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Rock burst induced by roof breakage and its prevention
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Abstract: Based on the research on rock burst phenomenon induced by the breakage of thick and hard roof around roadways and
working faces in coal mines, a criterion of rock burst induced by roof breakage (RBRB) was proposed and the model was built.
Through the model. a method calculating the varied stresses induced by roof breakage in support objects and coal body was proposed
and a unified formula was derived for the calculation of stress increment on support objects and coal body under different breaking
forms of roof. Whilst the formula for calculating dynamic load was derived by introducing dynamic index Ky The formula was
verified in Huating Mine by stress measurement. According to the formula for stress increment calculating, the sensitivities of
dynamic load parameters were further studied. The results show that the thickness and breaking depth of roof, width of support object
are the sensitive factors. Based on the discussion of the model, six associated effective methods for rock burst prevention are obtained.
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1 Introduction

Rock burst is one of the typical dynamic hazards in
coal mining, which extremely affects safety and
production of mines [1]. Since the first recorded rock
burst happened in England in 1738, the main mining
countries like Germany, South Africa, Polish, Czech,
Canada, Japan, France, and about more than 20 countries
reported rock burst happening. Many researchers have
studied rock burst from various aspects around the world
[2—9]. In China, the first recorded rock burst happened in
Fushun in 1933. As the mining depth increases (about
12—20 m per year), the tectonic stress of coal-rock mass
around mining space gets larger and larger, which makes
it easier to reach the peak strength of coal-rock mass.
Under this condition, it will probably induce rock burst
while the stress increases promptly.

Roof breakage can shock and vibrate the coal body,
which is one of the main factors to increase stress
promptly in coal-rock mass. Most rock bursts are mainly
affected by thick and hard roof. Presently, many
researchers have been researching rock burst induced by
roof breakage (RBRB), for instance, BLAKE et al
[10—11] studied the seismic phenomenon of roof
breakage, and some Chinese researchers studied the

component rock burst tendency of combined floor, coal
seam and roof [12—13], and the energy cumulating and
releasing effect of strata around working area was
studied by some others [14—19]. The research works
above made great progresses in learning mechanism of
roof induced rock burst. However, energy is the
necessary but inadequacy factor of rock burst, while the
stress increasing in coal and rock mass directly causes
the rock burst. Hence, the study of stress vibration of
coal-rock mass can help to learn the essence of RBRB
and has instructiveness in the control of rock bursts.

2 Mechanism of rock burst

In the mining progress, roof breakage will induce
dynamic load of coal mass. If the sum of dynamic and
primary load in coal mass is up to the peak strength, the
rock burst will happen. The stress criterion of rock burst
can be expressed as

o, +o4 >[o], (1

where o, is the primary load of coal mass; o4 is the
dynamic load induced by roof breakage; [o], is the peak
strength of coal mass. Equation (1) represents that the
interaction of o, and o4 can lead to rock burst. Parameter
o, is determined by geological and mining technique
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conditions of mine and usually uncontrollable, while oy
is the factor that leads to the stress increasing suddenly
up to the peak strength. Hence, it is significant to study
o4 induced by roof breakage.

3 Analysis of process

3.1 Establishment of model

Under the disturbance stress, roof strata will break.
The fracture line in the coal body is always parallel to the
working face or road way. The fracture width along with
the working face or road way is larger than the fracture
depth in coal body, and the stress along the width aspect
is under the same condition. So, it is possible to analyze
the stress condition of roof by plane strain with the beam
theory. The model of rock burst induced by roof
breakage is shown in Fig. 1.
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Fig. 1 Model of rock burst induced by roof breakage

In Fig. 1, L, is the width of support object; L, is the
depth of roof breaking in coal body; L; is the length of
roof hanging in goaf; b is the width of working space
unsupported; #4; is the thickness of roof; A, is the
thickness of overlying strat, nm; p, is the density of roof;
p is the stress loaded by overlying strata; f{L;) is the
stress distribution function of support; f{L,) is the stress
distribution function of coal body between the working
space and fracture line.

