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To reduce the risk of roof falling and rib spalling during equipment retracement in thin coal seam faces with soft roofs, the 25070
working face of Xuehu Coal Mine was taken as the research object, and theoretical analysis, numerical simulation, and field
practice methods were used. Under different space relationships between retracement channels and main roof fracture, the load of
hydraulic supports was quantitatively analyzed. The relationship between the working resistance of the hydraulic support and the
sinking rotation angle of the immediate roof was analyzed, and a reasonable time for the arrangement of the retracement channel
was determined. The sublevel excavation technology and the combined support technology of roof anchor cables and coal rib
anchors were proposed. The field application shows that the falling height and rate of movable prop of the hydraulic supports,
working resistance of the hydraulic supports, and the roof subsidence all meet the requirements of safety production during the
terminal mining period, and the surrounding rock control effect of retracement channel was determined to be good. The safe and
efficient mining of the coal mine is ensured, and the research results can provide guidance for similar working faces.

1. Introduction

The retracement of working face equipment is an important
link of coal mine mining [1]. The retracement channel
connected with the working face needs to be set in the
stopping line for the retracement of working face equipment,
which is different from normal mining. The characteristics of
large sections, equipment, complex technology, and close
proximity to the rear gob determine that only by reasonably
setting and supporting the retracement channel, the working
face equipment can be safely and quickly retraced [2]. In the
working face of a thin coal seam with a soft roof, the soft roof
easily causes roof falling (leakage) and support failure in the
retracement space because of the low mining height. Because
the roof is not well supported, it is prone to the overall
sliding of the overlying strata and impact on the retracement
channel, resulting in the coal rock dynamic disaster.

Therefore, reasonable excavation and support technology is
particularly important [3-5]. Generally, the layout methods
of retracement channels used in coal mines include the pre-
excavation double retracement channel [6-8], pre-excava-
tion single retracement channel [8, 9], and no pre-excavation
retracement channel [10, 11]. Among them, no pre-exca-
vation retracement channel technology has been widely used
due to the advantages of flexible selection of the stopping
line. In research on the reasonable location of the retrace-
ment channel, the influence of the main roof fracture of the
retracement channel without pre-excavation on the
retracement channel was qualitatively analyzed, and the
principle of “top wall cooperative control” of the retrace-
ment channel was proposed [12-14]. A roof structure me-
chanical model of the pre-excavation retracement channel
was constructed, and the variation law of the working re-
sistance of the hydraulic support was analyzed. The failure
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characteristics and stress distribution of the lower retrace-
ment channel in the condition of close-distance double-
thick coal seam mining and the control strategy of “high-
pressure water jet+asymmetric high-strength cable-beam
net + three-hole anchor cable group +roof grouting” were
provided to ensure the stability of the channel [1]. In the-
oretical research on the support technology of retracement
channels, a structural mechanical model of anchor beams for
roof reinforcement support of retracement channels was
established [15-17]. With respect to roof stability research
above the retracement channel during the retracement of
equipment, through the analysis of the fracture morphology
of the immediate roof and the main roof above the
retracement space, a reasonable retracement mode of
equipment was proposed [18, 19]. In addition, other scholars
and relevant researchers have also carried out beneficial
exploration and practice on control technology [20].
However, quantitative analysis of the impact of main roof
breaking and rotation deformation on the retracement
channel without pre-excavation is limited, and research on
the excavation process and the stability of the retracement
channel under special conditions is lacking. Based on this,
this paper, taking the thin seam working face with soft roof
in Xuehu Coal Mine as the research object, quantitatively
analyses the stability of surrounding rock under different
spatial locations of the retracement channel and the main
roof fracture, determines the reasonable location of the
retracement channel, and puts forward the targeted
retracement channel excavation and support scheme, which
has a good field application effect.

