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When the upper part of a high gas coal seam has hard and thick sandstone roof, the gas explosion accident in goaf is even caused by
roof collapse. Taking the mining of 1007 working face of 10 coal seam under Xia KuoTan CoalMine as the engineering background,
using the method of indoor experiment and theoretical analysis, the possibility of rock friction effect igniting gas is studied. Under
the engineering geological conditions, the results show that the heat produced by the friction process of hard sandstone can ignite
gas. According to the 3DEC numerical simulation, the instability characteristics of the overburden hard rock are studied. The
results show that the size of the slab instability area is not changed when the length of the working face increases. When the
thickness of the roof is increased, the area of sliding instability is increased and the degree of sliding instability is more intense.
At the boundary of the tunnel, the overlying strata are subjected to the largest shear stress, and it tends to form a friction surface
with greater slip instability.

1. Introduction

A certain concentration of methane and air mixture can form
violent oxidation reaction such as explosion or combustion
induced by fire source, which will bring great harm [1] to
the mine. Due to the wide application of large mining height
and fully mechanized caving mining technology, the moving
space of roof in the goaf increases, and the probability of fric-
tion and impact sparks increase greatly when hard roof col-
lapses. The gas explosion or combustion accident in goaf
has occurred from time to time in recent years, which seri-
ously affects [2] coal mine safety production.

By 1887, the Prussian Coal Mine Gas Commission
pointed out that the possibility of gas explosion and combus-
tion caused by friction effect when the roof of goaf falls or a

large number of rocks in the old roadway are suddenly bro-
ken [3], and that conclusion was validated [4] by the U.S.
mining agency. A record of the earliest such incidents
occurred in November 1896 in the United Kingdom, the
[5] gas explosion at the Mainj Peter Mine. Many scholars
have also carried out related research by means of experiment
and theoretical analysis. Uchida [6], Golinko et al. [7], Qu
et al. [8], Yujin et al. [9], and Qu et al. [10] and so on through
the test confirmed that the high temperature of the friction
effect of the rock such as gravel-bearing coarse sandstone,
coarse sandstone, and quartz sandstone and the spark pro-
duced has the possibility to detonate the gas. Ward et al. [11]
analyzed the potential risk of rock friction igniting gas in Aus-
tralian coal mines. Kalinchak and Mikhel [12] analyzed the
time effect of friction spark ignition gas theoretically. Wang
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et al. [13] studied the possibility of rock collision heating
caused by thermal convection to increase the temperature of
gas-air mixture and ignite and detonate gas. Bulgakov [14]
carried out an experimental study on the gas-air mixture by
friction of granite. The conclusion is applied to the analysis
of explosion suppression factors of rock collapse and ignition
gas in goaf. Qin et al. [15, 16] studied the occurrence condition
of slide instability and the main ignition source in the case of
such gas incidents high-temperature friction surface is more
likely to ignite the gas than the spark bundles and high-
temperature rock dust due to friction and it is the main igni-
tion source.

The above research confirms the possibility of the friction
effect of hard rock to ignite gas from the point of view of the-
ory and test, but the ignition source of igniting gas in rock
friction process and the area where the roof rock layer is
prone to form friction effect during mining face have not
been deeply studied. In the early stage of production, the
1007 working face of Xiakuotan Coal Mine has caused many
gas accidents in the goaf during roof collapse. Based on the
engineering background of this working face, the main igni-
tion source of gas induced by rock friction effect is determined
by test method. Based on 3DEC numerical simulation, the
dangerous area of gas in the goaf caused by roof breakage
and collapse is analyzed.

2. Engineering Background

The Xia KuoTan coal mine is located in the valley area at the
south side of the Tianshan Mountain of China (shown in

Figure 1) and has an output of 600 thousand tons coal per
year. The mining coal seams No.5, No.7, No.8, No.10, and
No.12 layers all are high gassy coal seams. Through labora-
tory and field tests, for the main mining No.10 coal seam,
the relative outflow of gas is 16.3m3/t, and the absolute out-
flow of gas is 57m3/min. The coal seams are prone to spon-
taneous combustion, and the spontaneous combustion
period is approximately 3 to 6 months.

