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Abstract: Coal wall spalling is a key technical problem for surrounding rock control in fully mechanized mining face. For
many years, coal wall spalling has mainly been studied through laboratory experiments based on coal samples, and in recent
years, numerical simulation software has been used for simulation analysis. Theoretical research is mainly based on a
two-dimensional coal wall model. At present, the academic circle divides the coal wall spalling into two forms: shear and
tensile spalling. However, the mechanism of coal wall spalling was not clear, and it is difficult to describe the causes of
different spalling forms in different coal seam conditions. To solve the above problems, according to the characteristics of coal
wall spalling, a three-dimensional simplified model of rib spalling is derived based on the plane spline stress balance condition.
Based on this, fully considering the influence of overburden pressure, coal rock interface cohesion, and internal friction angle
on shear stress and internal shear stress of coal, the stress balance equation of the coal wall spalling body based on a
three-dimensional wedge model is established, and the calculation formula of coal wall slope fracture angle is derived
combined with the shear failure characteristics of soft coal and tensile failure characteristics of hard coal. The formula of coal
wall fracture angle integrates parameters such as coal seam depth, dynamic pressure coefficient, coal rock interface cohesion
and internal friction angle, Poisson's ratio, coal cohesion, and internal friction angle. The shear failure of soft coal and the
tensile failure of hard coal are characterized by a unified formula. The effects of coal seam depth, coal rock interface cohesion
and internal friction angle, coal cohesion and internal friction angle, Poisson's ratio, and other parameters on coal wall fracture
angle are studied. The mechanism of soft coal seam, medium hard coal seam, and hard coal seam rib spalling is analyzed, and
the characteristics of shear sliding failure of soft coal seam, block failure of medium hard coal seam and plate slope of hard
coal seam are well explained. Taking the fully mechanized face with large mining height in the hard coal seam of Jinjitan coal
mine as an example, the fracture angle of the coal seam is calculated, and the characteristics of coal wall spalling like plate
shape are well explained, which provides a practical theoretical analysis method for the final solution of this problem.
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spalling in extremely soft, thick coal seam and put forward
the idea that water injection can improve the shear strength
of the coal body and prevent coal wall caving in extremely
soft coal seam to a certain extent. Fang XQ et al. [2]
analyzed the characteristics of soft coal caving by using the
simplified two-dimensional sliding model and gave the

1. Introduction

Coal wall spalling is a common mining problem in fully
mechanized mining face. For a long time, which had been
studied extensively by many scholars. Wang JH [1] studied
the mechanism and prevention measures of coal wall
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prevention method of coal wall caving in fully mechanized
top coal caving face in soft coal seam. Yuan Y et al. [3]
established a three-dimensional "wedge" model, analyzed
the relevant factors affecting the stability of the "wedge",
and drew the conclusion that the coal wall of the "Three
Soft" large mining height face is mainly in the form of
"wedge" sliding. Wu YP et al. [4] agreed that the failure
form of the coal wall was mainly shear slip failure, and the
shape of the sidewall was mainly an irregular quadrangular
pyramid. In order to determine the position of the coal wall
slope, some scholars use the principle of compression bar
stability to study the characteristics of coal wall slope. The
literature [5, 6] first studied the stability of coal wall with
large mining height by using the pressure bar principle, and
obtained that the position where the coal wall is prone to
caving is 0.65 times higher than the mining height from the
floor. Subsequently, some scholars also began to use this

method to study the characteristics of coal wall caving [7-9].