2. Engineering Background

Taking the 25070 working face of a typical soft roof thin coal
seam in the Xuehu Coal Mine as the research site, the Xuehu
Coal Mine is located in northern Yongcheng City, Henan
Province, China, as shown in Figure 1. The No. 2 coal seam
of the Shanxi Group is mainly mined, and it has the risk of
coal and gas outburst. The 25070 working face is located in
the east of 25 mining district. The ground elevation is
+37.0 m, and the working face elevation is =793 m ~-711 m.
The distribution of rock properties of the roof and floor is
shown in Figure 1. The single longwall full-mechanized
mining method is adopted in the 25070 working face, with
full-height mining at one time and full caving roof man-
agement. The thickness of the coal seam in the 25070
working face is 0-3.7 m, and the average thickness is 2.3 m.
The structure of the coal seam is simple, and the dip angle of
the coal seam is 2°~15°. The strike length is 1132 m, and the
dip length is 175 m. There are 118 zy6600/14/32 hydraulic
supports used for roof support.

The ZKXG30 mine-used borehole imager was used to
observe the internal structure of the borehole directly above
the hydraulic support during the weighting and non-
weighting of the periodic weighting of the 25070 working
face of Xuehu Coal Mine, as shown in Figure 2.

The main roof breaks and deforms when the 25070
working face is weighting. The immediate roof directly is
extruded by the main roof and the hydraulic support. The
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closer the distance to the canopy of the hydraulic support,
the more serious the rock mass damage. During non-
weighting, the hole wall deforms slightly at the initial depth.
As the depth of the hole increases, the deformation of the
hole wall decreases until the main roof is not significantly
damaged. When the working face is weighting, the imme-
diate roof is broken compared with nonweighting and the
control of the roof of the working face is more difficult.

3. Analysis of the Influence of Main Roof
Fracture on Support Load

As the working face excavation, the main roof is periodically
broken and deformed by rotation, and its different locations
will inevitably cause different levels of ground pressure [21].
Owing to the low mining height and high mechanization, the
25070 working face of Xuehu Coal Mine has the charac-
teristics of fast excavation speed, high mining intensity, and
a soft roof. When the working face is close to the stopping
line, an undercover of approximately 0.7 m is required to
expand the height of the equipment retracement space. The
increase in height leads to an increase in the main roof
rotation angle above the working face, and its extrusion force
on the working face hydraulic support increases accordingly,
which affects the safe retracement of the working face
equipment.

According to the difference between the fracture of the
main roof key block A and B and the space location of the
retracement channel, it can be divided into four situations:
the key block A and B fracture above the gob, above the
hydraulic support, above the retracement channel, and
above the solid coal, as shown in Figure 3.

(1) The fracture of key blocks A and B are located above
the gob, as shown in Figure 3(a). The main roof is a
cantilever beam structure fixed at one end. Since the
immediate roof is a rock mass that cannot be bal-
anced by itself, the hydraulic support only bears load
of the immediate roof at this time. It can be calcu-
lated as follows:

Qo = ldh.y, (1)

where Qq is the load of the hydraulic support, MPa; I
is the face-to-gob distance of the hydraulic support,
m; d is the width of the hydraulic support, m; ki, is the
thickness of the immediate roof, m; and y is the bulk
density of the immediate roof, MN/m®.

(2) When the fracture of key blocks A and B are above
the hydraulic support, above the retreat channel and
above the solid coal, after key block B is broken, it
rotates, which exerts an extrusion effect on the
immediate roof [22, 23], as shown in Figures 3(b)-
3(d). The immediate roof transmits the self-weight
load and the extrusion force generated by the main
roof rotation to the hydraulic support, and the load
of the hydraulic support increases, which is likely to
cause support failure. During the period of
weighting, the immediate roof is in a relatively
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FIGURE 2: Inside view of the 25070 working face roof. (a) During weighting. (b) During nonweighting.
broken state. The immediate roof can be regarded as x sin (60— 6,)
the process of the extrusion and compaction of the I A 3)

main roof and the hydraulic support, and the rock
mass is the fractured structure. The relationship
between stress and strain satisfies the following
formula:

0, = uel, (2)

where o, is the immediate roofing stress, MPa; y is
the immediate roof compaction coefficient, GPa; ¢, is
the immediate roof strain; and » is the immediate
roof compaction index.

