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)e absence of a key stratum during overburden rock movement is crucial to the mining pressure of fully mechanized coal mining
faces. Using physical and numerical simulations, the 21304 mechanized mining in Daliuta and Huojitu coal mining faces 1−2

appeared twice during a pressure frame accident analysis. )e results indicate that a lack of key overlying strata is crucial to the
mining of lower coal seams, particularly for the upper sections of a single key stratum of coal. When the key stratum of the upper
coal seam is absent, a stable masonry structure is formed after mining. It is easy to form stable stacked strata at the bottom of a coal
seam. When developing gullies in deep terrains, the formation of the key stratum will be an upper rock fracture affected by the
impact, resulting in a partial absence of the key stratum.When the key stratum is absent, the mining of upslope working faces and
the probability of dynamic strata pressure increase with the overburden on the working face and mining of downslope faces. )e
face mine pressure development laws on the upper and lower coal seammining were similar, mainly manifesting as “slope section
>valley bottom section >back slope section.”

1. Introduction

In recent years, domestic and foreign experts and scholars
have carried out a lot of research work on the movement rule
of mining-induced overburden and the influence of key
strata. Academician Qian Minggao put forward the me-
chanical hypothesis of “masonry beam” through in-depth
research in combination with a large number of production
practices, which can clearly explain the occurrence of upper
overburden fracture after coal mining and the stress situ-
ation between each broken block, and explain the appear-
ance of the stope pressure in the fully mechanized coal face
[1–4]. Based on the theory of “masonry beam,” some experts
and scholars put forward the “key layer theory of strata
control” after continuous research. By combining stope
pressure, overburden migration rule, and surface subsi-
dence, the key layer theory better explains the migration rule
of overburden fracture under the influence of mining [5–9].
Jianping et al. proposed a “hyperbolic” model that fully
minted the overall movement of overburden, and believed

that the focus of the “hyperbolic” rock layer was located at
the position of the main key layer [10]. After coal mining,
according to the division of “four zones” of the overlying
strata, it is proposed that the curved subsidence zone is
mainly affected by the movement deformation of the closest
key layer at the bottom, and the movement trajectory of
subsidence is a paraboloid with elliptic shape [11]. Different
roof lithologies also have a certain influence on the move-
ment of key strata. )e stopping method of filling mining
can effectively reduce the movement of key strata and thus
effectively control the surface subsidence deformation [12].
In addition, the theory of key strata is also helpful for surface
ecological restoration. It can predict surface subsidence and
fractures through the movement rules of key strata and take
corresponding measures in advance to protect surface
vegetation cover [13, 14]. Extensive research has been
conducted on the open mining of coal mines based on fully
mechanized mining faces under complicated topography
that creates abnormal pressure distributions. In the lower
valley landforms, studies have been conducted on the
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anisotropy of rock mass, such as its stress value [15], and its
stress concentration was mainly affected by the upper valleys
of the landscape [16–18]. Some experts and scholars found
[19, 20] that when the buried depth of the shallow coal seam
was between 100 and 120m, under the influence of surface
gully geomorphology, the ore pressure of the working face
appears more strongly in the straight section of the downhill
section. )e size of the slope angle has also a significant
influence on the mining of the working face [21–23]. Larger
slope angles correspond to a thinner bedrock thickness,
thereby increasing the dynamic load coefficient of the
working face [24, 25]. By using numerical simulation
software to investigate the influence of complex topography
on fully mechanized coal face mining, it was concluded that
when the gully slope angle is less than 40°, the mining
working face does not cause slope collapse. However, when
the danger of slope landslide collapse exists during back
slope mining of the working face, slope deformation is
relatively small [26, 27]. At the same time, the depth of the
gully also has a certain influence on the stress distribution of
the surrounding rocks. Field monitoring shows that deeper
gullies correspond to larger changes in rock loss stress,
specifically in the drop from valley bottom to valley peak, as
well as higher stress of the original rock [28, 29].

