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Severe dynamic disturbance in extrathick coal seam mining has become one of the main factors threatening the stability of
roadway surrounding rock. In this article, the #6 thick coal seam of Buliangou mine in Inner Mongolia, China, is taken as the
engineering background. Amechanical model of the roadway roof structure is established to obtain an analytic formula of the key
block subsidence. A three-dimensional discrete element model is established and used to verify the field measurement results. ,e
fracture characteristics of the main roof above the F6104 transport roadway and the deformation and damage evolution law of the
surrounding rock during thick coal seammining are analyzed.,e results show that because of the long-term breaking and falling
of the roof rocks during extrathick coal seammining, the F6104 transport roadway will undergo two severe mining disturbances at
the locations of 10∼30m and 50∼70m ahead of the F6103 working face. During the two disturbance periods, the roadway roof
displacement settles to 300∼350mm and 750∼800mm, and the deformation of the solid coal wall reaches 650∼700mm and
1350∼1450mm, respectively.,e energy change curve of the total length of the fractured key roof is obtained, and whenmining at
50m, the basic roof is close to its tensile strength, and the strain energy can reach the peak value of 5.2 × 104 kJ, which easily leads
to rock burst. ,e plastic damage zones on both sides of the roadway develop to the roof central area and eventually coalesce, and
the deformation of the surrounding rock is obvious.Whenmining at 50∼70m, the basic roof breaks and unloads, and elastic strain
energy of 3.57 × 104 kJ is instantaneously released. ,ese two dynamic disturbances are the main reasons for the instability of the
roadway surrounding rock. ,e results clarify that the failure mechanism investigation of roadways in thick coal seam mining
conditions can be effectively applied to control the stability of the roadway surrounding rock under strong mining disturbance.

1. Introduction

China’s energy base is gradually moving west to Inner
Mongolia, Xinjiang, and other western regions of China.,e
coal in these areas is widely distributed in extrathick seams.
,e single-layer thickness can be up to 10m or even dozens
of meters, and in China, the proportion of coal produced
from these extrathick coal seams is increasing yearly [1–3].
During coal mining, the dynamic influence of the roadway
depends on the lateral stress concentration, the height of the
mining coal seam, the fracture strata structure, and the
properties of the rock mass [4–6]. In traditional mechanized
top-coal caving mining, the working face lateral roof caving
is rather extensive, and the caved gangue provides support

for the overlying strata, which reduces the occurrences of
collapse and the lateral stress in the roof strata, thereby
reducing the disturbance on the surrounding rock [7]. Fully
mechanized top-coal caving mining technology has been
widely used in the exploitation of extrathick coal seams in
the western areas of China [8, 9]. Due to the thickness of coal
seams, a large mined-out space forms, the caving gangue can
hardly fill the goaf, and the mining area accordingly in-
creases. With the working face mining, the roofs above the
roadway are covered by the overlying strata, which are
supported by a cantilever beam of a certain length. In roof
strata, under the action of periodic pressure, the bending
stress concentration increases at a certain angle to the goaf
and transfers deeply, and lateral overlying strata movement
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causes a disturbance in the adjacent roadway. Additionally,
the time needed for extrathick coal seam operation is long,
mining disturbances are intense, and the damage range of
the roadway increases, which threatens the stability of
surrounding rock [10–12]. Wang et al. [13] found that when
subjected to dynamic mining activities and energy accu-
mulation, high-stress roadways could lead to rock burst
disaster. Additionally, because roadways in the extrathick
coal seam are arranged in the middle of the coal seam, the
roof is soft and fragile top coal, and the coal seam is weak,
resulting in a low bearing strength. Due to these coal seam
characteristics, roadway surrounding rock is prone to
spalling and roof instability.,e dynamic influence of strong
mining on the roadway surrounding rock has become one of
the main disasters in coal mine safety when mining is
arranged in extrathick coal seams.

In this article, the failure mechanism of roadway sur-
rounding rock under the condition of strong mining in a
thick coal seam is investigated. First, a mechanical model of
the main roof above the roadway is developed and used to
analyze the fracture characteristics of the overlying strata.
Next, a discrete numerical model is established to study the
displacement variation laws and stress distribution of
roadways during strong mining periods. ,e field mea-
surement results are consistent with the simulation results.
Finally, based on the numerical results, the damage prop-
erties and energy evolution law of roadways are obtained
under thick coal seam mining. ,e research results of this
article are of great significance for the stability control of
roadway surrounding rock in strong mining conditions.

