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Abstract: Aiming at the problem of the sudden increase of
the working resistance of the support in the transition sec-
tion of the mixed workface, this paper adopts the physi-
cal simulation to study the fracture and movement char-
acteristics of the overburden strata in the backfilling sec-
tion and the caving section after analysis of the system lay-
out of mixed workface. Then, the definition of the transi-
tion section of the mixed workface is given. Next, a numer-
ical model of the transition section length is established
based on the geological conditions of the Ji15-31010 mixed
workface of Pingdingshan No.12 Coal Mine. In the numer-
ical simulation, it is used to study the influence of the ad-
vancing length of themixedworkface and the length of the
backfilling section on the transition section length. The re-
sults show that with the increase of the advancing length
of the mixed workface and the decrease of the backfill-
ing section length, the transition section length increases
continuously and eventually stabilizes. The range of varia-
tion is 6.2~13.5m, corresponding to 4~9hydraulic supports
with a width of 1.5 m. Based on the above conclusions and
the price of transitional hydraulic supports, the 4 transi-
tional hydraulic supports used in the transition section of
the Ji15-31010 mixed workface is determined. Filed mea-
surement shows that as the mixed workface is advanced
from 10 m to 40 m, the transition section length increases
from 2 supports to 4 supports, and decreases to 2 supports
againwhen advanced to 60m. This indicates that themain
roof of the mixed workface between 40 and 60 m experi-
ences the initial caving. The maximum length of the tran-
sition section is 6.0 m, corresponding to 4 hydraulic sup-
ports.

Keywords: gangue backfilling; caving method; mixed;
transition section length; influence factors

*Corresponding Author: Shuai Guo: State Key Laboratory for
GeoMechanics and Deep Underground Engineering, China Uni-

1 Introduction
High gas low permeability coal seam has always been a
technical problem that threaten coal safe mining [1]. In
order to effectively solve this problem, domestic and for-
eign scholars have proposed the protective layer mining
method, that is, theprotective layer isminedfirst, and then
the gas in the protected layer is extracted by the crack zone
of the protective layer [2]. After the gas content reaches
the required level, the protected layer will be mined [3].
When theprotective layer is a rockor anear-rock coal seam,
a large amount of gangue will be produced when such a
protective layer is mined [4]. The gangue contains a large
amount of toxic and harmful substances. If it is discharged
to the surface, it will not only pollute the surface soil and
water source, but also release harmful gases, which will
seriously threaten the ecology of the mining area and the
safety of residents [5, 6]. With the increase of the aware-
ness of environmental protection, China gradually bans
gangue grounddischarge of the gangues. The gangueback-
filling is the main technical means to solve the gangue
stacking [7]. In order to ensure coal production and han-
dle the gangue, domestic scholars propose a new mixed
workface combining the fully mechanized gangue backfill-
ing mining method with the traditional fully mechanized
caving mining method. This new mixed mining method is
anattempt and innovation in the applicationof the gangue
backfilling and caving coalmining. Thismethodwill trans-
port the gangue generated from the protection layer or
underground excavation to the gangue storage chamber.
Then, the gangue in the storage chamber is transported
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Figure 1: System layout of the mixed workface.

to the backfilling section of the mixed workface through
the underground continuous conveying system. The back-
filling section and the caving section of the mixed work-
face are arranged by different hydraulic supports and ap-
plied with different goaf treatment methods. So both sec-
tions could complete cooperatively the coal mining and
gangue backfilling. The system layout of the mixed work-
face is shown in Figure 1.

According to whether the goaf is backfilled with
gangue and what kinds of hydraulic supports to be used,
the mixed workface is divided into a backfilling section,
a transition section and a caving section. Key equipment
such as the backfilling hydraulic supports and the rear
scraper conveyor suspended at the rear canopy of the back-
filling hydraulic supports are arranged in the backfilling
section. Under the backfilling hydraulic supports, the rear
scraper conveyor discharges the gangue and goaf is back-
filled. The caving section adopts the cavingmethod for the
goaf management. So the roof is naturally collapsed, and
the workface is arranged with traditional hydraulic sup-
ports. A shearer and scraper conveyor are shared between
the backfilling section and the caving section for the coal
mining. A transitional hydraulic support is arranged at the
connection between the backfilling section and the caving
section to achieve a smooth transition. Equipment such
as crushers, transfer machines and belt conveyors are ar-
ranged in the transportation roadway to transport coal to
the surface, while belt conveyors, transfer machines and
other equipment are arranged in the auxiliary transporta-

tion roadway to transport the gangue to the backfilling sec-
tion. The mixed workface layout is shown in Figure 2.

