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In order to explore the influence of coal pillar width on the principal stress deflection and plastic zone form of surrounding rock in
deep roadway excavation, taking 11030 working face transportation roadway of Zhaogu No. 2 Coal Mine as engineering
background, theoretical analysis, numerical simulation, and field detection were used to study the effect of coal pillar width on
principal stress deflection and plastic zone form and field detection and verification of plastic zone form of surrounding rock
in 11030 transportation roadway. The results show that the maximum principal stress is deflected in the vertical direction,
which in roadway surrounding rock excavation. The coal pillar width effect of principal stress deflection on both sides of
roadway roof and floor and inside coal pillar are more obvious than that of middle roof and floor, coal pillar edge and coal
wall position. The deflection of the principal stress affects the morphological distribution of the plastic zone of the surrounding
rock, which led to the width effect of coal pillar in roof, and two sides plastic zone are more obvious than that in floor. The
principal stress deflection of roadway surrounding rock is highly consistent with the maximum damage depth of plastic zone,
and at the same time, the drilling peep results of surrounding rock are basically consistent with the form characteristics of
plastic zone in numerical simulation. On this basis, the surrounding rock reinforcement support scheme of 11030 working face
transportation roadway was proposed.

1. Introduction

With the increase of coal seam mining depth and mining
intensity in China, and the comprehensive influence of pro-
duction geological conditions and other factors, the defor-
mation and damage of surrounding rock in deep roadways
with different width of roadway protection coal pillars show
different distribution characteristics. Under the influence of
mining and coal pillar width, the stress field direction of
roadway surrounding rock will deflect, resulting in the
change of form distribution of surrounding rock plastic
zone, and then affect the stability of roadway surrounding
rock [1–3]. Therefore, the influence of roadway pillar width

on principal stress deflection and plastic zone form of sur-
rounding rock in deep roadway excavation is studied, which
has important guiding significance for the stability control of
surrounding rock in deep roadway.

By using the methods of theoretical analysis and numer-
ical simulation, documents [4, 5] gave the calculation for-
mula of failure width of supporting coal pillar under
different failure criteria, revealed the stress distribution char-
acteristics of working face and provided a new idea for
retaining coal pillar width and roadway layout. Literature
[6] studies showed that the larger the width of the reserved
coal pillar, the smaller the proportion of plastic zone form,
vertical stress, and horizontal deformation in the coal pillar,
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and the higher the stability of the coal pillar itself, which was
helpful to maintain the stability of roadway surrounding
rock. Literature [7] studied the variation law of vertical stress
in the surrounding rock and coal pillar width along the open
cut tunnel and combined with the limit equilibrium theory
of coal body, and the optimized design of coal pillar width
along the open cut tunnel was carried out. Literatures
[8–10] studied an integrated detection system, established
an ultrasonic model, and coupled it with a mechanical
model, and the results of the research can predict whether
the excavation damage zone, stress distribution, stress rota-
tion, and ultrasonic velocity evolution of the roadway are
consistent with the actual situation in the field. Literatures
[11–13] proposed the characteristic radii of the plastic zone
in the horizontal axis, longitudinal axis, and medial axis
according to the damage boundary characteristics of the
plastic zone of the roadway, through theoretical calculations
and other research methods, in order to reflect the shape
characteristics of the plastic zone, evaluate the potential haz-
ard location of the roadway enclosure and the critical point
of the roadway dynamic hazard evaluation based on the
characteristic radii. The literatures [14, 15], based on mining
rock mechanics, focused on the failure behavior and defor-
mation mechanism of rocks with large burial depths and ini-
tially established the surrounding rock stress gradient failure
theory and research results to provide the theoretical basis
and technical support for the future development of deep
mineral resources. The above results studied the influence
law of coal pillar width on its own stability, roadway defor-
mation, and the size of surrounding rock stress field and dis-
placement field, respectively. However, the related research
results on the deflection of the main stress and the form of
the plastic zone in the surrounding rock of deep roadway
excavation under different widths of coal pillars of the pro-
tection roadway are less. Therefore, this paper used numer-
ical simulation to study the characteristics of main stress
deflection and plastic zone form distribution of deep road-
way excavation surrounding rocks under different widths
of coal pillar protecting the roadway and discovered the coal
pillar width effect of main stress deflection and plastic zone
form and conducted theoretical analysis on the influence of
coal pillar width effect on the stability of roadway surround-
ing rocks. On this basis, the detection and verification of the
damage zone of the surrounding rock was carried out in the
transporting roadway of 11030 working face of Zhaogu No.
2 Coal Mine, and the corresponding countermeasures for
the control of the surrounding rock were proposed.

