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Xinzhuang Coal Mine in Huaneng Qingyang Mining Area has geological characteristics such as large 
buried depth, thick topsoil and hard overburden, which is a typical kilometer-deep rockburst mine.
Currently, the mine remains in the fundamental construction phase. This provides a theoretical 
foundation for the mine’s subsequent production processes. , this paper studies the stress distribution 
law of surrounding rock in the stope of Xinzhuang Coal Mine. First of all, select the Panel 1 west wing 
of Coal 8 as a typical representative, and establish a large three-dimensional refined numerical model. 
Then, through numerical simulation research, the characteristics of surrounding rock abutment stress 
distribution zone in the mining process of the working face under complex conditions are obtained, 
which provides support for the regional design of rockburst prevention and control. The main 
research conclusions are as follows: (1) The research reveals the distribution characteristics of mining 
stress, elastic energy accumulation, and plastic zone at different widths of the first mining face, and 
determines the reasonable width of the working face. It is considered that the width of the working 
face can be greater than 175 m and less than 250 m, and the design width 200 m of the working face 
of Xinzhuang Coal Mine is reasonable. (2) The research reveals the evolution law and influence factors 
of mining stress, elastic energy accumulation and plastic zone distribution in the first mining face. The 
research results can not only provide theoretical support for the subsequent production of Xinzhuang 
Coal Mine, but also provide reference for the rockburst prevention and control work of mines with 
similar geological conditions.
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The safe and efficient mining of coal resources is the eternal theme of the entire coal industry1.With the depletion 
of shallow resources, China’s mining depth extends to the deep at the rate of 10–15 m per year. According to 
statistics, 72% of mines buried more than 800  m face the threat of rockburst. Under the condition of thick 
topsoil and hard overburden, the stress field of surrounding rock shows strong nonlinear characteristics after 
mining disturbance, and the traditional theory is difficult to accurately predict the mechanism of rockburst. 
In the mining process of mining coal mine, mining activities will inevitably lead to the overburden movement 
and the redistribution of surrounding rock stress, so the prevention and control of mine pressure disasters is 
particularly important2. Among all kinds of mine pressure disasters, rock burst disasters are extremely prompt 
and destructive, and have different mechanisms under different geological conditions, so it is very difficult to 
efficiently and accurately monitor, warn and prevent3.

In recent years, many scholars have conducted in-depth studies on the mechanical mechanism of rock 
burst generation, providing important references for the early warning and prevention of such disasters4,5. 
Typical research achievements are as follows: Professor Dou Linming proposed the mechanism of dynamic 
and static load superimposed to induce scourging, and explained the interrelationship between high static load 
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condition of stope surrounding rock, dynamic load generation caused by overburden migration, and rockburst 
disaster6. Researcher Pan Junfeng conducted an in-depth study on the scour prevention mechanism of artificial 
liberated layer, and demonstrated the feasibility and effectiveness of active regional scour prevention measures7. 
Professor Wang Hongwei studied the abrupt effect of coupling instability of fault overlying rock and identified 
the mechanical relationship between fault slip instability and rock burst8. Professor Song Dazhao studied the 
mechanism of impact in near-upright coal seam mining, and proposed a static dynamic evaluation method for 
near-upright coal seam impact hazard.

Huaneng Qingyang Mining area is currently planned to have two pairs of mines, Walnut Yu coal mine and 
Xinzhuang Coal mine, both of which are kilometers deep and have typical geological characteristics such as 
thick topsoil and hard overlying rock. Walnut Yu coal mine has been put into operation in October 2020, during 
the mining period, the mine earthquake appeared obviously, and there were many large energy vibration events. 
Xinzhuang Coal Mine, which is adjacent to Walnut Yu Coal Mine, is expected to face more serious threat of 
rock burst disaster after putting into operation. In view of the fact that Xinzhuang Coal mine has not yet carried 
out relevant research on the mechanism of rock burst disaster, in order to provide a theoretical basis for the 
subsequent coal mine operation, this paper studies the stress behavior law of the surrounding rock of Xinzhuang 
Coal mine9.

Mine engineering overview
General situation of Qingyang mining area
Qingyang mining area has two coal mines, Walnut Yu Coal mine and Xinzhuang Coal mine, with large geological 
reserves, high coal quality and good market prospects. It is an important support for Longdong energy base and 
occupies an important position in the coal industry of Huaneng Group Company. However, the coal seams 
of the two mines are generally buried deep, and there are multiple disasters of Luohe Formation roof water 
damage, rock burst (mine earthquake), oil-type gas, coal seam spontaneous ignition and other disasters, which 
are mutually induced, so it is extremely difficult to govern the disaster. Binchang Mining area adjacent to similar 
conditions has now been defined by the State Administration of Mine Safety as “one of the mining areas with the 
heaviest coal disaster, the most difficult to govern, the highest safety risk, and the most heavy task of effectively 
preventing and containing major and major accidents”10,11.

Qingyang Mining area has complex geological conditions such as large buried depth of coal seam, high stress 
of raw rock, complex hydrological conditions and the occurrence of thick hard roof. Its two coal mines are rock 
burst mines, among which the Huoyu coal mine started construction in 2009 and put into trial production in 
2020, and the Xinzhuang Coal mine started construction in 2013. At present, it is still in the construction period, 
and it is planned to start production in 2024. The mine earthquake phenomena occurred in both mines during 
the period of roadway excavation and initial operation. In view of the above situation, Qingyang mining area has 
planned a number of rock burst research projects in recent years, and carried out a certain amount of research 
work, but the overall research foundation is still relatively weak.

Overview of Xinzhuang coal mine
Xinzhuang Coal Mine is located about 15  km south of Ningxian County, Qingyang City, Gansu Province, 
the administrative division of Xinzhuang Town and Zhongcun Township, Ningxian County, geographical 
coordinates: 107°43′59″–107°59′55″ east longitude; North latitude 35°14′41″–35°22′19″, east–west length of 
about 20.0 km, north–south width of 7.6–12.5 km, an area of 206.2823 km2, the design capacity of 8Mt/a.

