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The fracturing characteristics of multi-holes blasting in soft coal seam were analyzed quantitatively by using the multi-holes model
blasting experiment of soft coal seam and digital image processing (DIP) and electrical resistivity tomography (ERT) techniques,
and the electrical resistivity response rules before and after blasting were obtained. The results show the following: (1) At the same
time as the formation of blasting-induced cracks, the coal inside the control hole presents two kinds of displacement phenomena:
crack and noncrack, partially offsetting the extrusion effect caused by the expansion of the blasting hole. (2) The comprehensive
value (S) of blasting-induced cracks, control hole, and blasting hole area change is proposed to analyze the blasting effect. When
single-hole blasting is performed, S < 0, the fractal dimension change rate of coal seam crack is only 5%, the control area presents a
compaction phenomenon, and the resistivity decreases by about 20%. When multi-hole blasting is performed, the blasting cracks
are abundant and the coal displaces sufficiently. The fractal dimension of cracks reaches 21.28%, the negative effect of the blast
holes cavity is offset (S > 0), and the resistivity in the controlled area generally increases by 1 to 30 times. (3) Compared with the
single-hole blasting model, the multi-hole blasting is more in line with the coal mine site, and can effectively increase the
permeability in the control area, and the resistivity generally increases.

1. Introduction

The soft coal seam is the product of geological structure and
is widely distributed in China [1]. Soft coal seam has the
typical characteristics of low strength, low permeability,
loose coal quality, and so on, and the effect of gas extraction
is poor, which seriously restricts mine safety production
(2, 3].

Deep-hole presplit blasting can make full use of ex-
plosive energy and the guiding function of the control hole
by arranging blasting holes and control holes in the coal
seam, to produce blasting crack in the control area and
provide passage for gas migration [4]. Deep-hole presplit
blasting technology has been widely used in low permeability

coal seams, and various blasting methods have gradually
developed such as directional shaped blasting [5], water
pressure blasting [6], and slot water pressure blasting [7],
with great development in charge and coupling form [8-11].

The formation and morphology of explosion crack are
the results of the combined action of explosion shock wave
and explosion gas [12-16]. When the shock wave acts on the
coal wall, its pressure far exceeds the dynamic tensile
strength of the coal, and the coal is destroyed to form a
crushing zone [12, 13]. Then the shock wave decays into a
stress wave and spreads to a distance. Under the action of
compressive stress and tensile stress respectively, the coal
breaks and forms cracks [14, 15]. The explosive gas has a
quasi-static gas wedge effect on the crack, which can prolong
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TaBLE 1: Model-making scheme.

The ratio of different materials

Layering of models

Compressive strength (MPa)

Sand Cement Gypsum Coal powder Water
1 # rock 5.6 1.0 2.0 0 2.1 9.27
Coal 3.5 0.3 1.0 1.0 1.37 0.45
2 # rock 52 1.0 2.5 0 2.1 10.16

the crack propagation length and increase the stress peak of
the medium in the elastic vibration zone [16]. The explosion
wave has a greater impact on the high impedance rock mass,
and the expansion pressure of explosion gas has a greater
impact on low impedance rock mass [17].

When the stress wave propagates to the control hole wall,
it is reflected, and the reflected tensile wave and the stress
field at the radial crack tip are superimposed on each other to
promote crack expansion. When the crack expands near the
control hole, the dynamic stress intensity factor of the main
crack tip increases, which makes it play the role of energy
gathering and guiding and controlling the crack in the
blasting process [18, 19]. Blasting crack surface appears
along the core line of blasting hole and control hole, which is
proved by theoretical research and field engineering
practice.

The shape of the coal blasting crack is closely related to
its strength. With the increase of coal strength, the crack
zone and plastic zone decrease correspondingly [20, 21]. As
the coal is a soft porous medium, most of the explosion
energy is absorbed in the near zone, forming a large com-
pression crack zone around the charge column, but the
plastic zone is much smaller. This is also the reason why gas
extraction efficiency is high in the short term after deep-hole
presplit blasting, but its attenuation is fast [14].

In the field of deep-hole presplit blasting, great
achievements have been made, but there are some short-
comings. Especially for the soft coal with low strength, most
of the previous studies focused on the morphological
characteristics of the explosion crack, ignoring the changes
in coal displacement and borehole. In addition, in coal mine
antireflection work, a single blasting hole is seldom used, but
many control holes and blasting holes are arranged at the
same time, which is neglected in the present research.

