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Abstract
Currently, in many countries with the coal mining industry, the technology of using artificial pillars has been successfully applied to replace
coal pillars to protect the entry gate road, thereby reducing the rate of resource loss, as well as the cost of entry gate road, and mining costs.
However, in order to optimize the required width and compressive strength of artificial pillars with thickness, slope angle and mining
depth, more detailed studies are required for each specific geological condition. This research uses Phase 2 numerical simulation software
to analyze the stability of artificial protective pillar of the roadway prepared in the mining of medium-thick coal seams in the Quang Ninh
coal region (Vietnam). The research results show that the relationship between the width of the artificial pillar and the slope angle follows
the rule of a linear function. The size of the artificial protection pillar increases according to the mining depth. When the mining depth is
350m, the size of the pillar changes from 1.0 + 2.4m, and to 1.4 + 2, 8m at a depth of 500m. When the slope angle increases, the required
pillar width also increases. That is due to the fact that at a large slope angle, the pressure acting on the pillar is not at the center, but
deflects to the side adjacent to the entry gate road that needs to be protected, the compression force is not distributed evenly. The required
compressive strength of the artificial pillar varies according to the condition of the slope angle, when the seam slopes 10° the required
compressive strength is from 8 to 12 MPa, when the slope angle increases to 20°, the required compressive strength of the pier increases to
18 + 28 Mpa, but when the slope angle increases to 35°, the required compressive strength of the pillar tends to decrease to 16 + 17 MPa.
Thus, when operating in the corresponding conditions, it is necessary to choose the size and required compressive strength of the artificial

pillar to ensure the working capacity of the pillar.
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1. Introduction

The loss rate in underground mining technology in Quang
Ninh coal area is currently at over 20%, mainly concentrated
in coal pillars protecting the transport roadway (Cuong et
al.,2019). This rate is relatively high, significantly affecting
the efficiency of mine construction investment and wasting
non-renewable resources.

In many countries, a technological solution has been suc-
cessfully applied to use artificial pillars to replace coal pillars
to protect the roadway. In that technology, in order to simul-
taneously exploit coal in the protection pillar and maintain
the transport roadway as a ventilation roadway for the next
coalface, the coal pillar will be replaced by an artificial pillar
formed from a strip of rock inserts, clusters of columns, cribs,
chemical materials or concrete mortar mixes. In addition to
reducing the rate of resource loss, the solution of using artifi-
cial pillars also allows reducing the cost of preparing roadway
meters, reducing 01 main entry, equivalent to about 50% of
the cost and the cost of mining.

Hu (2012) utilized statistical analysis methods to analyze
more than 20 mines that utilized waste rock backfilling in
China, examining the technical characteristics of different
backfill materials for protecting underground mine struc-
tures. The study identified that production capacity, size of
backfill material, extraction ratio, extraction cost, backfill ef-
ficiency, degree of mobility, deformation, and protected area

are fundamental indicators for evaluating the effectiveness
of backfill in mines. Based on the practical experience, Song.
(2010) concludes that the reasonable load-bearing capacity
of the material used for artificial pillars is the determining
factor for their effectiveness. Waste rock in underground
mines is one of the main backfill materials that contribute
to the formation of pillars with high strength. Some studies
on coal pillar recovery have also recently been carried out.
Zhou et al.(2019) proposed the use of a sand-based backfill-
ing body to recover the remaining coal pillars and analyzed
the principle involved in the use of sand-based backfilling
bodies to maintain the stability of the stope. Ma et al.(2017)
proposed the use of solid backfill to replace the coal pillars
in the lower part of an industrial square to provide effective
surface-subsidence control while Sun et al.(2018) proposed
the cemented paste backfilling method to recover short-strip
coal pillars and studied the stability conditions of the imper-
meable layer.

In the study on the degradation law of cemented artificial
pillars as a replacement for protective inter-block coal pillars,
Chi et al.(2023) employed the Flac3D model to simulate real
conditions in a mine in Shanxi, China. The results demon-
strated that with a pillar width of 14m, the cemented artificial
pillars could sufficiently bear the load requirements, and the
surrounding rock mass remained relatively stable. The field
monitoring at the experimental site confirmed the feasibility
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of using cemented artificial pillars as a replacement for pro-
tective inter-block coal pillars.

