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In order to explore the stability of overburden rock and the development height of water flowing fractured zone in roadway filling
mining, based on the movement and deformationmechanism of overburden rock, the mechanical analysis of overburden stability and
failure was carried out, and themechanicalmodel ofmain roof rock beamwas established, and the ultimate span and limit deflection of
rock beam fracture were deduced. Combined with the mechanical model of the main roof fractured rock, the basis for the judgment of
overburden failure developing to fractured zone is given in this paper. Taking a coal mine roadway backfill under water-bearing
stratum as an example, based on the equivalent mining height, the theoretical calculation and analysis are carried out on the stability of
overburden rock and the height of water flowing fractured zone.*e reliability of the theoretical analysis is verified compared with the
empirical formula and the numerical simulation results. *e results showed that the water flowing fractured zone developed to the
bottom of no. 7 glutenite, with a height of 32.5m, slightly less than the calculation result of the empirical formula.*e thickness of the
waterproof coal pillar was 39.8m, which was much less than the distance from the aquifer to the coal seam and can be mined safely.

1. Introduction

China is rich in coal resources, which occupy a dominant
position in China’s primary energy consumption [1]. In the
process of underground coal mining, the stress balance state
of the overlying rock is destroyed with the coal mining in
turn, resulting in the movement, deformation, and even
destruction of the overlying rock [2–6]. According to the
movement and deformation of overlying strata, the over-
lying strata after mining can be divided into caving zone,
fractured zone, and bending subsidence zone [7–9]. After
the fissures of overburden caving fault connect with each
other, the water conducting channel and water conducting
fractured zone are formed [10, 11]. By studying the stability
of overburden rock and the development of water flowing
fractured zone, it is of great significance to prevent water
disaster, mining under water, and protect water resources.

*e overburden damage and the development of water
flowing fractured zone caused by coal mining have been
studied by scholars and put forward a series of safety
technology theories and measures for mining under water
[12–17]. Some scholars have studied the movement of
overlying rock and the evolution of fractured zone by means
of simulation experiment [18–23]. In terms of model al-
gorithm prediction, some other scholars have deduced the
predictionmodel of the development height of water flowing
fractured zone through field measurement, mathematical
theoretical calculation, and mechanical model construction
[12, 24, 25]. *e above research provides a basis for coal
mining under rivers. However, mining induced fractures
and overlying strata deformation need further exploration
from the perspective of surface water and aquifer mining.

With the development of mine backfill and the trend of
green mining in recent years, people pay more and more
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attention to the control of overburden movement, defor-
mation, and damage by backfill in coal mines. *e research
on the influence factors and control effect of backfill mining
to control the movement and deformation of overburden is
becoming more and more mature. Zhang et al. [26–28]
have carried out theoretical and experimental research on
comprehensive mechanized solid backfill mining tech-
nology, which provides theoretical basis and ideas for
related analysis of overburden movement and surface
subsidence in dense backfill mining. Based on the control
theory of rock strata, Zhang et al. [29–32] comprehensively
and systematically studied the movement and surface
subsidence characteristics of gangue backfill overburden.
Zhu et al. [33], Yan et al. [34], and Huang et al. [35]studied
the structure and movement characteristics of overlying
strata in different stages by means of physical experiments
and revealed the mechanism of controlling strata settle-
ment by filling mining. Yang and Qiu [36] and Feng and
Zhang [37] studied the law of overlying rock movement in
backfill mining by numerical simulation. *e analysis re-
sults show that the filling quality and ratio play a significant
role in controlling the movement, deformation, and failure
of overburden.

