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Based on the blasting principle of the cutting seam cartridge, smooth blasting with the charge structures of the usual cartridge and
cutting seam cartridge has been designed and implemented, respectively, for different peripheral holes in the same face.
Meanwhile, the blasting vibration has been monitored. ,rough the analysis of the frequency spectrum of blasting vibration
signals, it is found that the maximum blasting vibration velocity of the cutting seam cartridge charge is lower than that of the usual
cartridge charge, from 0.21m/s to 0.12m/s. Moreover, the blasting energy distribution is more balanced. Especially in the low-
frequency part, the blasting energy is less, and there is a transferring trend to the high-frequency part, which shows that the cutting
seam cartridge charge has a better optimization effect. Furthermore, using wavelet packet analysis, the cutting seam cartridge
charge could effectively reduce the energy concentration in the low-frequency part. ,e energy distribution is much more
dispersed, and the disturbance to the structure could be less, which is conducive to the stability of the structure. According to the
blasting effect, the overbreak and underexcavation quantity at the cutting seam cartridge charge is better than that at the usual
cartridge charge.

1. Introduction

,e directional fracture blasting technology with the cutting
seam cartridge charge was originally put forward by Fourney
et al. [1]. ,e compressive stress concentration and shear
stress difference are caused along the cutting direction,
which leads to the fracture surface formation under the
action of blasting. As the directional fracture blasting of the
cutting seam cartridge has a significant role, it is applied to
underground engineering. ,e directional fracture blasting
technology with the cutting seam cartridge charge is mainly
based on the principle of shaped charge blasting. ,e
blasting energy propagates in the way of shock waves or
stress waves and explosion gas. ,e stress waves cause
tension damage or break, and then the gas expands the crack.
At the same time, it plays a good role in protecting the
surrounding wall. It means that the directional fracture
blasting technology with the cutting seam cartridge charge

has the function of blasting energy guidance in the slit di-
rection and the wall protection in the nonslit direction. As it
is known, the purpose of the smooth blasting technique is to
form a smooth final contour, and presplit blasting is to
protect the remaining wall or surrounding rock mass.
However, the impact of directional fracture blasting tech-
nology on the surrounding rock could also be reduced,
providing a new technical access for the smooth blasting
method [2, 3]. Meng et al. found that shaped charge blasting
leads to the directional propagation of fractures. ,e field
monitoring results showed that shaped charge blasting is
able to realize the directional propagation of blasting-in-
duced fractures and release mining pressure [4].

,e basic principle of cutting seam cartridge blasting is
shown in Figure 1. ,e left side is the cutting seam pipe and
its longitudinal section along the diameter direction, and the
right side is the detailed description of the cutting seam
pipe’s cross section, in which A is the longitudinal side view
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of the cutting seam pipe with a certain width, and B is the
cross section of the cutting seam pipe, while 1 is the loading
part, 2 is the air medium, 3 is the cutting seam pipe, 4 is the
hole wall, and 5 is the rock particle with a distance R away
from the center of the explosive bag.

When the cutting seam cartridge explodes, the deto-
nation products directly impact the cutting seam pipe at the
noncutting position. Because the density of the inner rock
wall is greater than that of the detonation product and the
compressibility of the rock wall is generally less than that of
the detonation product, the detonation product reflects from
the rock wall surface, and then the reflected shock wave
generates. After the transmission wave is attenuated, the
energy acting on the hole wall is reduced efficiently, and the
possibility of radial cracks in the noncutting position is
decreased significantly.

However, at the cutting direction, the detonation
products directly impact the air medium. ,e shock wave is
generated to form a concentrated, high-speed, and high-
pressure jet, which is oriented on the hole wall at the cutting
direction. When the strength of the stress wave is greater
than the critical strength of rockmass, the fracture will occur
on the blasting hole wall, and the initial fracture could be
formed in advance. ,e detonation gas is also concentrated
at the cutting direction, while the destructive and blasting
effect along the cutting direction could be well strengthened.

Blasting vibration is generated at the same time, con-
necting with the rock dynamic strength. Zhu et al. found that
the dynamic strength of deep rocks increases with increasing
depth or the ratio of horizontal-to-vertical initial stresses
[5, 6]. ,rough the analysis of blasting vibration signals, the
rock-breaking mechanism and blasting effect of different
blasting methods can be mastered more profoundly. Gou
et al. pointed out that the average frequency and its modified
frequency equation perform well in the rock mass. ,e soil
overburden has a low impact on the ground motion, while
the influence of charge weight per delay on the ground wave
frequency has diminished [7, 8]. Ataei et al. found that as the
blasting vibration signal is a nonstationary signal, which has
the characteristics of short duration and fast mutation, its
analysis mainly depends on the signal analysis mathematical
methods and the development of corresponding analysis
instruments [9–12].