Extensive research on the valley landform changes under
the stress of working surface rock has been carried out.
Because the key layer of the overlying rock is affected by the
change of stress distribution, and the shallowly buried coal
seam distance is close to the surface, shallow seam mining
under gullies is greatly influenced by the surface topography,
and shallowly buried coal seams near the surface in valleys
result in a lack of key strata, thus affecting the pressure of the
fully mechanized working face. For the above problems,
there are few relevant research results. Based on this, the
authors have studied the influence of the loss of key layers on
mine pressure under ravine terrain. )e study is supported
by solid engineering to provide a reference for safe mining in
fully mechanized mining faces under special mining
conditions.

)e natural environment proximal to the Huojitu coal
mine is such that the surface becomes a gully landform.
Gully development is particularly typical in 1−2 coal of the
No. 3 panel of the 21304 working face (Figure 1) and its
adjacent working face. A main ditch runs across the entire
No. 3 panel, and from the main ditch into a transmitter
branch, and then into five branches. )e maximum head
of the gully is 69.9 m, and the angle is in the range of
25°–40°. )e space between the 1−2 coal seam and the
upper seam of 1−2 is 7–30m, the average coal thickness is
4.6 m, the coal seam dip angle is 0°–6°, and cover depth is
41–198m. )e complete working face is characterized by
one-time high-back mining. As of May 2008, the top seam
of the 1−2 in the No. 3 panel had all been mined. )e width
of the 1−2 coal seam in the 21304 working face is 240m,
and the strike length is 3320.04m. )e mining apparatus
was equipped with an imported DBT hydraulic support
with a rated resistance of 8638 kN. )e machine is a JOY
7LS6C shearer. During the mining of the 21304 fully
mechanized working face, the dynamic strata pressure was

severe for two cases, which caused different degrees of
damage to the working face.

Based on the observation data of ore pressure on the
working face and the analysis of the dynamic load ore
pressure phenomenon, it can be concluded that the dynamic
load ore pressure mainly occurs in the upper slope section
and the top slope section of the upper slope section, while in
the lower slope section of the lower gully section and the
straight section of the nongully terrain, the vivid load ore
pressure is generally not easy to obtain. )e above con-
clusions are also verified by the observation results of ore
pressure on the working faces in different terrain sections, as
shown in Table 1.

During the mining of the 21304 working face, there
were two severe cases of dynamic load. )e coal wall
section of the working face was seriously affected, and
there was a large area of roof collapse. )e pressure of the
working face was stronger than that of the working face
that had been mined before. For the first time, a large
area roof collapse violently occurred when the working
face was pushed to 1875 m, and for its geomorphologic
features are the middle position of the upper slope
section of the gully, the pressure data of the support were
9874–1103 kN. )e impact on the coal wall in the middle
of the working face of the support from No. 35–80 was
serious. )e front part of the support reached 2 m, and
the large-scale roof collapse was in the range of 39–59 m,
the height of the roof collapse was at least 1 m, and the
maximum height was 2 m. )e amount of contraction
under the column of the central bracket was generally
above 180 mm. )e shrinkage of the No. 52 support was
close to 210 mm, and the safety valve of the entire
working face reached 94%. Surface observations of the
location show that there is a significant crack in the
location of the dynamic strata pressure, and subsidence
was maximized. )e maximum subsidence was 1.1 m,
and the crack width was 0.2–1.1. For the second time, a
large area of roof collapse appeared when the working
face was pushed to 1947 m. )e upper geomorphologic
feature was the top of the gully slope, and the pressure
data of the support were in the range of 1245–1463 kN.
)e impact on the roofs of coal walls No. 44–70 in the
middle of the working face was more serious than that of
the support, and the top of the upper roof of the No.
57–60 frame was up to 2.4 m. )e maximum downward
contraction of the central support column was 440 mm.
)e crack width and length of the upper surface were
evidently increased when compared with the first dy-
namic rock pressure. )e maximum width was 4 m, the
length was 19 m, and the maximum subsidence of the
steps was 2.3 m. )e surface is shown in Figures 2 and 3.

