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During the full-mechanized caving mining, the overburden strata in the double system and extrathick coal seam of the Datong
mining area are largely damaged. Water and harmful gas in the old goaf may be discharged when overburden fractures evolve to
the upper goaf, which poses a major threat to the normal production of the panel. To study themovement of overburden strata and
the evolution of fracture field under the full-mechanized caving mining of the double system and extrathick coal seam, panel 8309
of Tongxin mine was taken as the research object; the evolution rule of fracture field in the full-mechanized caving mining of the
double system and extrathick coal seam was obtained through field measurement and physical similar simulation. .e results
show the following: (1) the far-field and near-field key strata play a decisive role in controlling the fracture evolution of overburden
strata. When the far-field key strata break and the development height of fractures reaches 220.9m, panel 8309 is connected with
the overburden goaf. (2) Based on the “O-shape circle” theory of mining fracture, with the continuous advance of the panel, the
overburden breaks periodically, and a “fracture surface” with a certain angle of 61°–67° can be formed along with the advancing
direction of the panel. (3) When the key strata are broken and the development height of fractures reaches the maximum, the
fracture surface is formed as the “main fracture surface,” which is the only downward discharge pathway for goaf water and
harmful gas. .e overall shape fracture surface is “inverted trapezoid” in the upper part and “positive trapezoid” in the lower part.
(4) Based on the field measurement of the water level of borehole and the observation of mine pressure, the correctness of the
evolution law of the similar simulated fracture field is verified.

1. Introduction

Underground mining is widely applied to extract coal re-
sources. With the gradual depletion of the upper coal re-
sources, deep mining has been gradually developed [1, 2].
During the deep mining of coal, a large amount of old goaf
water and hazardous gas is accumulated in the overburden
goaf [3, 4]. With the continuous advance of the panel from
the open-off cut, the overburden fracture continues to evolve
upward [5, 6]. If the caving space is large enough and the
fracture develops from the bottom to the goaf, the old goaf
water and harmful gas will be discharged, threatening the
normal mining of the panel [7–9]. .erefore, it is necessary
to study the law of fracture evolution of overburden strata.

.e research shows that different mining fractures can be
formed in the overburden strata and the goaf after mining

under different geological conditions [10, 11]. Academician
QianMinggao proposed the O-shape circle theory of mining
fractures [12]. Xu et al. studied the influence of the location
of the main key strata of the overburden on the height of the
water-conducting fracture zone and the calculation method
[13–16]. Considering the geological conditions of the
Datongmining area, Bin et al. established the “triangle plate”
structural mechanics model of the formation of the “hori-
zontal O-X” fracture of far-field key strata [17–19]. Li et al.
established a mathematical model for the dynamic evolution
of the mining-induced fracture elliptic paraboloid zone
considering the mining height and the spacing between the
first key strata and the roof of the coal seam [20]. Wang et al.
studied two different evolution states of structural stability
changes of the main key strata under the influence of mining
height and coal seam spacing [21]. Lin et al. proposed a
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simplified engineering model and its dynamic evolution
process of “mining-induced fracture rounded rectangular
ladder belt [22].” .e above achievements have played a
positive role in the practice of coal mine safety production
and disaster prevention.

However, the above research studies are concentrated on
the mining of thick coal seam and the coal seam with
thickness below. At present, many scholars at home and
abroad have studied the development law of overburden
breakage characteristics and mining-induced fracture in
overburden strata, and the mining thickness of coal seam is
below 8m [6, 23, 24]. However, the average thickness of
Carboniferous ultrathick coal seam in Datong mining area is
15m, and the damage area of the rock strata is usually
enlarged with the highly developedmining fractures [25, 26].
.e water and harmful gas in the old goaf are discharged
when overburden fractures evolve to the upper goaf. .e
research on the evolution process of mining overburden
fracture in the mining of extrathick coal seam (coal seam
thickness >8m) has been rarely performed. .erefore, the
study on the evolution law of fracture field in full-mecha-
nized caving mining of the double system and extrathick
coal seam should be carried out systematically.