Figure 2 shows the stress analysis of roof before
breaking, where oy is the tensile stress of upper edge; 7 is
the shear stress of fracture face. Because the stress
increment is mainly caused by the change of stress state
on the fracture line, the stress on the left side of the
model has been neglected for simplification. The
mechanical equilibrium of roof before breaking is
presented as
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Fig. 2 Stress analysis of roof

Because of the change of stress state on fracture line
after roof breaking, there will be stress increment in
support and coal body so as to get new mechanical
equilibrium. As the distribution of stress increment is
determined by characteristics of coal and the structure of
surrounding coal and rock mass, and the distribution of
stress increment varies in different conditions, it is
difficult to get exact distribution of stress increment. In
order to evaluate the stress increment, dynamic load, and
their influencing level on working space, the average
stress increment Ac is wused to describe the
comprehensive mechanism effect of roof breakage. The
new mechanical equilibrium of broken block after
breaking can be presented as

[T @)+ acldl + [ P LA(Ly) + Acdl, +
peL—pL=0
[T+ AGT- (L +b+ Ly~ )l +
L LZ LZ
[ L) +A0N(L, ~b)dl - pgh == p—=0
()

From Egs. (2) and (3), the following equations can
be obtained as

h2
o= 2 2 . Or (4)
3(Ly + L3)+6(bL, + L Ly)
or
Ao = iy T 5)
L+L,

The relationship between the tensile stress op and

the shear stress 7 can be expressed as
r= 5 hzl(Ll +L2) or (6)
[3(Ly +L5)+6(bL; + L, L,)]

3.2 Discussion of model

From Egs. (4) and (5), the calculation of Ao is
determined by the roof breaking form.

As Eq. (6) shows, the form of roof breakage can be
determined by the parameters: [o7], [7], Ly, Ly, b and A,
where [or] is the tensile strength; [7] is the shear strength
of roof. The parameters in Eq. (6) can be obtained by
practical measurement for the working space. Taking [o]
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instead of o7 in Eq. (6), a shear stress 7 can be obtained.
If 7<[z], when the tensile stress ot is up to the tensile
strength [or] and the roof begins to break by tension, the
shear stress on the fracture line is lower than [z]. The
breaking form of roof is tensile fracturing. Conversely, if
>[7], the breaking form of roof should be shear
fracturing.

If the breaking form is tensile fracturing, the stress
increment can be expressed as Eq. (7), while the stress
increment can be written as Eq. (8) under condition of
shear failure:

ht
o= [o7] (7)
3(L2+I2)+6(bL, + LLy)
Ao =—T (7] ®)
L +L,

According to the key strata theory, the movement of
strata above coordinates to the key stratum after the key
stratum breaks. The breaking of key stratum will lead all
or partial strata above it to move together with itself [20].
The key stratum controls the movement of the strata
above it. Because of the different breaking forms of roof
including the strata above, the expressions for the stress
increment of roof strata are not unique. But, the
expression of stress increment of roof can be written by
introducing parameters of Cr and C; as

Cr (o7 ]; C..h[r]:
o= 222 Tll[ T]l +z Ti z[ ]l
3(Ly +L3)+6(bL, + L L,) L +L,

©)

where #; is the height of stratum i; [or]; is the tensile
strength of stratum i; [z]; is the shear strength of stratum i;
Cr; and Cy are two introduced parameters of stratum i.
When the breaking form of stratum i is tensile failure,
Cr=1 and C,=0, while in condition of shear fracturing
Cr=0 and C~=1.

