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Abstract 

Purpose. The stability of the lower coal seam roadway under the condition of close coal seams is a key issue in underground 

mining, mainly when the roadway is located under the coal pillar of the upper seam. This paper analyzes the stress distribution rule 

under the coal pillar to determine the reasonable location of the roadway in the lower seam at Thong Nhat Coal Mine, Vietnam.  

Methods. Numerical simulation model using FLAC3D software was conducted to investigate the distribution and redistri-

bution of stress under the coal pillar and the goaf area, considering vertical-horizontal stress, physical parameters of rock and 

actual boundary conditions. 

Findings. Four different roadway layout locations were assumed for comparison: Under the center of the pillar (A), under 

the edge of the pillar (B, C) and in the floor area under the goaf (D). The results showed that the highest stress concentration was 

at location A, with a concentration coefficient of 2.4-2.7 times the initial stress, creating a high risk of instability. Locations B and 

C had lower stresses but were still strongly affected by the pillar load. In contrast, location D showed a significantly lower and 

uniform stress distribution, and a small plastic zone development range, which was favorable for maintaining roadway stability.  

Originality. The choice of roadway location is decisive for the safety and longevity of the project. In the geological condi-

tions at Thong Nhat Coal Mine, arranging the roadway in the floor area under the goaf outside the coal pillar with a horizontal 

distance of 5m (location D) is the most reasonable and safest. At the same time, it is necessary to avoid arranging the roadway 

directly under the coal pillar. 

Practical implications. The research results provide a scientific and practical basis for design work, improving stability, 

reducing maintenance costs and ensuring safety in underground mines with close coal seams. 

Keywords: coal pillar, coal seams, floor stress distribution, mining-induced pressure, roadway stability, Thong Nhat Coal Mine 

 

1. Introduction 

Underground coal mining in Vietnam accounts for 95% of 

the total annual mining output of the coal industry. The com-

plexity of underground coal mining always poses many risks to 

labor safety and production efficiency. In Vietnam, under-

ground coal mining is carried out in the order of the upper coal 

seam first, then the lower coal seam. Early exploitation of the 

upper coal seams will break the connection of the rock layers 

and increase their displacement when exploiting the lower coal 

seam. In particular, when mining coal in areas with close coal 

seams, the pillars left in the upper coal seam lead to stress con-

centration in the floor, causing problems for mining operations 

and roadway protection in the lower coal seam [1], [2]. In fact, 

it is complicated to determine the characteristics of stress trans-

mission and concentration in such complex mining conditions. 

The pressure distribution on the coal pillar is affected by the 

load of the rock masses above within a specific range and is re-

lated to its width and properties [3]. Accordingly, the floor 

stress distributed by a coal pillar is very complicated. Wang et 

al. [4] analyzed that, when there is a coal pillar in the goaf, the 

stress distribution characteristics will follow the structure of 

“goaf-coal pillar-goaf”. Under the coal pillar, the stress concen-

tration can be 10 times that under the goaf. In areas of high 

stress, the rock mass is more likely to be in a plastic deformation 

state and will not be suitable for arranging the roadways. 

Several hypotheses on the distribution of floor stress under 

coal pillars have been studied theoretically and in the labora-

tory by many scientists. The factors affecting the intensity and 

distribution of vertical pressure under coal pillars have been 

generally analyzed. In recent years, numerical techniques have 

been more strongly developed and more widely applied in un-

derground coal mining research. To clarify the distribution of 

floor stress, some scholars [5]-[11] have established numeri-

cal models of close coal seams based on FLAC3D or UDEC 

software and studied the changes and characteristics of floor 

stress after mining the upper coal seam. Other scholars [12]-

[16] first built mechanical models to analyze the distribution 

rule of floor stress qualitatively. Then they used numerical 

simulations to describe the distribution of floor stress and ob-

tain quantitative data. Du et al. [17] analyzed the stress 
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distribution model while mining multiple coal seams at the 

Longde Coal Mine in western China. 

With the help of numerical simulation, the 4 and 7 m wide 

destruction zones on both sides of the coal pillar were formed 

during the mining of adjacent longwalls. Finally, the authors 

calculated a 12.5 m wide coal pillar to ensure they were  

destroyed within the mining area. Jiang et al. [18] studied the 

influence of mining technological parameters on the defor-

mation and stability of coal pillars during short longwall  

mining in ultra-thick coal seams and 1.0 km deep in eastern 

China. In this study, they found that the vertical stress under 

the floor of the coal pillar was proportional to the width of the 

goaf zone on both sides. Jun et al. [19] studied the stress 

change caused by mining when the longwall passed under the 

coal pillar at a close distance. They found that the bearing 

pressure increased rapidly as the longwall approached the coal 

pillar (reaching a maximum at a distance of 20 m) and then 

gradually decreased below the coal pillar. Liu et al. [20], as 

well as Vu et al. [21], [22], used UDEC software to study the 

stability of coal pillars when mining each layer close to each 

other based on the geological conditions of Gaohe Coal Mine, 

China and Nui Beo Coal Mine, Vietnam. Mu et al. [23] used 

the coal seam conditions in Xinzhouyao Mine, China, to study 

the destruction mechanism of the roadway during the mining 

of multiple seams under the upper coal pillar based on theo-

retical analysis and numerical simulation. Meanwhile, in  

Daliuta Coal Mine, Shanxi province, China, Piao et al. [24] 