Based on the fully mechanized panel 8309 in Tongxin
mine, the relationship between far-field key strata, near-field
key strata, and the evolution of overburden fracture is an-
alyzed in this paper. .e generation and evolution of the
overburden fracture under the condition of superthick coal
seam are explained. .is study provides a theoretical basis
for the study of the development of the overburden fracture
and the treatment of the water and gas drainage in the
overburden goaf.

2. Engineering Geological Conditions

Datong mining area is a mining area of double-system coal
seam with the occurrence of Jurassic and Carboniferous coal
seams. Jurassic coal seams have a wide occurrence with
numerous layers. After mined for more than 100 years in
Jurassic coal seams, a large number of mined-out areas are
generated. At present, the main coal seam in the mining area
is coal seams 3–5# of the carboniferous system, with a
thickness of 14–20m. .e longwall mining with top coal
caving was performed. After mining, the overburden col-
lapsed and moved in a large space, with a wide range of
influence. In Tongxin coal mine, coal seams 3–5# were the
main coal seams.

In this paper, panel 8309 was taken as the research
background. .e coal seam thickness of the panel was
10.8–18.00m, the dip angle was 0°–3°, the coal seam ele-
vation was 818–842m, the ground elevation was
1294.3–1443m, the inclined length of the panel was 200m,
and the strike length was 2843m. Panel 8309 was covered
with 14# coal seam goaf of the Jurassic system. A large
amount of water and toxic and harmful gas was accumulated
in the goaf, as shown in Figures 1 and 2.

3. Field Observation Results of Water
Level in Borehole

To study the affected area of the overburden strata and the
evolution law of the rock fracture during the mining process,
a water level monitoring device was installed for borehole 1#.
Borehole 1# was located in the middle of the front of the
panel, and the final depth of drilling was 592.1m. .e initial
water level monitoring probe was 57.62m below the water
surface. When the probe was pushed from the panel 8309 to
232.6m away from borehole 1# and from the panel 8309 to
85.9m away from borehole 1#, the water level changes were
recorded, as shown in Figure 3.

It can be seen from the above figure that the water level
change of water level monitoring hole 1# can be roughly
divided into three stages as follows:

(1) Slow decline stage: within 232.6–136.6m from panel
8309 to water level monitoring hole 1#, water level of
the borehole slowly drops at the speed of 0.1-0.2m/d.

(2) Slowly rising stage: within 132.1m to −5.5m from
the panel 8309 to the borehole, the water level of the
borehole rises at a speed of 0.02–0.93m/d.

(3) Sudden drop stage: within −5.5m–85.9m through
the borehole of panel 8309, the water level of the
borehole drops rapidly. In the range of −5.5 to
−62.5m, the drilling water level drops at a speed of
1.5–4.2m/d, and in the range of −62.5 to −72.5m, the
drilling water level drops at a speed of 18.48–25.7m/
d. Mining activities result in the evolution of over-
burden fracture, and the change of borehole water
level significantly affects the evolution of overburden
fracture. .erefore, the similar simulation and the
mine pressure observation were used to explore the
evolution law of overburden fracture during the
mining of extrathick coal seam.

4. Similar Simulations of the Evolution
Characteristics of Overburden Fracture Field

4.1. Experimental Design of the Physical Model

4.1.1. Establishment of the Physical Model. .e discrimi-
nation results were obtained by the location discrimination
method of key strata of overburden [27, 28], and the defi-
nition of near-field and far-field key strata [29, 30], as shown
in Table 1. .e research basis for the physical similar
simulation includes the geometric similarity, the kinematic
similarity, and the dynamic similarity [31, 32]. According to
similar conditions, physical and mechanical parameters of
coal seam, and simulated height of overburden strata (see
Tables 1 and 2), the material proportion of physical similar
simulation was determined. .e plane model was adopted,
the model size was 2500mm× 1283mm× 200mm
(length× height×width), the geometric similarity ratio
CL� 1 : 200, the unit weight similarity ratio Cc � 1 :1.5, and
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the similarity ratio of stress to strength Cσ � 1 : 300. Similar
materials included river sand, cement, light calcium car-
bonate, gypsum, borax, and water. Mica powder was
sprinkled on each layer of the laid rock to simulate the layer
stratification. .e unsimulated rock layer above the model
was compensated by hydraulic cylinder loading. Referring to
geological data, the buried depth of the top layer of the
model was 340m, the average unit weight of the overburden
strata was 2.4 t/m3, and the value of the upper boundary was
8.2MPa.

