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In order to alleviate the relationship between mining and roadway, the 3204 working face and the 3206 roadway in Shanxi Taitou
coal mine are taken as an example, and the width of mining and the support parameters of mining while reversing mining and
excavation under dynamic pressure are optimized. The research includes field investigations, theoretical analysis, numerical
simulation, and field tests. Based on the characteristics of roof fracture and the distribution of coal pillar stresses that
determine the coal pillar is 18.7 m wide, the control scheme of mining while reversing mining and excavation was developed;
the stress of coal pillar and the characteristics of roadway deformation and failure are summarized. By means of FLAC?"
numerical simulation software, the influence of coal pillar widths and different mining positions on the stability of roadway
surrounding rock are discussed. The asymmetric support structure of trapezoidal roadway is proposed as the core support, and
the support scheme of dense bolts and anchor cables is proposed. The support of the 3206 return airway is composed of bolt,
anchor cable, and anchor mesh, combined with M-shaped steel belt and steel beam. Through the research on the current
situation of roadway support, the support scheme is optimized to make the 3206 return airway meet the production
requirements, which provides a new breakthrough for roadway support under dynamic pressure in deep mines in China.

1. Introduction

With the rapid development of coal mining equipment
and the rapid advancement of fully mechanized mining
face, the replacement of mine face is becoming increas-
ingly tense. In order to alleviate the tense situation of min-
ing and roadway, some coal mines operate at the same
time of adjacent working face mining and roadway exca-
vation [1, 2]. The mining of the upper working face and
the roadway excavation of the lower working face are
operated at the same time, that is, the mining and excava-
tion of the working face and roadway, as shown in
Figure 1. Thus, the roadway excavation will be affected
by multiple stresses, including its own excavation, the
mining of the previous working face, and the dynamic
pressure of the roof, which will bring great difficulties to
roadway excavation and support [3-5]. Especially when

the roadway and the working face are staggered, the road-
way will be affected by the dynamic pressure as “stability-
breaking-bending-stability” of the roof and goaf.

Based on the in-depth research on the coal pillar size and
the characteristics of roadway deformation, relevant scholars
put forward that the support technology plays a role in con-
trolling the surrounding rock of roadway. Chen et al. [6]
studied the stress distribution around the coal pillar, and
the coal pillar widths of 5m, 10m, 20m, and 30 m were
designed for the layout of residual coal pillar mining road-
way on this basis. Li et al. [7] studied the characteristics of
stress distribution in surrounding rock of side mining road-
way in goafs with different coal pillar widths. Zhang et al. [8]
calculated the width of coal pillar, analyzed the distribution
of stresses, and studied the relationship between coal pillar
stresses. Gao [9] proposed a method of analyzing composite
rock mass stability on the roof, floor, and coal pillar regarded
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FIGURE 1: Schematic diagram of reverse mining and excavation.
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FI1GURE 2: Layout of 3206 working face.

as layered composite rock mass and analyzed the influence
of roof and floor on the coal pillar. Sun et al. [10] discussed
the distribution of stresses in the mining of pillar roof
cutting and retaining roadway in the goaf. In the large pillar
mining and the small pillar mining, the peak stresses of
pillars were reduced by 12-21% and 3-10%, respectively.
Huang et al. [11] studied the impacts of different coal pillar
distances on coal pillar stress concentration and formation
fracture development. On this basis, the calculation formula
of safe mining and reducing surface damage of shallow
buried multicoal seam was established. Wang et al. [12],
according to the distribution of acoustic wave velocities,
put forward that the impact caused by mining activities
could be extended about 40 m to the working face, and the
stress peak concentration was found about 15m ahead.
Scholars have done a lot of researches on coal pillar, coal
pillar reservation, and coal pillar size in the working face.
Fan et al. [13] studied the formation and development of
plastic zone and the creep and damage of rock mass and
proposed the corresponding roadway support technology.
Li et al. [14] deduced the elastic energy and dissipation