Literature [10, 11] studied the characteristics of coal wall
caving in 8.5-meter fully mechanized mining face with a
large mining height with the help of the principle of
pressure bar stability, and drew the conclusion that the
position of coal wall caving is mainly located in the upper
part of the coal seam. It should be noted that there are
certain preconditions to simplify the coal wall into
compression bar. It is relatively suitable for hard coal seams
with high compressive strength, but there are problems for
weak coal seams. In reference [12], the author analyzed the
influence of different constraint conditions and coal
properties on the stability of compression bar and came to
the conclusion that soft coal seam is prone to sliding
instability and hard and medium-hard coal seam is prone to
bending instability. With the transfer of China's coal mining
center from the east to the west, due to the relatively hard
coal quality in the west, more and more scholars began to
study the characteristics of hard coal caving. Song ZQ et al.
[13] studied the influence of mining height, mining depth
and coal hardness on coal wall caving, and draw the
conclusion that the influence of coal hardness on coal wall
caving is the most significant. Wang JH et al. [14]
considered that the coal wall of a hard coal seam is mainly
in the form of tension shear and tension crack based on the
results of uniaxial tensile and triaxial compressive tests of
different coal samples. Zhang JH et al. [15] consider that
there are two failure forms of coal wall: shear and tensile
crack, and come to the conclusion that improving the
cohesion of coal seam can effectively prevent coal wall
spalling. Xu YX et al. [16] took Jinjitan hard coal seam as
the research object, established the "n" mechanical model of
coal wall stability, and put forward multi-dimensional
prevention and control measures of coal wall stability. With
the increase of coal seam hardness, in recent years, the
phenomenon of plate-like sidewall has appeared in some
mining areas in the West. Some scholars [17, 18] analyzed
the failure characteristics of hard coal plate-like sidewall,
and studied the cracking failure mechanism of coal wall. At
the same time, some scholars began to study the mechanism
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of coal wall caving from the perspective of the interaction
between hydraulic support and surrounding rock. Zhang YL
et al. [19] studied the influence of the initial support force
of hydraulic support on the stability of coal wall, and came
to the conclusion that improving the initial support force is
conducive to improving the stability of coal wall. Based on
the field practice results, Wang GF et al. [20] believe that
the split structure of extensible canopy and face plate is the
best for the hydraulic powered support. Chang JC et al. [21]
analyzed the influence of two different canopy structures,
hinged front canopy and integral canopy, on coal wall
caving, and draw a conclusion that the integral canopy
structure is conducive to restraining coal wall caving. In
recent years, some scholars have begun to study the
mechanism of the coal wall. Xu YJ [22-23] emphatically
analyzed the action mechanism of advance bearing pressure
on coal wall caving and coal wall limit stability height of
different coal seam. Wu XM et al. [24] studied the mining
face slope mechanism of “three soft” coal seam based on
FLAC software. Li ZJ et al. [25] analyzed the form of
8.8-meter super-high coal wall based on on-site observation
data.

It was not difficult to find that, at present, the academic
circles basically agree that there are two types of coal wall
shear and pull fracture, but the mechanism of coal wall shear
and pull fracture is still not very clear. It was not possible to
theoretically explain the relationship between the properties
of coal body and the failure mode of the coal wall. Therefore,
the reasons for the formation of different rib spalling types in
soft coal seam, medium hard coal seam and hard coal seam
could not be clearly explained. It was difficult to describe the
width and depth of the rib spalling quantitatively. Therefore,
based on the general stress balance equation and considering
the role and influence of Poisson's ratio on coal wall failure,
this paper established the estimation formula of coal wall
fracture angle, revealed the variation characteristics of coal
wall fracture angle in different coal seams, and explained the
coal wall caving characteristics of soft coal seam, medium
hard coal seam and hard coal seam, which could provide a
reference for the solution of similar problems.

2. Model of Rib Spalling

Real rib spalling of mining face was shown in Figure 1.
According to the failure shape, the rib spalling could be
simplified as symmetrical 3D model as shown in Figure 2,
where I-I, II-II, and III-III, respectively represent different
profiles of the simplified model of rib spalling. The sections
perpendicular to the X, Y and Z axes of the rib spalling were
described in Figures 3 to 5. Among them, ¢ is normal stress,
and 1 is shear stress. The gray area in Figure 3 represents the
coal wall, the blue area represents the coal wall failure
surface, and the blue-filled area represents the research object
of this paper. In order to determine the failure shape of the
coal wall, the boundary lines of each section were derived
respectively.
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Figure 4. Model of rib spalling xoz section (II-11).
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Figure 5. Model of rib spalling xoy section(I1I-111).

As shown in Figure 3, Any section parallel to the yoz
plane was represented by 4'D'C’. In particular, the section
on the yoz plane is represented by ADC . According to the
equilibrium conditions, taken the horizontal element as the
research object, the vertical equation was shown below:

20, cosBds =271, sin Bds + 20, cos Bds (1)

If the rib spalling curve equation of the 4'D’'C’plane was
z= f(»), the slope of the curve was tan&. Assuming that

the cohesion and friction angles of coal were C, and @, the
equation was derived from Mohr Coulomb law:

dz _ 0,-0,

—=— 2
dy C,+0,tang, @

According to the research from references [26, 27], the
stress at the same distance from the coal wall along the
mining face inclination direction in the range of a hydraulic
support width changes very little and nearly constant.
Therefore, O, and O, could be treated as constants. Where
k=—2"% K is constant. The rib spalling curve

Cyto,tang ’ ’
equation of the A'D'C' plane could be described as
z=Ky+C . The curve of rib spalling section parallel to the
yoz plane approximated to a straight line.