However, there have been few published results describ-
ing the recovery of replacing protective inter-block coal pil-
lars generated by the short wall block mining process, hence
further analysis and exploration are needed.

The research works to reduce coal loss in the pipeline pro-
tective pillar carried out in Vietnam have mainly been in the
direction of reducing the size of the pillar, driving new venti-
lation roadway following the areas that have been exploited,
or making the most of the protection pillars while exploiting
the blast roadway. Recently, the diagram of mining technol-
ogy without leaving protection pillars has also been studied
and proposed but has not been implemented in practice.
Therefore, it is necessary to have detailed studies on deter-
mining the parameters of the artificial pillars to protect the
preparatory roadway during the mining process at the under-
ground mines in Quang Ninh region in order to maximize the
resources and improve production efficiency.

The artificial pillar, replacing the coal pillar, must ensure
resistance against the mining pressure exerted on it, taking into
account the geological conditions of the construction area of
the roadway and the depth at which the roadway is located. If
the artificial pillar is constructed using materials with low com-
pressive strength, the width of the pillar will need to be large,
resulting in a greater amount of material to be transported, in-
creased labor intensity, and higher construction costs. There-
fore, two fundamental parameters of the artificial pillar need to
be determined: (1) the width dimension of the pillar (B) and (2)
the required compressive strength of the pillar (P).

In terms of the research subject, the utilization of mate-
rials with high compressive strength for the artificial pillar
represents a significant advancement and a high level of re-
liability within the mining industry. The application of this
form of artificial pillar has become a prevailing trend, and it
is prioritized whenever conditions allow. Therefore, in this
context, the article delves into a comprehensive investigation
and analysis to determine the optimal parameters for the im-
plementation of artificial pillars utilizing materials with high
compressive strength.

2. Characteristics of rock geological conditions

The geological conditions consist of coal seams and com-
mon rock types within the stratigraphy of the Quang Ninh
region (such as clay, shale, sandstone, conglomerate, siltstone,
etc). The average thickness of the coal seam is 2.2 meters,
while the average thickness of the immediate roof rock is 5.0
meters, and the main roof rock is 9.0 meters. The coalface
employs a longwall mining system, with pressure control
achieved through the method of fully caving. The typical geo-
logical column is depicted in Figure 1.1.

The main geomechanical properties of the real rock mass
in the Quang Ninh coalfield is reflected in Table 1.

3. Reseach on the optimal compressive strength of artificial
pillars to protect roadway

Currently, in the field of stability analysis of the rock mass
surrounding underground mining voids and the design of
support structures for mining areas in coal mines, several
calculation software programs based on fundamental math-
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Fig. 2.1. The analysis model of average seam, sloping angle a = 10°
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Fig. 2.2. Strength coefficient of the protective pillar (B = 1,6m, a= 10°)
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b) Strength coefficient of the protective pillar

Fig. 2.3. Compressive strength and strength coefficient of the protective pillar (B = 2,4m, a= 10°)

a) Safety coefficient of the pillar when B = 1,6m, P

= 30MPa

ematical methods such as the finite element method, finite
difference method, limit equilibrium method, boundary el-
ement method, discrete element method, etc., have been
widely used. Some notable software programs include Phase
2, Ansys, Abaqus, UDEC, Flac, etc. In this article, the Phase 2
software (based on the finite element method) is chosen to an-
alyze the necessary stability of the artificial support column,
taking into account geological and engineering parameters
such as thickness, dip angle of seam, mining depth, and re-
quired compressive strength of the artificial pillars.

b) Safety coefficient of the pillar when B = 2,4m, P
= 20MPa

Fig. 2.4. The strength coefficient of protective pillar, o = 20°

3.1 Numerical model development

The working capacity of the artificial pillars is influenced
by various geological and mining engineering factors such as
the thickness and dip angle of the seam, the mechanical prop-
erties of the surrounding rock, the mining depth, hydrogeo-
logical conditions, gas content in the mine, coal self-ignition
capacity, and the applied mining technology. Within the scope
of this research, the focus will be on selecting and limiting the
typical input parameters based on the current mining condi-
tions in the Quang Ninh coal region. These parameters greatly
affect the working capacity of the artificial pillar, namely the
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Fig. 2.6. The relationship between the strength coefficient and the compressive strength, a = 35°

Tab. 2.1. Research results on the optimal compressive strength of the artificial pillar under conditions of medium-thick coal seam

. . Seam slope angle
Pillar width 10° 20° 350
1,6m 12 MPa | 28 MPa | 17 MPa
2,4m 8 MPa | 18 MPa | 16 MPa

seam thickness, dip angle, and mining depth. Specifically:

For the seam thickness factor, a case study with an average
thickness of 2.2m will be chosen.