The Xinzhuang minefield contains coal layers 5–1, 5–2 and 8, which are three recoverable coal layers (see 
Table 1). Among them, the coal 5–1 layer and the coal 5–2 layer belong to relatively stable and mineable coal 
seam, which is the minor mineable coal seam in the minefield. The 8 layer of coal belongs to relatively stable and 
recoverable coal seam, which is the main recoverable coal seam in the minefield.The spacing between coal layer 
5–1 and coal layer 5–2 is 0.81–15.13 m, and the spacing between coal layer 5–2 and coal layer 8 is 1.66–58.41 m.

Coal layer 8 is the coal seam of the main mining seam and the coal seam to which the first mining face 
belongs and the coal seam and the bottom floor have weak impact tendency. The roof of coal seam is mainly 
mudstone, followed by silty mudstone or argillaceous siltstone, and occasionally siltstone and coarse sandstone 
roof. The coal seam floor is dominated by siltstone, sandy mudstone and carbonaceous mudstone, and partially 
by mudstone and argillaceous siltstone, and occasionally coarse sandstone floor. The coal layer 8 is to adopt the 
full-mechanized mining method of caving top coal. The design mining height is 3.5 m, the width of working face 
is 200–250 m, and the advancing length is 2500–5000 m.

Coal seam number

Minable coal seam 
Minimum to maximum 
average

Coal seam 
structure Gangue layer Gangue thickness Mining index Minability Stability

Coal 5–1 0.85–3.48 2.25 Simple 0–1 0.1–0.78 71 Mostly mineable Relatively 
stable

Coal 5–2 0.85–4.49 1.28 Simple 0–2 0.1–0.6 72 Mostly mineable Relatively 
stable

Coal 8 0.88–4.49 8.71 Simple 0–2 0.1–2.1 95 Mostly mineable Relatively 
stable

Table 1.  List of characteristics of coal seams that can be mined.
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Numerical model establishment and simulation scheme
The first mining area of Xinzhuang Coal mine is a pan area, and the main recoverable coal seam is 8 layers of 
coal. Therefore,this simulation takes the mining of coal face in the 8-pan area as the main research object, in 
order to obtain the abutment stress, elastic energy and plastic zone distribution characteristics of surrounding 
rock during the mining process under complex conditions such as large buried depth, thick topsoil and hard 
overlying rock, and provide support for regional anti-impact design.

Modeling scope
According to the supplementary exploration data of the previous mining area, the coal seams in Coal 8 Plate 
1 area are relatively stable, and the thickness of the coal seams is gradually thinning at the southern stripping 
boundary. Not affected by the stubble of the overlying coal seam, in order to put the mine into production as 
soon as possible and reach production, the design of the first mining face of Coal 8 Plate Area is arranged in the 
western part of the plate area, and according to the mining and digging succession plan of Coal 8 Plate Area, the 
mining range of the working face of the western wing of Coal 8 Plate Area is selected as the main modeling area.

Geodetic coordinates X coordinate range: 36484904.4203–36491404.4203  m, Y coordinate range: 
3906759.8339–3910259.8339 m, and Z coordinate range: − 400 m to the surface of the ground, to carry out the 
large-size three-dimensional refinement modeling, the model size of 6500 m × 3500 m × 1680 m, the modeling 
area is shown in Fig. 1.

The complex conditions such as the change of surface soil thickness, the change of buried depth of coal seam, 
the change of coal seam thickness, the change of coal seam inclination, the change of hard roof thickness, and 
the syncline structure are included in the established numerical model, which is typical of Xinzhuang Coal mine.

Construction of numerical model
According to the connection plan of the stoping face in Coal8 No.1 block of Xinzhuang Coal Mine, the layout 
of the working face in the west wing of Coal8 No.1 block of Xinzhuang Coal Mine and the layout of the central 
return air main roadway, the central auxiliary transportation main roadway and the central belt conveyor main 
roadway, the layout of the working face in Coal8 No.1 block is shown in Fig. 2. The width of the first mining face 
is preset to be 150–300 m (the design width of the mine is 200 m), and the width of the coal pillar in the section 
between the first mining face and the adjacent successive working face 1 is preset to be 5 m, and the width of the 

Fig. 2.  Working face layout of the west wing of the first pan area of coal mine.

 

Fig. 1.  Modeling scope of the numerical model.
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coal pillar between the successive working face 2 and 3 is preset to be 5 m. The distance between the stop-mining 
line of each working face and the nearest central return air main lane is 150 m, the section size of the central 
main lane is 6 m × 6 m, and the interval between the main lanes is 50 m.

The 3D numerical simulation was established based on the borehole exploration information and the 
continuous layout of the working face. The model is 6500 m long and 3500 m long. The bottom elevation of the 
model is − 400 m, the top elevation of the model is + 1280 m and the minimum is + 880 m. There are 2,315,212 
units with 1,021,362 nodes. In the model, 1802 face (X = 1350–5450 m, Y = 2165–2465 m), 1803 face, 1805 face 
and 1807 face are preset, and 5 m wide coal pillars are set between each adjacent face. Five central alleys are 
arranged on the east side of the preset stoping line of each face. From west to east are the central return air main 
lane, the central auxiliary transport main lane, the central belt conveyor main lane. The 3D numerical model is 
shown in Fig. 3.

According to the ground stress conditions, normal displacement is fixed on both sides of the model in X and 
Y directions and horizontal stress is applied. Fixed normal displacement at the bottom of the model; The top of 
the model is the surface, and the free boundary is set. G is set to 10 m/s2. The Moore-Coulomb criterion model is 
adopted for numerical calculation. The physical and mechanical parameters of coal and rock mass in this study 
are shown in Table 212,13.