As shown in Figure 4, Any section parallel to the xoz
plane was represented by B'O'D' . According to the
equilibrium conditions, taken the horizontal element as the
research object, the vertical equation was shown below:

O,dx =T, sinfds+0, cos@ds +(1,, +dr,.)dz (3)

If the rib spalling curve equation of the B'O'D’ plane was
z = f(x), the slope of the curve was z' = tan 8 . Based on the

geometric  features there were dz=dsBind and
dx = dscos @ . Substitute this into eq. (3):

O,dx=T,dz+0,dx+T _dz 4)
Based on Mohr Coulomb law the eq. (5) could be deduced:

n n (5)

dx T,+T1, - 2C, +(0, +0,)tan g,

Because the vertical pressure distribution on coal wall is
approximately exponential function distribution, the vertical
pressure distribution could be described by eq. (6):
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o, = Ke™ +K, (6)

b= tan g,

In this K,=-C,cotg, FIE

equation

tan¢0(M+L) C
. m

K =(yH +C, cot@y)e M and ¢, was the

cohesion and friction angles of Coal-rock interface.
Substitute eq. (6) into eq. (5):
4 K e +K, (7)
dx
YH +C, cotg 0l (rror
In this equation, K, = m g AM ,
26, +(0, +0.)tan g,
K = og,+C,cotg,
L 2G +(gy +o,)tang,
It could be known from eq. (7):
K. bx
7 =2 +Kx+D ®)

Expand ¢ by Taylor series. It was easy to take the first

two terms of the expanded series. Substitute ™ =1+ py
into eq. (8), the conclusion could be drawn that the
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longitudinal section curve of the rib spalling failure surface
was approximately straight line.

As shown in Figure 5, taken 4'B'C’ section of rib
spalling body as research object. According to the
equilibrium conditions, taken the vertical element as the
research object, the equation was shown below:

O, sin@ds =T, cos pds )

If the rib spalling curve equation of the 4'B'C’'plane was
X = f(y), the slope of the curve was tan&. Assuming that
the cohesion and friction angles of coal were C, and @, the
equation was derived from Mohr Coulomb law:

y :(C%n +tangy)x+C, (10)

C
When 0O, was constant, K, :J—°+tan¢0 could be
n

constant. Which showed that the track line of the rib spalling
transverse section was approximately straight.

In conclusion, the projections of rib spalling failure
surfaces on xoy, xoz, and yoz planes were almost straight
lines. The rib spalling could be described as wedges, as
shown in Figure 6.

B
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Figure 6. Simplified model of vib spalling and its different sections.

3. Stress Analysis of Rib Spalling Based
on Wedge Model

The stress model of rib spalling could be shown in Figure
7a. The wedge block was divided into symmetrical triangular
pyramid D-ABO and D-CBO, and the force analysis was
carried out on them. Triangular pyramid D-ABO was

subjected to normal stress O, , shear stress 7,;and the

resultant force p on plane ABD. The plane ABD equation

was +2 +z-1=0, as shown in Figure 6, the
tany cota
projected areas of each surface were respectively
W tan y

S, = h? (tan y)* cotar S, = S In this equation h was

height of rib spalling, y was failure angle of coal wall. The

normal vector was 7 ={cot y,tana,l} and the cosine of the
normal vector 7 in the x, y, and z directions was:

cosa, = coty
* \/1+ 2 2
tan” a tcot™ y
tan a
cos B, =
B, > = (11)
l1+tan” a +cot” )y
cosy, = !
=
\/1+tan20’+cot2y

In this equation, @,,B,,and ). was the angles between

the normal vector 7# and the x axis, y axis, and z axis
respectively. The component forces p, p, and p, of the
resultant force p along the x axis, y axis, and z axis were:
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py =peosd, py=peosf, p =pcosy,  (12)

As shown in Figure 7a, according to the equilibrium
conditions, taking the wedge model of rib spalling as the

research object, the equation is shown below:

pr = TZSI ) 2pz = JZSI (13)

(@) (b)
Figure 7. Stress diagram of triangular pyramid rib spalling body.

