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)e potential dynamic risk of the mined underground space with hard overlying strata is one of the main concerns for coal
operators.)is paper presents a comprehensive study on treating the hard overlying strata upon the coal seam through the presplit
blasting technique. )e properties of the overlying strata were firstly investigated and evaluated via the laboratory tests and
theoretical analysis. With the consideration of the geological and mining condition of the research area, the critical parameters of
the presplit blasting technique (e.g., unsaturation coefficient, borehole spacing, and the slit width) were consequently determined
via the numerical simulation with the application of LS-DYNA. )en, the field practice in accordance with the determined
parameters was carried out in Yuwu coal mine. )e effectiveness of the presplit blasting technique was well verified when the
microstructures of the surrounding rock were investigated. )e success presented in this paper does not only demonstrate the
feasibility of using the presplit blasting technique in treating the hard strata of underground mines but also provide a guideline in
determining the critical parameters by the numerical simulation and theoretical analysis from the design aspect.

1. Introduction

It has been well noted that the hard overlying strata, which
are also termed the hard roof upon the coal seams, are
generally defined as the key strata by strata controlling
engineers [1–4]. Different from other strata around the coal
seam, the hard overlying strata generally consist of one or
more layers of thick and strong strata (e.g., limestone or
sandstone). )e hard overlying strata will be hung for a long
time rather than immediately be crushed and collapsed with
the excavation process. During the past decades, a large
amount of reported rock burst and coal and gas outburst
accidents are attributed to the existence of these exposed and
hung hard overlying strata after the extraction of coal re-
source [5–7].)emain reason for these unexpected dynamic
accidents is that the concentrated stress and accumulated
energy released within a very short time, once the hung roof

cannot sustain its integrity [8]. )e dynamic accidents as-
sociated with the large deformation of surrounding rock and
the severe damages of support structures even the injuries to
miners have attracted much attention either from the aca-
demic researchers or the on-site managers [9, 10]. In ad-
dition, the sudden roof falls will result in the accumulation of
gas and CO emission, leading to some other potential risks
for underground coal operators [8]. How to effectively
control or treat the hard overlying strata therefore becomes
an urgent issue to be considered.

)ere are numerous underground coal mines facing the
problematic issues in terms of the management of the hard
overlying strata and the related dynamic accidents. From the
design aspect, pretreating the hard overlying strata to
weaken its strength and reduce the hung length is believed to
be one of the most effective methods [11, 12]. Different
pretreating techniques have been proposed and put into
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practical applications to eliminate or prevent associated
dynamic accidents caused by the exposed hard overlying
strata. Among them, the presplit blasting technique (see
Figure 1) and the hydraulic-fracturing technique are be-
lieved to be two most popular methods for weakening the
hard overlying strata [8, 12–15].

)e main aim of either the hydraulic-fracturing tech-
nique or the presplit blasting technique in treating the hard
overlying strata is to generate a series of manmade cracks or
fractures [16–18]. In practice, it is not very easy to maintain
the accurate application of hydraulic fractures/cracks and
therefore the effect of which will be somehow affected.
Compared with the hydraulic-fracturing technique, the
presplit blasting technique in treating the hard overlying
strata obtains its comparative advantages including (1) ease
of logistics, the requested equipment is with acceptable
configurations and it is thus very suitable to be used in the
narrow space in underground, when it is compared with the
hydraulic-fracturing technique [8]; (2) cost effectiveness;
and (3) the universal feasibility, which can be used to
pretreat different types of hard overlying strata [8, 12]. Most
importantly, the presplit blasting technique is believed to be
the controllable method as verified from different practical
applications in variable coal mines.

