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Abstract: The presence of an overlying coal pillar (OCP) strongly influences the stress 

distribution and deformation of the surrounding rock of the roadway and working face. In 

this paper, the stress distribution characteristics under the coal pillar are analyzed through 

numerical simulation using the FLAC3D program. Multi-coal seam mining conditions at 

Thong Nhat coal mine were selected as the technical foundation. Research results show that 

the presence of coal pillars acts as a bridge to transfer loads from the roof rock strata to the 

floor, and therefore it forms a high-stress concentration zone with an oval shape under the 

coal pillar. Caused by stress superposition, abutment stress distribution rules are affected by 

the distance from the roadway or working face to the OCP. In the concentrated stress zone 

of the OCP, the abutment pressure at the roof and floor of the roadway increases by 2 times 

and puts the road into a dangerous deformation condition. Meanwhile, when the working 

face approaches the OCP, the front abutment pressure value increases 1.3 times, and the 

range of the high-stress zone increases 2 times. Thus, the presence of OCP has changed the 

stress distribution law in the direction of increasing the value and distribution range of the 

maximum stress area, and it affects the roadway and working face of the coal seam below. 

The research results of this article will be an important document as a basis for researching 

technical solutions to meet the requirements for safe mining in underground coal mines. 

Keywords: Coal pillar; Stress distribution; Abutment pressure; Multi-seam mining; 

Roadway; Longwall face. 
 

1. Introduction 

In the realm of coal mining, particularly in multi-seam operations, the stress distribution 

beneath coal pillars is a critical factor influencing mine stability. The coal pillars, acting as 

primary support structures, bear the overburden pressure and redistribute stresses within the 

seam. In multi-seam mining, the interaction of stresses between seams adds complexity to 

this distribution. The stress concentration around the pillars can lead to pillar failure and 

ground control problems, posing significant safety risks. Therefore, understanding and 

accurately predicting the stress distribution under these conditions is crucial for safe and 

efficient mining operations. 
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In underground coal mining, the success of a mining enterprise is determined by many 

factors. One of them is the stability of roadways and longwall faces. This task becomes even 

more complicated when multi-coal seams mining. In the mining plan of underground coal 

mines in Vietnam, the mining order is carried out sequentially from the upper seam to the 

lower seam. In this case, the longwall face or roadway in the lower coal seam is placed under 

the gob or coal pillar of the upper coal seam. Production practice and theory have proven that 

the coal pillar of the upper coal seam will become a place where stress from the roof rock 

strata is concentrated, and this can increase abutment pressure to a seriously threatening level 

to the safe production of coal mines [1, 2]. Studies on the influence and control of OCP on 

roadway stability and the exploitation of the lower coal seam have been the focus of many 

scientific works. Liu et al. combined theoretical analysis with field testing, allowing them to 

detect abnormal magnitudes of abutment pressure when mining coal seams under the OCP 

[3]. The study [4] used numerical simulation and theoretical analysis to obtain the asymmetric 

stress distribution law under the coal pillar. With this result, they research and design the 

optimal location of the roadway to increase roadway control and labor safety. The study [5] 

studied the stress distribution law in the upper coal pillar according to soil mechanics 

principles and numerical analysis. They discovered an abnormal increase in the value stress 

on the roof of the roadway and longwall face when their position is under the stress 

concentration zone of OCP. Xia, Huang et al. focused on studying the influence of the OCP 

on the cracking of hard strata, and the abutment pressure under the coal pillar in case of dual 

effect when multi-seam mining [6–8].  

In addition, there are some other notable projects such as Investigation of strong strata 

behaviors in the close-distance multiseam coal pillar mining [9], this study delves into the 

behaviors of strong strata in the context of close-distance multiseam coal pillar mining, 

providing valuable insights into the dynamics of such environments. Coupling control on 

pillar stress concentration and surface cracks in shallow multi-seam mining [10], it focuses 

on the interplay between pillar stress concentration and surface cracks in shallow multi-seam 

mining, offering a comprehensive understanding of the factors influencing these phenomena 

when applying technical solutions of coal mining and gas extraction without coal pillar in 

multi-seam with low permeability [11]. These studies investigate the failure mechanisms of 

gob-side roadways under the pressure of overlying coal pillars in multiseam mining, as well 

as the design considerations for multi-seam mines intended for coal extraction [12, 13]. 

Implementing a rational coal pillar design in multi-seam mining, and achieving the coupling 

control of underground concentrated stress and surface fractures [14]. In order to boost 

underground coal production in India, supports are essential. Longwall mining, which 

involves an array of chain pillars, is used in multi-seam longwall mining panels in India’s 

deepest coal mine. This method helps in maintaining the stability of the mine and ensures the 

safety of the miners while maximizing the extraction of coal [15]. In the research [16], the 

authors first obtained the rock by using a coal mine with multi-seam mining in Datong as a 

case study. Then, based on the geological conditions, we proceeded with the physical 

analysis. This approach allows us to understand the complexities of multi-seam mining and 

provides valuable insights for improving mining efficiency and safety. The next steps of the 

study would likely involve further analysis and testing based on these physical conditions. 