Taking the triangular pyramids D-ABO and D-CBO as the
research objects (Figure 7a~Figure 7¢), the equation is shown
below:

rz xS UZ

Dy ZITI'O-xSZ +Tny2 y Ps :TISI +UZOS2 _TyzSZ (14)
rz xS Uz

Px = %"'UXSI-T},XSZ » P = 22 $i70:05, * ryZSZ (15)

The resultant force O, was composed of the normal
stress 0, and O,, on the plane ABO and BCO. The
resultant force 7, was composed of the shear stress 7,
and 7,,. The resolution of shear stress 7, and 7,, was
T, Tay, . Because triangular pyramid
D-ABO and D-CBO were symmetrical structure,
T, =T,5.. Juggle the eq. (13), (14) and (15), we could get
the eq. (16):

Tsz > TZZY

(16)

- .S
peos B, =0,5, pcosa, :ZTI

Substitute eq. (11) into eq. (16), the eq. (17) is shown
below:

tana
ptan = 0,5,
\/1+tanza'+cot2 y
(17)
pceoty _1.S

\/1+tan2a+cot2y 2

Substitute S;, S, into eq. (17) and divide the two equations
ineq. (17):

(tan y)* = % (18)

z

©

Assuming that the cohesion and friction angles of
Coal-rock interface were C,, and ¢, so 7, =C, +0_ tang,, .

Substitute this into eq. (18), the Fracture angle of coal wall
could be shown in eq. (19)

=qat ( Jy )
yoatn C,+o. tang,

Because the deformation of the coal wall in y direction
was constrained, according to the research from references
[28,29],

(19)

0, = U0, +a,) 20)

3.1. Failure Characteristics of Soft Coal

Figure 7a and Figure 7b were physical photos of soft coal
rib spalling. It could be seen from the figure that the coal
wall of soft coal seam after rib spalling was very broken. The
shape of rib spalling was generally the granular structure of
powder (Figure 7a) or small block (Figure 7b) and
accumulated in front of the conveyer. In addition, when the
area of the rib spalling was large, it was difficult to see the
obvious coal wall failure surface. As mentioned above, soft
coal rib spalling was mainly shear failure [30, 31], which was
characterized by large fracture angle and sufficient fracture
of coal body, and obvious slip surface could be seen in small
band (Figure 7c¢). This is because the cohesion of soft coal
was small. Under the effect of pressure, the cohesion of coal
body was destroyed first, and then the damaged material
loused stability and slid under the effect of internal friction
[32, 33]. As the coal body mainly expand to the side of the
coal wall, when the horizontal strain exceeded the limit strain,
we could get the eq. (21):

g, ~Ho,+0,)=0, 1)

Substitute eq. (21) into eq. (20), the eq. (22) was shown
below:
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(22)

3.2. Failure Characteristics of Hard Coal

Figure 8a and Figure 8b were physical photos of hard coal
rib spalling. It could be seen from the figure that the coal
wall of soft coal seam after rib spalling was relatively intact
and the shape of which was mainly block or plate type.
Because hard coal has small Poisson ratio, large cohesive
force and compressive strength, and small horizontal
deformation. The failure form of hard coal was mainly tensile
failure [37, 38] and the crack was mainly longitudinal (Figure
8c). As the longitudinal crack expands, the rib spalling began
to be peeled off, and the peeling coal body was relatively
complete, showing block or plate type. In essence, the failure
was tensile strain fracture, that is, when the tensile strain
reached the limit strain &5, the coal body was broken by
tensile crack, and the failure condition was:

o,~H(0,+0.)=E& [39]. If the compressive strength of
coal body was ., then O, =EE,. When & =uy&,, then
0, ~H(0, +0.)=uy0,  Substitute this into eq. (22), then:

o, Houo, | uo. (23)

1-u

2 1-u

(b) [3]
Figure 8. Photos of soft coal rib spalling.
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In this equation, i tension coefficient;

2C,
g, =0 (fOS 9
1-sing,
frictional angle.

Combined eq. (22) and Eq. (23) into one equation, and
substituted 0,=KyH into this equation, then:

was

[40, 41], C, was cohesion and @ was

_Wud. ukK yH

y
1-u?