Currently, the application of the presplit blasting tech-
nique in weakening the hard overlying strata has been widely
accepted, from which the critical parameters including the
layout and depth of the blast holes, the usage of cartridge,
and the design of associated support system are well rec-
ognized. )e numerical modelling method has also been
adopted to determine the final design of the presplit blasting
technique. Different computing programmes (e.g., ABA-
QUS, ANSYS, etc.) have shown their superior advantages in
numerical simulation of the presplit blasting technique
[19–21], based on which the preliminary design can be
proposed with some assumptions. Note that the surrounding
rock is heterogeneous in nature; the results obtained from
the finite element numerical simulation should be used
together with the field investigation before the final design.

Previous research on the presplit blasting technique has
provided the meaningful guideline for further applications
of pretreating hard overlying strata. However, there are still
some research gaps that should be investigated: (1) the
comprehensive study on the presplit technique in different
types of the roadway (e.g., large-scale cross section) is still
requested; (2) the in-depth evaluation of the preblasting
technique, from the initial proposal to the final design,
should also be further conducted.

Against this background, the comprehensive research
with the combined numerical simulation and field test was
conducted on the representative coal mine operated by Luan
Coal Ltd., China. Different from previous research, the ef-
fectiveness of the large-scale cross section cut-through of the
underground mine is investigated. )is paper starts with the
concise introduction of the geological and mining condi-
tions of the selected coal mine, followed by the numerical
modelling covering the large range of parametric studies.
)is paper ends up with the case study with the application
of the critical parameters obtained from the comprehensive

research. As expected, using the presplit blasting technique
in weakening the hard overlying strata exhibited the superior
advantages.

2. Geological and Mining Conditions

)e N1202 longwall of Yuwu coal mine, located in Shanxi
province China, was selected to verify the effectiveness of the
presplit blasting technique in weakening the hard overlying
strata. As depicted in Figure 2, the N1202 longwall is sur-
rounded by the N1201 and N1203 longwall, the southern of
which is the unmined coal seam. )e width and the strike
length of N1202 longwall are 295m and 890m, respectively.
)e average buried depth of investigated area ranges from
515 to 544m. )e 6.34-meter-thick coal seam numbered 3#
is extracted by the top caving method with a mining depth of
3m. )e average dip angle of the coal seam is 6°. )e black
coal seam is in danger of explosion and outburst with a gas
content of 10.05m3/t.

Figure 3 presents the lithology of the N1202 longwall, in
which there is an 8.10-meter-thick medium sandstone lo-
cated upon the coal seam. According to the definition of the
hard roof presented earlier, this medium sandstone can be
regarded as the hard roof of N1202 longwall. Due to the
existence of the hard overlying strata and the high-strength
bolting system, the medium sandstone within the longwall is
hung without obvious deformation observed, which is the
other evidence to support the correction of the definition
mentioned above.

)e systematic laboratory tests were conducted to de-
termine the mechanical properties of the surrounding rocks.
)ese rock samples were collected through the drilling hole
and then cut into the standard samples with a diameter of
50mm and a height of 100mm for compression tests in
accordance with ASTM D7012-10 [22]. For tensile tests, the
rock samples with a diameter of 50mm and a height of
25mm were also tested. Note that the values listed in Table 1
were all averaged from three identical specimens from each
group.

It is apparent in Table 1 that the compressive strength of
the overlying stratum upon the coal seam (e.g., sandy
mudstone and fine sandstone) is much higher. Based on the
mechanical properties of rock samples presented in Table 1
and the key strata theory proposed by Qian et al. [23], the
length of the initial crushed hard roof can be then calculated
by the following equation:

Presplit blasting hole

Overlying strata

Hard roof strata
Immediate roof

Coal seam

Floor

Figure 1: )e sketch of the presplit blasting technique in treating
the hard roof.
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� 48.59m, (1)

in which Lm is the theoretical length of the crushed block, L

is the length of the longwall, and lm is defined as the length of
the secondary key strata. )e calculated length of the hung
roof is about 50m, and thus, it is urgent to take some
measure to treating the hard roof from the perspective of
controlling the stability of the surrounding rock.

