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Filling mining is a main technology of mining coal resources under buildings, and it has a good effect on preventing ground
subsidence. TakingWangtaipu coal mine of the Shanxi Jincheng Anthracite CoalMining Group as the engineering background, in
order to solve the problem of traditional closed brick wall at the end of working face, which consumes a lot of manpower and
material resources, and low efficiency, a technology of rapid-molding in-closed retaining-wall was proposed. *rough theoretical
analysis and engineering analogy, the overall structure and size of the mold bag were designed. *rough the experiment of high-
water bleeding rate and slurry expansion, it was determined that the best water-cement ratio was 0.85 :1, and the best additive
content was 25 kg/m3. Taking economic factors into consideration, it was determined that liquid sodium silicate was used as the
admixture. *e XV2308 working face was selected for on-site testing and the on-site monitoring of the roof pressure, the roadway
deformation, and the stress of the coal body.*e results showed that there was no large area roof pressure on the working face, the
coal body was under stable force, the stress concentration coefficient was small, the coal pillar had no plastic failure, and the
roadway deformation was small.*rough on-site monitoring of ground subsidence, the results showed that the amount of ground
movement and deformation were small. *e maximum value of subsidence was 12mm, which could meet the requirements of
safety production and had significant economic benefits.

1. Introduction

With the rapid development of China’s infrastructure
construction, coal resources under buildings become more
and more common [1–4]. According to statistics, the total
amount of coal resources under buildings in China is about
8.5 billion tons, which is a tremendous waste of coal re-
sources [5–8]. At present, filling mining is an effective
method to solve the problem of coal resources under
buildings [9–11]. From the bottom to the top, filling mining
can effectively control floor water inrush, rock fracture and
migration, rock burst and mine pressure, and surface

subsidence. In the process of filling mining practice, from
the point of view of mine pressure and strata control, in-
creasing the filling rate can effectively control strata
movement and surface subsidence, while from the point of
view of prevention and control of surface subsidence
[12, 13]. With the development of material science, filling
materials have gradually developed from solid wastes such as
coal gangue in the early stage to paste materials, paste-like
materials, high-water materials, and ultra-high-water ma-
terials [14–17]. However, due to the complex geological of
coal mine, the filling cycle is long, and the filling process is
complex. In order to improve the efficiency of construction
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operation, reduce the filling preparation time, and relieve the
tension between backfill and mining in continuous mining
face, it is necessary to carry out improved experimental
research on the sealing wall at the end of stope roadway. In
this study, Wangtaipu coal mine is used as the engineering
background to study the technology of rapid-molding in-
closed retaining-wall in filling mining.

2. Engineering Background

Wangtaipu coal mine is a large-scale coal mine owned by the
Shanxi Jincheng Anthracite Coal Mining Group. It was put
into production as early as 1964. After more than 50 years of
mining, Wangtaipu coal mine has very few mineable coal
reserves, and most of them are under buildings. *e number
of coal reserves of #9 coal seam under buildings are about
19.753 million tons, and the number of coal reserves of #15
coal seam under buildings are about 37.707 million tons.*e
coal reserves of the two mineable coal seams under buildings
are as high as 57 million tons.

Wangtaipu coal mine began a high-water material filling
test in 2012.*e traditional brick wall was used to construct a
seal wall. A total of 42 vehicles of foamed cement bricks, red
bricks, cement, sand, and stone powder were required to build
the brick wall. It consumed a lot of material and labor, which
brought great difficulties to underground transportation, and
the efficiency of the enclosed brick wall was low, which se-
riously restricted the production efficiency of filling and
mining. In order to ensure the mining speed of the working
face and alleviate the contradiction between the process of
mining and filling, the method of mold bag was proposed to
improve the efficiency of the closed-end sealing filling.

