
Ma et al. Geoenvironmental Disasters           (2023) 10:17  
https://doi.org/10.1186/s40677-023-00247-4

RESEARCH Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

Geoenvironmental Disasters

Numerical simulation study on the evolution 
characteristics of the stress induced by mining 
in deep adjacent working faces
Shoulong Ma1, Mingwei Zhang2*, Lu Ma1, Zhuangcai Tian2, Xue Li1 and Zhenhao Su1 

Abstract 

Background The mining-induced stress in the surrounding rock after coal seam mining is the primary cause of dam-
age and failure of the surrounding rock in the mining area. However, the magnitude and direction of the stress field 
induced by mining in the overburden strata during the excavation process of deep and adjacent coal seams are 
not yet clear, and it is difficult to determine how adjacent working faces interact with each other.

Results In this study, a large-scale numerical model was built using FLAC3D (Fast Lagrange Analysis Continua) 
to simulate the sequential mining process of three adjacent working faces (No.1, No.2, and No.3) in Liuzhuang 
Coal Mine located in southern China. The results showed that the maximum height of plastic zone development 
after mining in the No.1 working face was 41 m, and the maximum height of plastic zone development was 33.8 
m away from the 13 coal seam. It did not affect the top and bottom of the No.3 working face. The development 
height of the plastic zone on the roof of the No.2 working face after mining was 52m, and the top and bottom 
plates of the No.3 working face remained intact. The plastic zone of the floor of the No.3 working face after mining 
was not communicated with the plastic zone of the roof of the No.1 and No.2 working faces. There was a complete 
rock layer between the two coal seams, and there was not the mutual influence of the mining activities. Dur-
ing the mining process of working faces No.1 and No.2, the range of dynamic pressure influence was extended 
up to 100m ahead of the working face. During the mining process of the No.3 working face, the range of dynamic 
pressure influence was 120 m ahead of the working face. The No.1 working face goaf and the mining of No.2 working 
face had not disturbance to the No.3 working face.

Conclusions After the mining of No.1 and No.2 working faces, the stress in the goaf significantly decreased, 
and the lateral support stress concentration area of No.1 and No.2 working faces had a relatively small impact 
on the 13 coal seam. Therefore, the No.1 goaf and mining of No.2 working faces had not disturbance to No.3 working 
face.
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Introduction
The excavation of coal seams induces mining stress in the 
surrounding rock, which is the primary cause of damage 
and failure of the rock mass in the mining area. The spa-
tiotemporal evolution and fracture process of the three-
dimensional mining stress in the overburden strata of the 
working face are crucial for ensuring stable control of the 
surrounding rock in the mining area (Pirulli et al. 2017; 
Ti et al. 2021; Li et al. 2022). In the process, rock bursts 
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maybe occur and release large a mounts of elastic strain 
energy accumulated in hard coal and rock mass (Zhang 
et  al. 2018a, b; Qian et  al. 2018). The stress field distri-
bution in the surrounding rock is a fundamental basis 
for addressing technical challenges, such as mining plan 
design, coal and gas outburst prevention and control, 
and prediction and prevention of rock burst phenomena 
(Tang et al. 2021; Wo et al. 2022).

Extensive research has been conducted by many schol-
ars on the evolution mechanism of stress fields and con-
trol challenges in deep mining surrounding rocks. Liu 
et al. (2015) proposed the existence of dynamic and static 
support pressures in longwall stopes and identified the 
formation and evolution of dynamic support pressure as 
a result of rock movement in the fractured zone of the 
stope roof. Lin et  al. (2015) studied the stress evolution 
law of tunnel surrounding rock under different stress con-
ditions and the alternating tensile and compressive states 
of surrounding rock through physical experiments. Zhou 
et al. (2016) utilized the stress relief method for mining 
stress monitoring and conducted an in-depth analysis of 
the evolution law of mining stress and the spatial rela-
tionship between the maximum principal stress and the 
peak support pressure. Through extensive research on 
the distribution characteristics of stress shells in the sur-
rounding rock of the mining area, numerous studies have 
analyzed the main controlling factors for the expansion 
of cracks in the surrounding rock. The fracture zone of 
the surrounding rock mainly occurred in the low stress 
area of the stress shell (Wang et al. 2015; Xie et al. 2018a). 
Existing studies have analyzed the effects of mining 
height, mining depth, and face length on the surrounding 
rock mining stress field, revealing the mechanical mecha-
nism of roof rock fracture by studying the mining stress, 
crack distribution, and overburden rock fracture patterns 
in deep mining areas (Li et  al. 2018; Guo et  al. 2018). 
Pang et al. (2023) proposed a three-dimensional mining 
stress disturbance coefficient calculation method based 
on the relationship between stress state and strength 
change through numerical simulation. The evolution 
characteristics of coal support pressure and plastic zone 
in the working face were studied through numerical sim-
ulation, and the main controlling factors of tunnel stress 
distribution were analyzed (Meng et al. 2016; Huang et al. 
2019). A significant amount of research and analysis have 
been conducted on the spatiotemporal evolution laws 
of the three-dimensional stress of the bottom plate and 
the stress of the support bearing structure. It has been 
pointed out that the spatiotemporal correspondence of 
the deformation area of the surrounding rock in deep 
mine tunnels was the main reason for the segmented and 
repeated failure of tunnels (Zhou et  al. 2016; Xie et  al. 
2018a; Zhang et  al. 2018a, b; Peng et  al. 2016). Physical 