The strain expression of the immediate roof extrusion
process can be calculated using the following formula
[24-28]:

z

where x is the distance from the main roof to the break line,
m; 0 is the given deformation rotation angle of the main roof,
°; and 6, is the immediate roof sinking rotation angle, °.

The immediate roof extrusion force can be calculated
using the following formula:

1
M=a J o, dx, (4)
0
where a is the width of the immediate roof rock block, m and
I is the length of the immediate roof rock block, m.
At this time, the hydraulic support load can be calculated
using the following formula:
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FIGURE 3: Schematic diagram of the location of the main roof fracture and the retracement channel. (a) Above the gob. (b) Above the
hydraulic support. (c) Above the retracement channel. (d) Above the solid coal.

Q =Q+M. (5)

According to formulas (1)-(5), the load of the hydraulic
support in the retracement channel can be calculated using
the following formula:

Ldh,y,

0=0,

6
aul™" sin(6-6,) ©

hdhy + 55 PR

, 0+0,0=0,,

According to the actual situation of the 25070 working
face in the Xuehu coal mine, the face-to-gob distance of the
hydraulic support is 5.2m and the width of hydraulic
support is 1.43 m. The thickness of the immediate roof is 8 m,
and the volume weight of the immediate roof is 0.025 MN/
m’. The compaction coefficient of the immediate roof is
1 GPa, and the compaction index of the immediate roof is 3.
The given deformation rotation angle of the main roof is 8°.
The width of the immediate roof block is 1.43 m, and the
length of the immediate roof block is 5.2m. When the
fracture of the main roof is different from the space location
of the retracement channel, the extrusion degree of the main
roof to the immediate roof above the hydraulic support is
different, which leads to the different sinking rotation angle
of the immediate roof. The relationship between the load of
the hydraulic support and the sinking rotation angle of the
immediate roof is shown in Figure 4.

In the case of given deformation of the main roof, as the
location of the fracture moves from the solid coal to the gob,
the degree of extrusion of the main roof and the hydraulic
support to the immediate roof gradually weaken. The dif-
ference between 0 and 0, gradually decreases, and the load of
the hydraulic support gradually decreases until the fracture
reaches the rear of the hydraulic support and the roof above
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FIGURe 4: The relationship between the load of the hydraulic
support and the sinking rotation angle of the immediate roof.

and in front of the working surface has not yet broken. At
this time, the load of the hydraulic support is the smallest.

Under the conditions shown in Figures 3(b) and 3(c),
if the initial working resistance of the hydraulic support is
insufficient or the retracement channel is not supported in
time, the main roof key block B easily slides and loses
stability, and the dynamic load increases. The load in-
creases rapidly, especially during the retracement of the
hydraulic support. A large area of overhang appears on the
roof, and the risk of slipping is further increased. In
Figure 3(d), the fracture is above the solid coal, so the
rotation of key block B will also extrude the coal rib of the
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retracement channel, resulting in large deformation and
spalling of the coal rib.

When the main roof fracture is above the gob, the roof
structure of the working face is relatively stable, and the load
on the hydraulic support is the smallest. Arranging the
retracement channel at this location is beneficial to the
control of the surrounding rock and the safe and smooth
retracement of the equipment.

The main roof fracture above the gob must meet the step
distance of periodic weighting to be greater than the sum of
the width of the retracement channel and the length of the
hydraulic support.

L>(1+A) (L, +Ly), (7)

where L is the periodic weighting step, m; A is the surplus
coefficient, usually 0.2-0.3; L, is the width of the retreat
channel, m; and L is the total length of the hydraulic
support, m.

According to the on-site investigation, the periodic
weighting step of the 25070 working face of Xuehu Coal
Mine is 15 m. The width of the retracement channel is 2.5 m,
and the length of the hydraulic support is 4.4 m. The surplus
coefficient is 0.3. The result shows that 15m >8.97 m. The
25070 working face can meet the main roof fracture above
the gob, achieving the purpose of safe and smooth
retracement of equipment.

