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To solve the ground subsidence problem associated with thick coal seam mining under the railway in the Tangshan Mine, the
technology of overburden strata separation-zone grouting (OSSG) was proposed. Based on the analysis of the full height overlying
strata structure in the range of the six working face areas of the secondmining district, the spatial distribution characteristics of the
separation zone within the overlying strata are obtained after fully mining the six working faces.+en, emphasis was placed on the
selection ratio of grouting materials and the hydrodynamic properties of different grout types, and grouting grout with a high
concentration, slow precipitation rate, and good stability was obtained by taking fly ash and local clay as aggregates. +e designed
grout concentration was approximately 40%; the bulk density was approximately 1.20; and the clay content in the aggregates was
approximately 40–50%. +e separation-zone grouting plan was designed for the six working faces, and continuous grouting
technology with the characteristics of multiple separation zones within the full-height section with a large flow and a high
concentration was proposed to form a complete grouting system and reasonable grouting process. After engineering verification,
the technology has an ash injection ratio of 24.2%, a grouting ratio of 100.3%, and a reduction in the ground subsidence ratio of
51.5%, effectively reducing mining damage to the ground surface and ensuring the safe operation of ground surface railways.
Simultaneously, this advancement improves the resource recovery rate of coal mines and provides greater benefits for
mining enterprises.

1. Introduction

After implementing large scale, longwall face mining, due to
the existence of free space, the overlying rock roof will
produce movement damage, and the ground surface will
sink, which will seriously affect the safety of ground surface
buildings [1–4]. In the process of dynamic movement and
destruction of the overburden roof from top to bottom, a
large number of bed separation spaces will be formed within
a specific area of the stratum. +e technology of OSSG uses
filling material to inject the separation zone to control the
bending deformation of the overburden rock, which plays an
important role in reducing the volume and velocity of the

rock formation, thereby controlling ground subsidence
[5–7].

+e technology of OSSG has been successfully applied in
the Soviet Union, Poland, the United States, and other
countries. In China, grouting and subsidence reduction
experiments have been successfully conducted in the Fushun
Laohutai Mine, Xinwen Huafeng Mine, Yanzhou Dongtan
Mine, Yanzhou Jining No. 2 Well, Zaozhuang Tianchen
Mine, Datun Xuzhuang Mine, and Kailuan Tangshan Mine.
Relevant experts at home and abroad have conducted in-
depth research on overburden movement and separation
development laws, overburden separation grouting mech-
anisms, separation layer filling process system optimization
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strategies, separation layer filling and settlement reduction
effect evaluation methods, and so on and have achieved a
series of results [8–13]. In addition to the abovementioned
influencing factors, in OSSG technology, another important
factor that restricts the separation layer grouting settlement
reduction effect is the selected filling material and its slurry
properties. At present, attention to this factor is still rela-
tively low at home and abroad, and relevant systematic and
in-depth research results are still rare. +e filling grout is
injected into the surrounding rock space after the separation
layer and fully adheres to the surrounding rock mass. On the
one hand, it “supports” the rock formation above the sep-
aration layer, and on the other hand, it “compacts” the rock
layer below the separation layer, thus effectively reducing the
movement of strata. +is requires that the filling slurry
material has efficient bonding properties and self-solidifi-
cation properties. At the same time, the overburden strata
separation-zone grouting (OSSG) technology is generally
constructed from the ground surface to the underground
strata through a long-distance grouting borehole, which puts
forward higher requirements on the fluidity, concentration,
and precipitation speed of the slurry [14, 15].

In summary, it is a research topic with important
practical value to find or configure a kind of grouting slurry
with a high concentration, slow precipitation rate, and good
stability. Based on the in-depth analysis of the mechanism of
overburden separation grouting for subsidence reduction,
this paper focuses on the composition characteristics of the
two main proportioning materials of fly ash and clay and the
sedimentation speed and hydromechanical properties of a
fly ash slurry; a mixed slurry of clay and fly ash and a clay
slurry is experimentally studied; and a reasonable grouting
concentration is determined, which provides a basis for the
preparation of the slurry in the grouting project. +e re-
search results have been successfully applied in the Kailuan
Tangshan coal mine, and a good separation grouting effect
has been achieved.

2. Engineering Background

2.1. Engineering Situations. +e Tangshan coal mine of
Kailuan Mining Group has an annual output of more than 3
million tons of raw coal. It is the company’s main production
mine. However, the large amount of ground surface pressure
coal severely restricts the sustainable development of the
Tangshan coal mine. Among them, the Jingshan Railway,
which runs through the center of the Tangshan coal mine, is
a national Class I railway. +e geological reserves of com-
pressed coal are more than 200 million tons, accounting for
nearly half of the mine reserves. To increase the coal pro-
duction capacity and extend the service life of the mine, it
was decided to use overburden strata separation-zone
grouting (OSSG) technology to reduce subsidence to mine
coal pillars on both sides of the railway. +e technology is
preliminarily planned to be carried out in the second mining
district, which is located below level 11 and above level 13 of
the mine. +e ground elevation is about +14m. Nine coal
seams are mainly mined. +e mining elevation is
–550–740m, and the coal seam inclination is 5–17°, with an