With urban development and the level of coal mining
enhanced in China, the proportion of coal mining under
buildings, railways, and water bodies that is called the
three-underground mining increases rapidly. In order to
fully recover the safety coal pillars left by the “three-
underground” pressure coal caving method in some
mining areas, the backfill mining of local coal pillars
should be carried out safely and effectively. However, the
roadway mining with cemented backfill method has the
advantages of small capital investment, flexible technol-
ogy, and small interaction between mining and filling
processes, which is more suitable for local backfill mining.
How to effectively control the deformation of surrounding
rock and overlying strata and control the surface subsi-
dence is worthy of further study. In view of this, based on
the basic principle of roadway backfill mining, this paper
analyzes the movement and deformation characteristics of
overburden rock, establishes the mechanical model of
main roof rock beam of backfill mining under aquifer, and
discriminates the development of overburden failure to
fractured zone.

Based on the equivalent mining height of backfill
mining, the theoretical calculation and numerical model of
overlying rock water flowing fractured zone height are
carried out. *is paper intends to study the stability of
overburden rock and explore the development height of
water flowing fractured zone after instability failure by
comparative analysis.

2. Mechanism of Overburden Movement and
Deformation in Roadway Mining with
Cemented Backfill

*e roadway cemented backfill mining technology takes
gangue, fly ash, and cement as filling materials and dries the

roadway at a certain distance in the planned area.*e filling
slurry made from the ground filling station is transported
to the underground working face through pipelines. *en,
the roadway is filled. After the filling materials are solid-
ified, the coal pillars between the filled-roadways are re-
covered and filled. Because the filling materials can not only
realize self-supporting and bear large bearing pressure after
reaching the setting strength but also can provide active
side limiting pressure for coal pillar. *erefore, it is not
necessary to set up permanent coal pillar to realize full
mining and full filling of roadway and maximize the re-
covery of coal resources.

Taking three cycles as an example, the circulation dia-
gram of roadway cemented backfill mining is shown in
Figure 1.

According to Figure 1, the strata movement above the
coal seam of roadway backfill mining can be divided into
three stages. First of all, as the coal mined out in the way of
driving roadway, when the filling slurry is not filled into
the filling roadway, the roof strata above the roadway will
have a certain amount of bending subsidence due to the
effect of overburden pressure. *e first cycle of roadway
backfill takes driving two filling roadways as an example,
and the schematic diagram of strata movement is shown
in Figure 2.

Secondly, when the filling slurry is filled into the
unfilled-roadway, along with the sequence of roadway
backfill mining, the filling width increases, and the roof
strata gradually move downward with the compression of
the filling body after contacting with the filling body.
When the subsidence of the roof rock exceeds the limit
deflection that the rock stratum can bear, the roof rock
fracture occurs. *e second cycle of roadway backfill
takes driving and filling two unfilled-roadways as an
example. *e schematic diagram of strata movement is
shown in Figure 3.

Finally, when the subsidence is large, the roof strata may
break regularly on the filling body. With the filling cycle going
on, the filling width continues to increase, the fractured rock
stratum and filling body are gradually compacted by the self-
weight stress of overburden rock, and the overlying stratamove
downward. When the subsidence exceeds the ultimate de-
flection that the rock itself can bear, the rock will break down
and the fracture will develop upward until a certain rock
stratum does not break. After that, with the continuous filling,
the roof strata gradually tend to be stable. Taking the first filling
roadway of the third cycle driving and filling as an example, the
schematic diagram of strata movement is shown in Figure 4.

*erefore, in the process of roadway filling mining, as
long as a certain filling rate is reached, the main failure form
of overburden movement is fracture due to the slow set-
tlement and reduction of filling body, and its failure height is
significantly lower than that of caving mining, which is also
the fundamental reason why the roadway filling mining
under water can reduce the width of waterproof coal pillar
and increase the upper limit of mining.*e rock pillar can be
reduced and the upper limit of mining can be increased. *e
water flowing fractured zone of roadway filling mining is
shown in Figure 5.
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Figure 1: Cycle diagram of roadway mining with cemented backfill.
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3. Mechanical Analysis of Overburden
Deformation and Failure in Roadway
Backfill Mining

3.1. Equivalent Mining Height of Backfill Mining. In the
process of roadway backfill mining, with the unfilled-
roadway backfill in turn, the filling body gradually replaces
the coal body and plays a supporting role in the overlying
strata. With the filling body being compacted slowly, the
damage degree of overburden rock caused by backfill mining
is equivalent to that caused by caving mining of thin coal
seam with equivalent mining height.