experiments and numerical simulations were commonly 
used to study the evolution law of stress in the surround-
ing rock of tunnels. Conventional methods were gener-
ally used to monitor the variation law of mining-induced 
stress on-site, but there was little research on the move-
ment of overburden rock and main stress in the roof dur-
ing the mining process of adjacent working faces (Zhang 
et al. 2018a, b; 2021; Wu et al. 2021; Luo et al. 2023). The 
research on the stress evolution law of surrounding rock 
under mining conditions in deep working faces was not 
comprehensive and in-depth enough.

The fracture of overburden strata in deep mining areas 
was caused by the mining stress state and the mutual 
transformation between different stress states. This 
directly affected the stability and failure process of the 
overlying strata. However, the magnitude and direction 
of the stress field induced by mining in the overburden 
strata during the excavation process of deep adjacent coal 
seams were not yet clear, and it was difficult to determine 
how adjacent working faces interact with each other. 
In this study, we used  FLAC3D (Fast Lagrange Analysis 
Continua) to construct a large-scale numerical model 
to simulate the sequential mining process of three adja-
cent working faces in Liuzhuang Coal Mine located in 
southern China. We analyzed the evolution law of min-
ing stress and the impact of dynamic pressure, identified 
the roof plastic zone and roof subsidence characteristics 
in the mining process of each working face, and revealed 
the evolution law of mining dynamic stress and the influ-
ence range of dynamic pressure.

Methods
Based on the distribution characteristics and rock stra-
tum parameters of three working faces in Liuzhuang 
Coal Mine (as shown in Table 1), a large-scale numerical 
calculation model was constructed using  FLAC3D. The 
model dimensions were 1000 m (Y) × 800 m (X) × 162 m 
(Z), consisting of a total of 624,000 units and 650,440 
nodes (as depicted in Fig. 1). To eliminate the boundary 
effects during the numerical calculation process, the dis-
tance between the working face and the model bound-
ary was set to be no less than 80 m. We simulated 13 coal 
seam (No.3 working face) was buried at a depth of 580 m, 
while another coal seam (No.1 and 2 working face) was 
buried at a greater depth of 654.8 m. The vertical distance 
between two coal seam was 74.8 m. Two coal seams have 
same properties. Properties and thickness of the rock 
layers were assumed according to bare log of Liuzhuang 
Coal Mine. The unit weight of the rock layer above the 
model was assumed to be 25kN/m3, and the equivalent 
load of the rock layer was calculated to be 10.8  MPa, 
which was applied to the upper boundary of the model. 
The strain softening model was used to calculate the 
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constitutive model, and the fix command was applied to 
the surrounding and bottom surfaces of the model for 
boundary fixation. The initial crustal stress setting was 
based on the on-site crustal stress test results, and the 
lateral pressure coefficient of the model in the X direc-
tion was 0.6, while the lateral pressure coefficient of the 
model in the Y direction (i.e., the direction of the work-
ing face) was 0.8 (as shown in Fig. 1).

Utilizing the mining sequence of the working face in 
Liuzhuang Coal Mine, we conducted a simulation of 

the mining process for the No.1, No.2, and No.3 work-
ing faces. We first simulated the mining of the No.1 
working face, then simulated the mining of the No.2 
working face, and finally simulated the mining of the 
No.3 working face. The vertical distance between the 
No.3 and No.2 working faces was found to be 74.8  m. 
The simulated advance length for the No.1 working face 
was 640 m, while the No.2 and No.3 working faces had 
simulated advance lengths of 800 m and 500 m, respec-
tively (Fig. 1).

