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As coal mining gradually moves to deep earth, rock bursts have emerged as one of the main disasters threatening the safety of coal
production. It is benefcial to conduct economic and efective prevention and control work by evaluating the bursting liability and
improving the bursting liability evaluation system. In this paper, based on the energy transfer model, the relationship between the
bursting energy index and the mechanical parameters of coal bodies is obtained by testing the bursting liability of 16 coal seams
stratifed in three coal mines. According to the bursting energy index and the elastic energy index, the parameter φ is defned to
represent the energy release ratio of coal. Tis paper thus presents a method to evaluate the bursting liability as the product of the
energy release ratio and energy transfer ratio and provides a defnition for the energy transfer index. Te results show that the
bursting energy index of coal is closely related to its mechanical parameters. Te prepeak deformation energy exhibits a strong
positive correlation with uniaxial compressive strength and peak strain. Te energy release ratio parameter φ and bursting energy
index have high sensitivity and wide applicability. Te results of the energy transfer indexΩ� βφ are consistent with the results of
bursting liability identifcation, which can better refect the bursting liability, and can be used as the basis for judgment when the
“∗ ” result is obtained in bursting liability identifcation. It is anticipated that this approach will become an important evaluation
index for bursting liability identifcation.

1. Introduction

Decreasing shallow coal resources has led the coal mining
industry to rapidly turn to deep mining [1].Te frequency of
occurrence and degree of danger related to dynamic rock
burst disasters in deep coal mines are increasing [2], and
such disasters have become one of the major factors
threatening safe coal mining activities [3–7]. Understanding
the mechanisms associated with rock bursts has led to a large
number of theoretical and experimental studies [8–11].
Many theoretical models have been proposed, including
stifness theory, strength theory, energy theory, bursting
liability theory, deformation system instability theory, and
“three factors” theory [12, 13]. By defning rock bursts
[14–21] as a dynamic phenomenon involving coal and rock
interactions during mining, studies have addressed the
processes by which coal and rock masses gradually trans-
form from static equilibrium to dynamic instability. Under
the action of high ground stress, coal-rock masses around

the coal mine roadway or working face will be destroyed due
to the instantaneous release of elastic energy, which is often
accompanied by huge sound, coal-rock mass being thrown
into the mining space, and airwaves. Tese events often
cause the destruction of support equipment and the de-
formation of the mining space; in serious cases, casualties
and major damage to the shaft and roadway can occur, as
well as surface collapse and local earthquake events.

Te main means to evaluate whether a mine is at risk of
rock burst events involves the evaluation of the bursting
liability grade of a working face or coal seam. Tis neces-
sitates a bursting liability test on coal samples from within
the identifcation range. Identifcation work is performed
according to national standard GB/T 23561.1-2009,
“Methods for determining the physical and mechanical
properties of coal and rock Part 1: General requirements for
sampling,” coal body sampling sample preparation,
according to the national standard GB/T 25217.2-2010, and
“Methods for test, monitoring, and prevention of rock burst-
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Part 2: Classifcation and laboratory test method on bursting
liability of coal (hereinafter referred to as “Standard”).” Te
duration of dynamic fracture, elastic strain energy index,
bursting energy index, and uniaxial compressive strength are
calculated, and the bursting liability grade is determined
according to an evaluation index (Table 1).

Te defnitions of the bursting energy index and elastic
strain energy index are shown in Figure 1; their calculation
formulas are as follows:

KE �
US

UX

,

WET �
ϕSP
ϕST

,

(1)

where KE is the bursting energy index, US is the deformation
energy accumulated before the peak, UX is the deformation
energy consumed after the peak, WET is the elastic strain
energy index, VSE is the elastic strain energy, and VSP is the
plastic strain energy.

