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Study on Propagation Attenuation Law of Vibration Wave  
in Coal Rock 

The disturbance of vibration wave will have a great influence on the internal stress, pore fissure and 
gas adsorption of coal and rock mass. The typical earthquake and mine earthquake waveform records 
in the mining area are selected. Combined with the comprehensive histogram of the working face, the 
calculation model is established by UDEC software, and the propagation attenuation law of vibration 
wave in the presence or absence of chamber is analyzed. The calculation results show that: (1) Under the 
condition of no chamber, the peak velocity of seismic wave decreases exponentially with the increase 
of source distance, and the fitting accuracy R2 of seismic wave and mine seismic wave attenuation char-
acteristics is 0.96 and 0.98 respectively. (2) The peak velocity of seismic wave decreases exponentially 
with the increase of focal distance under the condition of chamber. However, there is a transition point 
at the chamber (goaf), which attenuates at a faster speed before passing through the chamber, and the at-
tenuation speed slows down after passing through the chamber. The attenuation rate of the peak velocity 
of the earthquake and the mine earthquake reached 53.9% and 46.8% respectively when passing through 
the chamber. (3) The peak velocity of the vibration wave is the largest at the left/right foot of the chamber, 
and the peak velocity of the vault is the smallest. (4) The velocity attenuation curve of the source ring of 
the seismic wave decreases faster in the vertical direction than in the horizontal direction, and the attenu-
ation in the vertical direction is particularly obvious after passing through the chamber. The propagation 
and attenuation characteristics of vibration waves are of great significance to the prevention and control 
of rock burst in coal mines, the development characteristics of coal and rock pores and fractures, and the 
early warning of gas disasters.
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1.	I ntroduction

Based on the characteristics of China’s resource endowment, the structure of coal as the 
main energy consumption in China will not change in the short term [1,2]. Stable coal supply 
and disaster prevention and control technology are strategic needs for a long time in the future. 
At present, China ‘s coal mining has entered the stage of deep mining. The coal and gas occur-
rence environment is extremely complex. Under the disturbance of vibration waves, it is easy to 
induce dynamic disasters such as rock burst, coal and gas outburst and surface subsidence [3-7]. 
Through research and statistics, it is found that not only frequent mine earthquakes, but also 
natural earthquakes and artificial blasting often occur in the mining area [8-10]. The disturbance 
of vibration wave will have a great influence on the internal stress, pore fissure and gas adsorp-
tion state of coal rock mass. Therefore, it is of great significance to study the propagation and 
attenuation law of vibration wave in coal rock to understand the stress of coal seam and the 
development of pore cracks, and to intervene and warn the disaster in advance.

A large number of joints and other discontinuities in coal and rock mass significantly 
affect the mechanical properties of rock mass, and also greatly affect the propagation and 
attenuation law of stress wave in coal and rock mass [11]. The commonly used numerical 
simulation methods include finite element method, boundary element method, discontinuous 
element method and discrete element method. Because coal rock contains natural joints, there 
are many discontinuities. Therefore, the discrete element method is widely used in the study 
of stress wave propagation in jointed rock mass [12,13]. The stress response of coal and rock 
mass caused by earthquake wave propagation and the mechanism of earthquake wave propaga-
tion in discontinuous surface can accurately and effectively simulate the attenuation of wave 
propagation [14,15]. Based on the constructed UDEC-DM model, [16] studied the process of 
crack initiation, expansion and coalescence in the process of deformation and failure of rock 
slope. Based on UDEC, [17] simulated the propagation law of explosion stress wave and the 
expansion process of coal blasting damage zone, and found that the explosion stress wave in 
coal body decayed nonlinearly and exponentially with the expansion of radial cracks. The at-
tenuation law of explosive stress waves in rock mass obtained by [18,19] through numerical 
simulation is basically consistent with the theoretical formula calculation results. [20,21] re-
produced the propagation process of vibration wave in jointed rock mass by UDEC numerical 
simulation, and found that the propagation of vibration wave was affected by many factors. The 
discontinuity surface in coal and rock mass had obvious effect on the propagation of vibration 
wave, and the discontinuity of medium blocked the stress propagation of vibration wave. [22] 
analyzed the propagation mode, attenuation characteristics and dynamic stress drop of vibra-
tion wave energy excited by mine earthquake. [23] established a simplified model of the stope 
through UDEC, considering the penetration of joints in practical engineering and the reduction 
effect of fracture fillers on the strength of structural planes. The distribution of fractures under 
the coupling of seepage, the influence of seepage on slope stability, the deformation law and 
failure mechanism inside the slope are analyzed mainly through displacement field, seepage 
field and stress field. 