*e schematic diagram of equivalent mining thickness of
filling mining is shown in Figure 6, and the equivalent
mining height formula of filling is obtained as follows:

Me � M1 + M2 + M3. (1)

In the formula,Me is the equivalent mining height of the
filling body;M1 is the roof subsidence without backfill;M2 is
the distance between the filling body and the roof; andM3 is
the compression amount of the filling body.

For M1, M2, and M3,

M1 � η · M, (2)

M2 � (1 − ε) · M, (3)

M3 � δ · ε · M. (4)

In the formula, η is the roof subsidence rate before filling,
%; ε is the filling rate, %; δ is the compression rate of the
filling body, %; and M is the mining thickness of the coal
seam, m.

*erefore, the equivalent mining height formula of
filling is transformed into

Me � η · M +(1 − ε) · M + ε · M. (5)

*ere are two conditions for overburden failure in the
process of roadway backfill mining [38]: (1) there is a certain
subsidence space in the strata, and the ultimate deflection of
the strata is less than the subsidence space of the strata; (2)
the tensile stress of the strata exceeds the tensile strength of
the strata.

3.2. Mechanical Model of Overlying Strata Fracture. In the
process of roadway backfill mining, when the subsidence
space between the filling body and the upper immediate roof
is greater than the limit deflection of the immediate roof, the
immediate roof will break after reaching the limit span.With
the development of roadway backfill mining, the filling
width increases, and the fractures gradually develop upward.
Above the regular zone, there are fractured zone and con-
tinuous deformation zone. *e damage change pattern is
similar to that of caving method, but the damage degree and
development height are relatively small. *e schematic di-
agram is shown in Figure 7.

Above the immediate roof, along the coal seam dip
direction, the main roof rock beam with unit width is taken.

1-1 1-2

Roadway backfill
mining direction

The first cycle
1#unfilled-roadway

The first cycle
2#unfilled-roadway

Figure 2: Schematic diagram of the first stage of strata movement.
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Figure 3: Schematic diagram of the second stage of strata
movement.
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Figure 4: Schematic diagram of the third stage of strata movement.
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Figure 5: Schematic diagram of water flowing fractured zone in
backfill mining.
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*e two ends of the main roof are clamped by the overlying
strata, which are regarded as fixed support, and the load is set
as pZ. When the span of the main roof rock beam l is within
the limit span range, the rock beam does not break, so it can
be considered as continuous.*erefore, on the basis of direct
roof fracture, the mechanical model of main roof rock beam
is established, as shown in Figure 8.

(1) When the span of the rock beam l reaches the limit
span ll, and the limit deflection value of the rock
beam is less than the sinking space under the rock
beam, the rock beam will fracture when the im-
mediate roof of the fracture above the filling body
does not contact with the main roof rock beam.
*erefore, for the main roof rock beam loaded with
pZ, there are

ElIl

d
4
W(x)

dx
4 � pz. (6)

In the formula, El is the elastic modulus of the main
roof rock beam and Il is the moment of inertia of the
main roof rock beam. *e deflection equation of
main roof beam is set as follows:
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Due to the fixed support at both ends of the beam,
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*e deflection function of the beam is obtained as
follows:

W(x) �
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(9)

If the tensile stress at any point in the beam is set as σ,
then when σ �RT, the tensile stress of rock stratum
at this point reaches the tensile strength of rock
stratum, and the rock stratum will crack at this point.
*en, the ultimate span of rock beam can be ob-
tained by material mechanics method. *e limited
span ll and limited deflection Wl of rock beam are

ll � hl

����
2RT

pz



, (10)

Wt �
pzl

4

384ElIl

. (11)

In the formula, hl is the thickness of main roof rock
beam and RT is the tensile strength of main roof rock
beam.