To maintain the stability of the surrounding rock of
N1202 longwall, the 8300-millimeter-length cables were
installed associated with the blotting support system, the
sketch of which can be seen in Figure 4. Note that the
predriving roadway was excavated twice (Step 1 and Step 2);
the GFRP bolts were installed in the working face. )e
additional support reinforcement increases the difficulty of
the collapse of the hard roof, and thus, the presplit blasting
technique is proposed to treat the hard roof strata by
changing the integrity of the overlying strata.

3. Numerical Simulation

)e embedded programme in the LS-DYNA covers the
advantages of both Euler and Lagrange’s algorithms, which
is actually suitable to simulate the coupling of the fluid–solid
coupling (e.g., the propagation process of the detonation

shock wave and the flow of the blasting gas). In this pro-
gramme, the Euler algorithm is generally used to divide the
internal cell grid whereas the boundary of the built model
was usually achieved by the Lagrange algorithm. To prevent
the occurrence of unexpected distortion of the grid, the
division of the target zone should be manually adjusted.
More detailed information about both the theoretical
foundation and setup of the model can be found in the
manual of the of LS-DYNA [24].

Figure 5 depicts the distribution of different zones of
surrounding rock with the use of the presplit blasting
technique. According to the propagation of the explosive
energy, the surrounding rock around the blast hole can be
divided into the crushed zone and the fractured zone. )e
explosive energy is initially generated around the surface of
the blast hole and some of them will be consumed to crush
the surrounding rock, leading to the generation of the
crushed zone. With the shock waves gradually attenuating
into stress waves, the original quasistatic pressure enlarges
the initial cracks. If the peak intensity of the shock wave is
larger than that of the compressive strength of the sur-
rounding rock, the blast hole will be directly damaged and
crushed. )e radius of the crushed zone (i.e., R1) can be
marked from the numerical simulation if the monitored
strength applied to the surrounding rock exceeds its peak
strength.

Figure 2: Geographical location and the plane view of the N1202 longwall.
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Apart from the crushed zone, there is a fractured zone,
mainly generated attributed to the stress wave rather than
the shock wave. If the maximum tensile stress obtained from
the stress wave is larger than the tensile strength of the
surrounding rock, the fractured zone featured with huge
shear/tensile cracks will be then generated. )e radius of the
fractured zone (i.e., R2) is closely related to the tensile
strength of surrounding rock. With the combination of the
crushed zone and the fractured zone, the integrity of the
hard overlying strata will be somehow changed and the
potential risks of dynamic accidents will be correspondingly
prevented.

It has been well noted that the detonation shock wave
will directly act on the surrounding rock around the blast
borehole through the air medium associated with the re-
flection and transmission of the shock wave. During the
propagation process, the shock wave gradually propagates
and both the crushing zone and fissure zone will be formed.
In this research, the following four critical parameters (e.g.,
the radial noncoupling coefficient, blasting borehole

spacing, group spacing, and the splitting width) were se-
lected to investigate the effects of the presplit blasting
technique.

3.1. Determination of Input Parameters. In this research, the
input parameters were determined based on the geological and
mining condition mentioned above. In accordance with the
manual of LS-DYNA programme, the SOLID164 module was
selected to generate the base model through the Euler grid.
Differently, the ALE algorithm is used to establish the cartridge
element. )e air medium and the surrounding rock were
obtained by the Lagrange algorithm. In building the numerical
model, the blasting borehole was sealed with the 75-millimeter-
diameter stemming. Considering themain strata above the coal
seam to be the 8100-millimeter-thickness sandstone, they are
selected to be the basic strata for the parametric studies pre-
sented in the following sections. Correspondingly, the me-
chanical properties of sandstone listed in Table 1 were adopted
for numerical simulation.

2.10m

1.62m

2.75m

3.70m

8.10m

1.65m

6.34m

0.37m

1.85m

Sandy mudstone

Sandy mudstone

3# coal seam

Mudstone

Mudstone

Fine sandstone

Fine sandstone

Fine sandstone

Medium sandstone

Figure 3: Lithology of the N1202 longwall.

Table 1: Key test results of rock samples.