4.1.2. Excavation Steps in the Physical Model. .e layout of
measuring points and excavation part of the model is shown
in Figure 4. .e key strata refer to the strata which control
the whole or partial overburden movement from the
overburden to the surface. In this paper, the near-field key
strata are the key strata close to the 8309 working face, which
are the siltstone; while the far-field key strata are the key
strata far from the 8309 working face, which are the coarse
sandstone. After the model was naturally air-dried, the
pressure above the rock strata was slowly increased from
0MPa to 0.1MPa by adjusting the control console. .en, the
pressure was gradually increased to 0.18MPa and main-
tained at 0.18MPa. Coal seam 14# was excavated 380m from
left to right, and then coal seams 3–5# were excavated 380m
from left to right, and 20m for each excavation.

4.2. Overburden Movement and Fracture Evolution in Stope

4.2.1. Overburden Fracture and Fracture Evolution Char-
acteristics in Stope. .e far- and near-field key strata were
relatively thick with the large strength and good bearing
capacity, and the soft strata were relatively small in thickness
and low in strength. When 3–5# extrathick coal seams were
mined, the overburden fractured with the breakage of near-

field key strata or far-field key strata. .erefore, the key
stratum structure has a controlling effect on the whole
stratum movement, and the fracture of near- and far-field
key strata determines the movement and fracture evolution
of the whole overburden.

According to the experimental results, the failure of
overburden can be divided into two stages, near-field key
stratum fracturing stage and far-field key stratum fracturing
stage:

(1) Near-field key stratum fracturing stage: when the
panel was advanced to 120m, the overburden
fractured to the bottom of the near-field key strata,
and there was a large separation area at the bottom;
when the panel was advanced to 160m, the near-field
key strata fractured, and a part of the upper strata
also broke down. .e overburden break did not
develop to the bottom of the far-field key stratum 1.
.e reasons are as follows: the space of the separation
area is not enough, the overburden fracturing dis-
tance is not reached, and the overburden fracture
does not develop upward.

(2) Far-field key stratum fracturing stage. When the
panel was advanced to 180m, the overburden was
fractured to the bottom of the far-field key strata, and
the rock layer inside and above the far-field key strata
was stable; when the panel was advanced to 240m,
the far-field key stratum 1 was broken, the interlayer
in the middle of the far-field key strata was fractured
along with the far-field key stratum 1, and the
bottom of the far-field key stratum 2 was separated
from the layer. However, due to the lack of space in
the separation zone, the far-field key stratum 2 did
not break, with the continuous advance of the panel,
when the panel advanced to 300m, the far-field key
stratum 2 fractured, and overburden strata were

CO CO
CO

CO

CO
CH4

CH4

CH4Water Water

Jurassic
system

Barrier pillar

150~200m

Carboniferous
system

3–5# coal
CH4

CH4

CH4

CO

Figure 1: Schematic diagram of water and gas discharge disasters in double-seed mining in Datong mining area.
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subsequently bent and separated. .e horizontal
fracture developed directly to the goaf in coal seam
14#. At this time, there were also small vertical

fractures. .e panel was connected with the 14# coal
seam goaf, but the opening of the upper part of the
fracture face was very small. .erefore, only a small
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Figure 2: Drilling histogram of panel 8309.
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amount of water and gas can be discharged, which
had a rare effect on the safety production of the work
surface.