At present, the study on design and application of
the mixed workface mainly focuses on themining technol-
ogy, gas control and roof collapse characteristics [8]. In
terms of the mining technology, the rock mining process,
the gangue backfilling process and the coal mining pro-
cess were optimized, so that the three cooperate with each
other to meet the requirements of coal output and gangue
treatment [9–11]. In the aspect of gas control, it was ana-
lyzed that the effects of the thickness of the protective layer
and the gas extraction process on the gas liberation of coal
seams [12, 13]. In terms of roof collapse characteristics, the-
oretical analysis, numerical simulation and physical simu-
lation were used to study the influence of the backfilling
rate on the roof collapse characteristics of the caving sec-
tion and the backfilling section [14, 15].

The above studies have played a significant role in
the mining principle, technical research and application
of mixed workface. However, due to the difference in the
management method of the goaf roof behind the backfill-
ing section and the caving section, the roof vertical stress
in the transition section will suddenly increase, which re-
quires special consideration. The working resistance and
numbers of the hydraulic support of the transition section
also need to be determined. These research and analysis
can provide theoretical guidance for the selection and de-
sign of transitional supports in the transition section.

Based on the systems layout of the mixed workface,
the physical simulation is used to study the fracture and
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Figure 2: Layout of the mixed workface.

movement characteristics of the overburden strata in the
backfilling section and caving sections. The definition of
the transition section of the mixed workface is also given.
Then, the numerical simulation software ABAQUS is used
to establish the numerical model for the transition section
length of the mixed workface. It is used to analyze the in-
fluence of the advancing length and the backfilling section
length on the length of the transition section. Finally, en-
gineering test is carried out in the Ji15-31010 mixed work-
face of Pingdingshan No. 12 Mine. The rationality of the
transition section length of the mixed workface is verified
through the on-sitemeasuredworking resistance of the hy-
draulic supports.

2 The movement and fracture
characteristics of the overburden
strata of the mixed workface

Due to the difference in the goaf treatment for the backfill-
ing section and the caving section, the fracture and move-
ment of the overburden strata of the backfilling section
and the caving sectionaredifferent. As a result, the vertical

Table 1: Physical simulation schemes.

Schemes Length ratio Backfilling
section

length /cm

Caving
section

length /cm
1 2:1 145 73
2 1.2:1 120 98
3 1:1 109 109
4 1:2 73 145

stress rapid growth at the transition section of the mixed
workface. Based on the geological conditions of the Ji15-
31010 mixed workface of Pingdingshan No.12 Coal Mine,
the physical simulation is used to analyze the fracture and
movement law of the rock stratum. The geometry ratio of
experimental simulation is 1:100, the model length and
width is 2.5m × 0.3m, and themodel height is set to 1.50m.
The model first mines the overburden protective layer and
then the mixed workface. The gangue of the mixed work-
face uses similar material to simulate the gangue. The ex-
periment system ismainly composed of three parts: model
frame, external loading system and test system. Accord-
ing to the ratio of the length of the backfilling section to
that the caving section, 4 models were designed, that is, 4
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Table 2: The mechanical parameters of the rock and coal layers in the physical simulation.

