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Blasting has become a crucial work in mining operation. However, it produces
high-intensity seismic waves which cause some serious troubles such as injure
people, fly-rock, cracking, breaking and reducing the lifetime of adjacent buildings.
In Vietnam, there have been many conflicts between residents and government about
the compensation policy for these damages. The solution is proposed, in which a
similar explosion is made and an instantaneous concussion meter is used to record the
magnitude of the generated shock wave. The results received from this operation will
be used to determine the effects of mining blast. In fact, that is an incorrect method
because just by changing the type of explosives, the order, the explosives, etc., the
shock wave will be significantly reduced. Nothing is ensured that another explosion
causing a shock wave amplitude will not occur in the future. To solve this problem,
this paper presents an online seismic wave monitoring system operating 24/24h, to
transmit the recorded signal to an independent server located around the boundary of
the mine. On the basis of the mechanism of generating explosive waves and the
recording mechanism of shock waves, the authors have built a program to store
records according to the permissible influence of Vietnam Standard and Circular
32/2019/TT- Vietnam Board of Directors.

1. Introduction

From the physical perspective, it is worth
knowing that waves are a type of energy spread.
For example, shock waves, caused by the high-
speed burning processes of detonation, are
compression waves in which the spread of these
waves 1is three-dimensional. The pressure is
inversely proportional to the distance from the
detonation center as the increase in the distance
leads to the rapid decrease in the pressure [29].

The air properties would cause the shock or the
steep on the front of this pressure wave during the
movement of the front. As consequence, the shock
front is moving supersonically with the speed
which is faster than the sound speed of the air in
front of it and with discontinuities in pressure,
density, and particle velocity across the front.
[30[36]
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The ground vibration intensity is dependent on
some factors. The most important factors are the
distance from the person or house to the blast and
the weight of explosives per delay period.
Normally, the longer distance from the blast results
in the lower magnitude of the ground vibrations
[4].

Ground vibration may cause a bad damage to its
surrounding properties as well as substantially
bother the local residents. The damaged properties
can be caused directly by the movements of ground
waves or indirectly through unstable soil or rock
conditions in the vicinity of the construction site,
such as soil liquefaction and slope failure. Air blast
is not mentioned as an important factor which
causes damage to structures, however, it can be
considered as a main factor which causes a number
types of complaints of local population [37-39].
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The object near the explosion point could be torn
in the skin and internal organs, causing serious
injuries to the parts of the body. For instance,
during propagation the shock wave also influences
on the gas which causes damage to the lung and
the middle ears. Particularly, pathological
manifestations could be direct lung injury,
tympanic membrane rupture, intestinal contusion
and intestinal perforation [9, [23]. The impact level
of an explosion on the surrounding environment
depends on many factors such as the structure of
the soil in the area, the explosive power of each
type of explosive used, the placement of the pill
ingot, simultaneous blasting or differential blasting
and so on [11]. Depending on the specific
properties and targets of each explosion, the
explosion waves propagating in the soil, water, and
air environment also have different amplitudes,
levels and frequencies of influence on people,
structures, etc. device.[6, 34].
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Blasting works cause vibrations which influence
on buildings and the internal environment of the
building as well [8]. If the building are constructed
in the surrounding of quarries, the residents can
realize the negative vibrations. However, the
intensity of these vibrations can be reduced to the
levels that the residents would not perceive such
negative impacts inside the building by using a
suitable millisecond timing interval. The limitation
of the vibration intensity has been defined. For
instance, nominative values of the particle velocity
and frequency were determined for protection of
the building from the vibrations. Hygienic
standards for the households were also applied,
evaluating the effect of the vibration of humans via
the measurement of the vibration acceleration in
the building [40]. According to Vietnam standard
stated in QCVN 01:2019/BCT, the standards for
permissible distances for shock waves are given as
follows:

