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Quite a number of shallow buried coal seams (SBCS) are distributed in China.)e overburden is easily damaged due to the mining
of SBCS, resulting in water resources loss and surface damage. Taking 12403 working face of Wulanmulun coal mine in Shendong
mining area as an example, this paper analyzed the overburden migration and failure characteristics after mining SBCS with thick
loose layer based on actual measurement data and simulation results. )e results show that the subsidence of strata in caving zone
has no skewness feature along strike direction, while the subsidence of strata in fracture zone and bending subsidence zone shows
skewness subsidence phenomenon. An interface exists in the overburden, and the movements of upper and lower strata at the
interface have different characteristics. )e cracks penetrating the whole strata exist in bedrock, not in aeolian sand. )e height of
water flowing fracture zone is 35.74m–62.89m according to the loss of fluid in the borehole and consistent with the results of
numerical simulation and similar simulation. )is study can provide a reference for the prediction of the height of water flowing
fracture zone and the overburden migration in mining SBCS.

1. Introduction

Coal with different burial depths is themain energy source in
China. However, coal mining has caused certain damage to
the overburden [1, 2]; that is, coal mining will cause the
overburden movement and destruction, which result in a
series of ecological damages, such as groundwater loss [3–5],
rock fracture [6, 7], surface subsidence [8–10], and vege-
tation damage [11, 12]. Mastering the characteristics of
overburden damage is the premise and foundation of
controlling or reducing the ecological damage. )erefore,
many experts devote themselves to the research of this hot
spot.

Zhou et al. [13–15] studied the movement and damage of
overburden caused by coal mining through theoretical
analysis and field measurement. On this basis, they put
forward “horizontal three zones” and “vertical three belts.”
Huang and Xia [16] believed that the movement and de-
formation patterns of strata in the “vertical three belts” are

different, and the strata in fracture zone have the most
complex deformation. In view of the shortcoming that the
traditional division method is difficult to describe the
movement characteristics of the fracture zone mathemati-
cally, the “vertical four belts” of overburden is divided
according to the movement characteristics of the strata in
each layer. Both “vertical three belts” and “vertical four belts”
are based on the zonation of rock strata failure and
movement. )ere may be only “two belts” in overburden for
shallow thick coal seammining [17].)e fractures formed in
overburden are the leakage channels of groundwater. Many
scholars at home and abroad have adopted various methods
to study the fractures in rock strata. Li et al. [18] used the
physical similitude modeling method and field observations
to study the breakage and migration law of overlying strata
in the downward mining of extremely close coal seams.
Zhang et al. [19] adopted field measurements and simulation
using FDM and DEM coupled method to study longwall
mining-induced damage and fractures. )e study shows that
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the newmethod is able to give reasonable explanations for all
in situ tests and handle the progressive caving of the rock
layers. Li et al. [20] studied the developmental characteristics
of cracks caused by mining coal seam with a shallow burial
depth in a semidesert aeolian sand area and found that the
dynamic crack above the working face has two develop-
mental cycles (expansion to restoration).

In conclusion, many achievements have been made in
the study of overburden migration and failure. )e over-
burden forms “two belts,” “three belts,” or “four belts” after
shallow coal seam mining, and the author believes that it is
not only related to the buried depth of coal seam, but also
affected by coal seam thickness; that is, the damage degree of
the overburden is closely related to the depth-thickness ratio.
He et al. [21] believed that when the depth-thickness ratio is
relatively small (<30), the surface movement and defor-
mation will be discontinuous in space and time, and large
cracks may appear on the surface. When the depth-thickness
ratio is large (>30), the surface movement and deformation
will be continuous in space and time. In other words, al-
though the buried depth is not large, the coal thickness is
very small, and at this time, the overburden may also appear
“three belts” after coal mining. In the light of the actual
geological conditions and production conditions of
Wulanmulun coal mine, the failure of overburden after
compaction was studied in this paper. )e average residual
bulking coefficient of the overburden is 1.015 according to
measured data [22]; that is, the expansion of all overburden
above coal seam after compaction is only 1.5% compared
with that before coal mining. )erefore, FLAC3D numerical
simulation and similar simulation were used to study the
failure characteristics of overburden after compaction under
the condition of super full mining in the shallow coal seam
with thick loose layer, and the research results were verified
by field measurement.