Two dynamic load pressure events appeared in the
21304 working face, and two ends were relatively small,
according to the measured results. )e working face in the
mining slope section has a weighting average interval of
19.7 m, and a weighting average length of 1.4 m. Mining in
the bottom section of the weighting average interval of
20.1 m occurs with an average length of 1.2m. )ere is
pressure in the slope mining section average interval of
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18.9m and the weighting average length of 1.6m.
)erefore, backpressure slope mining and slope mining
are greater compared with the average interval, and the
average length is relatively small in the working face stress
situation shown in Figure 4.

2. Methodology and Analysis of the
Mechanism of Instability in Key Stratum

2.1. Identification of the Key Stratum. In this study, the key
stratum of the 1−2 coal in the No. 3 panel was identified

21304 mining face

21305 mining face
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BB
2# gully

3# gully

3# gully

1# gully

CC

1# gully

1# gully
4# gully

2# gully

Figure 1: Surface-underground contrast plan of the No. 3 Panel 1−2 coal of the Huojitu Coal Mine.

Table 1: Pressure features in the working faces of different terrain areas.

Geomorphic
type

Pressure
step/m

Pressure
step

average/m

Continuous
length of
incoming
pressure/m

Average value of
continuous
length of
incoming
pressure/m

Maximum
working

resistance/kN

Maximum
shrinkage

under active
column/mm

Maximum
wall depth/

m

Maximum
ceiling

height/m

Downhill 5.2–17.6 9.5 0.8–6.6 3.2 11,591 <50 <0.8 <0.5
Uphill 6.2–15.6 9.6 1.6–8.0 3.9 13,364 <1000 <2 <2
Flat 5.4–24.0 11 2.4–4.8 3.7 11,318 <12 <0.5 <0.5

(a) (b)

Figure 2: Field observations. (a) )e first dynamic strata pressure. (b) )e second dynamic strata pressure.
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Figure 3: Site of dynamic strata pressure.
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primarily based on the existing borehole histogram of the
area. Simultaneously, the key stratum was judged through
computation, and the results are shown in Figure 2 [30–32].
According to the existing borehole histogram and ground-
measured level analysis, the main critical strata in this area
are generally located above the valley bottom. )us, there is
no key stratum in the overburden of the gully bottom
(Table 2).

Based on the analysis of the key stratum in the No. 3
panel of 1−2 coal, it was concluded that there are two key
strata in the upper part of the 1−2 coal seam in the mining
process, and there is only one key stratum between the 1−2

coal and the 1−2 upper coal seam because the 1−2 coal seam
was mined in 2008. )e key stratum of the upper coal seam
broke owing to mining. )erefore, there is only one key
stratum remaining in the process of 1−2 coal mining, which
exists between the 1−2 coal seam and the top seam of the 1−2

coal, and the structure type is that of a single critical stratum.
)e stability of the key stratum in the upper part of the

1−2 coal depends on the stability of the masonry beam
structure formed by the breaking of the key stratum of the
overburden after mining of the upper coal seam. If the key
stratum of the 1−2 coal seam is broken after mining, it can
form an extrusion and mutual frictional forces when the
fractured rock blocks are arranged in order. )erefore,
under certain conditions, it can form a stable structure with a
semiarched appearance similar to that of the beam. If the
upper coal overburden rocks are rotated toward each other,
the friction produced by the squeezing force is insufficient to
support the formation of a stable masonry beam structure
after the breakage of the overburden rock in the upper coal
seam. Owing to the influence of the overburden rock
structure in the lower coal seam, instability and sliding
phenomena readily appear after mining, which can directly
lead to the dynamic strata pressure in the fully mechanized
working face and cause a large area roof collapse.