energy in the process of rock burst by means of theoretical
analysis and experimental technology. Yang et al. [15] uti-
lized ANSYS/LS-DYNA software to implement an implicit
solution to initial static stress and an explicit solution in
dynamic analysis and then obtained the fracture behavior
and energy evolution under coupled static and dynamic
loads. Zhao et al. [16] studied the method of defining the
reasonable width of coal pillar and roadway surrounding
rock control technology. In consideration of roadway
stability, safe and efficient mining, and other factors, the
reasonable width of coal pillar was defined as 18 m. The
combined support system of resin lengthened bolt and
anchor cable reinforcement was proposed for roadway sup-
port. Qin et al. [17] proposed and applied a scheme of
“anchor cable reinforcement to steel shed, floor pressure
relief, deep, and shallow-hole composite grouting” for deep
dynamic soft rock roadway. Klishin et al. [18] studied the
joint deformation of roof rocks and analysed roof support
with the finite element method. By this, a dedicated
mobile roof support for underground coal mining was
proposed. Ram et al. [19] presented a novel design of rock
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FIGURE 3: Geological formations.

bolts as goaf edge support. The relationship between the
parameters affecting the estimation of rock load height at
the edge of the goaf in the filling panel was established
under the given geological mining conditions. Oliveira
[20] studied the influence of anisotropy and brittle rock
on the development of excavation disturbance area or soft-
ening height and made discussions on their significance in
roof support design. However, few studies have been made
on the width of coal pillar and roadway control scheme
under the condition of mining while reversing mining
and excavation.

This paper takes the deep excavation under dynamic
pressure in the 3206 return airway in Taitou mine as the
engineering background, analyzes the characteristics of roof
fracture and the distribution of coal pillar stresses, deter-
mines the width of coal pillar, and develops the control
scheme of mining while reversing mining and excavation.
This study will solve the problems of excavation support
for deep mining under dynamic pressure while reversing
mining and excavation and the width of coal pillar in Taitou
mine, which is of great significance to ensure the safe pro-
duction of Taitou mine and to study the support of deep

mining under dynamic pressure while reversing mining
and excavation.

2. Engineering Background

2.1. Geological Conditions. The no. 2 coal seam of Shanxi
Taitou coal mine is located in the lower part of Shanxi.
The average distance between the upper part and no. 1 coal
seam is 19.5m, and the lower part is about 7.18 m from the
sandstone. The thickness of the coal seam is 1.68-3.65m,
with an average thickness of 2.70m. The roof consists of
sandstone, sandy mudstone or mudstone, and the floor is
composed of carbonaceous mudstone or mudstone, sandy
mudstone, and asphaltic mudstone.

Due to the shortage of mining replacement, mining
while reversing mining and excavation is carried out in the
main return airway of the 3204 face and the 3206 face. The
3206 return airway is located in no. 2 coal seam and in the
north of no. 3 mining area. The west part is solid coal seam,
adjacent to the boundary of the third mining area in the
north. The relative position of the 3204 working face and



Geofluids

®15.24 X 6500 anchor cable

©20 x 2400 anchor
1600

\\‘800 &LO 500 | 800 | 00 ®16 X 1800 anchor

N3
[
)

y
8001800800
3000

IR

“A A‘QA S
NN
SINENENENINZNENIRNZNEN L ,
AR

AP IININE NG

SRR

g
R ——

SV

X
%?QS\

SRR

RL

»:S'S""
ZRRRN | e

4

"

N
N

RTINS
TSR o

e Sandy Mudstone
) Mudstone

BB\

%
FRR
K

X

> Sandy Mudstone
o<l

t{l

] Mudstone

5 Sandston
5 Mudstone

4
K4

IR

22221, Sandy Mudstone
Q'%Z%"‘%« Mudstone

N BJ Sandston
] Mudstone

5 Sandston

FIGURE 6: Num

the 3206 roadway and the comparison diagram of coal are
shown in Figure 2.

2.2. Occurrence of Coal Seams. The direct roof of no. 2 coal
seam is composed of mudstone with an average thickness

erical model.

of 3.1 m. The main roof is fine sandstone with a thickness
of about 5.50m, and the bottom plate is sandy mudstone.
The compressive strength of the roof is 50.4-54.8 MPa, the
tensile strength is 3.6-4.1 MPa, and the cohesion coefficient
is 9. The compressive strength of the bottom plate is 15.2-
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TaBLE 1: Rock distribution and mechanical parameters.