Rock samples UCS (MPa) Tensile strength (MPa) Elastic modulus (GPa) Poisson’s ratio Friction angle
Fine sandstone 95.0 9.5 35.1 0.2 30.0
Medium sandstone 72.0 7.5 25.0 0.2 31.0
Sandy mudstone 55.0 2.5 14.0 0.2 34.0
3# coal seam 14.5 2.0 4.3 0.4 31.0
Mudstone 30.0 2.2 12.2 0.2 29.0
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)e MAT-HIGH-EXPLOSIVE-BURN module was
adopted to rebuild the cartridge element. )e following
equation represents the relationship between the shock
stress (P) applied to the surrounding rock and the relative
volume (V) [24]:

P � A1 −
ω

R1V
e

− R1V
+ B 1 −

ω
R2V

 e
− R2V

+
ωE0

V
, (2)

in which A � 78.1GPa, B � 0.552GPa, R1 � 4.02, R2 � 0.91,
ω� 1.4, and E0 � 51GPa.

)e inherent element of “NULL” is adopted to generate
the air element when the uncoupling blasting is considered.

P � c0 + c1μ + c2μ + c3μ + c4 + c5μ + c6μ( E0, (3)

in which c0 � 0.1, c1 � c2 � c3 � c6 � 0, c4 � c5 � 0.4, and
E0 � 250 kJ.
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Figure 4: )e cross section of the supported predriving roadway in the N1202 longwall.
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)e stemming was used to plug the blast borehole in the
N1202 working face of Yuwu coal mine, which is simulated
by the inherent MAT-SOIL-AND-FOAM element. With the
consideration of conventional experience in underground
blasting, the 4000-millimeter-length stemming is used in this
research.

3.2. Effect of Noncoupling Coefficient. )e value of the
noncoupling coefficient is generally smaller than 2, and thus
the following values (1.15, 1.25, 1.5, and 1.75) were adopted
to investigate the effect of the noncoupling coefficient on the
behaviour of the damaged surrounding rock. To obtain an
in-depth understanding of the transmission of the shock
wave and determine the radius of the crushed zone and
fractured zone, the centre point of the blasting borehole is
fixed as the reference point and the other five monitoring
points apart from the reference point are nonuniformly
distributed in accordance with the layout shown in Figure 6.

When the noncoupling coefficient is equal to 1, the
distribution of the von Mises stress at different processes is
presented in Figure 7. It is apparent that the shock wave
decreased with the time and the stress applied to the sur-
rounding rock nearby the blasting borehole experiences
consequently a decrease. As can be seen from Figure 7, the
effect of shock wave applied to the surrounding rock is not
obvious when T� 3.6ms. It is thus believed that the gen-
eration of the crushed and fractured zone is within 2.3ms.

Figure 8 presents the monitored shock wave pressure at
different times, in which the pressure is simultaneously
recorded by the programme itself. It is obvious that the peak
pressure at point A is larger than 320MPa corresponding to
the time equal to 0.3ms, indicating that the crushed zone
was generated within this time. From then on, the shock
wave acted on the surrounding rock experiences a sharp
decrease and the value of which tends to be zero when
T� 2.3ms.

To enhance the effects of presplit blasting, it is suggested
to increase the effective time of the stress wave and the
transmission of blasting air rather than the shock wave. If so,
the radius of the crushed zone will be decreased and the
fractured zone will be enlarged. It can be seen in Figure 9 that
the maximum stress at point A is 320MPa and the peak
strength monitored at point B is 60MPa at 0.4ms. With the
consideration of the mechanical properties of the sur-
rounding rock listed in Table 1, it is supposed that the ra-
diuses of the crushed zone and fractured zone are 1m and
3.5m, respectively.)e generation of these fractured zones is
within 2.3–4.0ms, which is not good enough in respect of
increasing the diameter of the fractured zone.