*is article chose the XV2308 working face of Wang-
taipu coal mine as the engineering background. *e
mineable coal seam of the XV2308 working face was the #15
coal seam, the mining height was 2.5m, the dip angle was 1°-
2°. *e direct roof stratum of XV2308 working face was K2
limestone with a thickness of 7.54–11.38m, and the average
was 9.32m. *e top of the direct roof stratum contained a
layered flint strip. *e uniaxial compressive strength was
53.6–212.9MPa, and the average was 101.6MPa. *e uni-
axial tensile stress was 2.2–6.1MPa, and the average was
4.0MPa, and the shear strength was 5.7–16.0MPa, and the
average was 13.2MPa. *e direct floor stratum was mud-
stone with an average thickness of 2.75m, and its lower part
was bauxite mudstone with an average thickness of 4.25m.
*e uniaxial compressive strength was 12.1–58.4MPa, and
the average was 28.3MPa; the uniaxial tensile strength was
0.7–2.0MPa, and the average was 1.4MPa; and the shear
strength was 1.9–6.6MPa, and the average was 4.2MPa.

*e continuous mining and filling working face mainly
has two working links: mining and filling. After the stope
roadway is excavated, the construction speed of the closed
retaining walls at ends is too slow, which restricts the filling
efficiency. *erefore, the technology of the rapid-molding
in-closed retaining-wall is proposed. *e design concept of
the rapid-molding in-closed retaining-wall is derived from
the technology of mold bag concrete cofferdam slope pro-
tection [18, 19]. *e design idea of this technology is that use

high-strength fireproof fiber cloth to sew into a mold bag,
hang the mold bag on the roof of the stope roadway end,
carry out side support treatment on the front and rear fa-
cades, and then pour high-water filling slurry into the mold
bag. *is study analyzes the size of the mold bag, optimizes
the filling material, and identifies the suitable admixtures.

3. Design of a Closed Wall for Rapid
Prototyping of Mold Bag in the End

3.1. Overall Structure of theMold Bag. As shown in Figure 1,
the shape of mold bag was cube, made of high-strength fire-
retardant fiber cloth [16, 17]. Other structures included
hanging bag sleeves that hang the mold bag on the roof
stratum of the roadway; mold bag filling port which was used
to fill the mold bag with filling materials; filling openings of
the stope for filling and grouting; venting holes for
exhausting; and strong rib holes of the mold bag used to
penetrate the strong rib, which was used to limit the large
deformation of the mold bag when the grout was poured.

3.2. Size of Mold Bag. *e width of the mold bag should be
able to ensure that the two sides of the mold bag can be in
close contact with the coal wall and play an effective sup-
porting role. *e height of the mold bag should ensure that
the mold bag can still be in contact with the floor stratum
when it was hung on the roof stratum. *e thickness of the
mold bag should be able to ensure that the mold bag can be
formed on its own after filling with the filling material and
can effectively offset the lateral pressure of the stope roadway
during slurry filling.

*e size of the mold bag needs to consider the section
size of roadway, the row spacing between bolts, and the
construction conditions on-site. *e width of the mold bag
also needs to consider the peripheral length of the roadway
and the amount reserved. Considering the error of the
roadway and the soft coal side, the width allowance of the
mold bag was designed to be 300–500mm, and the height
allowance was designed to be 100mm. *e schematic of the
mold bag of the 9m section is shown in Figure 2.

4. Performance Optimization of High-Water-
Based Filling Material and the Experimental
Study of Admixture

4.1. 6e Curing Mechanism of High-Water Materials. *e
curing process of high-water materials is mainly divided
into three stages: hydration period, hydraulic period, and
strength period [18–20]. *e chemical reaction formula of
each stage is as follows: 3CaO·SiO2 + nH2O �

xCaO·SiO2·yH2O + (3-x) Ca (OH)2, 2 (2CaO·SiO2) +
4H2O � 3CaO·2SiO2·3H2O +Ca (OH)2, 3CaO·Al2O3 +
6H2O � 3CaO·Al2O3·6H2O.