24
Tom (24)
In this equation, K was dynamic pressure coefficient.
When u, =1then shear failure was come up and when
uy >1 then tensile failure was come up. Substitute eq. (24)
into eq. (19), the fracture angle of coal wall was as shown:

2
y = atan( uguo, +(u+u”)KyH )
(C, +KyH tan g, )(1-u?)

(25)

The eq. (25) was the formula for calculating the fracture
angle of the coal wall considering the shear stress of
coal-rock interface and the shear stress of coal body.

(b) (c) [42]

Figure 9. Photos of hard coal wall spalling.

4. Influence Factors of Coal Wall
Fracture Angle
According to eq. (25), the coal wall fracture angle was

affected by the buried depth of coal seam, coal-rock interface
conditions, Poisson’s ratio of coal body, cohesion of coal

seam, internal friction angle and dynamic pressure coefficient.
The influence of the above parameters on the coal wall
fracture angle was analyzed below. The calculation
parameters were as follows: the buried depth of coal seam is
240m, the dynamic pressure coefficient is 1, the bulk density
of rock mass is 2.5t/m’, and the bulk density of coal mass is
1.3¢m’.
(1) Coal-rock interface conditions
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The relevant parameters were as follows: Coal cohesion
1.5MPa, coal internal friction angle 35°, Poisson's ratio 0.2,
coal-rock interface friction angle 35°. When the cohesion of
coal-rock interface increased from 1MPa to 9MPa, the
fracture angle trend of coal wall was shown in Figure 10a; If
the cohesion of coal-rock interface was 3MPa and other

36
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parameters remained unchanged, when the internal friction
angle of coal-rock interface increased from 10° to 50°, the
fracture angle trend of coal wall was shown in Figure 10b. It
could be seen from the figure that the fracture angle of coal
wall decreased with the increase of cohesion and internal
friction angle of coal-rock interface.
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w

Fracture angle(°)

(2) Coal body conditions

The relevant parameters were as follows: Poisson's ratio
0.2, coal internal friction angle 35°, Coal cohesion 3MPa,
coal-rock interface friction angle 35°, the other parameters
were the same as above. When coal cohesion increased from
1MPa to 9MPa, the coal wall fracture angle trend was shown
in Figure 11a. The internal friction force of coal was 2.5MPa,

50
45+

40+

Fracture angle(®)

2 3 ¥ 1 ¢ 3 ¥ ) 3
Coal cohesion(MPa)

@

1 2 3 4 5 6 7 8 9
Cohesion of coal-rock interface(MPa)
(a)

Figure 10. Influence of coal-rock interface conditions on fracture angle.

15 20 25 30 35 40 45 50
Internal friction angle of coal-rock interface (°)

()

and other parameters are the same as above. When the
internal friction angle of coal increased from 10° to 50°, the
fracture angle trend of coal wall was shown in Figure 11b.
According to the figure, the coal wall fracture angle
increased with the increase of coal body cohesion and
internal friction angle.

Fracture angle(®)

3 " "
3 % 10 1] R | S — )

Internal friction angle of coal(®)

(b)

Figure 11. Influence of coal conditions on fracture angle.

(3) Poisson’s ratio and buried depth of coal seam

When the buried depth of coal seam increased from 300m
to 900m, the coal wall fracture angle trend was shown in
Figure 12a. According to the figure, the coal wall fracture
angle decreased with the increase of buried depth. The
cohesion of coal was 0.7MPa, the friction of coal was 38.5°,
the cohesion of coal-rock interface was 2.8MPa, and the

315

B 500 )
Buried depth of coal scam(m)

(a)

i —
800 900

friction angle of coal-rock interface was 38°. Other

parameters were the same as above. The relationship between
Poisson's ratio of coal and the fracture angle of coal wall was
shown in Figure 12b. According to the figure, when other
conditions remained unchanged, the coal wall fracture angle
increased with the increase of Poisson's ratio.

O3 035 04 045 05

Poisson”’ s ratio

(b)

[0 S % R % 1

Figure 12. Influence of depth and Poisson's ratio on fracture angle.
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It could be seen from Figure 10 that the fracture angle of coal
wall increased with the decrease of cohesion and internal friction
of coal-rock interface. This is because when the cohesion and
internal friction of the coal-rock interface were relatively small,
in order to ensure the balance of the coal wall, the pressure
affected deeper coal seam, and more areas of the coal-rock
interface were affected. As a result, the failure depth of the coal
wall increased, so the fracture angle increased.