average of 10°. +e coal seam is 9.5–12m thick, with an
average thickness of 10m. +e Jingshan Railway is located
above the center of the second railway zone, and the railway
runs from southwest to northeast. +e Tier 2 area is divided
into 6 working mining faces along the inclined direction,
from south to north (from shallow to deep), that is, T2191,
T2192, T2193(1), T2193(2), T2194, and T2195, as shown in
Figure 1. +e mining sequence is T2191⟶T2195⟶
T2192⟶T2194⟶T2193(1)⟶T2193(2). +e working
face adopts comprehensive mechanized top-coal caving
technology for mining, and all caving methods are imple-
mented to manage the roof.+e old roof of the 9th coal seam
working face is gray fine sandstone with a thickness of
approximately 14.5m, and the main component is argilla-
ceous cementation, horizontal bedding, thin-layered; the
direct roof is a gray sandy mudstone with a thickness of
approximately 4m; and the main component is argillaceous,
sandy, silicon clay cementation.

2.2. Overlying Rock Structure Analysis. +e strata in the
Tangshan minefield from bottom to top consists of Ordo-
vician limestone, the Middle Carboniferous Benxi Forma-
tion (also known as Tangshan Formation), the Upper
Carboniferous Kaiping Formation, the Upper Carboniferous
Zhaogezhuang Formation, the Lower Permian System
Shanxi Formation (also known as the Damiaozhuang For-
mation), the Lower Permian Lower Shihezi Formation (also
known as Tangjiazhuang Formation), the Upper Permian
Upper Shihezi Formation (also known as Guye Formation),
and a Quaternary loose water-bearing layer.

To study the physical and mechanical properties of the
rock in the grouting section on the 9th coal seam, all the
bedrock sections of the stratum with a depth of
240–430m were cored to conduct physical and me-
chanical rock property tests. +e test contents include
compressive strength, tensile strength, deformation
(elasticity modulus and Poisson’s ratio), apparent density
(bulk density) parameters, and so on. +e results are
shown in Table 1, and the statistics of the rock thickness
and compressive strength of the bedrock section are
shown in Figure 2.

+e grouting lithology of the bedrock on the 9th coal
seams mainly consists of various sandstone layers. In the
190m-thick rock layer in the bedrock section with a hole
depth of 240–430m, the thickness of various sandstones is
187.53m, accounting for 98.7% of all rock pillars. +e
compressive strength ranges of various rocks are as follows:
coarse sandstone 54.6–123.2MPa, with an average strength
of 88.9MPa; medium sandstone 71.3–143.1MPa, with an
average strength of 107.2MPa; fine sandstone
54.1–164.4MPa, with an average strength of 109.2MPa;
siltstone 6.1–152.0MPa, with an average strength of
82.1MPa; and mudstone 55.5–71.7MPa, with an average
strength of 63.6MPa. Weighted calculation of the com-
pressive strength test results of various strata overlying the
9th coal seam was performed. +e average compressive
strength of the strata is 94.01MPa and is therefore con-
sidered hard overlying strata.
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2.3. Separation-Zone Spatial Analysis. In general, the
mining width of the strike longwall coal face is high. After
the coal seam is mined, the roof rock layer will be separated
and destroyed under the action of its own weight and the
vertical pressure of the overlying rock. Such separation and
destruction will develop layer by layer, which will make the
structure of the whole overlying strata evolve and form a
new overlying rock structure. +e development rules and
characteristics of the separation layer are an important
theoretical basis for grouting to reduce subsidence, and the
formation of the separation layer space is closely related to
the layered structure of the coal mine sedimentary strata,
the weak bonding characteristics of the layer, and the
different mechanical rock properties of each rock layer
[16–18].

+ere are two ways of separating the overlying strata in
the stope: one is the use of the normal tensile separation
layer, and the other is layer shear separation. +e flexural
rigidity of the upper and lower separation layers is different.
When the flexural rigidity of the lower layer is less than that
of the upper layer, the lower layer is bent first, and the upper
layer has not yet been bent, and a pull-off layer will occur;
when the flexural rigidity of the lower separation layer is
greater than that of the upper separation layer, the two
adjacent rock layers bend and deform together, resulting in
shear separation, accompanied by displacement in the
horizontal direction, as shown in Figures 3 and 4 [19–22].

In Figures 3 and 4, G is the weight and the vertical
pressure of the overlying rock.

+e normal tensile separation layer conforms to the
tensile strength criterion:

σ ≥C, (1)

where σ is the tensile stress of the underlying rock layer
acting on the layer, with σ � ch; c is the bulk density of the
rock; h is the thickness of the rock layer; and C is the normal
cohesive force of the layer.

Laminar shear separation conforms to the Coulomb
shear strength criterion as follows:

τ � C + σ tan φ, (2)

where τ and σ are the shear stress and normal stress on the
plane, respectively, and φ represents the internal friction
angle acting on the plane.