Results
Evolution law of plastic zone in roof
To investigate the distribution characteristics of the plas-
tic zone after mining in the working face, a slice perpen-
dicular to the x-axis was taken at the center of the model. 
The plastic zone distribution after mining in the No.1, 
No.2, and No.3 working faces was studied. Figure 2 illus-
trated the distribution of the plastic zone after mining 
in the No.1 working face. The results indicated that the 
plastic zone on the roof after mining in the No.1 working 
face exhibited a saddle-shaped distribution. The plastic 
zone above the two grooves has the highest development 
height, reaching a maximum height of 41 m. The maxi-
mum development height of the plastic zone was 33.8 m 
away from 13 coal seam. Therefore, the mining of the 

Table 1 Rock mechanics parameters of rock stratum

Number Lithology Density (kg/m3) Bulk modulus (Pa) Shear modulus (Pa) Cohesion (MPa) Internal 
friction 
angle (°)

Tensile 
strength 
(MPa)

1 Mudstone 2652 2.54E+09 1.38E+09 1.30 30 0.43

2 Carbonaceous shale 2572 4.10E+09 2.58E+09 1.87 32 1.1

3 Siltstone 2596 1.09E+10 8.58E+09 17.24 43 2.29

4 Sandy mudstone 2686 4.11E+09 3.08E+09 7.06 35 1.00

5 13 Coal seam 1400 1.90E+09 9.30E+08 0.84 27 0.28

6 Fine sandstone 2730 8.18E+09 7.28E+09 18.13 45 2.29

7 Medium sandstone 2607 7.34E+09 6.62E+09 13.02 42 3.68

Fig. 1 Working face layout

Fig. 2 Distribution of the plastic zone after mining in No.1 working face
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No.1 working face has not affected the top and bottom of 
the No.3 working face.

The distribution of plastic zone after mining in No.2 
working face was showed in Fig. 3. The height of plastic 
zone development on the roof of the No.2 working face 
after mining was 52 m, which was marginally higher than 
that of the No.1 working face (Fig.  3). The maximum 
height of plastic zone development was 22.8 m away from 
13 coal seam, indicating that the top and bottom plates of 
the No.3 working face remained intact without any dam-
age during the mining process of the No.1 working face.

The distribution of plastic zone after mining in No.3 
working face was showed in Fig.  4. The development 
range of the plastic zone on the floor of the No.3 working 
face was relatively small (Fig. 4). The plastic zone on the 
floor of the No.3 working face was not connected with 
the plastic zones on the roof of the No.1 and No.2 work-
ing faces, and there was a complete rock layer between 
the two coal seams. This indicated that the mutual influ-
ence of mining activities on the two coal seam was rela-
tively small.

Fig. 3 Distribution of plastic zone after mining in No.2 working face

Fig. 4 Distribution map of the plastic zone after mining in the No.3 working face

Fig. 5 Roof subsidence after mining in the No.1 working face
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Roof subsidence law
Following the mining of the working face, a displace-
ment cloud map was generated by slicing the model 
along the direction perpendicular to the x-axis at the 
midpoint. The objective was to investigate the subsid-
ence law of the roof in the No.1, No.2, and No.3 work-
ing faces after sequential mining. Figure  5 illustrated 
the cloud map of the roof subsidence after mining in 
the No.1 working face. The results indicated that the 
maximum subsidence of the roof in the No.1 working 
face was 0.47 m, and the position of maximum subsid-
ence was observed in the middle roof area of the work-
ing face (Fig. 5).

The cloud map of the roof subsidence after mining in 
the No.2 working face was showed in Fig.  6. The maxi-
mum roof subsidence after mining in the No.2 working 
face was 0.65 m, which was greater than the roof subsid-
ence after mining in the No.1 working face (as shown 
in Fig. 6). The maximum subsidence was situated in the 
middle roof area of the No.2 working face. The No.3 
working face was positioned above the No.1 and No.2 
working faces. The coal and rock strata in proximity to 
the No.3 working face have undergone a certain degree 
of subsidence due to the influence of mining on both 
working faces, with a maximum subsidence of 0.42  m. 

Considering the plastic distribution characteristics after 
mining on the No.1 and No.2 working faces (as illustrated 
in Figs.  2, 3), the maximum development height of the 
plastic zone after mining on the No.1 and No.2 working 
faces was still 28 m away from the 13 coal seam. There-
fore, the impact of mining in the No.1 and No.2 working 
faces on the coal and rock layers in the No.3 working face 
area was relatively small.