2. Deformation Characteristics of the
Surrounding Rock in Deep Roadway
Excavation under Different Coal
Pillar Widths

2.1. Deformation Characteristics’ Analysis of the Surrounding
Rock. In order to study the deformation characteristics of the
surrounding rock, which is in deep roadway under different
widths of coal pillars of roadway protection, five roadways
under different widths of coal pillars of roadway protection

were selected through field research, and the deformation
characteristics of the roadway surrounding rock after exca-
vation were analyzed, as shown in Table 1.

Through the above case analysis, it can be seen that
under different widths of coal pillar, the deformation of the
roadway surrounding rock shows differential distribution
characteristics, but the width of coal pillar and the amount
of surrounding rock deformation does not show a direct cor-
relation, that is, the larger the width of coal pillar, the smaller
the amount of deformation of the roadway surrounding
rock. And the deformation of the surrounding rock at differ-
ent locations of the same roadway section shows nonuni-
form distribution characteristics. For example, in case 5,
the maximum deformation of the roadway is 600mm when
70m coal pillar is left (two gang convergence), in case 1, the
maximum deformation of the roadway is 45mm when 5m
coal pillar is left (roof subsidence), and in case 2, the defor-
mation of the roadway is different at different locations of
the same section when 8m coal pillar is left (maximum sub-
sidence of roof is 428mm, and maximum two gang conver-
gence is 270mm). The essence of the above phenomenon is
that the width of the coal pillar will affect the distribution of
the plastic zone of the surrounding rock in the roadway.

2.2. Factors Influencing the Deformation of the Surrounding
Rock. The width of the coal pillar protecting the roadway is
an important factor, which influencing the deformation
and damage of the roadway excavation. The width of the
coal pillar not only affects the size of the surrounding rock
stress field but also deflects the direction of the surrounding
rock stress field, which changes the form of the plastic zone
of the surrounding rock (as shown in Figure 1) [16–19].
Under different pillar widths, the surrounding rock of min-
ing roadway excavation presents differential deformation
characteristics. The essence is that the surrounding rock
forms different plastic zone. Therefore, this paper will focus
on the deflection characteristics of the principal stress of the
surrounding rock and the morphological distribution char-
acteristics of the plastic zone under the condition of retain-
ing different roadway pillar widths.

3. Effect of Coal Pillar Width on Deflection of
Principal Stress and Plastic Zone Form of
Surrounding Rock in Deep
Roadway Excavation

3.1. Establishment of Numerical Model. According to the
production geological conditions of transportation roadway
in 11030 working face of Zhaogu No. 2 coal mine, FLAC3D

numerical simulation software was used to build a model
with a length of 250m, a width of 50m, and a height of
42m, with a model grid cell size of 0.5m, as shown in
Figure 2.

Displacement constraints were applied to the top and
bottom of the model in the vertical direction, and displace-
ment constraints in the horizontal direction were applied
around the model, and the initial ground stresses were
applied to the model based on the rock formation loads at
a burial depth of 700m, rock laboratory test, and the

2 Geofluids



measured ground stresses in the adjacent mine area:
15.30MPa for vertical stresses, 29.36MPa (along the x-axis
direction), and 16.82MPa (along the y-axis direction) for
horizontal stresses. The model is used Mohr-Coulomb, and
the physical and mechanical parameters of each rock layer
are shown in Table 2.

The plastic zone distribution characteristics of the road-
way surrounding rock were simulated when the width of
coal pillar was 4m, 6m, 8m, 10m, 12m, 14m, 16m, 18m,
and 20m, respectively, and the main stress direction mea-
surement lines were arranged around the excavated roadway
to study the main stress deflection characteristics. The length
of each measurement line is 40m, arranged along the ten-
dency of coal seam, and the interval of measurement line is

0.5m, and 31 measurement lines are arranged in total, as
shown in Figure 3.