Stratum maxDensity (Kg/m3)
seamModulus of elasticity 
(GPa) Poisson’s ratio Cohesion (MPa)

Angle of internal 
friction (°)

Minability 
tensile 
strength 
(MPa)

Loess 1640 0.185 0.14 0.0938 34.5 0.35

Transition layer 2541 8.136 0.25 4.8 34.21 2.81

Thick sandstone 2618 11.62 0.22 4.249 34.00 3.17

Coal roof 2548 6.48 0.17 2.505 25.97 2.7

Coal 8 1390 2.607 0.25 2 24.80 1.97

Mudstone floor 2200 3.07 0.25 2.37 26.21 1.91

Sandstone floor 2447 9.28 0.26 4.408 34.05 1.78

bedrock 2550 14 0.24 5.62 33.31 2.81

Table 2.  Table of physical and mechanical parameters of coal and rock mass for numerical simulation.

 

Fig. 3.  3D numerical model: (a) Three-dimensional numerical model; (b) Model internal slicing; (c) Model 
to slice (Y = 1750 m); (d) Layout of the working face in the model. (Generated by the software FLAC3D 6.00. 
URL link: https://www.itascacg.com/software/FLAC3D).
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Numerical simulation scheme
Excavation scheme for numerical simulation of working face width
Face width plays a critical role in the mining process. The maximum height of the formation separation rupture 
is closely correlated with the size of the gob, extending from the cutting hole to the full mining stage. Therefore, 
the width of the working face has an important influence on the appearance of rock burst disaster in the 
mine14–18. In order to study the influence of different stoping widths on the adjacent working face to be worked, 
the distribution characteristics and peak position of lateral supporting stress, elastic strain energy and peak 
value of surrounding rock, and the distribution of impact risk of surrounding rock, this paper takes the 1802 
working face of Coal Mine No. 8 in Yipan District of Xinzhuang Coal Mine as an example. When 1802 working 
face width is 150, 175, 200, 225, 250, 275, 300 m, the stress and energy field, plastic zone of surrounding rock are 
studied, as shown in Fig. 4.

The excavation scheme of the face width simulation study is as follows:

	(1)	 Based on the stress balance results of the original rock, the central return air main lane, central auxiliary 
transportation main lane and central belt conveyor main lane on the east side of the excavation model are 
calculated for balance;

	(2)	 Based on the balance calculation results after the excavation of the central main lane, the 1802 working 
face (4100 m long) is excavated in two times. The first excavation is 2000 m and the calculation is balanced; 
Then the 1802 working face was excavated 2100 m to calculate the balance. The excavation diagram of the 
working face is shown in Fig. 5.

	(3)	 The excavation scheme simulated by the “three fields” evolution law of surrounding rock during the mining 
process of the working face.

	(1)	 Numerical simulation excavation scheme of the “square” process of the first mining face

In order to analyze and study the distribution and evolution characteristics of stress and elastic strain energy of 
surrounding rock at the boundary of the 1802 face, the distribution law of rock burst risk of surrounding rock 
before and after “square” of the 1802 face is studied. Taking the first mining face of 1802 as the research object, 
the 1802 working face is excavated to 100, 150, 200 (square), 250 and 300 m in turn with the excavation step of 
50 m. After each excavation, the balance is solved, and then the excavation is carried out according to the 400 m 
step, as shown in Figs. 6 and 7.

	(2)	 Numerical simulation excavation scheme for the mining process of the first mining face

In order to study the distribution and evolution characteristics of supporting stress, peak stress, elastic strain 
energy and peak elastic strain energy of surrounding rock during the mining process of working face, analyze 
the influence of complex geological conditions such as surface elevation, yellow soil thickness, coal seam depth, 
hard roof strata, coal seam thickness and dip Angle changes, and delineate the concentrated areas of high stress 
and high elastic energy. It provides theoretical basis for rock burst prevention and control in actual mining of 

Fig. 5.  Schematic diagram of step-by-step excavation for study of working face width: (a) 2000 m excavation of 
1802 face; (b) Excavation of the 1802 face for another 2100 m.

 

Fig. 4.  Schematic diagram of simulation study on different widths of first mining face.
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Fig. 7.  Schematic diagram of “square” excavation of 1802 working face: (a) Excavate 100 m; (b) Excavate 
150 m; (c) Excavate 200 m; (d) Excavate 250 m; (e) Excavate 300 m.

 

Fig. 6.  Schematic diagram of simulation study of first mining working face advance process.
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working face. The following excavation scheme is designed. After the 1802 face is “squared”, the overall stoping 
face 1802 with a excavation step of 400 m is adopted, and the equilibrium is solved after each excavation, as 
shown in Fig. 8.

The numerical simulation analysis
Study of reasonable width of working face
Distribution and evolutionary characteristics of “multi-field” of surrounding rocks with different working face 
widths

	(1)	 Evolutionary law of mining stress distribution

 
According to the excavation steps shown in Fig. 9, seven cases were simulated when the width of 1802 first 

mining face was 150, 175, 200, 225, 250, 275 and 300 m. The stress distribution of the surrounding rock of the 
working face under the seven different widths of the 1802 first mining face was extracted respectively, as shown 
in Fig. 9.

From the Fig. 9, it can be seen that as the width of the 1802 working face increases from 150 to 300 m, the 
surrounding rock stress increases as a whole, and the peak stresses of the coal seam are 54.15, 62.31, 62.87, 
62.49, 63.32, 67.76, 76.99  MPa in the following order, the peak stresses of the surrounding rock in the X = 
3230 m section are 49.44, 52.26, 54.88, 57.28, 59.48, 61.53 and 63.37 MPa. Overall, the surrounding rock stress 
gradually increased with the increase of the width of the working face, but the distribution characteristics of the 
surrounding rock stress in the working face did not change significantly.