Based on the O-shape circle of mining fracture, with the
continuous advance of the panel, the overburden strata
fractured periodically, and a fracture surface with a certain
angle was formed in the coal seam, which is called “the
fracture surface.” Afterwards, when the fracture surface
developed to the overburden goaf, the water and harmful gas
in the overburden goaf were discharged to the panel through
the fracture surface, which is called “the main fracture
surface.” .e main fracture surface was divided into three
parts: the first part was from the coal seam roof to the bottom
of the far-field key strata, with an angle of 62°; the second
part was only the far-field key strata, with a large fracture
angle, where the angle of the fracture surface here was
greater than 62°; the third part was the goaf from the top of
the far-field key strata to coal seam 14#. .e fracture de-
veloped in the right direction, and the overall shape was
“inverted trapezoid” in the upper part and “normal trape-
zoid” in the lower part, as shown in Figures 5 and 6.

4.2.2. -e Detailed Result of Five Survey Lines for
Displacement. .e vertical displacement curves of five
survey lines are obtained in Figure 7. Specifically, the survey
lines of number 2 and number 4 for displacement are located
at the top of far-field key strata and near-field key strata,
respectively. .e characteristics of vertical displacement of
key strata and the distribution of the size of broken block
under different advanced distances are obtained, by ana-
lyzing the data of survey lines with the XITUDP system.
When the advanced distance of working face changes from
140m to 160m, the near-field key strata break initially, and
the subsidence value at the top of near-field key strata is
3.5m; when the working face advances to 240m, the near-
field key strata periodically break, and the broken distance is
80m, which is shown in Figure 7(d). When the working face

advances to 300m, the far-field key strata break initially, and
the broken distance is 160m, which is twice as large as that of
the near-field key strata, which is shown in Figure 7(b).

4.2.3. -e Relationship between Advancement Distance with
the Height of Fracture Evolution. .e evolution height of
mining fractures in the overlying strata during the advance
of the working face is statistically obtained, which is shown
in Figure 8. .e height of mining fractures develops to 90m,
when the initial break of the near-field key strata occurs, and
the advanced distance of working face is 160m..e fractures
continue to develop upward, as the working face advances.
When the working face advanced to 260m, the fractures
develop to 123m and remain stable, which is at the bottom
of the far-field key strata. When the working face advanced
to 320m, the fractures develop to the goaf of 14# coal seam.
It is obvious that the fracture development can be prevented
by the key strata to some extent; besides, the fractures de-
velop to the goaf of 14# coal seam, when the far-field key
strata break totally.

4.2.4. Influence of Key Strata on the Overburden Fracture
Evolution in Stope

(1) Influence of Near-Field Key Strata on Fracture Surface
Evolution. .e near-field key strata were 61.2m above the
coal seams 3–5 # and located in the fracture zone of “three
zones.” After the periodic fracture, a masonry beam
structure was generally formed by the near-field key strata.
When the separation zone of the upper part of the near-field
key strata was large enough, all the soft rocks between the
near-field key strata and the far-field key strata fractured and
collapsed with the breakage of the near-field key strata. As a
result, the fracture surface with a certain angle was formed at
each rock layer.

(2) -e Influence of Far-Field Key Strata on the Evolution of
Fracture Surface. .e far-field key strata were located
108.7m above coal seams 3–5#, and the distance between the
key strata and the coal seam was 7.7 times of the mining
thickness. When the coal seam was excavated to 240m, the
far-field key stratum 1 was broken; when the panel was
advanced to 300m, the far-field key stratum 2was broken for
the first time. At this time, the upper layer of the far-field key
strata was deformed and broken, and the horizontal and
vertical fractures were developed to the goaf of coal seam
14#, forming the main fracture surface for water and gas
conducting. .e angle and height of fracture surface de-
velopment are shown in Table 3. If the excavation was
performed continuously, the fracture surface and the main
fracture surface appeared alternately. .e fracture distance
of far-field key stratum 2 was about twice of that of near-field
key strata.

According to the above analysis, the overburden key
strata in stope play a controlling role in the evolution of the
fracture surface. With the advance of the panel, the periodic
mine pressure of the panel occurs, the overburden strata
fracture periodically, and fracture surface appears
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Figure 3: Variation of water level in drilling with the advance of the
panel.

Advances in Civil Engineering 5



Table 1: Simulated height of overburden.

