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Aiming at the problem of the safety mining problems of longwall paste filling working face under buildings on high confined water
in the Daizhuang Coal Mine, the paste filling mining method was used. A series of theoretical analyses, numerical simulations, and
field measurements were applied. The results showed that when the filling interval of the working face increases from 1.2m to
3.6m, no significant change is found in the depth of the perforated plastic zone of the floor strata. According to the types of
water-conducting cracks in the floor strata of the working face 11607, the floor strata are divided into the floor intact area, the
structure developed area, and the floor weak area. Based on that, the measures for preventing and controlling the floor failure
in the paste filling working face are proposed. Furthermore, the failure depth of the floor of the test working face was detected
by the on-site water injection method, and the results showed that the maximum failure depth of the floor of the test working
face was about 3m.

1. Introduction

Researchers in many countries have conducted a lot of theo-
retical research and practical applications on the prevention
and treatment of coal mining under confined water by the
backfill mining method [1–6]. To study and analyze the
destruction depth and law of the underlying coal and rock
during the mining process of the working face, water inrush
from the underlying aquifer was studied by numerical model-
ing. The most dangerous position is in the section where the
working face passes through the fault zone [7–10]. The under-
lying coal and rock layers were regarded as brittle rock masses,
and the underlying water-conducting and nonconducting
fracture surfaces were constructed. The probability of fracture
and water inrush of the underlying coal seam increases with
the increase of coal mining depth. The water inrush from the
floor is directly related to the pressure of the mine [11–16].

Three-dimensional in situ stress was measured on-site,
and according to the Mohr-Coulomb criterion, the results
were obtained through FLAC3D numerical simulation analy-
sis, to study and analyze the failure depth [17–20]. The plastic

failure zone and stress field distribution law of the underlying
coal strata at different coal mining stages are investigated. The
on-site geophysical prospecting and drilling were used to
study the damage depth of the underlying coal and rock dur-
ing the mining process of coal seam faces in North China
[21–23]. By detecting the displacement, deformation, and fail-
ure characteristics and stress field distribution of the underly-
ing coal and rock layers before and after coal mining in the
working face, the depth of deformation and failure of rock
layers are obtained [24–26].

Aiming at the safe mining of the No. 16 coal seam in Daiz-
huang CoalMine under buildings and high confined water con-
ditions, the paste is used to fill the goaf area so that the filling
body and the top and bottom of the goaf form a supporting sys-
tem of the top plate-filling body-bottom plate. This technology
can control the depth of the bottom plate damage and can play
a better role in groundwater resources [27–30]. The protective
effect of the coal mine, especially under the condition of coal
mining under confined water, can significantly improve the safe
production conditions of coal mines [31–34]. Furthermore, this
technology can effectively control the surface subsidence and
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deformation to achieve nonrelocation of coalmining, which can
greatly improve coal resources. Also, the use of mine solid waste
as a filling material can greatly improve the ecological environ-
ment of the mining area.

2. Project Overview

Daizhuang Coal Mine is located in Jining City, Shandong
Province (Figure 1). It belongs to the conditions of coal min-
ing under typical buildings and close-distance high-pressure
water. There are 78 surface villages in the minefield. The
mine is divided into the upper group of coal at the -410m
level and the lower group of coal at the -580m level. The
-410m level mainly mines 3 upper and 3 lower coal seams,
and the -580m level mainly mines 16 and 17 coal seams.

According to the geological and hydrological drilling of
the mine (Figure 2), it is proved that the distance between
the No. 16 coal seam and the floor is 21.6m on average, and
the average distance from the Ordovician ash of the floor is
61.1m. The positional relationship between the coal seam
and the aquifer is shown in Figure 2. The maximum water
inrush coefficient of the Ordovician ash aquifer in the No. 16
coal seam floor is about 0.12MPa/m. The floor elevation of
the working face is between -443.5m and -516.9m, and the
average elevation is -501.3m. The buried depth of the working
face is between 480.6 and 558.3m, with an average buried
depth of 541.6m. The thickness of the No. 16 coal seam in
the working face is between 1.65m and 2.35m.

