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Taken overlying strata of fully mechanized top coal caving mining (FMTCCM) in 15m extra thick coal seam as the research
object, the comprehensive research methods such as field investigation, theoretical calculation, and numerical analysis are used
to systematically analyze. During the mining of extra thick coal seam, the overlying strata form the structure of lower
cantilever beam and upper hinged rock beam. The downward transmission caused by the interaction of this combined
structure is the fundamental reason for the strong periodic ground pressure behavior of working face and roadway blow. The
movement process of overlying strata movement is divided into four stages, and dynamic distribution characteristics of lateral
abutment pressure in different stages are obtained. It is considered that the gob side roadway can be in a relatively stable
overburden structure and stress environment during the stable stage of abutment pressure. The distribution range of the
internal and external stress fields is determined, which provides a theoretical basis for the reasonable roadway layout. At last,
the fracture position and abutment pressure evolution process of overlying strata along the goaf side of the extra thick coal
seam are further verified by drilling stress measurement.

1. Introduction

China is rich in thick coal seam and extra thick coal seam,
whose reserves and production account for about 45% of
the total reserves. In recent years, extra thick and thick coal
seams have become the main coal seam in China. During
the mining of extra thick coal seam, the ground pressure
behavior is severe and the peak value of abutment pressure
is large. During the mining of the upper section working face,
along the advancing direction of the vertical working face, the
overlying strata will break, rotate, and sink successively after
the first weighting, and the basic roof will be broken period-
ically to form a stable structure [1–3]. The distribution of lat-
eral abutment pressure is directly related to the occurrence

state of the overlying basic roof rock and the macrostructure
formed after fracture [4, 5].

At present, many studies have been carried on the over-
burden activity characteristics and abutment pressure evolu-
tion law. Zhu [6] put forward the point of view that the
“triangle hanging plate” structure is formed in the end of
working face and established a mechanical model of the
stope roof structure. It is considered that the shape size
and movement characteristics of the overlying hanging plate
structure are closely related to the mine pressure behavior
law of driving along the goaf. Song et al. [7, 8] developed a
mechanical model of overlying strata of a roadway driving
along the goaf, divided the lateral basic roof fracture position
into the internal and external stress fields before and after,
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and considered that digging roadway within the scope of the
internal stress field can effectively avoid major accidents. On
the contrary, when the roadway is excavated within the
scope of the external stress field, the stability of roadway is
poor and maintenance is difficult. Yu et al. [9] think that
after the working face is mined, the rupture, rotation, and
subsidence of the arc triangle block above the goaf force
the lateral abutment pressure to transfer to the deep part
of the solid coal, and a stress reduction area will be formed
at the edge of the goaf. The serious stress disaster can be
avoided by driving along the goaf in the lower stress area,
and a large number of field tests have been conducted under-
ground. Ma et al. [10] conducted field measurement and
analysis on the ground pressure of some fully mechanized
top coal caving faces and mining roadways and found that
the mining and caving ratio of the working face have an
effect on the distribution characteristics of lateral abutment
pressure. Meanwhile, the peak point of lateral abutment
pressure moves far away with the increase of caving ratio,
which is favorable for driving roadway along the goaf with
a narrow coal pillar. Wang et al. [11] obtained the dynamic
evolution process of the lateral abutment pressure and
microseismic activity through mine pressure observation
and considered that the vertical stress trend of lateral coal
seam in the goaf presented different stage characteristics.
The stress and elastic-plastic evolution law of coal seam in
each stage and interval were obtained through the measured
data. Taking the 8.5m mining height fully mechanized
working face of Shangwan coal mine as the research back-
ground, Di et al. [12] adopted the methods of engineering
analogy, theoretical calculation, and physics simulation to
analyze the characteristics of overburden movement and
abutment pressure. Based on the D-P criterion, Lode param-
eter correction statistical calculation formula was introduced
to quantitatively analyze the size, location, and range of the
abutment pressure peak point. Wang [13] established the
strata movement model at the end of the goaf and studied
the structural characteristics of the stable front end and the
evolution law of lateral support pressure in the goaf. The
results show that the fracture of the rock above the solid coal
side in the goaf forms a triangular slip zone; with the insta-
bility of the fracture in the triangular sliding zone, the lateral
support pressure of the solid coal decreases due to the trans-
fer of some loads to the goaf. Based on the engineering and
technical problems of the abnormal ground pressure of
Datong mining area, Yu et al. [14] established the structural
mechanical model of breaking “triangular plate” in the far-
field key layer and clarified the relationship between the
structural movement of the far-field “triangular plate” and
the mine pressure behavior of the working face.