Table 1. Permissible limits of impact of blast waves for blasting

Type and method of blasting

Minimum radius of danger

Minimum safe distance, m

zone (m) (for rock splash)
Blast-casting practice in opencast mines Not less than 200 (2) >200 (2)
Secondary blasting on surface Not less than 200 >200
According to design papers or
Blasting charge in small hole (d<75mm) approved construction method, >200
but mandatory, >200
Blasting to make small block caving pipe t According to design papers, but >300
SHng to s ock caving pipe type mandatory > 300 -
Blasting with the explosive charge in large hole Not less than 400 > 400
(d>75mm)
Blasting with the larg? holes which made block According to design papers >50
caving bag
Secondary blasting excessively large boulders in Not less than 50 > 100
underground
Blasting with the small holes which made small According to design papers, but
block caving bag mandatory >10 (6)
Blasting with the large holes which made large
. >100
block caving bag
. . .. According to design papers, but
Blasting in the exploration activity mandatory > 100 >30
Blasting in the small shaft and on the surface According to design papers, but By design (4)

mandatory > 30

For application regarding engineering, the detail
description of blast waves is an essential step of
the overall design process. Nevertheless, compared
to ideal theoretical formulas, actual explosive
events might be significantly sensitive to a variety
of parameters and to the basic features of the
charge, such as size, type and shape. In this case,
the design and research developments are
supported by using advanced computer codes.
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Also, the input parameters and the solving based
on presumptions of refined numerical methods are
commonly available and modified in the literature
for specific structure [4].

The excellent blasting model could have an
accurate prediction for the non-ideal detonation
behavior of explosives in all rock types and hole
conditions. Particularly, the damage, fracture,
fragmentation and rock movement in three
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dimensions would be predicted based on awareness
of geological conditions, such as rock structure,
water saturation and stresses. It will consist of the
fluid dynamics effects of gas ingress into and
around cracks and its impact on the dynamics of
bulk motion related to muck pile heave [42].

Unfortunately, there is no perfect blasting model.
Currently, the available models can perform some
of things, however, each shows some limitations
and provides just part of the picture. Models can be
classified as empirical, analytical, numerical,
mechanistic or combinations of these. Empirical
computer models are based on the simple fitting of
mathematical and/or computational expressions to
information that has been attained by observation
and/or measurement [43].

These models can commonly be described in a
spreadsheet and run on a computer in a few
seconds. Analytical models try to make predictions
from first principles according to an understanding
of the underlying physics of the system or a
process that has been transferred into mathematical
formulations. These relationships are listed into
three ways that (a) are usually few in number, (b)

(@)

Nowadays, the blasting devices are capable of
managing and programming to control separately.
Besides, the advanced control methods such as
neural networks, artificial intelligence embed on
high-speed computers are applied to hand out high
precision analyses and predictions [22, [38, [39,
[41, [44[43]. The high-tech equipment such as
high-speed cameras, measuring and on-site
vibration graph indicating instruments are also
available for recording and monitoring. All the
received information of the equipment will be
synthesized and analyzed by using the specialized
software. Blast Information Management System
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are amenable to computation and (c) are
considered good approximations to the theory.
Analytical models are not used for dynamic (time-
varying) calculations but they often involve
iterative procedures to achieve convergence or
optimization [45].

Generally, these models can be run on a
computer but depending on the fidelity and
resolution, they might take a few minutes or even
hours to run. Vibration attenuation and scaling
constants can be measured only by taking many
vibration readings at different scaled distances that
can be time-consuming and expensive [27[44].

When monitoring tremors in a large radius
around a seismic source to determine a safe radius,
the selection of a recording system by seismic
recording stations is capable of not only adapting
to all terrain conditions but also responding to a
wide frequency. There are several systems of
seismic recorders commonly found and available
today, such as the Blastmate III, Seistronix RAS-
24, Terraloc MARK 6, Model 16S 12 and 24
Channel Seismographs, Model 12S12L Channel
Seismograph [17 and [45].

