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The stratified mining of super thick coal seam is a process of repeated disturbance of the top roof, especially in the lower
stratification, the upper complex rock layer has a greater settlement space, resulting in great changes in the strata structure and
fissure distribution. The main coal seam thickness of Rujigou Coal Mine exceeds 20m, due to the high gas content of the coal
seam, it is prone to spontaneous combustion, and the stratified mining method is adopted. When a small-size section coal
pillar (less than 10m) is used, the complex rock structure evolution and fissure development characteristics during the
stratified mining of shallow buried thick coal seam will directly affect the movement of gas transportation between the
working face and the goaf and will directly affect the safety of the working face. Taking Rujigou coal mine as engineering
background, this paper analyzes the breaking structure, fracture development, and evolution law of overlying strata in
different layers and different sections of coal seam when the buried depth is shallow, and the extra-thick coal seam is
stratified mining. The results show that in the process of stratified mining, the overlying strata break, in addition to the
whole trapezoidal failure structure, will also form a local F type fracture structure, and with the stratified downward
mining, the F type fracture structure will continue to move up and disappear until it is compacted. The “V” type and “U”
type subsidence characteristics of different strata overburden are presented after mining in stratified working face of extra-
thick coal seam, and the subsidence amount is approximately symmetrical distribution along the middle line of goaf. In
the mining process of the lower part of the layer, the end broken rock block is easy to slip along the hinge point by the
hinged rock beam structure, and the sliding instability occurs. In the process of stratified mining of ultrathick coal seam,
the main fissure of overburden is mainly longitudinal fissure, and it is very easy to form through with the upper layer and
will finally connect with the surface under the condition of shallow buried depth. The inclined cracks connected with the
adjacent goaf are formed above the coal pillar of the section, which becomes the passage of gas migration in the goaf. The
research conclusion shows that for the stratified mining of high gas thick coal seam, special attention should be paid to
the treatment of the gas on the stratified working face. In addition to the conventional gas treatment measures such as
coal seam prepumping, the buried pipe pumping in the mining area can also be adopted, which can effectively reduce the
gas concentration of the working surface.

Hindawi
Geofluids
Volume 2021, Article ID 5555451, 18 pages
https://doi.org/10.1155/2021/5555451

https://orcid.org/0000-0001-9695-2759
https://orcid.org/0000-0002-8705-2414
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5555451


1. Introduction

In the process of longwall face mining, the overlying strata
collapse and break under the action of gravity after coal
seam mining, thus, forming the overburden three zones.
Among them, the collapse zone and fissure zone are good
migration pathways of water, gas, and other fluids [1–3].
Stratified mining refers to the mining method by stratifica-
tion that the low-angle dip thick seam sliced along the
roof or the emergency inclined coal seam sliced along
the elevation [4, 5].

Compared with the top coal caving mining, the strati-
fied mining has features such as multiple disturbances,
long mining cycle, and large actual extraction thickness
of the coal seam, so the complex rock structure and com-
plex rock fissure development have their unique places [6,
7]. Some scholars for example Han et al. [8] used electro-
magnetic detection, Y. et al. [9] used microseismic moni-
toring, Xiao et al. and Xin et al. [10, 11] used drilling
hole monitoring, M.A. et al. [12] used similar simulation
experiments, and Xiaoqian [13] performed theoretical
analysis, the overburden rock strata fracture development
progress and height was systematically studied of the thick
coal seam.

Scholars at home and abroad have also carried out study
an in-depth on the overburden rock strata movement and
control technology, support pressure distribution, and fis-
sure development characteristics under the repeated mining
conditions of thick coal seam.

It has been systematically studied the surface settlement
of thick coal seam under mountain [14] and thick loose
layers conditions [15–17]. The influence of the mining
depth, extracted coal thickness, mining times, and lithology
of rock to activation coefficient [18–20] were explored. The
subsidence coefficient expression of the surface and inside
the rock layers was derived [21]. It is also proposed that
the void part in the overburden rock strata damage zone
during coal seam mining is converted to surface subsidence.
During stratified mining, the neogenic fissure is small, and
the old cracks will be closed, so the surface subsidence vol-
ume increased [22, 23].