With two-layer equal-thickness and homogeneous
composite rock beams, the maximum shear force and
maximum tensile stress on the bending moment and neutral
layer (i.e., layer) under its own weight are as follows:

τmax �
3
4

cL,

σmax �
3
4

cL
2

h
,

(3)

where τmax and σmax are the maximum shear stress
and maximum tensile stress on the cross-section of the
beam, respectively; c is the bulk density of the rock beam;
L is the span of the beam; and h is the height of the beam
[23–26].

To explore the development characteristics of overbur-
den strata after mining in the second mining district of the
Tangshan Mine, in the strata structure (Table 1), on the basis

T2195
854 m×125 m×12.42 m

T2194
852 m×130 m×11.4 m

T2193 (2)
872 m×134 m×10.78 m

Jing-shan
Railway

N

905 m×130 m×10.54 m
T2193 (1)

960 m×154 m×10.14 m
T2192

1040 m×148 m×12.42 m
T2191

Figure 1: Distribution of six working mining faces in the Tier 2 area.
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of in-depth analysis, using theoretical calculations and field
measurements with the combination of adjacent working
face research methods, the spatial distribution characteris-
tics of the separation layer of the overlying rock roof under
the condition of fully mining the working faces of the second
mining district are shown in Figure 5.

+e specific observation content of separation zone
rocks: ① the range of the observed longitudinal strata: the
130–350m of the overburden of the coal seam roof is mined,
a total of 230m; ② the observation period: from the be-
ginning of the strata to move and deform until the strata
move and deform stably; and③ observed displacement: the

Table 1: Table of physical and mechanical test results of rock injected with three holes in the T2191 working face of Tangshan Mine.

Level
number Rock name Total thickness

(m)
Lamination
thickness (m)

Compressive
strength (MPa)

Tensile
strength
(MPa)

Elastic
modulus(×104MPa)

Poisson’s
ratio

Bulk
density (g/

cm3)
Alluvium
Coreless
drilling

1 Coarse
sandstone 240–242.75 2.75 99.2 3.69 2.3 0.28 2.474

2 Fine sand 245.95 3.2 61.4 2.17 1.0 0.17 2.599

3 Coarse
sandstone 250.78 4.83 65.2 2.91 1.6 0.17 2.465

4 Coarse
sandstone 254.98–257.45 2.47 63.2 3.06 1.2 0.23 2.452

5 Mudstone 258.17 0.72 63.6 2.47 2.1 0.49 2.709
6 Siltstone 259.40 1.23 48.3 1.17 2.540

7 Coarse
sandstone 264.20 4.8 97.7 4.22 1.7 0.18 2.516

8 Coarse
sandstone 265.4–273.39 7.99 84.5 3.12 1.4 0.20 2.542

9 Siltstone 274.80 1.41 16.1 1.51 2.628

10 Medium
sandstone 276.72 1.92 131.3 3.94 2.4 0.12 2.518

11 Coarse
sandstone 281.59 4.87 85.5 3.51 1.9 0.16 2.495

12 Medium
sandstone 284.00 2.41 93.4 5.11 2.0 0.13 2.672

13 Coarse
sandstone 313.54 29.54 66.0 2.65 1.4 0.15 2.477

14 Siltstone 314.54–320.88 6.34 62.0 2.17 1.6 0.09 2.679

15 Medium
sandstone 322.38 1.5 90.7 3.48 1.9 0.06 2.616

16 Siltstone 323.88 1.5 80.8 3.03 2.631

17 Medium
sandstone 330.26- 6.38 98.0 3.26 2.0 0.06 2.512

18 Siltstone 333.05 12.79 49.2 1.84 1.5 0.12 2.569
19 Siltstone 333.95–337.71 3.76 8.3

20 Fine
sandstone 342.57 4.86 120.8 5.59 2.3 0.13 2.586

21 Siltstone 375.13 32.56 29.7 1.31 2.571

22 Medium
sandstone 376.18 1.03 124.2 3.93 2.8 0.10 2.595

23 Coarse
sandstone 380.31 4.13 99.3 3.86 1.7 0.10 2.543

24 Medium
sandstone 382.61 2.3 84.1 2.21 1.2 0.11 2.595

25 Medium
sandstone 388.37 5.76 118.6 4.41 2.4 0.10 2.586

26 Siltstone 400.10 11.73 84.4 3.98 1.9 0.12 2.617

27 Medium
sandstone 401.35 1.25 117.7 4.85 1.7 0.08 2.604

28 Siltstone 410.98 9.65 123.9 15.65 2.0 0.13 2.653
29 Siltstone 416.88 5.9 110.9 4.45 2.1 0.16 2.547
30 Siltstone 430.00 13.12 95.5 4.90 1.9 0.07 2.639
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displacement value of the rock formation along the vertical
direction.