According to Figures 10-12, Poisson's ratio had the most
obvious influence on the coal wall fracture angle, while the buried
depth had the weakest influence, relative to the coal-rock interface,
coal body condition and buried depth. Because the overburden
pressure was proportional to the buried depth, it indicated that the
fracture angle of coal seam mainly depends on the properties of
coal seam, especially the Poisson’s ratio of coal body.

As shown in Figure 13a, if the height of the wall remained
unchanged, the fracture angle of the coal wall decreased with
the decrease of Poisson’s ratio, and the shape of the failure
surface of the coal wall transformed from parabolic to
lamellar. This is due to the different Poisson’s ratio between
hard and soft coal seam. Under the same pressure, due to
Poisson’s ratio being higher, the transverse deformation of
the coal wall free surface direction was large, and
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compressive strength of soft coal was low. When the
cohesion of coal body was destroyed, the broken coal body
mainly slid from the coal wall in the way of shear slip, which
manifested as large collapse surface of the coal wall and
broken rib spalling body. Hard coal seam Poisson’s ratio was
relatively small, while the coal seam transverse deformation
was small and the compressive strength of hard coal was high.
The coal wall had a certain compressive capacity. When the
cohesion of the coal body was destroyed, longitudinal cracks
occurred because of tensile failure in the coal wall. With the
continuous expansion of the longitudinal cracks, the rib
spalling occurred and the shape of which was block or plate
sheet. We could draw the conclusion that due to the
difference of Poisson's ratio, the lateral deformation of
different coal seams under overburden pressure was different,
which made different fracture angle for the coal wall, and
then the shear failure or tension failure occurred and the rib
spalling was block or plate shape and so on, in different
forms. Therefore, Equation (17) could explain the different
characteristics of the rib spalling as shown in Figure 13. The
rib spalling in soft coal seam appeared parabolic (Figure 13b),
which appeared block-like in middle and hard coal seam
(Figure 13c) and plate-like in hard coal seam (Figure 13d).

@ (b)

© (d)

Figure 13. Schematic diagram of different rib spalling of coal wall.

Figure 14. Photos of coal wall spalling with plate form.

5. Application Example

The mining face of Jinjitan Coal Mine form Yulin
province, China, is about 300m deep; the thickness of coal
seam is 7.99-12.49m; the internal friction angle of coal
sample is 30.7°; and the cohesion is 2.1 MPa.
7Y21000/38/82d hydraulic support was used in the fully

mechanized mining with a large mining height. Due to the
high hardness of coal seam, when the mining height was
more than 7.5m, plate flaps shape of rib spalling, as shown in
Figure 14, were often encountered [43]. If the dynamic
pressure coefficient is 3, Poisson’s ratio is 0.15, the cohesion
of coal-rock interface and internal friction angle are 2.8 MPa
and 42° respectively, the bulk density of rock mass is 2.5 t
/m’, and the bulk density of coal body is 1.3 t/m’, the
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calculation result of coal wall fracture angle is 25.5° based on
eq. (25). The coal wall fracture angle is small, and the coal
wall is mainly plate and slab. The theoretical results were
basically consistent with the production practice.

6. Conclusion

(1) The change of coal wall fracture angle caused by soft

coal shear failure and hard coal tensile failure could be
characterized by a unified formula. By studying the
variational characteristics of the coal wall fracture
angle, the shear slip of soft coal seam, the block failure
of medium and hard coal seam and the spalling of hard
coal seam could be well explained.

(2) The coal wall fracture angle was affected by the buried

depth of the coal seam, the coal-rock interface
conditions, the properties of coal seam (Poisson's ratio,
cohesion, internal friction angle) and the dynamic
pressure coefficient. Poisson's ratio had the most
significant effect on the coal wall fracture angle. The
fracture angle of coal wall increased with the increase
of Poisson's ratio, coal cohesion, and internal friction
angle and decreased with the increase of buried depth,
coal and rock interface cohesion, and internal friction.

(3) The soft coal seam with a large Poisson's ratio mainly

experienced shear failure. The transverse deformation
of the coal body was large, the depth of rib spalling
was large, and the rib spalling body fell off in the way
of shear slip. The hard coal seam with higher hardness
was mainly damaged by tension, which caused it to
crack longitudinally. With the expansion of the
longitudinal crack, the rib spalling body was peeling
off the coal wall in the form of block or plate.
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