studied the motion characteristics of mining the seam under 

the remaining coal pillar in the mining area based on the opti-

cal fiber monitoring method. Shan et al. [25] simulated the 

mining of close-distance coal seams to study the distribution 

characteristics of stress deviations in the surrounding rock 

mass in the lower coal seam. 

Thus, previous studies have shown that the presence of 

coal pillars is the leading cause of the roadways’ instability 

(including haulage level and ventilation level) in the close coal 

seam below. Compared with single-seam mining, a series of 

abnormal rock pressure phenomena, such as compression of 

the two sides of the roadway, floor push and deformation of 

the roadway, appear more seriously under the mining condi-

tions of close seams. The stress concentration under the floor 

of the coal pillar is often several times higher than the normal 

state, which makes the roadway support and exploitation of 

the lower coal seam particularly difficult. 

Although the negative impacts of coal pillars have been 

noted in many international studies, there has not been any re-

search in Vietnam’s underground coal mines that has delved 

into the stress mechanism and solutions to maintain the stabil-

ity of the roadway. Therefore, this study will focus on analyz-

ing the geological and mining conditions at Thong Nhat Coal 

Mine as a basis for building a numerical model, thereby ana-

lyzing and evaluating the stress distribution rule under the coal 

pillars and proposing the location of the roadway of the lower 

coal seam in the safe stress zone. 

2. Methods 

2.1. Study area 

The study area was conducted at coal seams #6b and #6d 

of Thong Nhat Coal Mine. The 5-15 m thick siltstone is the 

rock layer between the two coal seams. The coal seam #6d is 

located above, with an average thickness of 2-4 m, an average 

slope angle of 3 degrees, and a depth of 300 m.  

The length of the longwall is 120~140 m. The diagram of 

the panels and stratigraphic column in the study area is shown 

in Figure 1. 

 

(a) 

 

(b) 

 
Figure 1. The diagram of the panels (a) and stratigraphic column 

(b) in the study area of Thong Nhat Coal Mine 

 

The 20-30 m wide coal pillar is usually left in the goaf. 

Currently, the coal seam #6d has almost been fully exploited. 

The lower coal seam #6b is being prepared and exploited at 

the first longwall. The average thickness of the coal seam #6b 

is 6 m, the average slope angle is 3 degrees, and the depth is 

310 m. The stress concentration under the floor of the coal pil-

lar significantly affects the stress of the primary rock mass and 

the stability of the Seam #6b roadway. Therefore, the roadway 

layout in the lower seam is of great importance for exploiting 

coal seam #6b. The physical properties of coal and rock mass 

in the study area are shown in Table 1. 
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Table 1. The physical properties of coal and rock mass in the study 

area of Thong Nhat Coal Mine [26] 

Type rock 
Fine-

sandstone 

Sand-

stone 

Mud-

stone 

Silt-

stone 
Coal 

Tensile strength, MPa 1.75 1.63 0.98 1.25 0.5 

Bulk modulus, GPa 8.12 7.451 2.342 1.826 0.755 

Shear modulus, GPa 3.642 3.24 0.95 0.609 0.486 

Poisson’s ratio 0.3 0.31 0.32 0.34 0.26 

Cohesion, MPa 3.15 3.21 2.16 1.83 1.45 

Friction angle, deg. 38 34 30 26 25 

Density, kg/m3 2840 2775 2556 2250 1460 

2.2. Analysis of stress formation below the coal pillar 

Currently, measuring stresses at the location under coal pil-

lars or in the goaf is impossible. Therefore, they are often esti-

mated through the load on the coal pillar from the covering lay-

ers. There are three different types of pressure charts distributed 

along the width of the coal pillar, commonly found in under-

ground coal mines, namely: two-peak stress form (in wide coal 

pillars), has the form of a prominent stress peak (in medium-

wide coal pillars), and has the form of a small stress peak (in 

narrow coal pillars). The concentrated stress that appears due to 

the loading of rock masses on the pillar will be transmitted 

downward, causing stress redistribution in the floor. Within a 

specific range inside the coal pillar, the bearing capacity and the 

impact pressure will reach a state of limit equilibrium. The limit 

equilibrium theory has been used in previous studies to deter-

mine the width of the plastic stress zone in the coal pillar [27]-

[30]. Based on these studies, a plastic stress zone X0 will form at 

the edge of the coal pillar, determined by the following Formula: 
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where: 

m – the height of the coal pillar (corresponding to the 

mining height of the coal seam), m; 