2. Engineering Background

)e Wulanmulun coal mine is located in Ordos City, Inner
Mongolia Autonomous Region, China (Figure 1). )is study
takes 12403 working face as the engineering background.
)e inclination length of 12403 working face is 300m, and
the average buried depth, the dip angle, and the average
thickness of 1− 2 coal seam are 114.4m, 1°–3°, and 3.5m,
respectively. )e thickness of coal seam changes to some
extent, but the change rule is obvious. )e structure of coal
seam is simple and reliable. )ere are many groups of weak
planes and some fractures.

)e comprehensive histogram is shown in Figure 2. )e
thickness of the bedrock layer and the loose layer are 62.5m
and 48.4m, respectively, which belongs to the condition of
shallow buried and thick loose layer with a depth-thickness
ratio of about 33.

Core drillingmachine was used to get the core samples of
overburden and aeolian sand layer of 1− 2 coal seam in
Wulanmulun coal mine, and the corresponding basic rock
mechanics experiments were carried out to obtain the basic
mechanical parameters of coal, bedrock, and aeolian sand, as
shown in Table 1.

3. Hoek–Brown Strength Criterion and
Determination of Rock Mass Parameters

3.1. Hoek–Brown Strength Criterion Based on GSI.
Hoek–Brown criterion was first proposed in 1980 [23]. )e
expression of GSI based on geological strength index is [24]

σ1 � σ3 + σci m
σ3
σci

+ s 

a

, (1)

where σ1 is the maximum principal stress of rockmass under
failure, MPa; σ3 is the minimum principal stress, MPa; σci is
the uniaxial compressive strength of rock, MPa; m is the
conversion value of Hoek–Brown constant mi, and mi is the
Hoek–Brown constant of intact rock; s is the damage degree
of rock mass, and its value range is 0-1; a is the constant
depending on rock mass characteristics. m, s, and a are
Hoek–Brown constants of the rock mass. )eir expressions
are

m � mi exp
GSI − 100
28 − 14D

 , (2)

s � exp
GSI − 100
9 − 3D

 , (3)

a �
1
2

+
1
6

e
− (GSI/15)

− e
− (20/3)

 , (4)

where GSI is the geological strength index, which represents
the fragmentation degree of rock mass and the mosaic
structure of rock block; D is the parameter indicating the
disturbance degree of rock mass.

3.2. Determination of Parameters Based on Hoek–Brown
Strength Criterion. (1) )e determination of geological
strength index (GSI): the GSI is determined by the geological
environment, structural characteristics, and discontinuity
properties of the rock mass. Because there is no specific
quantitative index to describe the characteristics of rock
mass and structural plane, it is more subjective in the di-
vision of rock mass structure. Su et al. [25] introduced the
rock mass fragmentation index and weathering index to
quantify the factors of rock mass structure and weathering
condition. )erefore, it can be determined by the interpo-
lation method according to the specific rock mass structure
and weathering condition. (2) )e disturbance parameter D
of rock blasting excavation can be determined according to
Table 2 [26]. (3) Determination ofmi: the material parameter
mi of intact rock can be determined according to the rock
type and property [27, 28]. (4) )e uniaxial compressive
strength σci of rock can be obtained by laboratory
measurement.

3.3. Determination of Mechanical Parameters of Rock Mass
Based on Hoek–Brown Criterion

(1) )e determination of uniaxial tensile strength and
compressive strength of rock mass. Based on formula
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(1), the uniaxial tensile strength and compressive
strength are derived by trial and error method.

σt �
1
2
σci m −

�������
m2 + 4s

√
 , (5)

σc � σci

�
s

√
, (6)

where σt and σc are the tensile strength and com-
pressive strength of rock mass, respectively.