The stress measurement in mines reveals that the
process of roof fracturing is abrupt and causes
propagation of seismic wave validated by seismic
observation. When the roof strata break, the stress
increment load on the support object and coal body is
equivalent to the isometric stress of balance force of
fracture line before roof breaking. The stress load on the
elastic coal body will cause dynamic load. If the
deformation is x and the coefficient of elasticity of coal is
K, according to the law of conservation of energy, the
equation can be written as

on:%sz (10)

So, the maximum and dynamic load o4 can be
written as

o4=Kx=2Ac (11

According to Eq. (11), K&=2. Because of the
different fracturing speeds and non complete elasticity of
coal body, Ky can change between 1 and 2. So, the
expression of average dynamic load can be written as

o = KdZCTihiZ[O'T li + Kdzcrihi[f]i
TR+ 12)+6(bL, + LLy) L +1,

The derivation process of the model presents a
method to calculate the stress increment and dynamic
load after roof strata break. If the stress distribution of
support object and coal body can be confirmed, the stress
increment and dynamic load can be exactly derived
according to the derivation process of the model.
Equation (12) can be used to evaluate the influencing
level of roof breakage to support object and coal body. If
the safety factor (n) is introduced in Eq. (1), the rock
burst hazard criterion can be written as

(12)

o;+noy >[o], (13)

3.3 Verification in practice

The mining depth of 2501 mining areas of Huating
Mine in Gansu Province of China is 720 m underground.
According to the borehole YB605, the main roof is fine
sandstone of 19 m thick and 13 m above it are two
separate strata of siltstone with the thickness of 10 m and
14 m. As shown in Fig. 3, the borehole stress meter
shows that the stress 12 m besides the roadway increases
abruptly when the distances are 6.8 m and 4.8 m to the
working face respectively. It can be judged that the 10 m
and 14 m thick siltstones break simultaneously after the
19 m thick sandstone fractures. According to the
measurements, the tensile strength [o7] of sandstone is
1.91 MPa and that of siltstone is 1.67 MPa, while the
shear strength [7] of both is 4.6 MPa. The canopy of
hydraulic support is 4 m and unsupported working space
is 0.2 m. By substituting the related data into Eq. (5), the
shear stress of roof strata can be obtained. The shear
stresses of strata from bottom to up are 1.10, 0.62 and
0.87 MPa, respectively. They are all lower than the shear
strength, so the breaking forms of roof strata are tensile
failures. Making Ks=1 and 2, the stress increment and
dynamic load can be obtained, as listed in Table 1.

Table 1 Calculated results of stress variation

Breaking stratum Stress Dynamic
& increment/MPa load/MPa
19 m sandstone 1.94 3.89
14 m and 10 m siltstones 2.08 4.17

The YBS-40 borehole stress meter and KBJ-16 data
acquisition instruments were applied to measuring the
stress in coal body. Figure 3 shows the arrangement of
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instrument and Fig. 4 represents the stress measurement
results. Figure 4 shows the stress of 12 m (elastic area
with maximum varied stress) beside the roadway in coal
body increases abruptly when the distances are 6.8 m and
4.8 m to the working face. The sudden increment is
nearly twice the residual increment. Hence, the sudden
increment can be recognized as dynamic stress. The
stress values of variation observed are shown in Table 2.
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Fig. 3 Borehole stress meters collocation (unit: m)
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Fig. 4 Measurement results of borehole stress meters

Table 2 Measured results of stress variation

. Stress Dynamic
Breaking stratum increment/MPa  stress/MPa
19 m sandstone 2.20 4.37
14 m and 10 m siltstone 2.08 4.97

According to Tables 1 and 2, the calculated stresses
are slightly lower than the measured stresses. The
calculated stresses are 90.3% of the measured ones on
average. From Table 2, the practical dynamic index of
roof strata can be calculated and the results are 1.99 and
2.39 which are approximately equal to the theoretical
dynamic index, thus the calculated results of the model
are reasonable by considering the measurement error.

Consequently, the dynamic load and stress
increment can be calculated comparatively accurately by
the method proposed by the model.

4 Application in rock burst prevention

The model of rock burst induced by roof breakage
can be applied to calculating the stress increment and
dynamic load on the coal body under the fractured roof
block and the support on the working face when the roof
breaks in the coal body, and to calculating the stress
increment and dynamic load on the coal body and coal
pillar under fractured roof block as the roof breaks when
roadways heading beside goaf. Additionally, it can be
applied to calculating the abnormal stress when roadway
or working face heads towards structures like fault as
well.