The above scientific research achievements have laid a
foundation for exploring the temporal and spatial relation-
ships between the overburden activity and abutment pres-
sure in the goaf under the condition of an extra thick
coal seam. However, because of the complexity and partic-
ularity of overburden structure and activity law in the goaf
of a fully mechanized top coal caving face in the extra thick
coal seam, it is necessary that the analysis model is estab-
lished in order to explore the temporal and spatial evolu-

tion laws of lateral abutment pressure in different stages
of the overburden activity. It can provide theoretical guid-
ance for the excavation time and layout space of roadway
along the goaf.

2. Engineering Background

The 8211 working face is located in the second panel of
Madaotou coal mine, the north side is the undeveloped solid
coal, the south side is the 8210 goaf which has been mined
out, and the west side is the panel roadway. The relative
position of the 8211 working face is shown in Figure 1.
The fully mechanized caving mining method is adopted in
the working face. The main mining coal seam is 3-5, the
average dip angle is 2.5°, the average thickness of the coal
seam is 15m, the structure is complex, and the endogenous
fractures are developed. There is a multilayer gangue inter-
calated between the coal seams, with the thickness of
0.7m~3.6m. The lithology is mainly mudstone, carbona-
ceous mudstone, and kaolinite mudstone.

The roof of the 8211 working face contains multilayer
hard roof with large thickness, good integrity, high strength,
and strong compactness. It is basically composed of gray
medium coarse sandstone and coarse sandstone. The imme-
diate roof is the interbedding of mudstone and sandstone,
the immediate floor is carbonaceous mudstone, and the floor
is gray white medium grained sandstone and fine sandstone.
The main mineral composition is quartz, feldspar, and cal-
careous cementation (see Table 1 for the rock properties of
8211 working face).

3. Stability Evaluation of Surrounding Rock

Combined with the observation results of roof strata
(Figure 2) and physical and mechanical tests of coal samples,
the mechanical parameters and properties of the coal and
rock are obtained [15]. The uniaxial compressive strength
of coal is 11MPa, the uniaxial tensile strength is 1.28MPa,
the elastic modulus is 6.16MPa, and the internal friction
angle is 15.3°. Coal seam has poor integrity, low strength,
and easy breakage, which is not conducive to the roadway
surrounding rock control. The uniaxial compressive strength
of sandstone is 79.4MPa, the uniaxial tensile strength is
5.83MPa, the elastic modulus is 42.84MPa, and the internal
friction angle is 36.26°. Roof sandstone is relatively complete
with hard and high strength, which has a huge impact on the
working face and roadway below.

4. Overburden Structure Characteristics of
FMTCCM in Extra Thick Coal Seam

4.1. Structural Form of Overburden. In the process of study-
ing the strata control in mines, it is found that the mine
pressure behavior law of stopes and roadways is closely
related to the structural form and activity characteristics of
overlying strata, especially the key strata that play a decisive
role in controlling the strata behaviors of stopes and
roadways. According to the “three zones” theory of overly-
ing strata movement, the distribution and location
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characteristics of bending subsidence zone, fracture zone,
and caving zone of overlying strata are mainly affected by
the mining height, and the relative position of key strata in
“three zones” determines the structural form and movement
form [16]. For the conventional working face with general
mining height, during the mining process, with the increase
of the hanging roof area, the roof gradually breaks. The adja-
cent broken rock blocks will be hinged and occluded with
each other to form a relatively stable articulated structure
under the action of horizontal thrust, as shown in Figure 3.

For the mining of the extra thick coal seam, the amount
of coal mined out at one time is doubled, resulting in a large
space increase in gob. Due to the large space size of the goaf,
the broken rock above the coal body can not smoothly touch
the gangue. Instead, the cantilever beam structure is located
above the coal body. Stable hinged structures can be formed
in the key strata of higher layers above the cantilever [17].
The structural form of the key strata is mainly determined
by the mining height and the position of the key strata.
The occurrence state of the key strata and the activity pat-
tern have a direct impact on the mine pressure behavior of
the stope and roadway. Therefore, it is the primary problem

to determine the structure of the upper key strata after the
lower coal body is mined out.