The 1007 working face lies on the No.10 coal seam with-
out a pseudotop or direct roof. The main roof is composed of
fine sandstone and quartz sandstone with an average total
thickness of approximately 20.8m; the composition of which
is mainly quartz and feldspar. The rock formation has a good
integrity and does not cave easily. The fully mechanized top
coal caving method is adopted, the face length is 862m and
the inclination length is 150m, the average coal seam thick-
ness is 5.5m, and the average inclination is 13°. The roof
lithology of the working face is shown in Table 1.

When the return lane of the working face was advanced
to 55m and 173m, the gas in the gob area was ignited when
the roof collapsed, and the gas flame broke into the working
space and burned the workers. These incidents occurred as
shown in Figure 2.

3. Flash Temperature Analysis of Friction
Effect of Rock Stability

Due to the action of friction, friction heat is produced in the
process of rock block motion, and the mechanical energy of
rock block is converted into heat energy. If the contact

Figure 1: (a) Mine located in XinJiang Province, China. (b) Panorama of the coal mine.

Table 1: Roof lithology of 1007 working face.

Lithology Thickness (m) Features

Sandstone and conglomerate 3.7 Gravel, quartz content is high, harder

Fine sandstone 2.9 Fine grain structure, calcium, clay cementing

Sandy mudstone 11.2 Sand and shale, high sand content partly, sandstone layer interbed

Quartz sandstone 13.9 High quartz composition, partly quartz stone, very hard

Fine sandstone 6.9 Glued calcium clay, hard, high quartz composition

No. 10 coal seam 5.5 Powdery or fragmented, brittle, vertical fissure development
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surface is uniform, the friction heat will be evenly distributed
on the contact surface. However, in practice, the contact sur-
face is always uneven, and there are a large number of micro-
outburst on the rock surface, which is affected by physical
properties such as material and density, and these microout-
burst bodies have great contingency. In the process of contact
friction, some microconvex bodies will produce hundreds or
even thousands of degrees of high temperature on the contact
surface because of the large contact area and the very small
heat release area, which lasts only a few milliseconds or less.
So it is called flash temperature.

The research on friction flash temperature is more studied
in the field of metal friction, and the influence of friction flash
temperature and flash temperature on rock is less studied.
Dangwei and Baisheng [17], based on the heat conduction the-
ory, derived the formula of maximum flash temperature of
rock roof collapse and friction surface:

T f max = K
f ρ1gL
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In formula (1),T f max is maximum friction flash tempera-
ture; K is correction coefficient, f is dynamic friction coeffi-
cient between rock blocks; ρ1 is main roof density, kg/m3;
Li is the span of the three-hinged arch, m; h is the main
roof thickness, m; b is the thermal contact coefficient,
J/(m2·°C·s1/2); Ar and Aa is actual and nominal contact area,
m2; ν1 and ν2 is sliding velocity of different period, m/s;
and �dmax is the average value of the maximum contact diam-
eter of all microconvex bodies.

According to the uniform distribution model of micro-
convex, the contact parameters Ar/Aa and �dmax can be
deduced:
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In formula (2) and (3), η is the density of the microcon-
vex body, kg/m3; Em is the composite modulus of two friction
rock blocks, Em = 0:5E/ð1 − v2Þ, MPa; E is elastic modulus of
rock blocks, MPa; ν is Poisson’s ratio of rock blocks; 1/R is
composite curvature, because of the convex surfaces contact
of microconvex bodies,so 1/R = 4/d.