PCB Series 137 Pencil Probe PCB Series 134 Blast Probe

An Instentel model of selsmograph

A Deltasels model of selsmograph

(b)

Figure 1. Seismic wave measuring device. a) Measuring shock waves in the field with the Seistronix RAS-24. b) A
kind of shock wave measuring pen

(BIMS), a blast management and design software
solution from Blasters Tool and Supply Company,
allows mining operation to be optimized. This
software also provides methods to store, document
and retrieve drill and blast related information. The
system stores blast details, actual blast parameters,
blast pattern, face profile, explosive consumption,
charging details, vibration records, photos and
videos of the blast. Readily available past data in a
logical format and blasting data analysis tools are
the key features of this software.

In literature, continuous vibration monitoring and
measuring systems have also been developed.
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Pinnock and his colleague used micro-seismic
sensors to measure the smallest vibrations in order
to continuously monitor vibrations. Jinxing Lai
used the wireless sensor network to monitor the
vibrations in tube caused by blasting [21]. On that
basis, the abnormal vibrations will be detected and
then a warning will be sent to ensure the safety of
the system. The regular vibrations can be studied
and analyzed to find the suitable structure for the
buildings in order to ensure the safety of the
buildings from such vibrations [18].

Recently, several national research projects in
Vietnam have applied artificial intelligence (Al) in
solving the predictive problems for vibration level.
This advanced method ensures that the surrounding
areas are safe and the explosion efficiency is
increased when blasting occurs. Nguyen et al. have
built seismic wave prediction models for blasting
in open-pit coal mines, using Al and machine
learning algorithms. [12, [19[20, [32 and [33]. Jie
Dou, Pham and the research group pointed out
some different sampling strategies for predicting
landslide  susceptibilities are deemed less
consequential with deep learning [32]. Bui et al.
have stressed the optimization for Spatial
Assessment of Landslide Susceptibility [7] and
discussed the prediction of ultimate bearing
capacity through various novels evolutionary and
neural network models [19] and so on.

It is easy to see here that explosion simulation
software is not perfect since these results are based
on the collected discrete data. So the nature of the
real explosion was changed. Then, it will not be
possible to fully reflect the explosions of a mining
unit in certain time. It makes some explosions with
simultaneous explosives exceeding the threshold
unrecognized. The effects of these blasting lead to
complaints from the local people. Conflicts last for
a long time because the testing data is not really
reliable. To thoroughly solve this problem, it is
necessary to have a system to record blasting
waves in real time operating 24/24h. The recorded
data is transmitted directly to the server of the local
government or a monitoring agency independently.
In the condition that, importing equipments are too
expensive for state management agencies, the
authors have proposed an online monitoring
system for vibration caused by blasting in
Vietnam. On the basic of principles of shock wave
generation from mining blasts, we built an online
explosion wave recording system with boundary
conditions specified in Vietnam Standard 02/2008
and Circular 32/ 2019/TT-BCT on National
technical regulation on safety in production,
testing,  acceptance, transportation,  using,
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destroying of

precursors.

and preservation explosive

2. The principle of shock wave formation from
mining detonation

Implementation of a mine explosion will cause
the vibration around the blastholes and spread to
the vicinities. The level of vibration is expressed
through the vibration velocity and vibration
amplitude of the rock particle. The vibrational
velocity referred as particle velocity describes the
vibration speed of rock particles around the
equilibrium position after the propagation of
seismic waves. The movement of the rock from
blasting is similar to the movement of the float on
top of the water [5]. The unit of particle velocity is
m/s or mm/s while the particle velocity is
measured by the vibrometer.

The main parameters, that directly affect the
seismic wave caused by blasting, are the distance
to the detonation point, the amount of explosive
and the order of implementation. A lot of research
has been carried out to determine the mathematical
relationship between vibration level, charge size
and distance. In formula (1), A relationship given
by Konya and Walter [24] is depicted:

B
v:IOOH[%} (1)

where v is predicted particle velocity (mm/s); W
is the maximum explosive charge mass per delay
(Ibs); d is the distance from shot to measured point
in 100’s of m; H is particle velocity intercept; a is
charge mass exponent; b is slope factor exponent.