No. Rock stratum Real Thickness/m Model Thickness
/cm

Compressive
Strength /MPa

Simulated Strength
/Kpa

1 Siltstone 25 25 16.0 184.61
2 Sandy mudstone 15 15 14.0 161.53
3 Fine sandstone 10 10 32.0 369.22
4 Mudstone 10 10 14.0 161.53
5 Fine sandstone 8 8 32.0 369.22
6 Mudstone 12 12 14.0 161.53
7 Coarse sandstone 6.0 6.0 25.0 288.45
8 Fine sandstone 6.0 6.0 35.0 403.83
9 Siltstone 5.0 5.0 13.0 149.99
10 Ji14 coal seam 0.5 0.5 10.0 110.52
11 Sandy mudstone 6.5 6.5 15.0 173.07
12 Fine sandstone 2.5 2.5 35.0 403.83
13 Sandy mudstone 4.5 4.5 14.0 161.53
14 Ji15 coal seam 3.2 3.2 9.0 103.84
15 Mudstone 0.5 0.5 16.0 184.61
16 Fine sandstone 4.7 4.7 32.0 369.22
17 Limestone 4.2 4.2 20.0 230.76
18 Fine sandstone 10 10 32.0 369.22
19 Sandstone 15 15 32.0 369.22

Table 3: The mass of different materials in the physical simulation.

No. Rock stratum Thickness
/m

Total dry
weight /kg

Sand /kg Calcium
carbonate /kg

Gypsum
/kg

Water/kg

1 Siltstone 25 225.00 187.50 11.25 26.25 28.13
2 Sandy mudstone 15 135.00 115.71 5.79 13.50 16.88
3 Fine sandstone 10 90.00 67.50 6.75 15.75 11.25
4 Mudstone 10 90.00 77.14 3.86 9.00 11.25
5 Fine sandstone 8 72.00 54.00 5.40 12.60 9.00
6 Mudstone 12 108.00 92.57 4.63 10.80 13.50
7 Coarse sandstone 6.0 54.00 40.50 4.05 9.45 6.75
8 Fine sandstone 6.0 54.00 40.50 4.05 9.45 6.75
9 Siltstone 5.0 45.00 36.00 4.50 4.50 5.63
10 Ji14 coal seam 0.5 4.50 3.75 0.23 0.53 0.56
11 Sandy mudstone 6.5 58.50 50.14 2.51 5.85 7.31
12 Fine sandstone 2.5 22.50 16.88 1.69 3.94 2.81
13 Sandy mudstone 4.5 40.50 34.71 1.74 4.05 5.06
14 Ji15 coal seam 3.2 28.80 25.20 1.80 1.80 3.60
15 Mudstone 0.5 4.50 3.75 0.23 0.53 0.56
16 Fine sandstone 4.7 42.30 31.73 3.17 7.40 5.29
17 Limestone 4.2 37.80 30.24 2.27 5.29 4.73
18 Fine sandstone 10 90.00 67.50 6.75 15.75 11.25
19 Sandstone 15 135.00 101.25 10.13 23.63 16.88

schemes, the length ratios of which are 2:1, 1.2:1, 1:1 and 1:2,
respectively, shown in Table 1.

Thebasicmechanical parameters of each rock stratum
in the physical model are shown in Table 2, and the mate-
rial proportion parameters are shown in Table 3.
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(a) 2:1

(b) 1.2:1

(c) 1:1

(d) 1:2

Figure 3: Characteristics of overburden strata movement in the mixed workface.
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(a) 2:1 (b) 1.2:1

(c) 1:1 (d) 1:2

Figure 4: Characteristics of fracture development in overburden strata of the mixed workface under different length radio.

2.1 Movement characteristics of overburden
strata

In order to study the movement law of rock strata dur-
ing mining the mixed workface, the non-contact full field
strain measurement system Vic-2D was used for record-
ing and processing data. The overburden stratamovement
and the immediate roof subsidence of the mixed workface
were investigated under the length ratio of 2:1, 1.2:1, 1:1 and
1:2, as shown in Figure 3.

It can be seen from Figure 3 that after the mixed work-
face was mined, the overburden strata movement charac-
teristics have obvious differences with the change of the
length ratio, and have the following main rules:

(1) When the length ratio is between 2:1 and 1.2:1, the
maximum roof vertical displacement in the caving
section is 2.25 times of the that in backfilling section.

(2) Theoverburden strata in the caving section show the
“three zone” law, which includes the caving zone,
fractured zone and the bending subsidence zone.
However, the backfilling section ismainly composed
of the bending subsidence zone and the crack zone,

while the caving zone is only weakly developed. The
roof has obvious step-like sinkage in the transition
section.