2. Engineering Background

,e Buliangou coal mine is located in the northern region of
the Zhungeer coal field of Inner Mongolia, and the main
mine is the #6 coal seam, as shown in Figure 1.,e thickness
of the coal seam is 16m, resulting in extrathick coal seam
mining conditions. A longwall mining face with a height of
3.5m is arranged at the bottom of the extrathick coal seam.
,en, the mine pressure of the top coal above the bracket is
used to break the coal into a granular form, release it from
the rear of the hydraulic support, and push it out from the
work face. ,e roadway of the Buliangou coal mine is
generally affected by severe mining. ,e roadway defor-
mation is sizeable, and the roof subsidence of the partial
roadway is greater than 1000mm; thus, it is difficult to
support. Repeated repair of the roadway affects the normal
production of the working face, poses safety risks, and in-
creases the amount and costs of roadway maintenance work.
In this article, the F6104 transport roadway of the Buliangou
coal mine is used as the engineering background, and the
failure mechanism of the roadway during extrathick coal
seam mining is investigated.

After an especially thick coal seam working face is
mined, its strong basic roof is exposed and subsides. When
the exposed area of the rock mass reaches its limit, the rock
mass stress exceeds its tensile strength, and an initial fracture
forms. As the working face continues to advance, the roof
strata experience periodic fractures. ,e overburden

pressure is transmitted to the surrounding coal body,
causing stress to concentrate in the coal body and weaken
the intensity.,e fracture line of the lateral roof in extrathick
coal seam top-coal caving mining, compared with con-
ventional top-coal caving mining, is deeper in the coal wall,
and under the rotation of the lateral roof, the surrounding
rock will be subjected to greater compression deformation.
As mining progresses, the upper strata of the roadway
undergo periodic caving. ,e deformation and stress dis-
tribution characteristics of the surrounding rock are de-
termined by the influence of mining on the coal seam and
the caving conditions of the overlying strata.

As shown in Figure 2, the Buliangou coal mine F6103
working face coal seam has a simple structure and poor
integrity. ,e average compressive strength of the coal seam
is 9.1MPa and the coal easily fractures. ,e thicknesses of
the immediate and basic roofs are 3.3m and 5.3m, re-
spectively, and their average compressive strengths are
21.6MPa and 47.4MPa, respectively. Coring data suggest
that the basic roof conditions are better than those of other
parts of the roofs and thus play the role of key strata. ,e
field data show that the roadway displacement during
extrathick coal seammining is 3–5 times greater than that of
roadways in solid coal.

3. Mechanical Model of Surrounding
Rock Structure

Considering the influence of mining on the working face, the
relationships between the overlying rocks, the key blocks,
and the surrounding rock are shown in Figure 3. ,e goaf
roof becomes broken during the mining process and falls,
and the basic roof is broken in an “O-X” form after the initial
pressure [14, 15]. An arc-shaped triangular rock mass is
formed at the upper side of the roadway.

With continuous mining of the F6103 working face,
crack transfixion produces rock mass A and rock mass B in
the basic roof strata (Figure 4). After the basic roof of the
F6104 transport roadway breaks, rock mass A begins to sink,
which will break the original balance with key block B, and
key block B will subside [16, 17]. Meanwhile, the pressure on
the roadway is obviously increased.,e roof strata above the
F6104 transport roadway fracture, rotate, and fall crosswise.
,e stress surrounding the roadway is redistributed. ,e
vertical stress peak extends deeper into the coal wall, which
results in the increasing deformation of the surrounding
rock under the rotation of key block B.

q(x) is the equation of the stress distribution on the A, B

blocks; MO is the rotary torque of key block B.
,ere is a distance within which the solid coal on the end

of the F6103 working face should not be placed when
mining, and this part of the coal seam under the weight of
the partial collapse forms area I in Figure 4. ,e basic roof
and the immediate roof gradually separate in the process of
mining; they break and undergo cyclical collapse, forming
the hinge structure.,e amount of collapse of key block B in
the goaf and the amount of subsidence at the boundary of the
mined side are calculated as follows [18]:
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S1 � M − T Km − 1(  + H1 K1 − 1(  ,