The initial stress and distribution of different coal and rock mass are different, and the 
mechanical properties and engineering phenomena are also different under the dynamic action 
of vibration wave disturbance. In order to control the dynamic disaster caused by dynamic load 
in deep coal and rock mining engineering, the propagation law of vibration wave is an important 
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basis for revealing the dynamic disaster induced by mining dynamic load [24]. Based on the 
engineering background of a mine in Hegang, Heilongjiang Province, this paper selects typical 
earthquake waves and mine earthquake waves, uses UDEC numerical software to simulate the 
propagation and attenuation law of earthquake waves in jointed rock mass, analyzes the propaga-
tion and attenuation law of stress waves in solid coal area and goaf, and reveals the mechanism 
of discontinuous surface stress propagation of earthquake waves. It provides theoretical and 
practical support for the stability analysis and evaluation of coal rock under the vibration wave 
disturbance of deep coal rock mass. 

2.	E ngineering background

A coal mine in Hegang is located on the northwest side of the Jiayi graben in Heilongjiang 
Province. It is an east-dipping monoclinic structure with a north-south dip angle of 20°-50°. 
The strike of the coal-bearing strata is from north to east, and the dip angle of the east-inclined 
monoclinic structure is generally 30°, with undulating along the local area. The main type of coal 
rock in the coal seam is semi-quantum rock, followed by dim type, with obvious thin layer of 
carbon. The structure of coal is complex, with banded and linear structure, brittle structure and 
developed endogenous cracks. The main coal seam of the working face is 22# coal seam, with 
an average thickness of 10.15 m. The comprehensive histogram is shown in Fig. 1. 

Fig. 1. Comprehensive histogram of working face
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3.	E stablishment of the model

3.1.	 Coal rock mechanical parameters

The physical and mechanical parameters of the overburden strata simulation calculation of 
the mining face in the north three or four area of the mine are shown in TABLE 1 and TABLE 2.

Table 1
Rock mechanics parameters

Rock soil layer 
class

Density 
/Kg.m–3

Angle of 
internal 
friction/°

Cohesion 
/MPa

Tensile 
strength 

/MPa

Single axis 
compressive 

strength/MPa

Elastic 
modulus 

/GPa

Poisson 
ratio

Sand mudstone 2.610 36.0 7.54 4.575 74.900 18.70 0.26
Medium sandstone 2.519 34.0 8.00 4.406 75.231 10.155 0.14

21# coal seam 1.390 25.2 0.87 1.96 8.198 8.62 0.22
Fine sandstone 2.619 35.4 13.20 2.184 51.543 8.251 0.23
22# coal seam 1.459 27.0 0.96 2.01 10.390 8.850 0.24

Mudstone 2.570 34.2 3.41 2.61 72.35 10.750 0.28
Fine sandstone 2.494 35.4 13.20 4.566 106.473 8.661 0.23

Table 2
Mechanical parameters of rock joint

Rock soil layer 
class

Normal 
stiffness /GPa

Tangential 
stiffness /GPa

Angle of internal 
friction/°

Cohesion 
/MPa

Tensile strength 
/MPa

Sand mudstone 7.0 7.1 23 1.2 0
Medium 

sandstone 8.2 8.1 30 1.6 0

Coal seam 5.5 5.9 25 0 0
Mudstone 6.6 7.1 15 0 0

Fine sandstone 8.4 8.1 30 1.5 0

3.2.	E stablishment of the model

UDEC numerical simulation is an effective method specially used to solve discontinuous 
media problems. It mainly simulates the mechanical characteristics of discontinuous media such 
as joints and fissures in rock mass under static or dynamic loads. As a boundary condition, the 
joint allows the block to move and rotate on the discontinuous surface, and the block can be rigid 
or deformable. In this paper, the model stratum is simplified into a horizontal model, and a model 
with a strike of 90 m long and 80 m high is established. The Mohr-Coulomb surface contact slip 
model is used as shown in formula (1) [25].

	
 1 3

1cos sin
2

R C          	 (1)

Where: φ is the internal friction angle of rock mass; c is the cohesion of rock mass; σ1 is the 
maximum principal stress; σ3 is the minimum principal stress; r is the radius of stress circle, 
R = (σ1-σ3)/2. 
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The left and right boundary of the model is the deformation constraint boundary. The dis-
placement in the x direction is defined as 0, the lower boundary is the fixed boundary, the displa
cement in the x and y directions is 0, and the upper boundary is the free boundary. The stratum 
between the upper boundary and the surface of the model is transformed into a vertical uniform 
load and applied to the upper boundary. The gravity acceleration g is 9.8 m/s2, and the model 
diagram is shown in Fig. 2.