(3) When the length ratio is between 1:1 and 1:2, the roof
sinkage of the caving section is further increased.
The roof vertical displacement tends to change in the
“basin” shape, indicating that the control effect of
the gangue in the goaf on the overburden strata is
weakened, and the mining pressure appear to be in-
tensified.

2.2 Fracture development characteristics of
the overburden strata

The law of mining pressure in mixed workface is closely
related to the development characteristics of overburden
fracture. The research focuses on the fracture develop-
ment characteristics of the rock strata in the mixed work-
face when the backfilling section and the caving section
length ratios are 2:1, 1.2:1, 1:1 and 1:2, respectively, as shown
in Figure 4.
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(a) caving section (b) gangue backfilling section

(c)mixed workface

Figure 5: Layout of the mixed workface.

It can be seen from Figure 4 that the development of
fractures in the overburden strata of the mixed workface
has the following main rules:

(1) When the length ratio is between 2:1 and 1.2:1, the
height of the fracture zone increases with the de-
crease of the backfilling section, and the separation
phenomenon is obvious. The maximum heights of
the fracture zone are 7 m and 15 m, respectively.
There exists the caving zone, fractured zone and the
bending subsidence zone in the roof of the caving
section, while the backfilling section is mainly com-
posed of bending subsidence zone and fractured
zone, and the caving phenomenon is weak.

(2) When the length ratio is between 1:1 and 1:2, the sup-
port of the gangue for the overburden strata is weak-
ened, and the cracks are further developed with a
height of 17 m and 36 m, respectively. At this time,
the movement of the roof rock strata is obviously in-
tensified, and the mining pressure is higher.

(3) The roof has an obvious step-like sinkage in the tran-
sition section, so there may be a sudden increase in
the roof vertical stress in the transition section.

3 Definition of the transition
section of the mixed workface

Through the physical simulation, it can be seen that the
movement and fracture characteristics of the overburden
strata in different sections of the mixed workface are dif-
ferent. In the caving section, the roof of the goaf is nat-
urally collapsed, and the overburden movement is repre-
sented by the traditional “three-zone” law, as shown in
Figure 5(a). However, due to the supporting effect of the
gangue backfilling body, the overburden strata are mainly
composed of the bending subsidence zone and the frac-
tured zone in the goaf of the backfilling section, while the
caving zone is relatively weak, as shown in Figure 5(b).
Under the different movement and fracture characteristics
of the overburden strata, overburden strata of the transi-
tion section need to sink synergistically, which leads to
the occurrence of phenomenon that the roof squeezes the
gangue in backfilling section, as shown in Figure 5(c). As
a result, the roof vertical stress surges in the transition sec-
tion. This higher vertical stress places newdemands on the
selection and design of hydraulic supports in the transi-
tion section. On the one hand, it is necessary to consider
the number of hydraulic supports in the transition section,
and on the other hand, the working resistance of the hy-
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Table 4: Numerical simulation schemes.

Scheme Backfilling Caving Stacking Stacking Natural stacking
section
length/m

section
length/m

height/m method

I 103 115 2.80
II 109 109 2.65 Natural

120 98 2.40 stacking

draulic support needs to be considered. When hydraulic
supports that exceed 1.2 times the average working resis-
tance, special considerations are often required. Therefore,
in the transition section, the zone where the roof verti-
cal stress is higher than 1.2 times the average roof vertical
stress of the backfilling section is defined as the transition
section of the mixed workface.

4 Analysis of factors affecting the
transition section length of
mixed workface

The gangue in the backfilling section is directly sourced
from the protective layer and roadway driving, that is, the
total amount of gangue source is certain. Therefore, the
backfilling section length is strictly affected by its backfill-
ing height. Therefore, two factors, the workface advancing
length and backfilling section length, are considered.

4.1 Numerical model

4.1.1 Numerical simulation schemes

Considering the actual engineering background of the Ji15-
31010 mixed workface of Pingdingshan No. 12 Mine, the
protective layer needs to bemined first. Therefore, the pro-
tective layermust be excavated before the Ji15-31010mixed
workface. Theworkface length of the protective layer is 218
m, the excavation height is 1.9 m, the continuous advanc-
ing length is 200m. Thedisplacement and stress state after
the excavation of the protective layer is taken as the initial
simulation condition for mining the mixed workface. At
the same time, the following three factors must be consid-
ered when changing the backfilling section length of the
mixed workface:

(1) Theminimum length of the backfilling section is 103
m which is estimated from the upper layer gangue
supply capacity.