Te current classifcation method of bursting liability is
based on the statistics of a large number of mine-measured
results, which has certain theoretical limitations. It is,
therefore, necessary to improve the evaluation theory and
method in order to achieve more accurate identifcations of
bursting liability. On the theoretical basis of
Mohr–Coulomb, Zhang et al. [22] put forward a mathe-
matical basis of judgment for coal seam bursting liability,
termed the shock buckling stress index. In general, higher
stress values are more likely to be greater than the stress
index, correlating with higher probabilities of coal seam
shock instability. By conducting bursting liability tests of
coal, Zuo et al. [23] found that prepeak and postpeak energy
dissipation increased with increasing uniaxial compressive
strength. When compared with coal sample monomers, the
bursting energy index of both coal and rock masses in-
creases, thereby improving impact liability. Deng [24]
performed a Hopkinson pressure bar test and numerical
simulations for typical coal rocks and determined the dy-
namic evaluation of coal-rock impact risks by considering
the wave velocity anomaly, wave velocity gradient, stress
anomaly, and stress gradient indices as evaluative metrics.
Gao et al. [25] used MTS815.03 servocontrolled rock me-
chanics test system to test the coal, rock, and combined
specimens with the buried depth of nearly 1200m in Xinwen
Mining Area and analyzed the mechanical properties, energy
evolution, and blasting performance. Xu et al. [26] used
uniaxial compression tests to determine the mechanical
properties and bursting liability of specimens of coal-rock
composites with rock partings with diferent dip angles and
thicknesses. Ji et al. [27] combined withWeibull distribution
to construct a creep damage constitutive model that can
describe the whole process of coal-rock creep and analyzed
the impact of impact disturbance on coal-rock creep damage
under diferent initial creep stress and diferent impact
energy.

Based on the energy transfer of coal seams, this paper
constructs an energy transfer model for a coal seam, defnes

the parameters of energy transfer efciency, and establishes
and validates a method by which the bursting liability may
be characterized as a product of the energy release and
energy transfer ratios through identifcation tests of bursting
liability in several coal seams.

2. Test Scheme and Results

Te main coal seams of three coal mines (M, Y, Z) were
selected for sampling tests: the M2 (buried depth 355.17m),
M3-1 (393.69m), M3-2 (403.02m), M4-3 (414.66m), and
M6 (475.01m) coal seams in mine M; the Y1 (368.92m), Y2
(392.75m), Y14 (611.45m), and Y15 (628.86m) coal seams
in mine Y; the Z2 (638.20m), Z6 (694.02m), and Z7
(703.62m) coal seams in mine Z. Te coal seam number is
arranged from top to bottom according to the burial depth in
the area. Tese seams were identifed after sampling
according to the requirements of the standard. A GCTS-
RTR-4600 test instrument was used. Te coal bodies of these
three seams are classifed as hard coal with high uniaxial
compressive strength; some representative samples are
shown in Figure 2.

Te results of the bursting energy index in the identi-
fcation test are shown in Table 2, and the stress-strain curves
of the impact energy of 81 standard coal specimens were
obtained. Te stress-strain curves are classifed into fve
types: (1) ordinary, (2) prepeak fuctuation, (3) postpeak

Table 1: Standard for classifcation of coal bursting tendency.

Parameter
Bursting liability grade

None Weak Strong
Duration of dynamic fracture
(ms) DT> 500 50<DT≤ 500 DT≤ 50

Elastic strain energy index WET< 2 2≤WET< 5 WET≥ 5
Bursting energy index KE< 1.5 1.5≤KE< 5 KE≥ 5
Uniaxial compressive
strength (MPa) Rc< 7 7≤Rc< 14 Rc≥ 14

UX

US

ϕSP ϕSE

Rc=12.306 MPa

εp=0.01027
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Figure 1: Schematic diagram showing the energy index calculation
method.
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fuctuation, (4) postpeak stress precipitous, and (5) postpeak
strain rebound. Te number of samples without fuctuation
or featuring a sudden drop in the whole process accounted
for 9.9% of the total samples analyzed. Te test results
demonstrate that the proportion of “perfect” stress-strain
curves obtained when performing the bursting energy index
test is less than 10%. Te uniaxial compressive strength of
coal was found to be relatively large, and the postpeak
performance is mainly a “sudden stress drop” in nature.

3. Energy and Mechanical
Characteristics of Coal

Te bursting energy index represents the ratio of prepeak
and postpeak deformation energy of coal. Te prepeak curve
area includes the dissipated energy and stored elastic de-
formation energy of coal. Te area of the postpeak curve
includes mainly the dissipated deformation energy of the
coal mass. Te main mechanical parameters in the bursting
energy index test are uniaxial compressive strength Rc, strain
at peak stress, peak strain εp, and the elastic modulus E.