For the dip angle factor, the range of dip angles will be
limited to 35 degrees, with intervals of 10 degrees, 20 degrees,
and 35 degrees.

Regarding the mining depth, two values will be selected:
350m (representing the common mining level in current mines)
and 500m (representing the depth of sustained mining levels).

The seam consists of claystone, siltstone, sandstone, and
the seam of the pillar are composed of siltstone and sandstone
(Figure 1.1, Table 1.1). The numerical analysis model for the
problem has a width of 33.509m and a height of 24.025m,
ensuring that the distance from the mine boundary is equal to
(5-6) times half the width of the roadway so that the influence
of the roadway on the surrounding rock mass is negligible.
As the protected roadway is located at a significant depth, the
overlying soil and rock in the model are replaced by an equiv-
alent load with a value of:

(2.10)
Where:

H - the depth of roadway placement, H1 = 350m; H2=500m
h - height from the top of the roadway to the top of the model,
h =13,375m

y - weight of the volume of rock layers above the roadway,
average y = 0,026 MN/m?

Applying the formulae 2.10, the vertical load is deter-
mined to change according to the length: p1=8,75MPa; p2 =
12,06MPa.

The directional control of the artificial pillar width is con-
strained within the range of (0.7-1.1) times the height of the
face (Nietacny, 2009 and Rak, 2017). With a corresponding
mirror aperture height of 2.2m, the artificial pillar width is
determined to be 1.6m and 2.4m, allowing for the determina-
tion of the appropriate compressive strength of the artificial
pillar under slope conditions of 10°, 20° and 35°.

To describe the width of the protective pillar, the model
utilizes a separate rock layer with the characteristics of arti-
ficial rock to establish and hypothesize the variation in soil
pressure caused by the artificial pillar. The roadway gallery is
supported by SVP-22 steel, and the reinforced two-column
steel support system of the roadway is described in the model
using concentrated forces generated by the support columns,
with corresponding values of 0.5 MN/m2 or 50 tons/m?. The
anchorage structure and the SVP steel are simultaneously de-
scribed in the model of the problem. The numerical model
diagram is created using Phase 2 software for the cases de-
scribed in Figures 2.1.

3.2 Result analysis

As mentioned above, the working capacity of the artificial
pillar is represented by the stability coefficient, which refers
to its ability to maintain stability under the load of the mine.
The stability coeflicient of the pillar is determined by dividing
the ultimate load-bearing capacity of the pillar by the load
applied to the pillar from the mine. For the design of stable
protective pillars in underground coal mining, a stability co-
efficient value of > (1.5 to 2.0) for the rock pillar is considered
acceptable (Reed et al., 2017; Simon et al.,2019 and Bieniews-
ki, 1992). Depending on the complexity, characteristics, and
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importance of the protected gallery, a value greater than 2
can be selected. Due to the complex geological conditions
in the underground coal mines of the Quang Ninh region,
the author chooses a stability coefficient of 2 to determine
the optimal compressive strength of the artificial pillar in the
numerical model. Thus, in the models, the assumed compres-
sive strength value of the pillar will be varied until the sta-
bility coefficient of the pillar reaches a value > 2, indicating
that the pillar meets the required stability criteria. The detail
results are as followed:

In the case of a slope angle of 100, with an artificial pro-
tective pillar width of B=1.6m, through numerical analysis,
the research results indicate the strength coefficient values of
the materials in the pillar as shown in Figures 2.2.

Observing the results on the graph, it can be seen that
when the compressive strength of the protective pillar is >
12MPa, the stability coeflicient at the midpoint of the pillar
has a value > 2.0. This represents the minimum or optimal
compressive strength value that the pillar must achieve.

In the case of a slope angle of 100 and an artificial protec-
tive pillar width of 2.4m, a similar analysis has been conduct-
ed with the analytical model and stability coefficient as shown
in Figures 2.3.

