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In order to solve the problem of low coal recovery rate caused by leaving large coal pillars in deep mines, the study determined the
reasonable width of the section pillar, which based on the theory of coal pillar stress distribution, taking the 4102 headgate of
Wenjiapo coal mine as the engineering background. Field monitoring and numerical simulation results show that the influence
range of the lateral abutment pressure in the goaf is 50~56m, and the abutment stress distribution in the coal pillar resembles
a hump with two peaks of 38.9MPa and 33.6MPa, respectively. The positions of the double peaks are located at 12m and
36m in the coal pillar, respectively. In the range of “hump,” the section pillar vertical stress is in the original rock stress and is
relatively stable. It can be regarded as an elastic zone in the coal pillar with strong bearing capacity, the coal in other areas
have already undergone plastic yielding, and the bearing capacity has been reduced; the width of coal pillars in the determined
section has been reduced from 46m to 33m, which is a reduction of 13m. The research results have been applied in the 4106
headgate in the same mining area, and good test results have been obtained. The maximum subsidence of the roof-to-floor and
rib-to-rib convergence is 286mm and 150mm, this indicates that its deformation was within the allowable limits, and the
cross-section area was sufficient to satisfy the requirements.

1. Introduction

More than 90% of underground mines use longwall mining
methods, and coal pillar has always been the main way to
isolate the goaf and maintain the roadway in Chinese coal
mine mining [1]. According to the current research status
at home and abroad, there are mainly two ways to retain coal
pillar. The first is the wide coal pillar method, which
arranges the roadway outside the pressure peak to reduce
the damage to the roadway; the other is the yield pillar or
nonpillar method, which is used to reduces the width of coal
pillar and reduces resource waste [2–4].

The research and development level of the two roadway
protection methods also have their own characteristics, and
they have been widely used under different conditions. Coal
mines in central and western China (Shanxi, Shaanxi, Inner
Mongolia, etc.) have gradually entered the stage of deep thick
seam mining [5]. However, the actual production process of
most existing coal mines has been troubled by the width of coal

pillars, which are mostly 50m in width. Above, large coal pillars
not only cannot be recovered but also easily cause the roadway
to be arranged in the stress-increasing area, which is an impor-
tant reason of major accidents [6–8]. Especially now scientific
and greenmining is advocated, higher requirements are put for-
ward for the determination of the width of coal pillars.

In terms of theoretical research, domestic and foreign
scholars have done a lot of research on coal pillar retention
and put forward various theories such as effective area theory,
large slab fissure theory, two-zone constraint theory, and limit
equilibrium theory [9–12]. Each theory has certain applicable
conditions: the effective area theory can only be used when the
excavation area is large, the width and interval of the coal
pillars are the same, the width of the plastic zone calculated
by the large slab crack theory is proportional to the width of
the coal pillar, obviously inconsistent with the actual situation,
and the two-zone constraint theory believes that the coal pillar
is composed of a yield zone and an elastic core zone, which
better explains the form of the stress distribution of the coal
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pillar, but the selection of the relevant parameters of the
formula requires a large amount of on-site measured data or
coal and rock strength test.

Domestic research on the distribution of abutment pressure
in the coal pillar is mostly based on the theory of limit equilib-
rium zones. The most important thing for the establishment of
related models and theoretical derivation is to establish a rea-
sonable basis for determining the limit equilibrium state
[13–16]. Hou et al. deduced the corresponding abutment pres-
sure distribution formula and gave the calculation method of
the width of the limit equilibrium zone and applied it in the coal
pillar setting of the mining area [17]. Kang et al. explained the
setting of coal pillars under different circumstances, such as
nonpillar and yield pillar [18–20]. Based on the analysis of the
overlying rock movement characteristics of the stope, Zhang
et al. clarified the transfer load-bearing mechanism of the roof
in the wedge-shaped area on the goaf side and proposed the
technical idea of optimizing the residual stress of the coal pillar
[21]. Li et al. analyzed the deformation of the roadway sur-
rounding rock under different coal mine geological conditions
and found that the factors affecting the stability of yield coal pil-
lar include: coal seam strength, coal seam thickness, coal seam
depth, immediate roof strength, influence of driving and min-
ing, support strength, and narrow coal pillar width [22].

