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The fracturing of hard roofs in different layers would result in complex ground pressure on the working face, such as supports
collapsed and severe roadway deformation. However, the mechanism of the ground pressure induced by hard roof fracturing in
different layers is still unclear. In the paper, a physical model of a 20m extrathick coal seam mined with hard roofs existing was
established based on the physical simulation similarity criterion. The overburden fracturing structure, abutment stress
distribution, and failure characteristics of the coal body were monitored by a noncontact strain measurement system and
resistance strain gauges, to reveal the mechanism of ground pressure induced by hard roof fracturing. Furthermore, on-site
measurement was used to monitor and analyze the ground pressure affected by hard roofs in different levels. The results provide
a theoretical basis for the control of ground pressure in extrathick coal seam mining with hard roofs.

1. Introduction

In coal seam mining, when hard roofs exist in the overbur-
den, the breaking span is usually huge due to their great
strength, thus would result in a strong ground pressure in
the mining panel such as support failure and roadway defor-
mation. Through numerical simulation and field measure-
ment, He et al. and Wang et al. found that the large
suspended area of hard roofs would easily cause a stress con-
centration and failure in advanced coal rock mass [1, 2].
When hard roof fracturing, the intensity of the energy release
is higher due to the large breaking span. Ning et al. [3] stud-
ied the fracture energy of thick hard roofs by means of micro-
seismic monitoring. The results showed that the high energy
released by the breaking of thick and hard roofs is the main
reason causing strong ground pressure. Bednarek and Maj-
cherczyk [4] discussed the rock mass characteristics which
influence the choice of support. Zhao et al. [5] studied the
fracture characteristic of an extrathick and hard roof based
on the long beam theory. Li et al. [6] studied the periodic

breaking span of a thick and hard roof based on the Vlasov
plate theory and the strain energy distribution characteristics
of coal seam under a thick hard roof. Shen et al. [7] revealed
the strong response for an entry influenced by overlying hard
roof and the influence of the hard roof fracture position on
the entry. Ju and Xu [8] analyzed the structural characteris-
tics of overlying hard strata and ground pressure in the panel
after a 7m-thick coal seam mining. Xia et al. [9] studied the
characteristics and mechanism of ground pressure in the
mining panel under the combined action of hard roofs and
a coal pillar. It was found in the above research that, because
of the high strength and large overhang of hard roofs, the
stress concentration is obviously on the hard roofs, which
has a significant impact on the working face and roadway
in the mining panel.

During the mining of an extrathick coal seam under hard
roofs, due to the large mining thickness, the migration range
of overburden is wide. The results showed that the failure
height could reach 200 to 350m during a 14 to 20m-thick
coal seam mining [10–12]. Field monitoring showed that
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the fracturing of hard roofs in a large space frequently
resulted in the occurrence of ground pressure on the working
face with a different strength and manifestation [13, 14]. The
ground pressure on the working face shows the characteris-
tics of “long and short duration”, of which the “long dura-
tion” interval was 30 to 60m and the “short duration”
interval was 12 to 20m, the pressure intensity increased when
the “long duration” occurred. However, there was no obvious
regularity in the occurrence of strong ground pressure such
as support failure or severe roadway deformation [15, 16].
Li et al. [17] found that the huge mining thickness of an
extrathick coal seam results in a larger mobile space of
high-level hard roofs, and the sliding instability of the high-
level hard roofs would cause strong ground pressure. Singh
et al. [18] studied the strata movement during underground
mining of a thick coal seam. According to Li et al.’s research
[19], the rotational movement of key strata in the overburden
had a direct impact on the supports in the working face, and
the dynamic loading induced by the instability of the Vous-
soir beam structure was analyzed. Xie and Xu [20] analyzed
the influence law of different thickness and level of hard roofs
on the peak value and influencing range of the abutment
stress. Yu et al. and Chen et al. conducted field measurement
on the deformation characteristics and stress distribution law
of a roadway in the process of mining an extrathick coal seam
under hard roofs [21, 22]. Guo et al. [23] studied the relation-
ship between the support resistance and the overhanging dis-
tance of hard roofs, and criteria for reasonable selection of
support resistance were given. Mondal et al. [24] monitored
the strata behavior in the destressed zone of a shallow Indian
longwall panel with hard sandstone cover using mine-
microseismicity and borehole televiewer data. However,
other scholars also invest in the hard roof research [25, 26];
the results show that the occurrence of the hard roof has a
direct impact on the ground pressure in the working face
and is complex.