	(2)	 Distribution and evolutionary law of plastic zone

The distribution status of the plastic zone in the working face under 7 different widths of 1802 first mining face 
was extracted respectively, as shown in Fig. 10. It can be seen from the plane distribution map of plastic zone, 
1802 working face boundary plastic area is mainly distributed in the range of 5–20 m from the goaf boundary, 
the plastic zone near the first cutting of the working face and the stopping line in the direction of the strike is 
smaller, and the plastic zone in the central mining boundary of the working face is larger, and comparing the 
distribution of the plastic zone of the working face surrounding rock under different width conditions, it can be 
seen that, with the increase of the width, the distribution characteristics of the plastic zone in the direction of the 
working face have not changed significantly.

According to the distribution of plastic zone profile in Fig. 10, it can be seen that the roof and floor of the 
goaf are affected by the mining activities and plastic failure occurs to a certain extent. The plastic failure area of 
the floor under the goaf is within 15–20 m from the goaf boundary, mainly distributed in the mudstone bottom 
plate and thin sandstone bottom plate under the goaf. The depth of the plastic zone under the goaf changes with 
the thickness of the mudstone and thin sandstone bottom plate, and the thicker the bottom plate, the deeper 
the plastic zone extends downward. The plastic zone of the surrounding rock above the goaf is also mainly 
concentrated in the complex rock formation with the thickness of a single layer less than 10 m above Coal 8 
and the thick sandstone with the thickness of the first layer above Coal 8 exceeding 10 m. Plastic failure areas in 
the rock layers above the thick sandstone are sparsely distributed, and plastic failure rock masses that develop 
towards the interior of the goaf only appear above the boundaries on both sides of the goaf. Comparative analysis 
of the distribution of the plastic zone above the 1802 goaf under different width conditions shows that with 
the increase of the width of the working face the plastic zone in the middle of the tendency of the goaf has not 
changed significantly, and the height of the plastic zone development is 20–30 m above the coal seam; However, 
the plastic zone above the two sides of the goaf gradually increases and develops towards the middle of the 
tendency of the goaf. When the width of the working face increases from 150 to 300 m, the development height 
of the plastic zone on both sides of the goaf increases from 34 m above the goaf to 93 m, and develops towards 
the middle of the goaf by about 41 m.

	(3)	 Evolutionary law of elastic energy distribution

The elastic energy density distribution states of the working face at seven different widths of the 1802 first mining 
face were extracted separately, as shown in Fig. 11. It can be seen from the planar distribution diagram of elastic 
energy density of coal seam that the elastic energy of surrounding rock is mainly concentrated in the range 
of 20–200 m from the boundary of 1802 goaf, and the range of elastic energy concentration along the strike 
direction of the working face near the open-off cut and the stopping line is smaller, and the range of elastic 
energy concentration in the surrounding rock in the middle of the working face at the boundary of the goaf 
is larger. From the distribution diagram of elastic energy density profile, it can be seen that the elastic energy 
density is mainly concentrated in the coal8 and its roof and floor rock layer, and the elastic energy density of 
the surrounding rock of other rock layer groups is small, mainly because the elastic modulus of the coal mass 
is smaller than the elastic modulus of the rock mass. The peak elastic energy of coal is mainly concentrated at 
the goaf boundary on both sides of the working face, and the peak elastic energy is about 15–20 m away from 
the goaf boundary. With the increase of the width of the working face, the concentration of the elastic energy of 
the surrounding rock increases, but the characteristics of the distribution of the elastic energy have not changed 
significantly.
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Determination of the reasonable width of the working face
In order to analyze the influence result of the working face width on the surrounding rock stress, the vertical 
stress curve distributed along the coal seam at the section where X = 3230 m is extracted, as shown in Fig. 12. 
At the position where Y = 2165 m, it is the south goaf boundary of the 1802 working face, and at the position 
where Y = 2315–2465 m, it is the north goaf boundary of the 1802 working face affected by geological factors 
such as the distance between the coal seam thickness and the hard roof, and the buried depth of the coal seam, 
as the width of the 1802 working face increases from 150 to 300 m, the surrounding rock stress concentration 
area and the stress peak position continue to migrate and evolve. Therefore, there is no obvious rule for the stress 

Fig. 8.  Schematic diagram of mining process of 1802 working face: (a) Excavate 600 m; (b) Excavate 1000 m; 
(c) Excavate 1400 m; (d) Excavate 1800 m; (e) Excavate 2200 m; (f) Excavate 2600 m; (g) Excavate 3000 m; (h) 
Excavate 3400 m.
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Fig. 9.  Stress distribution in the surrounding rock of the working face under different width conditions (The 
profile is X=3230m): (a) Plane stress diagram of working face with a width of 150m; (b) Profile stress diagram 
of working face with a width of 150m; (c) Plane stress diagram of working face with a width of 175m; (d) 
Profile stress diagram of working face with a width of 175m; (e) Plane stress diagram of working face with a 
width of 200m; (f) Profile stress diagram of working face with a width of 200m; (g) Plane stress diagram of 
working face with a width of 225m; (h) Profile stress diagram of working face with a width of 225m; (i) Plane 
stress diagram of working face with a width of 250m; (j) Profile stress diagram of working face with a width 
of 250m; (k) Plane stress diagram of working face with a width of 275m; (l) Profile stress diagram of working 
face with a width of 275m; (m) Plane stress diagram of working face with a width of 300m; (n) Profile stress 
diagram of working face with a width of 300m.
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Fig. 10.  Distribution of plastic zone in the surrounding rock of the working face under different width 
conditions (The profile is X = 3230 m): (a) Plane distribution of the plastic zone with a working face width 
of 150 m; (b) Profile distribution of plastic zone with a working face width of 150 m; (c) Plane distribution 
of the plastic zone with a working face width of 175 m; (d) Profile distribution of plastic zone with a working 
face width of 175 m; (e) Plane distribution of the plastic zone with a working face width of 200 m; (f) Profile 
distribution of plastic zone with a working face width of 200 m; (g) Plane distribution of the plastic zone with 
a working face width of 225 m; (h) Profile distribution of plastic zone with a working face width of 225 m; 
(i) Plane distribution of the plastic zone with a working face width of 250 m; (j) Profile distribution of plastic 
zone with a working face width of 250 m; (k) Plane distribution of the plastic zone with a working face width 
of 275 m; (l) Profile distribution of plastic zone with a working face width of 275 m; (m) Plane distribution of 
the plastic zone with a working face width of 300 m; (n) Profile distribution of plastic zone with a working face 
width of 300 m.
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peak of the surrounding rock on the side of Y = 2315–2465 m, and the stress peak of the surrounding rock of 
the goaf boundary at Y = 2165 m increases from 43.43 to 55.75 MPa, indicating that the wider the width of the 
working face, the more intense the overlying roof rock stratum movement, and the greater the lateral bearing 
stress in the goaf.