Combined with field tests and numerical simulation, the
width of section pillar is proved to be reasonable is also stud-
ied. The influence law of the reasonable width of the coal
pillar is studied, and on this basis, a method that can not
only meet the stability requirements of the coal pillar but
also improve the resource recovery rate is proposed. The
research results will provide a theoretical basis for the econ-
omy and safety of section pillar.

2. Background

2.1. Engineering Background. Wenjiapo Mine located in the
Binchang coal mining area was a typical Chinese deep coal
mine, with an excavation depth of almost 600m~700m
below the ground. The shaft station was buried at an average
burial depth of 650m. The entry was a rectangular section
with a width of 5.7m and a height of 3.65m. The fully mech-
anized full seam top coal caving mining method was
employed. The width of the section pillar is 46m (see
Figure 1), the coal pillar is relatively broken during the min-
ing, and stability of the surrounding rocks of the roadway is
bad. The width of the coal pillar needs to be optimized.

The 4102 headgate is in the 4# coal seam, with an average
thickness of 4.8m. The roof rock strata are, in ascending order,
mudstone (2.31m), fine sandstone (1.4m), mudstone (2.1m),
powder sandstone (8.8m), and coarse sandstone (10.2m), while
those below are, in descending order, mudstone (2.6m),
medium sandstone (6.7m), and siltstone (9.1m). The roadway
has a height of 3.65m and a width of 5.7m (Figure 2).

2.2. Determination of Rock Mechanic Parameters. In order to
have a detailed understanding of the surrounding rock prop-
erties of 4102 headgate, the surrounding rock of 4102 head-
gate was selected to collect coal and rock samples without
structural belts and faults, avoiding the construction of the

project, and after the sampling was completed, the PVC
was sealed in the underground, after being transported to
the laboratory for standardized processing (see Figure 3).

The rock mechanics parameters are measured on the
SANS (TAW-2000) microcomputer controlled electrohy-
draulic servo rock triaxial testing machine (see Figure 4).
The maximum axial load of the test system is 2000 kN, the
maximum lateral pressure is 500 kN, and the maximum
shear load is 500 kN.

After sampling in the 4102 headgate, standard specimens
were made, and the rock mechanics performance parameters
were measured as shown in Table 1.

3. Theoretical Analysis Stress Distribution in
the Coal Pillar

After the roadway excavation is finished, the overburden
pressure is redistributed, and a certain range of mining-
induced stress zone will be formed in the coal pillar. Due to
the influence of the mining-induced stress, it is believed that
the coal and rock mass within a certain width of the coal pil-
lar has been damaged. It is generally believed that the abut-
ment pressure at the edge of the coal pillar is zero. As the
depth increases, the abutment pressure gradually increases
until it reaches the peak value of the vertical stress in the coal
pillar [23–25]. The specific area from the coal pillar boundary
to the peak vertical stress is called the yield zone and is also
called the plastic zone width in the coal pillar [26–28].

3.1. The Vertical Stress Distribution in the Coal Pillar after
Working Face Mining. In this section, the coal pillar is
divided into inner plastic zone and elastic zone, and the
study is carried out according to the quadratic curve. The
integrated coal vertical stress in the plastic zone is calculated
by the theory of limit equilibrium zone, and the integrated
coal stress in the elastic zone is fitted by the Weibull distri-
bution function. Substituting the relevant parameters to
obtain the vertical stress in the coal pillar and finally deter-
mine the reasonable width of the coal pillar. In theoretical
calculations, some necessary assumptions should be made
to make the answer to the problem simple. The basic
assumptions are [29–31] as follows:

(1) The coal pillar is regarded as an ideal elastic body,
which conforms to the reasonable assumptions of
continuity, complete elasticity, uniformity, and isot-
ropy in elastic mechanics

(2) The internal shear damage in the coal pillar obeys
the Mohr Coulomb criterion

(3) The stress limit equilibrium zone is at the elastic-
plastic junction

(4) Before the coal pillar yields, the internal displace-
ment and deformation in the coal pillar are small

After the roadway excavation is finished, the vertical
stress distribution in the integrated coal is plotted as curves
(see Figure 5).
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In Figure 5, F ðεÞ is the influence of working face mining
on the vertical stress of on the right side of integrated coal,
and f1 ðεÞ is the influence on the integrated coal stress in
the plastic zone. The vertical stress in the plastic zone of coal
pillar (lateral abutment pressure) is the limit equilibrium
state; f2 ðεÞ is the influence on the stress elastic zone of coal
pillar [32–34].
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Figure 1: Schematic diagram of the project.
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Figure 2: The lithological characteristics of the section and surrounding rock of 4102 headgate.