Fourier transform is a powerful tool for vibration signal
analysis [13–16]. Fourier transform is always the most widely
used and effective analysis method. It is the basis and the

classic technology in signal processing. It can transform the
time series data to the spectrum in the frequency domain.
Fourier transform is a tool of time domain to frequency
domain conversion. Its essence is to decompose the signal
waveform into the superposition of various sine waves with
different frequencies. Its standard basis is composed of sine
wave and its higher harmonics.

Hilbert–Huang transform is a breakthrough in the linear
and steady-state spectral analysis based on Fourier trans-
form. It is mainly composed of the empirical mode de-
composition method and transformation [17]. According to
the time difference characteristics between the adjacent
peaks of the time scale signal itself, the signal could be
decomposed using the Hilbert–Huang transform, which has
the adaptive ability [18].

Ling et al. found that, with the increase of the blast
center distance, the main frequency and amplitude of
blasting waves show the decreasing trend. Besides, the
frequency superposition phenomenon aggravates in the far
field. It can be seen that the wavelet transform used here
adopts the window size to be fixed, but its shape can be
changed. It means that the time window and frequency
window can be varied, while the contradiction between
time resolution and frequency resolution could be solved
well. Meanwhile, it has a good localization property both in
time domain and frequency domain [19–21]. Wavelet
transform, as an adaptive signal feature method, has been
widely used in signal processing, especially in the blasting
vibration, which is characterized by short duration and
sudden change [22].

,e concept of wavelet packet is put forward on the basis
of the wavelet transform, and it is deduced mathematically.
,e high-frequency part which is not decomposed by the
wavelet method is also conducted, and it is divided into
high-frequency part and low-frequency part separately with
several layers. It can adaptively select the corresponding
frequency band to match the signal spectrum according to
the signal characteristics, while the time-frequency resolu-
tion could be improved. ,erefore, it is more precise than
the wavelet analysis [23–25]. Prediction of vibration is very
important in mining operations as well as civil engineering
projects. Meanwhile, for the blasting vibration signal
characteristics, the wavelet packet analysis of a single
blasting vibration signal has been carried out, and the energy
distribution is illuminated [26]. Furthermore, the blasting
vibration energy in different frequency ranges of the blasting
vibration signal is studied [27, 28]. In addition, other
scholars have carried out the blasting vibration signal
analysis of different structural forms, such as the frozen shaft
[29].

For tunnel engineering, based on the principle of di-
rectional blasting fracture technology, at the peripheral
hole’s different positions of the same face to be excavated,
two charge structures, i.e., usual cartridge charge and cutting
seam cartridge charge separately, are used to compare and
analyze the vibration signals and blasting effects. In par-
ticular, the wavelet packet analysis method is accepted to
study the energy distribution and to explore the influence of
cartridge charge way.
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Figure 1: Schematic of the cutting seam cartridge blasting
principle.
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2. Charge Structure Design of the
Peripheral Hole

In the light of actual engineering geology, the cutting seam
cartridge charge and usual cartridge charge technology were
designed and carried out at the same free face in the pe-
ripheral hole with the left and right positions separately. ,e
peripheral hole of the left side uses the usual cartridge charge
structure, while that of the right side adopts the cutting seam
cartridge charge structure. ,e excavation section area is
12.15m2.

,e peripheral hole spacing both in the left side and the
right side was 300mm.,e designed footage of each blasting
cycle is 2m, and in each peripheral hole, the explosive is
divided into three intervals with the same interval 550mm.
Among them, half of a cartridge was charged at the bottom
of the blasting hole, and the other two quarters of the
cartridge were charged at each section. As mentioned above,
the peripheral hole in the right side was charged using the
cutting seam cartridge structure with the above charging
pattern. At the meantime, the peripheral hole in the left side
was charged using the ordinary cartridge with the same
charging pattern. ,e ordinary cartridge means that the
cartridge is charged alone, and it is just a common cartridge
charging way. Meanwhile, straight parallel cutting is con-
sidered and designed here.