3.2. Coal Pillar Width Effect of Principal Stress Deflection of
Roadway Surrounding Rock. According to the stress field
imposed by numerical simulation, it is known that the max-
imum principal stress is 29.36MPa, along the horizontal
direction; the minimum principal stress is 15.30MPa, along
the vertical direction, and the following studies are analyzed
by the angle between the maximum principal stress and the
horizontal direction. Figure 4 shows the contour cloud of the
maximum principal stress and the angle between the hori-
zontal directions in the stress field of the roadway enclosure
under different coal column widths. From the figure, it can

Table 1: Deformation characteristics of surrounding rock in roadway excavation.

Roadway General information Scene photos Deformation features

Wulihou coal mine lower
group coal tape transport
roadway

Average depth of coal seam 550m;
straight wall semi-circular arch roadway:

4.74m and 4.3m (net width and net height),
wall height 2m, arch height 2.3m;

5m coal pillar.

Maximum shifting in of
the top and bottom plates

is about 45mm;
the maximum shifting in
of the two gangs is about

38mm.

Transportation roadway of
11030 working face in
Zhaogu No. 2 coal mine

Average depth of coal seam 700m;
rectangular roadway: 4.8m and 3.3m (width

and height);
8m coal pillar.

Maximum sinking of the
roof is about 428mm;
maximum displacement
of two sides is about

270mm.

7608 return air roadway of
Wuyang coal mine of Lu’an
group

Average depth of coal seam 750m;
rectangular roadway: 5.4m and 3.2m (width

and height);
15m coal pillar.

Maximum sinking of the
roof is about 200mm;
maximum displacement
of two sides is about

700mm.

Air return roadway in No. 9
mining area of Chensilou
coal mine

Average depth of coal seam 900m;
straight wall semi-circular arch roadway:

4.2m and 4.6m (net width and net height),
wall height 2.4m, arch height 2.2m;

13m coal pillar.

Maximum shifting in of
the top and bottom plates

is about 200mm;
the maximum shifting in
of the two gangs is about

100mm.

Transportation roadway in
No. 7 mining area of
Zhaolou coal mine

Average depth of coal seam 910m;
flat-topped domed roadway: 5m and 4.5m
(net width and net height), upper arc height

2m, flat top 3m;
70m coal pillar.

Maximum sinking of the
roof is about 579mm;
maximum displacement
of two sides is about

600mm.
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Figure 1: Deformation and failure mechanism of surrounding rock in roadway excavation.
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Figure 2: Numerical calculation model.

Table 2: Rock physical and mechanical parameters table.

Rock
formation

Internal friction
angle (°)

Cohesion
(MPa)

Density (kg/
m3)

Shear modulus
(GPa)

Bulk modulus
(GPa)

Uniaxial tensile strength
(MPa)

Sandstone 25 2.8 1500 4.8 5.4 1.5

Mudstone 30 5.24 2200 5.04 8.82 1.48

Coal seam 34 5.36 2500 4.54 10.44 2.6

Sandy
mudstone

38 16 2700 9.0 10.2 7.5

Limestone 35 7.9 2300 5.3 8.9 8.71

Roadway
11011goaf

Coal pillar

Line m
easurem

ent

Figure 3: Layout of measuring line in principal stress direction of roadway surrounding rock.
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Figure 4: Continued.
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be seen that the distribution characteristics of the maximum
principal stress direction in the roadway surrounding rock
change significantly under different coal column widths.
For the roof, the maximum principal stress is mainly in the
horizontal direction, and the minimum principal stress is
mainly in the vertical direction; with the increase of the
width of the coal pillar, the maximum principal stress of
the overlying rocks near the coal pillar side and the coal wall
side of the top slab has a tendency to deflect in the vertical
direction, and the direction of the maximum principal stress
of the overlying rocks in the middle of the top slab has no
obvious deflection. For the coal pillar wall, with the increase
of the width of the coal pillar, the direction of the maximum
principal stress is obviously deflected, when the width of the
coal pillar is 4m~14m, the maximum principal stress of the
whole coal pillar is mainly in the vertical direction, and the
minimum principal stress is mainly in the horizontal direc-
tion, when the width of the coal pillar is 16m~20m, the
maximum principal stress within 4m from the edge of the
roadway is mainly in the vertical direction, and the maxi-
mum principal stress within 4~6m from the edge of the
roadway is mainly in the horizontal direction. For the coal
wall, the maximum principal stress direction does not