The extensive and interconnected movements of multi-seam goaf have exacerbated issues 

when the longwall is mined under the edge of mining panels and remnant pillars within the 

mine. This situation presents significant challenges in maintaining the stability of the mine 

and ensuring the safety of the miners. It underscores the need for careful planning and robust 

support structures in multi-seam mining operations. Further research and development are 

required to mitigate these issues and enhance the efficiency and safety of longwall mining 

under such complex conditions [17]. The study [18] aims to understand the dynamics of coal 

pillar positions and their impact on the stability and safety of mining operations. It provides 
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valuable insights into the optimal positioning of coal pillars to prevent potential hazards and 

improve the efficiency of multi-seam mining operations. Further details would likely involve 

the specific methodologies used and the findings from the Research. 

The studies related to the coal pillars mentioned above focus on the instability of coal 

pillars and the law of stress propagation through the coal pillar to the floor. However, in small 

slope angles areas of the coal seam, OCP may be perpendicular to the longwall face and the 

lower roadway. In this case, studies on the stress distribution characteristics in the OCP that 

affect the roadway and longwall face under are not much. The resonance effect of stress in 

the OCP and the abutment stress in front of the longwall face is very complicated. To clarify 

this issue, the article takes the mining conditions at coal seams 4C and 3C in the Thong Nhat 

coal mine as the research object. 

2. Materials and Methods 

The technical foundation for this study is mining conditions at 4C and 3C coal seams in 

the Thong Nhat coal mine, Quang Ninh region, Vietnam. Coal seam 3C is located under and 

the distance between the two seams is 7.5 m. Coal seam 4C was mined first, in which a 25 

m-wide coal pillar was left in the gob. The roadway and longwall faces at coal seam 3C are 

perpendicular to the coal pillar of seam 4C. The relationship of the coal pillar at seam 4C 

with the roadway and longwall face at seam 3C is presented in Figure 1. Coal seams 4C and 

3C are in depth 313 m and 320.5 m, respectively. They have a slope angle of 70 and a 

thickness of 3m and 4.5 m, respectively. The surrounding rocks are respectively layers of 

claystone, siltstone, and sandstone. See Figure 2 for map of the research area and stratigraphic 

columns in the study area. For the physical and mechanical properties of surrounding rocks, 

see Table 1. 

 

Figure 1. Three-dimensional diagram of the relative position of the OCP with roadways and longwall faces. 

Table 1. Properties of rocks and coal in the study area. 

Type rock 

Tensile 

strength 

(MPa) 

Bulk 

modulus 

(GPa) 

Shear 

modulus 

(GPa) 

Poisson’s 

ratio 

Cohesion 

(MPa) 

Friction 

angle 

(deg.) 

Density 

(kg/m3) 

Fine-

sandstone 
1.75 8.120 3.642 0.30 3.15 38 2840 

Sandstone 1.63 7.451 3.240 0.31 3.21 34 2775 

Mudstone 0.98 2.342 0.950 0.32 2.16 30 2556 

Siltstone 1.25 1.826 0.609 0.34 1.83 26 2250 

Coal 0.5 0.755 0.486 0.26 1.45 19 1460 
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Figure 2. Map of the research area, stratigraphic and petrographic column. 

The numerical modeling research method with the Flac3D program is used in this study: 

FLAC3D (Fast Lagrangian Analysis of Continua in 3 Dimensions) is numerical modeling 

software for geotechnical analyses of soil, rock, groundwater, constructs, and ground support. 

FLAC3D utilizes an explicit finite volume formulation that captures the complex behaviors 

of models that consist of several stages, show large displacements and strains, exhibit non-

linear material behavior, or are unstable (including cases of yield/failure over large areas, or 

total collapse). This is a finite element model with construction materials such as coal and stone 

considered elastic materials that meet the Mohr-Coulomb durability criteria [19]. The model 

dimensions are 350 m long, 265 m wide, and 140 m high. The side boundaries of the model 

have been fixed to displacements in the horizontal direction, and the bottom boundary has been 

fixed to displacements in the horizontal and vertical directions. The top boundary of the model 

is not constrained in displacement. Natural load is applied to the upper boundary of the model 

with a vertical stress of 6.5 MPa. The upper specific gravity is assumed to be 0.025 MN/m3, and 

gravity is also applied. The stratigraphic and rock mechanical parameters used in the model are 

similar to the study area conditions at seams 4C and 3C of the Thong Nhat coal mine (Table 1). 