It can be observed in the Figure 2.3 that when the com-
pressive strength of the protective pillar is > 8MPa, the stabil-
ity coefficient of the pillar has a value > 2.0. This represents
the minimum compressive strength value that the pillar must
achieve in the case of a width of 2.4m. From the graph in Fig-
ure 2.3, it is also evident that as the width of the protective pil-
lar increases, the load-carrying capacity of the pillar increas-
es, thereby reducing the required compressive strength. This
is consistent with practical observations, as smaller protective
pillars require higher strength, while larger ones can have re-
duced compressive strength requirements.

In the case of a slope angle of 20°, with protective pillar
widths of B = 1.6m and B = 2.4m, through numerical modeling,
the research content establishes a model for determining the op-
timal compressive strength of the pillar as shown in Figures 2.4.
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Fig. 2.13. The relationship between the strength coefficient and the protective pillar width, a =35° H = 350m, P = 30 MPa

Observing the distribution of the strength coeflicient in the
protective pillar, it is found that when the slope angle of the
seam increases to 20°, the distribution of the safety factor skews
towards the left side of the pillar, with the region of distribution
located approximately one-third of the width of the protective
pillar. By conducting multiple models with different values of
the compressive strength of the protective pillar, the research
yields the relationship between the strength coeflicient of the
protective pillar and the width of the protective pillar for two
cases: B = 1.6m and B = 2.4m, as shown in Figures 2.5.

Observing the results from the two graphs in Figures 2.5,
it is observed that in the case of B = 1.6m, for compressive
strength of the protective pillar P > 28MPa, the strength co-
efficient ensures stability. In the case of B = 2.4m, the nec-
essary compressive strength of the protective pillar is P >
18MPa.

Next, further research is conducted for a seam slope angle
of 35 degrees and pillar widths B = 1.6m and B = 2.4m. By
performing multiple model simulations, the relationship be-
tween the strength coeflicient of the protective pillar and the
varying values of the compressive strength of the protective
pillar is obtained, as described in Figures 2.6.

Observing the results from the graphs in Figures 2.6, it
is noted that similar to the case of a 20 degree slope angle,
when the slope angle of the seam increases to 35 degrees, the
distribution of the strength coeflicient in the protective pillar
skews further towards the left side of the pillar. The region of
distribution is concentrated approximately between one-third
to one-fifth of the width of the protective pillar. The optimal
compressive strength required to ensure a strength coefficient
>2.0is P> 17MPa for B = 1.6m, and P > 16 MPa for B = 2.4m
in the case of an medium-thick coal seam and a slope angle
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a) Slope angle o = 10°

b) Slope angle o = 20°

Fig. 2.14. The distribution of strength coefficient, mining depth of 500m

of a = 35 degrees. These values are considered optimal for the
protective pillar under these conditions.

The research results determining the optimal compressive
strength of the artificial pillar are presented in Table 2.1.

The research results presented in Table 2.1 show that the
required compressive strength of the artificial pillar under
conditions of a 10° slope angle (8-12 MPa) is lower than in
other cases. The reason is that the strength coefficient is even-
ly distributed across the entire width of the pillar, allowing for
its load-bearing capacity to be fully utilized. When the slope
angle increases to 20°, the strength coefficient skews towards
the left side (adjacent to the protective boundary), resulting
in uneven pressure distribution across the width of the pillar.
To prevent failure, the required compressive strength of the
pillar needs to be increased (18 + 28 MPa). However, when
the slope angle reaches 35° there is a trend of decreasing the
required compressive strength of the pillar. The reason is that
at higher slope angles, there is a significant eccentric pressure,
leading to a reduction in the vertical pressure acting on the
pillar while increasing the pressure on its sides.

4. Determining the optimal size of the artificial protective
pillar for roadway protection

Based on the results presented in Table 2.1, in compari-
son with the conditions of the coal seams in the majority of
the Quang Ninh region, which are predominantly inclined with
slopes ranging from 150 to 350, and considering the overall ex-
perience of using artificial pillars worldwide, the construction
materials for the pillars commonly have compressive strengths
ranging from 20 to 40 MPa. Therefore, for the purpose of study-
ing and determining the optimal width of the artificial pillars,
the research has selected compressive strengths of 20 MPa and
30 MPa for the construction materials of the pillars.

As analyzed in the previous section, this section will focus
on selecting the optimal width of the protective pillars under
the assumption of predetermined compressive strengths of 20
MPa and 30 MPa.