Yonghua, Xiao and Xin [10, 11, 24, 25] studied the fail-
ure patterns and characteristics of the overlying strata by
repeated mining of fully mechanized mining. The technique
of controlling the failure height of overburden under strati-
fied mining condition is proposed. Xianfeng et al. [12, 26]
analyzed the roadway support principle and stratified min-
ing strength of the stratified working face of the extra thick
coal seam. Zeng et al. [13, 27] studied the fracture distribu-
tion characteristics of overlying strata after caving coal in
huge thick coal seam in Zhundong Dajing mining area. It
is suggested that the influence of coal caving stratification
on aquifer disturbance is small. Sun and Fu [14, 28] estab-
lished the plane physics similarity simulation model, and it
is clear that rock deformation is not an equivalent superpo-
sition under the influence of stratified repeated mining.
Tang et al. [15, 29] studied the distribution of supporting
pressure in two directions: direction and tendency of strati-
fied mining of thick coal seam.

Taking Rujiigou anthracite company in Helanshan coal-
field of NingXia Province of China as engineering back-
ground, this paper discusses the structure and fracture
development law of overburden rock strata in multisection
stratified mining of ultrathick coal seam under the condition
of shallow buried mining. It will provide technical support
for mine pressure control and gas disaster prevention.

2. Engineering Background

Rujigou Coal Mine is located in the southernmost tip of
Rujigou exploration area in Helan Mountain coalfield,
shown in Figure 1.

High and steep mountain slope, simple geological struc-
ture, few faults, extremely low aquifer permeability, and low
water filling exist, and hydrogeological conditions of the
mine are simple. The mine still has coal seam gas geological
reserves of 1.17 billion m3, which are small coal seam gas
field, and the reserve abundance is at a high value.

The main mining coal seam is no. 2-3. The average
thickness of coal seam is 18.09m, the original gas content
is 21.77m3/t, and the original gas pressure is 0.45MPa,
which is stable high gas thick coal seam. The 010202 seg-
ment of the mine is located at the syncline axis of Rujigou.
The buried depth is 100~300m, which is divided into five
layers. The height of each layer is 3.6m, the strike length
is 1550m, the inclined length is 236m, and the average
coal seam inclination angle is 4°. The 010203 segment is
adjacent to 010202 segment and which is divided into five
layers too, and the height of each layer is 3.6m. Between
the two segment, the coal pillar width is 5m. The surface
of the two working faces is the surrounding open pit mine
stripping slag storage platform, so the surface is relatively
flat. The surface and layout of the working face are shown
in Figures 2 and 3.

Under the influence of mine mining succession, the
010203 segment is set up as the distribution face of 010202
segment. One of the stratified working faces is to start mining
after the third layer mining in 010202 segment, and then to the
fourth layer of 010202 segment for mining. Therefore, because
the coal seam is high gas coal seam, it is necessary to study the
structure and fracture development law of overburden during
stratified mining in 010202 section and the conduction law of
overburden fissure and overburden fissure zone in 010203 sec-
tion, which is helpful to clarify the production process of gas
prevention and take some technical measures.

3. Simulation Model Construction and
Monitoring Programme

In the National Engineering Laboratory of Coal Mine filling
and Mining of Shandong University of Science and Technol-
ogy, the simulation test of similar materials is carried out to
reproduce the process of stratified mining in the face of extra
thick coal seam, and the characteristics of overburden struc-
ture change and fracture development are analyzed
intuitively.

Within the scope of mining field, the average inclination
of coal seam no. 2-3 is only 4 degrees, and the area of 010202
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and 010203 segment is near to the axis of Rujigou syn-
cline, and the dip angle of the coal seam is smaller. There-
fore, the formation is reduced to a near-horizontal
formation during the establishment of a similar simulation
model, which will not cause significant error to the
research conclusion.

3.1. Similarity Simulation Model Establishment. The test
platform is composed of frame system, test system, and dis-
placement monitoring system. Southern NTS-332R4 total
station instrument was used to record the displacement
change of reflector. The migration law of overlying strata

during mining with high definition digital camera monitor-
ing model is shown in Figure 4.