2.2. Mechanism of Instability Caused by the Structure of the
Key Stratum Overburden. According to the analysis of the

aforementioned situation, there was only one critical stra-
tum between the 1−2 coal seam and the 1−2 upper coal seam
after mining of the upper coal seam was completed. Owing
to the influence of the surface geomorphology on the de-
velopment of the upper face of the working face, the key
stratum between the 1−2 coal and 1−2 upper coal seams at the
bottom of the gully was missing. )erefore, the appearance
of rock pressure in the stope twice after the overbreak in the
mining process resulted in a large area roof collapse and coal
wall spalling. Compared with the horizontal section at the
beginning of mining, the stope pressure step distance was
relatively shorter, and the pressure influence range in-
creased. )e unstable conditions of the “S-R” stability
component of the masonry beam hypothesis were calcu-
lated, where the sliding stability condition was as follows:

h + h1 ≤
σc

30ρg
tgφ +

3
4
sin θ1 

2
, (1)

and the rotational deformation stability condition was as
follows.

h + h1 ≤
0.15σc

ρg
i
2

−
2
3

i sin θ1 +
1
2
sin2 θ . (2)

In equations (1) and (2), h and h1 are the structural strata
and load strata thickness, respectively. δc is the unidirec-
tional compressive strength of the strata, θ1 is the rotary
deformation angle, i (�h/l) is the ratio of the thickness to the
length of the rock block, and tgφ is the coefficient of friction
between rock masses, which is equal to 0.3.

According to these calculations, in the mining process of
the 1−2 upper coal seam, there were two key overlying strata.
)us, a stable masonry beam structure could be formed after
the critical strata were broken. However, when coal seam 1−2

was mined, there was a single critical stratum and a stable
masonry beam structure could be formed when the key
stratum of the upper coal seam broke down. )us, the
mining section could also form a relatively stable masonry
beam structure. In the back slope mining stage, because the
front ends of the working face pushing and mining direction
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Figure 4: Upslope of the pressure curve of the working face.
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were toward the gully bottom when the key stratum was
broken, block torsion was subjected to the horizontal
pressure of the unbroken block. )e increase in vertical
friction between the blocks formed a stable masonry beam
structure. )us, the stope pressure was normalized, and no
roof collapse occurred. At this stage of slope mining, owing
to the influence of the surface structure and the lack of key
stratum, the rock mass of the upper key stratum after
breaking produced a large rotational deformation, which
caused block instability of the stabilized masonry beam
structure in the 1−2 coal seam. )e load was transferred to a
single critical stratum in the lower section, which led to two
dynamic rock pressure events in the working face. )e
rotational deformation of the blocks is shown in Figures 5
and 6.

2.3. Simulation of Dynamic Rock Pressure on the Instability of
Key Stratum Overburden

2.3.1. Design of Indoor Physical Simulation. To verify the
hypothesis of dynamic strata pressure caused by the sliding
of a single main key stratum in the 1−2 coal seam, indoor
physical simulations were performed at a scale of 1 :100.
Among them, the bulk density similarity ratio of the model
soil was 0.71, the stress similarity ratio was 1 :150, and the
time of push mining was 1 :10. )e main parameters of the
model soil were matched with the sampling results of the No.
246 borehole, and the physical and mechanical parameters
are listed in Table 3.

Because severe pressure appeared twice in the 21304
working face of the mining stage of the 1−2 coal seam
toward the slope, these experiments, combined with the
actual situation, simulated the mining situation of a single
key stratum in the upper part of the 1−2 coal. All schemes
adopted the same model parameters. )e specific pro-
grams were as follows: Program I, mining simulation of
the loss and absence of key stratum in the upper part of the
1−2 upper coal seam, and Program II, using the post-
mining test model of Plan One, 1−2 upper coal seam, the
failure of overburden rock after mining in the upper coal
seam of 1−2 coal seam was simulated. )e model size used
in the laboratory was 130 cm in length and 70 cm in
height, the spacing between the two coal seam spacings
was 11 cm, and the slope angle was 30°. )e parameters of
the model are listed in Table 4.

According to the similarity simulation theory, the major
similarity parameters are calculated according to formulas
(3)–(5):

(1) Length ratio:

αL �
LH

LM

. (3)

In equation (3), αL is the prototype to model the
length ratio. LM is the generalized length of the
model (unit: m). LH is the prototype generalized
length (m).