As shown in Figure 3, a given mass of flocculent structure
has been formed in the fly ash filling body at the age of 3 days.
When the age of 7 days is reached, the flocculent structure
increases significantly and overlaps each other closely, and
then, the filling body has a certain strength.
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Figure 2: Schematic of the mold bag of the 9m section.

(a) (b)

Figure 3: Scanning electron micrograph of fly ash filling body with (a) 3 days and (b) 5 days.

1

2 3

5

4

Figure 1: Schematic diagram of mold bag.
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4.2. Optimization and Performance Improvement of High-
Water Filling Materials. At the beginning of the test, the
water-solid mass ratio of the filling material was 0.7 :1, and
the early strength of the filling material was low.*e average
strength of 14-day was 2.19MPa and the 28-day was
3.42MPa. *e strength of the filling material could not meet
the requirements of the production demand. *e problems
were also manifested in two aspects: the high bleeding rate
and the shrinkage of the filling body.*e change of the slurry
bleeding rate and the expansion rate at the beginning of the
test is shown in Figure 4.

As shown in Figure 4, the bleeding rate of the slurry was
large, the maximum value was 24.6% at the #2 measuring
point, the minimum was 2.36% at the #6 measuring point,
and the average was 11.8%; the bleeding rate of the mea-
surement points in the roadway of each stope was quite
different, the properties of filling material was affected by the
material formula, technology, and other factors, and the
bleeding performance was not controlled; except for the
bleeding rate of #6 measuring point was less than 3%, the
other measuring points were more than 3%, and the excess
amount was large; after the filling material solidifies, there
was almost no expansion. Except for the expansion rate of
the roadway in #1 stope was 2.58%, the filling body in other
parts had the phenomenon of dry shrinkage, the maximum
value of shrinkage was 8.0%, and the average was 3.47%; the
dry shrinkage of the filling body was stable in the early stage,
with an average of 2.58%. In the later stage, due to the
improvement of the material formulation, the slurry was
unstable, and the dry shrinkage increased to 6.64% on
average.

Aiming at the problem of bleeding rate and expansion
rate of the filling material, the additive content and the
water-cement ratio of the filling material were adjusted. *e
additive increased from 5 kg/m3 to 25 kg/m3. *e water-
cement ratio decreased from 1 :1 to 0.85 :1. *e change of
the bleeding rate of the improved filling material is shown in
Figure 5(a), and the change of the expansion rate of the
improved filling material is shown in Figure 5(b).

As shown in Figure 5, the bleeding rate of the filling
material decreased from 5.8% to 0; the monitoring results in
mid-February showed that the bleeding rate of the filling
material was 3.0% on average, the monitoring results from
June to September showed that the bleeding rate of the filling
material was 0.28% on average, and the bleeding rate of the
filling material was effective to control; the expansion rate of
the filling material was all positive values, which means that
the solidified filling body will not dry shrinkage and will
expand to a certain extent; the monitoring results in mid-
February showed that the expansion rate of the filling
material was 4% on average. *e monitoring results from
June to September showed that the minimum value of the
expansion rate of the filling material was 5%, and the average
was 10%.

By comparing and analyzing the properties of the filling
material in the early stage and after the improvement, it can
be seen that the improved filling material was better than the
previous material in bleeding rate and expansion rate, so that
can be directly filled and connected to the roof, which

ensured the effect of controlling the roof; in terms of the
expansion rate, the initial filling material had a certain dry
shrinkage, with an average dry shrinkage rate of 3.47%. *e
volume expansion rate of the improved material was above
5%, which was more conducive to filling and topping; in
terms of the bleeding rate, the average bleeding rate of initial
filling material was 11.8%. After improvement, the bleeding
rate of the filling material was reduced to 0.28%, which made
the stope roadway easier to fill and connect to the roof.

4.3. Admixture Experiment

4.3.1. Introduction to the Experiment. *e experiment was
based on the design ratio of the high-water filling material to
prepare the mixed slurry, then added the admixture and
stirred evenly, poured the mixed slurry into the standard test
mold, and put it into the curing box [21, 22]. *e curing
conditions were set at 42°C and 95% humidity.