In the following section, the effects of noncoupling
coefficient are investigated through the comparison of the
numerical results. In these cases, the shock wave will be
directly applied to the air layer, which is used to separate the
cartridge rolls, rather than the surrounding rock. Because
the air layer will absorb somewhat energy, the radius of the
crushing zone will be correspondingly reduced and the
effected zone of the fractured zone will be therefore in-
creased, which can be seen in Figure 10.

Figure 11 presents the effective stress obtained from
different monitoring points with different K values. When
the value of K is equal to 1.15, the peak stresses obtained
from different monitoring points (e.g., A, B, and C) are
140MPa at 0.43ms, 64MPa at 0.9ms, and 29MPa at 1.9ms.
When it is compared with the coupling coefficient (K� 1),
the reach of the shock wave on the surrounding rock has
been significantly postponed. It can also be found that the
stress obtained from point A experiences a decline, whereas
the monitored stress at pint C is larger than that when K� 1,
indicating that the energy dissipation of the shock wave in
the crushing zone is significantly reduced. As a result, much
more energy will be used to increase the crack expansion,
resulting in the increase of the radius of the fractured zone.

Given the dynamic compressive strength of surrounding
rock listed in Table 1, the estimated diameter of the crushed
zone is still smaller than 1m, suggesting that the effect on the
crushed zone is not obviously affected when the non-
decomposition coefficient increased to 1.15. With the con-
sideration of the monitored tensile stresses are 9MPa at
point C and 10MPa at point D, the radius of the fractured
zone is estimated to be around 3.5–4m. )e other notable
observation is that the action time of the shock wave on
surrounding rock is among 3–6ms, which is much larger
than that when K� 1.

It can be seen from Figure 11 that there is still a very high
effective strength nearby the blasting borehole when
K� 1.25. )e positive pressure action time for the formation
of the fractured zone is much longer in this case. Corre-
spondingly, the minor cracks are further expanded and the
radius of the fractured zone is enlarged. With the increase of
the K value, the stress wave attenuates greatly at 3.5ms. It
can also be found that the effective stresses with the K value
of 1.5 at different monitoring points are obviously smaller
than their counterparts with the K value of 1.15 and 1.25,
respectively.

X

Y

R1
R2

Fractured zone

Blast hole

Crushed zone

Figure 5: Classification of the crushed and fractured zones around
the blast borehole.
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When the value of K increases to 1.5, the peak stress at
point A is 93.5MPa at 0.45ms, which is larger than that of
the peak strength of surrounding rock. )e monitored peak
stress at point B is 46.5MPa when T� 0.9ms, the value of
which is larger than that of the mudstone and sandy
mudstone. Even though, this stress is not enough to crush
the sandstone and can only generate somewhat fractures and
cracks. )e declined peak stresses at points A and B are the
direct evidence to support the assumption that the shock
wave mainly works on the fractured zone with the increased
radius. When the tensile stresses obtained from points C and
D are all higher when they are compared with their coun-
terparts with smaller K values, the increased tensile stress is
actually suitable to generate much more cracks around the
blasting borehole. As depicted in Figure 10, the radius of the

fractured zone is beyond 3.5m, which is larger than that with
other K values.

With the continuous increase of the K value, much more
cracks and fractures may be generated. As illustrated in
Figures 10-11, the radius of the crushed zone is too small
when K� 1.75. In this case, the limited numbers of initial
cracks around the crushed zone cannot guarantee the
requested distribution of the fractured zone. Although the
shock wave and the explosion gas will work together to
expand these cracks, they can only increase the length of
these separated cracks, mainly attributed to the generated
crushed zone with smaller radius (i.e., 0.4m). According to
the above analysis and discussions, the optimised K value is

Y

X
EDCBA
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0.
5m 1.0m 2.0m 2.0m

Figure 6: )e schematic of monitoring points apart from the centre of the blast borehole.
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1.5 from the numerical simulation with the simple as-
sumption as stated earlier.