4.1. Analysis model for the case of the medium-thick coal
seam, artificial pillar compressive strength of 20 MPa, and
mining depth of 350m and slope angle of 10°, 20°, 35°

Based on the above assumption, the research focuses on
a fixed artificial pillar compressive strength of 20 MPa and
varies the width of the protective pillar, B, from 0.4m until the
pillar's safety factor reaches a value of > 2.0. At that point, we
will have the optimal width of the protective pillar, as illus-
trated in Figure 2.7.

In the case of artificial pillar compressive strength of 20 MPa
and slope angle of 100. By analyzing the data, a chart depicting

the relationship between the pillar's strength factor and the vari-
ation in pillar width is established, as shown in Figure 2.8.

Observing the results on the graph, it can be seen that when
the safety factor of the pillar reaches a value of > 2.0, the width
of the protective pillar can be considered optimal. Correspond-
ingly, in this case, when the width of the protective pillar, B, is
1.2m, the safety factor is 2.9. In other words, with the assumed
compressive strength of the pillar of 20 MPa, the minimum
(optimal) width of the protective pillar is 1.2m in the condition
of medium-thick coal seam and a slope angle of 100.

In the case of the compressive strength of the pillar of 20
Mpa and slope angle of 200, the research aims to construct
and develop various models while keeping P = 20 MPa con-
stant for all models and varying the width of the protective
pillar, B, as follows: 1.4m, 1.6m, 1.8m, 2.0m, 2.2m, and 2.4m.
The study focuses on observing the changes in the safety fac-
tor of the protective pillar. The obtained results show the rela-
tionship between the safety factor of the protective pillar and
its width, as depicted in Figure 2.9.

Observing the graph, it can be seen that the safety factor
of the protective pillar is concentrated mainly in the left-third
region of the pillar's width. In the case where the width of the
pillar, B, is equal to or greater than (1.8 to 2.0) meters, with a
pressure exerted by the protective pillar of P = 20 MPa, a safety
factor of > 2.0 is considered acceptable. This width is considered
optimal for the protective pillar in the case of a medium-thick
coal seam and a slope angle of 20°.

In the case of the compressive strength of the pillar of 20
Mpa and slope angle of 350, by conducting a similar analysis
with varying pillar widths ranging from 1.4m to 2.4m, the an-
alytical model shows that under the conditions of a 35° slope,
a pillar compressive strength of 20 MPa, the optimal width for
the protective pillar is B = 2.4m (Figure 2.10).

4.2. Analysis model for the case of medium-thick coal seam,
artificial pillar compressive strength of 30 MPa, mining
depth of 350m and slope angle of 10°, 20°, 35°

In the case of pillar compressive strength of 30 MPa, slope
angle of 100, by varying the width of the pillar in the models
from 0.4m + 1.2m, the research results establish the relation-
ship between the stability factor of the pillar and the width of
the protective pillar, as shown in Figure 2.11.

Observing the results in Figure 2.11, it can be seen that
when the compressive strength of the protective pillar is
30MPa, the optimal width of the pillar can be chosen as B
= 1.0m. This is also consistent with reality, as the greater the
load-bearing capacity of the pillar, the narrower the width of
the pillar can be reduced.
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In the case of pillar compressive strength of 30 MPa, slope
angle of 200, by keeping the pressure of the artificial protective
pillar fixed at P = 30MPa and varying the width of the pillar
from 1.4m to 2.0m, the research findings show the relationship
between the strength coefficient of the protective pillar and the
width of the pillar, as depicted in Figure 2.12. The results indicate
that as the pressure of the artificial pillar increases to 30MPa, the
width of the pillar can be reduced. In this case, a width of B =
1.6m ensures sufficient strength when subjected to load.

In the case of the compressive strength of the pillar of 30
MPa, slope angle of 350. Similarly, by observing the relation-
ship between the stability factor of the protective pillar and
the width of the pillar in the case of a slope angle of a = 35°
(Figure 2.13), it is found that in the case of a pillar compres-
sive strength of P = 30MPa, the optimal width of the protec-
tive pillar is considered to be B > 2.2m.