Serial Lithology Thickness Densigy Bulk modulus Shear modulus Cohesion Fric}ion Tensile strength
(m) (kg/m”) (GPa) (GPa) (MPa) ) (MPa)
12 mi?izfgne 1 2,500 3.6 1.89 1.35 29 6
11 Mudstone 6 2,400 2.88 1.53 1.17 26 4
10 mi?:{;?gne 8 2,500 3.6 1.89 1.35 29 6
9 Mudstone 4 2,400 2.88 1.53 1.17 26 4
8 Sandstone 2,700 10.35 7.74 3.15 36 5
7 Mudstone 3 2,400 2.88 1.53 1.17 26 4
6 Coal 2.5 1,400 1.35 0.63 1.17 26 2
5 mizr;fg'ne 2 2,500 3.6 1.89 1.35 29 6
4 Mudstone 2 2,400 2.88 1.53 1.17 26 4
3 Sandston 3.5 2,700 10.35 7.74 3.15 36 5
2 Mudstone 2 2,400 2.88 1.53 1.17 26 4
1 Sandston 36 2,700 10.35 7.74 3.15 36 5

FIGURE 7: Schematic diagram of simulation.

16.8 MPa, the tensile strength is 0.4-0.6 MPa, and the cohe-
sion coeflicient is 3.1. The histogram of coal seam roof and
floor is shown in Figure 3.

2.3. Roadway Support. The length of the 3206 return air-
way is 1350 m, and the mining length of the 3204 working
face is 1263 m. When the 3204 working face and the 3206
return airway are about to meet and stagger, the 3206
return airway will be affected by the superposition of mul-
tiple dynamic pressures in this roadway excavation, the
3204 working face mining and unstable goaf, resulting in
roadway deformation, i.e., floor heave, slope, and roof sub-
sidence. In some areas, the roof and floor heaves are seri-
ous, and the deformation of roadway height is up to one
meter. The specific deformation of the 3206 return airway
is shown in Figure 4.

3. Theoretical Calculation of Coal Pillar

According to the elastic theory [21], when plastic deforma-
tion occurs on both sides of the roadway pillar, after the
plastic deformation of X, and X;, which can bear the influ-
ence of mining pressure and multiple dynamic pressures on
the pillar, and given that the width of the elastic core is not
less than twice the height of the pillar, the roadway pillar
can remain stable, as shown in Figure 5.
The calculation formula of coal pillar width is:

B=X,+2M+X,, (1)

where X, is the width of plastic zone of coal pillar in the side
section of mining space, m; M is the coal cutting height of
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FIGURE 8: Vertical stress distribution in coal pillar with different widths.

the working face, m; and X, is the width of plastic zone of
coal pillar in the mining preparation roadway, m.

According to the limit equilibrium theory [22, 23], the
deformation width of the plastic zone of the coal pillar near
the side of the mining space, the distance X, from the stress
peak to the edge of the coal pillar is:

M KyH + C cot ¢

XO:W n

2
Ccot g @

where K is the stress concentration factor; y is the average
volume force of overburden, Kn/m’; H is the mining depth,
m; C is the cohesion of coal seam, MPa; ¢ is the internal fric-

tion angle, *; f is the friction coefficient; and & is the triaxial
stress coeflicient.

The width of coal pillar plastic zone in the mining prep-
aration roadway is:

(P+ C+cotg)(1—sin ¢) (1-sin @/2 sin @)

X, =r
P;+C+coto

, (3)

where r is the roadway radius, m; P is the surrounding rock
stress, MPa; and P, is the resistance, MPa.

According to the geological engineering data and
mechanical parameters in the rock experiment of Taitou
mine, the mining height of the working face M =2.6 m, the
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friction factor f =0.364, the buried depth of the coal seam
H =650 m, the pressure concentration factor K = 3, the fric-
tion angle in the coal body ¢ = 20°, the cohesion of coal seam
C=0.78 MPa, the average volume force of overlying strata
y =25Kn/m?, the roadway radius r = 2.0 m, the surrounding
rock stress P =10 MPa, and the resistance P; = 5MPa. The
parameters above are brought into formula (2) and formula
(3), and X; =5.5m, X, =2.5m, so the influence of mining
A=2.1If X, and X, are brought into formula (1), the coal
pillar width B=5.5%2+2x2.6+2.5=18.7m.