In terms of the mining conditions of extrathick coal
seams with hard roofs, failure and instability of hard roofs
will occur gradually within a large space, which may further
result in frequent occurrence of ground pressure of different
strengths on the working face. Most of the aforementioned
scholars focused on the structural characteristics of the over-
burden or worked from the perspective of mining pressure
development but did not do in-depth research on the mech-
anism of ground pressure induced by the fracturing of hard
roofs at different levels. According to the key stratum theory
[27, 28], the lower level key stratum is close to the coal seam,
and the breaking span is small. With increase in the occur-
rence level, the breaking span and the strength of the high-
level key stratum increase accordingly. Therefore, due to
the influence of the distance from the coal seam and the
breaking span, the failure and instability of key strata at the
low and high levels may have different effects on the ground
pressure. In addition, the large breaking span and instability
of high-level hard roofs may cause the occurrence of strong
ground pressure on the working face and could have interac-
tion with the lower key layers. A physical simulation experi-
ment could reflect the structural characteristics of the
overburden and its influence on the abutment stress of a min-

ing panel directly and was considered an effective means to
study the overburden structure and ground pressure in coal
seam mining [29, 30]. Based on the exploitation of extrathick
coal seams with hard roofs, for this paper, the research
method of physical simulation was adopted to study the
fracture law of key strata and the strength of ground pres-
sure induced by the breakage and instability of strata in
different levels.

2. Experimental Model

2.1. Geological Background. The carboniferous #3–5 extra-
thick coal seams were mainly mined in Tashan coal mine of
the Datong mining area, with a thickness of 14 to 20m.
The method of top coal caving mining was adopted. The
buried depth of the coal seam is 400 to 800m, and the over-
burden is covered with multilayer hard roofs with the com-
pressive strength of 60 to 120MPa. Due to the large mining
thickness of the coal seam, the fracturing of multiple layers
in a large space resulted in a frequently strong ground pres-
sure, accompanied by the supports crashed. The floor heave
was severe within 10 to 40 m in advanced roadway, and the
maximum floor heave was up to 0.8m. The roof subsidence
was up to 0.6m, the shotcrete of the two sides of the roadway
was seriously cracked, and the advanced individual props
were seriously damaged, as shown in Figure 1.

Taking the #8216 working face in Tashan coal mine as an
example, the Carboniferous #3–5 coal seam was mined, the
average thickness of the coal seam was 16m, and the buried
depth and inclination of the coal seam was 418 to 522m
and 1 to 3°, respectively. The length and mining distance of
the working face was 230 and 1500m, respectively, and the
coal seam was covered with multiple hard roofs.

Based on the statistics of the strong ground pressure dur-
ing the mining process, as shown in Table 1, it can be found
that the pressure on the working face was relatively strong
within the initial mining range of 214m. The roadway
deformation and hydraulic props collapsed were serious in
advanced 35m, the support resistance increased obviously
and was even accompanied by safety valve opening. In the
later mining process, the strength of the ground pressure
was relatively weakened, the influence range was reduced to
10m in an advanced roadway, and the deformation was also
reduced.

2.2. Basic Parameters of the Model. In order to study the effect
of key stratum fracturing on the ground pressure in the
working face, the method of physical simulation was used
in the laboratory. Taking the #8101 working face as the
background, the Carboniferous #3–5 coal seam was mined.
The thickness and burial depth of the coal seam was 20
and 470m, respectively. The coal seam dip was 1 to 3°,
and the length and mining distance of the working face
was 230 and 1500m, respectively. The frame size of the
physical model in the laboratory was 2:5 × 0:2 × 1:9m
(length × width × height). The geometric similitude ratio of
the designed model was 150 : 1; the actual height of the model
was 1.47m, which simulated a height of 220m. Materials
including sand, calcium carbonate, and gypsum were used
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to simulate the overlying rock. The weight ratio, time ratio,
and stress ratio were 1.667 : 1, 12.25 : 1, and 250 : 1, respec-
tively. The actual working time of the working face is 16
hours per day, and the maintenance work time is 8 hours.
The advanced distance is about 4m per day. Therefore, the
actual working time and excavation distance on the model
can be calculated to be every 78min and 2.6 cm each time.
The thickness of the overlying unlaid strata was 272.65m;
then, the weight of the overburden rock is 6.816MPa, and
the magnitude of the compensation stress added to the upper

part of the similar model is 0.027265MPa. The basic param-
eters of the model are shown in Table 2.