With the directional fracture technology of the cutting
seam cartridge charge structure, the section view and the
longitudinal view of the blasting hole layout are designed
here, as shown in Figure 2.

9 detonators with different explosion initiationtimes
were designed, corresponding to the blasting sequence. It
means that blasting starts from cutting holes firstly, then the
auxiliary holes, to the peripheral holes, and in the end to the
bottom corner holes. Usually, for the cutting holes, the
blockage length is 600mm, while for the auxiliary holes, the
peripheral holes, and the other holes, it is 300mm.

All the blasting parameters, including the number and
quantity of explosives and detonator segments in each hole,
are shown in Table 1, and the total explosive weight is 60.9 kg
with the specific charge 2.51 kg/m3.

3. Frequency Spectrum Analysis of the Blasting
Vibration Signal

,e blasting vibration signals generated by the conventional
charge form and the cutting seam charge form of peripheral
holes are shown in Figure 3 separately.

From the above blasting vibration signal waveform of
different charge structures, it can be seen that the maximum
blasting vibration velocity of the usual charge structure
reaches 0.21m/s, which is far greater than 0.12m/s of the
cutting seam charge structure. Moreover, the blasting signal
of the ordinary charge is more complex, and the peak and
valley changes more frequently and violently, which is not
conducive to the stability of engineering facilities.

It must be noticed that the vibration waveforms given
above are produced by all of the blast holes, and they should
compare the frequency spectra of the vibration waves

generated by the peripheral holes in the left side and the
peripheral holes in the right side, while as the property of the
blasting monitoring method, the vibration waveforms are
produced by all of the blasting holes, and it is convenient to
show the whole vibration waveform. However, it is im-
portant to focus on the specific waveforms which are just
originated from peripheral holes in the two sides. Neither the
monitoringmethod nor frequency spectra is very suitable for
the testing purpose as the blasting vibration signals have not
been separated well. It should be improved in the following
research.

,e frequency spectrum of the blasting vibration signal
with the conventional charge form and cutting seam charge
form of the peripheral hole is shown in Figure 4.

From the above blasting vibration signal spectrum, it can
be seen that the blasting PSD (power spectrum density)
accounts for a large proportion in the low-frequency seg-
ment when the usual charge is adopted, while the blasting
power spectrum density accounts for a small proportion in
the low-frequency segment when the cutting seam charge is
considered, with a transfer to the high-frequency segment.
,e above signal phenomenon and its physical revelation
show that the cutting seam charge has an obvious optimi-
zation effect.

4. Wavelet Packet Analysis of the Blasting
Vibration Signal

When the blasting vibration signal is analyzed by the wavelet
packet, the number of decomposition layers is determined
by the specific signal and the working frequency band of the
blasting vibration analyzer. Blasting vibration recorder 3850
developed by Chengdu Zhongke Dynamic Instrument Co.,
Ltd., is used for the blasting vibration test, while the min-
imum working frequency is 1Hz. Since the main vibration
frequency of the blasting vibration signal is generally below
200Hz, based on the sampling theorem, the Nyquist fre-
quency is 1000Hz if the sampling frequency of the signal is
set to 2000Hz. According to the wavelet packet decompo-
sition algorithm, the analysis signal can be decomposed to
the fourth layer, and the corresponding minimum frequency
band is 0∼7.8125Hz.

According to the theory of wavelet packet decomposi-
tion, the blasting vibration signal waveforms of different
charging modes at the same measuring point are decom-
posed into the fourth layer by wavelet packet decomposition,
and then the energy distribution at different layers could be
obtained, as is shown in Figures 5 and 6, corresponding to
the usual charge and cutting seam charge separately.

From the detailed decomposition of the fourth layer
using the wavelet packet method, it can be seen that the
energy of the blasting vibration in the range of 0–500Hz
accounts for 91.65% and 53.59% of the total energy, re-
spectively, corresponding to the usual charge and cutting
seam charge. It shows that although the energy of the
blasting vibration is widely distributed in the frequency
domain, most of the energy is concentrated in the range of
0∼500Hz. ,e energy of the usual charge is mainly con-
centrated in the range of 0∼250Hz, in which the energy of
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Figure 2: Section view and longitudinal view of the blasting hole of the cutting seam cartridge technology.

Table 1: Blasting parameters for the designed scheme.