4.3.2. Experiment Process

(1) Prepared slurry. After the slurry was prepared,
poured it into the standard test mold for curing.
According to the volume of a single trial mold,
needed to prepare 1000ml slurry and selected an
electronic scale with a range of 1.0 kg and an ac-
curacy of 0.1 g to weigh the material. According to
the proportion of the filling slurry, weighed the
ingredients in equal proportions, poured them into a
mixing tank, added water and mix, stirred for no less
than 5 minutes, added additives, and stirred for 1
minute until the slurry was uniform.

(2) Made a trial model. Assembled the standard test
mold, sealed the gap with wax, and then poured the
slurry into it.

(3) Maintenance. Put the test model into the curing box
for curing, adjusted the curing temperature to 40°C
according to the measured reaction temperature of
the slurry in the well, and adjusted the humidity to
95% according to the curing humidity condition in
the hydraulic concrete test procedure.

4.3.3. Result. According to the above analysis, separate and
combined tests were carried out on different admixtures, and
the results are given in Table 1.

Each group of reagents had three groups of additive
amounts, each group of tests was not less than 3 times, and
the test took the best result as the final result.

According to the material characteristics of the mold
bag, the shorter the time required for the filling material to
solidify after being poured, the better it was to improve the
sealing effect, topping effect, and production efficiency.
*erefore, the test results of the 5th and 6th experiments met
the requirements. Considering the factors of production
cost, the price of industrial liquid sodium silicate was much
lower than industrial alum, and it was more convenient to
use liquid sodium silicate as an admixture [23–25].
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Figure 5: Improved filling material test curve of (a) bleeding rate and (b) expansion rate.
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Figure 4: Experimental monitoring curve of (a) slurry bleeding rate and (b) expansion rate.
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*erefore, liquid sodium silicate was finally selected as an
admixture for the filling material of the mold bag.

*e modulus of silica and alkali metal oxides in water
glass is called the modulus [26–28], and the alkalinity of
water glass is inversely proportional to its modulus value.
When the modulus is constant, the greater the concentration
of water glass, the greater its density and the stronger the
bonding force. When the modulus value is small, although
its early strength is high, its late strength is low. According to
the test results, the reasonable modulus of water glass was
2.0, in the high-water filling slurry with a mass ratio of 5%,
which can ensure that the filling slurry initially set within 3
minutes, finally set within 3 hours, the uniaxial compressive
strength reached 0.8MPa within 5 hours, and met the
pressure requirements of closed walls.

5. Field Test

5.1. Overview of the Test Site. According to the filling and
mining progress of the XV2308 working face, it was designed
to conduct field tests in the roadway in 10th stope, 18th
stope, 26th stope, and 50th stope. *e test sites are shown in
Figure 6.

*e roof stratum of the XV2308 working face was
limestone, which was dense, hard, and flat; the floor
stratum was mudstone, which was easy to soften in contact
with water. *erefore, the cutting depth was not less than
300mm to ensure the sealing effect of the mold bag
retaining wall. *e two ribs were cut by a continuous
mining machine, which was flat, and the cutting depth was
150–200mm. *e roof and two ribs are shown in Figure 7;
the mold bag hung on the roof stratum of the roadway end
in the filling stop is shown in Figure 8; the filling process of
the mold bag is shown in Figure 9; the effect of the filling
body in the mold bag after solidification is shown in
Figure 10.

5.2. On-Site Monitoring

5.2.1. Monitoring of the Mine Pressure. Given the mining
and support of the XV2308 working face, the monitoring
contents were determined as roof pressure, roadway
surrounding rock deformation, and coal stress [29, 30].
*e XV2308 working face was filled with high-water
materials. Due to the high-water materials had good
fluidity, water in the materials was easy to seep into the
monitoring equipment. *erefore, special monitoring
roadways were designed with mine pressure monitoring

equipment. In order to research the changes in the stress
of the coal body and the stress and deformation of the
filling body in the process of filling mining, it was planned
to design two special monitoring roadways to install
monitoring equipment. *e two monitoring roadways
were recorded as #27 monitoring roadway and #34
monitoring roadway, respectively. *e size of the road-
ways were width × height � 6.0 × 2.5 m, with a coal pillar of
6.0 m on each side, and the two monitoring roadways were
not filled. *e layout of the monitoring stations is shown
in Figure 11.