Therefore, this paper carried out the porous model
blasting experiment of the soft coal seam and obtained the
crack morphology of the soft coal seam and the regional
resistivity variation rule of coal during porous blasting by
using DIP and resistivity tomography technology (ERT).

2. Experimental Model and Scheme

2.1. Experimental Model. To simulate the actual occurrence
state of coal strata, a three-layer physical model including
rock mass and coal was adopted in the experiment.
According to the actual strength of coal seam, roof, and floor
rock strata in the uncovering coal area of the north section of
25091 working face of Henan Gaocheng Coal Mine, the coal
and rock mass are allocated with sand, cement, gypsum, coal
powder and water in different proportions. The allocation of

rock mass and coal is shown in Table 1. The blasting model is
established by layering, and each layer must be fully dried.
Before the model is laid, the experimental frame is insulated
to ensure the accuracy of the signal collected by the electric
analyzer. After the model was established, it was left to rest
for 28 days.

The size of the experimental model is
72cm X 72 cm X 35cm, a vertical load of 2.5MPa can be
applied, and rigid constraints can be carried out around the
model, to avoid or reduce the blasting debris at the model
boundary [22], as shown in Figure 1. In the matching
scheme, the compressive strength of rock mass and coal is
different, which can well simulate the occurrence state of the
soft coal seam. The thickness of the coal seam is 10 cm, and
the thickness of the roof and floor are 12.5 cm. After laying
coal, a ring of electrodes was arranged around the coal, 64 in
total, as shown in Figure 2. The length of the electrode is
2.4 cm nails, wire enameled wire. Before using the electrodes,
apply the conductive paste evenly on the surface of the nails,
and then insert it into the model successively.

The experimental model was set up with 1, 2, and 4
blasting holes, and 4, 6, and 9 control holes, respectively, to
ensure that the blasting holes were in the center of the 4
control holes, as shown in Figure 3. The hole diameter of the
blasting hole is 9mm and the depth is 225 mm.

Relevant studies show that the larger the control hole
diameter is, the larger the free space for blasting is, and the
better the blasting cracking effect is. Therefore, to better
study the cracking and deformation characteristics of soft
coal seam after blasting, a large diameter control hole
(950 mm) was adopted in the experiment (the diameter of
the drilling hole was enlarged by using hydraulic punching
or cutting in the project). The center distance between the
control hole and the blasting hole is 150 mm. The number
and aperture of each borehole are shown in Table 2.

2.2. The Experimental Scheme. RDX explosive was used for
blasting, with a charge volume of 1.2 g and length of 10 cm.
The sealing hole section is located in the rock formation, and
the sealing hole length is 12.5cm. A special detonator was
used for remote initiation, as shown in Figure 4. The blasting
experiment was carried out at the blasting site of Anhui
University of Science and Technology.

30 min before blasting, the YBD network parallel elec-
trical analyzer was used to collect signals, and the resistivity
distribution of the coal seam before blasting was inverted.
30 min after blasting, the signal is collected again to obtain
the resistivity distribution of the coal seam. After the signal
collection, the model was opened to observe and photograph
the shape of the crack. The crack width was measured by
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FI1GURE 3: The blasting models. (a) Single-hole blasting model. (b) Double-hole blasting model. (c) Four-hole blasting model.

TaBLE 2: Drilling parameters.

Drilling type Diameter/mm Mode of blasting Number
Single hole DB-#

The blasting hole 9 Double hole LB-#
Four hole SB-#
Single hole DK-#

The control hole 50 Double hole LK-#

Four hole SK-#
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FIGURE 4: Blasting device. (a) RDX. (b) Initiators.
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FIGURE 5: Data acquisition equipment. (a) YBD network parallels electrometer. (b) MG10085-1A 100 reading microscope.

MG10085-1A 100 reading microscope, and the grayscale
map of the coal seam surface crack was processed using
Matlab software, and then the crack area was calculated
using AutoCAD software. The equipment is shown in
Figure 5. Specific steps are shown in Figure 6.

3. Crack Morphology of Porous Blasting

3.1. Cracking Morphology of Soft Coal. The area surrounded
by the line of the center of the control hole is called the
control area. After the explosion of the charge column, there
are three typical crack formation patterns in the control area,
that is, the expansion of the blasting hole, the formation of
the explosion crack, and the reduction of the control hole,
while outside the control area, only the formation of the
explosion crack occurs, as shown in Figure 7.