Te prepeak deformation energy can be expressed by the
integral of the stress-strain curve as shown in the following
equation:

US � ALσdε ≈ AL
n

i�1

σi + σi+1

2
εi+1 − εi( . (2)

Equation (3) is then used to correlate the approximate
triangular area with the mechanical parameters of coal to
form a control:

US ≈
1
2
εpALRc, (3)

where US is the deformation energy accumulated in the
prepeak stage of uniaxial compression, σ is the stress, ε is the
strain, A is the cross sectional area of the specimen, L is the
specimen height, Rc is the uniaxial compressive strength, and
εp is the peak strain.

Te uniaxial compressive strength Rc of the tested coal is
7.87–56.3MPa, and the peak strain εp is 0.41%–2.51%. Te
total prepeak deformation energy is 4.49–122.43 J, according
to (2). According to (3), the prepeak deformation energy is
5.05–138.21 J.

According to the comparison between the two energy
calculation methods given in Figure 3, the approximate area

of the triangle is slightly larger than the integral result;
however, both exhibit a good linear relationship.

Considering the coal deformation energy prior to failure,
uniaxial compressive strength, and peak strain, Figure 4(a)
shows a strong positive correlation between the three values. As
shown in Figures 4(b)–4(d), a power function relationship exists
between the deformation energy of coal and its uniaxial com-
pressive strength and an exponential function relationship exists
with respect to peak strain. Tere is a weak power function
relationship between peak strain and uniaxial compressive
strength. Among the three values, the uniaxial compressive
strength of the coal body has the most signifcant infuence on
the deformation energy; that is, the deformation energy of the
coal body can be roughly inferred from the uniaxial compressive
strength to provide a preliminary judgment concerning the
bursting energy index and bursting liability.

Figure 5 shows the relationship between the bursting
energy index grade of each coal sample tested and its uni-
axial compressive strength. Uniaxial compressive strength
has a signifcant infuence on the bursting energy index.
When the uniaxial compressive strength is greater than
14MPa, the bursting energy index of the coal body is weak.
Te uniaxial compressive strength of coal bodies with strong
results is almost always greater than 14MPa. Tis result is
consistent with current standards.

Te bursting energy index is also related to postpeak
failure processes. Test results show no signifcant relation-
ships between failure and the postpeak curve of coal mass
and uniaxial compressive strength.

4. Energy Release Ratio

Uniaxial compressive strength is a mechanical parameter
with greater weight in the existing bursting liability evalu-
ation system. Consequently, an energy release ratio was
introduced to construct an evaluation index of bursting
liability from the perspective of energy transfer.

4.1. Defnition of the Energy Release Ratio φ. Te energy
release ratio is defned as the ratio between the impact energy
released during coal failure and the elastic deformation
energy obtained during coal loading, thereby reducing the
ratio of energy released by coal destruction to energy. Te
impact energy released during the coal failure process under
compression is equal to the diference between the elastic
deformation energy obtained before failure and the dissi-
pated deformation energy after failure. Te elastic de-
formation energy is equal to the integrated area of the
prepeak stress-strain curve minus dissipated energy in the
calculation of the elastic energy index.

According to Figure 1, the elastic energy index and
bursting energy index can be used to calculate and char-
acterize the energy release ratio φ as follows:

φ �
ϕSE − UX

ϕSE
� 1 −

WET + 1
WETKE

. (4)

Figure 6 shows the relationship between the positive φ
range of energy release ratio after coal mass failure and the
two energy indexes, both of which show a positive

Figure 2: Representative partial coal samples.
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correlation; the bursting energy index is shown to have
a higher sensitivity.