3. Analysis of Floor Failure Mechanism in Paste
Filling Mining

3.1. Theoretical Analysis of Equivalent Roadway. When the
working face is not filled with mining, as the working face con-
tinues to advance, the roof will undergo initial breakage and
periodic breakage, and the pressure of the mine will appear
stronger and obvious. When using filling mining, because
the goaf behind the working face is continuously filled with
paste, the timely support effect on the roof and floor can be
used to look at the equivalent roadway that is continuously
advancing, as shown in Figure 3. Therefore, the destruction
depth of the underlying coal strata in backfill mining can be
theoretically calculated using the equivalent roadway theory.
For the exploration of the equivalent of the paste-filled work-
ing face into a moving roadway (or short-wall working face),
the key question is how to determine the space effect and time
effect of the equivalent moving roadway.

3.2. Spatial Effect on Equivalent Roadway Width. The width
of the equivalent roadway is not the working face control
roof distance, but it should be the distance from the coal wall
to the filling body at a certain position behind the working
face. The filling body at this position should meet certain
requirements in terms of strength. With the difference in
the paste filling process, the width of the equivalent roadway
will also change. Parameters such as the solidification speed
of the filling body, the daily footage of the working face, the
filling step, and the roof control distance all affect the equiv-
alent roadway.

(1) Before the coal mining machine cuts the coal after the
open cut in the working face, the impact of mining on
the working face is only the open cut, and the previous
analysis has analyzed the open cut as an equivalent
moving roadway, and the width of the roadway is
the open cut. The width of the cut eye is L cut

(2) When the coal cutting footage of the working face is
1 filling step, it is widened compared to the equiva-
lent moving roadway. Before the filling body solid-
ifies and condenses, the width of the equivalent
roadway is L branch + L step (where L step is a filling
step, and L branch is the length of the top beam of
the support), as shown in Figure 4(a)

(3) As the working face continues to cut coal forward
when the coal cutting footage of the working face
reaches 2 filling steps, it continues to expand and
widen relative to the equivalent moving roadway.
The age of the first filling zone in this period is 1d;
then, the width of the equivalent roadway at this time
is ðLbranch + LstepÞ ~ ðLbranch + 2 LstepÞ. According to
the practice of field engineering application, to ensure
the safety of the calculation of the destruction depth
value of the underlying coal strata, the width of the
equivalent roadway is the largest ðLbranch + 2 LstepÞ, as
shown in Figure 4(b)

(4) After the goaf is filled with paste material, as the filling
body condenses and solidifies, its strength continues
to increase, supporting the roof and floor of the goaf.
When the strength of the filling body is sufficient to
transmit the overlying rock layer’s self-weight load,
the filling body at this position is regarded as a bunch
of equivalents. At this time, the width of the equivalent
roadway is Lbranches + nLsteps (the number of days for
the filling body to reach the hydraulic pressure resis-
tance is n), as shown in Figure 4(c)

(5) The distance between the coal wall and the filling
zone of the working face after mining is the width
of the final equivalent roadway. At this time, the
maximum equivalent roadway width of the paste fill-
ing working face is Lcut + nLsteps. The minimum
width is the open-cut eye width Lcut. The equivalent
roadway width of the paste-filled working face in dif-
ferent states is different. The width of the equivalent
roadway is Lbranch + n × Lsteps, and the floor damage
depth is the largest at this time

3.3. Time Effect on Equivalent Roadway Action. According to
the observation results of general roadway deformation, it takes
30-40 days for a stable deformation. After the goaf is filled, the
strength of the filling body gradually increases. The filling body
prevents the top plate from continuing to sink and transmits
the top plate load to the bottom plate. The time is taken by
the floor from “excavation-support, support-exposed, filled
area-backfill support”which is the time equivalent to the action
of the mine pressure on the roadway. The calculation formula
is as follows:
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T =
Lbranch + tLstep

v
, ð1Þ

where L branch is the length of the support, m; T is the equiv-
alent roadway action time, d; v is the advancing speed of the
working face, m/d; and t is the time for the filling body to reach
the water pressure resistance strength, d.