3.3. 9e Effect of the Borehole Spacing in the Same Group.
)e above analysis of the single blasting borehole can help to
deepen the understanding of the presplit blasting technique.
However, the blast boreholes are either generally detonated
in the group or some multiple blast boreholes are detonated
together in practical applications. In this section, it is simply
assumed that there are three blasting boreholes in the same

group; the numerical simulation was thus conducted to
investigate the effect of different borehole spacing. With the
consideration of the geological and mining conditions
mentioned earlier, three typical borehole spacing values
(e.g., 3m, 6m, and 9m) were inputted. Different monitoring
points were set up along the X- and Y-axes with the central
point in the middle of the blasting borehole as illustrated in
Figure 12.

It is expected to obtain the proper blasting borehole
spacing based on the systematic of the monitored stresses
from two different axes and the stress distribution
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Figure 10: )e evolution of the effective stress in the surrounding rock at different times. (a) K� 1.15. (b) K� 1.25. (c) K� 1.5. (d) K� 1.75.
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characteristics. According to the monitoring results in two
directions as shown in Figure 13, the occurrence of the stress
increase will take place in some areas due to the superim-
position of stress waves in the process of propagating in the
rock formation. At these superimposition areas, the sur-
rounding rock will be crushed and the radius of the fractured
zone will be a little bit smaller.

Figures 14 and 15 present the effective pressure recorded
at different monitoring points from different axis, respec-
tively. When the value of the borehole spacing ranges from
3m to 8m, the radius of the signal fractured zone is 4m and
the sum radius of the crushed zone is 3m, which can ensure
the formation of the expected fractured zone between two
blast boreholes in the same group. )e suitable spacing
between each borehole should be therefore in the range of
3–8m. However, with the increase of the spacing between
two blast boreholes, namely, L> 8m, it becomes difficult to
obtain enough cracks and fractures and the distance between
each blast borehole should be within 3–6m.

3.4. 9e Effect of the Borehole Spacing in Different Groups.
In practice, the blasting boreholes are drilled in rows and the
fractures attributed to the blasting may be connected. In this
section, the effects of the space between different blasting
boreholes are investigated. In accordance with the geological
and mining conditions, two typical spaces (L1�6m and
L2 � 8m) were selected and compared. To evaluate the effect
of the borehole spacing, six points were marked to record the
maximum stress. More detailed information about the
layout of the monitoring points can be found in Figure 16.

Figure 17 presents the monitored stress distributed
around the Y-direction with different borehole spacing and
Figures 18-19 present the distribution of the stress around
the blasting boreholes. According to the results presented
above, the peak tensile stress intensity of each tracking unit is
weaker than when the group space is 6m, and the peak
intensity time is also delayed. If the group space is equal to
6m, the peak compressive stresses obtained from points A,
B, and C are 16MPa at 2.6ms, 17MPa at 2.7ms, and 19MPa
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at 3.5ms, respectively. )e cross section of the crushed zone
along the Y-direction is about 4m, which can cover the
width of the working face. When the borehole spacing in-
creased to 8m, the crack expansion radius is between 2 and
4m, which is significantly lower than that with a group
spacing of 6m.

It can be comprehensively known that in the actual
engineering design, the blast borehole groups at both ends of
the working face, the group spacing is generally designed to
be within 8m, which can better ensure that there are partial
penetration cracks at the end position, and the partial
penetration cracks will continue to extend and expand in the
later stage, so as to realize the cutting of the entire working
face roof along the cutting hole position of the working face
to ensure the presplitting effect.

3.5.9e Effect of the Split Width. )e split width is the other
critical parameter to be considered in practice. If the split
width is too large, the energy cannot be concentrated which
will not obtain an effective explosive. If the split width is too
small, it will be very difficult to get the expected fractures.
)erefore, in this section, the 15-millimeter-width split was
adopted to investigate the effect of split width with the
comparison between the normal cartridge pack.)e dimeter
of the blasting hole is 64mm, which is in accordance with the
PVC tube used in practice.