(2) At present, the maximum length of backfilling work-
face in actual engineering practice is 150 m.

(3) Considering that the suspension length of rear
scraper conveyor is usually 0.4 m, the natural stack-
ingheight of gangue is up to 2.8mwithout the action
of the compacting mechanism.

Considering above three factors, two numerical anal-
ysis schemes are determined. In the scheme I, when the
backfilling section length is 103 m, the influence of the
advancing length of the workface on the transition sec-
tion length is studied. The scheme II studies the influence
of the backfilling section length on the transition section
length when the mixed workface is advanced by 200 m.
The specific schemes are shown in Table 4.

4.2 Basic parameters of the model

According to the layout of the workface of Ji15-31010 and
the histogram of coal and rock layers and the mechani-
cal parameters of the laboratory coal and rock, as shown
in Figure 4, a numerical model with a length, width and
height of 318 m × 300m × 148.6 m is established, as shown
in Figure 6. The workface length is 218 m, the average coal
seam height is 3.2 m, and the advancing length is 200 m.
The horizontal displacement of the four sides of themodel
is constrained, while bottom of the model is constrained
on the horizontal and vertical displacements [16, 17]. The
gravity acceleration of 9.8 m/s2 is applied to the entire
model, and a uniform load of 25MPa is applied on the
top boundary to replace the 1000 m thick overburden
weight [18, 19]. At the same time, in order to eliminate the
influence of boundary on model excavation, 50 m coal pil-
lars are left at the four sides of the model [20, 21]. The spe-
cific rock formation parameters of the model are shown in
Table 5.
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Table 5:Mechanical properties of coal and rock layers.

Parameter
Histogram Thickness

/m
Elastic
modulus
E/GPa

Poisson’s
ratio µ

Cohesion
c/MPa

Internal
friction

angle φ/∘

Volumetric
weight

𝛾/kN·m−3

Siltstone 25 16.0 0.27 4.2 31 24.0
Sandy mudstone 15 14.0 0.34 5.3 27 24.1
Fine sandstone 10 32.0 0.30 6.5 28 23.5

Mudstone 10 14.0 0.24 1.1 29 23.6
Fine sandstone 8 32.0 0.31 6.5 31 24.5

Mudstone 12 14.0 0.24 1.3 29 25.3
Coarse Sandstone 6.0 25.0 0.31 7.5 28 26.0
Fine sandstone 6.0 35.0 0.32 6.3 32 25.1

Siltstone 5.0 13.0 0.32 4.8 31 26.1
Ji14 coal seam 0.5 10.0 0.33 2.0 26 13.5

Sandy mudstone 6.5 15.0 0.29 4.9 31 25.1
Fine sandstone 2.5 35.0 0.31 5.3 29 24.3
Sandy mudstone 4.5 14.0 0.32 4.8 28 24.1
Ji15 coal seam 3.2 9.0 0.27 1.6 30 14.0
Fine sandstone 5.2 32.0 0.35 5.3 28 23.5
Limestone 4.2 20.0 0.30 4.2 27 24.1

Fine sandstone 10 32.0 0.31 6.2 26 25.0

Figure 6: Numerical model of the mixed workface.

4.3 Advancing length of the mixed workface

In order to directly reflect the length of the transition sec-
tion in the mixed workface, 1.2 times of the roof vertical
stress of the backfilling section as a special label with the
green color, when setting the stress nephogram label. By

comparing the color of roof vertical stress near the transi-
tion section, the length of the transition section is directly
indicated in the stress nephogram.

From the scheme I, the lengths of the transition sec-
tions in the mixed workface, when the workface is ad-
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(a) 20 m (b) 60 m

(c) 100 m (d) 140 m

(e) 200 m

Figure 7: The transition section length under the different advancing length of the workface.

