damaged area.

The SED index combined with PPV and abutment pres-
sure can better reflect the stability of the coal seam. How-
ever, it should be noted that SED is not really a fully rep-
resentative indicator for seismic hazards because SED can 
be very high with no bursting likelihood at all. Based on 
the method of overall energy balance of the model, the size 
of the radiated seismic energy released when the coal seam 
is destroyed can be analyzed to better evaluate the coal 
burst potential (Poeck et al. 2016; Garvey and Ozbay 2013; 
Khademian and Ozbay 2018). The loading system stiffness 
determines how much energy if any can be released from 
coal failure (Salamon 1970; Gu and Ozbay 2014, 2015). In 
the future, by analyzing the energy available from the load-
ing system and energy consumed by the failure, the energy 
released by impact failure can be calculated to analyze the 
coal burst potential.

In this study, there is no attention to the treatment of the 
mined-out area after the excavation of the longwall face. In 
FLAC3D, there are generally three types of materials used 
to simulate the mined-out area: Double-Yield constitutive 
model material (Yavuz 2004; Shabanimashcool et al. 2012; 
Zhang et al 2015), non-linear elastic material (Si et al. 2015), 
and soft elastic material (Wang et al. 2013; Basarir et al. 
2015; Wei et al. 2020). In the future, the excavation can be 
simulated with replacing the original materials in the mined-
out area by a weak material representing the goaf material. 
With more accurate results on the deformation and move-
ment of overlying strata and the stress redistribution around 
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the longwall excavations, the Mohr‒Coulomb strain-soften-
ing (MCSS) model outperforms other constitutive models 
in simulating the laminated rock layers in longwall mining 
(Zareifard 2020; Wei et al. 2020). One future direction of 
research is the improvement of the intrinsic structure model.

Fault-induced coal bursts under mining, which means 
that effective coal bursts control measures must be applied. 
Generally speaking, there are three methods to prevent and 
control coal burst accidents as follows: (1) microseismic 
monitoring, seismic tomography, and other techniques to 
assess the risk of coal bursts (Zhang et al. 2021; Wang et al. 
2017a; Gong et al. 2019); (2) drilling large diameter bore-
holes, directional hydraulic fracturing boreholes, and floor 
pressure relief boreholes in the coal burst area to advance 
energy release (Hua et al. 2001; Li et al. 2014; Zhao et al. 
2018; Manouchehrian et al. 2021); (3) select rock support 
bracket with good energy absorption capacity (Li 2010; 
Wang et al. 2022; Jia et al. 2021). In follow-up research, 
coal burst prevention and control research under high static 
load and strong dynamic load conditions will be carried out. 
First, drilling large diameter boreholes in the high-stress and 
high-energy areas of the coal seam will be carried out to 
reduce the static load and release energy. Second, precracked 
blasting of the roof will be carried out to improve the degree 
of roof fragmentation and reduce the dynamic load trans-
fer coefficient. Finally, a rock bolt will be implemented to 
improve the energy storage limitation of the coal and rock 
mass.

7  Conclusion

Through numerical simulation, this study demonstrated 
the coal burst mechanism induced by fault-slip energy 
release. Combined with an engineering case, the effect of 
the dynamic load from fault activation on coal seam dis-
turbance when the longwall face advances toward the fault 
is studied, to determine the stability of the coal seam after 
superposition of dynamic and static loads. The main conclu-
sions drawn from the study are summarized below.

(1) Parameters of the coal seam, including vibration 
velocity, rib displacement, abutment stress, and SED, can 
be used to effectively assess the stability of the coal seam 
before and after the influence of dynamic fault-slip load. 
The sudden increase in the vibration velocity, displacement, 
abutment stress, and SED of the coal seam is the precursor 
to a coal burst.

(2) The PAS and the PSED show similar trends. Blocked 
by the fault, the SED stored inside the coal seam increases as 
the longwall‒fault distance decreases, and the coal seam is 
in a high static load state. Under the action of dynamic fault-
slip loading, the impact energy is transferred to the inside 
of the coal seam. A high static load and a strong dynamic 

load are superimposed on the coal seam, resulting in the 
accumulation and rapid release of SED inside the coal seam 
and the occurrence of impact accidents.

(3) According to the change in longwall‒fault distance, 
the risk of coal burst is divided into three levels. When 
the longwall‒fault distance is 200‒80 m, 80‒40 m, and 
40‒0 m, the coal seam is in the state of low coal burst risk, 
the state of high coal burst risk, and the post-damage stage, 
respectively. Therefore, when the longwall‒fault distance is 
less than 80 m, it is necessary to strengthen the protection to 
prevent coal burst accidents.

(4) In the parametric study, the effect of seismic load on 
the disturbance of coal seam is analyzed for different seis-
mic energies, seismic locations, and burial depths. For the 
effects of seismic energy and burial depth, the results show 
that the coal seam is subjected to increased dynamic loading 
with the increase in seismic energy, and, with the increase 
in burial depth, the static loading of the coal seam increases 
after mining. The combination of high static load and strong 
dynamic load leads to an increase in energy released during 
coal bursts and an increase in rib damage depth. The results 
for the effect of seismic location show that with the fault-slip 
continuously extending to the seam and the floor, the effect 
range of dynamic load on the coal seam decreases, but the 
damage depth of the rib increases.
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