(2) In the process of roadway filling mining, when the
filling rate of filling mining is high, close to 100%
filling, and the elastic modulus of filling body is large,
the compression deformation is very small under the
action of overlying strata load, and the given de-
formation of roof rock is also very small, which
cannot reach the limit deflection of roof rock
breaking, the rock beam will not be broken, and the
overlying strata will only form bending subsidence
zone, as shown in Figure 9.

To sum up, the abovementioned methods can be used for
the correlation analysis of overburden fracture for each key

Continuous deformation zone

Regular fault zone

Fractured zone

Filling body

Figure 7: Schematic diagram of the roof regularly caving zone with
roadway backfill.
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Figure 6: Schematic diagram of equivalent mining height in
backfill mining.
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Figure 8: Mechanical model of the main roof under stress.
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stratum above the main roof. *e breaking of key stratum will
lead to the simultaneous breaking of local overburden or all
overburden rocks within its control range, which has an im-
portant impact on the development height of overlying rock
water flowing fractured zone in roadway filling mining under
water body.*erefore, finding out the key strata of overburden
and analyzing whether it is broken can further determine the
development height of water flowing fractured zone.

3.3. Identification of Overburden Failure Developing to
FracturedZone. *emain roof rock beamwill fracture when
it reaches the limit deflection, as shown in Figure 10. When
the main roof rock beam enters the fault zone, the hinged
structure is formed between the rock blocks. In Figure 10,
two adjacent fault main roof rock blocks are taken for
analysis, and the stress analysis of the main roof fracture
block is shown in Figure 11.

In Figure 11, the three hinged points of three hinged
arches are A, B, and C, F is the horizontal thrust, RA and RB
are the friction forces, q is the load of beam point of fracture
body, y is the rock block width,m is the rock block thickness,
and s is the rock block subsidence. According to the three
hinged arch equilibrium formed by the main roof fault block
[39], it can be concluded that

m − u − s> 0. (12)

In the formula, u is the height of arch hinge point ex-
trusion contact surface of rock block; α is the return angle of
main roof rock block; s � y sin(α/2); and
u � 1/2(m − y sin(α/2)).

Formula (12) is further sorted out as follows:

m>
3
2

y sin
α
2

�
3
2

s. (13)

*emaximum subsidence of the rock block is the height
v of the free sinking space in the lower part. *erefore, there
are

m> 1.5v. (14)

*e establishment of formula (14) is one of the condi-
tions for judging the development of overburden failure to
fractured zone.

3.4. Determination of Free Subsidence Space of Rock Stratum.
Due to the fragmentation and expansion of the rock block,
the free space height between the broken rock block and its

overlying strata gradually decreases with the development of
the overlying rock ring from the bottom to top. It is nec-
essary to consider the fragmentation and swelling of rock
strata within the range of regular fault zone and fractured
zone. Because the coefficient of crushing expansion of
fractured rock in the final compaction state tends to be the
residual coefficient, so the calculation is considered as the
residual coefficient. *en, the allowable free subsidence
space of each stratum [40] is as follows:

ui � Me − 
n

i�1
kci − 1(  · hi. (15)

In the formula, ui is the free subsidence space of each
stratum; Me is the equivalent mining height of filling body;
kci is the residual crushing expansion coefficient of overlying
rocks; and hi is the thickness of overlying strata.

4. Theoretical Calculation of Development
Height of Water Flowing Fractured
Zone in Overburden

4.1. Engineering Geological Conditions. A mining area in
Northwest China is located 2.5 km away from the river. *e
aquifer sand layer at the bottom of the riverbed covers the
upper part of the coal bearing strata, which is a strong
aquifer with a thickness of 20–23m. *e main mining no. 6
coal seam is 15m thick, which belongs to extra-thick coal
seam, the dip angle of coal seam is 5°to 8°, and the mining
height of each layer is 3m.*e roof glutenite with sandstone
is medium hard without good water resisting layer. *e
stratification and mechanical parameters of overburden are
shown in Table 1.