1 sin
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
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

+
=

−
 – represented by the triaxial stress 

coefficient; 

tan

4
f


=  – the friction coefficient between the coal seam 

and the rock; 

k – the stress concentration coefficient;  

γ – the average volumetric force of the upper layers, kN/m3; 

H – the calculated depth of the structure, m; 

C – the coal cohesion force, kN/m3; 

φ – the internal friction angle of the coal, degree; 

p1 – the hydraulic support resistance at the edge of the coal 

pillar, MPa. 

The practice at Thong Nhat Coal Mine shows that the 

hydraulic support resistance at the edge of the coal pillar has 

no noticeable effect on the extent of the limited equilibrium 

zone; therefore, p1 = 0. The stress concentration coefficient 

found in underground coal mines in Vietnam is k = 2.5-2.7, 

averaging 2.6 [31]. With the base of the coal seam #6d, 

according to Formula (1), the width of the plastic stress zone 

at the edge of the coal pillar is determined as shown in Table 2. 

The calculation results show that the width of the plastic 

zone also increases proportionally with the coal seam’s 

thickness and the mine’s depth. 

Table 2. Width of plastic stress zone at coal pillar edge of coal 

seam #6d 

X0, 

m 

m, 

m 
ζ f k 

γ, 

kN/m3 

H, 

m 

C, 

kN/m3 

ϕ, 

deg 

p1, 

MPa 

3.8 2 2.464 0.117 2.6 25 300 1450 25 0 

4.2 2 2.464 0.117 2.6 25 350 1450 25 0 

4.6 2 2.464 0.117 2.6 25 400 1450 25 0 

7.5 4 2.464 0.117 2.6 25 300 1450 25 0 

8.5 4 2.464 0.117 2.6 25 350 1450 25 0 

9.3 4 2.464 0.117 2.6 25 400 1450 25 0 

 

At the depth limit of 300 m of seam #6d, the plastic 

deformation zone’s width at the coal pillar’s edge is 

determined as X0 = 3.8 m and 7.5 m, corresponding to the coal 

seam thickness of 2 m and 4 m, respectively. In the case where 

tectonic stress is excluded, the floor stress model under the 

coal pillar is shown in Figure 2. 

 

 

Figure 2. Characteristic diagram of stress distribution in the pres-

ence of coal pillars 

 

The diagram in Figure 2 shows that the AF and OK sec-

tions are the plastic zone ranges on both sides of the coal pillar. 

The GH and IJ sections are the elastic zone ranges, respec-

tively, and the HI section is the initial rock stress range, with 

the value of γH. The characteristics of the rock collapse rule 

in the presence of a coal pillar are as follows: 

– the immediate roof collapses into the goaf; 

– the main roof bends, sinks, then rotates, breaks, and fi-

nally touches the rock in the goaf, and is then compressed. 

Also in Figure 2, the load pi on the coal pillar can be  

expressed as follows: 
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, (2) 

where: 

X0 – the plastic zone on both sides of the coal pillar, m; 

X1 – the elastic zone in the coal pillar, m;  

X2 – the initial stress zone, m;  

B – the width of the coal pillar, m; 
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k – the stress concentration coefficient; 

γ – the average volumetric force of the upper layers, kN/m3; 

H – the depth of the mine structure, m. 

Analysis of stress concentration and reduction on the coal 

pillar shows that there will be a plastic zone at the two edges 

of the coal pillar (Fig. 2). In this zone, the coal cracks and re-

leases stress. Furthermore, the main roof bends, sinks and 

transfers most of the load into the goaf zone. Therefore, there 

is no effect of transferring stress to the floor at the two edges 

of the coal pillar. The stress transmission range is mainly in 

sections 2X1 + X2. 

For the segment of 2X1 + X2, considered as a semi-infinite 

flat object, the vertical stress propagation at any point with  

coordinates (x, y) below the coal pillar can be determined by 

the following Formula: 

1 2 1 2

1 2 1 2

2 2
2 21 2 1 2

2 2
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2 2
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 
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, (3) 

According to Formula (3), the stress distribution curve un-

der the floor of the coal pillar is described similarly to  

Figure 2. The stress concentration area has an elliptical shape 

with the axis passing through the center of the coal pillar. The 

stress distribution range in width and depth will be propor-

tional to the width and position of the pillar under the rock 

layers. At a certain depth, the vertical stress near the center of 

the coal pillar will be the largest, and then gradually decrease 

to both sides [32]. Therefore, a narrow coal pillar will effec-

tively reduce the spread of stress to the floor of the pillar. In 

this case, the coal pillar reaches a plastic state with many 

cracks. Stress release is achieved in this case; therefore, trans-

mitting stress to the floor is unaffected. In this case, the road-

way arrangement under the coal pillar is favorable. On the 

contrary, when wide coal pillars are left, the roadway arrange-

ment under the coal pillar must be calculated to ensure that 

they are outside the area of high stress concentration. 