Different from the stress distribution of normal cartridge
pack shown in Figure 20, it is apparent that the energy from
the shock wave is concentrated around the split. In

particular, the stresses applied to the surrounding rock are
much larger when T�1ms and T�1.5ms. )e main reason
for this difference is that the shock wave will firstly be
applied to the surrounding rock nearby the split line which
acts as a pilot line. )e shock wave will be generally
transferred along the split line and thenmake the shock wave
(stress wave) and explosive gas penetrate the initial crack
along the direction of the incision. )en, the cracks will be
further expanded and penetrated along the line of the blast
borehole. Compared with the normal cartridge pack, the
existing of the split reduces the excessive dissipation of
explosion energy in other directions and thus improves the
effect of presplit blasting effects.

Five monitoring points apart from the central point with
various distance (0.5m, 1m, 2m, 4m, and 6m) were set up
to track the peak stress of the shock wave, the results of
which are presented in Figures 21 and 22. It is obvious that
the peak stress at point A is about 170MPa at 0.3ms if there
is a split, whereas the peak value of the detonation wave
pressure at point A is only 130MPa corresponding to the
time of 0.4ms. With the consideration of the distance be-
tween point A and the split line, it is believed that the
detonation wave pressure around the split is much greater
than that where there is no split, indicating that the existence
of the split is obvious. However, the pressure at points B, C,
andD apart from the split line are slightly smaller than that if
there is no split constructed. )is observation is mainly
attributed to the wave reflection associated with the energy
loss. As a result, the radius of the crushed zone is smaller
than that without the split. )e slit-guided high-energy jet
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Figure 12: Layout of monitoring points.
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(A) T = 2.0ms (B) T = 3.5ms (C) T = 5.5ms

(a)

(A) T = 2.8ms (B) T = 4.0ms (C) T = 4.8ms

(b)

(A) T = 3.8ms (B) T = 4.9ms (C) T = 6.7ms

(c)

Figure 13: Distribution of stress with different blasting borehole spacing from the same group. (a) L� 3.0m. (b) L� 6.0m (c) L� 8.0m.
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and explosive gas diffuse to both sides along the slit to
further increase the residence time of the two in the initial
fissure. In this case, more energy will work on the expansion

of the blast fissure. In general, the radius of the fissure zone is
larger than that of the latter, which is conducive to the
formation of through fissures along the central line of the
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Figure 14: Stress at the X-axis in the blasting borehole with different values of L (a) L� 3m. (b) L� 6m. (c) L� 8m.
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blast borehole to achieve the purpose of precracking the
roof. According to above discussion, the 15-millimeter-
width split is recommended.

4. Field Study

4.1.Overview. )e layout of the blasting borehole to pretreat
the hard roof of the longwall N1202 can be seen from
Figure 23, in which the number is used to clarify the location

of the blasting borehole. A total of 49 blasting boreholes with
the length of 15m were drilled by the functions, among
which two blasting boreholes were located at the conner of
the main gate and the tailgate, respectively.

)e critical parameters determined by the numerical
simulation were adopted in this research to pretreat the hard
roof. With the consideration of the existed fractures and
cracks before the application of the presplit blasting tech-
nique, the radial noncoupling coefficient of 1.5 is applied.
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Figure 16: Layout of monitoring points.
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)e borehole spacing in the same group and different groups
are 5m and 6m, respectively. )e split width of 15mm is
used. In addition, two detonating cords and two detonators
are designed to detonate the charge at the same time, which
ensures that the charge can be detonated smoothly.

4.2. Evaluation of the Presplit Blasting Effects. To evaluate the
effect of using presplit blasting technique in weakening the
hard overlying strata, the breakage of the hard overlying strata
and the inner structures of the surrounding rock nearby the
blasting borehole were adopted in this research.)emeasured
cracked length of the hard roof reduces to 18m, which is
acceptable for coal operators. As observed from field inves-
tigation, there was still somewhat deformation, the evidence
of which is that some blasting boreholes drilled among the
130#-143#, 173#-3# hydraulic chocks were sealed due to the
collapse of the top coal seam. To maintain the stability of the
overlying strata, the timber chocks were installed as shown in
Figure 24.