4. Numerical Simulation Analysis of Coal
Pillar Stress

4.1. Model Establishment. According to the engineering cases
of mining under dynamic pressure in a deep shaft in the
3204 working face and the 3206 return airway, the simulated
size is XXYxZ=200mx300mx75m, as shown in
Figure 6. In the simulation, the dip angle of the coal seam
is 10°, the thickness of the coal seam is 2.5m, the mining
height of 3204 working face is 2.5m, and the width is
90 m; the 3206 return airway is excavated along the roof,
and the roadway section is trapezoidal. The roadway is
4.5m long and 3.8 m high. This physical simulation model
is the Mohr-Coulomb model.

The model boundary was constrained, the fixed bound-
ary method was adopted for the bottom boundary, the left
and right X-direction displacement is 0, and the front and
rear Y-direction displacement is 0 [24-28]. The distance
between the simulated upper boundary and the surface
was calculated as 650m, the vertical in situ stress was
16.25 MPa, the lateral pressure coefficient was selected as
1, and the gravity was applied to simulate the in situ
stress field.

4.2. Physical and Mechanical Parameters of the Rock. The
mechanical experiment was carried out in the laboratory
with the on-site borehole sampling, and the physical and
mechanical parameters of different lithologies were deter-
mined. The mechanical parameters of each rock stratum
are shown in Table 1.

4.3. Numerical Simulation Scheme. When the 3204 working
face advances from 300m to 195m, the 3206 return airway
advances from Om to 105m; when the 3204 working face
advances from 195m to 150m, the 3206 return airway
advances from 105m to 150 m; when the 3204 working face
advances from 150m to 105m, the 3206 return airway
advances from 150m to 195 m; when the 3204 working face
advances from 105m to Om, the 3206 return airway
advances from 195m to 300 m. The simulation process is
shown in Figure 7.

The excavation under dynamic pressure in the 3204
working face and the 3206 return airway is divided into
three periods, ie., the periods before mining meets, when
mining meets and after mining meets. The excavation in
the 3206 return airway before mining meets was carried
out in solid coal, which was not affected by the mining in
the 3204 working face, and the roadway was stable and easy
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FiGure 9: Distribution of vertical stresses on coal pillar with
different widths.

to support. In the two time periods after mining encounter
and mining stagger, the coal pillar was affected by multiple
stresses such as the mining in the 3204 working face and
the roof pressure of the goaf. Five different coal pillar widths
were designed for simulation analysis, that is, 10m, 15m,
20m, 25m, and 30 m.

4.4. Analysis of Simulation Results When Mining Meets

4.4.1. Vertical Stress Distribution. When the widths of coal
pillar were different, FLAC? was used to simulate the distri-
bution in the mining state, and the distribution of vertical
stresses in coal pillar was obtained, as shown in Figure 8.

On basis of Figure 9, when the coal pillar widths are dif-
ferent, the distribution of vertical stresses on coal pillar is
compared. When the width of coal pillar is less than 10 m,
the distribution of vertical stresses on the coal pillar is trian-
gular, the peak value of vertical stress reaches 33.7 MPa, and
the stress increase coefficient is 2.1. With the increase of the
coal pillar width, the vertical stress peak decreases gradually,
the stress concentration factor also decreases gradually, and
the stresses present a trapezoidal distribution. There are
two peaks near both sides of the coal pillar, but the stress
near the goaf is larger. When the coal pillar width is 20 m,
the peak stress is 30.95 MPa, and the stress increase coeffi-
cient is 1.9. The peak value of vertical stress decreases with
the increase of coal pillar width, and the vertical stress on
the coal pillar also decreases gradually. When the coal pil-
lar width is greater than 20m, the stress concentration
area near the roadway side is basically 4-5m away from
the roadway. When the coal pillar width is equal to or
greater than 20m, the coal pillar stress is relatively large
within a stable range.
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TaBLE 2: Surface displacement of roadway with different pillar widths.