In wide coal pillars, it is relatively possible to describe the 

stress under the pillar as being spread downwards in an ellipse 

(Fig. 2). The high stress zone will be entirely within the area 

of the ellipse (the central range of the coal pillar), and outside 

of it will be the primary stress zone. Thus, the roadway in the 

lower coal seam will be suitable for arrangement outside the 

ellipse area. In Figure 2, straight lines represent the AB (OD) 

arcs to simplify the calculation. Then, the deflection angle 

∠BAC (∠DOE) will be characterized as the stress diffusion 

angle, and is determined by the following Formula: 

tan
r

h
 = ,                (4) 

where: 

r – the boundary point on the ellipse boundary and the 

limiting position of the plastic zone in the coal pillar, m; 

h – the vertical distance between the calculation point and 

the coal pillar. 

The stress diffusion angle can be easily determined in an 

elastic, homogeneous, and isotropic medium. However, with 

the characteristics of underground coal mines, determining 

this value becomes more difficult due to its dependence on the 

elastic modulus, strength and cohesion of the coal and rock 

layers. The results may affect the determination of the 

reasonable location of the roadway in the lower coal seam. A 

suitable support tool in the current stage is numerical 

simulation. In this paper, based on Thong Nhat Coal Mine, 

numerical simulation is used to clarify the stress propagation 

under the floor of the pillar and the roadway layout of the 

lower coal seam. 

2.3. Numerical simulation analysis method 

Numerical modeling is a modern method that can accurately 

investigate the stress distribution in rock mass and roadway sta-

bility during underground coal mining. Therefore, this is also 

the preferred method we use in this work. One of the popular 

programs for studying the stress environment in rock mecha-

nics, the FLAC3D program [33], was chosen. The Flac3D pro-

gram was chosen to be used in this study. This program uses the 

foundation of a finite element model with construction materi-

als such as coal and stone, which are considered elastic mate-

rials that meet the Mohr-Coulomb durability criteria. 

Coal seams #6d and #6b of Thong Nhat Coal Mine,  

Vietnam (Fig. 1) serve as the technical base providing input 

parameters for this study. The study aims to find the rule of 

concentrated stress transmission due to the remaining coal pil-

lar at seam #6d to the floor and its influence on the roadway 

at seam #6b (lower seam). The study cases have thicknesses 

of seam #6d (upper seam) of 2 and 4 m, respectively. The 

width of the coal pillar is 20 and 30 m, respectively. The 

length of the longwall is 120 m. Between seams #6d and #6b, 

the claystone and siltstone layers have an average total thick-

ness of 7.8 m. The main information about the rock and coal 

layers was shown in Figure 1 and Table 1. 

Spatially, the model is set to have a length of 350 m in the X 

direction, a width of 265 m in the Y direction and a height of 

140 m in the Z direction. Horizontal displacement is fixed for 

the side boundary. Both horizontal and vertical displacement 

are fixed for the bottom boundary. The model does not limit the 

displacement at the top boundary. A vertical stress of 6.5 MPa 

is applied to the top boundary of the model to simulate natural 

loads. A value of 0.025 MN/m3 is assigned to the rock strata’s 

specific weight, and gravity is also applied. The model’s geo-

logical and rock mechanics parameters are similar to the condi-

tions of the Thong Nhat Coal Mine study area (Table 1). The 

model structure diagram is presented in Figure 3. 

To determine the appropriate location of the roadway in the 

lower coal seam (seam #6b), a rectangular roadway was 

designed with a width of 4m and a height of 3 m. In the presence 

of a coal pillar, the stability of the roadway in the lower coal 

seam was studied in the cases at locations A, B, C or D (Fig. 3). 