S2 � X0 · sin θ,
(1)

where is the coal seam mining height, m; T is the height
below which working face should not be placed when
mining, m; Km is the expansion coefficient of the coal body,
taken as 1.3; η is the mining recovery rate, taken as 0.8; K1 is
the failure parameter of the overlying strata in the roadway,
taken as 1.2; H1 is the thickness of the basic roof,m; X0 is the
distance between the top failure location and the mining side
above the roadway,m; θ is the rotation angle of block B at the
top of the roadway in contact with the filling material in the
goaf area, θ � arcsin(S1/l); l is the length of basic roof block
B, m.

Key block B plays an important role in maintaining the
roof stability of the F6104 transport roadway. Under the in-
fluence of mining, the movement of block B is directly related
to the stability of the surrounding rock. In the dynamic
equilibrium process of the overlying strata, the surrounding
rock is disturbed, and the deformation increases. As the F6103
working face is mined, blocksA, B, and C rotate, and they sink
under the action of rotary torque, causing a concentration of
stress in the rock under the roadway surrounding rock, and
this deformation is serious. Basic roof-load stress is q(x).
When key block B is broken, it rotates at the O point as the
datum point.,e cantilever beam angle is θ � Mel/EI, and the
bending moment of the basic roof rock W and the full-length
strain energy Vε of the rock beam are as follows [19–21]:
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where Me is the bending moment of the cantilever beam
structure; E is the basic roof modulus of elasticity; I is the
inertia moment of the basic rock; and l is the length of key
block B.

When the basic roof is broken, the instantaneous angular
velocity of the basic roof is 0, the rotational acceleration is α,
and the key block B centroid instantaneous acceleration is
αB, where αB � L/2α. ,e inertia force FB and the inertia
torque MB acting on O are described as follows:

FB � mαB � m
l

2
α, (4)

MB � JBα �
1
3

ml
2α. (5)

By balancing the force in the vertical direction, the
vertical stress FO at breakpoint O is as follows:

FO � fo + 
l

0
q(x) dx + mg −

αml

2
 . (6)

According to the principle of moment balance, the
bending moment MO at the O point is as follows [22–24]:

MO � fo l + 
l

0
q(x)x dx +

mgl

2
  −

αml
2

3
 , (7)

where m is the quality of key block B; JB is the inertia
moment of key block B; and fo is the vertical shear stress of
key block B at the goaf side.

4. Deformation Law of Surrounding Rock in
Strong Mining Disturbance Conditions

4.1.Model Establishment. To explore the influence of strong
mining disturbance on the roadway in the #6 coal seam of
the Buliangou coal mine, the F6104 transport roadway was
selected, and a three-dimensional model was established, by
adopting discrete element software (3DEC), as shown in
Figure 5.

,e model size is 141m × 100m × 60m; the mining
thickness is 16m; the design mining height is 3.5m; the top-
coal caving mining height is 12.5m. ,e equivalent load
calculation formula set at the upper boundary of themodel is
q � c × h, and h is the height from the top of the model to the
unmodeled part of the ground. ,e lateral displacement of
the model is limited by the displacement boundary, and the
vertical movement is restricted by the bottom surface. ,e
Mohr–Coulomb strength criterion is used to judge the
yielding of the coal and rock mass [25–27]:

fs � σ1 − σ3
1 + sinφ
1 − sinφ

  + 2C

�������
1 + sinφ
1 − sinφ



⎛⎝ ⎞⎠, (8)

where σ1 and σ3 are the maximum and minimum principal
stresses, respectively. C and φ are the bonding force and
frictional angle of the rock, respectively. When fs > 0, the
material experiences shear failure. ,e Mohr-Coulomb
failure criterion can comprehensively reflect the strength
characteristics of rock, and this criterion is widely applied in
underground engineering. When the rock reaches the yield
limit, plastic flow is generated. Table 1 shows the mechanical
parameters of the rock mass. ,ese microparameters of
block contact faces in the 3DEC model were obtained from
the same size of uniaxial compression tests when the sim-
ulated compression test results were consistent with the
physical test results.,e joint mechanical parameters of rock
mass are listed in Table 2.