(2) Determination of elastic modulus of rock mass:
after introducing the disturbance coefficient D, the
elastic modulus of rock mass can be expressed as
follows:
When the uniaxial compressive strength of rock does
not exceed 100MPa,

E � 1 −
D

2
 

���
σci

100



10(GSI− 10)/40
. (7)

When the uniaxial compressive strength of rock
exceeds 100MPa,

E � 1 −
D

2
 10(GSI− 10)/40

. (8)

(3) Determination of equivalent internal friction angle
and cohesion of rock mass: according to Hoek–
Brown criterion and Mohr–Coulomb criterion, it
can be concluded that

φ� sin− 1 3am s + mσ3n( 
a− 1

(1+ a)(2+ a) +3am s + mσ3n( 
a− 1

⎡⎣ ⎤⎦, (9)

c �
σci (1+2a)s +(1 − a)mσ3n  s + mσ3n( 

a− 1

(1+ a)(2+ a)

�������������������������������

1+ 6am s + mσ3n( 
a− 1

 /[(1+ a)(2+ a)]

 ,

(10)
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Figure 1: Traffic location map of Wulanmulun coal mine.
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Figure 2: Comprehensive histogram.

Table 1: Experimental intensity values of coal and rock samples.

Lithology E (GPa) μ φ (°) c (MPa) σc (MPa)
Aeolian sand 12 0.30 10 0.01 11.6
Coarse sandstone 34 0.28 32 1.8 21.8
Medium sandstone 32 0.25 34 2.3 35.3
Fine sandstone 33 0.28 36 2.8 44.6
Sandy mudstone 20 0.30 32 2.0 26.8
Coal seam 15 0.35 36 1.2 10.5
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σ3n �
σ3max

σci

, (11)

where σ3max is the maximum value of the minimum
principal stress under equivalent conditions, which is
related to the rock mass type.

4. Determination of Mechanical Parameters of
Coal Seam and Rock Mass

Combined with the actual geological conditions and pro-
duction conditions of 1− 2 coal seam in Wulanmulun coal
mine, the corresponding mechanical parameters of coal
seam and rock mass, which were used for numerical sim-
ulation calculation, were determined by the Hoek–Brown
criterion.

Coal and rock blocks were taken from Wulanmulun
coal mine, and their mechanical parameters were obtained
in laboratory (Table 1). According to [25, 27, 28] and
Table 2, the complete rock coefficient mi, geological
strength index (GSI), and excavation disturbance param-
eter D can be obtained; m, s, and a were obtained (Table 3)
through formulas (2)–(4). )e tensile strength and com-
pressive strength of coal seam and rock strata were de-
termined by formulas (5) and (6). )e elastic moduli of coal
seam and rock strata were determined by formula (7). )e
equivalent internal friction angle and cohesion of coal seam
and rock strata were determined by formulas (9) and (10).
)e parameters of coal seam and rock strata are shown in
Table 4.

5. Numerical Simulation Study on Migration
and Failure Features of Overburden

5.1. Establishment of the Numerical Simulation Model.
According to the actual production conditions and geo-
logical conditions of 12403 working face in Wulanmulun
coal mine, a numerical calculation model was established
through FLAC3D simulation software, with the size of 600m
(x)× 500m (y)× 145m (z), where x-axis represents the coal
seam strike, y-axis represents the coal seam inclination, and
z-axis represents the direction of vertical coal seam, as
shown in Figure 3. )e model adopted the Mohr–Coulomb
criterion.

Because the coal seam is buried shallowly, the natural
stress field is self-weight stress field. So, the upper part of

model is free boundary, and other parts are fixed by dis-
placement boundary conditions.

In order to obtain the characteristics of overburden
migration and destruction accurately, 16 observation lines
were arranged in the strike (y� 250m) and inclination
(x� 300m), respectively. )e observation lines were set at
the surface and 0m, 5m, 10m, 15m, 20m, 25m, 30m, 35m,
40m, 50m, 60m, 70m, 80m, 90m, and 100m away from the
roof, respectively, as shown in Figure 4.