For the 1007 working face of the Xiakuotan Coal Mine,
the length of working face is 150m, the cycle to press step
is 25.5m, the thickness of the first main roof is 6.9m, the spe-
cific heat capacity is 0:5 × 103 J/(kg °C), the friction coefficient
is 0.2, the roof sliding speed is 6m/s, the maximum particle
size range of sandstone is 0.5-2.0mm, and the maximum
flash temperature is 1234.57°C based on formula (1).

Through analysis and calculation in theory, it can be
known that under the engineering and mining conditions
of the Xia KuotTan coal mine, when frictional instability
occurs in the overlying rock strata of 1007 working face, its
highest friction flash temperature reaches the gas explosion
temperature, which can ignite and detonate the gas. In the
following chapter, indoor tests will be conducted to discuss
the explosion or combustion characteristics of gas ignited
by the rocks frictional heating effects.

4. Experimental Analysis of Frictional Effect of
Rock and Gas Induced

Gou [18] analyzed the relationship between the energy con-
version and the heating mechanism of rock surface during
rock friction and impact theoretically. It is suggested that
the heating up of rock collision will cause the heating up of
gas-air mixture around it, even combustion and explosion. In
the process of rock fall and instability, themain heat convection
between friction effect and surrounding gas is thermal friction
surface, friction spark beam, and high-temperature rock pow-
der flow. In this section, the test method will be used to ana-
lyze the ignition process and main ignition sources of gas.

4.1. Test Equipment and Test Program. The rock samples
were analyzed by D/Max 2500PC X-ray diffractometer in
the upper end of the working face. The results showed that
the main phase of fine grained sandstone roof was quartz,
illite, some kaolinite, and a small amount of calcium carbon-
ate magnesium ore, in which the quartz content was 56-68%.
The main phase of quartz sandstone roof is quartz, which
contains a small amount of dolomite and trace kaolinite,
and the quartz content is between 78 and 91%.

Make rock friction effect gas explosion test box, as shown
in Figure 3. The specimen is divided into a rotating specimen
and fixed specimen. The rotating specimen is a cylinder of
φ120mm × 30mm, which is directly connected with the
motor rotating shaft. The fixed specimen is clamped with a
special device and contacted with the rotating specimen to
form sliding friction between each other. The speed of the
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Figure 2: Layout of the working face and incident indication.
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motor is adjusted by frequency converter to change the fric-
tion speed between the two specimens. The gas is injected
into the lower part of the experimental box, and the gas sen-
sor is set up in the upper part to detect the gas concentration
in the experimental box. The whole process is recorded by
high-speed camera equipment, and the test process is ana-
lyzed by frame screenshot.

4.2. Characteristics of Frictional Heat Effect Induced Gas
Ignition by Hard Sandstone. During the process of sliding
and instability after rock failure, severe friction will occur

between broken rock blocks, the friction surface will rise to
a very high temperature in a short period, and the sparks
and hot rock particles will be thrown away from the friction
surface. Spark bundles and high-temperature rock powder
flow may become potential ignition sources. The gas concen-
tration in the test is between 6% and 12.8%. Three groups of
the same lithology specimens were selected for 24 tests, and
the single test time was controlled within 20 s. The test results
are shown in Table 2.

The results show that for hard sandstone with high
quartz content, when the gas is in the range of combustion

(a) Methane combustion and explosion test box

(b) Rock samples and specimen

Figure 3: Test device and specimen.
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or explosion concentration, the friction velocity between the
specimens determines the possibility of gas ignition. The
higher the relative friction velocity, the greater the release
energy density, the more easily the gas is ignited. Taking
the test process of No.9 specimen as an example, the initial
shape of friction spark becomes the origin of time, and the
process of spark formation until gas is detonated is analyzed,
as shown in Figure 4.