change significantly with the change of coal pillar width,
and the maximum principal stress at the edge of the coal
wall is mainly in the vertical direction, while the maximum
principal stress at the deep part of the coal wall gang is
mainly in the horizontal direction. For the floor, when the
width of coal pillar is 4m, the maximum principal stress is
mainly in the vertical direction near the pillar side and in
the horizontal direction near the coal wall side; when the
width of coal pillar is 6m~20m, the maximum principal
stress is mainly in the horizontal direction, and with the
increase of the width of coal pillar, the direction of the max-
imum principal stress is not significantly deflected.

Figure 5 shows the curves of the maximum principal
stresses, which are at different locations of road roof and
floor and two surrounding rocks under different coal pillar
widths with respect to the angle in the horizontal direction.
From the above analysis, it can be seen that the 4m and
6m coal pillars are in plastic damage state, so no further
analysis will be made here. By comparing the variation char-
acteristics of the maximum principal stress direction in
Figure 5 with the direction of the original rock stress field,
it is obtained that the variation law of the maximum princi-
pal stress direction in the roadway surrounding rock area
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Figure 4: Angle cloud chart of maximum principal stress and horizontal direction of surrounding rock. (left side is coal pillar, right side is
coal wall).
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with the coal pillar width is shown in Table 3. (According to
the deflection angle, three deflection degrees are defined: ①
Weak: ≤30°; ② Medium: 30° ≤ 60°; and ③ Strong: ≥60°).

From the above analysis, it can be seen that the maxi-
mum principal stresses in the stress field of the roadway
enclosure area are deflected in the vertical direction, but
the deflection of the maximum principal stresses at different
locations in the roadway enclosure has different sensitivities
to the width of the coal pillar, resulting in the variability of
the coal pillar width effect of the deflection of the principal
stresses at different locations in the roadway enclosure.

(1) For the roof and floor, the sensitivity of the maxi-
mum principal stress deflection at the position of
the roof and floor near the two sides of the roadway
to the width of the coal column is stronger. With the
increase of coal pillar width, the maximum principal
stress deflection angle changes obviously (maximum
change of 20°) on both sides of the roof and floor,
and the change is smaller (maximum change of 8°)

in the middle position. Therefore, the maximum
principal stress deflection in the roof and floor near
the edge of the two gangs has an obvious coal pillar
width effect, while the coal pillar width effect in the
middle position is weaker

(2) For the coal pillar, the sensitivity of the maximum
principal stress deflection inside the coal pillar to
the change of the coal pillar width is stronger. With
the increase of coal pillar width, the change of max-
imum principal stress deflection angle inside the coal
pillar is obvious (maximum change of 70°), and the
change of edge position is relatively small (maxi-
mum change of 12°). Therefore, the maximum prin-
cipal stress deflection inside the coal pillar has
obvious coal pillar width effect, while the coal pillar
width effect of edge position is weaker

(3) For the coal wall, the sensitivity of the maximum
principal stress deflection of the coal wall to the coal
pillar width is weaker. With the increase of coal pillar
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Figure 5: Variation curve of maximum principal stress direction of surrounding rock.

Table 3: The maximum principal stress deflection law of surrounding rock in roadway excavation.

Surrounding rock
location

Deflection pattern

Roof
Continuous deflection in the vertical direction, but the degree of deflection is weak.

Degree of deflection angle change: both sides of the roof > middle of the roof .

Coal pillar

The deflection is in the vertical direction, and the degree of deflection is decreasing.
The degree of deflection from the edge of the coal pillar to the middle of the coal pillar shows “strong-medium-

weak” transition.
Degree of deflection angle change: middle of coal pillar > edge of coal pillar.

Floor

Continuous deflection in the vertical direction, with medium deflection at the position of 1.5m~2m under both
sides of the floor, and weak deflection at other depth positions and the middle of the floor.

Degree of deflection angle change: both sides of the floor > the middle of the floor.
All deflected in the vertical direction and the degree of deflection did not change significantly.