Coal pillar width/m Floor heave/mm

Coal pillar displacement/mm

Solid slope displacement/mm Roof subsidence/mm

10 379 340 267 194
15 327 310 253 178
20 263 249 210 152
25 231 209 181 135
30 216 199 171 129
400
n
350
o\
R °
2 300
)
= A
g 250 | A o\
5 \l
g* A .\I
A 200 F v i
\v A
\ A
150
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100 1 1 1 1 1
5 10 15 20 25 30 35
Coal pillar width (m)

—8— Floor heave

—e— Coal pillar displacement

A— Solid slope displacement

—WVv— Roof subsidence

FiGurg 10: Deformation of roadway with different coal pillar widths.

4.4.2. Roadway Displacement. In the simulation process,
measuring points were arranged in the roadway section,
and the measuring points were placed in the middle of the
roadway roof, floor, and the two sides of roadway. The mon-
itoring results of surrounding rock variation in the roadway
are shown in Table 2.

As shown in Table 2 and Figure 10, the change of coal pil-
lar widths has a great impact on roadway deformation, espe-
cially on the change of floor heave and roof subsidence. As
the width of coal pillar changes from 10 m to 20 m, the floor
heave decreases from 379mm to 263 mm. The reduction
should not exceed 20 mm within each 5m increase of coal
pillar width, the general trend decreases with the increase of
coal pillar width, and the range of reduction gradually
decreases. When the coal pillar width increases from 15m
to 20m, the displacement of coal pillar wall decreases by
91 mm, while the displacement of solid coal wall decreases
by 57 mm. With the continuous increase of coal pillar width,
the reduction of coal pillar displacement is less than 10 mm.

4.5. Analysis of Simulation Results after Mining Meets

4.5.1. Vertical Stress Distribution. The stress evolution when
the dynamic pressure is 80 m away from different coal pillar
widths is shown in Figures 11 and 12.

As shown in Figure 12, when the coal pillar width is less
than 20 m, the vertical stress distribution on the coal pillar is
triangular. When the coal pillar width is 10 m, the peak value
of vertical stress reaches 46.7 MPa, and the stress increase
coefficient is 2.9. When the coal pillar width increases to
20m, the peak value of vertical stress reaches 43.1 MPa,
and the stress increase coeflicient is 2.7. The stresses present
a trapezoidal distribution. With the increase of the coal pillar
width, the impact on the surrounding rock of the roadway
gradually decreases. When the coal pillar width is less than
20 m, the deformation on the two sides of roadway is obvi-
ous. The coal pillar width is greater than 20m, and the
deformation on both sides of the roadway decreases.

4.5.2. Roadway Displacement. The results of surrounding
rock variation in the roadway are shown in Table 3.
According to Table 3 and Figure 13, when the width of
coal pillar is 20 m, the deformation of the two sides decreases
obviously. Compared with the 10 m coal pillar, the displace-
ment of coal pillar is reduced from 510 mm to 411 mm. The
displacement of solid roadway side is reduced from 486 mm
to 372 mm, with a decrease of more than 20%. The deforma-
tion of roof and floor at the 20m coal pillar is larger than
that at coal pillars of other widths. Compared with the
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FIGURE 11: Stress distribution of coal pillars with different widths.

10 m coal pillar, the bottom heave is reduced from 457 mm
to 324 mm, which is reduced by 133 mm, and the lower layer
of the roof is reduced from 270 mm to 185 mm, which is
reduced by 85 mm.

4.6. Stress and Depth of Coal Pillar. The vertical stress
nephogram and vertical stress curve of coal pillar are
obtained by slicing along the dip angle of coal seam. The
position of coal pillar stress curve is selected from the
working face to the heading face.

As shown in Figures 14 and 15, when the working face
meets the roadway, the stress on the coal pillar increases as

the buried depth becomes greater. The stress between 30
and 90m behind the roadway heading face is relatively
concentrated, and thus, the roadway support should be
strengthened. When the buried depth is less than 500 m,
the stress on the coal pillar changes little, and the curve is
relatively flat. When the buried depth exceeds 500 m, the
stress peak area appears in the coal pillar. With the increase
of the buried depth, the influence range of the stress peak
increases slowly, from about 20 m when the buried depth is
600 m to about 60 m when the buried depth is 900 m. The
stress peak increases by 18.67 MPa, and the stress increase
coefficient increases from 2 to 3.3. When the buried depth
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TaBLE 3: Surface displacement of roadway with different pillar widths.
Coal pillar width/m Floor heave/mm Coal pillar displacement/mm Solid slope displacement/mm Roof subsidence/mm
10 457 510 486 270
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FIGURE 13: Deformation of surrounding rock in the roadway with different widths of coal pillars.
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increases from 600m to 700m and to 800 m, the stress of
coal pillar increases from 33.91 MPa to 40.26 MPa and to
44.17 MPa; the stress increase coefficient increases from 2
to 2.5 and to 2.7.