During the test, friction sparks first appear in the form of
point sparks, with short duration and low spark energy. The
appear time of the point sparks is 1.217 s shows in
Figure 4(b). After two frames (1.250), spark duration is only
0.033 s less than the time requirement of ignition gas. For a
longer period of time (0-2.817 s), The friction heat of rock
mass accumulates near the friction surface. Point sparks
gradually form spark beams. As in 2.817 s, compared to point
sparks, the spark beam is brighter and contains more energy
and lasts longer, but it is still not enough to ignite gas. It shows
that the thermal convection between the energy contained in
the spark beam and the gas-air mixture does not heat the gas
to the ignition point, 4.650 s. A more intense beam of sparks
is ejected from the friction surface with a small amount of
ignited gas. Gas is then continuously ignited near the friction
surface (4.667 s). And spread it all around, until the explosion
of gas in the whole experimental box (4.667 s-4.867 s).

It can be seen that when the gas concentration is suitable,
the rock friction effect can ignite and detonate the gas. How-
ever, the maximum temperature of rock friction cannot be
easily recorded by test, and the maximum friction flash tem-
perature of friction surface is calculated by theoretical analysis.

5. Numerical Simulation Analysis on the
Position of Sliding Unstable Friction
Surface in Longwall Face

5.1. 3DEC Numerical Model

5.1.1. Establishment of Numerical Model. According to the
#10 coal surface mining conditions and geological conditions

to establish numerical model, as shown in Figure 5. The
width of the model is 300m, the length is 400m, the height
is 160m, and the 42223 blocks are divided.

The top of the model is free surface, the uniform load of
10MPa is applied, the lateral pressure coefficient is 0.3, and
the model limits the displacement of the four weeks and the
bottom. According to engineering geology report, the physi-
cal and mechanical properties of the overlying rock in the
coal seam were tested through laboratory tests, and the phys-
ical and mechanical parameters of the relevant rock layers
were obtained. The physical and mechanical parameters of
the main strata of the model are shown in Table 3.

5.1.2. Simulation Program and Arrangement of the
Monitoring Points. The influence of the length of the working
face and the thickness of the basic roof rock on the formation
of the friction surface of the rock fall. Respectively, the design
for the length of the face L = 200m, 250m, the lower base of
the basic thickness of H = 1:5M, 2.5M (M for the mining
height) different conditions for comparative analysis, along
the return airway in the face of mining 70~110m area to lay-
out measurement points. In the measuring area, there are five
measuring lines arranged at 70m, 80m, 90m, 100m, and
110m, and each measuring line is arranged along the middle
of the roadway to the middle of the working face. A total of
25 measuring points were arranged in the survey area, as
shown in Figure 6.

5.2. Effect of Length of Working Face on the Position of
Friction Surface.When the length of the working face is grad-
ually increased, the position of the fault line along the work-
ing surface tends to change, so the position of the unstable
friction surface may change. In this paper, the shear stress
variation of each measuring point in the mining face is stud-
ied, and the possibility of the falling of the block is deter-
mined. The situation and timing of the falling point of the
measuring point are analyzed. The influence of the length
of the working face on the instability zone of the mined out
area is determined. Regardless of the simulated initial

Table 2: Gas ignition results of hard sandstone friction test.

Number
Specimen
number

Friction
velocity (m/s)

Gas
concentration

(%)
Test results Number

Specimen
number

Friction
velocity (m/s)

Gas
concentration

(%)

Test
results

1 1-1 1.99 11.9 Unexploded 13 1-1 6 10.3 Explosion

2 1-2 2 10.2 Unexploded 14 1-1 6 8.6 Explosion

3 1-1 4 10 Explosion 15 1-2 6 7.7 Explosion

4 1-1 4 6.8 Unexploded 16 1-2 6 9.1 Explosion

5 1-2 4 10.1 Explosion 17 1-2 6 10.5 Explosion

6 1-2 4 6.6 Unexploded 18 1-2 6 12.8 Explosion

7 1-3 4.02 10.5 Explosion 19 1-3 7.99 10 Explosion

8 1-3 5.94 6.5 Explosion 20 1-1 8 12.4 Explosion

9 1-3 5.98 9.7 Explosion 21 1-2 8 10 Explosion

10 1-1 5.99 10.5 Explosion 22 1-3 9.96 9.8 Explosion

11 1-1 6 6 Unexploded 23 1-1 10 10.9 Explosion

12 1-1 6 12 Explosion 24 1-2 10 9.9 Explosion
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(a) 0 s