Hole name Hole no. Sum of holes
Charge quantity

Roll/each hole Total weight (kg) Detonator order
Empty hole 1 1 0 0.0
Cutting hole 2–7 6 5 9.0 1
Auxiliary hole 8–10 3 5 4.5 3
Auxiliary hole 11-12 2 5 3.0 5
Auxiliary hole 13–21 9 3.5 9.45 7
Auxiliary hole 22–32 11 2.5 8.25 9
Auxiliary hole 33–46 14 2.5 10.5 11
Peripheral hole 47–72 26 1.5 9.0 15
Bottom hole 74–79 6 3 5.4 17
Bottom corner hole 73,80 2 3 1.8 19
Total 80 60.9
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0∼250Hz accounts for 58.11%, and the energy of
250∼500Hz accounts for 33.54%. However, the energy of the
cutting seam charge is also mainly concentrated in the range
of 0∼500Hz, in which the energy of 0∼250Hz accounts for
10.51%, and the energy of 250∼500Hz accounts for 43.08%.

Compared with the cutting seam charge, the energy
distribution of the usual charge is more concentrated on the
main vibration band. ,is is mainly because the blasting
energy which adopted the cutting seam charge will be re-
leased rapidly along the slit direction with weak restriction.
However, the single-stage explosion of the MS19 detonator
reduces the mutual interference of the blasting wave,
resulting in the energy more concentrated in the low-fre-
quency band.

,e energy release duration of the blasting vibration is
generally short, and it has certain transient vibration
characteristics. After the stress wave is transformed into the
blasting vibration wave, the high-frequency component is

rich and lasts for a short time when it is close to the blasting
source. With the blasting vibration propagation, the high-
frequency component is gradually absorbed, the vibration
amplitude attenuates, the high-frequency component is
smaller, and the main vibration frequency is transferred to
the low-frequency segment. ,e vibration energy in the far
region is concentrated in one or several important bands,
rather than evenly distributed in each frequency band.
However, by the cutting seam charge in the peripheral hole,
the energy concentration in the low-frequency segment can
be effectively reduced. And the energy could be more dis-
persed, the frequency spectrum could also be wider, and the
disturbance to the structure could be much less, which is
conducive to the stability of the structure. Table 2 shows the
energy distribution percentage of blasting vibration signals
with different charging patterns in the range of 500Hz. It
should be noticed that the testing data in Table 2, i.e., variant
frequency bands and the energy distribution percentage of
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Figure 4: Power spectrum density wave of the (a) usual charge and (b) cutting seam charge.
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Figure 3: Typical blasting vibration waveform of the (a) usual charge and (b) cutting seam charge.
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blasting vibration signals for the usual charge and cutting
seam charge, strictly correspond to blasting parameters
designed in Table 1. Meanwhile, the data also conform to the
blasting effect of the peripheral hole of the left side and that
of the right side separately.

In order to refine the frequency range, energy changes
within 250Hz will be described here, as is shown in Figure 7.

,e main frequency band of the blasting vibration signal
is relatively wide, and the main frequency band can be divided
into multiple subfrequency bands. Here, taking 8 frequency
bands as an example (it means that each frequency band
width is 31.25Hz), the energy proportion within 250Hz of the
two charge forms is shown in Table 3. And it should be
noticed that the original data used here are the same as those
in Table 2. ,e other frequency spectra are not concerned as
the advance frequency is within 250Hz, which has various
influences to the surrounding environment. ,erefore, the
frequency bands within 250Hz are considered here.

It can be seen that the cutting seam charge plays an
obvious role of frequency shift, which means that it can
transfer the vibration energy from the low frequency which

is unfavorable to the surrounding structures to the high
frequency and weaken the phenomenon of low-frequency
energy concentration.

,e distance between the measuring points of the two
kinds of charge forms and the explosion source is the same,
but the maximum energy value of the usual charge far exceeds
that of the cutting seam charge. It shows that the vibration
effect could be obviously reduced by the cutting seam charge.

It should be noted that, with the increase of the maxi-
mum explosive, the main frequency of vibration tends to be
within the low-frequency range. As the natural frequency of
the engineering structure is generally low, it is obviously not
conducive to the structure safety. ,erefore, the blasting
holes should be designed optimally to reduce the impact of
the maximum explosive.