Extract the evolution characteristics of the elastic strain energy distribution of the surrounding rock of the 
goaf boundary on the south side of the 1802 working face (Y = 2165  m, fixed boundary) at the horizontal 
position of section X = 3230 m and Z = 115 m, as shown in Fig. 13. From Fig. 13a, it can be known that the 
stress distribution of the surrounding rock at the + 115 m level is basically consistent with the stress distribution 
characteristics along the coal seam, and the concentrated stress increases with the increase of the width of the 
working face.When the width of the working face increases from 150 to 300 m, the vertical stress peak values 
are 47.7, 50.4, 53.0, 55.3, 57.5, 59.6, 61.5 MPa respectively, and the stress peak value is about 20 m away from 
the goaf boundary.From Fig. 13b, it can be known that the elastic energy change of the surrounding rock of the 
1802 goaf boundary is similar to the evolution characteristics of the vertical stress distribution. As it extends 
from the goaf boundary to the solid coal, the elastic energy of the surrounding rock increases rapidly, and it 
reaches the peak of elastic energy within the range of about 10–15 m away from the goaf boundary, with a peak 
value of about 400–640 kJ/m3. After that, the elastic energy of the surrounding rock rapidly decreases within the 
range of 20–30 m away from the goaf boundary. When the distance between the surrounding rock and the goaf 
boundary is greater than 30 m, the rate of reduction of the elastic strain energy slows down; when the distance 
between the surrounding rock and the goaf boundary is about 150 m, the increase in the elastic strain energy of 
the surrounding rock compared with before mining has decreased to a relatively small value, indicating that the 
influence of the 1802 goaf on the stress and elastic strain energy distribution of the coal and rock mass outside 
150 m is relatively small. As the width of the working face increases from 150 to 300 m, the position of the peak 
elastic energy shifts from 10 m away from the goaf boundary to 15 m away from the goaf boundary. The peak 
elastic strain energy of the goaf boundary is 400, 444, 486, 526, 566, 604, 640 kJ/m3 respectively, and the wider 
the working face, the more concentrated the elastic energy of the surrounding rock.

Extract the distribution and evolution characteristics of the elastic strain energy of the surrounding rock at 
the goaf boundary on the north side (variation boundary) of the 1802 working face at the section of X = 3230 m 
and Z = 107 m, as shown in Fig. 14. From Fig. 14a, it can be known that as the width of the working face increases 
from 150 to 300 m, the stress of the surrounding rock at the Z = 107 m level as a whole shows an increasing trend, 
and the stress peaks are 46.5, 48.4, 48.8, 50.7, 51.7, 53.3, and 55.4 MPa in turn. From Fig. 14b, it can be known 
that affected by geological factors such as the buried depth of the coal seam, the elevation of the coal seam, and 
the distance from the thick and hard roof, the stress and elastic energy concentration area at the goaf boundary 
on the northside continuously migrates and evolves with the change of the width of the working face. As the 
width of the working face increases from 150 to 300 m, the elastic energy density of the surrounding rock at the Z 
= 107 m level does not show a clearly increasing or decreasing rule, and the elastic energy peaks are 420.3, 392.8, 
372.6, 425.6, 419.9, 456.3, and 504.6 kJ/m3 in turn. By comparing the distribution of surrounding rock stress and 
elastic energy at the goaf boundaries on both sides of the 1802 working face (Figs. 13 and 14), it can be known 
that the distance between the coal seam and the thick sandstone at the goaf boundary on the southside of the 
working face is generally smaller than that on the northside of the working face, and the concentration degree of 
surrounding rock stress and elastic energy at the goaf boundary on the south side (Y = 2165 m) of the working 
face is generally higher than that on the north side (Y = 2315–2465 m).

In a word, as the width of the working face increases, the concentration degree of the surrounding rock stress 
and elastic energy also goes up. The stress peak is about 15–20 m away from the goaf boundary, and the elastic 
energy peak is about 20 m away from the goaf boundary. The lateral bearing stress influence range of the 1802 
working face is approximately 200–250 m.

Bas Based on the impact of the working face width on the impact hazard in the impact ground pressure risk 
index evaluation form affected by mining technical factors, when the working face width is less than 100 m, the 
impact hazard evaluation index is 3 (the highest); when the working face width is 100–150 m, the impact hazard 
evaluation index is 2; when the working face width is 150–300 m, the impact hazard evaluation index is 1; when 
the working face width is greater than 300 m, the impact hazard evaluation index is 0. The higher the evaluation 
index, the higher the impact hazard. Therefore, when arranging the working face, it is necessary to avoid the 
working face width causing a higher impact hazard evaluation index. From this perspective, the working face 
width should be as large as possible.

On the other hand, when considering the stress concentration factor of the surrounding rock and the 
development height of the plastic zone, it can be observed that an increase in the working face width corresponds 
to a higher peak stress in the coal seam and a greater development height of the plastic zone. This indicates that 
the movement of the overlying rock above the coal seam becomes more pronounced, thereby intensifying the 
degree of mining disturbance. From Fig. 15, it can be known that the peak stress of the dip section of the working 
face approximately increases linearly with the increase of the working face width; the peak stress in the coal 
seam shows 3 step-like increases with the increase of the working face width, which are located at the working 
face width of 175, 275, and 300 m respectively, and the difference in the peak stress of the coal seam when the 
working face width is 175–250 m is relatively small; at the same time, the developing height of the plastic zone 
above the coal seam increases significantly with the increase of the working face width at 225–250 m; through 
comprehensive analysis, it is considered that the reasonable width of the working face can betaken as greater 
than 175 m and less than 250 m.