Therefore, the time to arrange the retracement channel
in the 25070 working face is reasonable when the main roof
fracture is above the gob. The location is shown in
Figure 3(a).

4. Surrounding Rock Control Technology

4.1. Difficulties and Ideas of the Surrounding Rock Control.
The reasonable location of the retracement channel can
ensure that the load of the hydraulic supports is in the
minimum state during the removal of the equipment. The
characteristics of low mining height and the soft roof of coal
seam are recognized by Xuehu Coal Mine, and the diffi-
culties of surrounding rock control of the retracement
channel are as follows:

(1) The extrusion force caused by the “given deforma-
tion” of the main roof rotation is transmitted to the
hydraulic support through the immediate roof; if the
roof subsidence is too large, the hydraulic support
will be crushed and unable to move.

(2) In front of the hydraulic support, the roof exposure
area of the retracement channel is large, the roof is
soft, and there is a high probability of roof caving
(roof leakage) in the retracement channel.

(3) Soft coal with a thickness of 0.3-0.5m in the coal
seam reduces the strength of the coal mass, and the
rib of the retracement channel easily deforms and
fails.

(4) After the hydraulic supports are removed from the
original location, the exposed area of the roof in-
creases further. Along the direction of the working

face, the main roof breaks and rotates. The load of the
hydraulic supports is further increased in the area
where the hydraulic support does not move out.

Based on this, the surrounding rock control ideas of the
retracement channel in the Xuehu coal mine are as follows:

(1) The location of the retracement channel should be
designed under the cantilever beam of the main roof,
and the load on the hydraulic supports is the min-
imum at this time

(2) The artificial sublevel excavation technology is used
to form the retracement channel to reduce the dis-
turbance effect of the excavation retracement
channel on the roof and coal body

(3) The hydraulic supports are strictly managed, and the
hydraulic support has enough initial working re-
sistance to prevent bed separation of the roof

(4) The surrounding rock of the retracement channel is
supported in time to ensure the integrity of the
surrounding rock and improve the loading capacity
of the surrounding rock

(5) After the equipment is removed, the roof subsidence
and rib deformation in this area should be con-
trolled, the pressure concentration of the roof should
be relieved, and the ventilation system of the working
face should be smooth

(6) After the excavation of the retracement channel, the
main roof and its upper load are gradually trans-
ferred to the hydraulic support through the imme-
diate roof, and it is necessary to speed up the
retracement of equipment

4.2. The Scheme of the Excavation Retracement Channel.
The retracement channel of the 25070 working face in the
Xuehu Coal Mine is 2.8 m high and 2.5 m wide, and sublevel
excavation technology is adopted, as shown in Figure 5. The
process is as follows: (1) sublevel excavation; (2) temporary
roof support; (3) permanent roof support; (4) rib support.
The width of each excavation of the retracement channel is
4.5 m. The excavation was carried out in groups at the same
time, and the distance of each group was 15m. The re-
quirement of “excavation one row and supporting one row
in time” is strictly implemented. The face-to-tip distance of
the temporary support is not more than 300 mm. A 3.6 m
long steel beam with a single hydraulic prop is used to the
temporary support roof along the working face, and “1
beam + 3 columns” is required, as shown in Figure 5. Per-
manent support is carried out immediately after excavation
of the retracement channel.

4.3. Effect Analysis of Excavation. FLAC3D software can
simulate the mechanical problems of coal and rock masses in
the process of underground mining. To analyze the influence
of the sublevel excavation technology on the stability of the
surrounding rock of the retracement channel, according to
the surrounding rock distribution of the 25070 working face
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FIGURE 5: Excavation diagram of the retracement channel. (a) Lateral view. (b) Front view. (c) Top view.

in the Xuehu coal mine, a numerical model with a length,
width, and height of 200 m x 100 m X 39 m was established
by Flac3D.