4.2. Judgment of Key Strata and Calculation of Overlying
Strata. According to the judgment method of key stratum
[40], the overlying rock of the coal seam in the mine is
judged. *e calculation and analysis results are shown in
Table 2 in combination with Table 1.

Continuous
deformation
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Filling body

Figure 9: Schematic diagram of immediate roof bending defor-
mation with roadway backfill.

Filling bodyCoal Coal

Figure 10: Schematic diagram of main roof rock beam fracture.
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Figure 11: Stress analysis of main roof fault block.
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According to Tables 1 and 2 and formulae (10) and (11),
the ultimate collapse distance and ultimate deflection of each
rock stratum are calculated, and the results are shown in
Table 3.

4.3. Maximum Free Subsidence Space of Each Rock Stratum
and Relevant Calculation. For the free space above the main
mining no. 6 coal seam, due to the small roof subsidence
before filling, the unfilled roof amount (filling rate of 90%)
and the compression amount of filling body are mainly
considered. *e equivalent mining height is calculated as
1501mm. *e height of the free subsidence space under the
overburden above layer no.12 is calculated by combining
formula (15) and Table 1. *e results are shown in Table 4.

Combined with Tables 2–4, the ultimate span, ultimate
deflection, and free subsidence space height of each layer of
overburden are obtained, and the ultimate span and ultimate
deflection of overlying strata are determined, as shown in
Table 5. *e damage scope of overburden strata only de-
velops to the bottom of layer no. 7 glutenite. As there is no
free subsidence space, there is no breakage from no. 7
glutenite to the above strata. *e maximum height of water
flowing fractured zone can be obtained by the total thickness
of layers 8–12 which is 32.5m. It is concluded.

5. Comparative Analysis of Theoretical
Calculation, Empirical Formula, and
Numerical Simulation

5.1. Empirical Formula Calculation. According to the geo-
logical data of the mine, the lithology of the overburden is
medium hard. *e formula for calculating the height of the
water flowing fractured zone of the medium hard

Table 1: Stratification and mechanical parameters of overlying strata in coal seam.

Layer
number Lithology Cumulative

depth (m) Layer thickness (m) Bulk density (KN/m3) Tensile strength (MPa) Elastic modulus (GPa)

1 Topsoil 4.8 4.8 13.8 — —
2 Gravelly sand 28.98 23.18 24 — —
3 Glutenite 48.98 20 26.2 1.4 5
4 Sandy mudstone 54.67 5.69 25.5 1.0 3
5 Glutenite 81.97 27.3 26.4 1.6 5.1
6 Coal 85.04 3.07 14 0.84 2
7 Glutenite 107.01 21.97 26.4 1.7 5.2
8 Coal 109.01 2 14 0.82 2
9 Sandy mudstone 124.01 15 25.8 0.9 3
10 Coal 126.51 2.5 14 0.85 2
11 Sandstone 135.31 8.8 26.2 1.8 10.4
12 Glutenite 139.51 4.2 26.4 1.5 4.8
13 No. 6 coal 154.51 15 14 0.85 2

Table 2: Load of overlying strata and identification of key strata above coal seam.

Layer number Lithology Layer thickness (m) Key stratum Load (kPa)
2 Gravelly sand 23.18 — —
3 Glutenite 20 — 1146.56
4 Sandy mudstone 5.69 — 145.1
5 Glutenite 27.3 Main key stratum 1621.85
6 Coal 3.07 — 42.98
7 Glutenite 21.97 Inferior key stratum 622.33
8 Coal 2 — 28
9 Sandy mudstone 15 — 414.31
10 Coal 2.5 — 35
11 Sandstone 8.8 Inferior key stratum 279.5
12 Glutenite 4.2 — 110.88

Table 3: *e limited span and deflection of overlying strata.