The evolution law of “multiple fields” in the mining of first working face
Based on the mine working face connection plan and the layout of the first mining working face 1802, under the 
condition that the width of the first mining working face is 200 m, based on the three-dimensional numerical 
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model of the panel, the evolution laws of the surrounding rock stress field, energy field, etc. during the recovery 
process of the 1802 working face are simulated and studied.

The stress distribution characteristics of the surrounding rock during the “squaring” process of the first mining face
Based on the design of the 1802 working face, the working face “squared” when it was excavated to 200 m. 
The 1802 working face was excavated sequentially to 100, 150, 200, 250, and 300  m to study the evolution 
characteristics of the stress distribution of the surrounding rock before and after the working face “squared”. 
The stress distribution at the goaf boundary is shown in Fig. 16. From Fig. 16, it can be known that during the 
“squaring” process of the 1802 working face, as the length of the working face excavation increases from 100 to 
300 m, the degree of stress concentration at the goaf boundary and the range of the peak zone gradually increase. 
By studying the evolution law of the stress distribution of the surrounding rock on the four sides of the working 

 

Scientific Reports |        (2025) 15:16819 12| https://doi.org/10.1038/s41598-025-00368-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


face boundary, it can be known that as the recovery length increases, the stress peak and the high-stress zone 
gradually shift from the goaf boundaries on the east and west sides to the goaf boundaries on the north and south 
sides, that is, from the advanced coal wall of the working face to the lateral coal body.

In order to further analyze the evolution and transition process of the stress of the surrounding rock on the 
four sides of the goaf boundary and the stress peak zone, the stress distribution curves of the goaf boundary on 
the side of the working face open-off cut and the southside are extracted, as shown in Fig. 17. By comparing the 
evolution characteristics of the stress distribution of the surrounding rock on the side of the open-off cut and 
the southside boundary of the goaf, it can be known before the working face “squared”, as the excavation length 
increases from 100 to 200 m, the stress peak of the surrounding rock on the side of the open-off cut is 36.5, 39.0, 
and 40 MPa in turn, and the stress peak of the south side goaf boundary is 29.7, 34.4, and 38.8 MPa in turn. At 
this time, the excavation length is less than the width of the working face, the side of the open-off cut is the long 
side of the goaf, and the southside is the short side, so the degree of stress concentration of the surrounding rock 
on the side of the open-off cut and the mining field boundary is greater than that on the north and south sides 
of the goaf boundary.

When the length of the working face excavation is 250 and 300 m, and the length of the excavation is greater 
than the width of the working face, the stress peak of the surrounding rock on the side boundary of the open-
off cut is 40.6 and 41.0 MPa in turn, and the stress peak of the surrounding rock on the south side of the goaf 
is 42.4 and 45 MPa in turn. The side of the open-off cut is the short side of the goaf, and the southside is the 
long side. The surrounding rock stress and peak value shift from the side of the open-off cut to the north and 
southside boundaries. From Fig. 17a and b, it can be known that with the increase of the excavation length, the 
distribution characteristics of the surrounding rock stress on the side of the open-off cut and the position of the 
stress peak do not change, but the stress gradually increases and the increase rate gradually decreases, indicating 
that the movement of the overlying rock on the side of the open-off cut tends to be stable; the stress peak of the 
surrounding rock on the goaf boundaries on the north and south sides of the working face maintains a large 
growth, and the position of the stress peak zone gradually shifts with the increase of the mining length, and the 
whole is located in the middle of the goaf boundary.

The distribution and evolution characteristics of the “multiple fields” in the mining process of the first working face

	(1)	 The evolution law of the distribution of mining-induced stress

The tendency width of the 1802 working face is 200 m, and the strike length is as long as 4100 m. The strike 
direction span of the working face is large, and the ground layers fluctuate and change, and the geological 
conditions are relatively complex. Therefore, it is necessary to study the distribution and evolution characteristics 
of the surrounding rock stress, elastic energy, and plastic zone during the mining process of the 1802 working 
face. Figure 18 is the plane distribution and profile distribution diagram of the surrounding rock stress during 
the mining process of the working face.

Analyzing Fig. 18, it can be known that affected by the distribution of stress in the panel area, during the 
mining process of the 1802 working face, the overall peak value of the advanced bearing stress of the working 
face (not higher than 45 MPa) is smaller than the peak value of the lateral bearing stress of the working face. 
It can be seen from the figure that the elevation of Coal 8 at the section of Y = 2265 m, the buried depth of the 

Fig. 11.  Distribution of elastic energy of the surrounding rock in the working face under different width 
conditions (The profile is X = 3230 m): (a) Plane distribution of elastic energy with a working face width of 
150 m; (b) Profile distribution of elastic energy for a working face width of 150 m; (c) Plane distribution of 
elastic energy for a working face width of 175 m; (d) Profile distribution of elastic energy with a working 
face width of 175 m; (e) Plane distribution of elastic energy with a working face width of 200 m; (f) Profile 
distribution of elastic energy with a working face width of 200 m; (g) Plane distribution of elastic energy with 
a working face width of 225 m; (h) Profile distribution of elastic energy with a working face width of 225 m; 
(i) Plane distribution of elastic energy with a working face width of 250 m; (j) Profile distribution of elastic 
energy with a working face width of 250 m; (k) Plane distribution of elastic energy with a working face width 
of 275 m; (l) Profile distribution of elastic energy with a working face width of 275 m; (m) Plane distribution of 
elastic energy with a working face width of 300 m; (n) Profile distribution of elastic energy with a working face 
width of 300 m.