(2) Stress ratio:

ασ �
σH

σM

�
cH

cM

· αL. (4)

In equation (4), ασ is the stress ratio between the
prototype and model. σM is the stress model (unit:
MPa). σH is the prototype stress (MPa). cH is the
average apparent density of the coal and rock (unit:
kg/m3).

(3) Time ratio:

αt �
tH

tM

�
��
αL

√
. (5)

In equation (5), αt is the time ratio. tH is the time
required for the prototype motion. tM is the time re-
quired for the model to move.

Based on the above similarity criteria, according to the
design scheme of the model experiment, the design length
ratio was 150 and the time ratio was 12.25.

2.3.2. Analysis of Indoor Physical Simulation. According to
the analysis of indoor physical test results, when mining
reached 80.3m, as shown in Figures 7(a) and 7(c) when the
key stratum of the overlying coal seam was missing, the
upper coal seam was broken. )ere was no transverse
pressure between the blocks, and the vertical friction

Table 2: Missing statistics of the main key stratum in the overlying strata of the No. 3 Panel from the Huojitu Coal Mine.

Working face Valley no. Relative position of interface between bottom of key stratum and valley bottom (m) Condition

21304
1 +22.36 Missing
2 +27.13 Missing
3 +26.11 Missing

21305

1 +30.01 Missing
2 +12.97 Missing
3 +2.91 Missing
4 −2.87 Not missing

21306 1 −4.12 Not missing
2 +5.01 Missing
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decreased. Finally, the block of the key stratum became
unstable and slid down, which resulted in the dynamic strata
pressure phenomenon in the mining process of the 1−2

upper coal seam. In the mining process of the 1−2 coal seam,
the key stratum of the upper coal seam appeared to slip and
lose stability, and a single key stratum of the upper coal seam
characterized the structure of the coal seam because all the
loading on the upper coal seam acted on the lower single key
stratum after the onset of the instability of the upper coal
seam.)erefore, in the process of mining, the stope pressure

increased, resulting in a working face roof cutting phe-
nomenon. When the upper coal seam 1−2 was mined
(Figures 7(b) and 7(d)), owing to the integrity of the upper
key stratum, the blocks of the key stratum after breaking
were squeezed together during the mining process, thus
forming the vertical frictional force needed to form a stable
masonry beam structure. )us, the load was in the goaf of
the coal body in front and back, and the impact of the load
on the lower coal seam was reduced to a great extent.
)erefore, there was no dynamic strata pressure

Main key strata

Subcritical key strata

1–2 upper coal seam
Subcritical key strata
1–2 coal seam

(a)

Subcritical key strata

Subcritical key strata
1–2 coal seam

Main key strata

(b)

Figure 5: Breaking of the key stratum in downslope mining. (a) 1−2 upper coal seam. (b) 1−2 coal seam.

Main key strata

Subcritical key strata

1–2 upper coal seam
Subcritical key strata
1–2 coal seam

T T

(a)

Subcritical key strata

Subcritical key strata
1–2 coal seam

Main key strataT T

(b)

Figure 6: Breaking of the key stratum in the upslope mining. (a) 1−2 upper coal seam. (b) 1−2 coal seam.

Table 3: Physical and mechanical properties of borehole strata.

Lithology Poisson’s ratio Volume (kg/m3) Elastic modulus (GPa) Uniaxial compressive strength (MPa) Internal friction angle
Mudstone 0.24 2630 21 30 33
Poststone 0.20 2700 47 40 36
Sandy mudstone 0.23 2590 20 29 29
Kern stone 0.23 2810 40 35 29
Coal 0.29 1400 20 13 30
Siltstone 0.24 2490 22 37 31

Table 4: Parameters of the indoor physical model.

Lithology )ickness (cm) Compression strength (MPa) Volume-weight (KN/m3) Water ratio
Unconsolidated formation 36 31.2 25 1/8
Main key stratum 6 34.3 28 1/6
Immediate roof 9 29.9 25 1/8
1−2 upper coal seam 3.5 12.0 14 1/8
Subcritical strata 5 34.0 28 1/8
Immediate roof 6 29.8 25 1/8
1−2 coal seam 4.5 10 14 1/8
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phenomenon during the mining process. )e test data are
summarized in Table 5.