Coal wall
The degree of deflection from the edge of the coal wall to the deep part of the solid coal shows “strong-medium-

weak” transition.
Degree of deflection angle change: middle of coal wall > edge of coal wall.
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(a) 4 m coal pillar
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(b) 6 m coal pillar
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26°
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3 m
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(c) 8 m coal pillar
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3 m
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(d) 10m coal pillar
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(e) 12 m coal pillar
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(f) 14m coal pillar

Figure 6: Continued.
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width, the change of coal wall maximum principal
stress deflection angle is small (maximum change
15°). Therefore, the coal pillar width effect of coal
wall maximum principal stress deflection is weaker

3.3. Coal Pillar Width Effect of Plastic Zone Form of Roadway
Surrounding Rock. Figure 6 shows the distribution of the
plastic zone form in the surrounding rock of the roadway
under different coal pillar widths obtained by numerical
simulation. For the convenience of analysis, two indicators,
plastic zone maximum damage depth and plastic zone max-
imum damage depth location, are defined to characterize the
plastic zone form, where the plastic zone maximum damage
depth location is expressed by the angle between the plastic
zone maximum damage depth boundary and the centerline
of the top and bottom plates of the roadway and the two
sides of the gang, and the counterclockwise direction is spec-
ified as positive. From Figure 6, it can be seen that with the
increase of coal pillar width, the plastic zone form of the

roadway surrounding rock changes to different degrees.
For the roof, the maximum damage depth of plastic zone
is 2.75m, when the width of coal pillar is 4m, and the posi-
tion of the maximum damage depth (10°~32°) is close to the
roof of coal pillar side. When the width of coal pillar is
6m~20m, the maximum damage depth of plastic zone
decreases to 2.25m and remains unchanged, but its position
is deflected to clockwise direction (solid coal side) when the
width of coal pillar is 6m~14m, and it is not deflected when
the width of coal pillar is 16m~20m. The form of the plastic
zone is symmetric about the centerline of the roof. For the
coal pillar, when the width of coal pillar is 4m~6m, the
whole coal pillar is in the plastic damage state; when the
width of coal pillar is 8m~20m, the coal pillar is no longer
in the plastic damage state completely, and the maximum
damage depth of the plastic zone does not change signifi-
cantly, which is about 1.75m, but the position of the maxi-
mum damage depth of the plastic zone continues to deflect
in the clockwise direction (roof direction) with the increase

24°–24°

44°

55°–45°

–15°–35°

2.25 m
1.75 m 1.5 m

3 m

20°

None
Shear-n shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Shear-p

(g) 16m coal pillar

5° –5°

44°

55°-45°

–15°–35°

2.25 m
1.75 m 1.5 m

3 m

20°

None
Shear-n shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Shear-p

(h) 18m coal pillar

11°–11°

46°

56°-49°

–17°
–41°

2.25 m
1.75 m 1.5 m

3 m

20°

None
Shear-n shear-p
Shear-n shear-p tension-p

Shear-p tension-p
Shear-p

(i) 20m coal pillar

Figure 6: The form distribution of plastic zone of roadway surrounding rock. (left side is coal pillar, right side is coal wall).
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of the width of coal pillar. For the coal wall, when the width
of coal pillar is 4m, the maximum damage depth of plastic
zone is 1.75m, and the position of maximum break depth
is 0°~36°. When the width of coal pillar is 6m~14m, the
maximum damage depth of plastic zone decreases to 1.5m
and remains unchanged, but its position deflects signifi-
cantly in the counterclockwise direction (roof direction).
When the width of coal pillar is 16m~20m, the distribution
of the plastic zone does not change significantly. For the
floor, the maximum damage depth of the plastic zone does
not change with the increase of coal pillar width, which is
3m, and the location of the maximum damage depth also

does not change significantly, and the form of the plastic
zone is approximately symmetrical about the center line of
the floor.

From the analysis of Figure 7 and Table 4, it can be seen
that the form of plastic zone in different locations of the
roadway surrounding rock shows different sensitivity to
the change of coal pillar width, which leads to the variability
of the coal pillar width effect of the form of plastic zone in
different locations of the roadway surrounding rock.