◂

Figure 11.  (continued)
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working face, and the ground elevation, etc. continuously change along the strike of the 1802 working face. 
When the working face is mined from 600  to 3900 m, the peak values of the section stress are 42.82, 43.61, 
43.60, 43.59, and 43.59 MPa in turn, indicating that although the length of the working face mining is constantly 
increasing, under the influence of geological factors such as the buried depth of the coal seam, the distance 
between it and the thick and hard roof, and the thickness of the loesslayer, the peak value of the bearing stress in 
front of the stope undergoes a certain degree of fluctuation but the change is not obvious.

	(2)	 The evolution law of the distribution of elastic energy

The evolution characteristics of the distribution of elastic energy of the surrounding rock during the mining 
process of the 1802 working face are shown in Fig. 19. From the plan view of the distribution of elastic energy, it 
can be known that as the length of the working face mining increases, the range of concentrated elastic energy 
of the surrounding rock at the goaf boundary of 1802 also gradually increases. When the length of the working 
face mining increases to a certain extent, the concentration degree and range of elastic energy of the surrounding 
rock at the goaf boundary of 1802 tend to be stable. From the section view of the distribution of elastic energy, it 
can be known that the elastic energy in the model is mainly distributed in Coal 8 and the top and bottom floor 
rock layers nearby, and the peak value of concentrated elastic energy is distributed within the range of both ends 
of the goafin 1802. With the increase of the length of the working face mining, there is no obvious change in the 
distribution characteristics of the surrounding rock elastic energy.

	(3)	 The evolution law of the distribution of the plastic zone

The extraction of the distribution of the plastic zone of the surrounding rock during the excavation process of 
the 1802 working face is shown in Fig. 20. From the plan e distribution map of the plastic zone, it can be known 
that as the working face continues to be excavated, the range of the plastic zone on both sides of the 1802 goaf 
gradually increases and tends to be stable, and the lateral plastic zone range of the goaf is about 5–20 m. From 
the sectional view of the distribution of the plastic zone, it can be known that the range of the plastic zone of the 
surrounding rock above and below the 1802 goaf does not show the rule of increasing or decreasing with the 
excavation of the working face. When the working face increases from excavating 600 m to excavating 1000 m, 
and from excavating 1800 m to excavating 2600 m, the development height of the plastic zone above the 1802 
goaf increases significantly, increasing from 36 to 54 m, and from 21 to 90 m respectively. However, when it 
increases from excavating 2600 m to excavating 3400 and 3900 m, the range of the plastic zone above the goaf 
is somewhat reduced. Combined with the stratum distribution of the coal seam and itstop and bottom floor 
and the research results of the width of the working face, it can be known that the range of the plastic zone is 
mainly concentrated and distributed in the complex stratum group composed of the rock layer with a single layer 
thickness less than 10 m above and below the coal seam. The thicker the stratum group, the larger the plastic 
zone, and the thinner the stratum group, the smaller the plastic zone.

The characteristic of the abutment stress distribution zone in the mining process of the first mining face
In conjunction with the geological conditions, a further analysis is conducted on the distribution and evolutionary 
characteristics of the stress field and energy field of the surrounding rock during the mining of the 1802 face. 
Extract the distribution curves of the advanced abutment stress and elastic strain energy in the middle of the 
1802 working face (Y = 2265) when the mining length in the numerical study is sequentially 100, 150, 200, 250, 
300, 600, 1000, 1400, 1800, 2200, 2600, 3000, 3600, 3850, 3900, 3950, 4000, 4050, 4100 m (from the initial mining 
to the end of the working face mining), as shown in Fig. 21, the statistics of the peak stress value and its advanced 
distance in each mining stage are as shown in Table 3.

Analyzing Fig. 21 and Table 3, it can be known that in the early stage of mining in the 1802 working face, 
as the width of the working face mining increases, the disturbance of the working face mining on the overlying 
rock formation becomes increasingly larger, the activity of the roof rock formation is more intense, and the 
advanced bearing stress of the surrounding rock shows an overall increasing rule. After the 1802 working face 
is mined to “become square”, the distribution of the peak bearing stress of the working face is relatively stable, 
and the influence of the increase in the mining length on the peak value of the advanced bearing stress gradually 
decreases. Statistical analysis shows that the peak values of the advanced bearing stress and the elastic strain 
energy are mainly distributed at the position of 10–20 m in advance of the working face. The advanced position 
of the peak bearing stress increases gradually from 10 to 20 m as the width of the working face mining increases. 
By comparing the size of the stress peak of the coal seam and the size of the original rock stress, the size of the 
peak bearing stress in advance is between 31 and 40 MPa, and the concentration degree is about 1.45–1.7. It 
should be noted that in this numerical study, the size of the numerical simulation model is large, and the overall 
size of the model grid is large. Therefore, there will be a certain deviation between the calculated results of the 
bearing stress advanced influence range and the actual situation on site. By analyzing the curvature change of the 
advanced bearing stress curve, the advanced bearing stress influence range is approximately 150–200 m.
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Fig. 14.  The distribution of surrounding rock stress and elastic energy at the goaf boundary on the south side 
of the 1802 working face (Y = 2315 2465 m).

 

Fig. 13.  The stress and elastic energy distribution of surrounding rock at the goaf boundary on the south side 
of the 1802 working face (Y = 2165 m).

 

Fig. 12.  The vertical stress distribution curve of the surrounding rock along the coal seam at the section where 
X = 3230 m.
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Conclusion and prospect
The geological condition of the first pan area of Xinzhuang Coal mine is complicated, which is affected by many 
factors such as syncline structure, buried depth of coal seam, thickness of surface soil layer, thickness of coal 
seam, inclination of coal seam and hard roof. In this study, the west wing of Coal 8 Pan area was selected as a 
typical representative, and a large-scale 3D fine numerical model was established including the above complex 
factors, in order to obtain the characteristics of the surrounding rock supporting stress distribution zone during 

Fig. 16.  Stress distribution nephogram of the surrounding rock of the goaf boundary before and after the 
“squaring” of the 1802 working face.