3. Results and discussion 

3.1. Stress distribution rule under the coal pillar of seam #6d 

The results of stress distribution under the coal pillar of 

seam #6d are shown in Figure 4. The results from Figure 4 

show that as the thickness of the coal seam increases, the stress 

concentration under the floor of the pillar decreases. The stress 

at a distance of 5 m below the pillar for a 2 m thick seam is 

18.15 MPa, but this value is 14.38 MPa for a 4 m thick seam. 

At a distance of 15 m below the 30 m wide coal pillar 

(Fig. 4c), the stress value is 15.46 MPa for a 2 m thick seam, 

and this value is 9.72 MPa for a 4 m thick seam (Fig. 4d).  
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Figure 3. Structure of the research model and determination of the 

tunnel location of the lower seam 

 

(a) (b) 

  

(c) (d) 

  

 

Figure 4. Vertical stress distribution under the coal pillar of seam 

#6d: (a) 20 m wide pillar, 2 m thick seam; (b) 20 m wide 

pillar, 4 m thick seam; (c) 30 m wide pillar, 2 m thick 

seam; (d) 30 m wide pillar, 4 m thick seam 

 

This can be explained by the fact that, as the coal seam’s 

thickness increases, the coal pillar’s height also increases. The 

impact of the load from the upper rock layer is the cause of the 

development of cracks on both sides of the coal pillar. 

This phenomenon occurs more intensely when the pillar’s 

height (or the coal seam’s thickness) increases. This process is 

synonymous with breaking the coal bond on both sides of the 

pillar and makes them easily destroyed. When the coal pillar is 

destroyed, it is not the main load-bearing object of the rock 

wall, but the load is transferred to the collapsed rock block in 

the goaf. Therefore, the stress distribution under the coal pillar 

is minimal. On the contrary, when the coal seam is thinner or 

the height of the coal pillar is smaller, the cross-section of the 

coal pillar is small, so the possibility of them being broken is 

very low. Therefore, they can maintain stability better than coal 

pillars with a significant height. However, the more stable the 

coal pillar is, the higher the stress concentration under the floor. 

It can also be affirmed that the stress concentration under the 

floor of the coal pillar is inversely proportional to the pillar’s 

height (or the coal seam’s thickness). 

The stress is distributed throughout the coal pillar from top 

to bottom in the shape of a flattened ellipse. The ellipse’s 

center is located on the coal pillar and towards the first 

longwall mined (right). The thicker the coal seam, the more 

clearly the center of the stress concentration ellipse develops. 

In Figure 4, the ellipse’s center is 10 m from the edge of the 

coal pillar on the first longwall, while it is 20 m from the edge 

of the coal pillar on the second longwall. This may be because 

during the period of being influenced by the bearing pressure 

from the first longwall mining process, the right side of the 

coal pillar was compressed with the roof control process in the 

mining area. The stress peak is not entirely concentrated on 

the coal pillar and spreads into the coal seam on the 

unexploited second longwall side. During the exploitation 

phase of the second longwall, the coal pillar will bear the load 

independently and be affected a second time by the bearing 

pressure from the longwall mining process. The coal pillar on 

the first longwall side (which has been compacted) will bear 

the load better than the one on the second longwall side. 

Therefore, the center of the stress concentration zone will be 

shifted towards the pillar with a more stable structure. 

The elliptical stress concentration zone will develop 

broader and deeper below the floor as the coal pillar’s width 

increases and the coal seam’s thickness decreases. In contrast, 

a narrow coal pillar has almost no stress concentration zone 

below the floor of the pillar. This proves that a narrow coal 

pillar has been destroyed. In a wide coal pillar, the stress 

concentration zone forms from the center and develops 

widely. In particular, a broad and thin coal pillar (2 m) has a 

large stress concentration zone that develops deep below the 

floor of the pillar as observed during the simulation. 

3.2. The rule of plastic deformation zone formation 

under the coal pillar of seam #6d 

The results of stress distribution in the plastic deformation 

zone under the coal pillar of Seam #6d are shown in Figure 5. 

Figure 5 shows that the plastic deformation zone under the 

coal pillar floor is not apparent when the thickness of the coal 

seam is changed. However, when the width of the coal pillar is 

changed, the variation of the plastic deformation zone has been 

observed. In a coal pillar with a small width (20 m), the 

possibility of forming a plastic deformation zone is limited to a 

depth of 19.5 m below the floor. In a coal pillar with a width of 

30 m, the plastic deformation zone develops deeper than in the 

previous case (up to 20.3 m). Although the change in value is 

insignificant, it still reflects the development of the plastic 

deformation zone’s size corresponding to the coal pillar’s width. 

The characteristics of the rock mass in the plastic 

deformation zone reflect the appearance of cracks, the 

displacement of the rock mass and the reduction of cohesion, 

even the fragmentation. Therefore, the arrangement of the 

roadway in this area will be seriously affected by the 

following reasons. 
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(a) (b) 

  

(c) (d) 

  

 

Figure 5. Stress distribution in the plastic deformation zone under 

the coal pillar of seam #6d: (a) 20 m wide pillar, 2 m thick 

seam; (b) 20 m wide pillar, 4 m thick seam; (c) -30 m 

wide pillar, 2 m thick seam; (d) 30 m wide pillar, 4 m 

thick seam 

 

The rock mass moves into the roadway space and causes 
the supports to deform, losing their support ability. The roof 
is compressed on the support and the additional effect of 
cracking and loosening, causing the roof falling of the 
roadway. The rock mass on the floor is pushed by strong force, 
causing the floor push of roadway, narrowing the usable space 
of the roadway, and at the same time affecting transportation.  