4.3 Analysis model for the case of medium-thick coal seam,
artificial pillar compressive strength of 20 MPa, and mining
depth of 500m

The typical numerical analysis model for the case of me-
dium-thick coal seam is with the initial assumed pressure of
P = 20MPa. After conducting the analysis, the distribution of
the safety factors in the protective pillar is obtained for the
respective cases. For example, the distribution of the safety
factors in the protective pillar for two cases of medium-thick
coal seam and a mining depth of 500m corresponding to slope
angles of a = 10° and 20° can be seen in Figure 2.14.

Through analysis, the research has obtained the distribution
law of the strength coefficient in the protective pillar for differ-
ent cases of medium-thick coal seam, considering different slope
angles o = 10°, a = 20° and o = 35° at a depth of 500m. These
findings are depicted in diagrams from Figure 2.15 to 2.17.
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Fig. 2.19. The relationship between the strength coefficient and the width, a = 20°, H = 500m, P = 30MPa
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Fig. 2.20. The relationship between the strength coefficient and the width, a = 35°, H = 500m, P = 30MPa

The results obtained from figures 2.16 to 2.18 show that in
the case of mining in medium-thick coal seam, with a slope
angle of a = 10° (figure 2.16), the optimal width of the protec-
tive pillar is B > 1.6m. In practical terms, it is recommended
to choose B = 1.8m, as it ensures a safety coefficient of > 2.0
for the pillar.

For the case of a slope angle of a = 20° (figure 2.16), the
optimal width of the protective pillar is considered to be B
> 2.76m (rounded to 2.8m). Similarly, for the case of a slope
angle of a = 35° and a mining depth of H = 500m, the optimal
width of the protective pillar is B > 3.0m (figure 2.17).

4.4. Analysis model for the case of medium-thick coal seam,
artificial pillar compressive strength of 30 MPa, and mining
depth of 500m

In the case of using a compressive strength of the pro-
tective pillar of P = 30MPa, through multiple models, the
research findings reveal the relationship between the safety
factor and the width of the protective pillar for the condition
of medium-thick coal seam with a depth of H = 500m and
slope angles of 10°, 20°, and 35°, as depicted in figures 2.18
+2.20.

Observing the results in figures 2.38 to 2.40, with a com-
pressive strength of 30 MPa and a mining depth of 500m, for
a slope angle of 10°, the optimal width of the protective pillar
is B = 1.4m; for a slope angle of 20°, B = 1.8m; and for a slope
angle of 35°, B = 2.8m.

Summarizing the research findings, the optimal width of
the protective pillar is determined based on the variation in
compressive strength and the relationship between the pillar
width and factors such as the slope angle and mining depth,
as presented in Table 2.2.

4.5. Research result analysis for the numerical medel in case
of medium-thick coal seam

The analysis of the results on the numerical model aims
to determine the correlation between the research parame-
ters obtained from Table 2.10, including the slope angle of the
coal seam (a), the thickness of the coal seam (m), the mining

depth (H), the compressive strength of the artificial pillar (P),
and the width of the artificial pillar (B). The details are shown
in Table 2.3.

To find out the relationship between the mentioned pa-
rameters, the research utilized the statistical software SPSS,
IBM version 25 (Figure 2.21).

Therefore, the relationship between the artificial pillar
width and the slope angle in the case of medium-thick coal
seam follows a linear function as follows:

y = 0.0508x + 0.8829 (1)

With a variance of R* =0.9591.

Where:

y — Artificial pillar width, in meters (m);
x - Slope angle, in degrees.

The above function serves as a reference, allowing re-
searchers and consultants to quickly and simply determine
the dimension parameter of the artificial pillar width before
carrying out the design process.

5. Assessment of the technological solution in practice

In Quang Ninh coal region, the construction of high-
strength artificial pillars to replace coal pillars for roadway
protection has not yet been implemented. The authors select-
ed Khe Cham Coal Company to collaborate on deploying the
technology. The chosen location for the design was section
14-5, at a depth of -170/-150, in coal seam 14-5 of Khe Cham
IIT coal mine. The application targets the use of continuous
strip-type and crib-type artificial pillars as substitutes for coal
pillars in the transportation roadway. The geological and min-
ing engineering characteristics of the design area are as fol-
lows: The designed coal seam has an average thickness of 5.6
meters, with a slope angle of 12 degrees and a strength index
of f = 1+2. The imediate rock layers consist mainly of siltstone
layers with an average thickness of 9.34 meters and a strength
index of f = 4 + 6. The main rock layers consist of cement-
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Fig. 2.15. The relationship between the strength coefficient and the width, o = 10° H = 500m, P = 20MPa
Optimal width of the protective pillar, m
Slope angle a=10° a=20° o = 35°
H = 350m B =1,2 B=1,0 B =2,0 B=1,6 B=24 B =22
H = 500m B=1,6 B=14 B=2,8 B=1,8 B = 3,0 B=28
Compressive strength of pillar, MPa P =20 P =30 P =20 P = 30 P =20 P =30