+e specific observationmethod is as follows:① dig rock
from the ground to move the observation borehole; ② use
compressed wood to fix the observation point of the

observation horizon;③ transmit the displacement value of a
certain observation layer in the deep stratum relative to the
ground to the surface through the steel wire; and④ observe
the displacement of the rock formation on the ground, using
two observation methods at the same time: one is manual
direct reading, and the other is the use of special monitoring
instruments to automatically monitor computer storage.

After mining, the total height of the overburden caving
zone and the fracture zone is approximately 191m. +e
overburden separation zone is mainly concentrated in the
bedrock section within 200m–350m above 9 layers of coal.
According to the on-site measurement results of adjacent
working faces, during the subsidence of the overburden, the
subsidence value of the measuring point and the separation
value between the measuring points show regularity of
gradually decreasing from bottom to top. +e period of
delamination formation to closure is long, and a certain
amount of separation space remains above the fracture zone
after the subsidence is stabilized. +e maximum amount of
separation in the rock formation during the subsidence
period reaches 150mm, and the maximum separation space
after the movement is stabilized is still 88mm.

3. Study on Selection and Performance of
Separate Layer Grouting Materials

+e selection of grouting materials and the filling perfor-
mance are the key factors that affect the effect of overburden
strata separation-zone grouting (OSSG). In grouting anti-
sediment engineering, to achieve a better subsidence re-
duction effect, the amount of grouting must be increased as
much as possible. Increasing the concentration of grouting
slurry is the simplest and most economical technical
method. +e main problem that restricts the grouting slurry
concentration is that when the slurry concentration is high,
it easily precipitates, and the probability of blocking the
grouting pipeline increases [27–29]. +erefore, finding or
configuring a grouting liquid with a high concentration, slow
sedimentation rate, and good stability is a research topic
with important practical value.

According to the engineering conditions of the Tangshan
Mine and the feasibility of supplying surrounding materials,
fly ash and clay are selected as aggregate materials for re-
search and analysis. +e hydromechanical properties of the
three ratios of the fly ash slurry, the mixed slurry of clay and
fly ash, and the clay slurry, such as the sedimentation rate,
are tested through experiments, and reasonable grouting is
determined based on the experimental results combined
with experience and theoretical knowledge of on-site
grouting antisediment measures.

3.1. Material Selection. In grouting antisediment engineer-
ing, due to a large amount of grouting and the high re-
quirements for slurry flow and cementation performance,
the filling materials must be adequately supplied around the
project; thus, the configuration is easy, the process is simple,
and the material configuration requires high slurry con-
centrations and fluidity. Based on the above requirements,
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Figure 2: Statistical chart of the rock compressive strength of
three-hole bedrock in T2191.
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the experimental materials used the fly ash produced by the
thermal power plant near Tangshan Mine and the local clay
materials as two main aggregates for research.

Fly ash is a fine powder collected from the flue gas of
coal-fired thermal power plant boilers. Its composition is
similar to that of high-alumina clay, mainly in the state of
glass; adding fly ash to the filling material can improve the
strength of the filling body and replace part of the cement
with fly ash. In high concentration or paste filling slurry, the
presence of an appropriate amount of fly ash can reduce
pipeline transportation resistance and improve the pumping
performance of the paste [30–32]. +ere are many types of
clay in nature, and the water content is an important
physical state indicator that affects the engineering prop-
erties of clay. When the water content increases, it will
become soft, and the bearing capacity will decrease signif-
icantly. Clay minerals have adsorptive properties, and these
properties change the properties of the slurry. Clay minerals
have hydrophilic properties, and many of their physical and
chemical properties are related to clay mineral-water in-
teractions. In addition, clay colloids also have rheological
properties, which affect the viscosity of the colloid [33, 34].

After the preliminary physical performance test, the
particle gradation and specific gravity of the two materials
are shown in Tables 2 and 3.

3.2. Experimental Research Purpose and Methods

(1) Experiment purpose
Experiments are performed to determine the pre-
cipitation rate of the fly ash slurry, a mixed slurry of
clay and fly ash (weight ratio of 1 :1), and clay slurry
and the effect of temperature on the precipitation
rate. +e main factors affecting the properties of the

slurry are analyzed, and the experiment is equipped
with a high-concentration slurry with a slow sedi-
mentation rate, which provides a scientific basis for
improving the grouting efficiency.

(2) Experimental method and process
+is experiment was carried out at the Analysis and
Testing Center of the School of Chemistry and Bi-
ological Engineering, Shandong University of Sci-
ence and Technology. +e experimental instruments
included a beaker with a volume of 400ml; a balance,
weighing 1000 g, with an accuracy of 0.1 g; a ther-
mometer, with a 0°∼50°C scale and a minimum
graduation value of 0.5°C; a stopwatch; and a stirring
rod.

(1) Seventy-five grams of representative clay and 300 g of
water are measured to prepare the clay slurry; 37.5 g
of clay, 37.5 g of fly ash, and 300 g of water are
measured to prepare a mixed slurry of clay and fly
ash, and 75 g of fly ash and 300 g of water are
measured to prepare fly ash slurry. +e prepared
material is considered accurate at the 0.1 g level; the
material is placed in a 400ml beaker and thoroughly
stirred to completely separate the coarse and fine
particles of the sample to make a suspension. +e
soaking time of the sample is 30–60min.