Table 3 shows the physical and mechanical parameters
of the coal and rock mass [31]. According to the similarity
ratio, the matching parameters of each rock formation in
the model are shown in Table 3. The rock layers No.32,
No.27, No.22, No.16, and No.9 above the coal seam are
calculated to be the key strata based on the key stratum
theory [27, 28], which are the emphasis to be studied in
this test.

20m coal seam
230m

Strata movement in 
large space Supports crashed

Roadway failure

Top coal

Back 
conveyer 

Front 
conveyer 

Top-coal caving mining

Support

Figure 1: Caving mining method and strong ground pressure in the working face.

Table 1: Statistics of the strong ground pressure on the working face.

Data Mining distance (m) Phenomenal description

2015.11.13 110.2
Strong ground pressure 10m in advance of the working face, the floor heave was 0.3–0.4m, rib heave was

serious: 0.4m; the resistance of supports #45 to #67 was high.

2015.11.21 168.8
A stronger ground pressure happened, the advanced range of influence was 10–20m, roof subsidence and
floor heave was severe, ten hydraulic props were dumped, roof subsidence 0.3–0.4m, floor heave 0.45m,

the resistance of supports #23 to #35 and #56 to #71 were high.

2015.12.30 214.5

A stronger ground pressure occurred 12–35m in advance of the roadway, thirty hydraulic props were
dumped; the roadway deformation in horizontal and vertical direction was 0.5 and 0.8m, respectively.
The resistances of supports in the working face were all higher and the safety valves opened at supports

#45 to #67.

2016.1.14 450.0
Strong pressure happened 10m in advance of the working face, an obvious deformation occurred in the
roadway, one hydraulic prop was bent 8m in advance working face; the resistance of supports increased

obviously.

2016.2.13 635.0
Ground pressure occurred, the pressure was concentrated 10m in advance, the floor heave was 0.2–0.3m,

and roof subsidence was not obvious.

2016.3.18 736.0
Ground pressure occurred. At 15m in advance, the floor heave was 0.2–0.4m, rib heave and roof

subsidence were not obvious, and five props inclined.

Table 2: Basic parameters of the physical similarity model.

Items Parameters Items Parameters

Length of model 2.5m Mining distance 2.1m

Thickness of model 0.2m Model boundary 10 cm

Height of model 1.47m Excavation steps 45

Coal seam thickness 13.3 cm Excavate distance once 5 cm

Geometric ratio 150 : 1 Excavate time interval 0.5 h

Weight ratio 1.667 : 1 Excavation time 21 h

Stress ratio 250 : 1 Compensation stress 0.027265MPa
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2.3. Monitoring System. The monitoring system schematic is
shown in Figure 2. Taking five key strata as the research
objects (17, 45, 75, 107, and 146m vertically above the coal
seam), the thickness of each key layer was 9.44, 9.1, 10.12,
12.2, and 12.9m, respectively. In order to monitor the influ-
ence of each key layer breaking on the distribution character-
istics of the abutment stress in the coal body, a total of seven
strain monitors were arranged at intervals of 30 cm in the
coal seam. The first measurement point was 40 cm from the
open-off cut of the working face. In order to truly reflect

the structural characteristics of the overburden, a small sim-
ulated hydraulic support was placed on the working face.

A noncontact strain monitoring system (Vic-2D) was
used to monitor the overburden displacement timely, as seen
in Figure 2(b). Black flecks were randomly sprayed onto the
model surface, and a camera was used to capture movement
of the flecks in real time as the overburden moved. The dis-
placement of the flecks was obtained by postprocessing soft-
ware and was inverted to the displacement-changes law of
the overlying strata.