4.2. 5e Fracture Characteristics of the Roof above the
Roadway during Mining. ,e vertical displacement and
fracture characteristics surrounding the F6104 transport
roadway are shown in Figure 6. Extrathick coal seammining
increases the falling height of the roof. ,e range of the top
roof affected by mining disturbances increases, which leads
to the enlargement of the range of the stress influence area.

After mining at 0∼30m, the roof strata above the F6104
transport roadway are in the initial state of the cantilever on
the goaf side. With continued mining at 30∼50m, the de-
formation and deflection of the basic roof greatly increase,
and the length of the cantilever reaches the breakage limit.
When mining at 50∼70m, severe fracture and subsidence
occur on the goaf side. ,e breaking position of the roof
penetrates deeply into the coal pillar, which drastically re-
verses and sinks near the breaking point. Dynamic pressure
load transfer occurs on the adjacent F6104 section of the
transport roadway, resulting in obvious deformation and
damage to the surrounding rock.

As the goaf roof cannot cut along the solid coal, it will
have a certain collapse angle. ,e larger the thickness of the
mining area is, the greater the space for collapse is; fur-
thermore, the height and length of the lateral roof are also
greater on the goaf side. For the setting test line of block B,
the coal-pillar side end, the midpoint, and the goaf side-end
monitoring point are points a, b, and c, respectively, and the
vertical stress and vertical displacement curves are shown in
Figure 7. Due to mining effects on the F6104 roadway, more
stress from the overburdened rock is transferred to the top of
the roof on the goaf side, leading to increased stress con-
centrations of the coal pillar in the roadway and the stability
influence on the adjacent F6104 transport roadway.

When mining at 0∼30m, block B is bent and sinking,
and the O point is used as the rotation reference point to
generate a large stress concentration and reach the peak
value. ,e vertical displacement of the three monitoring
points gradually increases. When mining at 30∼50m, rock
block B breaks at point O, the stress release at monitoring
point a is sharply reduced, and the vertical displacement
tends to be stable. ,e edge of the coal pillar experiences
plastic damage, and the vertical displacement greatly in-
creases at points b and c. Whenmining at 50∼70m, the stress

Shock and Vibration 5



at points b and c gradually reaches the peak, and the vertical
displacement dramatically increases. When mining at
50∼70m, the vertical displacement and vertical stress of
points a and b decrease and stabilize.,e range of the plastic
damage of the coal-pillar edge is further enlarged at point c,
and the vertical displacement varies insignificantly.

,e movement and structural instability of the roof in
the F6104 transport roadway results in increased resistance
of the hydraulic supports at the end of the F6103 working
face. ,e safety valve frequently opens (opening rate of
approximately 67%∼34%), showing that a large area of the
overlying rock is broken on the mining side. With periodic
pressure, the roof often experiences severe sinking and rib

spalling. ,e section in which coal is not placed at the end of
the working face includes hydraulic supports#93–98, as
shown in Figure 8 with the work-resistance curve of hy-
draulic support#95.

When the basic roof of a coal seam becomes bent and
broken, this deformation is accompanied by a strong impact
load, and the initial and periodic pressure changes become
more severe. ,e distance to which the hydraulic support
changes the pressure in the section where coal is not placed
at the F6103 face is 28.6–33.6m. ,e dynamic load factor is
2.1–2.9, with an average of 2.5, illustrating the strong dy-
namic load caused by the fracturing of the basic roof above
the roadway. At the same time, the top roof rock is broken,

Table 1: ,e mechanical properties of the rock mass.

Parameters Bulk (GPa) Shear modulus (GPa) Tension (MPa) Cohesion (MPa) Friction (°) Density (kg·m−3)
Sand mudstone 6.5 8.6 2.6 1.2 32 2600
6# coal seam 1.5 2.0 0.9 0.9 24 2450
Mudstone 12 8.6 1.7 1.4 30 2200
Fine sandstone 36 12.6 4.2 1.45 31.5 2600
Silestone 25 4.6 2.1 1.0 33 2500

Table 2: Joint mechanical parameters of rock mass.