(2) +e temperature of the suspension is recorded, and a
constant temperature is maintained throughout the
measurement process.

(3) +e suspension forms a clear separation layer of clear
water and thick slurry during the precipitation
process; as the amount of the clear water gradually
increases, the slurry gradually concentrates, and the
separation layer gradually decreases, at which point
it can be called the water slurry separation surface.

25
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Figure 5: Map of the spatial distribution of overlying rock remaining after mining subsidence stability in the second mining district.
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+e suspension is thoroughly stirred with a stirring
rod for 2 minutes; the stopwatch is started; and the
time it takes for the water slurry separation surface to
drop to 30mm, 36mm, 42mm, 48mm, and 54mm,
as well as the limit sedimentation height and time of
the sediment, is recorded. +e volume weight can be
directly calculated based on the measurement results
with a balance, beaker, and so on. +e bulk densities
of the three slurries in this experiment were all
1.07 g/ml. +e experimental process is shown in
Figure 6. Among them, 1, 2, and 3 in the picture
represent: fly ash slurry, mixed slurry of clay and fly
ash, and clay slurry, respectively.

3.3. Experimental Result. +e purpose of this experiment is
to test the sedimentation speed and other hydrodynamic
characteristics of slurries composed of different materials.
+e experimental results are shown in Tables 4–6. +e
heights of the three slurries after final precipitation are as
follows: clay slurry: 15mm, clay and fly ash mixed slurry:
16.5mm, and fly ash slurry: 19mm.

Analyzing and summarizing the above experimental
results, the relationship curve between the precipitation
distance and time of different slurries at different temper-
atures is shown in Figure 7, and the precipitation speed
change curve of the slurries at different temperatures and
different aggregates is shown in Figure 8.

4. Discussion

(1) +e precipitation rates of the mortar, lime soil, and
soil slurries are significantly different. Mortar pre-
cipitation is the fastest; that of the lime soil slurry is
the next fastest; and that of the soil slurry is the
slowest. At 16°C, the time required for the water
slurry separation surface of the three kinds of slurry
to sink to 42mm is 92 s, 221 s, and 345 s, respectively.
+e precipitation time of the lime soil slurry is 2.4
times that of the mortar, and the precipitation time
of the soil slurry is 3.75 times that of the mortar.

(2) Regardless of the slurry type used, the precipitation
speed of the water slurry separation surface is highly
sensitive to temperature. +e trend follows the ob-
servation that the lower the temperature is, the
slower the precipitation speed and the better the
stability of the slurry. For the clay slurry, although
the precipitation rate increases after the temperature
reaches higher than 16°C, the change is not partic-
ularly obvious; the mixed slurry exhibits a particu-
larly notable change in temperature. When the
temperature increases from 0°C to 16°C, the pre-
cipitation rate increases by 72.7%. When the tem-
perature increases to 36°C, the precipitation rate
increases by 127.3%.

(3) For the three slurries, the precipitation rate is largest
at the beginning and then decreases slowly. +e
mixed slurry has the best stability. Before the top
layer precipitates to 42mm, it sinks at almost a
constant speed. Analysis of the reason is that after
fully mixing the clay and fly ash particles, they have a
higher degree of dispersion. Tiny clay particles, fly
ash, and water combine to form a colloidal disper-
sion system so that the particles of fly ash and soil
have better suspension stability.

(4) +e precipitation rate of a slurry is also related to the
soaking time of the aggregates. +e longer the
soaking time is, the smaller the precipitation rate is.

(5) +e concentration of grout is one of the key pa-
rameters considered in grouting engineering.
Properly increasing the slurry concentration is
beneficial to increasing the grouting volume per unit
time and is beneficial to supporting a large amount of
grouting during the peak of the separation layer
development to improve the subsidence reduction
effect; it is beneficial to reduce the ineffective water
injection of the grouting pump, reduce the grouting
cost, and improve the economic efficiency.
According to the aforementioned experimental re-
sults, when the slurry concentration is approximately
40%, the bulk density is approximately 1.20; the

Table 2: Gradation distribution of grouting Material particles.

Clay material
Particle diameter

(mm) >0.5 0.5∼0.25 0.25∼0.1 0.1∼0.075 0.075∼0.05 0.05∼0.01 0.01∼0.005 0.005∼0.002 <0.002

Percentage (%) 1.1 1.4 7.2 1.7 10.0 42.2 9.7 6.6 20.1

Fly ash
material

Particle diameter
(mm) ≥5 2∼5 1∼2 0.5∼1 0.25∼0.5 0.075∼0.25 ≤0.075 — —

Percentage (%) 0.218 2.489 3.066 9.403 13.127 53.928 17.769 — —

Table 3: Physical parameters of grouting material.