H, a and b are the parameters describing the
properties of the explosion area such as
topography, rock type, geological structure,
thickness of the blasting area and other factors.
According to Nichols et al [10], values of 0.5 and -
1.6 for o and 3, respectively, are acceptable while
the value of the parameter H varies significantly
depending on the explosion area and other factors
[34].

Equation (1) shows how the relationship between
the distance and the explosive charge mass affects
the particle velocity. The parameters (H, a, b) are
different in each direction of the vibration axis.
They are constant for the axial direction (from the
measuring point to the blasting point) [4]. In this
case, the particle velocity is mainly dependent on
two factors which are explosive charge mass and
distance to detonation point.

The vibration level of structures can be
extrapolated from the vibration level of the ground
outside the structures but within the building face
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towards the blasting area. The distance from the
measuring point to the explosive position is not
less than 20% of the distance from the explosive
position to the construction. The extrapolation is
performed according to the formula (2):

D,
V=V0><3°><1.5 (2)

Where Vg is the velocity of the measured
element at the placement of the measured device
(mm/s); Dy is the distance from the location of the
measured device to the blast site (m); D is the
distance from blast site to the building (m); V is the
elemental oscillation velocity of the structure of
the building (mm/s).

According to Konya and Walter [24], the wave
propagation speed represents for seismic wave
speed which spreads from the explosive position to
the measured point on the earth's crust. Its speed
varies in the range of between 305 and 6100 m/s
depending on the area. In a certain area, this value
is almost constant. A delay time between
consecutive explosions consequently causes the
delay of propagation of seismic wave. The period
of time that the waves propagate is very small
compared to the delay between consecutive
explosions, as the distance between the burst points
is short. As a result, the seismic waves cannot be
met each other. [25].

The seismic wave propagating from the blasting
point is composed of three components: a P wave
(pressure wave or longitudinal wave), an S wave
(shear wave) and a Rayleigh wave [4, [24 and [26].
The P wave, the main cause affecting the vicinity,
gives the highest breaking effect [S] and the
propagation velocity of the P wave (Vp) is also the
greatest [34]. In some cases, Vp = 2V (Vg is the
propagation velocity of the shear wave). (Figure
2).

The longitudinal wave propagation velocity Vp is
influenced by many factors such as: the porosity of
rock (or rock density), the compression resistance,
the crack, the crack direction, and water retention.
Meanwhile, these parameters are closely related,
and they affect each other. This makes Vp vary
according to a non-linear and non-repeatable rule
on different geological areas [4].

Energy, measured by ground vibrations and the
maximum particle velocity, is emitted from the
detonation point and it spreads in all surrounding
directions. If the ground is a homogeneous medium
and the energy transmitted in all directions is the
same, the vibrations in all directions would be
equal. However, in fact, the propagation of
vibrations is not ideal due to changes in the earth's
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structure and changes in the vibrations in different
directions. Geological structures, will change the
vibration level and frequency. Therefore, choosing
the order of the explosion causes the different
vibration levels or seismic levels with different
directions. [1, [2, [6, [10, [25 and [42].

The size of a blast is not the decisive factor
affecting the maximum particle velocity, but the
simultaneous explosives mass. To reduce the
seismic wave, the explosion is divided into several
smaller explosions using the delay time with a
difference of 1/1000 s. The alternative way for the
reduction of the seismic wave is to arrange the
explosion so that the blast wave collides with each
other to self-destruct the vibration [11]. An
electronic differential detonator with a capability
of regulating the delay time provides flexibility
when controlling the explosion direction, leading
to the reduction of vibrations and the increase of
breaking capacity [24, [28 and [35]. However, the
implementation process cannot be relied on the
theoretical calculation.