The model structure diagram is presented in Figure 3. 

 

 

Figure 3. Structure diagram of the simulation model. 

In this model, the 4C coal seam is exploited first. During the exploitation of seam 4C, 

coal pillars with a width of 25 m are formed in the gob. Next, two roadways were excavated 

in the 3C coal seam in a direction perpendicular to the coal pillar. Finally, panels on the 3C 

coal seam are mined in a direction perpendicular to the coal pillar. The distance between coal 
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seams and their distribution depth is similar to Figure 2. During model implementation, stress 

data is extracted at the location of coal pillars, roadways, and longwall faces. Model's 

research structure diagram, see Figure 4. 

 

Figure 4. Research structure diagram. 

3. Results and Discussions  

3.1. Stress distribution under the coal pillar 

When there is no OCP, crack development occurs under the gob of the 4C seam to a 

certain extent. Therefore, when mining coal seam 3C, the integrity of the coal seam and its 

roof is broken, it causes a certain pressure drop during the mining of the coal seam. In the 

presence of OCP, stress concentrations are formed in the coal pillar [20]. The coal pillar then 

acts as a bridge to transfer stress to the coal seam 3C (Figure 5). 

 

Figure 5. Vertical stress distribution under the coal pillar. 

Figure 5 shows that the coal pillar completely bears the load of the roof rock strata. 

Therefore, there is quite a high stress concentration in the coal pillar. The stress at the center 

of the coal pillar is 17.2 Mpa and then gradually decreases to the two sides. Under the gob 

area, the vertical stress is quite small, only 1.8-3.4 Mpa. However, near the coal pillar, stress 

increases rapidly. The high-stress zones under the coal pillars are oval and appear to extend 

vertically. At a distance 37 m under OCP, the vertical stress is 7.2 Mpa, nearly equal to the 
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initial static stress. And then, the vertical stress increases rapidly when approaching the coal 

pillar. The vertical stress is 10.7 Mpa at a distance of 20 m under the coal pillar. This value 

is respectively 15.5 Mpa and 16.3 Mpa when distances 10 m and 5 m, correspond. 

Production practice shows that high stress in the surrounding rock is an unfavorable 

working environment for underground coal mining. In this condition, the risk of rock burs 

can occur and threaten labor safety. Especially when mining coal seams at close distances, 

the status of roadway deformation and support destruction often at the Thong Nhat coal mine. 

Therefore, it is necessary to eliminate OCP when multi-seam mining. 

3.2. Stress distribution when the roadway is excavated under the coal pillar 

Corresponding to the research conditions at seams 4C and 3C at the Thong Nhat coal 

mine (the distance between the two seams is 7.5 m), the stress distribution when excavating 

the roadway under the coal pillar is shown in Figure 6. 

 

Figure 6. The stress distribution under the coal pillar corresponds to the distance to the working face 

of the roadway: (a) 20 m from the coal pillar; (b) 10 m from the coal pillar; (c) meet the coal pillar; 

(d) in the middle of the coal pillar; (e) when starting to pass the coal pillar; (f) pass 10 m coal pillar; 

(g) pass 20m coal pillar; (h) completely surpasses the coal pillar. 

Figure 6 shows a significant change in stress distribution when excavating the roadway 

under the coal pillar. When the roadway is far from the coal pillar, the stress distribution in 

the surrounding rock of the roadway follows the normal law. However, when the roadway 

approaches the coal pillar, the superposition of stress from the coal pillar and the abutment 

pressure in front of the working face of the roadway increases. Specifically, when the distance 

between the coal pillar and the working face of the roadway is 20 m, the front abutment 

pressure is 6.2 Mpa and increases to 9.6 Mpa at a distance of 10 m. When the roadway begins 

to enter the area under the coal pillar, the superposition of stress from the coal pillar causes 

the maximum stress value to increase to 13.1 Mpa. When the roadway was excavated to the 

middle of the coal pillar, the maximum stress value began to decrease to 10.6 Mpa. However, 

almost all the stress from the coal pillar is transmitted to the roof of the roadway, the stress 

value reaches 10.5 Mpa. This can be explained by the failure of the surrounding rock mass 

the effect of eliminating the stress concentration in front of the roadway, and the roadway 

under the coal pillar would bear the entire load loaded of OCP. Therefore, there is a high risk 
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of rock bursts on the roof of the roadway. As the roadway begins to pass the coal pillar, the 

abutment stress in front of the roadway decreases to 8.2 Mpa and is stable at 6.0 Mpa. The 

stress area from the coal pillar loading on the roadway remains unchanged compared to the 

previous case.  

