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Acoustic emission (AE) in coal is anisotropic. In this paper, we investigate the microstructure-related scale effect on the an-
isotropic AE feature in coal at unconfined loading process. A series of coal specimens were processed with diameters of 25mm,
38mm, 50mm, and 75mm (height to diameter ratio of 2) and anisotropic angles of 0°, 15°, 30°, 45°, 60°, and 90°.'e cumulative AE
counts and energy dissipation increase with the specimen size, while the energy dissipation per AE count behaves in the opposite
way. 'is may result from the increasing amount of both preexisting discontinuities and cracks (volume/number) needed for
specimen failure and the lower energy dissipation AE counts generated by them.'e effect of microstructures on the anisotropies
of AE weakens with the increasing specimen size. 'e TRFD and its anisotropy reduce as the specimen size increases, and the
reduction of fractal dimension is most pronounced at the anisotropic angle of 45°. 'e correlation between TRFD and cumulative
AE energy in the specimens with different sizes are separately consistent with the negative exponential equation proposed by Xie
and Pariseau. With the specimen size gain, the reduction of the TRFDweakens with the increasing amount of cumulative absolute
AE energy.

1. Introduction

Acoustic emission (AE) is a broadly existing phenomenon
regarding brittle fracture [1–4].'e AE in coal and rock has
been studied for both laboratory and field uses [5–14] due
to the wealth information contained in the AE signals. As
natural features, both anisotropy and scale effect are also
found to be present in AE in coal/rock as the loading
direction and the specimen scale change [15–18]. In gen-
eral, investigating the scale effect on the mechanical
properties of coal and rock is beneficial for the upscaling of
the laboratory experimental results to the field use [19–21].
Studying the anisotropic AE features in coal/rock is helpful
in preventing the various dynamic disasters (coal bump,
rock burst, and coal and gas outbursts) and mining failures.
However, the interaction influence of these two factors on
the AE is not investigated nor constraint in coal. 'us, in
this study, the scale effect on the anisotropic AE features of
coal is explored.

Scale effect and AE anisotropy are the microstructure-
related phenomenon associated with mechanical responses
in coal [18, 19, 21, 22]. 'e scale effect on the mechanical
properties of coal results from the increasing amount of
microstructures in a larger specimen [19, 21], while the
anisotropic AE features are affected by the directional spatial
distribution of these microstructures relative to the loading
directions since AE signals are generated by the rapid growth
and interaction of microcracks in brittle materials [17].
'erefore, obtaining the microstructural variation of spec-
imens with different sizes is significant for the understanding
of the scale effect on the AE anisotropy.

X-ray computed tomography (X-ray CT) is a non-
destructive imaging and analyzing technique [23–29]. It
provides the feasibility in characterizing a large variety of
materials in geoscience, including cleats/fractures, minerals
inclusion, and pores [21, 30–33]. 'us, the volume variation
of microstructures in coal with the specimen size can be
quantitatively obtained by the X-ray CT in conjunction with
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the reconstruction algorithm and threshold segmentation
technique.

Fractal dimension provides an approach in the
characterization of the overall AE features [12, 34, 35] due
to its broad correlations with other AE parameters
[12, 36]. 'us, the overall scale effect on the anisotropic
AE characteristics is capable of being quantitatively de-
scribed by a single parameter. 'e spatial distribution and
time sequence-related fractal dimension are two primary
fractal dimension forms [35, 37–39], and they are clas-
sified by the AE count distribution needed for calculation,
namely, the spatial or time sequential distribution
[18, 36].

To understand the scale effect on the anisotropy of AE
and investigate the possibility in upscaling usages of the
laboratory AE data to analyzing of microseismic in coal
mining process, a series of coal specimens are processed
with diameters of 25 mm, 38mm, 50mm, and 75mm
(height to diameter ratio of 2) and anisotropic angles of
0°, 15°, 30°, 45°, 60°, and 90° (the orientation of bedding
plane relative to the loading direction). After the mi-
crostructure characterization by X-ray micro-CT, spec-
imens are exposed to destructive unconfined compressive
tests with concurrent AE measurement. 'e experimental
data on AE are analyzed in terms of the fractal dimension,
and the correlations between the fractal dimension and
energy dissipation in different specimen scales are also
explored.

2. Experimental Materials and Methods

Together with the basic physical coal properties testing, coal
specimens are prepared with different sizes and anisotropic
angles. 'e AE responses of these specimens are measured
under the uniaxial condition, following the interior struc-
tures characterization via X-ray micro-CT imaging.