(b) 1.217 s

(c) 2.817 s

Figure 4: Continued.
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(d) 4.650 s

(e) 4.667 s

(f) 4.867 s

Figure 4: Process of hard sandstone friction spark inoculation and gas ignition.
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equilibrium stress values, the analytical data starts from the
face excavation (corresponding to the starting cycle number
of steps of 8800). Subject to the impact of advanced support
pressure, the curve in the 13,500 steps around the peak stress.
After the face passes, the stress drops and the stress remain
stable over a range. When the number of cycles is in the range
of 20000~25000, the stress curve fluctuates again. This area is
the main research scope, which is called stress fluctuation
area in this paper.

5.2.1. L = 200m, H = 1:5M, Friction Surface Position
Analysis.When the basic roof thickness is 1.5 times the thick-
ness of the mining work, the maximum shear stress of the
surface length 200m, as shown in Figure 7.

At the 70m line, as shown in Figure 7(a), point 1 is
affected by the support of the coal wall, and the shear stress
value is always at a high level, in the boundary position prone
to fall instability. Measuring point 2 shear stress changes
more gentle. The maximum shear stress at point 3 and point
4 increases abruptly and remains relatively stable in stress
fluctuation zone. Due to the sudden increase in shear stress
exceeding the friction between the rock, this position may
occur with falling rock block instability. The maximum shear
stress of the measuring point 5 in the stress fluctuation area
first after the sharp rise to maintain a period of time stability,
and then quickly decline, shear stress followed by multiple
fluctuations. It is shows that at the point of measurement 5,
the rock mass appears to stage sliding instability. In the pro-
cess of sliding instability, there has been a temporary balance,
the temporary equilibrium state is broken, and the rock
blocks continue to slip until the final settlement to the equi-
librium position.

At the 80m line, as shown in Figure 7(b), point 1 shear
stress rise steadily, at the maximum stress, with a greater pos-
sibility of falling instability. The shear forces at points 2 and 3
are relatively stable. The shear stress of the measuring points
4 and 5 showed a double peak fluctuation in the stress fluctu-
ation area.

At the 90m line, as shown in Figure 7(c), point 1 shear
stress rises steadily, at the maximum stress at each point.
Points 2 and 3 shear stress is relatively stable, and fall insta-
bility may be smaller. Point 4 shear stress fluctuates in the
fluctuation zone, but the peak value is small. In this position,

the rock mass may occur in the stage sliding instability, but
the slip intensity is small. Point 5 shear stress generated
jumping, a short period of time the rapid increase in stress,
and then showed a wave-like stability, which indicates that
the rock mass of the point is slipping and unstable. It is
shown that the point 5 rock burst instability after the forma-
tion of a stage sliding instability.

At the 100m line, as shown in Figure 7(d), the shear point
of point 1 rises steadily to the maximum point, with the larg-
est slip trend. The shear forces at points 2 and 3 are relatively
stable. The shear stress of the point 4 is increased to the max-
imum value except the boundary point, and it fluctuates
slightly in the stress fluctuation area. The slip at this position
may be the largest outside the boundary point. The shear
stress of the point 5 exhibits a peak fluctuation in the stress
fluctuation area and tends to be balanced after the shock. It
is shown that the rock mass in point 5 occurred with sliding
instability, but the sliding intensity is relatively weak.

At the 110m line, as shown in Figure 7(e), point 1 shear
force remained stable after rising steadily. The shear stress
of points 2, 3, and 5 is relatively stable in the stress fluctuation
zone, and the possibility of falling instability is low. The shear
stress of measuring point 4 gradually increases to the high
stress level in the stress fluctuation zone, and the possibility
of the shear stress gradually increases with the increase of
the shear stress.