Coal seam

Overlying 
strata

Air pump

Loading device 

(a) Physical model

Monitoring points 

Camera

PC

(b) Strain monitor by noncontact Vic-2D

30 cm40 cm
Coal seam

KS4

KS5

Boundary 

Stress monitoring
2.3m
2.5m

14
7 

m
/(

22
06

4 
m

)

0.027265 MPa

KS3

KS2

KS1

10 cm

Strain measurement line
Screen

P C

Stress monitoring system

Data storage

1 2 3 4 5 6 7
30 cm 30 cm30 cm 0.2 m

(c) Monitoring scheme of abutment stress

Figure 2: Monitoring system of the physical model.
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Figure 3: Continued.
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3. Analysis of Experimental Results

3.1. Structural Characteristics of the Overlying Strata. The
mined interval of the simulated working face was 5 cm every
30 minutes. The structural characteristics and overburden
displacement variation during hard roof fracturing at differ-
ent levels were obtained, as shown in Figure 3.

When the working face was mined 60m, the roof broke
for the first time, with a breaking span of 42m. The length
of the broken block above the support was 7m, and its weight
was borne by the support. After the roof broke for the first

time, the overlying unbroken strata flexed and sank by
20 cm, as shown in Figure 3(a).

When the working face was mined for 105m, KS1 broke
for the first time, with a breaking span of 82.5m. The fractur-
ing of KS1 caused synchronous rotation and collapse of lower
strata and resulted in vertical variation of 0.42m in the sup-
port. This increased the working resistance of the support,
as shown in Figure 3(a).

When the working face was mined for 140m, KS2 broke
for the first time, and the initial fracturing step of KS2 was up
to 105m. The fracturing of KS2 caused synchronous failure
and instability of the underlying strata, resulting in rotary
movement, as shown in Figure 3(c). The intension was low
during the KS2 breakage and the KS1 structure remained sta-
ble, which reduced the strength of the KS2 breakage. Accord-
ing to Figure 3(c), we could see that the vertical displacement
of the support was only 0.22m and the rock layer above the
support showed the structural characteristics of a composite
cantilever beam.

When the working face was mined 180m, KS3 broke for
the first time, with a breaking span of 140m and a rotary sub-
sidence of 7.5m. The thickness of KS3 was 10.12m. Due to its
large thickness, breaking span, and rotary subsidence, the
energy release intensity was relatively high during the break-
age of KS3, thus resulting in synchronous rotary movement
of the underlying strata. As shown in Figure 3(d), the drop-
off in the support reached 0.9m.
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Figure 3: Structure and displacements during the fracturing of strata at different levels.

Table 4: The calculated elasticity modulus of strain gauges.

No. Weight P (N) Strain ε (10-3) Elasticity modulus E (GPa)

1
32 210 0.121322414

64.4 412 0.124451178

2
32 230 0.110772639

64.4 428 0.119798798

3
32 330 0.077205173

64.4 540 0.09495164

4
32 290 0.087854162

64.4 690 0.074309979

Avg. 0.101333248
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When the working face was mined to 210m, KS4 in the
high and far field broke for the first time. The breaking step
distance was up to 170m and the thickness of KS4 was
12.2m. The high intensity of the KS4 fracturing resulted in
the synchronous rotation of KS1, KS2, and KS3. The rotary
movement of this large rock structure acted on the cantilever
beam structure above the support, resulting in a 2.5m verti-
cal displacement of the cantilever beam structure and intense
pressure on the support, as shown in Figure 3(e).

When the working face was mined for 225m, KS5 broke
for the first time. The breaking step distance was 175m, and
the thickness of KS5 was 12.9m. In the case of the KS5 frac-
turing, although the intensity was relatively high, due to its
long distance from the coal seam, the fracturing of KS5 did
not cause instability rotation in all the underlying strata. As
shown in Figure 3(f), the cantilever structure of KS1 main-
tained its own stability, thus having a certain protective effect
on the working face. However, due to the high breaking
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Figure 4: Stress distribution during the overburden fracturing.
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intensity of KS5, the vertical displacement at the immediate
roof was still up to 0.48m, and the breaking impact on the
support was slightly lower than that of KS4.

Based on the comprehensive analysis of the overlying
strata fracturing, it was found that due to the large mining
thickness of the coal seam and the wide range of overlying
rock migration, the key strata of KS1 to KS5 all broke, and
the key strata at different levels had different influences on
the working face. The fracturing of KS1 and KS2 in the near
field formed a cantilever beam and masonry beam structure,
which resulted in a slight ground pressure on the working
face. When the far field KS4 broke, due to its great thickness
and wide breaking span of 170m, the ground pressure on the
working face was most intense. The intension of the KS5
fracturing was also high with a breaking span of 175m, but
due to the long distance from the coal seam and the stable
structure in the lower strata, the effects of KS5 fracturing
on the working face was reduced compared to KS4, and the
working face showed slightly strong ground pressure.