Clay material
Particle diameter

(mm) >0.5 0.5∼0.25 0.25∼0.1 0.1∼0.075 0.075∼0.05 0.05∼0.01 0.01∼0.005 0.005∼0.002 <0.002

Percentage (%) 1.1 1.4 7.2 1.7 10.0 42.2 9.7 6.6 20.1

Fly ash
material

particle diameter
(mm) ≥5 2∼5 1∼2 0.5∼1 0.25∼0.5 0.075∼0.25 ≤0.075 — —

Percentage (%) 0.218 2.489 3.066 9.403 13.127 53.928 17.769 — —
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content of clay in the aggregate is 40–50%; the
temperature is above 0°C; and the temperature is
lower, so the stability and fluidity can be better
unified.

5. Practical Application of OSSG

5.1. Grouting Plan Design. +e mining depth of the Tang-
shan second mining district is 600–700m; the bedrock
thickness is approximately 200m; the overburden is a

medium-hard stratum with alternating hard and soft; and
the mining thickness is approximately 10m, so it provides
good strata conditions for multilayer overburden separation
grouting to reduce settlement. According to the analysis of
the overlying rock structure in the second mining district
and the on-site engineering detection of the separation zone,
it was decided to use continuous grouting technology with
the characteristics of multiple separation zones within the
full height section, large flow, and high concentration to
carry out overlying separation layer grouting in the second

Table 4: Precipitation time and speed of fly ash slurry.

Testing contents
Precipitation time at different temperatures

(s)
Precipitation rate at different temperatures

(mm/s)
0°C 16°C 36°C 0°C 16°C 36°C

30mm 92 63 42 0.33 0.48 0.71
36mm 114 76 52 0.32 0.47 0.69
42mm 146 92 67 0.29 0.46 0.63
48mm 212 130 99 0.23 0.40 0.48
54mm 571 295 218 0.09 0.18 0.25
Remarks +e temperature at the end of the experiment is 6°C, 16°C, and 29°C.

Table 5: Precipitation time and speed of mixed slurry of fly ash and clay.

Testing contents
Precipitation time at different temperatures

(s)
Precipitation rate at different temperatures

(mm/s)
0°C 16°C 36°C 0°C 16°C 36°C

30mm 265 152 120 0.11 0.19 0.25
36mm 320 188 145 0.11 0.19 0.25
42mm 380 221 175 0.11 0.19 0.24
48mm 470 261 226 0.10 0.18 0.21
54mm 778 395 355 0.07 0.14 0.1
Remarks +e temperature at the end of the experiment is 4°C, 16°C, and 30°C.

Table 6: Precipitation time and speed of clay Slurry.

Testing contents
Precipitation time at different temperatures

(s)
Precipitation rate at different temperatures

(mm/s)
0°C 16°C 36°C 0°C 16°C 36°C

30mm 312 228 205 0.1 0.13 0.15
36mm 385 284 260 0.09 0.13 0.14
42mm 462 345 321 0.09 0.12 0.131
48mm 575 431 423 0.08 0.11 0.11
54mm 860 652 744 0.06 0.08 0.07
Remarks +e temperature at the end of the experiment is 6°C, 16°C, and 29°C.

(a) (b) (c) (d)

Figure 6: Experimental process.
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mining district. +e so-called multiple separation zones
within full-height section grouting mean that one grouting
borehole penetrates multiple separation layers in the sepa-
ration zone and is designed to guide all the separation layers
throughout the entire bedrock above the water fracture zone
structure at the same time. +e so-called large flow and high
concentration increase the capacity of the grouting pump of

the surface grouting station and maximize the grouting
volume per unit time during the negative pressure and
ground pressure grouting stage; at the same time, the
grouting slurry concentration is increased. At the same time,
the concentration of the grouting slurry is increased from
the bulk density of the slurry at the initial stage of grouting
from 1.145 to 1.155 and at the later stage of grouting to the
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Figure 7: +e relationship curve of the precipitation distance and time of different slurries at different temperatures: (a) the relationship
between precipitation distance and time for different slurries at 36°C, (b) the relationship between precipitation distance and time for
different slurries at 16°C, and (c) the relationship between precipitation distance and time for different slurries at 0°C.
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current 1.19 to 1.24. +e so-called continuous grouting
mechanism, on the one hand, is the implemented grouting
process, in which the pump is no longer regularly stopped to
flush the pipelines and boreholes, and on the other hand, it
improves the reliability of the power supply, grouting pump,
pipeline, and slurry supply system and adopts multiple

position grouting technology realizes long-term continuous
operation of grouting construction.

According to the occurrence of coal strata in the mining
district and the analysis of the law of subsidence movement
in the mining of overlying rocks, while comprehensively
considering the size of the grouting range and the need to
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Figure 8: Precipitation speed change curve of the slurries at different temperatures and different aggregates: (a) variation curve of
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increase the amount of grouting and reduce the amount of
drilling as much as possible, the layout plan of the grouting
boreholes in the six working faces of the second mining
district is shown in Figure 9.