From the above analysis, it can be seen that the plastic
zone form at different locations of the roadway surrounding
rock shows different sensitivities to the changes of coal pillar
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width, which leads to the variability of the coal pillar width
effect of the plastic zone form at different locations of the
roadway surrounding rock.

(1) For the roof, when the width of coal pillar is less than
8m, the sensitivity of the top plastic zone form to the
change of coal pillar width is stronger, and with the
increase of coal pillar width, the maximum damage

depth of plastic zone decreases significantly, and
the position of the maximum damage depth of plas-
tic zone continues to deflect toward the coal wall,
and the top plastic zone form has obvious coal pillar
width effect. When the width of coal pillar is greater
than 8m, the sensitivity of roof plastic zone form to
coal pillar width change is weak, with the increase of
coal pillar width, the maximum damage depth of

Table 4: The variation law of the maximum failure depth position in plastic zone pillar.

Roof

Width of coal pillar Deflection direction Deflection angle
4m~8m Coal wall 10°~13.5°
8m~12m Coal wall 2°~2.5°
12m~16m Coal pillar 1°~1.5°
16m~20m No change 0°

Coal pillar

Width of coal pillar Deflection direction Deflection angle

4m~12m Roof 0.5°~8.5°

12m~16m Roof 10°~13°

16m~18m No change 0°

18m~20m Roof 4°

Floor

Width of coal pillar Deflection direction Deflection angle

4m~8m Coal pillar 0.5°~6.5°

8m~10m No change 0°

10m~14m Coal pillar 0.5°~1.5°

14m~20m No change 0°

Coal wall

Width of coal pillar Deflection direction Deflection angle

4m~6m Floor 12°

6m~10m Roof 10°~12°

10m~14m Roof 3°~5°

14m~20m No change 0°
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Figure 8: Curve of maximum failure depth position and principal stress direction in plastic zone of roadway surrounding rock.
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plastic zone does not change obviously, its position
change is small (maximum change 2.5°), and the coal
pillar width effect of roof plastic zone form is weak

(2) For two sides of roadway, the form of plastic zone of
two sides is sensitive to the change of coal pillar
width. With the increase of coal pillar width, the
maximum damage depth of plastic zone of coal pillar
wall first decreases and then remains unchanged,
and its position continues to deflect towards the roof.
When the coal pillar width is less than 12m, the

maximum damage depth of the plastic zone of the
coal wall first decreases and then remains
unchanged, and its position first deflects to the floor
direction and then to the roof direction. When the
coal pillar width is greater than 12m, the maximum
damage depth and position of the plastic zone do not
change significantly. The plastic zone form of two
sides of roadway has obvious coal pillar width effect

(3) For the floor, the form of the plastic zone of the floor
is less sensitive to the change of the coal pillar width.
With the increase of the coal pillar width, the maxi-
mum damage depth of the plastic zone does not
change significantly, and its position changes slightly
(the maximum change is 6.5°), and the coal pillar
width effect of the form of the plastic zone of the
floor should be weak

4. Analysis of the Stability of the Surrounding
Rock Based on the Coal Pillar Width Effect

4.1. Mechanism of Coal Pillar Width Effect Formation. For
the stability of roadway surrounding rock, the key is to
ensure the stability of roadway roof and coal pillar. There-
fore, based on the previous research results, taking the road-
way roof and coal pillar wall as the research object, the
author analyzes the variation law of the deflection angle of
the main stress direction of roadway surrounding rock and
the position of the maximum failure depth of plastic zone
under different coal pillar widths and reveals the formation
mechanism of coal pillar width effect in the plastic zone of
roadway surrounding rock. Figure 8 shows the curves of
the change in the deflection angle of the main stress direc-
tion and the position of the maximum damage depth in
the plastic zone of the roadway roof and coal pillar at differ-
ent coal pillar widths (the counterclockwise direction is
specified as positive). From the figure, it can be seen that
the position of the maximum damage depth in the plastic
zone of the roadway surrounding rock and the angle of
deflection of the main stress direction have approximately
the same changing trend. As the width of coal pillar
increases, the position of maximum damage depth and the
direction of main stress in the plastic zone of the floor and
coal pillar are deflected in the clockwise direction.