3.1.1. Determination of Similarity Ratio of Model. The simu-
lation of design similarity should follow the basic similar
conditions such as geometric similarity, time similarity, bulk
density similarity, elastic model similarity, strength similar-
ity, and stress similarity. The similarity constants are deter-
mined as shown in Table 1 below.

3.1.2. Similar Material Modeling Process. In the early stage of
the similar test model; the river sand is screened out; the
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Figure 2: Layout of 010202 and 010203 segment in Rujigou Coal Mine.
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Figure 1: (a) Mine Location, Ningxia Province, China. (b) Panorama of the coal mine.

3Geofluids



fixed channel steel is marked in proportion; the quality of
river sand, quicklime, gypsum, and water is taken by elec-
tronic weighing; the weighing material is poured into the
mixer and mixed evenly; and the matched material is poured
into the similar simulation test frame, which is shown in
Figure 5.

3.2. Monitoring Point Layout and Mining Method.When the
similar simulation test bed is laid, after 3 days of natural dry-
ing, the baffle of the test bed is removed. According to the
size of the test bed, ink lines with spacing of 10m × 10m

are arranged in the horizontal and vertical direction of the
model surface, and all coal seams are blackened with ink.
In order to observe the development law of overburden frac-
tures more clearly, 8 displacement monitoring lines and 152
monitoring points are arranged in this model. The height of
the measuring line from the roof of the coal seam is 8m,
18m, 28m, 38m, 48m, 58m, 68m, and 78m; the interval
between the measuring points in the horizontal and vertical
directions is 10m; the mining step distance is also 10m; and
the displacement observation is carried out by using the total
station instrument, as shown in Figure 6.
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Figure 3: Comprehensive column diagram of the hydrogeology of the underlying strata.

Electronic total stationDigital cameraTest platform

Figure 4: Measuring and record equipment.

Table 1: Similar parameters of the test model.

Similar constant
Geometry
Cl

Bulk density
Cγ

Time
Ct

Strength Cσ
Elastic model

CE

Poisson’s ratio
Cμ

100 1.5 10 150 150 1
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4. Overburden Structure Evolution under
Stratified Mining Influence

The simulated mining length of 010202 section is 90m, and
the simulated mining length of 010203 section is 50m,
which is affected by the test bench size. The sequence of coal
seam mining is the first layer of 010202 section→the second
layer of 010202 section→the third layer of 010202 sec-
tion→the first layer of 010203 section. Although affected
by the size of the test bench, the length of the simulated
excavation of the working face is only 90 and 50m, but
through the analysis of the subsequent test results, the over-
lying strata have been fully mined after the excavation of the
working face. Therefore, the research results will not appear
too large error. There are 30 protective m at the left end of
010202 section and 25 protective m at the right end of
010203 section. Since the cumulative mining height of the
model is large, the super white glass plate of 2:4m × 0:8m
is covered on the front surface of the model before the sim-
ulated excavation to prevent the model from falling off the
broken block. The simulated mining height of the model is
3.6m, and each mining cycle is 10m, waiting for the model

overburden to migrate and stabilize before continuing the
next mining. The interval is about 1 h-2 h; during the exca-
vation process, the high-definition camera is used to record
the test phenomenon in time. Record displacement data
with total station.

4.1. Fracture Characteristics of Overburden in the First
Branch of Section 010202. When a stratified working face
of 010202 segment is advanced to 30m, the overlying basic
top is subjected to tensile stress, At this point, the direct
top reaches the maximum suspended top distance, as shown
in Figure 7(a). At 40m, increased direct top exposure, shear
failure occurs when the tensile stress of the upper overbur-
den exceeds the limit of rock strength, in the middle of the
region. After breaking the two ends, the rock blocks are
extruded to form a typical “masonry beam” hinged struc-
ture. At this time, the overlying strata collapse height is
8m, and fracture angle of rock formation is 51°. At 50m,
the original “masonry beam” hinge balance was broken. To
form a new articulated balance structure, the overburden
fracture zone continues to develop upward and forms
through fractures. There is a significant separation of the