Joint property Sand mudstone 6# coal seam Mudstone Fine sandstone Silestone
Normal stiffness (GPa/m) 134.2 86.5 102.4 276.4 186.1
Shear stiffness (GPa/m) 53.7 34.5 40.8 110.5 72.6
Cohesion (MPa) 1.1 0.5 1.0 1.3 0.9
Tension (MPa) 2.6 0.9 1.7 4.2 2.1
Friction angle (°) 29 25 28 31 32

P = γh
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F6104 roadway
Top-caving height
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Color by: region
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Figure 5: 3DEC numerical model.
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Figure 7: ,e vertical displacement and the vertical stress curve of the monitoring points. (a) Monitoring curve of “a” point. (b) Monitoring
curve of “b” point. (c) Monitoring curve of “c” point.
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and the falling rock blocks are large. ,e caving rock is
15–30m in length, which has a large impact and destructive
effect on the end bracket.

4.3. Deformation Law of Surrounding Rock. When the F6103
face was mined, the F6104 transport roadway experienced
several mining disturbances, showing severe mine pressure
failure characteristics. ,e depth of the coal-wall rib spalling
reached more than 800mm, and the two drums reached a
maximum amount of more than 1100mm, which was es-
pecially serious at the coal-pillar rib. ,e roadway roof
subsidence was significant, the local steel roof was deformed,
and the bolt (cable) was broken, as shown in Figure 9. ,e
displacement monitoring points were arranged on the
surface of the roadway in the field and the three-dimensional
model; a comparison of the roadway displacement is shown
in Figure 10.

,e displacements of the roof, floor, and two sides of the
roadway are different. ,e displacement of the coal wall is
obviously smaller than that on the coal-pillar side, which
shows that after mining, the overburden stress transfers to
the surrounding rock areas, resulting in a significant increase
in coal-wall displacement. ,e influence of mining activities
on the working face subsidence varies from large to small
and ultimately tends to be stable.

When mining the F6103 working face at 0∼35m, due to
the bending and sinking of the basic roof, the slope of surface
deformation of the F6104 roadway’s roof and pillar side is
greater than that of other areas, and the deformation is more
obvious. ,e settlement at the surface is 400∼450mm, and
that at the side of the coal pillar reaches 800∼850mm.When
mining at 35∼55m, due to the clamping action of the upper
and lower coal rock masses, the rock becomes temporarily

stable, the slope of the surface displacement curve is small,
and the deformation tends to be stable. When mining at
55∼75m, the hanging space of the basic roof constantly
increases, and the overburden pressure is transmitted to the
lower cover layer, which leads to the rotation of the broken
rock strata in the goaf. Due to the large mined-out space
produced by extrathick coal seam mining, the slope of the
displacement curve abruptly increases for long-term dy-
namic loading action on the F6104 transport roadway and
the pillar. ,e settlement at the surface is 650∼700mm, and
that at the side of the coal pillar reaches 1350∼1450mm.
When mining reaches 75m, the overburden strata compact
crosswise, and the displacement stabilizes once again. Only
when mining at 0∼30m under the influence of periodic
pressure, the slope of the displacement curve is small, with a
maximum deformation of 400∼425mm; this displacement
curve is more stable than that when mining at 30m, for
which the final deformation is 450∼475mm.

5. Plastic Damage and Energy Evolution
Law of Roadway

5.1. Analysis of Plastic Damage for Roadway Surrounding
Rock. As the extrathick coal seam is mined at the F6103
working face, the F6104 transport roadway needs to be
maintained for a long time.,e strength of the roadway rock
is badly degraded, and the roof’s contraction and sinking are
considerable. At the same time, the compressive load is also
increasing, and the lateral shear expansion will significantly
increase. Figure 11 shows the plastic damage process of the
coal and rock mass around the F6104 transport roadway and
the F6103 working face.,e light blue area indicates the area
of coal with original stress state, the pink area indicates the
area of coal with shear failure, the blue area is the
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Figure 10: Displacement comparison of the roadway surrounding rock. (a) Roof subsidence curve. (b) Displacement curve of roadway two
sides.
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Figure 9: Deformation failure of the roadway.
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Figure 11: Continued.
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tensile–failure coal rock mass, and the brown area indicates
the area with compression failure.