Figure 3: No. 4 coal seam rock formation specimens.

Figure 4: Experimental system for determining rock mechanical
properties.
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It can be calculated by formula (1).

f1 εð Þ = C0
tan φ

+ pi
λ1

� �
e
2 tan
mλ1

ε+B/2ð Þ −
C0

tan φ
ε ∈ −B/2, x1 − B/2½ Þ,

ð1Þ

where C0 is the coal seam interface cohesion, 6.62MPa, φ is
the internal friction angle of the coal seam interface, 28.81°,
pi is the bolt supporting strength, 0.2MPa, λ1 side pressure
coefficient in the coal pillar, 1, m the height of the roadway,
3.8m, B the width of coal pillar, 46m, x1 the plastic zone
range in the coal pillar after working face mining, m.

The range of the plastic zone is calculated by formula (2):

x1 =
mλ1

2 tan φ
ln k1γH + C0

tan φ

� �
/ C0

tan φ
+ pi
λ1

� �� �
, ð2Þ

where k1 is the increasing coefficient vertical stress in coal
pillar during working face mining.

The vertical stress in the coal pillar outside the plastic
zone satisfies the Weibull distribution, and the Weibull
distribution function expression is

w xð Þ = e x
xw

e−
x
xw , ð3Þ

where x is the random variable, the distance from any point
of the original rock stress zone to the coal rib, and xw is the
scale parameter.

Combined with the distribution law of the internal stress
of the coal pillar outside the plastic zone, substituting the
relevant parameters, f2 ðεÞ is

f2 εð Þ = k1 − 1ð ÞγH, ε ∈ x1 − B/2,+∞½ Þ, ð4Þ

where

s = ε + xf + B/2 − x1
� �

/xf °, ð5Þ

where γ is the bulk density, 2.5kN/m3, H is the buried depth
of the roadway, 650m, and xf is the parameter that adjusts
the degree of urgency of the function.

In formula (4), f2 ðεÞ is a single-peak function, and when
ε = x1 − B/2, the peak value f2 ðεÞ is k1γH. The peak value
f2 ðεÞ increases with k1; so, the value of the stress peak can
be adjusted by changing it to reflect the degree of influence
of the mining face on the peak abutment pressure of the coal
pillar center. Increase or decrease xf to adjust the degree of
gradualness and urgency in the f2 ðεÞ descending process
during the ε⟶ +∞ process and gradually decrease to the
original rock stress as it develops into the deep part of the
coal seam. According to the above analysis, it can be seen
that the influence of working face mining on the central
abutment pressure in the coal pillar is

F εð Þ =

C0
tan φ

+ pi
λ1

� �
e
2 tan φ
mλ1

ε+B
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tan φ
, ε ∈ −

B
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B
2

� �
,
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2 ,+∞

� �
:

8>>><
>>>:

ð6Þ

3.2. Determination of the Reasonable Width of the Coal
Pillar. According to the production geological conditions
of Wenjiapo Mine and related test results, combined with
numerical simulation results, the calculation parameters
are as follows: average buried depth of roadway H is
650m, rock layer density ρ is 2:5 × 103 kg/m3, coal seam
thickness h is 4.8m, bolt supporting strength pi is 0.2MPa,
coal seam cohesive force C0 is 6.62MPa, coal seam internal
friction angle φ is 28.81°, integrated coal abutment pressure
increases coefficient 1.5 after working face mining, the abut-
ment pressure increase coefficient on one side of the body is
1.3, and the side pressure coefficient in the plastic zone is 1.0.

The basic condition for maintaining the stability of the
coal pillar in the roadway protection is as follows: after plas-
tic deformation occurs on both sides of the coal pillar, there
is an elastic core with a certain width in the center of the coal

Table 1: Measurement results of rock mechanical parameters.

Lithology
Compressive strength/

MPa
Shear strength/

MPa
Tensile strength/

MPa
Poisson
ratio

Cohesion/
MPa

Friction/°

Silty mudstone 11.3 29 1.8 0.29 6.8 35

Fine sandstone 50.9 86.7 2.8 0.24 13.2 49

Pelitic siltstone 30.4 50.4 2.2 0.28 11.1 36

Coal 5.8 9.1 1.4 0.32 3.4 29

Mudstone 9.7 21.1 1.59 0.3 5.3 32

Medium fine
sandstone

46.4 39.5 2.7 0.26 11.7 46

y

x
γH

f(x2)

F(ε)x1

f(x1)
kγH

x2

B/2O

Figure 5: Vertical stress distribution in the integrated coal after
working face mining.