The process of obtaining rock mechanical parameters
was as follows: first, the coal and rock samples were collected
in the 25070 working face. Second, the standard coal and
rock samples for physical and mechanical properties testing
were made, and the physical and mechanical parameters
were tested in the laboratory. Third, the parameters in the
numerical simulation were obtained. Owing to the difference
between the testing environment in laboratory and the field
environment, the parameters obtained in laboratory cannot
be directly used in numerical simulation and need to be
corrected [29, 30]. The elastic modulus, cohesion, and tensile
strength of coal and rock masses were 0.25 times the lab-
oratory test results, while the Poisson’s ratio is 1.2 times the
laboratory test results. The parameters of the numerical
model are shown in Table 1.

A vertical load of 15MPa was applied to the upper
boundary of the model; the fixed horizontal displacements
was applied to the horizontal boundary, and the fixed dis-
placements was applied to the bottom. The Mohr-Coulomb
failure criterion is adopted for the whole model. The initial
horizontal in situ stress was 1.2 times in the x- and y-axis
directions. The distribution law of the vertical stress and
displacement of the surrounding rock in the retracement
channel of the sublevel excavation and the full excavation are
simulated and compared. The simulation results are shown
in Figures 6-9.

Five measuring lines are set at 0.5m, 1.5m, 2.5m, 3.5m,
4.5m, and 5.5m above the retracement channel from the
roof. It can be seen from Figure 6 that

(1) The vertical stress in the gob is the smallest and
gradually increases along the extraction advance
direction of the working face until the peak value is
reached at 4.5 m within the rib and then the vertical

stress gradually decreases until it is the same as the
original rock stress.

(2) Above the gob and retracement channel, the vertical
stress increases with increasing height. In solid coal,
the vertical stress decreases with increasing height.
The peak stress decreases with increasing height, and
it shows that the higher the location in the solid coal
in front of the retracement channel is, the smaller the
influence of mining is.

(3) The peak value of vertical stress of surrounding rock
of the retracement channel of the sublevel excavation
is lower than that of full excavation, and it shows that
full excavation more easily causes the stress con-
centration of solid coal in front of the working face. It
is not conducive to the stability of the retracement
channel.

It can be seen from Figure 7 that

(1) The vertical displacement of the roof in the gob is the
largest and gradually decreases along the extraction
advance direction of the working face until vertical
displacement in the solid coal in front of the working
face gradually approaches 0

(2) The higher the height above the retracement channel
is, the smaller the vertical displacement is

(3) The maximum vertical displacements of the roof
above the retracement channel are 24 mm and
78 mm with sublevel excavation and full excavation,
respectively, which shows that sublevel excavation
can effectively reduce roof subsidence

The principal stress difference is the difference between
the first principal stress and the third principal stress. The
larger the principal stress difference is, the unbalanced the
stress distribution of the rock (coal) mass and the rock (coal)
mass more easily fails. It can be seen from Figure 8 that
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TaBLE 1: The parameters of coal and rock mass in numerical simulation.

Internal friction Tensile strength

. 3 .

Layer Density (kg/m”) Bulk modulus (GPa) Shear modulus (GPa) Cohesion (MPa) angle () (MPa)
Main roof 2800 10.80 5.50 4.40 33 6.00
Immediate roof 1900 3.67 2.20 2.40 29 1.50
Coal seam 1426 2.40 1.10 1.50 26 1.00
Floor 2495 8.45 3.90 5.10 33 8.00

Retracement

—— 3.5m
—— 45m

—o— 0.5m
—o— 1.5m
—— 2.5m

Vertical stress (MPa)

FIGURE 6: Comparison of the vertical stress distribution.

(1) Along the extraction advance direction of the

working face, the principal stress difference gradually
increases from the gob to the solid coal and then
gradually decreases. The farther the location in the
solid coal is from the rib, the smaller the principal
stress difference is, and it tends to be stable.

(2) With a higher location, the peak value of the prin-

cipal stress difference tends to shift to the far part of
solid coal.

(3) The peak value of the principal stress difference of

the sublevel excavation of the retracement channel is
lower than that of the full excavation. This indicates

that the surrounding rock of the retracement channel
is more likely to fail.