(1) Blasting hole expansion. The explosion of the charge
column produces pulverizing zone near the borehole
and destroys the coal structure. Under the action of
blasting dynamic pressure and explosive gas ex-
pansion pressure, the blasting hole expands and its
aperture reaches 3-10 times the original state.
However, the expansion of the blasting hole will
cause the surrounding coal to be squeezed and the
gas flow channel to be closed, so the expansion of the

blasting hole harms reflection enhancement in the
control area.

(2) Explosion crack. The generation of cracks provides
gas flow channels and has a positive effect on an-
tireflection. However, the coal on both sides of the
crack plane may be squeezed due to space demand
from the surrounding coal.

(3) Control hole reduced. The coal displaces and fills
part of the control hole. The decrease of the control
hole area provides space for the porosity of coal in
the control area, which has a positive effect on
antireflection.

3.2. Coal Displacement Phenomenon. The strength of coal is
low, and the coal between the blasting hole and the control
hole is displaced by the blasting dynamic pressure and
presents two displacement modes of crack and noncrack.
When the local coal and the surrounding coal are
completely fractured, the separated “fractured coal” moves,
which can also be called the “moving body”. In the double-
hole blasting model, the coal deformation inside the control
holes LK-1 and LK-5 belong to this category, as shown in
Figure 8 Radial cracks appear on the side of the “moving
body” and tangential cracks appear on the rear end cut-off
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Ficure 8: Deformation of coal inside control holes.

the moving body and moved towards the control hole,
partially filling the control hole. Because the moving body
has broken with the surrounding coal, the displacement is
large and the control hole is well filled.

When the moving coal does not completely crack with
the surrounding coal seam, it is called noncrack displace-
ment, and most of the coal movement in the model belongs
to this type. Under the action of blasting dynamic pressure,
the coal moves as a whole, and the control hole is partially
filled. Compared with the former, the noncrack displace-
ment is much smaller. The displacement of the moving body
is taken as the filling length of the filling of the control
borehole along the center line, and then all the displacement
of the control borehole is obtained. The original area of the
control hole was 19.6 cm?, and that of the blasting hole was
0.64 cm®. This paper adopts a plane area to analyze the
spatial changes of cracks, as shown in Figure 9.

Although the control holes are evenly arranged
around the blasting holes, the displacement of each hole is
different. In the single-hole blasting model, the filling
amount of DK-1 and DK-2 control holes are small, and the
displacement of coal is 0.51~0.57 cm. In the double-hole
blasting model, only the LK-6 hole did not appear filling
phenomenon, and the coal displacement of other control
holes ranged from 0.52 cm to 1.88 cm, and the maximum
displacement appeared in the inner side of the LK-1 hole.
In the four-hole blasting model, all the control holes are
filled to different degrees, and the displacement of coal is
0.2~1.08 cm.
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F1GURE 9: Change of drilling displacement and area after blasting. (a) Single-hole blasting model. (b) Double-hole blasting model. (c) Four-

hole blasting model.

With the increase in the number of blasting holes, the
coal deformation in the control area tends to be uniform,
and the control hole space decreases, which provides con-
ditions for the regional loosening of coal.

3.3. Characteristics of Explosion Crack. To analyze the
morphological characteristics of cracks, the width and fractal
dimension of cracks were compared quantitatively, as shown
in Figure 10.

3.3.1. Crack Width. With the increase in the number of
blasting holes, the width of the blasting crack also increases.
In the control area, the crack width of the single-hole
blasting model is 0.1-1.2 mm, and the maximum crack width
is 1.0-1.2mm at the coal displacement inside the control
hole DK-1. The width of the crack in the double-hole
blasting model is 0.3~ 3.5mm, and the maximum width of
the crack is 3.5 mm inside the control hole. In the four-hole
blasting model, the width of the crack is 0.6~3.4 mm, and the
maximum width of the crack also appears on the inner side
of the control hole, which is 3.4 mm.

In the control area, the maximum width of the crack
appears at the coal displacement measured in the control
hole, and the larger the coal displacement is, the larger the
crack width is. In the single-hole blasting model, the de-
formation of hole DK-1 reaches 5.1 mm, and the crack width
is the largest (1.2 mm). In the double-hole blasting model,
the deformation of the LK-1 hole reaches 18.8 mm, and the
width of the crack inside the control hole reaches
1.6-1.8 mm, but the lateral crack is wider (0.9~3.5mm). In
the model of four blasting holes, the deformation of the SK-4
hole is 8 mm, but due to the superposition of adjacent
blasting, the width of cracks inside the control hole is
2.6~3.4 mm, and the width of cracks outside is 0.5~1.5 mm.