According to the spatial distribution characteristics of
the overlying strata in the second mining district, consid-
ering the needs of continuous grouting technology with the
characteristics of multiple separation zones within the full
height section, with a large flow and a high concentration,
the grouting boreholes of the six grouting working faces
adopt the same structure. As shown in Figure 10, it is divided
into three sections from top to bottom: ① loose layer
cementing section; ② bedrock steel pipe wall protection
section; and③ flower tube wall protection grouting section.

5.2.GroutingSystemandProcess. +eoverburden separation
grouting process mainly includes mortar preparation,
pressurization, transportation, and injection. +e formed
grouting system is shown in Figure 11.+e core ideas behind
the grouting process are to use a reasonable process method,
make full use of the existing equipment, adjust the grouting
parameters according to the change of the grouting pressure,
and achieve continuous grouting with a large flow and a high
concentration to maximize the amount of injected ash
[35–38].

(1) Grouting system
+e slurry supply system mainly includes the fol-
lowing components: the belt conveyor, which
transports fly ash and clay materials out of the ash pit
and puts them into the mixing tank; the fly ash
slurry, which is transported from the thermal power
plant through the pipeline and is first injected into
the shunt bucket and then into the mixing tank; the
mortar, which is adjusted according to the grouting
requirements in the mixing tank; and then the large
particles (particle diameter greater than 3mm),
which are removed through a vibrating screen and
thenmoved into the slurry storagemixing tank in the
pumping station building.
+e booster pump station is composed of a medium-
pressure pump, a high-pressure pump, a slurry
mixing tank, and a voltage stabilizing device. +ere
are seven medium-pressure pumps in the pumping
station: four of them are TBW-1200/7B medium-
pressure pumps with a pressure of 7MPa and a slurry
capacity of 72m3/h; three of them are TBW-850/50B
medium-pressure pumps with a pressure of 5MPa
and a slurry capacity of 51m3/h; and two of them are
high-pressure pumps with a pressure of 5–21MPa
and a slurry capacity of 10–50m3/h; +ere are three
slurry pipelines: two 114× 7.37 pipelines and one
140× 7.72 pipeline. +e length of the pipeline from
the grouting station to the grouting borehole is
approximately 1500m–2000m.

(2) Grouting technique
When preparing the mortar, the appropriate amount
of fly ash and clay is added to the mortar from the

power plant and mixed in the mixing tank to
produce a concentration that meets the requirements
of grouting. +e higher the slurry concentration, the
greater the amount of ash injected and the higher the
grouting efficiency. Every time the slurry bulk
density increases by 0.01 t/m3, the injection-pro-
duction ratio increases by 1.59%. During the
grouting process, it is necessary to accurately
monitor the bulk density of the mortar to maintain a
proper bulk density value, especially in the negative
pressure grouting stage. To achieve large flow and
high concentration grouting, the bulk density of the
grout can be controlled between 1.17 and 1.20, and
the bulk density of the slurry in the pressure grouting
stage is between 1.14 and 1.17. During the prepa-
ration of the mortar, attention should be given to
screening out coke ballast with a particle size of more
than 3mm to reduce its wear on the grouting pump;
in the stage of negative pressure and low pressure
(pump pressure less than 1.0MPa), the bulk density
of the grouting liquid should be increased as much as
possible.

According to past experience, after the working face is
pushed through the borehole at 10–30m, the overlying strata
will be separated and grouted. When the underground
working face is pushed to the bottom of the grouting
borehole, a clean water pressure test is carried out every day;
the separation layer is found in time; and grouting is carried
out in time.

+e grouting pressure has a linear relationship with the
square of the grouting volume and increases with time; the
stronger the permeability of the rock formation and the
higher the porosity, the lower the grouting pressure.
According to the capacity of the existing medium-pressure
grouting pump, the maximum grouting pressure is designed
to be 5MPa.

Maintaining the continuity of grouting and simulta-
neous grouting at multiple layers of the separation zone are
two key technologies that can be implemented to increase
the grouting volume. Continuous grouting can avoid hole
blockage and prolong the closure time of the separation
zone. To this end, it should be fully guaranteed frommultiple
aspects, such as power supply (dual power supply), equip-
ment, and labor organization, and various engineering faults
should be eliminated with sufficient time.

5.3. Analysis of Ground Subsidence Effect. A total of
7,132,839m3 of grouting is grouted in the six mining
working faces of the second zone. Among them, the upper
working face T2193 with the largest amount of grouting is
injected with a total of 1,721,462m3 of fly ash slurry. +e
injection-production ratio of the second mining district is
24.2%; the grouting ratio is 100.3%; and the subsidence
reduction rate is 51.5%. +e injection-production ratio and
subsidence reduction rate of each working face in the second
mining district are shown in Tables 7 and 8.

To observe the ground subsidence that occurs after the
mining of the railway coal pillars in a timely and accurate
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manner, during the construction of the overlying strata
grouting project in the second mining district, a total of five
rock movement observation lines (one above each working
face) are arranged on the ground corresponding to the
working face to monitor the effect of ground surface sub-
sidence. +e typical monitored ground surface subsidence
curves are shown in Figure 12.