Figure 5: Similar material model laying process.
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Figure 6: Schematic layout of monitoring points for similar test models.
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Figure 7: Continued.
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upper and lower key layers, from the height of the seam roof
about 13m. Because of the formation of the separation layer,
the lower low key layer is in a suspended span state, the
direct top of the caving zone is in a regular breaking state,
the cracks are widely distributed and have certain regularity,
and the collapse form is shown in Figure 7(b). When the
working face advances to 70m, the span distance of the
low key layer increases further, the tensile stress exceeds
the strength limit at the end of the support, and there is a
significant fracture at the end. The fracture pattern is shown
in Figure 7(c). When the working face is pushed to 90m, the
thick rock overburden closest to the surface bends and sinks,
and the height of the layer reaches 57m; because there are
many overburden cracks near the coal pillar in the section
of 010203, the fault pattern of overburden is shown in
Figure 7(d).

4.2. Characteristics of Overburden Fracture in Secondary
Mining in 010202 Section. The simulated mining height is
3.6m, and the simulated mining begins at 30m on the left
side of the model. When the advancing distance of the
two-layer working face is 0-10m, the overburden gradually
settles with the coal body of the two-layer; when the work-
ing face advances to 20m, there is a new fault line
between the layers due to uneven rock subsidence near
the opening hole; when advancing to 30m, the overburden
tilts further to the high position and the hinge structure
appears. The left rock block and the goaf side rock block
squeeze each other, transfer horizontal force, overburden
remains stable, and overburden break form is shown in
Figure 8(a).

A new fault fissure is formed in the second layer working
face to 40m, the fracture rock block rotates and sinks along
the fault, and the height from the layer increases further.
When the first layer is mined to 70m, the thick rock layer
breaks for the first time and forms an articulated structure.
When the second layer working face advances to 50m, a

new fracture line appears in the high thick rock layer, which
reduces the size of the thick rock block and forms a new
hinged structure after stabilization.

The rock blocks that continue to advance to 60m, and
thick strata continue to break and form hinged structures
because of the increase of the length of suspension. After
the fracture occurs in 70m, the overburden continues to sink
along the fissure and the gap increases. The nearest thick
rock layer is broken along the fault line.

When the working face is pushed to 90m, the cracks in
the goaf are obvious. The height of the fissure above the
nearest thick rock layer reaches the maximum, about 2m,
and the main overburden also appears again, as shown in
Figure 8(d).

4.3. Characteristics of Overburden Fracture in Three-
Component Mining in 010202 Section. After the second layer
is finished, the overlying strata are stabilized, the third strata
of 010203 section continue to be mined, and the simulated
mining height is still 3.6m. When the three-layer working
face advances for 10m, the direct top continues to settle.
When pushed to 20m -30m, the hinged structure is
destroyed, the original overburden is further broken to form
small rock blocks and falls irregularly in the goaf, and the
low key layer continues to sink. The original hinged struc-
ture is in quasistable state, as shown in Figure 9(a).

When the working face advances to 40m, the thick
rock structure blocks turn and sink, the overlying strata
also rotate and sink with the fault line, the fracture line
becomes larger, and the fracture line is obvious. As
shown in Figure 9(b), the slip rock is sinking along the
fault line.

When the working face advances to 70m, the nearest
thick rock layer from the surface is broken, then the lower
layer is compacted, the overlying rock under the surface is
deposited above the goaf, the coal seam overburden subsi-
dence is more obvious, the mining fissure develops directly

90 m

57 m

Main roof separation 

(d) 90m of working face mining

Figure 7: Evolution of overburden structure in a first-layer working face in section 010202.
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to the surface, and the three mining overburden subsidence
zones shift to the goaf center line.

The face has been pushed to 90m, overburden directly to
the surface, trapezoidal caving settlement area has been
formed above the coal seam, and the overburden in this area
has been basically compacted. Affected by multiple mining,
the end and middle double fault lines reach the surface, as
shown in Figure 8(d).

4.4. Fracture Characteristics of Overburden in the First
Branch of Section 010203. At the end of the mining in the
010202 section, the overlying strata are transported and sta-
bilized, and the working face in the 010203 section is mined.
The simulated mining height is 3.6m..