No. Lithology .ickness (m) Key strata type
1 Fine-grained sandstone 6.4

Far-field key stratum 1

2 Siltstone 8.2
3 Coal 14 2.9
4 Siltstone 8.6
5 Sandy mudstone 6.5
6 Medium-grained sandstone 4.3
7 Mudstone 4.2
8 Coarse-grained sandstone 3.6
9 Medium-grained sandstone 3.4
10 Mudstone 9.1
11 Fine-grained sandstone 1.6
12 Mudstone 2.0
13 Fine-grained sandstone 4.3
14 Mudstone 17.3
15 Fine-grained sandstone 5.3
16 Siltstone 27.7 Far-field key stratum 217 Fine-grained sandstone 2.6
18 Siltstone 11.7

Far-field key stratum 3

19 Sandy mudstone 7.3
20 Fine-grained sandstone 3.0
21 Sandy mudstone 2.0
22 Coarse-grained sandstone 6.4
23 Coarse sandstone with gravel 4.6
24 Coarse-grained sandstone 3.2
25 Coarse sandstone with gravel 2.8
26 Coarse-grained sandstone 5.5
27 Coarse sandstone with gravel 12.7

Near-field key strata

28 Coarse-grained sandstone 5.8
29 Coarse sandstone with gravel 7.0
30 Mudstone 5.2
31 Sandy mudstone 3.6
32 Coarse-grained sandstone 6.2
33 Sandy mudstone 4.1
34 Medium-grained sandstone 2.4
35 Coarse-grained sandstone 2.4
36 Sandy mudstone 5.9
37 Coarse-grained sandstone 3.1
38 Mudstone 6.7
39 Sandy mudstone 1.9
40 Coarse-grained sandstone 5.3
41 Sandy mudstone 1.6
42 Coals 3–5 14.1

Table 2: Physical and mechanical parameters of coal and rock layers.

Lithology .ickness
(m)

Burial depth
(m)

Density
(kg/m3)

Tensile strength
(MPa)

Compressive
strength (MPa)

Elastic modulus
(GPa) Poisson ratio

Fine-grained
sandstone 6.44 346.13 2700 6.4 175.01 44.65 0.124

Siltstone 8.21 354.34 2604 4.89 151.49 37.29 0.164
Sandy mudstone 6.48 372.29 2681 4.4 143.98 38.07 0.291
Medium-grained
sandstone 4.3 376.59 2654 5.72 161.96 38.9 0.221

Mudstone 4.2 380.79 2752 2.72 116.01 29.4 0.326
Coarse-grained
sandstone 3.64 384.43 2540 2.56 61.76 18.28 0.219

Coarse sandstone
with gravel 4.57 492.61 2528 3.2 54.75 15.33 0.232

Coal seams 3–5# 14.05 592.18 1426 4.2 24.8 4.2 0.32
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Figure 5: Movement and fracture evolution of overburden along with the panel: (a) the excavation of 120m; (b) the excavation of 160m.
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Figure 7:.e vertical displacement curves of five survey lines: (a) the vertical displacement curve of survey line of number 1; (b) the vertical
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periodically. Besides, the location of overburden failure and
the height of the fracture surface increase, and the angle of
the fracture surface is between 61°–67°. .e near-field key
strata control the shape of the fracture surface of the lower
strata, and the far-field key strata control the shape of the
fracture surface of the lower strata and determine whether
the fracture surface can be connected with the goaf.

4.2.5. Analysis of Water and Gas Discharge Process.
When the far-field key strata were broken, the main
fracture surface was formed. .e water in the old goaf
comes from rainfall, rivers, and the overlying aquifer, while
the harmful gas in the old goaf come from the left coal
spontaneous combustion. .e water and harmful gas in the
goaf of coal seam 14# first diffused to the fracture in the
upper layer of the far-field key strata and then entered the
lower layer through the fracture surface of the far-field key
strata structure. .e water discharge is driven by gravity in
the old goaf, while the discharge of harmful gas is con-
trolled by negative pressure ventilation. Because the main
fracture surface had a large opening fracture, the fracture
surface behind the panel was closed with the advance of the
panel, and most of the water and harmful gas were dis-
charged from the main fracture surface to the goaf, as
shown in Figure 9. .e water discharge occurred at first,
followed by the discharge of harmful gas in the old goaf. If
there was a large amount of old goaf water and harmful gas,
water inrush of the panel and harmful gas overrun can be

caused. If the far-field key strata were thick or far away
from coal seams 3–5#, the far-field key strata did not break
under the influence of mining but acted as the water-
resisting key strata. As a result, the main fracture surface
cannot be formed, and the old goaf water and harmful gas
cannot be discharged.