3.3.2. Fractal Dimension of Crack. Blasting coal seam gap
caused by the process of evolution is a process of a fractal,
fractal dimension is a can show the characteristics of blasting
result in crack evolution degree, the shape variation of

applying fractal geometry to the blasting of research [23, 24],
will deepen the understanding of critical raw fracture
morphology, especially after using fractal dimension char-
acterization of blasting crack of quantitative analysis
[25, 26]. To a certain extent, the problem of the irregular
distribution of cracks after blasting is solved.

In this section, the fractal theory is used to study the
geometric distribution of coal seam cracks and determine
their fractal dimension, to quantitatively compare and analyze
the explosion cracks under different models. The crack images
under different blasting models are processed to obtain the
corresponding gray image, the gray image is binarized, the
mesh division and statistics are carried out, and then the box
dimension of the explosion crack is obtained [27, 28].

According to the box dimension theory, the box di-
mension of any nonempty bounded target set X in space Rn is

- lim IgNg (X)
D=_fk—=o = (1)
1gdy

In this formula: Rn is the space of dimension N, Jy is the
established descending sequence based on the size of the
square box, N (X) is the minimum number of grids re-
quired to cover the target set X with a square box of size Jy.

Firstly, the fractal dimension of the coal seam surface with
drilling before blasting is calculated, and the initial fractal di-
mension D, is obtained. Then, the fractal dimension of surface
morphology with blasting crack is calculated and D, is obtained.
The two are subtracted to obtain the fractal dimension of coal
seam surface crack change AD, as shown in Table 3. With the
increase in the number of blasting holes, the change rate of
fractal dimension of coal seam crack (displacement of coal)
increases, and the coal seam crack tends to be complicated.

4. Comprehensive Evaluation of Coal
Blasting Deformation

4.1. Comprehensive Evaluation of Coal Deformation. After
the bursting of the soft coal, three typical crack morphology
on the antireflection effect is different, for the function of
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F1Gure 10: Crack morphology and resistivity distribution diagram after blasting. (a) Single-hole blasting model. (b) Double-hole blasting
model. (c¢) Four-hole blasting model.
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TaBLE 3: Calculation results of crack fractal dimension.

Model Initial fractal dimension D, Fractal dimension after blasting D; Change in fractal dimension AD AD/DO (%)

Single-hole blasting 1.041 1.093 0.052 5.00

Two blasting 1.026 1.235 0.209 20.37

Four-hole blasting 1.015 1.231 0.216 21.28
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FIGURe 11: Analysis of permeability variation.

comprehensive evaluation. In this paper, the comprehensive
change (S) of the area of the crack, control hole, and blasting
hole is used to analyze the blasting effect. The crack area A,
and the control hole reduced area A, were taken as the
evaluation value of the positive reflection improvement
effect. The increase of blasting hole area Aj; is taken as the
evaluation value of the negative reflection improvement
effect, that is, S=A,+A,—A;. The result is shown in
Figure 11.

(1) Single-hole blasting model. In the control area, al-
though the surface crack of the coal seam is obvious,
the total deformation of the control hole is small. The
expansion area of the blasting hole is much larger
than the decreased value of the control hole, and the
blasting action compacts the coal in the control area.
The control hole deformation space is difficult to
offset the compaction effect, so the overall antire-
flection effect is negative. Outside the control area,
the explosion crack shows a positive effect.

(2) Double-hole blasting model. In the control area,
the total expansion area of the two blasting holes is
2.4 times that of the single-hole blasting, which has
a great compaction effect on coal. However, the
area of the new crack and reduced area of the
control hole are 5.2 times and 2.1 times that of
single-hole blasting respectively, which effectively

offset the expansion and compaction effect of
blasting hole. Outside the control area, the area of
detonation crack is 7.8 times that of single-hole
blasting, which effectively realizes the antireflec-
tion outside the control area.

(3) Four-hole blasting model. Similar to the double-hole
blasting model, the area of the new crack and the
reduced area of the control hole in the control area
effectively offset the expansion and compaction effect
of the blasting hole, so that the blasting antireflection
effect presents a positive effect. Outside the control
area, the area of detonation crack is 17.3 times that of
single-hole blasting, which effectively realizes the
antireflection outside the control area.