2.1. Properties of Coal. Block coal samples were excavated
from the No. 45 coal seam, which has the burst tendency, in
Wudong Mine (Xinjiang Province, China). Two series of
cleats can be observed in the block coal.'e block coal has a
density of ∼1.46 g/cm3 and a moisture content of ∼1.8%.
Mineral matter is present in minor proportions (8.2%),
including kaolinite (62.0%), lizardite (10.8%), nacrite
(26.5%), and pentahydroborite (0.4%), as defined by X-ray
diffraction.

2.2. Specimen Process. Four groups of standard cylindrical
specimens are prepared with the length to diameter ratio
of two [40] and diameters of 25mm, 38mm, 50mm, and
75mm, respectively. For each group of coal specimens, at
least nineteen specimens (spare specimen are included)
are prepared with the bedding planes inclination with
angles of 0°, 15°, 30°, 45°, 60°, and 90° relative to the loading
direction. 'e coal samples and the schematic diagram of
the anisotropic angles for each diameter are shown in
Figure 1.

2.3. X-Ray Micro-CT Scanning. 'e specimens with di-
ameters of 25mm, 38mm, and 75mm are scanned by the
X-ray micro-CT to obtain the volume variation of micro-
structures with a change in specimen size.'eX-raymicro-CT
scanner used in this research is NanoVoxel 4000 (Sanying,
China). It is a high-power micro-CT system using a high-
voltage X-ray source (225 kV, 240 kV, and 300 kV are op-
tional) with a submicron spatial resolution ≤0.5μm. 'e
voltage used here is 225 kV, and the spatial resolution is 0.5μm.

'e CT data are reconstructed by the filtered back
projection Feldkamp algorithm in software VGStudio MAX
2.0 (Volume Graphics Co., Heidelberg, Germany). 'e
median filter method is utilized for the image denoising, and
the grayscale value is used as the threshold for the image
segmentation in AVIZO (FEI Co., USA).

2.4. Uniaxial Compression Test and AE Measurement.
Uniaxial compression tests and AE measurement are con-
ducted after the X-ray micro-CTscanning. 'e uniaxial load
frame has a capacity of 100 kN and a displacement precision
of ±0.5%. 'e tests are conducted at the room temperature
and controlled by displacement with a constant velocity of
0.1mm/minute.

For the AE measurement, to obtain more AE features,
four Micro30S sensors (considering the specimen size, the
diameter of sensor is chosen 10mm) and a 6-type pre-
amplifier are used for the signal detection; the location
schematic diagram of sensors is shown in Figure 2. 'e AE
signal is recorded by a PCI-2 device (Physical Acoustic
Corporation: PAC) under the waveform streaming mode.
'e bandwidth frequency is 1 kHz∼3MHz, having a max-
imum signal amplitude of 100 dB and a dynamic range
greater than 85 dB. In this study, the preamplifier gain is
40 dB with a threshold of 45 dB.

0º 15º 30º 45º 60º 90º

β

(a) (b)

(c)

Figure 1: Specimens processed for the experiment. (a) Specimens
with different diameters. (b) Schematic diagram of the anisotropic
angle, β. (c) Schematic diagram of the specimens with different
anisotropic angles in each specimen size.
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3. Results and Discussion

In this part, we explore the volume variation of micro-
structures with the increasing specimen size and investigate
the microstructure-related scale effect on the AE response
(counts, time, and energy) and anisotropic AE features.

3.1. CT Scanning. Mineral inclusions and preexisting dis-
continuities, including cracks and cleats, are two kinds of
principal microstructures in coal [21, 33]. Since the grayscale
of individual voxel in the X-ray CT image is a direct in-
dication of the material density, it is thus used as a threshold
to distinguish the image into multiple sections of materials.

'e AE generation is a crack-related energy dissipation
phenomenon. 'us, to understand the effect of specimen
size on the AE feature of coal, the volume variation of the
preexisting discontinuities with the specimen scale is
investigated.

'e digital nature of X-ray CT images facilitates the
components evaluation in coal. In this study, X-ray CT
images obtained from specimens 4–45 is used for the
specimen reconstruction, and the grayscale value is chosen
as a threshold to separate the cleats (value range 0∼57) from
other materials in coal, as shown in Figure 3. 'e voxels at
this gray value range is calculated using the Avizo Volume
Fraction module ('ermo Fisher Scientific and FEI, Avizo
User’s Guide, 2013, https://www.fei.com/software/avizo-3d-
user-guide.pdf) and compared with the whole digital vol-
ume of a specimen to obtain the cleats volume.