According to the relevant calculation [18, 19], the struc-
tural form of the cantilever beam is formed in the lower key
strata after the lower coal body is mined out. It can be seen
that the overlying strata of FMTCCM in the extra thick coal
seam has a structural form of low cantilever beam (LCB) and
high hinged rock beam (HHRB). The structural model is
shown in Figure 4.

4.2. Mechanical Analysis of Overburden Structure. With the
continuous mining of coal, LCB gradually turns and deforms
and forms a separation layer with the HHRB, which forces
the HHRB structure to lose its support and slide. The unsta-
ble hinged rock beam structure acts on the LCB, causing the
LCB breaking and further rotation deformation. The move-
ment of the whole “cantilever beam + hinged rock beam”
structure is the main factor causing the strong underground
pressure behavior of the working face and roadway below.
Therefore, it is necessary to carry out mechanical analysis
of the whole overburden structure, so as to clarify the rela-
tionship between the key overburden structures.

N8210 Gob

N8211 Working face

N2211 Headgate

N8209 GobN8209 Working face

N5211 Test roadway Section coal pillar to be reserved

N5209 Tailgate

N2209 Headgate

30mCoal pillar

Figure 1: Relative position relationship of the 8211 working face.

Table 1: Lithology of the 8211 working face.

Lithology Thickness (m) Depth (m) Lithology description

Aluminous mudstone and sandy mudstone
interbedding

28.4 332.9
The upper part is purple patchy aluminum mudstone, and

the lower part is yellow green sandy mudstone.

Medium coarse sandstone 9.2 342.1
It is grayish white coarse-grained massive structure, with

gravel gradually increasing at the bottom.

Sandy mudstone and siltstone interbedding 39.4 381.5
It is mainly composed of light gray sandy mudstone
and siltstone interbedded with thin layer of clay rock.

Medium coarse sandstone 13.5 395.0
Gray white coarse-grained massive structure intercalated

with thin-layer siltstone.

Siltstone 3.2 398.2
The main mineral composition is quartz and calcareous

cementation.

Carbonaceous mudstone 2.3 400.5 Black muddy structure, containing root plant fossils.

Coal seam 15.0 415.8
It is mainly black and semi dark coal with multilayer

gangue and developed endogenous fractures.

Carbonaceous mudstone 5.3 421.1 Black muddy structure, containing root plant fossils.

Medium fine sandstone 14.5 435.6
Gray medium fine structure, containing a thin layer of silt

and fine sandstone.
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4.2.1. Mechanical Analysis of Hinged Rock Beam Structure.
The mechanical model of hinged rock beam structure is
established, and the force of each key block is analyzed.
The bearing state of key block C is shown in Figure 5,
where the adjacent key blocks are hinged to O3, the hori-

zontal thrust between them is TBC and TCD, the uniform
load of overlying strata is q4, the supporting force of caving
gangue on key block B is q3, the downward force of key
block B on key block C is f BC , and the weight of key block
C is QC .
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Figure 2: Observation results of roof strata structure.

Key block A
Key block B

Key block C
Immediate roof

Goaf

Figure 3: Structural characteristics of overburden for the conventional working face.

4 Geofluids



If ∑x = 0 and ∑y = 0 in the vertical and horizontal direc-
tions, then

TBC = TCD, ð1Þ

f BC = q4LC − q3LC −QC: ð2Þ
TBC can be obtained by the following formula [20, 21]:

TBC =
LB QB + q2LBð Þ
2hB − LB sin θ

, ð3Þ

where the length and thickness of key block B are LB and
hB, respectively, and the uniform loads imposed on blocks B

and C by the overlying weak rock layer are q2 and q4, respec-
tively, which can be obtained by controlling the unit weight
of the weak rock layer by the key block. The weight of key
block B is QB, the rotating angle of key block B is θ, and
the breaking distances of key blocks B and C are LB and
LC , respectively.

Key block B is hinged with key blocks A and C at points
O2 and O3, respectively. The bearing state of key block C is
shown in Figure 6. Where the supporting force of weak rock
stratum on key block B is qy, the length of the supporting

A B

High hinged rock beam structure

Low cantilever structure

Goaf of 8210 fully mechanized caving face

C

Figure 4: Overburden structure characteristics.