Under certain conditions, extrusion that occurs simul-
taneously to form mutual friction can form a similar ap-
pearance of a stable semiarch structure. If the final 1−2 upper
strata of the coal seam between the rock friction produced by
mutual rotary extrusion is not sufficient to support the
formation of a stable masonry beam structure for the lower
coal seam after stopping. )is is because of the influence of
the upper seam on the working bed structural instability,
which is seen as a direct result of the fully mechanized
working face that generates dynamic load pressure and
causes large areas of the roof to collapse.

)erefore, when the working face passes through the gully
“back slope,” the overburden is smaller and the pressure step
distance is larger. However, when the working face passes
through the gully “front slope,” the pressure step distance is
opposite, and the pressure step distance is basically consistent
with the theoretical analysis. During pressure building, the upper
part of the working face appears to undergo tensile failure, and
the rock layer above the coal seam cuts off along the rear of the
hydraulic support. Greater differences between peak and peak
corresponded to more obvious dynamic loads on the working
surface.)e strong dynamic load ore pressure was concentrated

in the gully slope section, and the fractures developed vertically
to the surface. In the general terrain area, the working state of the
support was stable, the average pressure did not change sig-
nificantly, and there was no particularly high pressure or obvious
dynamic load bearing. When the working face was in the back
slope section, the average resistance of the support was the least,
and the resistance of the support increased rapidly after crossing
the ravine. )us, corresponding measures should be taken to
reduce the impact of dynamic load ore pressure.

2.4. Numerical Simulation of Dynamic Pressure on the
Instability of Key Stratum Overburden

2.4.1. Design of Numerical Simulation. )e numerical
simulation test was similar to the physical simulation test,
and it was designed to simulate changes in the stope
pressure in the absence of the main key stratum and the
absence of the main critical strata in the upper slope
section. )e model length, height, slope foot ditch, and
depth of both schemes were 340, 105, 42, and 45°, re-
spectively. )e mining progress of the horizontal coal
seam was 5m each time, the direction was from the foot of
the slope, and the supporting strength of the two coal
strata was 5 m. )e support strength of the 1−2 upper coal

Main key strata

1–2 upper coal seam
Subcritical key strata

1–2 coal seam

(a)

Main key strata

1–2 upper coal seam
Subcritical key strata

1–2 coal seam

(b)

Main key strata

Subcritical key strata

1–2 coal seam

(c)

Main key strata

Subcritical key strata

1–2 coal seam

(d)

Figure 7: Comparison of main key strata absence and nonabsence recovery situation of 1−2 upper coal and 1−2 coal. (a) Absence of main key
strata of 1−2 upper coal seam mining. (b) Nonabsence of main key strata of 1−2 up coal seam mining. (c) Absence of main key strata of 1−2

coal seam mining. (d) Nonabsence of main key strata of 1−2 coal.
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seam was 1MPa, and the support strength of the 1−2 coal
was 1.5MPa.

)e yield criterion of the Mohr–Coulomb elastoplastic
constitutive model was adopted in the numerical simulation
study:

fs � σ1 − σ3
1 + sinφ
1 − sinφ

− 2c

�������
1 + sinφ
1 − sinφ



. (6)

In equation (6), σ1 is the maximum principal stress. σ3 is
the minimum principal stress. c is the cohesion. φ is the
internal friction angle.

)e calculation model diagram is shown in Figure 8. )e
detailed parameters are listed in Table 6.

)e valley area was set as a benchmark value of 0m. In
the simulation scheme, datum height was negative below the
datum surface and each layer face was flat on the ground.
)e apparent pressure numerical data in the valleys of the
downhill section, as well as the groove and upslope segments
of the mine, were compared. An index was adopted to
measure the dynamic load rock pressure manifestation
degree on the working face under the support of a large
periodic weighting. )is index accounted for surface crack
width, crack height, and ground height.)eMohr–Coulomb
yield criterion was used for surrounding rock failure.