,e roof-pillar-floor is a part of the rock structure and
mining will cause stress changes in the coal. ,e edge of the
coal pillar is the first part of the pillar to enter the yield
damage state, creating a large area of breaking and falling,
leading to a decrease in the effective bearing area and an
increase in the stress concentration coefficient and further
expanding the scope of the coal-pillar yield zone. When the
stress in the core area of the coal pillar is reduced to the limit
equilibrium state, it can easily induce the sudden destabi-
lization of the surrounding rock. When mining at 10m, the
rock mass is in the original stress state, and only the partial
plastic area of the surrounding rock is disturbed by the
mining effect. Mining at 30m and 50m, the edge pillar of the
mined area is the boundary support point of the broken roof,
and it is subjected to the transfer pressure formed by the
bending and breaking of the basic roof rock. A stress
concentration area arises in the coal pillar, and a damage
zone develops from the roadway and goaf to the coal pillar.
When mining at 70m, the coal-pillar damage zones mu-
tually interact. ,e roadway roof is destroyed by shearing
and tension, most of which is a shear failure. ,e failure
regions on the roadway ribs are serious. When mining at
90m, the plastic region tends to be stable.

,e lateral abutment pressure is disturbed by the mining
of the working face, which causes a change in the load
supported by the coal pillar, as shown in Figure 12.When the
lateral abutment pressure increases, the coal-pillar edge
begins to fall, while the pillar of the central part of the stress
concentration factor begins to rise dramatically. ,e coal
pillar develops fractures and even breaks, and its stability is
difficult to maintain. At the same time, the pillar support
function is weakened, and the roadway span and suspension

roof distance are enlarged, leading to the instability of the
coal and rock mass around the roadway.

When mining the F6103 working face at 10m, the F6104
roadway is not affected by the mining disturbances induced
around the surrounding rock. ,e basic roof bears a load
similar to a uniformly distributed load, and the surrounding
rock initially remains stable. With the increase in mining, at
30∼50m behind the working face, the plastic range extends
to the center from the two sides of the coal pillar, and the
stress of the coal pillar greatly fluctuates, gradually desta-
bilizing.,e stress distribution of the coal pillar is unimodal.
At 50∼70m behind the working face, due to the large space
formed by the extrathick coal seam mining, the spatial scale
of the movement and the destruction of the overlying strata
is long, and the abutment pressure is strong, easily damaging
the coal rock mass around the F6104 transport roadway.,e
stress and the strength of rock decrease, the crack expansion
increases, and significant plastic slippage occurs. Both sides
of the coal pillar exhibit a plastic damage zone with a certain
width, and the boundary bearing capacity is reduced sharply.
Farther than 70m behind the working face, the coal-pillar
stress and rock mass movement basically become stable, and
the plastic zone of the coal-pillar stabilizes to its largest
range.

5.2. Energy Evolution Law of Roadway Roof under the Dy-
namic Load. Due to mining, key block B increases the
bending moment of the rock beam and stores more elastic
strain energy under the rotation action of the overlying
strata. When the strain energy stored in the rock mass
storage is released in an instant, a strong mining disturbance
is caused to the roadway. ,erefore, roof collapse and rock
burst disasters easily occur, as shown in Figure 13. ,e stress
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Figure 11: Evolution process of the plastic zone in roadway surrounding rock in mining conditions. (a) 10m. (b) 30m. (c) 50m. (d) 70m.
(e) 90m.
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distribution is nonuniform, and it will change under the
influence of mining. ,e stress distributions at 30m, 50m,
70m, and 90m for block B at the rear of the working face are
fitted into equation (7), and the parameters are shown in
Table 3.

q(x) � B1x
4

+ B2x
3

+ B3x
2

+ B4x + C. (9)

,e function principle suggests that the strain energy Vε
of the basic roof can be equal to the work done W by an
external force; that is, Vε � W. ,e bending moment
equation is as follows [28–30]:

M(x) � 
l
q(x) · x dx. (10)

Formula (7) is brought into formulas (2), (3), and (8),
and the energy distribution curves of basic roof block B at
30m, 50m, 70m, and 90m, behind the working face are
obtained, as shown in Figure 14.