Key block CfBC
Qc

TCD
O3

TBC

q4
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Figure 5: Mechanical analysis of key block C.
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Figure 6: Mechanical analysis of key block B.
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Figure 7: Force analysis of the cantilever beam structure.

Figure 8: Numeric calculation model.
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force is x, and the supporting force of goaf gangue on key
block is Rg. The vertical forces imposed by key blocks A
and C on key block B are f AB and f BC , and the both are
mutual forces. The horizontal forces imposed by key blocks
A and C on key block B are TCB and TAB, respectively. Tak-
ing ∑x = 0, ∑y = 0, and calculate the moment for O2, ∑M
O2 = 0, then

qyx
2 =

q2
LB
2

cos θ + hB sin θ

� �
+QB

LB cos θ + hB sin θð Þ
2

−TCB hB cos θ − LB sin θð Þ − f CB LB cos θ + hB sin θð Þ
−RgLB cos θ

2
66664

3
77775 cos θ:

ð4Þ

4.2.2. Mechanical Analysis of Cantilever Beam Structure. The
mechanical model of the cantilever beam structure is estab-
lished, as shown in Figure 7. For the force analysis of

cantilever beam structure, ∑MO2 = 0, which satisfies the fol-
lowing balance equation:

1
2
Q l0 + h cot αð Þ + qy′ x2 − h cot αð Þ2� �

− qzc
2 = 0, ð5Þ

where the sum of the gravity of the cantilever beam and
the strata load controlled by cantilever beam is Q; the
thickness and fracture distance of the cantilever beam are h
and l0, respectively; the dip angle of the fracture is α; the load
under the action of the hinged rock beam structure is qy ′;
and the force of the underlying coal and rock mass on the
cantilever beam is qz, and the distance from the fracture
position of the cantilever beam to Q2 is c.

Through simultaneous equations (3), (4), and (5), the
following qz is obtained.

From the above formula, it can be seen that the stress
environment of the coal body near the goaf is closely related
to the breaking position of the cantilever beam structure.
The bearing capacity of the coal body near goaf is inversely
proportional to the square of the breaking position c of the
cantilever beam structure.

5. Movement Characteristics of Overlying
Strata Structure

Considering the overlying strata in the goaf are mostly in
discrete state, UDEC numerical simulation software is used
to analyze the characteristics of overlying strata structure
movement and its correlation with lateral abutment pressure
distribution law of coal body [22, 23].

5.1. Establishment of Numerical Calculation Model. Com-
bined with engineering conditions of the 8210 working face
in Madaotou coal mine, the numerical model is established
(Figure 8). The simulated working face length along the x
-axis direction is 300m. The deformation of the model is
constrained by fixed boundary. The horizontal boundary of
the model and the vertical direction of the bottom boundary
are fixed. The equivalent uniform load of 8.5MPa is applied
at the upper boundary. The coal and rock mechanical
parameters are shown in Table 2.

5.2. Overburden Movement along Goaf and Evolution of
Lateral Abutment Pressure. During the mining of the upper
working face, overlying rock structure undergoes the whole
process of deformation, fracture, rotary subsidence, and sta-
bility. Combined with numerical analysis results and the
internal and external stress field theory [24], the formation
and development of lateral abutment pressure can be
divided into four stages (Figure 9).

The first stage is before the change of support capacity
of the coal wall. At this stage, the key strata in relatively
stable state gradually transmit the pressure of overburden
to the upper part of the coal seam, and the stress of the
coal body has not reached its ultimate bearing strength.
Therefore, the whole coal seam, including the side coal
wall of the goaf, is in elastic deformation state. The process
of abutment pressure is a monotone decline curve with the
peak value at the edge of the coal wall, as shown in
Figure 9(a).