)e inclination length of working face is 300m and the
advancing length is 400m in the model. )e coal pillars with
the width of 100m were left around the mining area to offset
the boundary influence. )e advancing process of the
working face was simulated by step excavation method, and
the single excavation distance was 10m in order to simulate
each advance of the working face.

5.2. Migration and Stress Distribution Characteristics of
Overburden on Strike Observation Surface

5.2.1. Distribution Characteristics of Strata Subsidence on
Strike Observation Surface. According to the simulation
results, the subsidence distribution characteristics on dif-
ferent lines of observation surface y� 250m can be obtained,
as shown in Figure 5.

)e distribution of strata subsidence from 20m above
the roof to the surface is asymmetric in the horizontal

Table 2: Value of excavation disturbance parameter D.

Project disturbance D
)e rock mass is excellent, controlled blasting or rock excavation by machine 0
)e rock mass quality is poor, manual prying or mechanical excavation 0
)e tunnel is located in the squeezing stratum and has floor heave without invert 0.5
)e blasting quality of hard rock tunnel is poor, and the influence depth of loosening is 2-3m 0.8
)e damage of surrounding rock is common and the blasting quality is poor in small-scale slope excavation 1.0
)e damage of surrounding rock is general and the blasting quality is good in small-scale slope excavation 0.7
Large-scale production blasting, serious disturbance, production blasting 1.0
Large-scale production blasting, serious disturbance, mechanical excavation 0.7

Table 3: Correlation parameter values of H-B criterion.

Lithology GSI D mi m s (10− 4) a
Aeolian sand 10 0.7 2 0.01 0.02 0.59
Coarse sandstone 33 0.7 19 0.48 0.61 0.52
Medium sandstone 35 0.7 15 0.41 0.83 0.52
Fine sandstone 40 0.7 12 0.44 1.70 0.51
Sandy mudstone 30 0.7 5 0.11 0.41 0.52
Coal seam 15 0.7 10 0.09 0.05 0.56

Table 4: Mechanic parameters of coal seam and rock strata.

Lithology E (GPa) μ φ (°) c (MPa) σt (MPa)
Aeolian sand 0.22 0.37 3 0.03 0.0023
Coarse sandstone 1.14 0.34 21 0.63 0.0033
Medium sandstone 1.63 0.31 19 0.96 0.0058
Fine sandstone 2.44 0.35 20 1.30 0.0170
Sandy mudstone 1.06 0.37 12 0.42 0.0100
Coal seam 0.28 0.42 10 0.12 0.0006
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direction, showing certain skewness characteristics [22], which
makes the subsidence basin show asymmetry and a large
amount of subsidence at the side of open-off cut. While the
strata subsidence within about 20m above the roof does not
appear skewness characteristics, the distribution of strata
subsidence at different distances from the roof in vertical di-
rection is zonal. )e settlement difference of adjacent survey
lines within 0–20m above the roof is not stable and with
different sizes. )e subsidence difference between adjacent
survey lines within the range of 20m–40m above the roof is
relatively stable, and the subsidence difference within 50m
above the roof to the surface is smaller than that within the
range of 0–40m, with dense distribution, indicating that the
rock stratumwithin this range is close to the overall subsidence.
)emaximum subsidence value of the surface is 2.1m, and the
subsidence coefficient is 0.6, which is close to the surface
subsidence coefficient measured in Shendong mining area.

5.2.2. Distribution Characteristics of Horizontal Displace-
ment of Strata on Strike Observation Surface. )e horizontal
displacement distribution characteristics on different lines of
observation surface y� 250m can be obtained through
simulation, as shown in Figure 6.