Obviously, two series of cleats exist in the coal sample,
one is parallel to the bedding plane and another one is
perpendicular to the bedding plane, and they increase with
the specimen size gain, as shown in Figure 3. Based on the
volume evaluation methodology mentioned above, the
volume variation of the preexisting discontinuities as the
specimens diameter increases from 25 to 75mm is sum-
marized in Figure 4.

Obviously, as the specimen diameter gains from 25mm
to 75mm, the volume of preexisting discontinuities in-
creases from 10.07mm3 to 1456.08mm3, which is consistent
with the estimation of Bieniawski [19] and variation

described by Song et al. [21]. However, the volume density of
preexisting discontinuities increases with the specimen di-
ameter and the increment is minimal as the specimen di-
ameter gains from 50 to 75mm. 'is may result from the
artificial selection of drilling positions during the specimen
processing—positions with less discontinuities are preferred
when small specimens are drilled to ensure their intactness.
Meanwhile, this also a reason for that the volume increment
of preexisting discontinuities is less pronounced at the di-
ameter range of 25∼38mm than that at 38∼75mm.

3.2. Scale Effect on the AE Features. 'e effects of specimen
size on the AE features of coal are investigated in this part,
based on the measurement of four sensors. 'e AE count
and energy dissipation used in the laboratory experiment
correspond to the microseismic event and energy dissipation
in microseismic activities [36]. 'ey are primary parameters
on the AE activities in both laboratory and filed work. 'e
variation of AE counts and energy dissipation provides the
precursor information of various failures during the loading
process in coal and rock [41, 42], and the microseismic event
and energy dissipation are still the primary parameters in the
dynamic disaster preventing (coal bump and rock burst)
[43–45] and the analysis of earthquake and various mi-
croseismic activities [46, 47].

'e fractal features are naturally existing in the labo-
ratory AE experiments and the field microseismic activities
[12, 34, 35]. Fractal dimension calculated based on the
distribution of AE counts reveal the overall features of AE
counts distribution, energy release, and specimen failure.
Correlations between fractal dimension and energy dissi-
pation during the coal mining process is broadly used in the
characterization and dynamic failure prediction [12, 37, 48].

Sensor

Sensor

Specimen

Figure 2:'e location schematic diagram of the AE sensors for the
AE measurement.

25 mm

38 mm

50 mm

75 mm

Cleats
Coal matrix
Mineral inclusions

Figure 3: 'e volume variation of preexisting discontinuities with
the specimen size.
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'us, the fractal dimension also provides the feasibility in
expanding the laboratory experimental results to the field-
work, if the correlation of the fractal dimension and energy
dissipation between the two scales are established.

'e RA (the rise time over the amplitude), AF (the ratio
of threshold crossings over the duration of the signal),
frequency, amplitude, and signal duration are also the
acoustic emission parameters. Analyzing these parameters
allows researchers to understand the energy release (am-
plitude and frequency) [41, 49–51] and even the crack failure
patterns (RA and AF) [52, 53] during the failure process.
However, the specimen size has limited effect on the failure
patterns of coal and rock [19, 54–56], and the overall failure
features revealed by these parameters cannot be represented
by a single value as fractal dimension and connect the
laboratory experiment and the filed work. 'us, these pa-
rameters are not discussed in the research.

Considering factors above, the AE count, energy, and
fractal dimension are used to expand these experimental
AE results to the fieldwork. 'e cumulative AE counts
increase from 4.80 × 105 to 1.40 × 106, as the specimen
diameter gains from 25mm to 75mm, and the increasing
forms are shown in Figure 5. Two factors may contribute to
this variation with the increasing specimen size: (1) the AE
generation is favored by the reducing the threshold stress
for the crack initiation caused by the decreasing uniaxial
compressive strength [6, 57, 58] together with the in-
creasing amount of preexisting discontinuities and (2) the
increasing amount of deformation needed for the specimen
failure in a larger specimen extends the loading time and
increases the AE monitoring duration, as shown in
Figure 6.

'e cumulative absolute AE energy also increases with
the specimen size. It rises from 1.35 × 109 aJ to 2.75 × 109 aJ,
as the specimen diameter gains 75mm from 25mm. While
the average absolute AE energy per AE count decreases with
the specimen size, from 2808.39 aJ/count (D � 25mm) to
1970.28 aJ/count (D � 75mm), the variation features of
cumulative absolute AE energy and the average AE energy
per count are shown in Figure 7.