5. Discussion

After the blasting cycle, the footage of blasting has reached
1.7m in the left and 1.95m in the right, corresponding to the
usual charge and cutting seam charge separately. Obviously, the
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Figure 5: Energy distribution of the usual charge by wavelet packet decomposition.
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utilization ratio of the blasting hole in the right side is higher
than that in the left side. ,e half-hole rate of the right side is
more than 90%, and the blasting effect is smooth and even.

Image processing is carried out on the profile of the
tunnel after blasting [30-36], and the ratio of overexcavation
or underexcavation is calculated by the proportional image.
It is found that the overexcavation quantity of the right side
using the cutting seam charge is small than that of the left
side. All these phenomena illuminate that using the cutting
seam charge could achieve a better blasting effect.

,rough the above analysis and description, the charge
structure is the main reason for the difference. According to
the blasting principle of the cutting seam charge, the di-
rectional fracture could be easily achieved compared to the
usual charge. ,e rock around the surrounding hole is
destroyed strictly along the cutting direction under blasting.
As mentioned above, the cutting seam charge plays an
important role in orientation, guidance, energy accumula-
tion, blasting hole wall protection, and so on. ,e charge
structure and its corresponding frequency spectrum have a
much closer relationship, which reflects the blasting energy
distribution delicately.

With the explosive being detonated, the blasting gas is
triggered subsequently along the crack caused by the shock
wave. ,e energy accumulates at the crack tip, and the stress
concentration is more obvious, which leads to a greater
dynamic stress intensity factor. When the dynamic stress
intensity factor exceeds the dynamic fracture toughness of
the rock, the new crack could easily extend and expand along
the direction of the initial crack. All of these are much more
beneficial for the subsequent action of the explosion stress
wave.

,rough the blasting frequency spectrum and the
maximum blasting vibration velocity, the blasting effect of
different charge structures is studied. It can be seen that the
maximum blasting vibration velocity of the usual charge
structure reaches 0.21m/s, which is far greater than 0.12m/s
of the cutting seam charge structure. Indeed, the peak
particle velocity could be achieved based on the blasting
holes and the corresponding detonator. As it is mentioned
above, the peak particle velocity of 0.12m/s occurs in the
sixth delay, while the following velocity is under 0.12m/s,
corresponding to the peripheral hole of the cutting seam
cartridge charge. ,erefore, the particle velocity could be
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Table 2: Energy distribution percentage of blasting vibration signals with different charges (%).

Frequency band (Hz)
Charge of the peripheral hole

Usual charge Cutting seam charge
0～7.8125 2.229991269 1.787380786
7.8125～15.625 1.039173505 1.166917023
15.625～23.4375 3.769197911 0.295469186
23.4375～31.25 1.731948796 0.863437309
31.25～39.0625 3.810539675 0.331075298
39.0625～46.875 2.889728257 0.140676688
46.875～54.6875 3.899942775 0.725965092
54.6875～62.500 2.526712103 0.36629761
62.500～70.3125 0.96876886 0.639425781
70.3125～78.125 0.655996568 0.096318144
78.125～85.9375 1.200286895 0.20576525
85.9375～93.75 0.551350271 0.151802148
93.75～101.5625 5.299342072 0.617296493
101.5625～109.375 3.166754601 0.159958934
109.375～117.1875 1.15016411 0.158657431
117.1875～125 1.491769733 0.114527373
125～132.8125 1.184100843 0.19667787
132.8125～140.625 0.581154786 0.227530343
140.625～148.4375 0.381662 0.364889045
148.4375～156.25 0.617057835 0.135266024
156.25～164.0625 2.140549217 0.210894837
164.0625～171.875 0.750862991 0.207379654
171.875～179.6875 0.696653323 1.140918129
179.6875～187.5 0.697106629 0.097205295
187.5～195.3125 2.952418532 1.961319675
195.1875～203.125 1.294974842 0.330344305
203.125～210.9375 2.00305259 0.234988512
210.9375～218.75 1.478116589 0.187356376
218.75～226.5625 1.239580217 0.611954966
226.5625～234.375 0.770995618 1.247538037
234.375～242.1875 2.087185512 0.278642608
242.1875～250 0.917105416 0.162207238
250～257.8125 0.430405954 0.820937054
257.8125～265.625 0.166238642 0.166558523
265.625～273.4375 0.152336083 0.310912838
273.4375～281.25 0.161985449 0.23733022
281.25～289.0625 0.13309732 0.431862593
289.0625～296.875 0.141422741 0.245409739
296.875～304.6875 0.126769439 1.18991625
304.6875～312.5 0.1091704 0.166339565
312.5～320.3125 0.19894952 0.375063156
320.3125～328.125 0.275914094 0.28557955
328.125～335.9375 0.207938627 0.278342079
335.9375～351.5625 0.134050918 1.168340532
351.5625～359.375 0.368801353 1.333380002
359.375～367.1875 0.19657867 0.239051763
367.1875～375 0.335578707 0.254780878
375～382.8125 0.292799121 0.270129656
382.8125～390.625 1.364984144 1.417864314
390.625～398.4375 0.440328038 0.213662935
398.4375～406.25 0.677690601 0.291063252
406.25～414.0625 0.557850063 0.275318342
414.0625～421.875 0.672880217 0.329961157
421.875～429.6875 0.528820833 0.236063615
429.6875～437.5 0.680489098 0.31556361
437.5～445.3125 0.722819807 0.234589634
445.3125～453.125 0.375598477 0.819661957
453.125～460.9375 0.363141557 0.353280394
460.9375～468.75 0.615660307 0.212132555
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reduced more for the cutting seam cartridge charge. Espe-
cially, the blasting signal of the usual charge structure is
more complex, and the blasting signal’s peak value changes
more frequently and violently, which is not conducive to the
stability of engineering facilities. Meanwhile, for the usual
charge condition, the blasting power spectrum density ac-
counts for a large proportion in the low-frequency segment.
However, for the cutting seam charge condition, the blasting
power spectrum density accounts for a small proportion in
the low-frequency segment, with a transfer to the high-
frequency segment.