Tab. 2.3. Results of key parameter values from numerical modeling

a (°) m (m) H (m) P (MPa) B (m)

10 2,2 350 20 1,2

10 2,2 350 30 1

10 2,2 500 20 1,6

10 2,2 500 30 1,4

20 2,2 350 20 2

20 2,2 350 30 1,6

20 2,2 500 20 2,8

20 2,2 500 30 1,8

35 2,2 350 20 2,4

35 2,2 350 30 2,2

35 2,2 500 20 3

35 2,2 500 30 2,8

32 -
B 27 J—O—H=-330m:P=203-iPa
E 22 ———="_% —e—H=-500m, P=20MPa
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Fig. 2.21. The relationship between the parameter of artificial pillar width and the slope angle

Fig. 2.22. The deployment diagram of section 14-5 using artificial support belts

ed sandstone and conglomerate with an average thickness of The total deformation of the roadway lining during the
40.73 meters and a strength index of f = 6 + 8. The direct pillar monitoring period reaches a maximum of 300 mm vertical-
consists of cemented silty layers with an average thickness of ly and 350 mm horizontally, corresponding to a reduction
3.74 meters, underlain by sandstone and conglomerate layers in cross-sectional area of about 9.8% to 9.97%, ensuring the
with an average thickness of 13.1 meters. prescribed safety dimensions for ventilation and production
The implementation of the artificial pillar solution as a purposes of the 14-6 panel.
replacement for protective coal pillars of the transportation When applying the technological solution of using ar-
roadway 14-5 section was carried out from March 13, 2020 tificial support columns instead of coal support columns at
(the start of face operation) to September 10, 2020 (the end the 14-5 roadway, an additional 19,951 tons of coal can be
of face operation). The total length of the protected roadway extracted from the prepared support columns, increasing the
was 170 meters. total exploitation output of the designed area to 67,451 tons.
Measurement results and monitoring show that within Additionally, it will bring some technical benefits such as re-
a range of approximately 40 meters in front of and behind ducing the loss rate to only 14%, nearly three times lower than
the coalface, the deformation rate of the roadway lining is the expected (39%); the preparation cost per meter of the road-
strongest and fastest (vertical deformation rate ranges from 7 way is also reduced to only 6.3m/1000 tons of coal, nearly 1.9
to 10 mm/day-night; horizontal deformation ranges from 8 to times lower than the plan (8.19m/1000 tons of coal).
20 mm/day-night). In the direction of the roadway mirror, in
the area starting from the 40th meter backward, the deforma- 6. Conclusion
tion speed of the roadway lining gradually decreases (vertical The research results on the basic parameters of the artifi-
deformation speed ranges from 0 to 4 mm/day-night, hori- cial pillar in the case of the medium-thick coal seam in coal
zontal deformation ranges from 0 to 6 mm/day-night). From mining reveal the following:
the 100th meter behind the installation roadway towards the 1) The size of the artificial pillar varies with the increas-
caving area, the roadway lining is no longer moving and re- ing depth of mining. For a mining depth of 350m, the pillar
mains stable. size ranges from 1.0m to 2.4m, while for a mining depth of
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500m, it increases from 1.4m to 2.8m. This finding agrees well
with the theoretical and practical aspects of coal mining in the
Quang Ninh region.

2) As the slope angle of the seam increases, the required
pillar width also increases. This is because, at higher slope an-
gles, the pressure on the pillar shifts away from the central axis
towards the side adjacent to the mining face (downward along
the slope direction). Consequently, the compressive force is
not evenly distributed throughout the entire pillar body. To
ensure the required internal stability, the pillar width needs
to be increased.

3) Increasing the pressure or compressive strength of the
protective pillar results in a reduction in the width of the arti-
ficial pillar. The relationship between the width of the artificial
pillar and the slope angle in the case of a medium-thick coal
seam follows a linear function: y = 0.0508x + 0.8829.
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