'e increasing amount of cumulative absolute AE
energy can be attributed to the increment of cumulative AE
counts and the greater energy dissipation caused by more
deformation energy accumulation in a larger specimen
since more AE counts and greater cumulative absolute AE
energy are observed before the peak strength in the larger
specimen, as shown in Figure 7 (here, specimens with an
anisotropic angle of 90° is plotted, considering the paper
length). However, reducing average absolute AE energy per
AE count may be related to the increment of lower energy
dissipation AE counts, which are generated by the greater
amount of preexisting discontinuities and cracks needed
for specimen failure in a larger specimen. However, due to
the difficulties in conjunction with the AE events and
energy dissipation with the crack length, orientation, and
type (preexisting or newly generated), thus, we cannot give
a further discussion on the physical correlation between AE
counts and energy dissipation.

In addition, considering the volume changes of preex-
isting discontinuities per volume and the increment of
cumulative AE energy and absolute AE energy, the
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Figure 4: Variation of the volume of preexisting discontinuities with specimen diameter.
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cumulative AE counts and absolute AE energy may have a
regular increment with the specimen diameter after the
specimen size greater than a certain value.

3.3. Anisotropy of AE Features Affected by Specimen Size.
'e scale effect on mechanical properties of coal is aniso-
tropic [21]. In this part, the anisotropy of cumulative AE
counts and absolute AE energy are explored in specimens
with different sizes and anisotropic angles. 'e average
values of these two parameters are summarized in Figures 8
and 9.

For the specimens with different anisotropic angles, the
cumulative AE counts decrease to a minimum value as the
anisotropic angle increases from 0 to 30°, and then it gains
sharply to the maximum value at the anisotropic angle of 45°
followed by a decrease until the anisotropic angle gains to
90°. In the specimen with the same size, the variation of
cumulative AE counts is related to the spatial distribution of
the bedding plane and face and butte cleats since they de-
termine the time needed for specimen failure and distri-
bution of AE counts during the loading process [21].

In general, the cumulative AE counts in specimens with
different anisotropic angles gain with the specimen sizes.'e
increment is the most significant when the anisotropic angle
is 45° (9.44 × 105), as the specimen gains from 25mm to
75mm, while it is minimal when the anisotropic angle is 0°
(8.97 × 105). However, the variation of anisotropy of the
cumulative AE counts with the increasing specimen sizes
cannot be obviously observed by these curves in Figure 9.

'erefore, the variation coefficients (the ratio of the
standard deviation to the mean) of cumulative AE counts in
the specimens with different sizes are introduced and cal-
culated. 'e result represents that the anisotropy of the
cumulative AE counts reduces with the increasing specimen
size since the variation coefficient reduces from 0.151 to
0.057 as the specimen diameter increases from 25mm to
75mm, as shown in Table 1. 'is indicates that the effect of
the directional distribution of preexisting discontinuities on

the anisotropic AE feature weakens with the increasing
specimen size because of the correlation between preexisting
discontinuities and AE generation. 'is is consistent with
the anisotropy changes of uniaxial compressive strength
[21].

'e cumulative absolute AE energy shows a U-shape
form for specimens with different anisotropic angles and is
positively correlated with the uniaxial compressive strength
(UCS) in the specimens with the same diameter, as we
described in previous research [21]. 'e cumulative absolute
AE energy in specimens with different anisotropic angles
gains with the specimen size. 'e increment is more obvious
as the anisotropic angle locates in the range of 30∼60°, and it
is maximum at the anisotropic angle of 45°.

Meanwhile, the anisotropy of cumulative absolute AE
energy also reduces with the increasing specimen size, and
the coefficients of variation reduce from 0.248 to 0.112 as the
specimen diameter increases from 25mm to 75mm, as
shown in Table 2. 'is may be due to reducing anisotropy of
the UCS with the increasing specimen size because of the
positive correlation between the UCS and the AE energy
dissipation.

In addition, the research purpose is to focus the scale
effect on the anisotropic of AE, but the specimen size has
limited effect on the failure mechanisms of specimens in
certain experiment [54]. Difficulties also exist in describing
physical failure type (orientation/shape/length of main
cracks) with a certain parameter. 'us, here we cannot give
discussions and comments on relating the failure pattern
with acoustic emission.