Figure  7 displayed the cloud map of roof subsidence 
after mining in the No.3 working face. The maximum 
roof subsidence after mining in the No.3 working face 
was 1.3 m (as shown in Fig. 7). The subsidence was more 
than twice as much as the subsidence of No.1 and No.2 
working face. Due to the large mining height of the No.3 
working face, the roof subsidence was relatively signifi-
cant, and the maximum subsidence position was located 
in the middle roof area of the working face.

Discussion
Evolution law of mining stress and influence range 
of dynamic pressure in No.1 working face
The vertical stress of the coal seam in the No.1 working 
face was sliced to analyze the evolution law of support 
stress during the mining process. Figure  8 showed the 
distribution of support stress in the No.1 working face. 

Fig. 6 Roof subsidence after mining in the No.2 working face

Fig. 7 Roof subsidence after mining in the No.3 working face
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Fig. 8 Distribution of support stress in the No.1 working face. a working face advance to 200 m, b working face advance to 400 m, c working face 
advance to 640 m
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The stress concentration was formed in the surrounding 
coal and rock masses of the goaf after the mining of the 
working face (Fig.  8). As the working face continued to 
advance, the concentration area of lateral and advanced 
support stresses in the working face continued to expand.

Figure  9 illustrated the advancement of the support 
pressure curve for the No.1 working face during the exca-
vation of 200 m and 400 m. The results indicated that at 
a mining distance of 200 m, the maximum advance sup-
port pressure was 27.3  MPa, with a stress concentra-
tion coefficient of 1.89. The peak support pressure was 
observed approximately 10 m in front of the working face 
(Fig. 9). Upon mining for 400 m, the peak support pres-
sure increased slightly to 29.1 MPa, with a stress concen-
tration coefficient of 2.0. Notably, the support pressure 
within 100 m in front of the working face increased sig-
nificantly, indicating that the dynamic pressure influence 
range extended up to 100 m ahead of the working face. 
The surrounding rock was frequently characterized by 
weak rheological properties due to the influence of deep 
dynamic pressure, which further exacerbated its defor-
mation (Lou and Xie 2014). This effect was particularly 
pronounced in the presence of vertical close distance 
mining dynamic pressure, which could cause the stress 
in the surrounding rock of the tunnel to be redistrib-
uted multiple times (Lou and Xie  2014; Bu et al. 2022). 
The influence scope of dynamic pressure was more than 
40 m (Lou and Xie 2014; Xie et al. 2018a, b). Our influ-
ence scope was slightly larger than the results of Xie et al. 
(2018a, b), whose influence scope was about 90  m (Xie 
et al. 2018a, b).

Evolution law of mining stress and range of dynamic 
pressure in No.2 working face
Upon completion of mining in the No.1 working face, the 
No.2 working face would be excavated. The distribution 
of support stress during the mining process in the No.2 
working face was illustrated in Fig. 10. As the No.2 work-
ing face advanced, the lateral support pressure of the 
No.1 working face caused an asymmetric distribution of 
advance support pressure in the No.2 working face, with 
significantly higher pressure on the coal pillar side of the 
section (Fig. 10).

To monitor the advance support pressure on the coal 
pillar side of the section, a side line was established. Fig-
ure 11 displayed the evolution curve of the advance sup-
port pressure on the coal pillar side of the section as the 
No.2 working face advanced 200 m, 400 m, and 600 m. At 
200 m, the peak advance support pressure was 31.1 MPa, 
with a stress concentration coefficient of 2.12 (Fig.  11). 
At 400 m, the peak bearing pressure was 35.8 MPa, with 
a stress concentration coefficient of 2.47. At 600  m, the 
peak bearing pressure was 37.3 MPa, with a stress con-
centration coefficient of 2.57. The support pressure sig-
nificantly increased within 100  m of the working face, 
and the range of dynamic pressure influence extended 
100 m ahead of the working face.

The cross-sectional view of the support pressure dis-
tribution subsequent to mining in the No.2 working face 
was showed in Fig. 12. The stress in the goaf of the No.2 
working face exhibited a significant reduction (Fig.  12). 
The presence of small coal pillars between the No.1 and 
No.2 working faces prevented the formation of a large-
scale stress concentration area in the coal and rock 
masses within the coal pillar region. Additionally, the 
lateral support stress concentration area of the No.1 and 
No.2 working faces had a negligible impact on the 13 coal 
seam. Consequently, the mining activities in the No.1 and 
No.2 working faces had not impact on the No.3 working 
face. Our results were consistent with others in pressure 
distribution (Xie et al. 2018a, b; Wang et al. 2021; Ti et al. 
2021).