3.3. Choosing the correct location for the roadway 

in coal seam #6b 

The above analysis shows that the roadway stability of the 
lower coal seam is governed by the stability of the coal pillar 
and the stress transmission model through it. Based on the stress 
distribution model and the extent of the plastic deformation 
zone analyzed, the hypothetical locations of the roadway were 
constructed, taking into account the specific geological-
technical conditions in the study area. In the case of a 20 m or 
30 m wide coal pillar retained in the exploited coal seam #6d 
area, the roadway is located 7.8 m below the coal pillar. 

3.3.1. Stress distribution around the roadway 

under coal seam #6d 

Under typical study conditions, coal seam #6b is located 
below the exploited area of coal seam #6d above. 
Corresponding to the layout locations of the roadway (Fig. 3), 
the results in Figure 6 and 7 show the stress distribution 
around the roadways when excavating them under coal pillars 
of 20 and 30 m wide, respectively.  

 

(a) 

    

(b) 

    

Figure 6. Stress distribution around the roadway under the 2 m thick coal seam #6d: (a) 20 m wide coal pillar; (b) 30 m wide coal pillar 

 

(a) 

    

(b) 

    

Figure 7. Stress distribution around the roadway under the 4m thick coal seam #6d: (a) 20 m wide coal pillar; (b) 30 m wide coal pillar 
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When considering the overall simulations in Figures 4, 6 

and 7, the stress distribution rule is clearly and consistently 

shown: Before the roadway excavation, the vertical stress field 

is usually concentrated directly below the center of the pillar, 

creating a high stress core with a stress concentration factor of 

about 2.4-2.7 compared to the initial stress, while the two ad-

jacent regions facing the goaf show reduced stress. Therefore, 

when a roadway is excavated directly below the center of the 

pillar (location A), this roadway not only bears a large vertical 

load from the pillar above but also changes the local stress re-

distribution process around the roadway. In other words, loca-

tion A falls right at the “dangerous stress point”, which can 

lead to the most significant risk of stress concentration and is 

the most unfavorable location regarding stress stability. The 

more off-center location (location B) is affected indirectly. 

There, the stress is reduced compared to that below the center 

of the coal pillar, but still has a significantly immense value 

due to the edge effect of the pillar (stress concentration coeffi-

cient of about 1.5-2.2 compared to the initial stress). Therefore, 

a roadway excavated at location B will cause moderate stress 

redistribution (not as severe as at location A) but requires road-

way reinforcement because the stress value is still high. At the 

location near the edge of the coal pillar (location C), the stress 

field becomes more asymmetric. At the edge of the coal pillar, 

a strong gradient appears between the high stress zone (near the 

center) and the reduced zone (towards the goaf). Therefore, the 

roadway at location C will be affected by significant moments, 

causing the roadway and the rock mass to slide. Meanwhile, 

location D is near the stress reduction zone due to the load-

bearing upper goaf (the concentration factor is only about  

0.9-1.0 compared to the initial stress). The vertical stress is 

more favorable at this location than in the above cases. How-

ever, the long-term stability of the roadway will depend mainly 

on the settlement, shrinkage and collapse of the goaf. 

Increasing the coal pillar’s width and the coal seam’s thick-

ness will amplify the above effects. With a wider coal pillar 

and a thicker seam, the stress core under the pillar center will 

be deeper and of greater intensity. Therefore, any roadway 

closer to the pillar center will be substantially disadvantaged. 

From the reality at Thong Nhat Coal Mine, the mandatory 

case when the roadway is located at position A is the pillar cen-

ter which must lead to two practical consequences: first, the 

arrangement of the roadway right under the pillar center re-

quires strong reinforcement measures and load-reducing 

measures (e.g. long anchors, load-bearing support, pressure-re-

ducing drills); second, when there is a choice, priority should 

be given to the lower stress areas (positions B, C and D). 

3.3.2. Distribution of plastic deformation zones around 

the roadway under the coal seam #6d 

The results in Figure 8 and 9 show the distribution of plas-

tic deformation zones around the roadway under coal seam 

#6d with thicknesses of 2 and 4 m respectively. The width of 

the coal pillar is 20 and 30 m, respectively. 