4. Fractal Features of AE in Time Sequences

Time sequence-related fractal dimension variation and the
correlation of fractal dimension and energy dissipation in
the specimens with different diameters are investigated.

4.1. 6eoretical Development. Fractal dimension is broadly
used in describing the overall AE features in brittle materials.
Spatial and time sequence-related fractal dimension are the
two primary forms [12, 18, 35, 37]. In this study, the an-
isotropic features of AE in specimens with different sizes are
explored by the time sequence-related fractal dimension,
based on the methodology developed by Grassberger and
Procaccia (G-P) [59].

'e time sequence-related fractal dimension (TRFD) is
actually a correlation dimension. For a certain series of AE in
time sequence with a proper time hysteresis parameter△t, it
can be extended into anm-dimensional phase space with (N
− m + 1) vectors that have the same time interval of m△t.
Since the AE has fractal features in time sequence, the
correlation between the possibility of vector pairs (Xi, Xj) has
distance of d < l in them-dimensional phase space, and l can
be expressed as

P(l)∝ (l)
D

, (1)

where P(l) is the possibility that the distance of (Xi, Xj) is less
than l and D is the fractal dimension.
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'us, the time sequence-related fractal dimension can be
obtained by

D � lim
lnP(l)

ln(l)
. (2)

In general, l is obtained based on the average distance
between any pair of vectors in the m-dimensional phase
space, namely,

l � kL,

L �
1

(N−m)(N−m + 1)


i,j�N−m+1

i,j�1
Xi −Xj

�����

����� (i≠ j),

(3)

where L is the average distance between any pair of vectors in
them-dimensional phase space. Accordingly, the correlation
function can be expressed as

P(l) �
1

(N−m)(N−m + 1)



i,j�N−m+1

i,j�1
H l− Xi −Xj

�����

�����  (i≠ j),

(4)

where H is the Heaviside function (H� 1 when l− ‖Xi −Xj‖

≧ 0; otherwise, H� 0).
In this research,m is chosen as 4, and the time interval is

s. 'e values 0.1, 0.2, . . ., 1.2 are chosen for k, after numerous
tests.

4.2. Anisotropy of Fractal Dimension inCoal. In this part, the
scale effect on the anisotropic features of AE is further in-
vestigated based on the TRFD because of the overall cor-
relations between TRFD and the AE feature during the
loading process [18].

'e average value of TRFD reduces with the increasing
specimen size (from 1.63 to 1.41), as shown in Figure 10.'is
indicates that the concentration degree of AE counts before
peak strength increases with the specimen size since a lower
TRFD represents a greater concentration [18, 37]. In return,
it verifies that the specimen size affects the distribution
features of AE in time sequences.

For the specimens with the same diameter, the TRFD has
an approximate positive correlation with the cumulative AE
counts, as shown in Figure 11. It reduces to a minimum
value at the anisotropic angle range of 0°∼15°. 'en, it in-
creases sharply to the peak at the anisotropic angle of 45°.
After that, it reduces with the increasing anisotropic angle
until 90°. 'is indicates the AE counts concentration before
the peak strength during the loading process is minimal at an
anisotropic angle of 45°, while it is more obvious at the
anisotropic angles of 15° and 90°, based on the forgoing
researches.

Meanwhile, the anisotropy of TRFD is also affected by
the specimen size, and it decreases with the increasing
specimen diameter. As the specimen diameter gains from
25mm to 75mm, the reduction of the TRFD ismore obvious
at the anisotropic angle range of 30°∼60°, and it is most
pronounced at the anisotropic angle of 45°, with a decrement
of 0.44, as shown in Figure 11, while it is less obvious when
the anisotropic angles are 0°, 15°, and 90°. Meanwhile, the
reduction of fractal dimension decreases as the anisotropic
angle is away from 45° within the anisotropic angle range of
30°∼60°.

'e variation of TRFD with the specimen size reveals
that the scale effect on the distribution of AE counts in time
sequence is greater at the anisotropic angle range of 30°∼60°,
while less at the anisotropic angles of 0°, 15°, and 90° because
of the correlations of the TRFD and the AE distribution in
time sequence. 'e reducing anisotropy of the cumulative
AE counts also indicates the effect of directional distribution
of microstructures on coal weakening with the specimen
size, and this is consistent with the conclusion we obtained
based on the variation of uniaxial compressive strength [21].