2.4.2. Numerical Simulation Analysis. )e working face of
the 1−2 upper coal seam is in the gully area. )e gully slope
during the period and groove, face pressure, and normal
pressure manifestation are smaller under the support col-
umn drop-off, with a maximum of 220mm, a ground bench
height of 150mm, and the largest crack width of 50mm at its
maximum. )e main key stratum above the working face
block remained stable.

When the working face advanced 240m into the
valleys uphill, it faced a strong, dynamic load pressure.
)e face with the greatest support to exist under the
column drop-off was 720mm, with a maximum ground
step height of 670mm and a crack width of 40mm. )e
main reason for this is that the key layer breaking the main
block because of the lack of horizontal stress structure

stability is poorer, and the second is that there is an in-
crease in the slope angle and in the key stratum over-
burden load.)erefore, the block final sliding instability is
easily generated, resulting in a working face and dynamic
pressure. )e pressure curve is shown in Figure 9.

Face from the valley areas to slope and bottom topog-
raphy, rock movement, and the bracket deformation
characteristics are similar to mining in coal seams. )e
impact of mining coal seam working faces and advancing is
limited. )e key stratum structural block remains in a stable
condition, and the working pressure is normal. In reality, the
column shrank under the maximum of 260mm, with a
maximum height of 330mm, and crack width of 90mm.

During the period in which the working face is ad-
vanced into uphill valleys, a dynamic load occurs at the
location of the mine pressure and the dynamic pressure
face again, when the mining coal seam is 240m. For a face
with the largest live column under the drop-off of
1300mm, the ground bench height is 3350mm, and the
largest crack width is 200mm. Breaking is the main reason
why the main key stratum is considered to have poorer
structural stability. )e secondary disturbance of sliding
instability may again produce the key structure of the
layer 2 block overburden, wherein load increases with
sliding instability also appearing, resulting in a working
face production life column with a sharp shrinkage, and
cutting the top dynamic load pressure of the surrounding
rock. )e pressure curve is shown in Figure 10.

On the 1−2 coal seam working face, the slope is pushed to
220m because of the upper key stratum horizontal stress with
the final block. )e block between vertical friction sources is
sufficiently strong to support the upper layer, and its load leads
to a dynamic load working pressure. )e hydraulic support
column schedule shrinkage is then under 0.5m, the ground
benchtop head is 0.51m, and the surface crack width is up to
0.11m. In the 1−2 coal seam working face slope push to reach
220m, the upper coal seam appears here because the main key
stratum instability has experienced a dynamic load pressure
phenomenon. )erefore, the location of the upper section is
not a stable fracture after coal mining on the block masonry
beam structure and the upper loads on the key layer 2 cause the
key stratum to slide a strong and dynamic phenomenon of

Table 5: Effect of absent/present strata on the stress of the main key stratum.

Coal seam Main pressure index of the stope Missing the main key stratum Not missing the main key stratum

1−2 upper coal seam

Initial pressure step/m 22 26
Periodic mean pressure step/m 9.1 16.2

Maximum height of ground steps/m 3 0
Maximum height of ground crack/m 3.7 0.2

Main key stratum instability Yes No
Times of dynamic strata manifestation/times 3 0

1−2 coal seam

Initial pressure step/m 30 29
Periodic mean pressure step/m 7.8 8.7

Maximum height of ground steps/m 3.4 0
Maximum height of ground crack/m 5.1 0.5

Main key stratum instability Yes No
Subcritical strata instability Yes No

Times of dynamic strata manifestation/times 1 0
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underground pressure, hydraulic support pillar shrinkage
under 1.2m, a ground level drop of 2.2m, and a surface crack
width of 0.26m.

)erefore, according to the research results, it can be
considered that the roof stress field changes with the changes in
the terrain during working face mining, which is specifically
reflected in the following aspects: the vertical stress of the roof
in the gully section is greater than that in the general topo-
graphic section.