550ft |-

800ft -
Top = longitudinal
Middle = vertical
Bottom = transverse

Surface distance from blast

1000ft |-

IR N T NV O T N T T T Y T T O A N | -
0 02 04 06 08 10 12 14 16 18 20Time(s)

Figure 2. General form of blast vibration time-
history records

3. Methods for recording shock waves from
mining blast

To record shock waves, current devices use a
type of sensor called an accelerometer. The
accelerometer operates based on the principles
that, when the shock wave affects the sensor, the
spring of sensor will contract and expand to bring
the object to the corresponding position [3]. The
recorded displacement of the counterweight will
determine the intensity of the shock wave. To
make this operation easier, the spring and
counterweight are replaced by a thin layer of
silicon with condenser plates and integrated as
electronic chips. When the sensor chip is subjected
to displacement, the silicon layer is deformed
(Figure 3b). Two electrodes and the silicon layer



Hieu et al

form a variable capacitor (Figure 3c). The
movement of the silicon will change the balanced
potential and causes an electric current to be
generated. Measuring the value of this current will
determine the moving distance of sensor chip and
its displacement acceleration. With a 3-axis
accelerometer chip, there will be 3 silicon layers
placed in the 3 XYZ directions of the spatial
coordinate system. Attaching the sensor to the
object, measuring the level of the sensor signal in
each direction, and then summing it up will give
the object's motion acceleration [46].

Journal of Mining & Environment, Vol. 12, No. 2, 2021

When an explosive amount is detonated in the
rock, it will create a vibration wave that propagates
in the rocky environment around the explosion
area. The soil particles vibrate in the space around
it and are measured according to the LVT
coordinate system (Figure 3d). The LVT
coordinate system is an axis system in 3 directions
of space, corresponding to the XYZ axis system.
Each direction of an axis is responsible for
describing the degree of vibration of soil particles
in that direction. The total vibration of the particle
will be calculated by the formula:

U =i, +ii, +,

®)

Housing

A

Electrodes
- o
|

JULLY

Housing —

T
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Seismic
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Silicon
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I

T

a) Basic principle of accelerometer

¢) The method of converting the relative
displacement level into an electrical
signal

\

\%/

/
Expl

b) Displacement of the silicon layer when moving the sensor chip

\

~N

osion

d) Location of the shock wave device

Figure 3. The principle of accelerometer

The 3-axis accelerometer chip is fixed to the rock
layers subjected to vibration caused by blasting,
the XYZ directions of the sensor are set to be
similar to the LVT directions.

4. System structure design and programming
firmware
4.1. System structure design

By analyzing the solutions and structures of
vibration monitoring and measuring systems;
finding out the advantages and disadvantages of
each structure, the system is the data logger in
measuring blasting vibration. In order to be
suitable with the conditions in Vietnam, the
structure described in Figure 4a. In which, there
are a Central Station and some Sensor Station. The
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Sensor Station is to record vibration data and send
it to the center. The Central module not only plays
an intermediate role in transmitting data from the
vibration measuring station to the cloud, but also
stores a database synchronized over time.

The sensor station is built based on the using of a
3-axis accelerometer chip to determine the
vibration level of the rock. The sensor is integrated
on the electronic circuit. The measured signal from
the sensor is sent to FPGA circuits. The signal after
processing will be sent to the CPU which is a
microprocessor. This microprocessor is responsible
for recording, storing, checking and comparing
sensor data and coordinating system operations
(Figure 4b).
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Vibration =\
sensor unit 1 3G/4G/wifi
= Z v Communication
bid Web Micro
Vibration 3G/4G/vif Web/App > FPGA [—| Processor
sensor unit 2 7
. / )
< / 1 Memory
hid
Vibration Vlbratlon
sensor unit 3 sensor unit N Smartphone Computer
(2) (b)

Figure 4. The structure of designed system. a) The structure of blasting vibration monitoring system. b) The
structure of Sensor Station with Accelerometer

4.2. Firmware design

CPU controls the measuring device on the basis
of pre-programmed firmware. When the amplitude
of the signal exceeds the set level, CPU will begin
to record all data received in each direction into
memory over time. The recording interval can be
set from 1-5 seconds. The resolution of the log data
is selectable by 0.5 or 1 millisecond. In other
words, every 0.5 or 1 millisecond, a set of data in 3
axes is stored in memory. At the end of the data
recording process, the CPU determines the
synthetic vibration vector from the sensor to find
the time and the value when the magnitude of this

Init, update
parameter

v

vector is the largest. All stored data and calculation
results are then sent to the storage system on the
server (Figure 5a).