5. Optimization and Industrial Test of
Support Parameters

5.1. Parameter Optimization for Roadway Support Scheme.
The support of the 3206 return airway is composed of bolt,
anchor cable, and anchor mesh, combined with M-shaped
steel belt and steel beam. The designed roadway section is
trapezoidal, with an excavation width of 4,500 mm, a height
of 3,000mm, and a sectional area of 14.1 m”. The overall
support scheme is shown in Figure 16.

The @22 x 2,500 mm anchors were used for the roof, of
which the spacing is 800mm, and the row spacing is
800mm. The @21.6%6,800mm anchor cables were
arranged along the roadway, with a spacing of 1.5m and
a row spacing of 0.8m. Four anchor cables arranged in
each row were supported with the 14# B-shaped channel
steel. During the supporting process, the channel steel
plane was in immediate contact with the anchor net, the
processed steel plate tray was placed in the concave sur-
face of channel steel, and the anchor cable lock was in
contact with the tray through the self-aligning ball pad.
The side bolt is @22 x 2,500 mm, and the row spacing is
800mm. The side anchor bolts were raised and lowered
by 15 degrees, and the other anchor bolts should be con-
structed perpendicular to the roadway wall. The roof
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FIGURE 16: 3206 return airway support (unit: mm).
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FIGURE 17: Monitoring of the roadway stability.

anchor cable is @17.9 x 4,500 mm, with a row spacing of  with the 14# B-shaped channel steel. Two 12mm thick,
800mm and the exposed length of 150-250mm. The  150mm long, and 110mm wide steel plates were used
anchor cables were arranged in each row and supported  instead of dished trays.
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TABLE 4: Maximum separations of roof.

No. 1 2 3 4 5 6 7
3.0m 2 mm 3mm 2 mm 9mm 3mm 2 mm 4 mm 2 mm
6.0m 0 0 0 0 0 1 mm 0

5.2. Support Effect. In order to monitor the support effect,
the deformation of the roadway should be measured and
studied as shown in Figure 17. There are two methods to
detect the roadway stability: the first is to detect the displace-
ment of the roadway surface; the second is to detect the
separation of roadway roof. In order to detect the roadway

surface displacement, two measuring stations were set in
the 3206 return airway, and the measuring station was set
after the roadway was excavated to 550m, which was
measuring station 1. After the roadway was excavated to
650 m, station 2 was arranged. The displacement of the roof
of the 3206 return airway, a roof separation instrument, was
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FiGure 20: Continued.
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(c) Roof drilling at 700 m

FIGURE 20: 3206 return airway drilling.

installed in the middle of the roof of 3206 excavated road-
way. The separation instrument spacing was 100m, and
the depths of the monitoring base points were 3 m and 6 m.

5.2.1. Surface Displacement. In monitoring the surface dis-
placement of roadway, the cross-point method was adopted,
and the roadway surface deformation was analyzed on basis
of the displacement change and its change rate. The change
of roadway surface displacement at the two stations is shown
in Figure 18. Because the roof of the goaf is broken and
unstable, the movements of the roof, floor, and the two sides
of the roadway change the most. At this time, the movement
of the two sides reaches 91 mm, the movement of the roof
and floor reaches 153 mm, and the change rate reaches the
maximum. The moving amount of the top and bottom plate
and the moving amount of the two sides change slowly and
gradually become stable. In this process, the maximum mov-
ing amount of the top and bottom plate is 364 mm, and the
maximum speed is 80 mm/d. The maximum moving dis-
tance of the two sides is 237 mm, and the maximum moving
speed is 67 mm/d.

As shown in Figure 19, the deformation of roadway sur-
rounding rock mainly presents in the deformation of roof
and floor. As time continues, the deformation gradually
increases, but the speed lowers down. In this process, the
maximum approach of roof and floor is 214 mm and the
maximum approach speed is 41 mm/d. The maximum
approach of the two sides is 148 mm, and the maximum
approach speed is 31 mm/d.