3.4. Bottom Failure Depth Analysis. Based on the equivalent
roadway theory [35–38], the shape of the plastic failure zone
of the working face floor with paste filling is shown in
Figure 5. When the working face floor is damaged and the
plastic failure range occurs, the plastic failure range of the
working face floor is divided into the active limit range (such
as area I in Figure 5), transition range (area II in Figure 5),
and passive limit range (area III in Figure 5); the calculation
formula of the floor failure depth can be derived from the
theory of plastic slip line field:

hpo =
la cos ϕ

2 cos π/4 + ϕ/2ð Þ exp π

4 + ϕ
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Figure 1: The location of Daizhuang Coal Mine.
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Figure 2: Location relationship between coal seam and aquifer.
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Figure 3: Schematic diagram of longwall paste filling working face.
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Figure 4: The relationship between equivalent roadway width and floor failure depth.
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In the formula, hpo is the depth of coal and rock failure
under the paste filling face, m; la is the width of the plastic
zone on the two sides of the roadway, m; and φ is the inter-
nal friction angle of the coal seam floor.

4. Numerical Simulation Analysis of
Floor Failure

4.1. Model Construction and Program Design. The simulation
uses FLAC numerical simulation software. Combining the
comprehensive histogram of the 11607 working face on the
Daizhuang Coal Mine site and the actual conditions of the
four geological boreholes L10-2, L10-4, 11607-2, and 15-2 in
the underlying coal seam, the numerical simulation is based
on the lower part of the 11607 working face. The height and
width of the constructedmodel are 114.6m and 200m, respec-
tively. The cutting height of the 11607 working face is 2m. The
distance between the No. 16 coal seam and the uppermost
boundary of the model is 39.6m, and the distance from the
bottom boundary of the model is 75m. The upper bound of
gray is 61.1m away, and the distance from the upper thir-
teenth upper bound of the lower part is 21.6m. The numerical
simulation model is shown in Figure 6. In the design model,
the inclined length of the 11607 paste filling working face is
120m, and an open cut is arranged at the left end of the model
50m, and the mining advances from the left end of the model

to the right. The width between the left and right boundaries
of the design model is 200m. The rock mass parameters are
given in Table 1.

This simulation is mainly aimed at the research and anal-
ysis of the relationship between the different filling process
parameters of the paste filling working face and the floor
failure depth under the conditions of different filling body
strength, filling step, and filling rate at 11607 paste filling
working face. First, the coal mining operation is carried out,
the goaf is followed by the filling operation, and finally, the
working face is overhauled. At the same time, the paste filling
body is solidified, and the goaf is filled. The step distance is
consistent with the daily footage of the working face, and the
numerical simulation plan is designed according to the site
conditions: (1) the simulation setting 11607 working face goaf
is 98% filling rate, filling step 2.4m/d, and simulation. The 28d
strength of the filling body is 3MPa, 4MPa, 5MPa, and
7MPa; (2) the strength (28d strength) of the paste filling body
in the goaf area of 11607 working faces is set to 5MPa, and the
filling rate is 98%. Then, the filling step distance distribution of
the simulated paste filling body is 1.2m, 2.4m, and 3.6m.

4.2. Analysis of the Results of Numerical Simulations. Accord-
ing to the simulation results of numerical simulation plan 1
and plan 2, under the conditions of different filling strength
parameters, the simulation results of the failure depth of the
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Figure 5: Calculation model of equivalent roadway floor failure depth.

Figure 6: Numerical simulation models and boundary conditions.
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floor of the paste filling working face, the deformation of the
rock formation, and the distribution of the plastic zone are
shown in Figures 7 and 8 (A section is taken at the middle of
the advancing direction of the 11607 working face).

It can be seen from the analysis in Figure 7 that when the
28d strength of the filling paste on the 11607 working face

increases from 3MPa to 7MPa, the peak subsidence of the
overlying coal strata on the working face also shows a down-
ward trend, and the peak subsidence drops from 250mm to
200mm. The bottom heave of the working face has no obvious
deformation. When the 28d strength of the filling paste on the
11607 working face increased from 3MPa to 7MPa, no

Table 1: The rock mass properties.