Before the first working face of 010203 section
advances to 30m, the direct top of coal seam does not
reach the breaking step distance, but the overburden does
not break and collapse, but there are different degrees of
separation between the overburden layers. However, in
the coal pillar side of 010202 section near 010203 section,
due to the influence of accumulative mining thickness and
repeated mining, the overburden fracture line width is
large. Under the influence of overlying rock pressure and
self-weight, the overburden gradually forms tension crack.
Characteristics of overlying strata failure movement during
the first slicing mining in section 010203， as shown in
Figure 10(a)–10(e). When the direct top suspension area
of the first layer working face is larger than the control
top distance 40m, the overburden breaks and collapses
in the goaf, the overlying strata appear with the separation
layer, and the overlying strata are extruded to form a
hinged equilibrium structure near the 010202 section.
When a stratified working face is pushed to 50m, the
overburden is normally broken, settled, and accompanied
by delamination formation. The overburden collapse
height is about 24m. The cantilever beam structure
appears on the side overburden of the small coal pillar
in the adjacent section, and the stress of the small coal pil-
lar increases.

Due to the influence of large mining thickness and shal-
low buried depth on the engineering geological conditions of
coal seam no. 2-3 in Rujiigou anthracite branch, when the
section small coal pillar is used for stratified mining, the
overburden above the goaf forms a positive trapezoid struc-
ture, and the fracture angle of the strata is between 74-78°.
Compared with the fully mechanized caving mining
method, the fracture angle of the strata increases slightly.

Synthesizing Figures 7–10, the F type local breaking
structure will be formed in the positive trapezoid breaking
overburden during the layered mining process, and with
the downward movement of the mining stratification, the F
type local breaking structure will gradually move up and
slowly be compacted and disappeared. At the beginning of
stratification in the adjacent sections, the cracks in the
inverted trapezoid overburden above the coal pillar of the
section are developed, and the cracks in the two mining sec-
tions are connected with each other.

On the other hand, it can be seen from Figure 10 that
after mining in section 010202, the main fractures parallel
to the goaf fracture line (such as Ma-F zone in
Figure 10(c)) and secondary fissures (such as Mi-F zone
in Figure 10(d)) are formed under the influence of over-
burden strata self-weight. Because of the small size of coal
pillar, these fissures will easily communicate with 010203
section along its extension direction. At the same time,
under the action of mining pressure, the fissures in small
coal pillar will be very developed. Therefore, the small coal
pillar will make the adjacent mining area easy to form a
crack.

For the stratified mining of thick coal layer, the fissure
development process of the overlying layer is different
during the mining. The new fissure is created by the clo-
sure of the old fissure. Thus, some specific structures with
stratified mining characteristics are formed such as the F-
strata structure. However, after the coal seam mining, the
final fissure distribution in the overlying roof is not partic-
ularly related to stratified mining or the whole layer
mining.

78 m

90 m

Newly created roof separation 

Main roof
broken line

Secondary roof
broken line

(d) 90m of working face mining

Figure 8: Evolution of overburden structure in secondary working face of 010202 section.
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Figure 9: Continued.
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5. Migration and Fracture Conduction of
Overburden in Multisection and
Multilayer Mining

5.1. Overburden Displacement in Stratified Mining of Extra-
Thick Coal Seam. Figures 11(a)–11(c) are the curve of rock
subsidence during mining of 1-3 stratified working face in
010202 section. We can see from Figure 11(a) that after
the first mining of the extra thick coal seam, the monitoring
line is I~V located in the overburden fracture zone area,
where the vertical subsidence displacement of the no. 5
and no. 6 points on the monitoring line is the largest. With
the time effect overburden separation area gradually com-
pacted, the overburden deflection on both sides of goaf grad-
ually becomes smaller, and the subsidence displacement also
tends to become smaller, resulting in concave subsidence
phenomenon, which generally shows a large displacement
in the middle of goaf. The displacement on both sides of goaf
gradually becomes smaller. Because the monitoring line 6~ 8
is above the key layer, there is almost no displacement
change and a stable structure.