4 Geofluids



pillar, and the width of the elastic core is not less than twice
the height of the coal pillar. Therefore, the reasonable width
of coal pillar in the 4102 headgate face is

B > x0 + 2h + x1,

x0 =
hλ1

2 tan φ
ln k1γH + C0

tan φ

� �
/ C0

tan φ
+ Pi

λ1

� �� �
,

ð7Þ

where x0 is the width of plastic zone on the left side of the
coal pillar, x1 is the width of the plastic zone on the right side
of the coal pillar, λ1 is the increase coefficient of the abut-
ment pressure in the integrated coal after the mining, 1.5,
k1 is the inner stress coefficient in the plastic zone is 1.0,
and λ2 is the increase coefficient of abutment pressure on
the side of coal body after excavation of roadway 1.3.

x1 =
hλ2

2 tan φ
ln k1γH + C0

tan φ

� �
/ C0

tan φ
+ Pi

λ1

� �� �
: ð8Þ

Because the width of the coal pillar is different, the width
of the corresponding coal pillar’s plastic zone is also differ-
ent. Substituting the parameter to solve formula (8), x0 is
11.2m, x1 is 8.9m, and B is bigger than 29.7m.

4. Measurement of Lateral Stress in
Working Face

The borehole stress gauge was used to measure the stress dis-
tribution in the coal pillar during the 4102 working face
mining in order to analyze the stress distribution of the coal
pillar. Due to the large coal pillar width, it is difficult to con-
struct horizontal small-diameter deep holes, and the drilling
cannot penetrate the 46m coal pillar. Therefore, the two
roadways are arranged equally, and the measuring stations
are arranged in front of the workface, that is, the 4102 head-
gate and the 4103 tailgate. The strain gauges are located 3m,
6m, 9m, 12m, 15m, 18m, and 21m, within the pillar with a
distance of about 1m (see Figure 6).

After collecting and processing the measured data, the
distribution of the abutment pressure in the coal pillar is
obtain to draw a curve (see Figure 7).

The lateral abutment pressure in the coal pillar continues
to increase with the mining (see Figure 7); the lateral abut-
ment pressure distribution in the coal pillar resembles a
hump with two peaks of 38.9MPa and 33.6MPa, respec-
tively, and the positions of the double peaks are located
12m and 36m in the coal pillar, respectively. The range of
the “hump” is roughly 17m~34m. In the range of 17m
width range, the vertical stress in the coal pillar is
15MPa~20MPa, which is basically in the original rock stress
with small difference. It can be regarded as an elastic zone
with a certain width in the coal pillar and has a strong bear-
ing capacity. The analysis shows that the width of the coal
pillar can be appropriately reduced, and the width of the
“hump” is can be reduced, but it still has enough elastic zone
to play the bearing role.

It was suggested that the optimization of coal pillars can
reduce the width of the “hump”, and its width can be
reduced from 46m to 26~35m.

5. Numerical Simulation Analysis of Coal Pillar
Stress Distribution

Using the FLAC3D software to simulate and analyze the
stress distribution in the coal pillar and the deformation
and failure process of the two mining roadways to provide
guidance for the reasonable determination of the coal pillar
width [35–37], the numerical model must meet the follow-
ing conditions. In order to meet these conditions, the
numerical model must have the following steps:

(1) Geometry and geology of the model, based in project
information of mining and drilling

(2) Boundary conditions and restrictions on the edges of
the model to simulate the continuity of the medium

(3) Material properties (solid rock) are found in the
place, being these criteria-based properties of
classification

(4) Initial stress field of the model, based on stress mea-
surements or empirical methods

(5) Sequence of excavation of galleries to simulate the
redistribution of stresses and displacements of the
massif caused by the excavation

(6) Analysis of results to determine whether the rock
mass or the type of treatment used for control of
deformations is satisfactory (or not).