Figure 8: The variation of the transition section length with the
advancing length of the workface.

vanced by 20 m, 60 m, 100 m, 140 m and 200 m, are ex-
tracted respectively, as shown in Figure 7. Also, the varia-
tion of the length of the transition section and the number

of hydraulic supports in the transition section versus the
advancing length of the mixed workface are drawn in Fig-
ure 8.

It can be seen from Figure 7~8 that:

(1) When theworkface is advanced by 20m, 60m, 100m,
140m and 200m, the length of the transition section
in the mixed workface is 6.2m, 9.5m, 11.5m, 12.6m
and 13.5m, respectively. If the width of the hydraulic
support in the transition section is 1.5 m, the num-
ber of corresponding hydraulic supports is 4~5, 6~7,
7~8, 8~9 and 8~9.

(2) As the workface advances, the length of the tran-
sition section in the mixed workface gradually in-
creases, and eventually stabilizes at 13.5m. If the
width of the hydraulic support in the transition sec-
tion is 1.5m, it corresponds to the 8~9 hydraulic sup-
ports.
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(a) 145 m (b) 120 m

(c) 109 m (d) 103 m

Figure 9: The transition section length under different the backfilling section length.

Figure 10: The variation of transition section length with backfilling
section length.

4.4 Length of the backfilling section

The length of the backfilling section is the key parameter
for the design of mixed workface. In scheme II, when the
workface is advanced by 200 m, it is extract that the tran-
sition section lengths of the mixed workface correspond-
ing to the length of the gangue backfilling section of 145m,
120m, 109m and 103m, respectively, as shown in Figure 9.
In addition, the relationship between backfilling section
length and the transition section length, and relationship
between backfilling section length and the number of hy-
draulic supports in the transition section are drawn in Fig-
ure 10.

It can be seen from Figure 9~10 that:

(1) When the backfilling section length is 145 m, 120 m,
109m and 103m, the transition section length of the
mixed workface is 8.7m, 12.2 m, 13.2m and 13.5m, re-
spectively. If the width of the hydraulic support in
the transition section is 1.5m, the number of corre-
sponding hydraulic supports is 4~6, 8~9, 8~9 and 9.

(2) With the decrease of the backfilling section length,
the transition section length gradually increases,
and eventually stabilizes at 13.5m. If the width of the
hydraulic support in the transition section is 1.5m, it
corresponds to the 8~9 hydraulic support.

5 Engineering practice

5.1 Engineering overview of the Ji15-31010
work surface

5.1.1 System layout of the workface

The Ji15-31010mixed workface of Pingdingshan No.12 Coal
Mine is located at the Pingdingshan City, Henan province,
china. The advancing length of the workface is 929 m and
the lengthof themixedworkface is 218mwith 120m length
of the backfilling section and98m length of caving section,
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Figure 11: System layout of the Ji15-31010 mixed workface.

Table 6:Main equipment list of mixed workface.

Index No. Equipment name Model No. Quantity
1 Coal shear NG400/940WD 1
2 Front Scraper conveyer SGZ-800/800WS 1
3 Stage loader for coal

transportation
SZZ764/200 1

4 Dual-column fully mechanized
mining support

ZY6800/20/40 76

5 Backfilling support ZC5200/20/40 66
6 Backfilling transition support A ZCGa5200/20/40 2
7 Backfilling transition support B ZCGb5200/20/40 1
8 Backfilling transition support C ZCGc5200/20/40 1
9 Rear Scraper conveyer SGZ764/2×200 1
10 Belt conveyor DTL80/50/30 1

respectively. The average thickness of coal seam is 3.2 m
and the bury depth is 1005~1166 m. The average dip angle
of the coal seam is 5∘. The system layout of the Ji15-31010
mixed workface is shown in Figure 11.