From the above analysis, we can see that the area is easy
to produce sliding instability and form a friction surface, as
shown in Figure 8.

5.2.2. L = 250m, H = 1:5M, Friction Surface Position
Analysis.When the basic roof thickness is 1.5 times the thick-
ness of the mining work, the maximum shear stress of the
surface length is 250m, as shown in Figure 9.

At the 70m line, as shown in Figure 9(a), point 1 is
affected by the support of the coal wall, the shear stress value
is always at a high level, in the boundary position prone to fall
instability. Points 2 and 3 shear stress is relatively stable,
resulting in falling instability being lower. Point 4 shear stress
tends to be stable after sudden increase in stress fluctuation
area and rapid decline. It is shown that point 4 rock mass
has fallen to form a friction surface. The shear stress of point
5 produces a bimodal fluctuation in the stress fluctuation
area, indicating that the point 5 rock mass produces a stage
sliding instability.

At the 80m line, as shown in Figure 9(b), point 1 shear
stress rises steadily, at the maximum stress, with a greater
possibility of falling instability. The shear stress changes in
points 2 and 3 are relatively stable. The shear stress of the
point 4 showed a bimodal fluctuation, and the shear stress
of the point 5 showed a bimodal fluctuation after the rise of
the stress low, indicating that the rock mass occurred to stage
sliding instability at the points 4 and 5, and the friction sur-
face was formed.

At the 90m line, as shown in Figure 9(c), the shear stress
of the point 1 decreases steadily and then decreases, indicat-
ing that the boundary rock mass produces a certain stage
sliding instability. The shear stress of the rock mass at the
measured points 2 and 3 is relatively stable. The shear stress

z

x
y

160 m

400 m 300 m

Figure 5: #10 coal seam numerical model.
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of the point 4 rock mass rises and falls within the stress fluc-
tuation zone for a period of time and then falls to a relatively
low stress position, and the amplitude of the curve is not sig-
nificant. There was a certain distance slip in the rock at point
4, but the slip intensity was not significant. The shear stress of
point 5 shows a bimodal fluctuation in the stress fluctuation
area, indicating that the rock has a stage sliding instability.

At the 100m line, as shown in Figure 9(d), the shear
stress of point 1 rock mass rises to about 7MPa and then
suddenly decreases, indicating that the boundary rock mass
has fallen. The shear stress of the points 2 and 3 rock mass
is relatively stable, and the possibility of falling instability is
low. The shear stress of measuring point 4 is rapidly increas-
ing in the stress fluctuation area and falls after reaching the
peak, indicating that the point 4 position rock mass was pro-
duced by falling instability to form the friction surface. The
shear stress of the measuring point 5 shows a tendency to
fluctuate in the stress fluctuation area, and it is stable after
the stress is high. It can be seen that there is a possibility that
the rock mass increases with the increase of shear stress at
point 5.

At the 110m line, as shown in Figure 9(e), the shear stress
of point 1 rises steadily, the shear stress of the boundary rock
mass increases gradually, and the sliding tendency increases
gradually. The shear stress changes in points 2, 3, and 4 are
smooth and there is no large fluctuation, indicating that the

rock slips are less likely to slip at these points. The maximum
shear stress of measuring point 5 in the stress fluctuation
zone is fluctuating after the weak fluctuation, and it is stable
after the weak descent, indicating that the rock mass is unsta-
ble and the friction surface is generated at this point.

From the above analysis, we can see that the area is easy
to produce sliding instability and form a friction surface, as
shown in Figure 10.

In summary, through comparative analysis with the max-
imum shear stress curve from the length of different working
surface and the area where easy to be sliding instability, we
can see that the shear stress in the roof rock of the roadway
boundary is the maximum of each point. So, the location of
the rock is more easily broken and the occurrence of falling
instability to form a friction surface. With the increase of
the length of the working face, the change of the area falling
within the working area is not very large.