The width effect of the main stress deflection of the sur-
rounding rock after the roadway excavation will cause the
obvious deflection of the main stress direction of the sur-
rounding rock, which will cause the maximum damage
depth and location of the surrounding rock plastic zone to
change, which results in the difference distribution of the
plastic zone form of the surrounding rock, and which results
in the shape of the surrounding rock plastic zone having the
width effect of the coal pillar, as shown in Figure 9.

4.2. The Influence of Coal Pillar Width Effect on the Stability
of the Surrounding Rock. According to the above study,
influenced by the coal pillar width effect, the principal stress
direction and plastic zone form at different positions of sur-
rounding rock after roadway excavation will change to

Coal pillar width effect of 
main stress deflection

Deflection of main stress 
direction

Maximum damage depth in 
plastic zone

Location of maximum 
damage depth in plastic zone

Coal pillar width effect of 
plastic zone form

Figure 9: Formation mechanism of coal pillar width effect.

Coal pillar

11011 mined-out area

11030 working face

11030 transportation
Roadway

Figure 10: The layout plan of carrying roadway along 11030
working face.
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Figure 11: Borehole layout plan of transportation lane in 11030
working face.
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different degrees. For the roof, the deflection degree of the
principal stress direction near the two sides of the roof is sig-
nificantly greater than that in the central position, and the
damage depth of the plastic zone at different positions of
the roof is quite different, resulting in the difference in the
stability of the surrounding rock on both sides and in the
central position of the roof. For the coal pillar side, the
deflection degree of the principal stress direction in the mid-
dle position of the coal pillar is significantly greater than that

in the upper and lower sides, and the damage depth of the
plastic zone in different positions is also different, resulting
in a large difference in the stability of the surrounding rock
in the middle and upper and lower sides of the coal pillar.
Therefore, for roadways with different coal pillar widths, it
is necessary to adopt different control measures for different
positions of roof and coal pillar to ensure the stability of sur-
rounding rock. Taking the 11030 working face transporta-
tion roadway of Zhaogu No. 2 Mine as an example, the

Roadway

Fracture Fracture Fracture

Separation Separation

Separation

Separation
Fracture

Fracture

Fracture
Fracture
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1.1 m
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0.86 m

0.54 m

2.5 m

2.6 m
2.5 m

1.1 m

1.8 m

0.6 m

Fracture

(a) drill hole peeping results

2.250 m

1.5 m

3 m

2 m

(b) numerical simulation results

Figure 12: Comparison of the damage range of surrounding rock in 11030 transportation lane with the results of numerical simulation.
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stability of roadway surrounding rock is analyzed combined
with the width effect of coal pillar, which provides basic
guidance for the stability control of roadway surrounding
rock. For the roof, the maximum principal stress is mainly
in the horizontal direction, but affected by the width effect
of coal pillar, and the maximum principal stress on both
sides of the roof tends to change in the vertical direction.
And the maximum damage depth of plastic zone is located
in the middle of roof. Therefore, the stability of the sur-
rounding rock in the middle of the roof is poorer than that
on both sides. In order to prevent the roof falling accident
of the roadway, it is necessary to reinforce and support the
middle position of the roadway roof after the roadway exca-
vation is completed. For the coal pillar, the maximum prin-

cipal stress is mainly in the vertical direction, but affected by
the width effect of coal pillar, and the maximum principal
stress at the upper and lower sides of coal pillar changes sig-
nificantly in the horizontal direction. And the maximum
damage depth of plastic zone deflects to the roof direction.
The comprehensive analysis shows that the stability of the
upper and middle sides of the coal pillar is worse than that
of the lower side. In order to prevent the failure and instabil-
ity of the coal pillar, it is necessary to reinforce the surround-
ing rock of the middle and upper sides of the coal pillar after
the roadway excavation.

5. Engineering Case

The transportation roadway of 11030 working face in
Zhaogu No. 2 Mine was excavated along the coal seam roof,
and 8m coal pillar was left between it and the 11011 mined-
out area (Figure 10). The roadway was designed as a rectan-
gular section of 4:8m × 3:3m ðwidth × heightÞ. During the
excavation of the roadway, the roadway surrounding rock
had a nonuniform large deformation, the section contraction
was serious, the maximum subsidence of roof was about
428mm, and the maximum displacement of two sides was
about 270mm.