(4) The peak values of the principal stress difference of

the sublevel excavation and full excavation are 1 m
and 2.5m away from the coal rib, respectively. The
peak value of the principal stress difference of full
excavation is far from the solid coal rib, its failure
depth is greater, and it is more difficult to support the
surrounding rock of the retracement channel.

Figure 9 shows that the horizontal displacement of the

middle of the solid coal rib of the retracement channel is
greater than that of the top and bottom, and the maximum
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FIGUure 10: Diagram of support for the retracement channel.

horizontal displacement of the sublevel excavation is 0.42 m
smaller than that of the full excavation. The deformation of
the coal rib is more severe with full excavation, and the coal
rib is more difficult to support.

5. Field Engineering Practice

5.1. Permanent Support Scheme. Field practice was carried
out in the 25070 working face of the Xuehu coal mine.
According to the actual conditions, the “steel beam + anchor
cable + rhombic metal mesh” is used for the permanent
support of the roof of the retracement channel, the solid coal
rib is supported by a “high-strength bolt+ diamond metal
mesh,” and concrete is poured to harden the floor, as shown
in Figure 10.

5.2. Application Effect Analysis. Five measuring stations are
set in the working face, which are 30 m, 60 m, 90 m, 120 m,
and 150 m away from the joint of the working face and the
head entry. The monitoring time is from 80 hours before
excavation to 120 hours after excavation, and the monitoring
contents include the falling height of the movable prop of the
hydraulic supports, the working resistance of the hydraulic
supports, and the subsidence of the roof.

(1) As shown in Figure 11, the falling height of the
hydraulic support movable prop increases with
time and the average falling height of the hydraulic
support movable prop is 66.8 mm. Among them,
the falling height of the movable prop of station #3
is the largest, and 95 mm was reached before the
equipment was retraced. The falling height of the
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movable prop of station #5 is the smallest, and
46 mm was reached before the equipment was
retraced. The average falling rate of the movable
prop was 0.33 mm/h, and the maximum rate was
0.48 mm/h. After the excavation of the retrace-
ment channel and before the retracement of the
equipment, the average falling rate of the movable
prop was 0.13mm/h and the maximum rate was
0.22 mm/h. This shows that the falling rate of the
movable prop decreases and the roof tends to be
stable during this period.
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Ficure 13: The law of the roof subsidence with time.

(2) As shown in Figure 12, the working resistance of the

hydraulic support increases with time. In the whole
process, the increase in the working resistance of the
hydraulic support is very small, and the maximum
increase is only 9.2 MPa, the increase is larger in the
middle and smaller in the head and tail. Along the
working face, the roof is a fixed beam structure at
both ends, the bending moment and deflection in the
middle are the largest, and the ground pressure
behavior is severe.

(3) As shown in Figure 13, the roof subsidence of five

stations of excavation for 200 hours was observed,
and the cross-point method was adopted. As shown
in Figure 13, the roof subsidence increases with time,
the average subsidence of the roof is 189.6 mm, the
roof subsidence is high in the middle and low in the
head and tail, and the maximum roof subsidence is
279 mm at station #3.

6. Conclusions

(1) The load of the hydraulic support when the main

roof fracture is located above the gob, above the
hydraulic support, above the retracement channel,
and above the solid coal were analyzed and com-
pared. When the fracture of the main roof is located
above the gob, the sinking rotation angle of the
immediate roof is 0 and the working resistance of the
hydraulic support is minimum.

(2) Sublevel excavation technology of the retracement

channel is proposed, and the roof vertical stress, roof
vertical displacement, roof principal stress differ-
ence, and coal rib deformation of surrounding rock
with different excavation technologies are compared
by numerical simulation. It is proven that sublevel
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excavation technology can improve the stability of
surrounding rock more effectively.

(3) In the field application, the maximum falling height
of the movable prop of the hydraulic supports is
152 mm, the maximum falling rate is 0.48 mm/h, the
maximum increase in the working resistance of the
hydraulic support is 9.2 MPa, and the maximum roof
subsidence is 189.6 mm. It meets the requirements of
safe and rapid retracement of equipment.
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