Layer
number Lithology Layer

thickness (m)

Limited
span
(m)

Limited
deflection (mm)

3 Glutenite 20 31.3 0.86

4 Sandy
mudstone 5.69 21.1 1.63

5 Glutenite 27.3 38.3 1.05
6 Coal 3.07 19.2 3.16
7 Glutenite 21.97 33.3 1.56
8 Coal 2 15.3 2.85

9 Sandy
mudstone 15 31.3 1.23

10 Coal 2.5 17.4 3.56
11 Sandstone 8.8 31.6 1.23
12 Glutenite 4.2 21.9 2.22
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overburden is selected, and the cumulative mining thickness
is the equivalent mining thickness of filling. According to the
filling mining technical data provided by the mine, the filling
rate of layered filling mining is considered as 90%, and the
calculation of water flowing fractured zone height based on
the “rules for coal pillar setting and coal pressure mining in
buildings, water bodies, railways, and main roadways” is
shown in Table 6.

From the safety point of view, the maximum develop-
ment height of water flowing fractured zone is 35m
according to the empirical formula.

5.2. Numerical Simulation Analysis. *ree-dimensional nu-
merical model of mining area is established. *e FLAC3D

calculation model is established according to the geological
conditions of the mine, as shown in Figure 12. According to
the geological conditions of the mining area, the three-
dimensional numerical model is established after simplifying
the coal strata.*e strike length of the model is 300m, the dip
length is 150m, the height is 121m, the coal thickness is 3m,
and the buried depth is 144m.*e top of the main key layer is
taken as the upper boundary of the model, and the overlying
strata are replaced by equivalent loads. 30m below the coal
seam floor is taken as the lower boundary, the open-off cut
and stop mining line extend 60m along the strike (x direc-
tion), respectively, as the left and right boundaries of the
model, and the working face extends 30m along the dip (y
direction) as the front and rear boundaries of the model. *e
design model mining face size is 180m× 90m, and the
working face is 180m along the strike and 90m along the dip.

*e boundary conditions of the model are shown in
Figure 13. In the figure, c is the average bulk density of the
overlying strata, taking 2600KN/m3, and h is the distance
from the upper boundary of the model to the surface, taking
54m. Mohr Coulomb elastic-plastic constitutive model is
selected as the mining area model. *e mechanical pa-
rameters of coal and rock are shown in Table 7. In Table 7,

the dead weight of no. 1 to no. 4 strata is replaced by
equivalent load. *erefore, only the thickness and bulk
density of strata are listed in the mechanical parameters of
stratum no. 1 to no. 4.

For the roadway filling mining in this mine, under the
actual 90% filling rate, the layered roadway filling mining
from the bottom to top is adopted for no.6 coal seam with a
thickness of 3m, which is divided into 5 layers. Considering
the construction technology and production efficiency of the
roadway and combining with the cross-section form of the
existing working face of the mine, the cross-section of the
filling roadway is designed to be rectangular: 4m wide and
3m high. *e width of the pillar body is 8m. From the
position of 60m horizontal distance from the bottom layer to
the left boundary, the roadway shall be excavated and filled in
order to complete the first cycle, and then to complete the
second and third cycle in turn. After the bottom slicing is

Table 4: Free subsidence space of overlying strata.

Layer
number Lithology Layer

thickness (m)
Residual crushing expansion

coefficient, kci
Backfill space after compaction of

fractured strata (mm)
Height of free sinking

space, ui (mm)
12 Glutenite 4.2 1.03 126 1501
11 Sandstone 8.8 1.03 390 1374
10 Coal 2.5 1.06 540 1111
9 Sandy mudstone 15 1.06 1440 961
8 Coal 2 1.06 1501 61
7 Glutenite 21.97 1.03 — —

Table 5: Ultimate span, ultimate deflection, and free subsidence space of overlying strata.

Layer number Lithology Limited span, ll (m) Limited deflection, Wl (mm) Height of free sinking space, ui (mm)
7 Glutenite — — —
8 Coal 15.3 2.85 86
9 Sandy mudstone 31.3 1.23 986
10 Coal 17.4 3.56 1111
11 Sandstone 31.6 1.23 1374
12 Glutenite 21.9 2.22 1501

Table 6:*e calculation of water flowing fractured zone heightHm.