5.3. Influence of Roof Thickness of Working Face on the
Position of Friction Surface. When the thickness of the roof
increases, the energy required for the rupture of the roof
increases, which will have a certain influence on the location
of the fracture and the location of the friction surface. When
the basic roof thickness is 2.5 times the thickness of the min-
ing work, the maximum shear stress of the surface length
200m, as shown in Figure 11.

Table 3: Lithology parameters.

Lithology
Bulk modulus

(GPa)
Shear modulus

(GPa)
Cohension
(MPa)

Internal friction
angle (°)

Tensile strength
(MPa)

Density (kg·m-3)

Coal 0.97 0.90 1.10 20 1.34 1300

Sandy mudstone 2.20 1.21 2.10 25 1.83 2340

Siltstone 4.40 2.90 2.50 28 2.18 2696

Fine sandstone 5.87 4.38 3.26 30 3.19 2700

Quartz sandstone 8.06 7.89 5.80 32 4.54 3300
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At the 70m line, as shown in Figure 11(a), point 1 shear
stress rises steadily, and the steady increase in stress occurs
after the decrease of the stress in the stress fluctuation area.

It is shown that with the rapid increase of the shear stress
in the stress, the rock mass in test point 1 will have a greater
tendency and more possibility to producing the friction
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Figure 7: L = 200m, H = 1:5M shear stress trends.
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Figure 8: L = 200m, H = 1:5M of the face prone to instability area.

11Geofluids



Point 1
Point 2
Point 3

Point 4
Point 5

0

1

2

3

4

5

6

0.8 1.3 1.8 2.3 2.8
Steps (E+04)

M
ax

 sh
ea

r s
tr

es
s (

M
Pa

)

(a) 70m line

Point 1
Point 2
Point 3

Point 4
Point 5

0

1

2

3

4

5

6

7

0.8 1.3 1.8 2.3 2.8
Steps (E+04)

M
ax

 sh
ea

r s
tr

es
s (

M
Pa

)

(b) 80m line

Point 1
Point 2
Point 3

Point 4
Point 5

0

1

2

3

4

5

6

7

0.8 1.3 1.8 2.3 2.8
Steps (E+04)

M
ax

 sh
ea

r s
tr

es
s (

M
Pa

)

(c) 90 m line

Figure 9: Continued.
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surface. Points 2 and 3 shear stress are relatively stable and
steadily rise after the stay in a stable state. Point 4 shear stress
increases in the stress fluctuation area and falls to the lower

stress level and remain stable after three peaks occur. It is
shown that the rock mass in test point 4 is unstable, but the
slip intensity is not very intense. Point 5 shear stress is the
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Figure 9: L = 250m, H = 1:5M shear stress trends.
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maximum shear stress except the stress at the boundary
point. It rises to the stress fluctuation zone to produce a fluc-
tuating drop and then quickly drops to a less stressful posi-
tion. It is shown that the rock mass in point 5 occurs with
sliding instability and the instability strength is large.

At the 80m line, as shown in Figure 11(b), point 1 shear
stress rises rapidly in the stress fluctuation area and remains
relatively stable at the higher stress position. Indicating that
the rock mass at this position has a greater tendency to slip,
there may be a fall instability. The trend of shear stress
change is relatively stable, and the possibility of falling insta-
bility is small. Measuring points 4 and 5 shear stress steady
decline after rising to the stress fluctuation area. Indicating
that the measured points 4, 5 rock slippage but slippage
intensity is weak.