The second stage is from the beginning of coal abutment
pressure changed to the key strata broken. With the increas-
ing of overburden activity, the lateral abutment pressure in a
certain range increases to exceed the strength limit of the
coal seam. With the destruction of the coal body, its bearing
capacity begins to decrease. The process of abutment pres-
sure on the coal seam will divide into the plastic zone and
elastic zone. The pressure increases gradually in the plastic
zone and decreases monotonically in the elastic zone. The

qz =
1
c

� �2

q2
LB
2

cos θ + hB sin θ

� �
+QB

LB cos θ + hB sin θð Þ
2

−
LB QB + q2LBð Þ
2hB − LB sin θ

hB cos θ − LB sin θð Þ

− q3LC − q4LC −QCð Þ LB cos θ + hB sin θð Þ
−RgLB cos θ

2
6666666664

3
7777777775

cos θ
x2

x2 − h cot αð Þ2� �
+
1
2
Q l0 + h cot αð Þ

8>>>>>>>>><
>>>>>>>>>:

9>>>>>>>>>=
>>>>>>>>>;

: ð6Þ
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peak position of the pressure is at the junction of the elastic-
plastic zone, as shown in Figure 9(b).

The third stage is from the key strata broken to touch
gangue. Before the key strata are broken, it is in a state of

tensile stress concentration near the broken line. When the
tensile stress exceeds the tensile strength limit, the strata will
break in front of the coal wall on the goaf side. The abutment
pressure distribution is clearly divided by the broken line.

Table. 2: Joint mechanical parameters of coal and rock.

Lithology
Normal stiffness Shear stiffness Shear modulus Bulk modulus Cohesion

Internal
friction angle

Tensile strength

(GPa) (GPa) (GPa) (GPa) (MPa) (°) (MPa)

Overlying strata 2 4.1 2.3 7.1 8.1 10.5 33.3 3.2

Medium coarse sandstone 5.2 2.9 10.2 15.3 26.5 35.4 5.8

Overlying strata 1 3.8 2.1 8.3 8.9 11.9 28.1 3.3

Medium coarse sandstone 5.2 2.9 10.2 15.3 26.5 35.4 5.8

Siltstone 4.8 2.6 9.8 12.1 15.5 33.2 4.3

Carbonaceous mudstone 2.6 1.4 2.8 3.6 10.8 28.1 3.8

Coal seam 2.2 1.2 1.7 2.2 5.9 15.3 1.3

Carbonaceous mudstone 3.6 1.7 2.8 3.6 10.8 28.1 3.8

Siltstone 5.6 2.8 8.2 10.3 7.2 34.8 3.7

50 45 40 35 30 25 20 15 10 5 0
4

6

8

10

12

14

16

18

20

22

24

26

La
te

ra
l a

bu
tm

en
t p

re
ss

ur
e/

M
Pa

 

Horizontal distance from goaf/m

(a) The first stage

50 45 40 35 30 25 20 15 10 5 0
4

6

8

10

12

14

16

18

20

22

24

26

Horizontal distance from goaf/m

La
te

ra
l a

bu
tm

en
t p

re
ss

ur
e/

M
Pa

 

(b) The second stage
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(c) The third stage
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(d) The fourth stage

Figure 9: Structural characteristics of overburden movement and dynamic distribution curve of lateral abutment pressure in different stages.
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The two parts are the internal stress field controlled by the
LCB and HHRB structure located within the broken line,
and the external stress field that bears the additional stress
of the upper rock layer beyond the broken line, as shown
in Figure 9(c).

The fourth stage is from a low-level key stratum and
high-level key stratum movement, touch- gangue to stability.
At this stage, the overall failure height of overlying strata
does not increase any more, the arch height of fracture arch
reaches the maximum value, and the relative positions of the
internal and external stress fields and stress peaks are basi-
cally stable. The lateral coal mass of the goaf is in a relatively
stable overburden structure and stress environment, as
shown in Figure 9(d).

The average thickness of the coal seam in Madaotou
coal mine is 15m, which belongs to the extra thick coal
seam. The overlying strata will go through the movement
process described in the above four stages. Because of the
large thickness of the coal seam, the huge mining space will
be formed, which leads to a violent and long lag period
overlying rock activity. The peak value of abutment pres-
sure formed is high, and the influence range is large. At
the same time, it will take a long time for the overlying rock
movement to reach a stable state. It can be seen that road-
way driving along the goaf in the fourth stage, namely, the
stable abutment pressure stage, can ensure that the gob side
roadway is in a relatively stable overburden structure and
stress environment.

6. Field Measurement

The lateral abutment pressure is monitored by installing a
borehole stress meter on the coal pillar side. Firstly, it can
reveal the dynamic evolution law of the coal pillar abutment
pressure on the goaf side, which can reflect the movement
state of the overlying strata in the goaf, and clarify the activ-
ity and stability stage of the overlying strata. Secondly, it can
also judge the bearing capacity of different areas in the coal
pillar according to the influence range and distribution state
of the coal pillar bearing pressure on the goaf side [25].