 

Fig. 15.  The variation of surrounding rock stress and plastic zone height with the working face width.
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the mining process of the working face under complex conditions through numerical simulation, and provide 
support for regional anti-scour design. The main conclusions are as follows:

	(1)	 The study reveals the distribution characteristics of mining stress, elastic energy accumulation and plastic 
zone distribution at different widths of the first mining face, and determines the reasonable width of the 
working face

The stress concentration degree and range, elastic energy concentration degree and range, plastic zone range of 
coal seam increase with the increase of the width of the first mining face. When the width of the first mining 
face increases from 150 to 300 m, the peak stress of the coal seam increases from 54.15 to 76.99 MPa, the elastic 
energy increases from 400 to 640 kJ/m3, the development height of the plastic zone increases from 34 to 93 m, 
and these parameters increase significantly when the width of the working face is greater than 250 m. According 
to the requirement of impact risk assessment index on the width of the working face, it is considered that the 
width of the working face should be greater than 175 m but less than 250 m, and the designed working face width 
of 200 m inXinzhuang Coal mine is more reasonable.

	(2)	  The evolutional laws of mining stress, elastic energy accumulation and plastic zone distribution and their 
influencing factors are revealed in the study

Fig. 17.  Evolution of the stress distribution of the surrounding rock of the goaf boundary before and after the 
“squaring” of the 1802 working face (along the coal seam).
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Fig. 18.  The stress distribution of surrounding rock during the mining process of the 1802 working face (the 
profile is taken from the middle of the working face, where Y = 2265 m): (a) Plane stress distribution after 
600 m excavation; (b) Profile stress distribution after 600 m excavation; (c) Plane stress distribution after 
1000 m excavation; (d) Profile stress distribution after 1000 m excavation; (e) Plane stress distribution after 
1800 m excavation; (f) Profile stress distribution after 1800 m excavation; (g) Plane stress distribution after 
2600 m excavation; (h) Profile stress distribution after 2600 m excavation; (i) Plane stress distribution after 
3400 m excavation; (j) Profile stress distribution after 3400 m excavation; (k) Plane stress distribution after 
3900 m excavation; (l) Profile stress distribution after 3900 m excavation.
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The results show that the leading bearing stress is greater than the lateral bearing stress before the working face 
is squared, while the leading bearing stress is smaller than the lateral bearing stress after the working face is 
squared. During the mining process of the first mining face, there are three high mining dynamic concentration 
areas near the cut hole, near the strike middle syncline axis and in the second half of the working face, which are 
not completely consistent with the location of the stress area of the high plain rock, mainly affected by the layer 
spacing between the hard overlying roof and the coal seam. The smaller the layer spacing, the higher the mining 
stress, and the two are negatively correlated. In general, the concentration degree of mining-induced stress at 
the head mining face is 1.45–1.7, the peak stress is located at the depth of the coal body 10–20 m, the influence 
range of mining-induced stress is 150–200  m, the concentration degree of elastic energy is 1.7–2.5, and the 
concentration area of elastic energy is the coal body and its adjacent top and floor strata within 20–200 m of the 
goaf boundary. The peak elastic energy is located in the depth of coal body about 20 m, the plastic zone range 
is 5–20 m, the development height of plastic zone is about 20–90 m, and the development depth of plastic zone 
under the coal seam is about 8–30 m.

Figure 18.  (continued)
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Fig. 19.  The elastic energy distribution of the surrounding rock during the mining process of the 1802 
working face: (a) Plane elastic energy distribution after 600 m excavation; (b) Profile elastic energy distribution 
after 600 m excavation; (c) Plane elastic energy distribution after 1000 m excavation; (d) Profile elastic 
energy distribution after 1000 m excavation; (e) Plane elastic energy distribution after 1800 m excavation; (f) 
Profile elastic energy distribution after 1800 m excavation; (g) Plane elastic energy distribution after 2600 m 
excavation; (h) Profile elastic energy distribution after 2600 m excavation; (i) Plane elastic energy distribution 
after 3400 m excavation; (j) Profile elastic energy distribution after 3400 m excavation; (k) Plane elastic energy 
distribution after 3900 m excavation; (l) Profile elastic energy distribution after 3900 m excavation.
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In the future, the research in this field can be carried out from the following directions. In terms of 
theoretical research, the mining stress mechanics model of surrounding rock under multi-factor coupling is 
further improved, and the nonlinear mechanical behavior of rock, the influence of geological structure and 
the interaction between different rock layers are considered, so as to improve the accuracy and applicability of 
the theoretical model. In terms of numerical simulation, more advanced numerical simulation software and 
algorithms are developed to improve the simulation accuracy of complex geological physical behavior, and fully 
consider the characteristics of rock mass heterogeneity, anisotropy and rheology, so that the simulation results 
are closer to the actual situation.

Figure 19.  (continued)
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Fig. 20.  The distribution of the plastic zone of the surrounding rock during the mining process of the 1802 
working face: (a) Plane plastic zone distribution after 600 m excavation; (b) Profile plastic zone distribution 
after 600 m excavation; (c) Plane plastic zone distribution after 1000 m excavation; (d) Profile plastic zone 
distribution after 1000 m excavation; (e) Plane plastic zone distribution after 1800 m excavation; (f) Profile 
plastic zone distribution after 1800 m excavation; (g) Plane plastic zone distribution after 2600 m excavation; 
(h) Profile plastic zone distribution after 2600 m excavation; (i) Plane plastic zone distribution after 3400 m 
excavation; (j) Profile plastic zone distribution after 3400 m excavation; (k) Plane plastic zone distribution after 
3900 m excavation; (l) Profile plastic zone distribution after 3900 m excavation.

 

Scientific Reports |        (2025) 15:16819 22| https://doi.org/10.1038/s41598-025-00368-w

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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