5. Analysis of the Relationship between the
Water Level of Borehole and the
Mine Pressure

.e fracture evolution of overburden is the result of the
overburden movement during coal mining. .e support
rock pressure data can well reflect the collapse and fracture
of overburden and obtain the periodic fracture distance of
key strata. .erefore, during the observation of borehole
water level, the mine pressure of 58# support in the middle
of the panel was observed, and the corresponding rela-
tionship between the water level and the maximum daily
mine pressure of 58# support was obtained, as shown in
Figure 10.

As shown in Figure 10, three times of large mine
pressures occur in the panel. When the panel was 188.3m
away from the borehole, the first mine pressure occurred;
114.6m away from the borehole, the second mine pressure
occurred; and 13.5m away from the borehole, the third
mine pressure occurred. When the third mine pressure
occurred, the far-field key strata fractured periodically and
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Figure 8: .e relationship between advancement distance and the fracture evolution height.

Table 3: Relationship between advancement detail and the overburden fracture surface.

Fracture type Advancement (m) Height (m) Angle (°)
Fracture surface 1 100 26.9 63
Fracture surface 2 120 61.2 62
Fracture surface 3 160 108.7 67
Fracture surface 4 200 108.7 61
Fracture surface 5 240 123 61
Fracture surface 6 260 123 62
Main fracture surface 7 300 220.9 62
Fracture surface 8 320 123 62
Main fracture surface 9 360 220.9 67
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rotated gradually, and the borehole water level began to
drop. Due to a small rotation angle of the far-field key strata
in the early stage, the water level dropped slowly; in the
later stage, the main fracture surface was formed, and the
drilling water quickly dropped below the probe through the
main fracture surface. .e water level decreased from
0.62m/d to 0m/d during the advancement of the panel
from 78.9m to 85.9m..e angle range of the main fracture
surface was calculated as 63.7°–65.6°, which was consistent
with the angle 62°–67° of the main fracture surface obtained
by similar simulation. .erefore, the feasibility of the
similar simulation is proved.

6. Conclusions

(1) .e lithology of overburden and the key strata of far-
field and near-field in the 8309 double-system

extrathick seam of Tongxin coal mine are analyzed. It
is concluded that there are a near-field key stratum
and two far-field key strata above the 3–5# coal
seams. Besides, the similar simulation experiment is
performed. .e results show that a fracture surface
with a certain angle can be formed by the periodic
fracture of the far- and near-field key strata, and the
fracture surface range is 61°–67°.

(2) Based on the experimental analysis, the main frac-
ture surface is formed by the fracture of the far-field
key strata. .e overall shape is “inverted trapezoid”
in the upper part and “positive trapezoid” in the
lower part, which is the necessary channel for the old
goaf water and harmful gas discharge. If the far-field
key strata do not break, an extrathick barrier layer
can be formed..e fracture surface can only develop
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Figure 10: Relationship between water level of the borehole measuring point and mine pressure.
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Figure 9: Schematic diagram of the water and gas drainage channel and process in the goaf.
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to the bottom of the far-field key strata, and there will
be no water and gas discharge in the goaf.

(3) .rough the observation of water level and mine
pressure in the panel, the water level begins to drop
after the panel is advanced to 13.5m through the
borehole, and the far-field key strata are completely
fractured. When the key strata are broken and the
development height of fractures reaches the maxi-
mum, the fracture surface is formed as the “main
fracture surface,” which is the only downward dis-
charge pathway for goaf water and harmful gas. It is
verified that under this condition, there is micro-
fracture conduction between the panel and the
overburden goaf.
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