5.1. Numerical Model. Using FLAC3D software to establish a
numerical calculation model according to the geological con-
ditions of Wenjiapo Mine, the model includes No. 4 coal
and a total of 28 layers of upper and lower rock formations,
and the size of the model is 206 × 150 × 91m. Horizontal dis-
placement constraints are imposed on the boundaries on both
sides and front and rear boundaries, vertical displacement
constraints are imposed on the bottom boundary, and uni-
formly distributed loads are imposed on the upper boundary.
The uniformly distributed loads are calculated based on the
weight of the overlying rock. The density of the overburden
is 2500kg/m3, the buried depth of the No. 4 coal seam is deter-
mined to be 650m, the uniform load of 16.95MPa is applied
to the upper part of the model to simulate the weight of the
overburden, and the lateral pressure coefficient is 1.

The mechanical parameters of model coal and rock mass
are shown in Table 2.

The numerical calculation model is balanced with the
initial stress (see Figure 8).

5.2. Simulation of the Original Coal Pillar Width. The verti-
cal stress distribution in the section coal pillars when the
4102 working face is advanced at 0m, 40m, 80m, and
120m is simulated and calculated the vertical stress distribu-
tion in the coal pillar (see Figure 9).
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The vertical stress distribution data obtained by numer-
ical simulation is plotted as curves (Figure 10).

It can be seen from Figure 10 that as the working face
advancing, the vertical stress in the coal pillar continues to
increase under the influence of mining-induced stress; the

vertical stress distribution curve in the coal pillar resembles
“a hump with two peaks” of 33.5MPa and 34.3MPa, respec-
tively, the positions of the double peaks of each curve are
approximately at 11m and 37m in the coal pillar, and the
width of “hump” is roughly in the range of 17m~36m. In
the range of “hump,” the abutment pressure in the coal pillar
is 19MPa~25MPa, which is close to the stress of primary
rock. It can be regarded as a certain width of elastic zone
in the coal pillar, which has strong bearing capacity, and
the coal in the other ranges has already undergone plastic
yielding and only has a certain bearing capacity. The width
of the “hump” (see Figure 10) can be appropriately reduced.

5.3. The Abutment Pressure Distribution Law in the Coal
Pillar with Different Widths. According to the geological
conditions of Wenjiapo Coal Mine, the coal pillar width x
is 15m, 25m, 33m, and 46m, respectively and the abutment
pressure distribution law in the coal pillar and the displace-
ment of roadway surrounding rock during roadway driving
and mining. The simulation process is divided into 4 steps:
the first step is the calculation of the original rock stress bal-
ance; the second step is the calculation of the mining influ-
ence of the 4103 working face in the upper section; the
third step is the roadway driving and bolt support of the
4102 working face in this section protection calculation;
the fourth step is calculation of mining influence of 4102
working face in this section. The simulation diagram is
shown (see Figure 11), where x is the width of the coal
pillars, which are 15m, 25m, 33m, and 46m, respectively.

In the case of leaving coal pillars with different widths,
the vertical stress in the coal pillars distribution was curve
can be obtained directly by software (see Figure 12).

4102 Intake Roadway

4103 Return Roadway

Coal Pillar Gob

1 m 1 m 1 m 1 m 1 m 1 m 1 m

Figure 6: Borehole stress gauge monitoring station.
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Figure 7: Distribution diagram of lateral abutment pressure in the
coal pillar.
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The vertical stress in the summary simulation results is
shown in Figures 13 and 14.

In Figure 13, during the driving of the 4102 headgate, the
vertical stress in the coal pillar caused by the different coal
pillar width is different:

(a) When the width of the coal pillar is 15m and 25m,
the stress in the coal pillar presents a single peak par-
abolic distribution, and the peak position is not in
the center of the coal pillar. In the case of 15m coal
pillar, the peak center is biased to the side of the coal
pillar near the roadway, and the deviation distance is
about 1.5m; when the coal pillar widens to 25m, the
vertical stress in the coal pillar gradually presents a
trapezoidal distribution, and the peak position shifts
from the side of the roadway to the side of the goaf.
The deviation distance increases with the increase of
the width of the coal pillar, and the deviation dis-
tance is about 1.5m

(b) When the coal pillar width is 33m and 46m, the stress
distribution in the coal pillar is the same as that before
the coal pillar width is not reduced. In these two cases,
the peak value is in the form of “a hump with two
peaks.” When the coal pillar is 33m, the peak value
of the coal pillar is at 16m and 27m into the coal pil-
lar, and the peak vertical stress in the range of “hump”
is close to the original rock stress which can be consid-
ered as an elastic core zone with good bearing capac-
ity; when the coal pillar is 44m, the peak of the coal
pillar is 12m and 27m deep into the coal pillar

(c) When the coal pillars are 15m and 25m, the peak
stress of the coal pillar is greater than that of the coal
pillars of 33m and 46m, because the coal pillar is in
the high stress area and the stress concentration of
the coal pillar is higher; the first two of the coal pillars
plastic zone are larger, because the first two of the coal
pillar plastic zone are larger, the abutment pressure

Table 2: Model parameters.