Advancing direction

Coal seam strike

Coal seam inclination

y
z

x 600m

500m

14
5m

Fine sandstone

Coal seam

Medium sandstone

Sandy mudstone

Coarse sandstone

Aeoline sand

Figure 3: 3D numerical calculation model of mining.
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An interface exists in the rock stratum, and the hori-
zontal movement of the rock stratum from interface to
surface is generally from both sides to the middle, while the
horizontal movement of the rock stratum from coal seam
roof to interface is generally from the middle to both sides,
which indicate the horizontal movement of rock stratum
within the range of 50m above the roof to the surface is from
both sides to the middle, while the horizontal movement of
the rock stratum within the range of 40m above the roof is
generally from the middle to both sides. )e interface of
horizontal movement in rock stratum is located between
40m and 50m above the roof. )e horizontal movement of
rock stratum above the interface is generally greater than
that of lower rock stratum. )e zero point of horizontal
movement of rock stratum is not in the middle of mining
area, but inclined to the open-off cut side. )e horizontal
movement zero point of rock strata above and below the
interface does not coincide, and the horizontal movement
zero point of the lower stratum below interface is closer to
the open-off cut. )e horizontal movement directions of
stratum between the horizontal movement zero points of
upper and lower strata of the interface are the same, but the
horizontal movements are different except the intersection
point.

Along the strike observation surface, it can be divided
into two parts: one is the opposite direction of horizontal
movement of the upper and lower strata of interface on both
sides; the other is the same direction of horizontal move-
ment between two zero points. )e horizontal displacement
direction of adjacent strata is different, or same with dif-
ferent movement amount, and in both cases, there will be
interlaminar dislocation, including the opposite direction
dislocation and the same direction dislocation (Figure 7).
)e interlaminar dislocation was observed (Figure 8) by
other scholars in the field and similar simulation study.

5.2.3. Vertical Stress Distribution Characteristics of Strata on
Strike Observation Surface. )e vertical stress distribution
characteristics on different lines of observation surface
y� 250m can be obtained through simulation, as shown in
Figure 9.

Along the advancing direction of working face, the
vertical stress value in the rock stratum within a range of
50m below surface keeps basically unchanged, indicating
that the coal mining has no significant influence on the
vertical stress of rock stratum within this range. )e rock
stratum within 60m above the roof along the advancing
direction of working face can be divided into original rock
stress area, stress concentration area, stress reduction area,
stress concentration area, recompaction area, stress reduc-
tion area, stress concentration area, and original rock stress
area. )e rock strata above the open-off cut and the working
face have arch structure, except stress concentration at the
arch foot and stress reduction below the arch, and the rest
are basically in original rock stress state.

5.3. Movement and Stress Distribution of Overburden on
Inclination Observation Surface

5.3.1. <e Distribution Characteristics of the Subsidence on
Inclination Observation Surface. )e distribution charac-
teristics of subsidence on different lines of observation
surface x� 300m can be obtained through simulation, as
shown in Figure 10.

)e subsidence of each stratum from the roof to the
surface distributes symmetrically due to nearly flat coal
seam. )e subsidence of the strata in different layers is also
zonal in vertical direction, which is the same as that of the
strata on strike observation surface. Namely, the subsidence
difference of strata in different layers within the range of
20m above the roof varies in size. However, the subsidence
difference in the strata of 20m above the roof to the surface is
relatively stable, and that within 50m above the roof to the
surface is relatively small, which indicate that the survey
lines are densely distributed.

5.3.2. Horizontal Displacement Features of Overburden on
the Inclination Observation Surface. )e horizontal dis-
placement distribution characteristics on different lines of
observation surface x� 300m can be obtained through
simulation, as shown in Figure 11.

An interface exists within the range of 40 m–50 m on the
inclination observation surface. )e horizontal movement
direction of overburden above the interface is from both
sides to the middle, while the overburden below the interface
is from the middle to both sides.)e zero point of horizontal
movement of the layer is in the middle of mining area, and
the zero points of the upper and lower layers of interface
coincide with each other. )ere are only two different
moving direction areas of horizontal movement of the upper
and lower strata of interface along the inclination obser-
vation surface, and there is no samemoving direction area of
horizontal movement. )e horizontal movement of the
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upper strata of interface is larger than that of the lower strata
on the whole.