Formula one (m) Formula two (m)

Hm �
100 M

1.6 M+3.6
Hm � 20

����
 M


+ 10

19.4∼30.6 35
Note.  M is the cumulative mining thickness.

Glutenite
No.3 coal
Glutenite
No.2 coal
Sandy mudstone
No.1 coal
Sandstone
Glutenite
No.6 coal
Glutenite

Figure 12: *ree-dimensional numerical model of coal mine.
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completely filled and stabilized, the roadway filling mining of
the upper layer is carried out. Each cycle roadway is excavated
and filled in sequence from left to right.

According to the numerical simulation of the develop-
ment height of water flowing fractured zone in overburden
rock of roadway backfill mining, the plastic zone of over-
burden failure is shown in Figure 14 and the vertical dis-
placement of overburden rock is shown in Figure 15. It can
be seen that with the increase of filling layers, the height of
water flowing fractured zone increases from 12m in one
layer with backfill to 33m in five layers with backfill. *e
height of water flowing fractured zone has a positive cor-
relation with the thickness of accumulative layered backfill
mining based on the data presented in Figure 16 which is
showed a positive correlation between them.

5.3. Comparative Analysis. *eoretical analysis of over-
burden fault shows that the height of water flowing fractured
zone is 32.5m, which is less than 35m of empirical formula.

*e theoretical calculation result is approximately consistent
with the height of 33m obtained by numerical simulation. It
can be seen that the maximum height of water flowing
fractured zone calculated by empirical formula is relatively
conservative.

According to the height of water conducting fractured
zone, the thickness of protective layer, and the thickness of
bedrock weathering zone, the required thickness of water-
proof coal-rock pillar can be obtained, as shown in Table 8.
Compared with the distance from the aquifer floor to coal
seam roof, it can be seen that the thickness of coal and rock
pillar 111m is greater than the thickness of waterproof coal
and rock pillar 39.8m. *erefore, roadway filling mining is
safe and feasible.

*rough the filling practice of nearly 300000m3, road-
way backfill mining can effectively control the underground
water inflow, save the drainage cost of more than 6 million
yuan per year, and reduce the production cost of nearly 20
yuan per ton.*e pressure coal resources under the liberated
aquifer can reach 3 million tons, the service life of the mine

Glutenite

Glutenite
Sandy mudstone

Glutenite

 No.6 coal
Sandstone

Coal

Coal

Coal
Glutenite

Mining and backfill area

P = γh

Figure 13: Model boundary conditions.

Table 7: Physical and mechanical parameters of coal seam and overlying strata.

Layer
number Lithology

Layer
thickness

(m)

Bulk density
(kN/m3)

Tensile
strength
(MPa)

Bulk modulus
(MPa)

Shear modulus
(MPa)

Internal friction
angle (°)

Cohesion
(MPa)

1 Topsoil 5 13.8 — — — — —

2 Gravelly
sand 24 24 — — — — —

3 Glutenite 20 26.2 — — — — —

4 Sandy
mudstone 5 25.5 — — — — —

5 Glutenite 28 26 1.6 2976 2049 33 3.6
6 Coal 3 14 0.84 2083 746 28 1.2
7 Glutenite 24 26.4 1.7 3462 2177 34 3
8 Coal 2 14 0.82 1944 795 28 1.1

9 Sandy
mudstone 15 25.8 0.9 2273 1172 38 1.8

10 Coal 3 14 0.85 1875 672 28 1
11 Sandstone 9 26.2 1.8 5778 4333 34 3.2
12 Glutenite 4 26.4 1.5 2857 1967 32 2.5
13 No. 6 coal 15 14 0.85 2381 735 28 1.2
14 Glutenite 30 26.4 1.5 3077 1935 32 2.75

Backfill
body 18.2 0.85 405 279 23 0.85
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can be extended for more than 7 years, and the enterprise
can make profits of more than 200 million yuan, and the
economic benefits are remarkable.