5.1. Detection of Rock Surrounding Damage Areas. In order
to master the surrounding rock damage of 11030 working
face transportation roadway and compare with the numeri-
cal simulation results (Figure 6(c)), the JL-IDOI (A) intelli-
gent borehole TV imager was used to peep the
surrounding rock damage of the roadway. Three boreholes
were arranged at the roof and floor of the roadway and the
two sides at 260m from the opening of the roadway in
11030 working face. A total of 12 boreholes were arranged,
as shown in Figure 11, the diameter of the borehole was
32mm, and the depth of the borehole was 4m.

Figure 12 shows the comparison between the borehole
peeping results of surrounding rock of 11030 transportation
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roadway and the plastic zone form of numerical simulation.
The damage area of roadway surrounding rock is asymmet-
ric. The damage depth of rock stratum in the middle of roof
is large, and the coal body in the middle of coal pillar is seri-
ously broken. The damage depth of rock stratum near the
roof of coal wall is the largest, and the distribution range
of floor rock stratum is relatively uniform. The nonuniform
morphological characteristics of plastic zone of roadway sur-
rounding rock are basically consistent with the results of
borehole peeping.

5.2. Roadway Support Design. Combined with the field peep-
ing results and previous research results, it can be seen that
the section convergence of 11030 transport roadway during
excavation is serious, and the surrounding rock deformation
of roadway shows obvious nonuniform characteristics.
Therefore, considering the influence of mining activities in
the later stage of the roadway, the middle roof is reinforced
and supported by the length enable bolt and the high
strength screw steel bolt to prevent the roof from falling
[20–22]. Two sides, by patching high strength thread steel
anchor, prevent two sides due to excessive deformation
and cross. Specific design parameters are shown in
Figure 13.

5.3. Support Effect. In order to verify the stability of the sur-
rounding rock of the roadway after reinforcement support, a
measuring station was arranged at 260m from the opening
of 11030 transportation roadway to monitor the change of
the roadway surface displacement. The monitoring results
show that the maximum deformation of the top and bottom
plates from 0 to 28d after the roadway was reinforced and
supported and is 268mm, and the maximum deformation
of the two sides is 123mm; the displacement of the sur-
rounding rock of the roadway remains basically the same
after 28 d after the roadway was reinforced and supported,
and there is no significant increase, indicating that the sur-
rounding rock of the roadway tends to be stable. The moni-
toring results of the roadway surface displacement are
shown in Figure 14.

6. Conclusion

(1) The deformation of the surrounding rock in the deep
roadway under different widths of the coal pillar
does not show a direct correlation between the width
of the coal pillar and the deformation of the sur-
rounding rock (the larger the width of the coal pillar,
the smaller the deformation of the surrounding rock
in the roadway), and the deformation of the sur-
rounding rock at different locations in the same sec-
tion of the roadway shows a nonuniform
distribution

(2) The maximum principal stress deflects to the vertical
direction in the stress field of the surrounding rock
of deep roadway excavation, but the deflection of
the maximum principal stress at different positions
of the surrounding rock of roadway has different
sensitivity to the width of the coal pillar. The coal

pillar width effect of principal stress deflection on
both sides of the roof and floor and inside the coal
pillar is obvious, and the coal pillar width effect of
principal stress deflection in the middle of the roof
and floor and the edge of the coal pillar and the coal
wall are weak

(3) The plastic zone form of surrounding rock of deep
roadway after excavation will show differential dis-
tribution characteristics due to the change of coal
pillar width, and the plastic zone form of surround-
ing rock at different positions of roadway has differ-
ent sensitivities to the change of coal pillar width,
resulting in obvious coal pillar width effect of plastic
zone form of roadway roof and two sides, and weak
coal pillar width effect of plastic zone form of floor

(4) The principal stress in the surrounding rock area of
deep roadway excavation will deflect to varying
degrees, which affects the form of the plastic zone
of the surrounding rock. The position of the maxi-
mum damage depth of the plastic zone is approxi-
mately the same as the principal stress deflection,
and the width effect of the coal pillar will have differ-
ent degrees of influence on the stability of the sur-
rounding rock at different positions of the roadway
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