,e elastic strain energy of key block B on the goaf side of
the F6104 transport roadway increases continuously and
reaches the maximum of 5.2 × 104 kJ. Meanwhile, the rock
mass surrounding the F6104 transport roadway is in the
elastic-plastic equilibrium state. When mining at 50∼70m,
key block B breaks and unloads, and the coal and rock mass
deforms more, accumulating the strain energy of
3.57 × 104 kJ. When mining farther than 70m, the residual
strain energy of the coal and rock mass around the roadway
tends to be stable, at 1.3 × 104∼1.63 × 104 kJ.

Basic roof rock B undergoes an angular acceleration α,
which produces a large inertia force and moment of inertia,
leading to local coal rock mass deformation and failure.
While mining at 50∼70m, the high strain energy of the basic
roof is suddenly released, and the instability of the overlying
rock structure leads to strong mine pressure on the F6104
transport roadway. According to the balance principle, all
the main, binding, and inertial forces act on the rock beam
and are composed of the balance-force system. Using
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Figure 12: Lateral support stress distribution of roadway.
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Figure 13: Roadway failure caused by release of strain energy. (a) Rock burst. (b) Roof collapse.
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formulas (4)∼(7), the fracture moment of basic roof rock
mass B, the additional force ΔFO and the additional moment
of inertia ΔMO caused by the break are as follows:

ΔFO �
mαl

2
,

ΔMO �
mαl

2

3
.

(11)

,e primary cause of the second severe roadway dis-
turbance is the dynamic load-bearing action caused by the
breaking of the basic roof in an extrathick coal seam when
the mining distance is greater than the periodic breaking
distance. At the end of the process of mining disturbance,
key block B is compacted, and the roadway surrounding
rock is in a state of plastic yield.

6. Conclusions

Taking the Buliangou mine, Inner Mongolia, China, as the
engineering background, the failure mechanism of a road-
way surrounding rock under the strong disturbance of
mining a thick coal seam was investigated through theo-
retical analysis, numerical simulation, and field measure-
ment. ,is article includes the following conclusions:

(1) ,e breaking characteristics and the movement rules
of the key roof above the roadway were studied by
establishing a mechanical model of the roadway roof
in extrathick coal seam mining. ,e bending mo-
ment of the key roof, the rock beam’s length–strain
energy expression, and the roles of the key block’s
fault–point inertia force and inertia moment were
obtained.

Table 3: Stress distribution curve-fitting parameters.

Mining distance (m) B1 B2 B3 B4 C R2

30 2.35×10−4 −1.4×10−2 0.233 −0.628 4.197 0.936
50 2.66×10−4 −1.6×10−2 0.273 −0.857 5.149 0.928
70 1.6×10−8 −5.19×10−4 -3.34×10−2 0.582 5.41 0.973
90 5.56×10−5 −3.08×10−3 4.28×10−2 −1.70×10−2 5.971 0.957
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Figure 14: Elastic strain energy curve of key rock mass B.(a) 30m. (b) 50m. (c) 70m. (d) 90m.
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(2) Compared to the mining of thinner coal seams, in
extrathick coal seammining, the roof’s caving height
is increased, and the range of disturbance is in-
creased above the coal seam. In the field and sim-
ulation results, when mining at 0∼30m, the roof’s
cantilever beam of the roadway’s goaf side reaches
the breaking limit from the initial pressure, and the
stress concentration factor is large. ,e displacement
is asymmetric on the two sides of the roadway. When
mining at 50∼70m, key rock block B fractures and
subsides. ,e broken position is deep inside the coal
pillar, taking O as the basic point of the reverse
subsidence, forming a severe dynamic load, which is
transferred to the F6104 transport roadway. ,e
roadway roof is partially destroyed by shearing and
tensile damage, most of which is a shear failure.
When mining at 90m, the plastic zone no longer
extends, and the stress and deformation of the
surrounding rock are stable.

(3) When mining at 0∼30m, the basic roof of the
roadway deforms and continues to accumulate
elastic strain energy to2.8 × 104 kJ. When mining at
30∼50m, the elastic strain energy of the basic roof
reaches 5.2 × 104 kJ. ,e bearing capacity of the coal
and rock mass around the roadway sharply de-
creases. When mining at 50∼70m, the basic roof
rock instantly unloads and releases elastic strain
energy at 3.57 × 104 kJ. At that time, the roadway is
subjected to a second severe disturbance, which
easily leads to roadway instability.
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