5.2.2. Roof Separation. The deep and shallow roof separation
in the roadway is recorded and analyzed below. The maxi-
mum roof separations are shown in Table 4.

In the roof of the 3206 return airway, the separation
amount of 3 m shallow base point is about 2mm, and the
maximum separation amount is 9 mm; the 6m deep base
point basically has no separation, which shows that the roof
of the 3206 return airway has good integrity under the con-
trol of anchor, with little separation and a small amount of
lower layer of roof, as shown in Table 4.

5.2.3. Roof Drilling. In order to observe the development of
cracks on the roof of the 3206 return airway after using
optimized support, drill holes on the roadway roof were set
for borehole peeping [29-31]. The equipment clearly
distinguishes 0.1 mm cracks, and the diameter of peeping
probe is @ 24mm. The drill holes are 600 m, 650m, and
700 m, respectively, away from the excavation face of the
3206 return airway. The drilling depths are 7m, and the
drilling diameter is ¢ 28 mm. The peeping process on site
is shown in Figure 20.

Through the analysis of the borehole peeping view, the
following results are obtained. The depth of the borehole at
650m is 6m, and the actual peeping depth is 5.8 m. There
are obvious cracks at 4.1-4.6 m, and there are fine cracks in
other sections. The roof rock is relatively complete, and the
rock mass has great bearing capacity, indicating good sup-
port effect of the roadway roof. The drilling depth at 700 m
is 7m, and the actual peeping depth is 6.7m. The rock
integrity is poor in the range of 0.5-1.5m. There are many
fractures at different lengths. The rock integrity in other
sections is good, with certain bearing capacity. The drilling
depth at 750m is 8m, and the actual peeping depth is
7.6 m. There are fully developed fractures at 5.7-6.1 m. The
roof rock mass in this section is relatively complete, and
the roof rock mass has great bearing capacity, with good
support effect of the roadway roof.
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FIGURE 21: Schematic diagram of support.

In the process of roadway support in the 3206 return
airway, the roadway roof support presents good effect, and
the results of roof rock mass are relatively intact in the
anchor bolt anchorage section, anchor cable anchorage sec-
tion, and deeper range. In the shallow range near the roof,
the roof rock structure is relatively intact and has sufficient
bearing capacity, indicating that the roadway roof support
is effective, and the roadway is stable, as shown in Figure 21.

6. Conclusions

Based on the research background of the deep mining under
dynamic pressure in the 3204 working face and the 3206
return airway while reversing mining and excavation in
Taitou mine, this paper studies the support of the 3206
return airway. The research includes determining the
appropriate size of coal pillar, the variation of surrounding
rock stresses under dynamic pressure with different buried
depths, with the parameters in the optimization of the
3206 return airway support, and with the combination of
the theoretical analysis method, FLAC®® numerical simula-
tion analysis method, and field experimental observation
method. Through research and analysis, the following con-
clusions are obtained:

(1) The calculation formula of coal pillar width is
obtained by using elastic core theory. With the rele-
vant data, it is calculated that the coal pillar width is
18.7 m. Combined with the actual situation of Taitou
mine, the coal pillar width in the direct section of the
3204 working face and the 3206 return airwa
should comply with B > 18.7 m. On basis of FLAC®
numerical simulation and coal pillar principle, the
coal pillar width is finally determined as 20 m

(2) As the burial depth increases from 600 m to 700 m
and to 800 m, the peak advance support pressure
increases from 29.72MPa to 32.27MPa and to
37.63MPa, and the stress increase coefficient
increases from 1.82 to 2 and to 2.3

(3) According to the calculation of surrounding rock
fajlure range, the calculation formula is established
based on the parameters of bolt and anchor cable
support. Aiming at the support strength and surface

strength in the process of roadway support, the
support parameters are optimized in three aspects:
roadway section, support situation, and wall sur-
face strength. By this, a new support scheme is
formulated

(4) The research results have been implemented in the
3206 return airway of Taitou coal mine. The effect
is remarkable and the deformation of roadway
surrounding rock is reduced. The effect of roadway
support reaches the standard for safety production,
and remarkable benefits have been obtained
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