Lithology Tensile strength/MPa Cohesion/MPa Friction/° Bulk modulus/GPa Shear modulus/GPa

Mudstone 1.25 1.70 26.44 0.82 0.49

Sandstone 1.51 1.47 23.16 0.70 0.46

Siltstone 1.43 3.14 35.85 1.07 0.77

Coal 0.72 1.99 26.81 0.35 0.14

150 m

246 m

79 m

4102 Intake Roadway
4102 Working Face

4103 Working Face
Coal Pilar
Coal Seam
Conglomerate
Mudstone
Sandstone
Siltstone

4103 Return Roadway

Zone

(a)

4102 Working Face
4103 Working Face

4102 Intake Roadway4103 Return Roadway

Coal Pilar

(b)

Figure 8: Geometric model of simulations.
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shifts to the deep part of the coal seam, and the coal at
the side edge of the goaf is more fragmented

In Figure 14, during the mining of the 4102 working
face, the vertical stress in the coal pillar caused by the differ-
ent coal pillar width is different:

(a) Compared with roadway driving, the vertical stress
in the coal pillar is more concentrated during the
mining. The most concentrated stress is when the
coal pillar width is 25m. At this time, the peak stress
reaches 38.8MPa, which is 2.4 times the original
rock stress; during the mining period, the vertical
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©2012 Itasca Consulting Group, Inc.

Contour of ZZ-Stress
Calculated by: Volumetric Averaging

–1. 34E + 06
–4. 00E + 06
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(a) Vertical stress of 0 m advancing the working face

FLAC3D 5.00
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Calculated by: Volumetric Averaging
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–7. 50E + 06
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(b) Vertical stress of 40m advancing the working face

FLAC3D 5.00
©2012 Itasca Consulting Group, Inc.
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Calculated by: Volumetric Averaging
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–7. 50E + 06
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–2. 75E + 07
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(c) Vertical stress of 80m advancing the working face

FLAC3D 5.00
©2012 Itasca Consulting Group, Inc.

Contour of ZZ-Stress
Calculated by: Volumetric Averaging

6. 81E + 05

–5. 00E + 06

–2. 25E + 07

–3. 25E + 07
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(d) Vertical stress of 120m advancing the working face

Figure 9: Vertical stress diagram of coal pillar during No. 4102 working face mining.

8 Geofluids



stress curves of the four coal pillars did not change
much, and the shape of the stress curves was still
similar to that during driving

(b) During the mining period, the low-stress area at the
edge of the coal pillar expands, and the peak vertical
stress in the coal pillar moves to the inside of the coal
pillar. As the coal pillars are subjected to relatively
large loads during the mining process, the edges of
the coal pillars undergo plastic failure

It can be seen from the above analysis that under the
same mining conditions, the smaller the width of the coal
pillar, the more concentrated the load on the coal pillar,
the peak stress will shift inward, the elastic core range in
the middle part will decrease, and the width of the plastic
zone will increase. Therefore, discussing the reasonable
width of the coal pillar, it should be consider the impact of
the stress environment in which the coal pillars are located.

5.4. Comparison of Plastic Zone in the Different Coal Pillars.
The range of the plastic zone of coal pillars with different
widths is shown in Figure 15.

It can be seen from Figure 16 that when the width of the
coal pillar is 46m and 33m, a large range of elastic areas can
be seen in the coal pillar, there is basically no plastic failure
in the elastic area, it has a higher bearing capacity, and the
elastic areas of the coal pillar are, respectively, 60% and
55%; when the coal pillar width is 15m and 25m, the elastic
area in the coal pillar basically disappears, the entire coal pil-
lar has basically undergone plastic failure, the elastic area is
basically completely lost, and the proportion of the plastic
area is close to 100%. In particular, the 15m coal pillar has
basically lost its bearing capacity due to excessive deforma-
tion, and the reason is that the roof has broken at the edge
of the goaf. Coupled with the influence of secondary mining,
the roof of roadway continues to bend and sink, and the
abutment pressure transfers to the coal pillar. Due to the
integrated coal has a greater bearing capacity, the crushing
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(a) Coal pillar width 46m (b) Coal pillar width 33m

(c) Coal pillar width 25m (d) Coal pillar width 15m

Figure 12: Vertical stress in the different coal pillars width.
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scope and impact in surrounding rock of the roadway are
smaller than the goaf side. The coal pillar sill will produce
a certain range of plastic zone, the bolts located in the bro-
ken zone will fail, the bolt supporting capacity will decrease,
the degree of broken roadway surrounding rock will
increase, and the stability of coal pillar will decrease.