Figures 6e-6g, 6h show a large stress area from the coal pillar with a stress value of 10-

10.5 Mpa acting on the roof of the roadway. At the same time, a high-stress zone with a stress 

value of about 8.3 Mpa is also formed on the floor of the roadway. These stress values are 

almost 2 times higher than in other areas. At this location, the roadway is pressed from both 

roof and floor, causing the phenomenon of falling roof rocks and floor heave. This explained 

the deformation of roadways that frequently occurred when excavating them under coal 

pillars. According to statistics at the Thong Nhat coal mine, the frequency of repairing these 

roadways is every 4-5 months. Frequent roadway repairs have hurt production efficiency and 

labor safety. 

3.3. Stress distribution when mining panels under coal pillars 

 The stress distribution in front of the longwall face when performing panel mining under 

the influence of coal pillars is shown in Figure 7. 

 

Figure 7. Stress distribution in front of the longwall face under the influence of the OCP, when the 

distance between the longwall face and the coal pillar: (a) 70 m, (b) 50 m, (c) 30 m, (d) 10 m, (e) 

approaching OCP, (f) in the middle of OCP, (g) passing the OCP. 

As seen in Figure 7, the stress distribution in front of the working face differs greatly in 

the cases of the absence or presence of the OCP. When the distance between the longwall 

face, and the OCP is 70 m, the abutment stress in front of the longwall face increases, then 

decreases and increases again due to the stress concentration under the OCP. In Figure 7a, 

the abutment stress is formed in the form of two peaks in front of the longwall face. A 

maximum stress of 15.3 MPa was observed at a distance of 15 m from the longwall face, 

while the maximum stress under the coal pillar was 17.2 Mpa. As the longwall face advances, 

the abutment stress peak in front of the longwall face decreases to 13.8 Mpa at a distance of 

50m. The main reason is that the gob area next to the coal pillar of the upper seam has been 

unloaded and reduced the stress concentration, so the stress of the surrounding rock is 
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significantly reduced. As the longwall face continues to excavate forward and at a distance 

of 30 m from the coal pillar, the abutment stress in front of the longwall face only remains a 

single peak under the coal pillar. The maximum value of abutment stress does not change 

much, however, under the interference of the stress in front of the longwall face and the stress 

under the pillar, the high-stress area is expanded 1.5 times compared to the coal pillar. It can 

be seen that OCP strongly impacts the longwall face within a range of less than 50 m and a 

rapid increase in stress in the coal seam. When the longwall face is at a distance of 10 m and 

approaches the coal pillar, the front abutment stress area gradually narrows and shifts to the 

opposite side. The maximum stress value remains at 17.2 Mpa. When the longwall face is in 

the middle of the OCP, the abutment stress peak begins to move away from the coal pillar, 

and the maximum stress value is 16.3 Mpa. When the longwall face passes the OCP, the 

abutment stress in front of the longwall face returns to normal with a maximum stress value 

of 13.3 Mpa at a distance of 15m and then stabilizes at 12.6 Mpa.  

Figure 7 implies in the absence of OCP, the maximum stress in front of the longwall face 

is lower. In the presence of OCP, the maximum stress value is higher and the distribution 

range is wider. As the longwall face approaches the OCP, the abutment stress increases 

sharply and maintains a high value. The area affected by stress concentration in OCP is larger 

and stable control of the longwall face becomes more difficult. 

4. Conclusion 

- Simulation results show that the appearance of OCP will form an oval-shaped enhanced 

stress concentration zone. The coal pillar acts as a bridge to transmit the entire load of the 

roof rock strata to the coal seam below, significantly affecting the stress distribution when 

excavating the roadway and mining panels. In the presence of OCP, the maximum stress will 

be higher and spread across the width of the OCP. Residual stress from the coal pillar will 

compress the roadway vertically from the roof and floor. Therefore, if not well supported and 

corresponding technical solutions are applied, the roadway will deform and be destroyed. 

- The presence of OCP affects the stress distribution in front of the longwall face. When 

the longwall face in the lower coal seam is far from the coal pillar, the stress distribution in 

front of the longwall face is relatively stable and follows the law of abutment pressure. When 

the longwall face approaches the OCP, the superposition of the coal pillar's stress and the 

abutment stress causes the maximum value of the stress to increase significantly and expand 

the influence area by 1.5 times. With this condition, the scope of overburden collapse in the 

roof and working face expands and causes rockburst safety risks.  

- The result of the research found the law of stress distribution under the coal pillar. This 

is an important factor in finding solutions to ensure safety when excavating roadways and 

mining longwall faces of the adjacent seam below. The main gap in the research is that the 

model can only simulate a specific geological case. The variation in thickness and slope angle 

of the rock layers has not yet been considered. However, this is also the basic foundation for 

developing subsequent research projects according to different parameters of coal seam 

thickness, distance between coal seams, and other parameters. The research results will be 

the basis for mine managers to develop plans and operate mines safely. 
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