5.3.3. <e Vertical Stress Distribution Features of Overburden
on the Inclination Observation Surface. )e vertical stress
distribution characteristics on different lines of observation

surface x� 300m can be obtained through simulation, as
shown in Figure 12.

)e vertical stress in the strata within 50m below the
surface basically remains unchanged along the inclination
direction and distributes in a “W” shape as a whole along the
inclination direction. )e strata within 60m above the roof
can be divided into original rock stress area, stress con-
centration area, stress reduction area, stress concentration

(a) (b)

Figure 7: Types of strata dislocation. (a) Same direction dislocation. (b) Isokinetic dislocation.

(a) (b)

Figure 8: Layer dislocation phenomenon. (a) Field measurement [29]. (b) Similar simulation [30].
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area, and original rock stress area along the inclination
direction.

5.4. Failure Characteristics of Overburden. )e distribution
characteristics of the plastic zone of overburden obtained
from the simulation are shown in Figure 13.

All the strata from the roof to the surface have suffered
different degrees and different types of damage due to

shallow depth. )e bedrock layer is mainly located within
62.5m above the roof and in the state of tensile and shear
failure. )e aeolian sand layer is located within about 50m
below the surface, mainly in the state of shear failure, which
shows the dislocation caused by the different movement of
the upper and lower parts of aeolian sand layer in the process
of movement and deformation. )e simulation results show
that the surface aeolian sand has tension failure, and cracks
may appear on the surface in site.

6. Similar Simulation of Movement and Failure
Characteristics of Overburden

6.1. Similar Simulation Model. A two-dimensional plane
similar model test-bed with the size of 1.8m× 1.2m× 0.4m
was used in the experiment. )e height of model with 10
layers from coal seam floor to the surface is 121.9m. )e
thickness of coal seam, bedrock layer, and overburden are
3.5m, 62.5m, and 48.4m, respectively. )e aeolian sand
layer is simulated with gravel and sand, as shown in
Figure 14.

)e research of similar simulation meets the similarity of
geometry, motion, and boundary conditions as well as the
proportion of corresponding physical quantities. )e linear
ratio, the unit weight ratio, the stress ratio, and the time ratio
of this model are 1 :100, 1 :1.5, 1 :150, and 1 :10, respectively.
)e materials are as follows: aggregate: ordinary river sand
with particle size less than 1.5mm; cement: gypsum and
lime; and layered material: mica powder. )e main me-
chanical and geometric parameters of the model are shown
in Table 5.

6.2. Subsidence Characteristics of Overburden. In order to
monitor the subsidence of the bedrock layer, there were 7
monitoring lines in the bedrock above coal seam and 17
columns along the strike. )e horizontal spacing between
displacement monitoring point is 100mm. )e vertical
spacing between the first and sixth lines is 80mm, and the
vertical distance between the sixth and seventh lines is
100mm. )e first monitoring line is 55mm away from the
coal seam, and the first column on the left is 200mm away
from the boundary. )e monitoring results are shown in
Figure 15.

)e subsidence of rock stratum appears zonal. )e
maximum subsidence of the rock stratum within
21.5m–55.5m above the roof is inclined to the open-off cut.
)ere is no subsidence skewness of the rock stratum within
0m–21.5m above the roof.

6.3. FailureCharacteristics ofOverburden. )e failure of rock
stratum is zonal, forming the caving zone, fracture zone and
bending subsidence zone. According to the analysis of rock
failure, the height of water conducting fracture zone is
62.8m. No fracture through the whole layer exists in aeolian
sand layer because of the fluidity, which makes the fracture
have a certain self-repairing ability. )e transfixion fractures
in rock layer, the main water channel, mainly distribute on
both sides of the mining area, and those in the middle of
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Figure 11: Distribution of horizontal displacement on inclination
observation surface.
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mining area mostly distribute in the lower part of caving
zone and fracture zone. )e fractures can be divided into
horizontal fractures, vertical fractures, and oblique fractures
according to the occurrence, as shown in Figure 16.