Fig. 2. Construction model

3.3.	 Monitoring point layout and vibration wave  
input scheme

Based on the computational model, the initial ground stress balance is calculated by as-
signing the corresponding mechanical parameters and model constraints to each stratum and 
contact surface. The monitoring points are placed at each stratigraphic level and at the chamber 
envelope, and at the source of the earthquake, as shown in Fig. 3. The propagation attenuation law 
in horizontal and vertical directions can be calculated with or without chamber. The earthquake 
and mine earthquake velocity time history curves are selected as the input vibration waveforms, 
which are input from the bottom of the model. The selection of seismic waves comes from the 
measured records of Hegang Seismic Station. The basic parameters of Hegang Seismic Station 
are shown in TABLE 3, and the selected seismic records are shown in TABLE 4.

Table 3

Instrument Model and Parameters of Hegang Seismic Station

Station 
name

Station 
code

Station 
bedrock

Seismometer 
type

Data acquisition 
type

Observation 
frequency band

Sampling 
frequency

Hegang 
station HEG granite CTS-1 EDAS-24L6 50 Hz – 120s 100
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Table 4

Selected typical mine earthquake, earthquake and blasting records

No Earthquake 
time Longitude Latitude Focal depth 

/km
Magnitude 

/ML
Epicentral 

location Event type

1 2019-01-17 
20:14:13 129.79 48.05 8 2.5 Hegang 

City earthquake

2 2020-02-26 
12:08:43 130.27 47.25 — 2.8 Hegang 

City
mine 

earthquake

Fig. 3. Monitoring point layout and vibration wave input diagram

4.	T he propagation attenuation law of vibration wave

4.1.	 Velocity attenuation characteristics of coal rock without chamber

4.1.1.	Earthquake waveform attenuation characteristics

Based on the measured earthquake waveform records, the velocity time history curve is input 
at the bottom of the model to monitor the velocity attenuation characteristics of different positions 
of coal rock. The velocity time history curves under different source distances are shown in Fig. 4. 
we can lear from the figure that the velocity time history curve propagates and attenuates when 
passing through different coal and rock masses. With the increase of focal distance, the velocity 
amplitude gradually decreases.

Fig. 5 shows the attenuation characteristics of seismic peak velocity (PGV) in the vertical 
direction at different source distances. It can be seen from the diagram that the peak velocity 
decreases exponentially with the increase of the focal distance, and the fitting accuracy R2 reaches 
0.96. This is consistent with the characteristic that Du Taotao’s vibration energy decays expo-
nentially with the source distance [26].
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4.1.2.	Waveform attenuation characteristics  
of mine earthquake 

The time history curve of mine earthquake velocity under different focal distances is shown 
in Fig. 6. We can know the propagation attenuation of different coal and rock masses is consistent 
with the characteristics of earthquake waveform attenuation from this figure. With the increase 
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Fig. 4. Attenuation characteristics of earthquake waveform with focal distance
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Fig. 5. The attenuation curve of earthquake peak velocity with focal distance
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of source distance, the velocity amplitude gradually decreases, but the characteristics of velocity 
time history curve are basically consistent.
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Fig. 6. Attenuation characteristics of mine earthquake waveform with focal distance
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Fig. 7. The attenuation curve of peak velocity of mine earthquake with focal distance

Fig. 7 shows the attenuation characteristics of the peak velocity (PGV) of the vertical mine 
earthquake under different focal distances. It can be seen from the figure that the peak velocity 
gradually decreases with the increase of the focal distance, and the peak velocity of the whole 
process decays rapidly, and it decays exponentially, and the fitting accuracy R2 reaches 0.98.
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4.2.	 Velocity attenuation characteristics of coal rock with chamber

4.2.1.	Earthquake waveform attenuation characteristics 

The velocity time history curves of different source distances under the condition of chamber 
are shown in Fig. 8. From the diagram, which can be show from the figure that after the propaga-
tion attenuation of different coal and rock masses, the velocity amplitude gradually decreases with 
the increase of focal distance, but the time history curve characteristics are basically consistent.
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Fig. 8. Attenuation characteristics of earthquake waveform with focal distance
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Fig. 9. Attenuation curve of earthquake peak velocity with focal distance
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Fig. 9 shows the attenuation characteristics of seismic peak velocity (PGV) at different source 
distances under the condition of chamber. From the diagram, it can be seen that the peak velocity 
decreases exponentially with the increase of focal distance, and the fitting accuracy R2 reaches 
0.98. However, it attenuates at a faster rate before passing through the chamber, and the attenuation 
rate slows down after passing through the chamber. The peak velocity attenuation rate is 53.9% 
when passing through the chamber (goaf).