5.5. Determination of the Width of the Coal Pillar. In sum-
mary, when the coal pillar is 33m, the vertical stress distri-
bution still presents a form of “a hump with two peaks”
during working face mining. The positions of the double

peaks are about 18m and 27m in the coal pillar, respectively.
The range of the “hump” in the coal pillar is roughly
10m~12m. Within this width, the supporting pressure of
the coal pillar is at a relatively high level with the superim-
posed disturbances of the two stopings. Compared with the
46m coal pillar, the stress level is not significantly increased,
and the stress peak change is small. It can be regarded as a
certain amount of the coal pillar. The width of the elastic
zone has a strong bearing capacity; the coal in other areas
of the coal pillar has completely plastically yielded and only
has a certain bearing capacity.

Compared with the 33m coal pillar, the 15m and 25m
coal pillars have larger plastic zones and higher stress con-
centration. Although the stress level and the development
degree of the plastic zone for the 46m coal pillars are almost
the same as those of the 33m coal pillars, it is due to the
resource utilization, and the width of coal pillar was deter-
mined to be 33m.

6. Field Test

Based on the previous research results, field test of coal pillar
retention was carried out on the 4106 headgate in the same
panel. The width of section pillar is 33m, and there are a
monitoring section every 100m to monitor the deformation
of the surrounding rock of the roadway during the workface
mining (see Figure 17).

During the mining process of the roadway surround-
ing rock (see Figure 17), the monitoring section is outside
the range of 70m from the working face, and the roadway
roof-floor displacement and deformation rate are small,
closed to 0mm/d; in the range of 50m, the roof subsi-
dence and the deformation of the coal rib convergence
have increased to varying degrees. Especially, in the 24m
mining area, the surface displacement in the roadway
began to increase rapidly. During the entire mining
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process, the maximum roof subsidence was 153mm, and
the maximum displacement of the coal rib convergence
was 132mm. The deformation rate was smaller in the
early stage and increased in the later stage. There was no
obvious displacement, which proved that the roadway con-
trol was reasonable and effective.

The on-site monitoring results show that it is reasonable
to leave the coal pillar width of 33m, and the control effect
of the surrounding rock of the roadway is good (see
Figure 18).

7. Conclusions

(1) It can be seen from the measured data that the abut-
ment pressure in the coal pillar increasing with the
working face mining and presents a form of “a hump
with two peaks.” The positions of the double peaks
are 12m and 36m in the coal pillar, and the distances
of “two peaks” are 24m. The peaks are 38.9MPa and
33.6MPa, respectively. The range of the curve
“hump” is roughly 17m~34m. In the range of 17m
width, the abutment pressure in the coal pillar is

between 15MPa and 20MPa, which is the original
rock stress with little change. It can be regarded as
an elastic zone with a certain width in the coal pillar
and has a strong bearing capacity; numerical simula-
tion analysis results in a law similar to the measured
data (“a hump with two peaks”). Therefore, the coal
pillar can be appropriately reduced

(2) The stress concentration in the coal pillar (15m and
25m) is 15%~30% higher than wider coal pillar
(33m and 46m); the damage area of the plastic zone
also accounts for a larger proportion. The ratio is
45% and 46%, and there is still a large area of elastic
zone; the coal pillars are basically completely dam-
aged when the coal pillars width is 25m and 15m,
and the plastic zone accounts for 100%. Based on
comprehensive considerations, the width of the
remaining coal pillars is determined to be 33m

(3) After field measurement, it is found that the maxi-
mum displacement of the roof and floor is 153mm,
the maximum displacement of the two sides is
132mm, and the deformation is small; the deforma-
tion rate is small in the early stage and increased in
the later stage. There is no obvious displacement
changed, which proves that the roadway control is
reasonable. The overall displacement during the
mining period is not large, which proves that the
coal pillar has a good field application effect and
can be used under the same geological conditions
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