Te energy transfer process in coal seams is regarded as
a chain reaction of energy to the roadway or working face such
that the ability of coal bodies in each area of the coal seam to
transfer energy to adjacent areas determines the impact risk. A
necessary condition for the occurrence of rock bursts is
continuous energy transfer within the coal seam. According to
the defnition of the energy release ratio, when the energy
release ratio φ< 0, the coal body does not release impact energy
to the outside; thus, coal bodies meeting this condition tend to
not continuously transfer energy. Under such conditions, the
coal seam is not liable to burst. Conversely, when φ> 0, in
addition to being dissipated by deformation energy, a certain
proportion of energy is released to adjacent coal bodies; such
coal bodies may have bursting liability. When φ� 0, the system
is at the critical point of rock burst, and equation (5) can be
obtained from equation (4) as follows:

KE � 1 +
1

WET
. (5)

Several groups of critical values related to the bursting
liability index are (KE, WET) � {(1.2, 5), (1.5, 2), (5, 0.25)}.
Tese are consistent with the critical value of the bursting
liability identifcation index, indicating that it is rea-
sonable and feasible to use the energy release proportion
parameter φ to classify the bursting liability grade due to
energy transfer.

4.2.Analysis of ExperimentalResults of EnergyReleaseRatioφ.
Because the bursting energy index and elastic energy
index cannot be obtained from the same specimen and
because the bursting energy index is highly sensitive, the
bursting energy index is taken as the test value and then
the elastic energy index is taken as the average value of the
stratifed test results. According to the elastic energy index
test of each coal seam in the three mines examined, the
average elastic energy indices of each coal seam layer can
be obtained as follows: M2 (22.546); M3-1 (13.538); M3-2
(13.003); M4-3 (10.339); M6 (19.743); Z2 (21.216); Z6
(21.961); Z7 (21.147); Y1 (18.772); Y2 (23.747); Y14
(14.180); and Y15 (31.954).

After obtaining the calculated results (Table 3 and
Figure 7(a)), the bursting liability of 19 coal layers
according to the author’s unit was determined
(Figure 7(b)). Finally, all results were integrated to obtain
Figure 7(c). Te distribution of the bursting energy index
and energy proportion φ under three data conditions at
the mean elastic energy index value is shown in
Figures 7(a)–7(c). Tese results show that the energy
release ratio can achieve ftting convergence for diferent
coal seams in diferent coal mines and has wide appli-
cability. Based on the energy release ratio parameter, this
paper reuses the bursting energy index and elastic energy
index and combines the energy transfer efciency to
construct an evaluation index of bursting liability, termed
the energy transfer index.

5. Evaluation Index of Bursting Liability
(Energy Transfer Index)

5.1. Energy Transfer Model. Qi et al. [28] proposed the
concepts of “stress fow” and “energy fow,” showing that
energy transfer in coal has the property of the feld. Tree
hypotheses can be made as follows. Hypothesis 1: when
a coal body releases energy, most energy propagates in the
opposite direction of energy storage, and the propagation
ratio of multiple directions is positively correlated with the
form of energy storage. Hypothesis 2: energy transfer occurs
along a continuous path. Hypothesis 3: energy transfer
velocity is consistent with stress transfer velocity. On this
basis, a model for transferring large-scale energy to the
roadway through the coal seam may be built, as shown in
Figure 8.

Te coal seam was then divided into several blocks.
When large energy sources are transferred to the coal seam
at a distance, the energy transferred by coal bodies in each
region can be simplifed into three conditions: (1) regional
large-scale destructive transfer; (2) coexisting failure and
elastic propagation; and (3) only elastic propagation. For
regional large-scale failure transfer, the energy is far greater
than the instability limit of the coal mass. Consequently,
a rock burst with large-scale failure will occur, and it is
meaningless to study the energy transfer efciency between
coal masses. In the case of elastic propagation only, the
energy is stored in the coal body in the form of elastic energy
during the transfer process and shows a state of gradual
dissipation, fnally showing an increase in the overall energy
storage of the coal seam; this will not result in a rock burst.
When elasticity and destructive transfer coexist, coal initially
absorbs the impact energy into its own elastic energy and
then transfers the elastic energy to the next region. After
reaching its limit, the coal becomes unstable and fails, re-
leasing the impact energy into the next region. Finally,
a chain reaction of continuous instability of coal in each
region is formed.