The borehole stress gauge is installed at the coal pillar
side of gob side roadway of the N8209 working face to mon-
itor lateral abutment pressure, so as to verify the broken
position of overburden rock and the evolution law of abut-
ment pressure. The layout of monitoring station is shown
in Figure 10.

As mentioned above, monitoring the abutment pressure
in the coal pillar can reflect the strata movement state in the
gob. According to Figure 11, when the working face is mined
to about 30m behind the station, the abutment pressure
with a borehole depth of 13m (17m from the edge of the
goaf) has dropped significantly and then slowly rises as the
working face continues to advance. It is indicated that over-
lying strata is fractured near 17m from the coal wall edge of
the goaf, and the fractured rock masses squeeze the coal in
the subsequent rotation process. The abutment pressure
stress with a borehole depth of 8m (22m from the edge of
the goaf) increased significantly and then gradually slowed
down and stabilized with the distance of the working face,

indicating that the partial load was transferred to the front
of fracture position after the rock block is fractured. Com-
pared with a borehole depth of 28m, the abutment pressure
with a borehole depth of 3m (27m from the edge of the goaf)
always maintains a higher stress level, and the coal body
within this range still has a certain bearing capacity. However,
in the mining process of the working face, it becomes a poten-
tial deformation and failure area due to strong mining, which
is prone to plastic deformation and failure.

The abutment pressure with a borehole depth of 28m
(2m from the edge of the goaf) decreased significantly at
30m behind the working face. It shows that the coal bearing
capacity at the location was reduced, and yield failure
occurred, causing the stress to transfer to the depth of the
coal pillar. The abutment pressure with borehole depths of
23m and 18m (7m and 12m from the goaf, respectively)
have a small increase in front of the work face but little
change. It indicates that the coal body is still elastic state
and has a large bearing capacity within the range of
7m~12m from the goaf. From the above discussion, it can
be concluded that field measurement results are consistent
with theoretical analysis.

The stress distribution law of coal pillar drilling at differ-
ent positions from the 8210 working face is shown in
Figure 12.

(1) With the advance of the working face, the abutment
pressure of the coal pillar redistributes during the
movement of the overlying strata. Before the overly-
ing strata is broken, the stress curve of the coal pillar
presents a “single hump” type, and the peak value of
the overall stress is shifted to the side of the roadway
along the goaf. After the overlying strata is broken,
the stress curve of the coal pillar presents the “asym-
metric saddle” type, and the stress value of the coal
pillar side in the goaf is smaller than that of the coal
pillar side along the roadway, which indicates that
the mining roadway under the condition of 30m
protective coal pillar is always in a high stress envi-
ronment during the movement of the overlying
strata

(2) The coal body within a certain range from the edge
of the goaf wall is in a low stress state, and the coal
body has a certain bearing capacity. If the mining

N8210 working face N8210 Gob

30m coal pillar

Monitor station of mine pressure

N8209 working face

N5210 headgate
28m

23m
18m

13m
8m

3m

Figure 10: The layout of monitoring station.
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roadway is arranged in this area, it is easier to main-
tain the roadway under the strong mining influence.
Within the range of 300m behind the working face,
the abutment pressure of the coal pillar is always in
the state of dynamic adjustment. Until the working
face is pushed over 300m, the abutment pressure
in the coal pillar tends to be stable, and the activity
of the overlying strata gradually is stopped

7. Conclusion

(1) As the coal body is continuously mined, the unstable
hinged rock beam structure acts on the low cantile-
ver beam and causes the low cantilever beam to
break and further turn to be deformed, which is the
main factor causing the strong mine pressure behav-
ior of the working face and roadway below
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Figure 11: Relation between borehole stress of coal pillar and distance from working face.
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(2) Four different movement stages of overlying rock
structure along the goaf side of the extra thick coal
seam are obtained and analyzed in detail. It is pro-
posed that roadway driving along the goaf in stable
abutment stress stage can avoid roadway in unstable
overburden structure and stress environment

(3) The fracture position and lateral abutment pressure
evolution process of overlying strata on the gob side
of the extra thick coal seam are confirmed by field
measurement, which provides reference for the rea-
sonable driving time and location of roadway

Data Availability
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