Since Figure 11(b), after mining in the second coal seam
working face, due to the influence of secondary mining, the
fracture zone has broken overburden and broken twice. At
this time, the monitoring line VI enters the fracture zone.
The maximum displacement is 5.3m, 5.2m, 5.1m, 5.0m,
5.1m, and 4.9m, respectively. At this time, the overburden
strength above the coal seam decreases gradually, the overly-
ing strata will slip and settle along the fault line, the overbur-
den motion space will continue to increase, and the height of
the fissure zone will further expand upward. Under the
influence of the key layer, the monitoring line VII bends
and sinks, and the displacement of the no. 7 point is maxi-
mum and the subsidence is 0.6m. There is no obvious
change in the settlement VIII the monitoring line.

From Figure 11(c), after mining in the second layer of
coal seam, affected by the third mining, the overburden fis-

sure zone has been conducted to the surface, and the over-
burden above the coal seam and up to the surface has all
settled, forming a subsidence basin. The maximum subsi-
dence of overburden is distributed at 5~ 10, the maximum
value is about 11.2m, and the settlement of other measuring
points in each line is approximately symmetrical. The I and
II of the monitoring line reach the maximum displacement
at the 15th measuring point, which is close to the middle
of the goaf of a stratified working face, with a maximum
value of 3.0m, and a symmetrical distribution of displace-
ment subsidence. There is no obvious change in the other
measuring lines.

Through the above analysis, when the three-layer work-
ing face of 010202 section is finished, the model can simulate
the coal seam thickness of 12.0m, which can describe the
surface subsidence VIII the maximum subsidence is
9.61m, and the surface subsidence coefficient is 0.81.

5.2. Development Law of Overburden Fractures in Stratified
Mining. The mining end of the first layer working face in
010202 section, the overburden in the middle of the goaf is
broken, 4 longitudinal fissures appear, the small fissures
extend further, and the height of the fissures reaches 44m,
as shown in Figure 12(a). As shown in the figure, at the
end of mining in the second layer working face, five longitu-
dinal fracture fractures are formed in the goaf, the cracks are
obviously developed, the cracks are increased, and there are
tiny separation layers between the strata and the strata, as
shown in Figure 12(b). At the end of the mining, the width
of the fracture increases further, as shown in Figure 12(c),
respectively. At the end of the mining in the first layer of sec-
tion 010203, the direct collapse falls in the goaf, four longitu-
dinal through fractures appear in the upper overburden
fracture of the goaf, and the through cracks also evolve above
the coal pillar and the coal pillar, as shown in Figure 12(d).

From the analysis conclusion of Figure 11, it can be seen
that there will be several longitudinal fissures in the

90 m
Section pillar
of 5 meters

Return lane-way of
010203 segment 

(d) 90m of working face mining

Figure 9: Evolution of overburden structure in 010202 section.
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Figure 10: Continued.
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overlying strata during stratified mining of shallow buried
extra-thick coal seam and will be connected with the
upper layer and the final surface. In addition, when the
small coal pillar is set up in the section, the vertical fissure
connected with the adjacent goaf will be formed in the
rock stratum area of the inverted trapezoid broken struc-
ture above the coal pillar, which will become the passage
of gas migration in the goaf. Therefore, for high gas
mines, it is necessary to consider the interval time of min-
ing face when adopting section small coal pillar layout
along empty roadway, so that this kind of longitudinal fis-
sure is closed as far as possible before the production of
working face.

6. Technical Measures and Effect of Gas
Prevention and Control

6.1. Gas Extraction in Different Level Mined Out Area. It can
be known from the engineering and geological situation of
the mine, because of the working faces of 010202 and
010203 segment are cooperative mining, so the source of
gas of 010203 segment will be very complex, especially

the gas transportation path between adjacent goaf due to
the existence of complex cracks in surround rock, so
besides the conventional gas control measures, some spe-
cial measures are necessary to develop gas treatment. With
the stratified mining method, the height of the upper com-
plex fissure zone changes continuously after stratified
working face mining. And in addition, the coal seam
deposit depth is shallow, so the traditional high pumping
lane is unable to be arranged for gas extraction in the goaf
area.