4.2.2.	Waveform attenuation characteristics of mine earthquake 

The velocity time history curves of different source distances under the condition of cham-
ber are shown in (Fig. 10). From the diagram, which can be show from the figure that after the 
propagation attenuation of different coal and rock masses, the velocity amplitude gradually 
decreases with the increase of focal distance. 

Fig. 11 shows the attenuation characteristics of the peak velocity (PGV) of the mine earth-
quake under different focal distances under the condition of the chamber. From the figure, it can 
be seen that the peak velocity gradually decreases with the increase of the focal distance, and 
the attenuation characteristics and the earthquake are consistent with the exponential function 
attenuation, and the fitting accuracy R2 is 0.99. The peak velocity attenuation rate reaches 46.8% 
when passing through the chamber (goaf).
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Fig. 10. Attenuation curve of mine earthquake peak velocity with focal distance

4.3.	 Velocity attenuation law of chamber surrounding rock 

The peak velocity of different positions of the surrounding rock under the action of earth-
quake and mine earthquake wave is shown in Fig. 12. We can know the earthquake and mine 
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earthquake waveforms have consistent propagation attenuation characteristics at the surrounding 
rock of the chamber from this figure. The peak velocity of the left and right feet of the chamber 
is the largest, and the attenuation of the vibration wave is the weakest. The peak velocity of the 
vault is the smallest, indicating that the vibration wave has the fastest attenuation through the goaf.
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Fig. 12. Peak velocity of surrounding rock of chamber

4.4	 Velocity attenuation law of focal circle 

The velocity attenuation characteristic curve of earthquake source circle under different focal 
distances is shown in Fig. 13. Which can be shown from the figure that the velocity waveform 
is larger than the horizontal peak velocity in the vertical direction. The analysis shows that the 
joint discontinuity surface of different rock strata in the vertical direction leads to the rapid at-
tenuation of the vertical velocity, and the vertical attenuation is particularly obvious after passing 
through the chamber (goaf).
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Fig. 11. Attenuation curve of peak velocity of mine earthquake with source distance
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Fig. 13. Earthquake focal circle velocity attenuation curve

The velocity attenuation characteristic curve of mine earthquake source circle under differ-
ent source distances is shown in Fig. 14. As is shown from figure, the attenuation characteristics 
of velocity waveform are consistent with those of earthquake, but the propagation attenuation 
amplitude is larger than that of earthquake.

0

45

90

135

1800.0

0.3

0.6

0.9

1.2

 V
el

oc
ity

 (c
m

/s)

 b
 c
 d
 e

0

45

90

135

1800.0

0.2

0.4

0.6

 V
el

oc
ity

 (c
m

/s)
-3

 b
 c
 d
 e

(a) without chamber	 (b) with chamber

Fig. 14. Mine earthquake focal circle velocity attenuation curve

5.	 Conclusions

Based on the waveform of earthquake and mine earthquake velocity in mining area, the 
numerical model of working face is established by using UDEC numerical software. By inputting 
the time history records of earthquake and mine earthquake velocity, the propagation attenuation 
law of vibration wave under the condition of chamber or not is analyzed. The specific conclu-
sions are as follows: 

(1)	 Based on the comprehensive histogram of the working face in the mining area and the 
mechanical parameters of the coal and rock strata, the calculation model was established 
using UDEC software. Considering the presence or absence of chamber conditions, the 
monitoring points of the model in the vertical direction of each rock stratum, the source 
ring and the surrounding rock of the chamber were determined. 

(2)	 The peak velocity propagation attenuation characteristics of seismic wave and mine 
seismic wave under the condition of no chamber are exponential function attenuation. 
The fitting accuracy R2 of seismic wave attenuation characteristics is 0.96, and the fit-
ting accuracy R2 of mine seismic wave attenuation is 0.98. 

(3)	 The peak velocity attenuation of seismic wave and mine earthquake wave under the 
condition of chamber is exponential function attenuation, and the fitting accuracy R2 



655

is 0.98 and 0.99 respectively. However, there is a transition point at the chamber (goaf), 
which attenuates at a faster speed before passing through the chamber, and the attenu-
ation speed slows down after passing through the chamber. The attenuation rate of the 
peak velocity of the earthquake and the mine earthquake reached 53.9% and 46.8% 
respectively when passing through the chamber.

(4)	 The peak velocity of the left/right foot of the chamber is the largest, and the attenua-
tion of the vibration wave is the weakest. The peak velocity of the vault is the smallest, 
indicating that the velocity attenuation of the vibration wave through the chamber (goaf) 
is the fastest. 

(5)	 The velocity attenuation curves of the earthquake and the mine earthquake velocity 
waveforms under different focal distances are consistent. The peak velocity in the ver-
tical direction is larger than that in the horizontal direction, and the attenuation in the 
vertical direction is particularly obvious after passing through the chamber.
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