5.4. Application Effect and Discussion

(1) Application effect analysis
According to the analysis of on-site engineering
application effects, using overlying strata separation
layer grouting to implement fully mechanized
caving mining of the original Jingshan railway coal
pillars, considering the overburden separation zone
formed by mining to fill fly ash slurry, can reduce
ground subsidence. +e overlying rock grouting
subsidence reduction rate in the second mining
district of the Kailuan Tangshan coal mine under
fully mined conditions exceeds 50%. After proper
maintenance, safe railway transportation can be
achieved, with low ground surface impact, reducing
ground building removal and land damage. Un-
derground mining with fully mechanized caving
can not only effectively extract coal resources with a
high recovery rate but also effectively prevent rock
bursts that would restrict the completion of safe
mining, the improvement of the economic benefits
of enterprises, and the extension of the life of the
mine.
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Figure 9: Schematic diagram of borehole layout in the second mining district.
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(2) Insufficiency and applicable conditions
In the overburden strata separation-zone grouting
technology, the precise detection of separation space
and the performance and technology of grouting
materials are two key issues.+e current research has

basically accurately found the position of separation-
zone spatial according to the stratigraphic conditions
of the Tangshan Mine, but the detection of separa-
tion-zone spatial has not yet reached the accuracy
level; At the same time, in the research of grouting
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Figure 11: Schematic diagram of grouting system.

Table 7: +e injection-production ratio table of each side of the second mining district.

T2191 T2192 T2193上 T2193下 T2194 T2195 Second mining district
Mining space (m3) 1,601,228.5 1,185,036.6 1,093,955.3 1,044,856.0 1,118,089.0 1,066,103.9 7,109,269.4
Grout amount (m3) 1,300,139 1,152,108 1,009,252 1,223,743 1,314,813 1,132,784 7,132,839
Cement take (m3) 288,075 257,113.6 311,363.7 323,597 290,882.2 250,430 1,721,462
Injection ash ratio (%) 18 21.7 28.5 31 26 23.5 24.2
Grouting ratio (%) 81.2 97.2 92.3 117.1 117.6 106.3 100.3

Table 8: Calculation table of the subsidence reduction rate in the second mining district.

T2191 T2192 T2193上 T2193下 T2194 T2195 Second mining
district

Calculated maximum subsidence value without grouting (mm) 4319.8 3792.5 3211.8 3519.8 2939.7 2747.5 9864.5
Maximum observed subsidence value (mm) 1253 2084 1442 1730 1004 1652 4787
Grouting reduction rate (%) 71.0 45.0 55.1 50.8 65.8 39.9 51.5
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Curve of surface subsidence measured on surface T2191
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Figure 12: Continued.
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materials, only the physical properties of the grout
itself, such as fluidity, concentration, and so on, are
involved. However, its mechanical properties after
entering the separation space and solidified have not
been studied in depth. +is is also the next research
direction.

On the whole, this technology is more suitable for the
case where the normal separation caused by mining in the
middle and shallow stratum is relatively developed, and it
can achieve a better subsidence reduction effect.

6. Main Conclusion

+e technology of overburden strata separation-zone
grouting (OSSG) can not only effectively slow down ground
subsidence and reduce damage to ground buildings and land
but also inject a large amount of coal ash discharged from
power plants into the ground, which is beneficial to reduce
the cost of land acquisition for power plants and can provide
considering economic and social benefits to mining enter-
prises. +is technology is highly applicable to the efficient
and safe mining of coal under the railway in the Tangshan
coal mine.

Based on the mining range of the six working faces in
the second mining district of the Tangshan Mine, the
structure and mechanical parameters of the overlying rock
are analyzed to determine the movement characteristics
and laws of the overlying rock roof. Based on the on-site
measurement of adjacent mining districts, the spatial
distribution characteristics of the overlying strata roof
under the condition of full mining in the second mining
district were obtained, which laid the foundation for the
subject research.

With fly ash and clay as the main aggregates, the focus
of this study is on the selection ratio of grouting materials
and the hydrodynamic properties of different slurries. +e
study found that when the slurry concentration is ap-
proximately 40%, the bulk density is approximately 1.20,
the content of clay in the aggregate is 40–50%, and the
temperature is above 0°C; when the temperature is lower,

the grouting slurry is stable, and fluidity can be better
unified.

According to the actual geology and mining conditions
of the second mining district of the Tangshan Mine, whole
section processing utilizing continuous grouting technology
with the characteristics of multiple separation zones within
the full height section, large flow, and high concentration is
designed to carry out overburden separation layer grouting
in the second mining district, forming a perfect grouting
system with a reasonable grouting process. After field en-
gineering verification, the technology achieved a 51.5%
ground subsidence reduction rate, and the effect was very
satisfactory, ensuring the safe and efficient mining of high-
quality thick coal seams under the railway and creating huge
economic and social benefits for the enterprise.
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