Evolution law of mining stress and range of dynamic 
pressure in No.3 working face
After the sequential mining of the No.1 and No.2 work-
ing faces, the No.3 working face would be mined. To 
investigate the evolution law of support stress during the 
mining process of the No.3 working face, a vertical stress 
distribution was sliced for the coal seam (13 coal seam) of 
the No.1 working face. Figure 13 illustrated the distribu-
tion of support stress during the mining process of the 
No.3 working face. The vertical stress in the area where 

Fig. 9 Evolution of the advance support pressure of the No.1 
working face when advancing 200 m and 400 m
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Fig. 10 Distribution of support stress during the mining process in the No.2 working face. a Working face advance to 200 m, b working face 
advance to 400 m, c working face advance to 600 m, d working face advance to 800 m
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the 13 coal seam was not affected by the mining stress 
of the No.3 working face was approximately 12.5  MPa, 
which was equivalent to the initial vertical stress 
(Fig. 13). The impact of coal mining on the 13 coal seam 
was relatively small during the mining of the No.1 and 
No.2 working faces. Furthermore, the stress concentra-
tion degree of the advanced and lateral support pressure 
of the working face increased with the increasing of the 
mining range of the No.3 working face. And there was a 
significant degree of stress concentration in the expand-
ing area of the working face.

Figure  14 illustrated the evolution of the advance 
support pressure for the No.3 working face during 
the advancement of 100 m, 200 m, 300 m, 400 m, and 
500 m. At a mining distance of 100 m, the peak advance 
support pressure was recorded at 24.8 MPa, with a cor-
responding stress concentration coefficient of 1.98. At 

a mining distance of 200  m, the peak support pres-
sure increased to 25.5  MPa, with a stress concentra-
tion coefficient of 2.04 (Fig.  14). At a mining distance 
of 300 m, the peak support pressure further increased 
to 28.4  MPa, with a stress concentration coefficient of 
2.27. Subsequently, the peak support pressure stabilized 
at around 28.4  MPa with the working face advancing. 
Notably, a significant increase in the support pres-
sure was observed within a range of 120 m in front of 
the working face, with the dynamic pressure influence 
range extending 120 m ahead of the working face.

Conclusion
In this paper,  FLAC3D was used to build a large-scale 
numerical model to simulate the sequential mining pro-
cess of three adjacent working faces in Liuzhuang Coal 
Mine located in southern China, and the stress evolu-
tion law and influence range of dynamic pressure of the 
working face were analyzed. Research has found that the 
maximum height of plastic zone development after min-
ing in the No.1 working face was 41 m, and the maximum 
height of plastic zone development was 33.8  m away 
from the 13 coal seam. It did not affect the top and bot-
tom of the No.3 working face. The development height 
of the plastic zone on the roof of the No.2 working face 
after mining was 52 m, and the top and bottom plates of 
the No.3 working face remained intact. The plastic zone 
of the floor of the No.3 working face after mining was 
not communicated with the plastic zone of the roof of 
the No.1 and No.2 working faces. There was a complete 
rock layer between the two coal seams, and there was 
not the mutual influence of the mining activities. Dur-
ing the mining process of working faces No.1 and No.2, 
the range of dynamic pressure influence and significant 
increasing in the support pressure extends up to 100 m 
ahead of the working face. During the mining process of 
the No.3 working face, there was a significant increase 

Fig. 11 Evolution of the advance support pressure of the working 
face on the side of the section coal pillar when the No.2 working face 
advances 200 m, 400 m, and 600 m

Fig. 12 Cross-sectional view of the distribution of support pressure after mining in the No.2 working face
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Fig. 13 Distribution of support stress during the mining process of No.3 working face. a Working face advance to 100 m, b working face advance 
to 200 m, c working face advance to 300 m, d working face advance to 400 m, e working face advance to 500 m
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in the support pressure within a range of 120 m in front 
of the working face, and the range of dynamic pressure 
influence was 120 m ahead of the working face. After the 
mining of No.1 and No.2 working faces, the stress in the 
goaf significantly decreased, and the lateral support stress 
concentration area of No.1 and No.2 working faces had 
a relatively small impact on the 13 coal seam. Therefore, 
the No.1 goaf and mining of No.2 working faces had not 
disturbance to No.3 working face.

A limitation of the study was that we only conducted 
analysis using numerical simulation. In the future, field 
observations will be carried out to verify the conclu-
sions. Our methods could be extended to similar min-
ing coal, especially to adjacent working faces. This 
study provides a reference for the stress distribution 
and support design during the sequential mining pro-
cess of adjacent working faces.
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