 

(a) 

    

(b) 

    

Figure 8. Distribution of plastic deformation zones around the roadway under the 2 m thick coal seam #6d: (a) 20 m wide coal pillar;  

(b) 30 m wide coal pillar 
 

(a) 

    

(b) 

    

Figure 9. Distribution of plastic deformation zones around the roadway under the 4 m thick coal seam #6d: (a) 20 m wide coal pillar;  

(b) 30 m wide coal pillar 
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The simulation results of the development of the plastic 

deformation zone (Figs. 5, 8, and 9) show that the distribution 

rule is directly affected by the characteristics of the vertical 

stress field under the coal pillar and the location of the road-

way. In the initial state (Fig. 5), the plastic deformation bands 

are concentrated on both sides of the pillar, where the stress 

gradient is large and the shear-tension condition is larger. In 

contrast, the area under the center of the pillar is still mainly 

elastic with high compressive stress. When the roadway is ex-

cavated at different locations, the morphology of the plastic 

deformation zone changes significantly, reflecting the local 

stress redistribution. Specifically, at position A (below the 

center of the coal pillar), the roadway is dug through the area 

of highest compressive stress, so the plastic deformation zone 

develops symmetrically around it with the boundary extending 

both at the wall and the pillar, showing the most unfavorable 

condition for stability. At position B, the deformation zone is 

mainly concentrated at the roof and the side near the edge of 

the pillar; the extent of spread is reduced compared to A, but 

still significant due to the boundary effect. Notably, at position 

C, where the roadway is dug close to the edge of the pillar, the 

plastic deformation zone develops asymmetrically, often ex-

tending towards the goaf, reflecting the state of compressive 

stress reduction transition stress, which increases the risk of 

local instability due to roof collapse or side sliding. 

On the contrary, position D is near the stress reduction 

zone due to the upper goaf. This position shows that the  

development of the plastic deformation zone is relatively 

limited, mainly locally around the side and the floor of the 

roadway. This location has more favorable conditions for 

bearing capacity immediately after excavation, but long-

term risks may arise due to secondary deformation from the 

goaf subsidence process.  

Thus, the influence of pillar size and seam thickness is 

clearly shown: wide pillars and thick seams not only increase 

the intensity of stress concentration but also amplify the 

range of plastic deformation zone around the roadway, espe-

cially obvious at positions A and C. Thus, the general trend 

can be confirmed: the center of the pillar (A) and the edge of 

the pillar (C) are the most unfavorable positions in terms of 

plastic deformation development; the transition zone (B) has 

an intermediate level; while near the goaf (D) is the most 

favorable position, but it is necessary to monitor subsidence 

and landslide over time. 

3.3.3. Evaluation of the convergence of roadways 

in different cases under coal seam #6d 

The results in Figure 10 show the evaluation of the roadway 

convergence for the respective cases of seam thickness of 2 and 

4 m, coal pillar width of 20 and 30 m. The results of stress and 

plastic deformation data analysis are reinforced by the conver-

gence curve of the roadway at four locations, A, B, C and D. As 

summarized in Figure 10, the deformation of the roadway de-

pends closely on the relative position under the coal pillar.  

 

(a) (b) 

  

(c) (d) 

  

Figure 10. Evaluation of the convergence of the roadways in different cases: (a) 20 m wide coal pillar, 2 m thick seam; (b) 30 m wide coal 

pillar, 2 m thick seam; (c) 20 m wide coal pillar, 4 m thick seam; (d) 30 m wide coal pillar, 4 m thick seam  
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At location A, located directly under the center of the coal 

pillar, the convergence of the top reaches 0.6-0.95 m, and the 

convergence of the two sides reaches 0.2-0.4 m. The road-

way’s deformation law increases with the pillar’s width and 

the seam’s thickness. Thus, the vertical stress is most concen-

trated, leading to the symmetrical and extensive development 

of the plastic deformation zone around the roadway. The direct 

consequence is that the convergence amplitude here reaches 

the most significant value, and the rate of increase is rapid in 

the early stages after tunnel excavation. It tends to stabilize 

later than other locations. This confirms that arranging the 

roadway right under the center of the pillar is the most unfa-

vorable option in terms of both stress and deformation. 

At position B, due to the impact from the pillar edge, the 

stress field tends to be eccentric, and the plastic deformation 

zone develops strongly in the roof and side of the roadway 

(near the edge of the coal pillar). The roof convergence 

reaches 0.58-0.62 m, and the convergence on both sides is 

from 0.19-0.4 m. The asymmetry between the two sides is di-

rectly reflected in the convergence curve: the deformation am-

plitude is smaller than A but still maintains at a high level, and 

the convergence variation often has two distinct stages – ini-

tially fast due to local instability, then gradually slows down 

when the new support system is established. 

For position C, close to the edge of the pillar and near the 

pressure reduction zone, the development of the plastic defor-

mation zone is asymmetrical, mainly pulling towards the goaf. 