7. Actual Measurement of Overburden Failure
Caused by Coal Mining

)e results of physical simulation and numerical simulation
are shown in Figure 17. It can be seen from the figure that the

results obtained by the two methods are very close, and the
accuracy of research results needs to be verified by field
measurement.

In order to measure the damage of overburden after coal
mining in Wulanmulun mine, two observation boreholes
WM1 andWM2 were arranged along the coal seam strike in
12403 working face. )e observation results were analyzed
by considering the situation of drilling process in field and
the change curve of drilling flushing fluid loss compre-
hensively, as shown in Figure 18.

)e height of water conducting fracture zone at holeWM1
is 62.89m, and the height at hole WM2 is 35.74m.)e heights
of water conducting fracture zone determined by numerical
simulation and similar simulation are 62.5m and 62.8m,
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Figure 13: Overburden damage caused by coal seam mining. (a) y� 250m. (b) x� 300m.
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Figure 14: Similar simulation model.

Table 5: )e main mechanical and geometric parameters of the
model.

Lithology ρ (g/cm3) σc (MPa) Strata thickness (cm)
Aeolian sand 1.05 0.08 48.4
Fine sandstone 1.87 0.30 23.3
Medium sandstone 1.75 0.24 18.2
Coarse sandstone 1.62 0.15 1.9
Sandy mudstone 1.69 0.18 2.1
Fine sandstone 1.87 0.30 7.5
Medium sandstone 1.75 0.24 5.3
Fine sandstone 1.87 0.30 4.2
Coal seam 0.94 0.07 3.5
Fine sandstone 1.87 0.30 7.5
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respectively, which are within the range of 35.74m–62.89m
measured in field, and are consistent with the height of hole
WM1.

)e results of numerical simulation, similar simulation,
and field measurement show that although the coal seam
depth of 12403 working face is small, the overburden forms

“three belts,” which is different from the research result of
“two belts” formed in overburden due to some shallow coal
seam mining, but it is consistent with the literature [21]. )e
reason may be that although the coal seam depth in 12403
working face is small, its depth–thickness ratio is relatively
large.

�e fracture zone h = 43m

�e caving zone h = 19.8m

�e bending zone, up to the surface

55°

(a)

Transfixion fracture
Aeolian

sand layer

Bedrock

(b)

Figure 16: Overlying rock damage caused by coal seam mining. (a) Failure of overburden. (b) Distribution of rock fracture.
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Figure 17: Comparison of physical simulation results and numerical simulation results.
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8. Conclusions

(1) Along the strike direction, the subsidence of strata in
caving zone (within about 20m above coal seam
roof) has no characteristics of skewness. However,
the subsidence of strata in fissure zone and bending
subsidence zone shows the characteristics of skew-
ness, which indicate that the subsidence of strata on
the side of open-off cut is relatively large.)e skewed
subsidence of fractured strata in bedrock is the
reason of skewed subsidence of surface. )e research
results can provide reference for finding the maxi-
mum subsidence point

(2) An interface exists in overburden 40m–50m above
the coal seam roof. )e horizontal movement of
overburden from the interface to the surface gen-
erally moves from both sides to the middle, while the
horizontal movement of overburden from coal seam
roof to the interface generally moves from themiddle
to both sides.)e zero point of horizontal movement
of strata in the strike direction is not in the middle of
mining area, but inclined to the side of open-off cut.
)e zero point of horizontal movement of strata
above and below the interface is not coincident, so
there are horizontal movement areas in different
directions and in the same direction

(3) )e damage of overburden is zonal. )ere are no
cracks through the whole layer in aeolian sand, while
there are cracks through the whole layer in bedrock,
mainly distributing on both sides of the mining area.

)ere are local cracks through the bedrock in caving
zone of central mining area and the lower part of
fracture zone. )is study is of great significance to
the protection of water resources

(4) )e heights of water flowing fractured zone are
62.5m and 62.8m, respectively, in numerical sim-
ulation and physical similar simulation study, both
of which are in the range of 35.74m–62.89m
measured in the field. To some extent, the results of
numerical simulation and similar simulation can
provide some reference for water-preserved mining.
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