4.2. Regional Resistivity Response of Coal. Resistivity infor-
mation can reflect the changes in coal and rock cracks
[29-31], which can be used to analyze the damage char-
acteristics of the coal seam. The network parallels the
electrical method can realize the full electric field observa-
tion, through the extraction of effective signals, effective data
encoding, and two-dimensional or three-dimensional re-
sistivity tomography. In this paper, a two-dimensional re-
sistivity imaging method was adopted to obtain the
resistivity multiple distributions before and after blasting, as
shown in Figure 12. Resistivity change before and after
blasting Ap is

Ap="=. (2)

In the formula, p; is the resistivity before blasting p, is
the resistivity after blasting. When Ap>1 it shows an in-
crease in resistivity; when Ap <1 BY it shows a decrease in
resistivity.

The larger the change multiple is, the greater the change
degree of resistivity is after blasting, and the more serious the
damage to coal is. When the change multiple is less than 1,
the resistivity decreases and the coal may be partially
compacted.

4.2.1. Single-Hole Blasting Model. Corresponding to the
analysis results in Section 4.1, in the single-hole blasting
model, $<0, the occurrence of cracks not only does not
cause large area damage to the control area, but compacts the
surrounding coal, reducing the resistivity by 20%, and
presenting the overall resistivity reduction phenomenon in
the control area.
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FIGURE 12: Crack and electrical resistivity after blasting. (a) Single-hole blasting model. (b) Double-hole blasting model. (c) Four-hole

blasting model.

Outside the control area, on the one hand, the damage is
formed in the far area due to stress wave compression and
unloading, and the emergence of an explosion crack outside
the control hole causes damage to the coal, which leads to the
phenomenon that the resistivity outside the control area
increases instead, can be increased up to 20 times. Due to the
rigid constraints around the model, local extrusion will
occur near the edge of the model, and the resistivity will
decrease.

4.2.2. Double-Hole Blasting Model. The crack of the double-
hole blasting model is better than that of the single-hole
blasting model, and the resistivity increases up to 50 times in
the control area. Due to the formation of crack space, cracks
are squeezed on both sides and compaction still occurs in
local areas, which leads to the reduction of local resistivity, as
shown in Figure 12(b), by about 10%-20%.

Although a long crack was formed on the lateral side of
LK-4, the crack squeezed the coal on both sides of the crack
plane at the same time, which reduced the resistivity. The
resistivity increase of the outer side of the control hole was
significantly higher than that of the inner side, such as the
outer side of the drilling LK-1 and LK-4, which reached 200
times, while the inner resistivity is only 40 times as high as
the original.

4.2.3. Four-Hole Blasting Model. The four-hole blasting
model has the most abundant explosive cracks, and the
resistivity generally increases up to 20 times. However,
compaction still occurs between two large adjacent cracks,
resulting in local resistivity reduction. For example, the
width of the crack near SK-1 is 1.6 mm, the width of the
lateral crack of SK-4 is 0.5-1.5 mm, and the resistivity of the
region between SK-1 and SK-4 is reduced by about 5-10%.

Due to the low strength of the coal seam, local com-
paction is likely to occur when the coal is subjected to
blasting dynamic pressure. The possible locations of the
compaction area include the control area where the total S
value is less than 0 and the area between two large cracks.

Quasi static pressure P

Moving body boundary

F1Gure 13: Control the movement boundary of coal inside the hole.

Outside the control area, the resistivity generally increases
due to the existence of explosive cracks.

5. Discuss

Due to the difference in strength, the blasting form of the soft
coal seam is different from that of the hard coal stratum. A
large number of studies have been carried out on the for-
mation mechanism of explosive cracks in China [8-16],
which will not be described here. This section only analyzes
the special cracking morphology of soft coal after blasting.

5.1. Local Coal Displacement. Soft coal has low strength and
low impedance, and the effect of explosive gas is more
obvious. The quasi-static pressure P generated by dynamic
pressure and explosive gas expansion can cause displace-
ment of coal between the blasting hole and the control hole,
especially near the control hole. As shown in Figure 13. Coal
displacement leads to the generation of shear cracks, whose
width is the maximum in the whole control area. The quasi-
static pressure P can be directly calculated by using the
expansion pressure of detonation gas:

B P, yIK V. Y
p=r(3r) (%) ¥



10

In the formula, Py is the average detonation pressure; Py
is the critical pressure. y and K are adiabatic indexes and
isentropic indexes respectively; V. and V; are the volume of
charge and the volume of blasting hole.

p.D’

In the formula, p. and D are the density and detonation
velocity of the explosive respectively.