5.1.2 Equipment design for the mixed workface

The number of hydraulic support in the transition section
is the main problem of the design for the Ji15-31010 mixed
workface.When themain roof of themixedworkface is bro-
ken for the firstly time, the mining pressure of the work-
face is obvious, and then decreases. Therefore, it is con-
sidered that the mixed workface has the longest transition
section when the main roof is firstly broken. According to
the statistical law of mining pressure in the workface of
PingdingshanNo. 12 CoalMine, firstly broken length of the
main roof is about 20~40m. At the same time, considering
a certain safety factor, the broken length of the main roof
is set to 40~60 m. From the numerical calculation, when
advanced to about 50~60 m, the transition section length

is about 6~8 m, corresponding to 4~6 hydraulic supports
of width 1.5 m. At the same time, considering the ventila-
tion problem of the transition section and that the support
strength of the hydraulic support in the transition section
increases from 0.50 MPa to 0.80~0.85 MPa, 4 transitional
hydraulic supports are used for themixedworkface. Based
on the geological conditions of the Ji15-31010 mixed work-
face, othermechanical equipment suchas coal shear, front
scraper conveyor, etc., is selected. The main equipment of
the Ji15-31010 mixed workface is shown in Table 6.

5.2 The measurement for length of the
transition section

5.2.1 Monitoring scheme

In order to monitor the transition section length of the
Ji15-31010 mixed workface, as shown in Figure 12, the hy-
draulic support working resistance monitors are arranged
on supports No. 1, 14, 27, 40, 53, 65, 66, 67, 68, 69, 70,
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Figure 12: The monitoring schemes of the working resistance of hydraulic supports in the mixed workface.

(a) 10m (b) 20m

(c) 40m (d) 60m

Figure 13: Peak resistance distribution of hydraulic supports at each station.

81, 94, 107, 120, 133, 145, respectively. Among them, there
are 6 single-channel working resistance monitors and 11
double-channel working resistance monitors, totaling 17
monitors. They are used to dynamically monitor the work-
ing resistance of hydraulic supports, while using under-
ground data collectors to save and collect the monitoring
data. The transition section length of the mixed workface

during themining process can be obtained via theworking
resistance of hydraulic supports.

5.2.2 Transition section length

In order to analyze the variation of the transition section
length at different advancing length of theworkface, when
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themixedworkface is advanced to 10m, 20m, 40mand60
m, the working resistance peaks within 24 hours of the hy-
draulic supports are extracted. As shown in Figure 13, the
transition section length is given by comparing the peak
value of the working resistance of the hydraulic support.

It can be seen from Figure 13 that:

(1) By comparing and analyzing the working resistance
of the hydraulic support in the transition section of
the mixed workface, one can see that the number
of hydraulic support within the transition section of
themixedworkface is increased from 2 to 4when the
workface is advanced from 10 m to 40 m, and is re-
duced to 2 when advanced to 60 m.

(2) By comparing the number of hydraulic supports in
the transition section of the mixed workface, it can
be concluded that the initial break of the main roof
occurs between 40 m and 60 m. Therefore, the num-
ber of hydraulic supports is 4 and the maximum
length of the transition section is about 6.0 m.

6 Conclusion
Based on the analysis of the system layout of mixed work-
face, the fracture and movement characteristics of the
overburden strata of the mixed workface were studied by
physical simulation.Also, the concept of transition section
of themixedworkfacewasproposed. The following conclu-
sions can be drawn:

(1) The roof in the caving section of the mixed workface
is naturally collapsed, and the overburden move-
ment is represented by the traditional “three-zone”
law. However, the overburden strata of the backfill-
ing section are mainly composed of bending subsi-
dence zone and the fractured zone, while the caving
zone is relatively weak.

(2) The influence the workface advancing length and
backfilling section length on the of transition sec-
tion length of mixed workface was studied and an-
alyzed. The results showed that, as the advancing
length of the workface increases and the backfill-
ing section length decreases, the transition section
length of the mixed workface increases continu-
ously and eventually stabilizes. Its range of variation
is 6.2~13.5 m, corresponding to 4~9 hydraulic sup-
ports with 1.5 m width.

(3) Itwasobtained from themonitoringdata of thework-
ing resistance of hydraulic supports in the Ji15-31010
mixedworkface of PingdingshanNo. 12Mine that: as

the workface was advanced from 10 m to 40 m, the
number of hydraulic support in the transition sec-
tion was increased from 2 to 4, which was then re-
duced to 2 when advanced to 60 m. This indicated
that the initial break of the basic roof occurred be-
tween 40~60 m of the mixed workface. The maxi-
mum length of the transition section corresponds to
4 hydraulic supports.
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