5.2. Energy Transfer Efciency. As shown in Figure 8, when
energy is transferred to the coal seam, it begins at region
X1 and ends at the roadway. Te size and form of the
energy fnally transferred to the roadway determine
whether the energy source will trigger a rock burst. Based
on energy fow assumptions, most energy will be trans-
ferred along a path such that the proportion of the energy
released by the upstream coal body to the downstream
coal body per unit volume in the energy fow feld is
defned as the energy transfer proportion β. Te energy
initially accumulated by coal Xn in each region of the coal
seam is taken to be Un, and the energy released to the
downstream path after instability failure is an. Beginning
with the release of energy U0 in the upstream path, which
is transferred to the coal mass in region X1, the in-
terregional energy transfer value ai can be obtained using
the energy release ratio φ and energy transfer ratio β, as
shown in the following equation:
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a0 � U0βφ,

a1 � U1 + a0( βφ � U1βφ + U0(βφ)
2
,

a2 � U2 + a1( βφ � U2βφ + U1(βφ)
2

+ U0(βφ)
3
,

a3 � U3 + a2( βφ � U3βφ + U2(βφ)
2

+ U1(βφ)
3

+ U0(βφ)
4
,

· · ·

an � Unβφ + Un− 1(βφ)
2

+ · · · + U0(βφ)
n+1

� 
n

i�0
Un(βφ)

i+1
.

(6)

Assuming that the initial energy storage discretization of
coal masses in each area of the coal seam is low, U1∼n is
uniformly simplifed to U. In general, U0 is greater than U,
and the negative energy release ratio is not considered. Let
0≤φ≤1. Equation (6) can be simplifed as follows:

an � U
βφ − (βφ)

n+1

1 − βφ
+ U0(βφ)

n+1
,

an⟶∞ � U
βφ

1 − βφ
.

(7)
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It is then facile to demonstrate that when βφ� 0.5, the
transfer efciency at infnity an/U � 1, and when
0 < βφ< 0.5, the energy transfer efciency at infnity is
always less than 1. When βφ> 0.5, the transfer efciency is
greater than 1 at noninfnite distances; that is, the total
amount of energy involved in the energy transfer process
is gradually enlarged. For coal seams that are not in
a critical state of instability, it is difcult to form a chain
reaction when the transfer efciency is less than 1.
Conversely, when the transfer efciency is greater than 1,
a chain reaction of continuous failure may occur, thus
triggering rock bursts at the end point of the roadway,
which functions as the transfer path.

5.3. Calculation of the Energy Transfer Ratio β. According to
the energy fow hypothesis, the direction of energy release is
inversely related to the time of energy storage, whereas the
magnitude is positively correlated.Te energy release ratio φ
represents the energy dissipation ratio, and the energy
transfer ratio β represents the energy propagation ratio along
the path. Te direction of the transfer path is defned as the
main direction, the energy transferred to the main direction
is Um, and the energy dissipated vertically and horizontally
orthogonal to the main direction are Uv1 and Uv2, re-
spectively. Ten, the energy transfer ratio parameter β in the
main direction during the failure of regional coal mass can
be expressed as follows:

β �
Um

Um + Uv1 + Uv2
. (8)

Te product of the three parameters of section A(t)
length L(t) stress σ(t) in the afected region is expressed as
the following function:

Table 3: Calculation results of the energy release ratio.

Specimen φ
M2-1 0.895
M2-2 0.895
M2-3 0.958
M2-4 0.813
M2-5 0.970
M3-1-1 0.772
M3-1-2 0.714
M3-1-3 0.513
M3-1-4 0.513
M3-1-5 0.649
M3-2-1 0.668
M3-2-2 0.230
M3-2-3 0.726
M3-2-4 0.767
M3-2-5 0.843
M4-3-1 0.473
M4-3-2 0.520
M4-3-3 0.571
M4-3-4 0.657
M4-3-5 0.020
M6-1 0.826
M6-2 0.872
M6-3 —
M6-4 0.975
M6-5 0.989
Z21-1 0.788
Z21-2 0.730
Z21-3 0.866
Z21-4 0.764
Z21-5 0.814
Z22-1 0.487
Z22-2 − 0.371
Z22-3 0.213
Z22-4 0.872
Z22-5 0.870
Z23-1 0.396
Z23-2 0.858
Z23-3 0.566
Z23-4 0.461
Z23-5 0.562
Y1-1 0.795
Y1-2 − 0.045
Y1-3 0.608
Y1-4 0.716
Y1-5 0.574
Y21-1 0.782
Y21-2 0.608
Y21-3 0.458
Y21-4 0.991
Y21-5 0.922
Y22-1 0.515
Y22-2 0.873
Y22-3 0.728
Y22-4 0.761
Y22-5 0.511
Y23-1 0.890
Y23-2 0.980
Y23-3 0.416
Y23-4 0.933
Y23-5 0.771

Table 3: Continued.