3.2. Variation of Abutment Stress in the Coal Body. The above
analysis was made based on the overburden structural char-
acteristics and displacements when the key strata broke at
different layers. The influence of the occurrence and fractur-
ing of key strata on the stress distribution in the coal body
could be gained based on the monitored strain value; the cal-
culation process is shown in the following. The strain gauges
in the coal seam were numbered 1-7 along the mining direc-
tion of the working face, as shown in Figure 2(c). Four strain
gauges were selected to decide the elasticity modulus, as
shown in Table 4. Thus, based on the elasticity modulus
and monitored strain, the stress variation at each monitor
point were gained, as shown in Figure 4.

The abutment stress distribution during the first fractur-
ing of the main roof is shown in Figure 4(a), where the No.1
monitoring point is next to the working face. After the main
roof breaks, the stress at the No.1 monitoring point decreases
from 24 to 14MPa, indicating that the stress concentration
on the coal wall is reduced to a certain extent. When KS1
broke for the first time, the No.2 monitoring point is close
to the working face. Due to the rotation of KS1, the stress
at the coal wall increases from 24 to 28MPa, as shown in
Figure 4(b). During the first breaking of KS2, the No.3 mon-
itoring point is 15m from the working face, and the strata
fracturing has little impact on the abutment stress, as shown
in Figure 4(c). When KS3 first broke, the No.4 monitoring
point is 15m from the working face. As a result of KS3 break-

ing, the stress value at No.4 monitoring point increases from
36 to 43MPa. Meanwhile, at monitoring points No.5 and
No.6, the stress decreases slightly, as shown in Figure 4(d),
indicating that the stress concentration in the advanced
60m is reduced. When KS4 breaks, monitoring points No.5
and No.6 are 30m and 75m, respectively, away from the
working face. The stress values at monitoring points #5 and
#6 are reduced from 31 and 34MPa to 29 and 32MPa,
respectively, as shown in Figure 4(e). When KS5 broke for
the first time, monitoring points No.5 and No.6 is 15m and
60m, respectively, away from the working face. The stress
change law is similar to that for KS4, as shown in
Figure 4(f).

The influence of hard roof fracturing at different layers
on the peak stress and the range of the abutment stress in
the advanced coal body were obtained statistically (see
Table 5).

As shown in Table 5, with the development of the over-
burden caving height, the abutment stress and the influence
range in advanced coal seam increase accordingly. The peak
stress in the advanced coal body increases slightly (30 to
34MPa), and the advanced range of influence increases
greatly. Before the critical fracturing of KS4, the range of
influence of the advanced abutment stress reaches 120m.

When the key strata broke, the strata rotations squeezed
the coal body near the working face, causing the stress on
the coal body to rise. Affected by the strain monitoring layout
interval, it was impossible to accurately calculate the range of
influence in the advanced coal body affected by the fracturing
of each key layer, but we could still find from Table 5 that the
fracturing of KS4 resulted in a strong compression zone of
15–30m in advance of the working face. With the increase
of the distance between the key stratum and coal seam, the
buffer action of the underlying strata was strengthened, and
the strong compression area in the advanced coal body was
weakened accordingly (e.g., KS5). As the distance between
the key stratum and the coal seam decreased, the breaking
span and the range of the advanced compression zone
decreased accordingly (e.g., KS3).

3.3. The Advanced Failure Zone. Based on the noncontact
strain monitoring system, the strain variation characteristics
of the advanced coal body were gained through the strain
measurement line to further study the range and degree of
influence on strong compression areas caused by the fractur-
ing of each key layer.

Strain measurement lines were arranged at the interface
of the coal seam and immediate roof to obtain strain varia-
tion of the coal body after the fracturing of KS1 to KS5, as
shown in Figure 2; the results are shown in Figure 5. The
abscissa represents the location of monitoring points along
the mining direction, the leftmost side of the model is the
coordinate zero point, and the coordinate axis increases
along the mining direction of the working face accordingly.
The length of the model is 375m.