On the server, after receiving the data set from
the measuring device, thee data will be
automatically checked and compared. This
aggregated vector value is compared with the
allowable limit according to QCVN, from which
the management software on the server will
automatically send alerts to the app on the user's
smartphone and send warning to the registered
email (Figure 5b).

Init, update
parameter

v

—— Data level > Setpoint A —New data from sensor station &
Y v !
Save data to
Record and Check local Cloud
Save data to realtime ou
1] Memory v #
_Iv_ Time > Set_time Compare Sum-vector
i The end of with Permitted-level
Up1 ate Compute ~[~ month (from QCVN)
realtime
Sum-vector A —— Sum-vector > Permitted level
v Send Monthly- Y
Send Recoded report to Send Warning-message to
Data and registered email App and Warning-email to
Sum-vector to registered email
Server
v + A h +

Figure 5. Diagrams describing the operation of the measuring station and the central station, a) State diagram
describing the operation of the measuring device (Sensor Station). b) State diagram describing the operation of
the management software on the Server (Server Station)

5. Experiment and results

With the proposed system, checking the
measuring ability of the vibration measuring
station is the most important test. The working
ability of system is totally depended on the testing
results, which are: the sensitivity and accuracy of
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sensors; speed of converting, recording and saving
measurement data. These results are presented and
analyzed in detail in this paper.

In order to get the correlation and assessment
basis, the test are made simultaneously for both the
researched equipment and the Blastmate III device,
one of the leading equipment in the world in the
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field of vibration measurement. The probes are
placed side-by-side to simultaneously measure
vibrations. After testing in laboratory, the device
was tested at the resident’s houses affected by
blasting activities, nearby NuiBeo coal mine

(@)
Figure 6. Practical test at places nearby Nui Beo coal mines. a) Nui Beo coal mine, Quang Ninh Vietnam. b) Field
application (includes Blastmate III and researched equipment). ¢) The actual test site at the houses located next
to the Nui Beo coal mines

Before the blasting took place, the two systems
were located at the same location near the mine.
The two sensors are placed close to each other, the
distance is negligible to ensure that the obtained
vibration data is as similar as possible (Figurer 6b
and 6¢). The XYZ axes of the accelerometer are set
to correspond to the LVT axes specified by the
Blastmate III (Y&L; X&V; Z¢&). The vibration
data are recorded together are used as objects for
comparison.

To get an exact comparison, the Matlab 2013
software is used to analyze the data obtained on
both devices. The amplitude as well as the
frequency of the vibration along each axis are
different. Each data set is fully analyzed in three
axes (Figure 7). The graphs are divided into two
groups. That are Amplitude graphs over frequency
and Amplitude graphs over time. In which, the red
lines are the vibration characteristics obtained by
dedicated Blastmate III devive; the blue lines are
the vibration characteristics obtained by the
reaseach system; and the green lines show the time
when the total vibration vector is maximum.

In Figure 7, amplitude graphs show the vibration
level of rock over time with abscissa and ordinate
represent the time (milisecond) and the velocity of
vibration (mm), respectively. Frequency graphs are
the characteristics of the frequeny spectrum with
abscissa and ordinate represent the frequency (Hz)
and the degree of vibration (mm), respectively.
From these properties, times and frequencies at
which the vibration level in each direction and the
synthetic vibration level reach the peak are
determined.

Figure 7 shows vibration measurement results for
two different blast. Both explosions belong to the

®)
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(Figure 6). The Blastmate III device used in the
test, owned by the Center of Mines and Mechanics,
University of Mining and Geology, has been
calibrated to meet the need of blasting vibration
measuring and monitoring requirements.