The inner side of the control hole can be regarded as the
free surface of the blasting hole, and then the action di-
rection of the blasting energy can be controlled so that the
inner side of the control hole presents the shape of the
blasting funnel and pushes the coal forward.

When there are multiple blasting (control) holes in the
coal seam, the stress waves reflect, diffract and super-
impose on each interface (blasting crack surface, ex-
traction hole wall, control hole wall, and blasting hole
wall), and the effect on the coal becomes more complex,
and the width of the crack is larger than that of the single-
hole blasting model. The explosive gas has a more sig-
nificant pushing effect on coal, especially on the inner side
of the control hole.

Uneven distribution of circumferential tensile stress is
generated at the edges of control holes or adjacent blasting
holes [32], and the maximum tensile stress is generated at
the inner and outer edges of the drilling line so that the
detonation crack continues to expand along the line. The
crack outside the control hole in the experimental model
verifies this point, and the crack direction is consistent with
the connection direction of the control hole and the blasting
hole.

5.2. Local Compaction of Coal Seam. The resistivity inversion
results show that the soft coal has been partially compacted
after blasting. For example, in the single-hole blasting model,
although there are cracks in the control area, it is difficult for
the fine blasting cracks to cause damage to the whole control
area. Under the action of blasting hole expansion, the
control area instead presents a compacted state.

Resistivity is not only related to coal water content but
also related to structural states, such as porosity change,
deformation, and failure [33]. The pores in the compressed
area of the coal seam are compacted, the conductive
channels increase obviously, and the resistivity decreases.
There may be two reasons for the compaction phenomenon
in coal seams after blasting. One is the coal compression
caused by the expansion of the blasting hole. Secondly, the
opening of the crack leads to the compression of the coal on
both sides of the crack plane, especially between the two
crack planes.

The explosion gas has to scour and pushing effect on
the soft coal, leading to the compaction of the coal, and its
density will also increase [34], forming a local compaction
area outside the blasting cavity. If the inner coal of the
control hole is pushed and displacements occur, the
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swelling and compaction effect of the blasting hole can be
offset.

Space is needed for the generation of blasting crack,
especially after the explosion gas enters into the crack, the
gas expansion produces a driving force on the coal on both
sides of the crack plane, and the coal is also compressed. If
there are control holes near the cracks to provide spatial
compensation, the coal compression can also be alleviated.
Once there is no space compensation or low compensation
degree of control hole around the crack, the degree of coal
compression will inevitably increase. This is especially true
in the area between the two cracks, which must find space to
open by compressing the coal.

It can be seen that the key to solving the local compaction
of coal seam lies in the spatial compensation degree of the
control hole. Only by providing enough deformation space
for blasting action can the permeability in the control area be
effectively improved.

In the engineering practice of antireflection by blasting
in the soft coal seam, the pure amount of gas extraction is
usually large in a short time after blasting, and then the
concentration of gas extraction decreases rapidly. The ex-
plosion crack in a soft coal seam is easy to close under the
action of stress, and the expansion of the blasting hole also
compacts the coal, so the analysis of the blasting antire-
flection effect in a soft coal seam should not only consider
the explosion crack but should consider the change of coal
structure comprehensively.

6. Conclusion

Model blasting experiments with blasting holes and control
holes were carried out to analyze the blasting cracking
characteristics of soft coal. The main conclusions are as
follows:

(1) After soft coal seam blasting, there will be three
kinds of crack formation, such as explosion hole
expansion, explosion crack formation, and control
hole reduction, while explosion crack only appears
outside the control area. There are crack and
noncrack displacement modes between the blasting
hole and control hole. Crack displacement leads to
cracks with large width on the inner side of the
control hole.

(2) A quantitative comprehensive evaluation method of
the antireflection effect is proposed, and the anti-
reflection effect is comprehensively analyzed by
using the area changes of explosion crack, control
hole, and blasting hole. With the increase in the
number of blasting holes, the positive reflection
improvement effect is presented in the control area,
and the width and fractal dimension of the ex-
plosion crack increase obviously, which can effec-
tively improve the gas extraction efficiency of the
coal seam.

(3) The regional variation rule of coal resistivity before
and after blasting was tested, and it was found that
not all areas would be damaged obviously after
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blasting, and the coal on both sides of the crack plane
would be squeezed when the explosion crack was
generated, leading to local  compaction
phenomenon.
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