Figure 25 presents the inner structures of the blasting
boreholes at different depth, from which the effect of presplit
blasting technique can be further examined. It is apparent
that the surrounding rock nearby the blasting borehole is
crushed within the depth of 2–5m. Most importantly, there
is obvious separation between the top coal and the sandy
mudstone. Starting from 3.8m to 4.8m, there are lots of
fractures distributed along the blasting borehole. With the
increase of the depth, the horizontal fractures were observed
at the depth of 6–8m, indicating the effective radius of the
crushed zone is among this area. As expected, there is no
crushed rock observed from the blasting borehole with the
depth of 9–12m. However, the horizontal fractures in these
zones are much more obvious, which agrees well with the
numerical modelling. As shown in Figure 25, the distri-
bution of fractures is much more random and some sur-
rounding rock experiences the crush. )e main reason for
this observation is probably attributed to the reflection of
shock wave, which is located at the bottom of the blasting
borehole.

(a)

(b)

(c)

Figure 18:)e evolution of the effective stress in the surrounding rock with the borehole spacing of 6m at different times. (a) T� 2.7ms. (b)
T� 4.6ms. (c) T� 8.6ms.
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(a)

(b)

(c)

Figure 19: )e evolution of the effective stress in the surrounding rock with the borehole spacing of 8m at different times. (a) T� 3.5ms.
(b) T� 5.5ms. (c) T� 7.0ms.

(a) (b) (c)

Figure 20: Continued.
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(d) (e) (f )

Figure 20: )e evolution of the effective stress in the surrounding rock without split at different times. (a) T� 0.58ms. (b) T�1.0ms. (c)
T�1.42ms. (d) T� 2.0ms. (e) T� 2.50ms. (f ) T� 3.30ms.

(a) (b) (c)

(d) (e) (f)

Figure 21: )e evolution of the effective stress in the surrounding rock with a split spacing of 15mm at different times. (a) T� 0.60ms.
(b) T�1.00ms. (c) T�1.50ms. (d) T� 2.00ms. (e) T� 2.51ms. (f ) T� 3.32ms.
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Figure 22: )e effective stress obtained from different monitoring points with or without the presplit technique.
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Figure 23: Layout of the blast boreholes in the N1202 longwall.

(a) (b) (c)

Figure 24: Roof deformation with the application of the presplit blasting technique. (a) Working face. (b) Main gate. (c) Tailgate.
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Figure 25: )e inner surface of the surrounding rock in the blast borehole.
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5. Conclusions

)e hanging of the hard overlying strata is believed to be
one of the main reasons for the occurrence of the dynamic
accident. )is paper presents the case study of the appli-
cation of presplit blasting technique in treating the pre-
driving roadway through the longwall with the hard
overlying strata. )e following conclusions can be drawn
based on the discussions in the present research:

(1) Compared with the conventional layout of the
blasting hole, the effect of the noncoupling coeffi-
cient is much obvious. With the increase of the
noncoupling coefficient, the diameter of the crushed
zone decreased, whereas the dimeter of fractured
zone experience somewhat increase.

(2) Both the blasting borehole spacing and the split
width will significantly affect the distribution of the
stress and radius of the crushed zone and fracture
zone. When other parameters are the same, the
smaller borehole spacing and split width are highly
recommended to reduce the radius of the crushed
zone.

(3) )e advantages of the presplit blasting technique
have been verified by the field study in weakening the
large-scale predriving roadway with the hard over-
lying strata. )e length of the hard roof block has
been significantly decreased, which is the direct
evidence to support the effectiveness of the presplit
technique.

Note that the rock mass is generally regarded as a ho-
mogeneous medium in numerical calculation. However,
there must be a lot of joints and fissures in practical engi-
neering. )erefore, the critical parameters obtained from
numerical simulation should be further verified by the field
case study.
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