6. Conclusion

A computational model is proposed to explore the stability
of overburden rock and the development height of water
flowing fractured zone in roadway filling mining. *e model
is verified with the results of empirical formulae and the

numerical simulation method. *e following conclusions
could be drawn:

(1) *e mechanism of overburden movement and de-
formation and the failure characteristics of over-
burden rock in roadway backfill mining are studied,
and the effect of roadway backfill mining on con-
trolling overburden movement and deformation is
analyzed. In the process of driving and filling of
roadway in backfill mining, due to the hysteresis of
filling and the time required for the solidification of

None

Shear-n shear-p

Shear-p

Shear-p tension-p

Tension-p

(a)

None

Shear-n shear-p

Shear-p

Tension-n tension-p

Tension-p

(b)

Figure 14: Plastic zone of overburden failure. (a) Mining thickness of one layer, 3m. (b) Mining thickness of five layers, 15m.

Magfac = 0.000e + 000

–1.6695e + 000 to –1.6000e + 000
–1.5000e + 000 to –1.4000e + 000
–1.3000e + 000 to –1.2000e + 000
–1.1000e + 000 to –1.0000e + 000
–9.0000e – 001 to –8.0000e – 001
–7.0000e – 001 to –6.0000e – 001
–5.0000e – 001 to –4.0000e – 001
–3.0000e – 001 to –2.0000e – 001
–1.0000e – 001 to 0.0000e + 000
1.0000e – 001 to 1.1067e – 001

Interval = 1.0e – 001

(a)

Magfac = 0.000e + 000
–3.2506e – 001 to –3.2000e – 001
–3.0000e – 001 to –2.9000e – 001
–2.7000e – 001 to –2.6000e – 001
–2.4000e – 001 to –2.3000e – 001
–2.1000e – 001 to –2.0000e – 001
–1.8000e – 001 to –1.7000e – 001
–1.5000e – 001 to –1.4000e – 001
–1.2000e – 001 to –1.1000e – 001
–9.0000e – 002 to –8.0000e – 002
–6.0000e – 002 to –5.0000e – 002
–3.0000e – 002 to –2.0000e – 002
 0.0000e + 000 to 1.0000e – 002
3.0000e – 002 to 4.0000e – 002

(b)

Figure 15: *e vertical displacement of overburden rock. (a) Mining thickness of one layer, 3m. (b) Mining thickness of five layers, 15m.
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Figure 16: Height variation curve of water flowing fractured zone height with accumulative layered backfill thickness.

Table 8: Calculation of the waterproof coal-rock pillar, unit: m.

Height of water flowing
fractured zone

*ickness of
protective layer

*ickness of bedrock
weathering zone

Required thickness of
waterproof coal-rock pillar

Distance from aquifer floor
to coal seam roof

32.5 1.8 5 39.8 111
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the filling body, the overlying strata will produce
certain movement deformation and even damage.
*e better the control effect of strata movement and
deformation, the more conducive to maintaining the
stability of overburden and controlling the devel-
opment of water flowing fractured zone while
slowing down the subsidence of overburden.

(2) Combined with the equivalent mining height of
backfill mining, the development height of overlying
rock water flowing fractured zone in roadway backfill
mining is analyzed and predicted, and the relevant
calculation formula of equivalent mining height of
filling is given. *e mechanical model of the main
roof rock beam is established, and the ultimate span
and deflection of the main roof rock beam fracture
are deduced. Combined with the stress analysis of the
broken rock block of the main roof, the judgment
basis is provided for the development of the key
overburden strata to the fractured zone.

(3) Combined with roadway filling mining in a mine, it
is calculated that the water flowing fractured zone
develops to the bottom of layer no. 7 glutenite, and
the water flowing fractured zone is 32.5m, which is
similar to the empirical formula and numerical
simulation analysis results. *e reliability of theo-
retical calculation is verified by comparative analysis.
*e thickness of waterproof coal and rock pillar
required in the mine is 39.8m, which can be used for
safe roadway filling mining, and has good social and
economic benefits.
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