Specimen φ
Y14-1 0.831
Y14-2 0.707
Y14-3 0.643
Y14-4 0.448
Y14-5 0.974
Y14-6 0.256
Y15-1 0.855
Y15-2 0.404
Y15-3 0.844
Y15-4 0.567
Y15-5 0.317
Z6-1 0.777
Z6-2 0.651
Z6-3 − 0.181
Z6-4 0.244
Z6-5 —
Z7-1 0.472
Z7-2 0.772
Z7-3 0.615
Z7-4 0.559
Z7-5 0.455
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Figure 7: Relationships between energy release ratio and bursting energy index. (a) Test results of M, Y, and Z mines. (b) Extraction results
of 19 coal seam identifcation reported. (c) Comprehensive results.

Figure 8: Energy transfer process model in a coal seam.
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g(t) � A(t)L(t)σ(t). (9)

Te energy transferred by coal in the main direction
when energy transfer arrives may be determined using the
following formula:

Um �  gm(t)dεm. (10)

For Um and Uv, the strain has a relationship of ]εm � εv,
and ] is Poisson’s ratio. Te energy in the direction or-
thogonal to the principal direction is as follows:

Uv �  gv1(t)dεv +  gv2(t)dεv

�  gv1(t) + gv2(t)( vdεm.

(11)

Substituting into (8), we obtain the following expression:

β �
Um

Um + Uv1 + Uv2
�

 gm(t)dεm

 gm(t)dεm +  gv1(t)]dεm +  gv2(t)]dεm

�
 Am(t)Lm(t)σm(t)dε

 Am(t)Lm(t)σm(t) + ]Av1(t)Lv1(t)σv1(t) + ]Av2(t)Lv2(t)σv2(t)( dε
.

(12)

As shown in Figure 9, the stress state of the coal unit
before and after energy transfer may be constructed. In its
initial state, the stress in three directions is small and in-
creases according to the relative fxed proportional co-
efcient after energy transfer. Te main directional stress
coefcient km is defned, with two orthogonal direction
stress coefcients of k1 and k2, respectively. Further sim-
plifying the boundary conditions obtains the following
expression:

σm(t)

σv1(t) + σv2(t)
�

km

k2 + k1
, (13)

Am(t) � Av1(t) � Av2(t),

Lm(t) � Lv1(t) � Lv2(t).
(14)

Assuming that the stress ratio remains almost constant
during the energy transfer process, the value of β is obtained
by substitution of (13) and (14) into (12) as follows:

β �
 σm(t)dεm

 σm(t) + vσv1(t) + vσv2(t)( dεm

≈
σm(t)

σm(t) + vσv1(t) + vσv2(t)

�
km

km + v k1 + k2( 
.

(15)

Equation (15) indicates that the energy transfer pro-
portion is afected by the stress coefcient in the main di-
rection of coal, but it is very difcult to obtain an accurate
stress coefcient. Consequently, this paper adopts the
boundary condition of the value for analysis. For the uniaxial
case, k1 � k2 � 0 and β� 1. For the triaxial case, km/k1≤ 6 can
be obtained from the statistical rule of triaxial compression
test data for the three mines examined. For a deep hydro-
static pressure environment, km≥ k1 � k2. For a shallow
environment, Xie et al. [29, 30] showed that the horizontal

principal stress (tectonic stress) of the coal body was greater
than the vertical principal stress in the range of burial depth
from 1000 to 400m, and the ratio range was k2/k1 � 1∼2.Te
value range of the energy transfer ratio is then obtained as
follows:

1
1 + 2v
≤ β≤

1
1 + 1/3v

,Deep,

1
1 + 1.5v

≤ β≤
1

1 + 0.5v
, Fallow.