5.2.2. Online Monitoring of Roof Pressure. *e force of bolts
and anchor cables was monitored, and the pressure char-
acteristics during the process of filling mining were analyzed
through the field monitoring data. Arrange bolt and anchor
cable dynamometers are in the centralized haulage roadway,
XV2215 centralized roadway, XV2216 centralized roadway,
ventilation roadway, #27 roadway, and #34 monitoring
roadway, respectively.

5.2.3. Monitoring of Bolt Force. Considering the charac-
teristics of the continuous coal mining machine, the in-
stallation distance of the bolt dynamometer measuring
stations in the haulage roadway was designed to be 30m
and a total of 7 measuring stations. In order to research the
change in roof pressure of working face in tendency, the
installation spacing of the bolt dynamometer stations in the
roadways of #27 and #34 monitoring stopes was 20m, and 5
measuring stations were installed in each stope roadway, a
total of 10 stations. *e installation spacing of the bolt
dynamometer stations in the ventilation roadway was 30m
and a total of 7 stations. *e installation spacing of bolt
dynamometer measuring stations was 40m in XV2215 and
XV2216 centralized roadway, XV2215 centralized roadway
was arranged with 5 measuring stations, and XV2216
centralized roadway was arranged with 4 measuring sta-
tions, a total of 9 measuring stations. A total of 33 bolt force
monitoring points were arranged. *e measuring points of
the concentrated roadway and the ventilation roadway
were arranged in an E type. *ere were also measuring
points arranged in the mine pressure monitoring roadway,
which can carry out a comprehensive roof pressure
monitoring on the working face and analyze the pressure
change characteristics and laws of the direction and ten-
dency of the roof during the entire filling and mining
process.

Table 1: Admixture test results.

No. Admixture
Test result

30min 3 h 12 h or more
1 Calcium chloride Noninitial set Noninitial set Initial set, nonstrength, bleeding, nonexpanded
2 Bentonite Noninitial set Noninitial set Initial set, nonstrength, bleeding, nonexpanded
3 Bentonite, urea Initial set Nonfinal set Final set, intensity contrast, bleeding, poor expansion
4 Calcium sulphoaluminate, sodium sulfate Noninitial set Initial set Final set, low strength, bleeding, nonexpanded
5 Liquid sodium silicate Initial set Final set Final set, medium strength, nonbleeding, microdilatancy
6 Alum, liquid sodium silicate Initial set Final set Final set, great strength, nonbleeding, microdilatancy
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5.2.4. Monitoring of Anchor Cable Force. According to the
characteristics of continuous coal mining machine, the in-
stallation distance of the anchor cable dynamometer mea-
suring station in the centralized haulage roadway was 60m, a
total of 3 measuring stations. *e installation spacing of

anchor cable dynamometer stations in the roadways of #27
and #34 stopes was 40m, and 2 measuring stations were
installed in each roadway, a total of 4 measuring stations.
*e installation distance of the anchor cable dynamometer
measuring station was 40m in the ventilation roadway, a
total of 5 measuring stations. *e installation spacing of the
anchor cable dynamometer stations in the XV2215 and
XV2216 concentrated roadways was 70m, and 2 measuring

(a) (b) (c)

Figure 7: *e state of (a) left rib, (b) right rib, and (c) roof.
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Figure 6: *e test sites.

Figure 8: *e mold bag hung on the roof.

Figure 9: Mold bag filling completed.
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Figure 10: *e effect of the filling body in the mold bag after solidification.
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stations were installed in each roadway, a total of 4 mea-
suring stations. A total of 16 measuring stations were
arranged.