Blastmate Il
system

Blastmate Il1

Study system
system

Study
system

(¢)

group of large borehole blasting in open pit mine.
For these explosions types, the Vietnam standard
01/2019BCT stipulates: the minimum safe distance
is 200 metre; the maximun of total vibration vector
is 25.4 mm/s [31]. The first explosion was done at
11:30 am on August 8, 2019 with the distance
from the explosion point to mesuaring point is 420
metre. The max total vector was recorded at 400ms
(mili second) from the time the machine start
recording. Its value is 3.214 mm/s. The second was
done at 11:45 a.m on November 5, 2019 with the
distance from the explosion point to mesuaring
point is 515 metre. The max total vector was
recorded at 450ms (mili seconds) from the time the
machine start recording. Its value is 3.478 mm/s.
All values are within the Vietnam standard limit. If
there is an impact claim at this time, extracting the
blasting data can prove the right or wrong between
the mine and the claimant.

The data in measurement station sent to the cloud
server is shown on website and mobile app (Figure
8)

From the testing process and the analysis results
shown in Figure 7, the Frequency and Amplitude
waveforms of the study device is similar to the
actual specialized equipment but there are some
different. Practice shows that, measurement results
are still different even when we use the same
specialized devices placed next to each other. The
reason may be is the difference in the transmission
of vibration signal to the devices. Thus, this study
system can be applied to the actual production. It is
a tool to monitor mining activities in the territory
of Vietnam.
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Amplitude graphs

N

13
T
L

)
——

— Blastmate Il
Study System | -

- o

o o :
=

B
~
L

)
L
I

N
2

E | | | | | | | . 5
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (mili seconds)

2
15+ Blastmate Il
H Study System
I \
DA AR !
‘ﬁmm nM rrm i\ /:]L P J&'IA
RV ERTACAY A R
o5 | ) | g
AfF
15}
2 L \ \ L L L L L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (mili seconds)
25
2+ 4
—— Blastmate lll
15}F — Study System q
1 h ; .
05
d

I /"\%\’f-\ /% rm M ﬂ’!‘ﬂ rﬁ\ /\ |um\r7'—

o

o

U‘J
-
"%

AR AV

l 4
2t 4

o
T

L L L L L I
800 1000 1200 1400 1600 1800

Time (mili seconds)

I L
0 200 400 600 2000

Figure 7a. Explosion: 216kg; 18 holes; 12 Kg/hole; Used delay-time over row, over hole; Distance from measured
point to blast point: 420m

6. Conclusions

The results received in the laboratory and in the
field of the researched machine are similar to that
of the Blastmate III meter. This shows that the
proposed device can be manufactured and widely
applied in the practice of mining operation and
management in Vietnam.

The data that the system can record in real time,
including amplitude and frequency, is stored in the
cloud. It is an important evidence to resolve long-
standing complaints between residents and miners,
and is a significant tool for the government to
manage and monitor the scale of mining blasts
according to Vietnamese standards 01:2019/BCT.
Besides, data is also an essential document for
mining engineers to adjust the amount of materials,
means and methods of explosion to match the
conditions of stratigraphic structure, regional
infrastructure architecture, etc.
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When applied over the entire territory of
Vietnam, the collected data play an important role
in researching and developing of modern
technologies such as artificial intelligence Al,
machine learning... in the field of mining,
manufacture of explosives, explosive materials.
The data is also a necessary database in the
planning for development of mineral areas and
environmental protection for state management
agencies in Vietnam. In the further, this system is a
premise that can be developed into other fields
such as weather forecast, landslide warning,
environment monitoring and so on.
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the researched the basis of seismic wave
generation from mining and blasting activities;
Thanh Loan Pham is responsible for building a
centralized management and monitoring system
via the internet as well as building application
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Figure 7b) Explosion: 12 ton; 200 holes; 60 Kg/hole; Used delay-time over row, over hole; Distance from
measured point to blast point: 515m
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