The boundary pillar of 15m was retained in the model.
When the working face was mined to 105 (corresponds to
abscissa x = 120m), KS1 broke, and a statistical strain curve
of the coal body before and after KS1 was obtained, as shown

Table 5: Range of stress influence before and after strata fracturing.

Before breaking After breaking
Peak stress
(MPa)

Influence
range (m)

Action
range (m)

Stress variation
(MPa)

KS1 30 45 ﹥0 24⟶ 28

KS2 33 60 ﹤15 —

KS3 25 60 ﹥15 36⟶ 43

KS4 34 120 ﹤30 —

KS5 33 105 ﹥15 —
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in Figure 5(a). The simulated support is 15m long. From
Figure 5(a), we can find that the coal body is compressed in
the advanced 5m, that is, the impact range of the KS1 frac-
turing on the advanced coal body is about 5m. Similarly,
the strain curve during KS2 fracturing is obtained as shown
in Figure 5(b). Compared with KS1, the compressed zone
in the advanced coal body caused by KS2 fracturing slightly
increases, reaching 6m. As shown in Figure 5(c), the com-
pressed range in the advanced coal body during the fractur-
ing of KS3 reaches 10m. According to the coal body failure

criterion obtained from the test, the fracturing of KS3
resulted in 3m of advanced coal body failure.

When KS4 broke, due to its high breaking strength and
strong impact, the strain on the coal body was greatly
increased, as shown in Figure 5(d). The maximum strain var-
iable in the advanced coal body is up to 0.07, which could eas-
ily cause the crash of supports and the advanced influence
range of 20m. The coal body is severely compressed in the
advanced 20m. Similar to KS4, the action of KS5 fracturing
on the advanced coal body is also relatively serious, but the
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(b) Strain of coal body during KS2 fracturing
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(d) Strain of coal body during KS4 fracturing
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Figure 5: Strain of coal body during fracturing of different key strata.
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range of influence and action intensity are lower than that of
KS4, as shown in Figure 5(e). The range of influence from the
KS5 fracturing on the advanced coal body is 16m.

4. Discussion

According to Figure 5, the range of influence and degree of
overburden-key-strata fracturing in the advanced coal body
are statistically obtained as shown in Figure 6. It can be seen
from Figure 6 that, with an increase of the occurrence level of
key strata, the impact strength of each key layer fracturing on
the coal body increases accordingly. The fracturing of KS4
has the strongest effect on the advanced coal body, with the
maximum strain variation of the coal body reaching 0.036
and the influence range reaching 20m. With further increase
of the distance between the key layer and the coal seam, tak-
ing KS5 as an example, the action strength of KS5 on the
advanced coal body decreases, the change of strain on the
coal body is 0.013, and the range of influence decreases to
16m. As the distance between the key strata and the coal
seam gets closer, the intensity of the key strata fracturing will
also decrease due to decrease of the breaking span of the key
strata. Taking KS3 as an example, the maximum change in
the strain on the advanced coal body caused by the KS3 frac-
turing is 0.005, and the range of influence is 10m.

Combined with the above studies, we can find that the
impact strength of the fracturing of key strata on the mining
panel pressure is directly related to the breaking span, occur-
rence location, and distribution of the underlying strata. The
physical simulation studies show that KS4 fracturing had the
strongest effect on the mining panel pressure, followed by
KS5. The ratio of the distance between KS4 and KS5 from
the coal seam and the coal seam thickness are 5.35 : 1 and
7.3 : 1, respectively.

From Figure 6, we can see that the compression induced
in the coal body by the fracturing of KS4 and KS5 are greater
than that of KS1–KS3. This is mainly because during the frac-
turing of KS1 to KS3, the lower bed-separation space and key
layer rotation angle are big. Although the impact velocity of
the key strata is larger, the breaking step of key strata is rela-
tively small. In addition, the key strata are more likely to act
on the goaf caved rock mass, as shown in Figure 7(a), which
has a weak impact on the mining panel pressure.

As the overburden fracture height develops, the bed-
separation space under the far field key strata decreases,
and the impact velocity after the breaking of key strata
decreases accordingly. However, the kinetic energy after a
far field key strata break is huge due to its great thickness,
high strength, and large breaking interval, coupled with small
rotary space. The kinetic energy of strata fracturing mostly
acts on the lower overburden, resulting in a synchronous
rotary movement of the lower overburden rock strata. This
causes strong ground pressure in the advanced coal body
and working face, as shown in Figure 7(b).