The convergence curve here shows strong oscillation charac-

teristics. The deformation increases rapidly due to local crac-

king and side sliding, alternating with a deceleration phase 

when the stress is released towards the goaf. The roof conver-

gence reaches 0.25-0.28 m, the left side convergence is about 

0.04 m, and the correct side convergence is 0.2-0.25 m. Thus, 

although the convergence amplitude does not reach the maxi-

mum value at position A, the curve’s complexity and unpre-

dictability make position C have a high risk of instability. 

On the contrary, position D is the position where the stress 

reduction effect from the goaf is dominant. Therefore, the plas-

tic deformation zone is limited, locally concentrated around the 

side and the roadway floor. The corresponding convergence 

curve shows the smallest deformation value, slow growth rate 

and early steady state. The convergence of the roadway roof is 

0.09-0.14 m, the left side is about 0.02-0.05 m, and the right 

side is 0.11-0.21 m. Therefore, this position has more favora-

ble conditions for the roadway layout. However, it is still nec-

essary to consider the secondary deformation due to the sub-

sidence of the goaf over a long period. 

The synthesis of the above analyses can conclude that the 

convergence transformation trend is entirely consistent with 

the stress distribution and plastic deformation zone: location 

A is the most unfavorable, followed by B and C, while D is 

the most feasible option to maintain the stability of the road-

way. This emphasizes the importance of choosing a reasona-

ble location for the roadway under the coal pillar, and at the 

same time provides clear guidance for the appropriate support 

solutions for each specific stress field condition. 

4. Conclusion 

The research results for typical conditions at Thong Nhat Coal 

Mine, Vietnam, allow the paper to draw several conclusions. 

The strongest concentrated stress forms right under the 

center of the coal pillar, gradually decreasing to both sides and 

spreading down the roadways arranged under the lower seam. 

This is the fundamental cause leading to the apparent difference 

in the stability of the roadway between locations A, B, C and D. 

The plastic deformation zone develops strongly under the 

center of the pillar (location A) and at the edge of the pillar (lo-

cation C). The spread of this zone around the roadway can cause 

early destruction of the rock structure, creating conditions for 

intense roadway deformation. Meanwhile, at locations B and D, 

the plastic deformation range is narrower, creating favorable 

conditions for maintaining the stability of the roadway. 

On a broader coal pillar and thicker seam, there will be a 

tendency to increase the size of the concentrated stress zone 

and the plastic deformation range, making the adverse impact 

on the lower roadway more obvious. This shows a nonlinear 

relationship between the geometry of the coal pillar and the 

stability of the roadway below it. 

The research results also outline a complex picture when 

exploiting the close coal seams. In this mining condition, there 

is no “absolutely safe” position to arrange the roadway under 

the coal pillar. Therefore, the roadway location should be se-

lected at a less risky location. With the paper’s results, location 

D is the most reasonable, but it is still necessary to pay atten-

tion when combining suitable support and additional rein-

forcement solutions. 
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Чисельне моделювання розподілу напружень в підошві під вугільними ціликами 

та стійкість виробок у близькорозташованих вугільних пластах 

К.Ф. Ле, Т.Т. Ву 

Мета. Дослідження закономірностей розподілу напружень під вугільним ціликом верхнього пласта для визначення раціональ-

ного розташування підготовчої виробки в нижньому пласті в умовах близького залягання пластів вугільної шахти Тхонг Нят (В’єт-

нам) із застосуванням методів сучасного чисельного моделювання. 

Методика. Для вивчення розподілу та перерозподілу напружень під вугільним ціликом і виробленим простором побудовано 

чисельну модель у програмному середовищі FLAC3D. Ураховано вертикальні та горизонтальні компоненти напружень, фізико-ме-

ханічні властивості порід і реальні граничні умови. 

Результати. Розглянуто для порівняння чотири варіанти розташування виробки: під центром цілика (A), під його краями (B, C) 

та у підошві під виробленим простором (D). Чисельні розрахунки показали, що максимальна концентрація напружень спостерігається 
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сприятливим для збереження стійкості виробки. Доведено, що вибір місця розташування виробки є вирішальним чинником безпеки 

та довговічності гірничого об’єкта. 

Наукова новизна. Встановлено, що найбільш раціональним і безпечним є розташування виробки у підошві під виробленим про-

стором поза межами вугільного цілика, на горизонтальній відстані близько 5 м (варіант D) Для геологічних умов шахти Тхонг Нят, 

при цьому слід уникати проходження виробки безпосередньо під ціликом. 

Практична значимість. Отримані результати формують наукове й практичне підґрунтя для проєктних рішень, підвищення стій-

кості виробок, зниження витрат на їх утримання та забезпечення безпечних умов праці у шахтах із близькорозташованими пластами. 

Ключові слова: вугільний цілик, вугільні пласти, розподіл напружень у підошві, гірський тиск, стійкість виробки, шахта Тхонг Нят 
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