In order to effectively control the gas of 010203 segment,
the air return way of the third stratification working face of
010202 segment is designed as a special gas control roadway.
One set of large bore hole was drilled per 34m near to the
010203 segment with steel pipe (Ф=600mm) to extract the
gas in the 010203 segment goaf. The gas extraction hole lay-
out is shown in Figure 13.

6.2. Analysis of the Extraction Effect. Through gas extraction
in the first stratification working face of 010203 segment,
according to the gas data monitoring results of 39 days from
June 15 to July 23, the working face gas concentration, upper

40 m

12 m

Micro fissure developing
zone (Mi-F zone)

(d) 40m of working face mining

50 m

26 m

Fissure
penetration zone

(e) 50m of working face mining

Figure 10: Evolution of overburden structure in a first-layer working face in section 010203.
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corner gas concentration, and return lane gas concentra-
tion meet the regulations, and the working surface gas
control effect is obvious. The change curve of gas concen-
tration of working surface, upper corner gas concentration,
and gas concentration of return airway is shown in
Figures 14–16.

According to Figure 14, during the monitoring period,
the maximum gas concentration of the working face is
0.46%, the maximum average gas concentration is 0.106%,
the average gas concentration within 39 days is only 0.03%,
and the gas treatment effect is obvious, which can ensure
the safe production of the working face.

According to Figure 15, during the monitoring period,
the maximum gas concentration in single day in the upper
corner is only 0.56%, the gas concentration is greater than
0.5% is only once, the maximum average gas concentration
in the single day is 0.28%, and the average concentration
of single day gas at the upper corner is only 0.23%, which
is far lower than the upper limit of 1% required in the Coal
Mine Safety Regulations, which ensure sufficient safety fac-
tor in the production process.

According to Figure 16, the maximum gas concentration
in single day in the return airway is 0.43%, and the average
gas concentration in a single day is only 0.05%. The
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Figure 11: Schematic diagram of overburden subsidence in stratified mining of thick coal seams.
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(a) Characteristics of mining fissures after the first layer excavation of section 010202

(b) Characteristics of mining fissures after the second layer excavation of section 010202

(c) Characteristics of mining fissures after the third layer excavation of section 010202

Figure 12: Continued.

15Geofluids



(d) Characteristics of mining fissures after the first layer excavation of section 010203

Figure 12: Fracture characteristics of overburden stratum in stratified coal seam mining.
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Figure 13: Layout of gas extraction in different level of mined out area.
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monitoring data prove that the method of gas extraction in
different level of mined out area can effectively improve
the gas management level of high gas thick coal seam strat-
ified working face.

7. Main Conclusions

(1) Under the condition of stratified mining of shallowly
buried extra-thick coal seam, the overburden above
goaf is easy to form a positive trapezoid structure,
and a positive inverted trapezoid overburden structure
is formed between adjacent sections. When the upper
part is mined, the F type small breaking structure will
be formed in the overburden structure of the positive-
inverted-orth trapezoid. With the downward shift of
the mining stratification, the F type small breaking
structure will move up and gradually disappear

(2) After mining in the stratified working face of the
extra-thick coal seam, the overburden rock of different
strata presents the characteristics of “V” type and “U”
type settlement, with approximately symmetrical dis-
tribution. In the process of collapse, the end broken
rock block is easy to squeeze each other to form hinged
masonry beam structure, and the end overburden is
more prone to slip along the occlusal point and slip
instability during the lower layered mining

(3) In the process of stratified mining of extra-thick coal
seam, the main fissure of overburden is mainly lon-
gitudinal fissure, which is easy to communicate with
the upper layer, and will eventually connect with the
surface under the condition of shallow buried depth.
At the same time, the oblique crack connected with
the adjacent goaf is formed above the coal pillar of
the section, which becomes the passage of gas migra-
tion in the goaf

(4) According to gas extraction in different level of
mined out area can effectively reduce the gas concen-
tration in the process of working face production,
which is an effective gas treatment method in the
stratified mining of high gas thick coal seam
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