With further increase of the vertical distance between the
key strata and the coal seam, the bed-separation space is fur-
ther reduced, and the energy transferred from the key strata
fracturing to the coal seam is weakened accordingly. Strata
fracturing does not necessarily cause instability and synchro-

nous movement of the underlying strata. According to the
above physical simulation analysis, in this geological condi-
tion, the KS4 fracturing (in the far field) has the most serious
impact on the working face, followed by KS5. The vertical
distance from the coal seam of KS4 and KS5 are 107 and
146m, respectively, and the ratio of the vertical distance to
the coal-seam thickness is 5.35 and 7.3, respectively.

At the same time, we also used the method of field mea-
surement to study the ground pressure in the mining of
extrathick coal seams with hard roofs [13, 15]. The thickness
of the coal seam was 19m, and the method of top coal caving
mining was adopted. The strata movement measurement
points were arranged in key strata at different levels (22, 51,
and 104m away from the coal seam). The thickness of the
three key strata was 12, 9.8, and 23m from the bottom up.
Meanwhile, the resistance characteristics of the working face
support were recorded in real time, as shown in Figure 8. The
monitoring results showed that the support resistance in the
working face increased with fracturing of the two key strata,
which were 22 and 51m away from the coal seam at the
low level, and the dynamic load coefficient of the support
was 1.15 and 1.34, respectively. The pressure duration was
7 h and 16 h, respectively, and the working face had no
obvious indications of strong ground pressure. When the
23m-thick key layer (which was 104m from the coal seam)
broke, the #35–95 supports in the working face were crushed,
and the dynamic load coefficient of the supports reached
1.54. The pressure duration reached 43h, and the ratio of
the distance between the highest key layer and the coal seam,
to the coal seam thickness, was 5.47.

Thus, due to the great thickness of the extrathick coal
seam, the range of the overburden movement was huge and
the key strata at all different levels broke. Among them, the
hard roof in the far field had the largest breaking span and
highest energy intensity. This resulted in the synchronous
rotation of the underlying strata, which is the main reason
of the occurrence of strong ground pressure on the working
face. Based on the above studies, it was found that thick, hard
strata, with the ratio of the distance from the coal seam to the
coal seam thickness between 5.3 and 7.3, have the most
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Figure 6: Effect on the coal body of fracturing of different levels of
hard strata.

12 Geofluids



serious impact on the working face. That is, when a 20m-
thick coal seam is mined, the thick and hard roof, which is
within the range of 106m to 146m away from the coal seam,
has the greatest impact on the mining pressure of the work-
ing face. The results provide a theoretical basis for guiding
the selection of the hard roof control layer in a large space
and improve the reliability of the hard roof control. The
results show that the high-level hard strata are the main fac-
tor causing strong ground pressure in the stope, which breaks
through our idea of control ground pressure by low-level
rock weakening and improves the reliability and accuracy
of ground pressure control. For the control of high-level hard
strata, traditional technical means cannot reach that height.
Thus, our team developed a technical method of ground frac-
turing to control high-level hard strata and achieved success.
This will be introduced in the follow-up researches.

5. Conclusions

(1) Based on physical simulation criterion, a physical
model for the mining of an extrathick coal seam with
hard roofs was established and the methods of non-
contact strain monitor and abutment stress monitor-
ing were used to study the structure characteristics

and the corresponding ground pressure of hard roofs
at different levels

(2) The research showed that the lower key strata mostly
collapse into goaf, thus having less impact on the
working face and advanced coal body. During the
thick, hard key stratum in the far field breaking, the
large fracturing span and high strength result in
instability and synchronous rotation of the underly-
ing strata, thus causing the supports crashed and
advanced coal body damaged, which is the main rea-
son for the occurrence of strong ground pressure

(3) Combined with the physical simulation and field
measurement studies, it is found that the characteris-
tics of ground pressure vary with the levels at which
the key strata occur. During the mining of an extra-
thick coal seam with hard roofs, thick and hard strata
with a ratio (of the distance from the coal seam to
seam thickness) of 5.3–7.3 have the greatest influence
on the working face

Data Availability

The data and material are transparent and included in
the paper.
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