(16)

In order to confrm the accuracy of the evaluation index,
the minimum value of the corresponding energy transfer
ratio of coal seams with diferent burial depths was con-
sidered. Given that the buried depth of the coal seam in this
paper is less than 800m, it belongs to the shallow range, and
the following equation applies:

β �
1

1 + 1.5v
. (17)

5.4. Evaluation Index of BurstingLiability andEnergyTransfer
Index. Based on the product parameter Ω� βφ of energy
release ratio and transfer efciency and taking 0 and 0.5 as
critical standards, the bursting liability energy fow index is
set as shown in Table 4.

Te burst liability evaluation results of minesM, Y, and Z
were determined based on the energy release ratio and
calculated according to stratifed average values, as shown in
Table 5.

Identifcation results labeled “∗ ” in Table 5 indicate that
the four indicators measured according to the current
standard had uncertain results and needed to be further
judged according to their identifcation values.Te results of
the energy transfer index are consistent with the total
identifcation results. Terefore, the energy transfer index
can be used as the basis of judgment when the
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comprehensive result of bursting liability is “∗ ” Further-
more, this suggests that the metric can be used as an im-
portant reference for bursting liability identifcation.

6. Conclusion

In this study, bursting liability identifcation tests have been
conducted for 16 layers in three coal mines to determine the
bursting liability of coal bodies. Furthermore, the energy
release ratio and energy transfer index were defned. Te
following conclusions were obtained from this study:

(1) Te bursting energy index of coal is closely related to
its mechanical parameters. A strong positive corre-
lation exists between the prepeak deformation en-
ergy, uniaxial compressive strength, and peak strain.
When the value of a certain mechanical parameter

increases, the values of other parameters will in-
crease; consequently, the prepeak deformation en-
ergy and energy accumulation capacity will also
increase. No strong correlation was found between
the elastic modulus and other mechanical parame-
ters; this is therefore considered a relatively in-
dependent mechanical parameter.

(2) Te energy release proportion parameter φ is con-
sistent with the values of the elastic energy and
bursting energy indices. When compared with the
elastic energy index, the energy release ratio φ and
bursting energy index have higher sensitivities.

(3) Te energy transfer indexΩ � βφ � WETKE− WET −

1/(1 + 1.5v)WETKE can better refect the bursting
liability of coal and can be used as the basis of
judgment when the result “∗ ” appears in the

Energy accumulation 

σv20

σv10

σm0

σv2 = k2

σv1 = k1

σm = km 

Figure 9: Stress variation of coal during the energy transfer process.

Table 4: Energy release ratio impulse liability index.

Indication range Formula Result
Ω≤ 0 WETK − WET − 1/(1 + v)WETKE ≤ 0 None
0<Ω< 0.5 0<WETK − WET − 1/(1 + v)WETKE < 0.5 Weak
Ω≥ 0.5 WETK − WET − 1/(1 + v)WETKE ≥ 0.5 Strong

Table 5: Validation results of the energy transfer index.

Coal seam KE WET Poisson’s ratio Ω result Standard result
M2 32.569 22.546 0.331 0.647 strong Strong
M3-1 1.731 13.538 0.342 0.251 weak ∗
M3-2 3.224 13.003 0.318 0.451 weak ∗
M4-3 1.590 10.339 0.296 0.215 weak ∗
M6 9.137 19.743 0.283 0.621 strong Strong
Z21 4.535 18.433 0.351 0.503 strong ∗
Z22 3.807 20.568 0.312 0.494 weak ∗
Z23 3.065 24.648 0.292 0.459 weak ∗
Z6 2.404 21.961 0.304 0.388 weak ∗
Z7 2.575 21.147 0.310 0.405 weak Weak
Y1 2.853 18.772 0.306 0.432 weak Weak
Y21 26.669 20.341 0.294 0.667 strong Strong
Y22 3.931 28.909 0.316 0.500 strong ∗
Y23 15.325 21.991 0.263 0.668 strong Strong
Y14 2.999 14.180 0.286 0.450 weak ∗
Y15 3.295 31.954 0.345 0.453 weak ∗
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identifcation of bursting liability. Furthermore, the
energy transfer index can be used as an important
reference for identifying bursting liability.
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