4.3. Correlation of Absolute AE Energy and Fractal Dimension
in Specimens with Different Sizes. 'e correlation between
the fractal dimension and the AE energy is significant for the
prevention of dynamic disasters (coal bump, coal, and gas

Table 2: 'e variation of cumulative absolute AE energy in the
specimens with different sizes.

Specimen diameter (mm) 25 38 50 75
Average value (109aJ) 1.35 1.55 1.86 2.75
Coefficient of variation 0.151 0.133 0.116 0.057
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Figure 10: Variation of fractal dimension in the coal specimens
with the diameter.

Table 1: 'e variation of cumulative AE counts in the specimens
with different sizes.

Specimen diameter (mm) 25 38 50 75
Average value (105) 4.80 6.30 8.43 13.95
Coefficient of variation 0.151 0.133 0.116 0.057
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outburst) [12, 36]. It is believed that the TRFD is negatively
correlated with the cumulative absolute AE energy at the
laboratory scale. 'us, the correlation of TRFD and cu-
mulative absolute AE energy in different specimen scales is
investigated to develop the approach that applies the ex-
perimental data in the field.

'e empirical relation summarized by Xie and Pariseau
[12] is used to analyze the correlation variation of the fractal
dimension and the AE energy dissipation in specimens with
different sizes:

D � C1 × exp −C2E , (5)

where C1 and C2 are constants varying with region and
measurement scale, the fractal dimension D ranges from 0.0
to 3.0, and E is the average AE energy released per unit area.
Here, E is replaced by the average cumulative absolute AE
energy, and D is the average fractal dimension in each
loading direction. 'e regression result is shown in Fig-
ure 12; the parameters and corresponding correlation co-
efficients are summarized in Table 3.

'e regression curves in Figure 12 agree well with the
experimental data, and the correlation coefficients are
greater than 0.71. 'is indicates the applicability of equation
(1) in describing the correlation between the fractal di-
mension and cumulative AE energy. However, the param-
eters in equation (1) changes with the specimen size. 'e
constants C1 and C2 in equation (1) reduce as the specimen
size gains, and the reduction of fractal dimension with the
cumulative AE energy decreases with the increasing speci-
men size.

5. Conclusion

We explore the microstructure-related scale effect on the
anisotropy of AE in coal, on the basis of the AE response
measurement on a series of coal specimens with different
diameters (25mm, 38mm, 50mm, and 75mm) and an-
isotropic angles (0°, 15°, 30°, 45°, 60°, and 90°). 'e AE

response measurement is conducted under the uniaxial
compressive condition, while the microstructural variations
in the specimens with different sizes and anisotropic angles
are characterized by the X-ray CT imaging. Meanwhile, the
fractal dimensions of the AE signals of these specimens are
calculated by the G-P algorithm, and scale effect on the
correlations between fractal dimension and energy dissi-
pation is also investigated. 'e conclusions are summarized
as follows:

(a) 'e cumulative AE counts and absolute AE energy
increase with the specimen size, while the average
absolute AE energy dissipation per AE count de-
creases with the specimen size. 'is may correlate to
the increasing amount of both preexisting discon-
tinuities and cracks (volume/number) needed for
specimen failure and AE counts with lower energy
dissipation generated by them.

(b) 'e effect of directional distribution of micro-
structures on the anisotropic AE features weakens
with the increasing specimen size. 'e anisotropies
of AE features (cumulative AE counts and absolute
AE energy) are weakened with the increasing
specimen size.

(c) 'e value and the anisotropy of TRFD reduce with
the increasing specimen size. 'e scale effect on the
TRFD is greater within the anisotropic angle range of
30°∼60° than that at the anisotropic angles of 0°, 15°,
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Figure 12: Correlations of fractal dimension and cumulative ab-
solute AE energy in coal samples with different diameters.

Table 3: Constants and correlation coefficients (R2) in specimens
with different sizes.

25mm 38mm 50mm 75mm
C1 2.82 2.48 2.17 2.19
C2 (×10−10) 4.15 3.18 2.16 1.61
R2 0.78 0.80 0.73 0.68
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Figure 11: Fractal anisotropy in the coal specimens with different
diameters.
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and 90°, and it is most pronounced at the anisotropic
angle range of 45°.

(d) 'e correlation between TRFD and cumulative AE
energy in the specimens with different sizes alsomeet
the negative exponential equation proposed by Xie
and Pariseau [12], while the constants in this
equation change with the specimen size. 'e re-
duction of the TRFD with the increasing cumulative
AE energy reduces in the larger specimen size.
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