*e force of bolt (anchor) was monitored on-site for the
XV2308 concentrated roadway, XV2308 ventilation road-
way, XV2215 roadway, XV2216 roadway, #27 stope roadway,
and #34 stope, respectively. *e monitoring curves are
shown in Figure 12.

As shown in Figure 12, except for the 34th stope
measuring station and the XV2216-120m bolt measuring
station, the overall change in the face of bolt and anchor
cable was small.

(i) In the mining process of the working face, except for
the large changes in the partial area, the overall force
change was small, indicating that filling mining
prevents the direct roof from moving and breaking,
reducing the force of the bolt (anchor), and made
the force more uniform.

(ii) It can be seen from the monitoring curves of the #34
stope roadway that its change rule was different
from other roadway measuring stations, which
indicated that the roof of the roadway in this stope
was broken, and the direct roof had moved and
deformed.

(iii) When mining #42 and #43 stopes, the force of bolt
(anchor) in the positions of 100m increased rapidly,
indicating that the mining near the roadway would
cause the displacement of the broken roof, and the
supporting effect of the bolt (anchor) could limit the
displacement; then, the force of the bolt (anchor)
drops rapidly to the value before the change and
remained unchanged.

(iv) Overall, the bolt (anchor) of the working face was
relatively stable in force, the mining pressure was
small, and there was no large area roof pressure.

6. Monitoring of Roadway Deformation

In order to comprehensively analyze the change of the roof
subsidence, the approaching amount of the roof and the
floor, and the approaching amount of the two ribs of the
roadway, there were, equipped with a roadway surface
displacement measuring station in the centralized haulage
roadway, the 27th stope roadway, the 34th stope roadway,
the XV2215 centralized roadway, the XV2216 centralized
roadway, and the ventilation roadway. *e location of the
measuring stations was the same as that of the bolt dyna-
mometers. *ere were 7 measuring stations in the cen-
tralized haulage roadway, 5 measuring stations in each of the
#27 and #34 stope, 7 measuring stations in the ventilation
roadway, 5 measuring stations in the XV2215 centralized
roadway, and 4 measuring stations in the XV2216 central-
ized roadway, a total of 33 measuring stations. *e moni-
toring curves of the surface displacement are shown in
Figure 13.

As shown in Figure 13, the following points are observed.

(1) *e measurement points of #27 stope and #34 stope
both showed a certain degree of surface displacement,
and the change of #34 stope was more obvious than
that of #27 stope. A total of 7 measuring points on the
two survey lines had ribs approaching and roof
sinking, and the maximum value of approaching
distance was 35mm, and the maximum value of
sinking was 30mm. *ere were 8 measuring points
that had bottom drum; the maximum value of bottom
drum was 60mm, and the maximum deformation
was at the 5# measuring point in the #34 stope.

(2) *ere was a certain degree of roof subsidence in the
stope roadway. *e maximum value of roof subsi-
dence was 30mm. *is was related to the emptying
time of the stope roadway. *erefore, the filling
should be organized as soon as possible to ensure the
control effect of the surface settlement.

(3) *e approaching amount of the two ribs in the
roadway was small, indicating that the filling mining
could control the ground pressure of the working
face, and the coal pillar had not undergone plastic
failure and could ensure the stability of the coal
pillar.

(4) A certain degree of bottom heave occurred in the
roadway. *e maximum value of bottom heave was
60mm.*is is because the bottom plate was made of
bauxite mudstone, which becomes soft and swells in
contact with water, resulting in bottom heave.

(5) In summary, the surface displacement of the stope
roadway was small, which did not affect the use of the
roadway.

7. Monitoring the Coal Body Stress

In order to research the distribution law of the advanced
pressure of the roof and the change on the stress of the coal
pillar during the filling mining process, the stress of the coal
body was monitored. Twomeasuring stations in the XV2308
roadway were arranged, and each measuring station had six
borehole stress gauges. *e borehole stress gauges were
installed at a depth of 9m in the coal wall. *ere was a total
of 12 borehole stress gauges in the two measuring stations.
*e monitoring curves of coal stress are shown in Figure 14.