The deformation and losing stability theory of rock
burst pointed out that the stress of coal-rock mass will be
soon up to the peak strength when rock burst happens.
Under the condition, the anti-deformation ability of the
coal-rock mass has declined and became unstable. If the
stress vibrates, the rock burst will happen. When the roof
breaks, the coal seam is loaded by the front abutment or
side abutment, the bearing capacity has declined to a low
level, and the breakage coefficient D has been up to a
high level, so the rock burst is easy to happen. The
possibility of rock burst happening depends on the stress
state of coal-rock mass and the intensities of external
stress disturbance. As the calculating results show, the
dynamic load is up to 3.89 MPa when the thickness of
roof is 19 m. The stress increment and dynamic load are
of the second proportional relationship with the thickness
of roof as Eq. (12) presents, so the breaking of the hard
and thick roof directly causes rock burst. When the static
stress of coal mass and the peak strength are measured
and the dynamic load of roof breaking is calculated as
well, the hazardous of rock burst can be calculated by
Eq. (13). If the calculated stress of coal mass is larger
than the peak strength [o],, the suitable methods for rock
burst controlling should be taken to release the rock burst
hazards.

According to Eq. (13), take the 19 m sandstone in
thickness of Huating Mine for example, make only one
parameter changeable, and the variation law of dynamic
load with other parameters can be obtained. The
variation laws are shown in Fig. 5.

Figure 5(a) shows while the roof thickness is lower
than 98.3 m and the breaking form of roof is tensile
fracturing, the dynamic load is in the second proportional
relationship with the thickness of roof. While the roof
thickness is larger than 98.3 m, the relationship between
dynamic load and roof thickness changes into linear
relation. The dynamic load rises quickly while the
thickness of roof is larger than 5 m. Figures 5(b) and (c)
show that the dynamic load increases rapidly while
the depth of roof breaking in coal body or the width of
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Fig. 5 Laws of dynamic load with parameters: (a) Relations between dynamic load and thickness of main roof; (b) Relations between

dynamic load and width of support object; (c) Relations between dynamic load and broken depth of main roof; (d) Relations between

dynamic load and width of excavation

support gets larger than 5 m. Figure 5(d) shows the
dynamic load decreases slightly while the width of
unsupported area of working space increases. Meanwhile,
the unsupported area cannot enlarge too much in coal
mining, so it’s not reasonable to decrease the dynamic
load by increasing the width of unsupported area.

The results show that the thickness and breaking
depth of the roof stratum, and the width of support object
are the sensitive factors determining the dynamic load.

Based on the results, six rock burst controlling
methods can be obtained:

1) Enhancing the strength of support. In order to
make the roof stratum break behind the support object,
the dynamic load can be reduced and the stress increment
can be minus.

2) Enlarging the width of support. Make it not lower
than 5 m for better, so as to reduce the dynamic load and
stress increment.

3) Breaking the coal body so as to make the
deformation of roof and coal compatible and the
breaking depth of the roof stratum get larger. As a result,
the dynamic load can be reduced and the possibility of
rock burst can get much lower.

4) Presplitting the roof, so the stress in coal body
will increase gradually and the dynamic load can be
avoided. The position of presplitting should be more than
10 m ahead of mining face.

5) Weakening the intensity of roof, so the dynamic
stress and stress increment can be reduced.

6) Breaking roofs in goaf so as to prevent roofs
breaking in coal body to prevent rock burst caused by
dynamic load.

5 Conclusions

1) The analysis in this work promotes a method for
calculating the stress variation caused by roof breakage,
deduces a function for calculating the average dynamic
load and stress increment, and creates a criterion of rock
burst induced by roof breaking.

2) The function for judging fracture form of the roof
shows that the tensile fracture form of the roof is more
than the shear failure, for the thickness of roof is much
higher with shear failure than that of tensile fracture.

3) The thickness and breaking depth of the roof
stratum, and the width of support object are the sensitive
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factors of dynamic load.

4) When the stress state is high or there is rock burst

hazard shown by the model calculating, suitable
controlling methods promoted should be taken to prevent
rock burst.
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