2.5. Comparison of Numerical and Physical Simulation
Results. When the lack of key stratum is not effective for
slope mining, the influence of mining after fracture blocks
between rotary deformation is small, lateral forces between
blocks are larger, and it is easy to form a stable masonry
beam structure. )e stability of the masonry beam structure
is formed after mining of the upper coal seam, and lower coal
seam mining is not generally affected by the dynamic load
pressure. However, when there is missing work for key

The flat section of the ground

Gully downhill section

Gully bottom

The upperpart of the gully

Main stratum

Inferior stratum 1
Top coal
Inferior stratum 2
Lower coal
Floor

Figure 8: Numerical model calculation.

Table 6: Parameters of the numerical model of rock strata.

Stratum )ickness
(cm)

Volume-
weight
(KN/m3)

Bulk
modulus
(GPa)

Shear
modulus
(GPa)

Internal
friction
angle

Tensile
strength
(MPa)

Cohesive
strength
(MPa)

Model unit
volume (m2)

Unconsolidated
formation 34 25 14 8 30 1.3 2.5

Main key stratum 8 28 32 20 36 2.4 4.9 14× 8
Sandy mudstone 15 26 10 5 24 1.1 2.2 5× 3
Subcritical strata 1 5 28 19 14 28 1.6 3.8 10× 6
1−2 upper coal
immediate roof 9 25 10 5 24 1.1 2.2 3× 3

1−2 upper coal seam 3.5 14 6 4 22 0.8 1.8 5× 4.5
Subcritical strata 2 5 28 19 14 28 1.6 3.8 10× 6
1−2 coal immediate
roof 6 25 10 5 24 1.1 2.2 3× 3.5

1−2 coal seam 4.5 14 6 4 22 0.8 1.8 5× 3.5
Bottom plate 15 28 19 14 28 1.6 3.8
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Figure 9: Pressure curve of coal 1−2.
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stratum slope mining, stability will be noted after coal seam
mining, and the working face top load will increase grad-
ually. )erefore, it is easy for a fault block slide to occur
along the working face under dynamic load mine pressures
after mining the upper coal load.When the slope at the lower
coal seam mining stope pressure shows an increasing trend,
slide instability and dynamic load pressure are produced.
)e results of similar simulation experiments are highly
consistent with those of the numerical simulation
experiment.

3. Conclusions

In the mining process of shallowly buried coal seams in a
fully mechanized working face, the key stratum plays an
important role in controlling the movement of overburden.
By analyzing the conditions of two intense pressures in the
1−2 coal of 21304 fully mechanized working face of the
Huojitu coal mine, it was determined that when the main
key stratum is present after mining in the upper coal seam, a
stable masonry beam structure can withstand certain loads
owing to the crushing of broken blocks. When the lower coal
seam is mined, a good masonry beam structure can also be
formed under normal circumstances to ensure that the fully
mechanized working face is not affected by rock bursts
during the mining process.

When the main key stratum is missing after mining in
the upper coal seam, it is not easy to form a stable masonry
beam structure because of the small lateral force between
the broken blocks and the larger ones. When the lower coal
seam is mined because the upper part of the coal seam does
not form a stable masonry beam structure, the load formed
by the upper strata after mining acts on the key stratum of
the lower coal seam.)erefore, when the key stratum of the
lower coal seam cannot bear the upper load pressure, the
working face stope pressure increases violently with the
dynamic strata pressure.

Whether the key stratum of shallow coal seams is
considerably affected by surface gully topography, when the
gully is deep, the key stratum in the upper section of the coal
seam is missing. When working face slope mining, the load
on the coal seam increased gradually, and when it reached a
certain critical value, the working face was affected by the

dynamic strata pressure. )e load on the coal seam de-
creased gradually when the back slope was mined. )us, it is
not easy for the back slope section to influence the dynamic
strata pressure.

)e influence of the valley terrain on the working face
pressure in shallowly buried coal seam mining appears to be
relatively strong. )e mine pressure regularity analysis
shows that the pressure law in the coal mining working faces
is similar, mainly manifesting as “slope section >valley
bottom section >back slope section.”
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