As shown in Figure 14, the following points are observed.

(1) *e force of the borehole stress gauge gradually
increased with the mining of the working face, and
the increment was about 3.5MPa, indicating that the
coal pillar receives less concentrated stress during the
mining, which was beneficial to the control of the
roof strata.

(2) During mining, the remaining coal pillars did not
appear to be slicing, which was conducive to con-
trolling the movement of the roof strata and sur-
rounding rock and did not affect the quality of the
coal mined in the subsequent stages.

Shock and Vibration 9
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Figure 12: Force of bolt and anchor cable monitoring curves in the (a) XV2215 roadway, (b) XV2216 roadway, (c) XV2308 ventilation
roadway, (d) XV2308 concentrated roadway, (e) #27 stope roadway, and (f) #34 stope roadway.
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(3) In general, the coal body of the working face was
under stable stress, the stress concentration coeffi-
cient was small, and there was no plastic failure in the
coal pillar.

7.1. Observation and Research on Subsidence of the Ground
Surface. *e surface elevation corresponding to the
XV2308 working face of Wangtaipu coal mine was
827–873m. According to the mining situation and con-
sidering the actual topographical conditions, the obser-
vation station had a total of two survey lines, namely, the
whole basin trend line D and the whole basin strike line
C. *e total length of the survey line was 1286m, and 56
survey points were arranged. *e layout of the stations is
shown in Figure 15.

*e monitoring curves of surface displacement moni-
tored by the strike line are shown in Figure 16(a). *e
monitoring curves of surface displacement monitored by the
trend line are shown in Figure 16(b). According to the
monitoring data, the maximum value of subsidence of the
ground surface was 12mm, and the movement and defor-
mation of the ground surface were small, which met the
requirements of surface buildings.

After the field test in Wangtaipu coal mine, the tech-
nology of rapid-molding in-closed retaining-wall has a good
application effect, and it is an effective method for mining
coal resources under buildings. However, in the field test, it
was also found that the mold bag has a poor application
effect on special geological conditions such as broken sur-
rounding rocks, geological structural belts, and large dip
angles.
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Figure 13: Monitoring curves of the surface displacement.

13 stope-9 m
15 stope-9 m
16 stope-9 m
21 stope-9 m

22 stope-9 m
23 stope-9 m
24 stope-9 m
37 stope-9 m

38 stope-9 m
39 stope-9 m
40 stope-9 m

20
18

16

14

12

10

8

6

4

2

0
6.1 6.10 6.20 6.30 7.10 7.20 7.30 8.9 8.19 8.29 9.9

(MPa)

Figure 14: Monitoring curves of coal stress.
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8. Conclusions

In this study, through theoretical analysis, field monitoring,
and industrial testing, the technology of rapid-molding in-
closed retaining-wall in filling mining was studied, and the
following conclusions were obtained.

(1) According to the coal seam occurrence inWangtaipu
coal mine, the structure and size of the mold bag
were designed

(2) *rough the test of bleeding rate of high-water
material and swelling rate of slurry, it was deter-
mined that the best water-cement ratio was 0.85 :1,
and the best additive content was 25 kg/m3.

(3) *rough the admixture test and comprehensive
consideration of economic factors, it was determined
that liquid sodium silicate was the admixture for the
filling material of the mold bag

(4) *rough industrial tests, the results showed that the
mold bag is small in size, light in weight, and
convenient for underground transportation, which
can reduce the transportation volume by more than
95% compared with the closed wall of brick-con-
crete structure. During the filling process, the mold
bag does not rupture or collapse, and the con-
struction is simple, convenient, and efficient. *e
construction speed is increased by more than 2
shifts, which improves the efficiency of continuous
mining and filling and greatly reduces the labor
intensity of workers. *e comprehensive cost is
reduced by more than 33%, and the economic
benefits are significant.
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