Correspondingly, the overexcavation is less, and the
smooth blasting effect could be improved. ,erefore, the
reasonable directional fracture technology using the cutting
seam charge is significant.

6. Conclusion

(1) ,rough the analysis of the frequency spectrum of the
blasting vibration signal, it is found that the maximum
blasting vibration velocity of the cutting seam cartridge
charge is lower than that of the usual cartridge charge.

(2) ,e blasting energy distribution is much more
balanced using the cutting seam charge, especially in
the low-frequency part. ,e blasting energy is less,
and there is a transferring trend to the high-fre-
quency part, which shows that the cutting seam
cartridge charge has a better optimization effect.

(3) By the fourth-layer decomposition of the wavelet
packet, the cutting seam cartridge charge could

Table 3: Energy proportion of 8 frequency bands within 250Hz.

Usual charge

1 (0–31.25Hz) 2 (31.25–62.5Hz) 3 (62.5–93.75Hz) 4 (93.75–125Hz)
8.77% 13.13% 3.38% 11.11%

5 (125–156.25Hz) 6 (156.25–187.5Hz) 7 (187.5–218.75Hz) 8 (218.75–250Hz)
2.76% 4.29% 7.73% 5.02%

Cutting seam charge

1 (0–31.25Hz) 2 (31.25–62.5Hz) 3 (62.5–93.75Hz) 4 (93.75–125Hz)
4.11% 1.56% 1.09% 1.05%

5 (125–156.25Hz) 6 (156.25–187.5Hz) 7 (187.5–218.75Hz) 8 (218.75–250Hz)
0.92% 1.66% 2.71% 2.30%
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Figure 7: Energy percent distribution diagram of the usual charge and cutting seam charge during 250Hz. 1: 0–31.25Hz, 2: 31.25–62.5Hz,
3: 62.5–93.75Hz, 4: 93.75–125Hz, 5: 125–156.25Hz, 6: 156.25–187.5Hz, 7: 187.5–218.75Hz, and 8: 218.75–250Hz.

Table 2: Continued.

Frequency band (Hz)
Charge of the peripheral hole

Usual charge Cutting seam charge
468.75～476.5625 0.450106325 0.187167038
476.5625～484.375 0.429959551 0.332138932
484.375～492.1875 0.371237143 0.213792763
492.1875～500 0.232942681 0.244471176
500～4000 8.35 46.41
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effectively reduce the energy concentration in the
low-frequency part. ,e energy distribution is much
more dispersed, and the disturbance to the structure
could be attenuated, which is conducive to the sta-
bility of the structure. According to the blasting
effect, the overbreak and underexcavation quantity at
the cutting seam cartridge charge is better than that
at the usual cartridge charge.

,erefore, the wavelet packet analysis is suitable for the
energy distribution and the blasting vibration in various
frequency bands. ,e cutting seam charge structure is
beneficial for the blasting effect.
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