At the 90m line, as shown in Figure 11(c), point 1 shear
stress decreases to about zero after a period of time to fluc-
tuate update. This is the rock occur to sliding instability
and the rock mass at the measuring point is disengaged from
the contact rock, so the shear stress is reduced to zero. The

shear stress of measuring point 2 rises steadily and rises
to the stress large position in the stress fluctuation area,
which indicates that point 2 has a strong tendency to slip
and there may be a falling instability to form a friction sur-
face. Point 3 shear stress steady rise stress fluctuates little
but stress is large, indicating that the location of the mea-
sured point 3 rock has a strong trend of falling instability.
Measuring points 4 and 5 shear stress rise to the stress fluc-
tuation area were shock drop. After the shear stress is still
in a larger position, indicating that the measured points
4 and 5 at the rock block occurred a in a more dramatic
fall instability.

At the 100m line, as shown in Figure 11(d), the shear
stress of point 1 rises steadily and then decreases to about
0. It is shown that the boundary rock mass at point 1
occurred to sliding instability. The trend of points 2, 4, and
5 shear stress change is relatively stable in the stress fluctua-
tion area. But the impact is not large, stress in a higher posi-
tion, resulting in falling instability being larger. The shear
stress of measuring point 2 rises steadily in the initial stage,
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Figure 11: L = 200m, H = 2:5M shear stress trends.
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and the stress increases rapidly in the stress fluctuation zone
to reach the relatively high stress position. As the shear stress
increases suddenly, the shear stress of the rock mass increases
instantaneously, which may exceed the friction between the
rock mass, which has the possibility of large falling instability
and high instability strength.

At the 110m line, as shown in Figure 11(e), points 1 and
3 shear stress suddenly drop to 0 after rising a period of time.
The shear stress of point 3 rock mass later indicates that the
rock mass at points 1 and 3 occurred to sliding instability.
Point 2 shear stress steadily rises, resulting in falling instabil-
ity increasing. The shear stress of point 4 is increased in the
stress fluctuation area, and it rises steadily to the high level
for a period of time. It shows that the measured point 4 rock
block has a strong tendency to slip and be instable. The shear
stress of point 5 is steadily increasing and then rises and falls
rapidly in the stress fluctuation area. The shear stress has
been relatively high at each point, which indicates that the
rock mass at point 5 was fluctuating and unstable in the stress
fluctuation area and the strength is greater.

From the above analysis, we can see that the area is easy
to produce sliding instability and form a friction surface, as
shown in Figure 12.

In summary, from Figures 5 and 7–9, comparative study
shows, with the increase of the roof thickness of the working
face, the possibility of forming the friction surface in the goaf
is increased. When the thickness of the roof is thickened, it is
possible to form a region with a wider range of sliding insta-
bility, resulting in a more severe degree of sliding instability.

6. Conclusions

(1) Frictional thermal effect is the root cause of roof col-
lapse and ignition gas. For roof fracture rock blocks
in engineering site, when sliding friction occurs due
to sliding instability, the friction surface is usually
narrow in space and a large amount of mechanical
energy is converted into heat energy and accumu-
lated and heated at the friction surface. The high-
temperature friction surface is the main ignition
source of igniting gas

(2) It can be used to judge overlying stata occurring with
sliding instability by the change trend of the internal
shear stress. When the shear stress of a point
decreases sharply, the overlying strata may occur
with sliding instability in this position

(3) In the tunnel boundary to bear the maximum shear
stress, where the most prone to fall instability and
the formation of friction surface

(4) After increasing the length of the working face, it has
little effect on the area of the overburden hard rock
strata which is prone to sliding instability and form
the friction surface. When the thickness of the roof
is increased, the sliding friction becomes more
intense and the area where the friction surface is lia-
ble to be increased increases

7. Outlook

This paper verifies the possibility of gas ignition by the fric-
tion effects of rock through laboratory experiments. This
conclusion has general applicability for specific types of
rocks. Through numerical simulation, the areas where sliding
friction may occur under different rock strata conditions dur-
ing coal mining are discussed. In the future, it is necessary to
consider the actual engineering conditions of the coal mine,
and R&D advanced testing methods and testing techniques,
in order to further clarify the possible scope of frictional
instability, so as to make the control of such accidents more
targeted.
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