No. Lithology
Density
(kg/m3)

Bulk modulus
(GPa)

Shear modulus
(GPa)

Cohesion
(MPa)

Friction angle
(°)

Tensile strength
(MPa)

1 Grit stone 2450 31.37 23.51 8.61 44 9.12

2
Fine stone 11
sandstone

2600 19.71 14.62 6.52 37 6.94

3 Medium stone 2550 31.35 20.51 6.80 42 7.61

4 Siltstone 2650 16.35 12.24 4.69 31 2.36

6 Coal 1450 0.78 0.45 2.21 22 0.41

7 Mudstone 2250 7.11 3.98 3.45 35 0.89

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

(a)

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

(b)

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

(c)

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

(d)

Figure 7: Numerical simulation of the plastic zone of 28 d strength of the different paste: (a) 3MPa, (b) 4MPa, (c) 5MPa, and (d) 7MPa.
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significant change was found in the depth of the penetrated
plastic zone of the coal and rock layer beneath the working face,
and only its range slightly decreased.

It can be seen from Figure 8 that when the filling step of
the 11607 working face increases from 1.2m to 3.6m, the
peak subsidence of the overlying coal strata on the working
face also shows an upward trend, and the peak subsidence rises
from 180mm to 250mm. Obvious deformation of the bottom
drum of the working face occurs, and the peak value of the
bottom drum rises from 180mm to 200mm. When the filling
step of the 11607 working face was increased from 1.2m to
3.6m, no significant change was found in the depth of the pen-
etrated plastic zone of the coal and rock layer beneath the
working face. When the filling steps are 1.2m, 2.4m, and
3.6m, the depth of the plastic zone penetrated by the coal
strata beneath the working face is approximately 3.6m, and
the coal strata beneath the working face penetrate to the bot-
tom mudstone and fine-grained sandstone. Floor. The plastic
zone of the coal and rock layer beneath the working face pre-
sents a process from layered failure to final penetration. When
the filling step is 2.4m, the plastic zone in the lower coal layer
of the working face extends to the siltstone layer at a distance
of about 6.3m; when the filling step is 3.6m, the depth of the

plastic zone in the lower coal layer of the working face is still at
the lower distance The siltstone layer is about 6.3m away, but
the extent of the plastic zone tends to further increase.

Based on the above analysis, it can be concluded that
after the open-cut hole is excavated in the paste filling face,
as the face continues to advance coal mining, paste fill the
mined area in the goaf behind the face, and the roof of the
mined area is no longer. The initial collapse and periodic
collapse occur, which is equivalent to the continuous
advancement of the open cut in the coal mining process,
and the open cut is a special roadway, so the paste filling face
is equivalent to the mine pressure generated by the special
roadway that is continuously advancing which has a low
degree of disturbance to the stress field of the surrounding
rock of the roof and floor. The appearance of the mine pres-
sure is very similar to that of the excavation roadway. The
difference lies in the maximum vertical stress and plasticity
of the filling body in the goaf. The area is smaller than that
near the coal wall, and the maximum vertical displacement
near the backfill is larger than that near the coal wall. Based
on the analysis of the numerical simulation results and the
previous theoretical calculations, combined with the actual
on-site mining of the 11607 paste filling face of Daizhuang

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

(a)

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

(b)

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

(c)

Figure 8: The plastic zone is numerically simulated with different filling steps: (a) 1.2m, (b) 2.4m, and (c) 3.6m.
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Coal Mine, and referring to mining practical experience, it is
theoretically estimated that the 11607 working face adopts
the paste filling technology and then the underlying coal.
The depth of rock failure is between 4.6m and 8.4m.

5. Field Engineering Application

5.1. Parameter Design. According to the geological report and
on-site investigation of the 11607 working face of Daizhuang
Coal Mine in the early stage, and according to the types of
water-conducting cracks in the underlying coal and rock
layers of the working face, the underlying coal and rock layers
of the 11607 working face are roughly classified into the
following three categories: (1) complete floor area, (2) tectonic
development zone, and (3) weak floor zone. The technical
measures and safety guarantee methods for the prevention
and control of water inrush from the floor are proposed for
different areas such as the complete block of the floor, abnor-

mal hydrological detection or high pressure, and weak floor or
structurally developed blocks:

(1) Only paste is used to fill the goaf in the complete area
of the 11607 working face floor, and the floor is not treated.
The design mass concentration of the paste material to fill
the goaf is 78%, and the amount of coal gangue, fly ash, and
cement is, respectively, 1600kg/m3, 400 kg/m3, and 60kg/m3.
(2) Weak floor area, combined with simulation and on-site
paste filling working face mine pressure influence range,
initially determines the weak area to be 50m outward for floor
grouting transformation. (3) The fault-affected area, com-
bined with the simulation and the on-site paste-filling working
face’s underground pressure influence range, it is preliminarily
determined that the F11605-2, F11605-3, and DF16 faults will
be reinforced and plugged by floor grouting within 50m
outwards. For small faults exposed in the working face, it is
necessary to consider the actual situation of on-site drilling
and comprehensive analysis to consider whether to carry out
floor grouting reinforcement and plugging reconstruction.
(4) High water pressure areas and detection of hydrological
abnormal areas, 11607 working face adopts paste filling. After
the mined-out area technology, the impact range of the mine
pressure around the stope is less than 50m, so the preliminary
design is carried out on the proven high water pressure area of
the underlying coal and rock layer (water pressure greater than
4.4MPa) and the area where hydrological anomalies have
been detected at the working face. For dredging treatment,
the dredging range is within 100m from the left to the right
and the front and back of the working face.

5.2. Field Application Effect Analysis. Through on-site inves-
tigation of the mining practice of Daizhuang Coal Mine
11607 working face, water injection tests were carried out
in the track lane of 11607 working face to observe the
destruction depth of the underlying coal and rock layers. It
is selected to be carried out at a position 150m away from
the stop line of 11607 working face, and two detection points
numbered 1# and 2# are arranged. The distance between the
two detection points is about 15m, and both detection points
1# and 2# are arranged 4 water injection test boreholes for
observing the destruction depth of the underlying coal and
rock layers, and the distance between the water injection test
boreholes is 2m. The elevation and depression angles of the
water injection boreholes arranged in the 1# detection point
and the No. 16 coal seam are both 60°, and the destruction
depths of the underlying coal strata are observed to be 2m,
3m, 5m, and 7m in sequence. The water injection boreholes
arranged in the 2# detection point are perpendicular to the
No. 16 coal seam, and the destruction depth of the underlying
coal strata is observed to be 2m, 3m, 5m, and 7m in order.
The detection results are as follows:

The water injection volume change curve of each borehole
at 1# detection point is shown in Figure 9. Through analysis, it
can be seen that the water injection volume of the 1-2# bore-
hole with a depth of 3m and the 1-3# borehole with a depth
of 5m has relatively large changes. The fluctuation changes
are more obvious, while the 1-1# drill hole with a depth of
2m and the drill hole 1-4# with a depth of 7m injected lower
water volume, and the fluctuation change is not obvious,
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indicating that the depth of the underlying coal strata at the
working face is 3~ coal, and rock mass cracks within 5m are
more developed, and the depth is greater than that of the coal
and rock mass underneath the working face. The degree of
development of the cracks is relatively low. Based on the above
analysis, the depth of the floor is less than 3~5m after adopt-
ing the paste filling technology in the 11607 working face.

The water injection volume change curve of each bore-
hole at the 2# detection point is shown in Figure 10. The
analysis shows that the water injection volume of the four
boreholes 2-1#, 2-2#, 2-3#, and 2-4# is relative to that of
1#. The boreholes at the detection points are relatively small,
and the water injected into the 2-2# borehole with a depth of
2m and the 2-4# borehole with a depth of 8m is 0 L/min,
indicating that the depth of the underlying coal strata at
the working face is 2m. The cracks in the coal and rock
masses are relatively developed, and the depth is greater than
that of the coal and rock masses under the working face. The
degree of development of the cracks in the coal and rock
masses underneath the working face is relatively low. The
destruction depth is about 2m.

6. Conclusion

(1) Based on the equivalent roadway theory, when the
advancing speed of the working face is 1.2~3.6m/d
and the water pressure resistance of the filling body
does not exceed 2 d, the failure depth of the floor of
the paste filling working face is 4.6~8.4m

(2) According to the geological report and field survey of
the 11607 working face, the floor coal and rock layers
of the 11607 working face are divided into three
regions. According to the different zones of the floor,
technical measures and safety guarantee methods for
the prevention and control of water inrush from the
floor are proposed

(3) Detect by using the water injection test method on-
site, it is concluded that the maximum damage depth
of the bottom plate is about 3m
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