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Abstract

In practice, the flat charge is often used in the form of a group of long cylindrical charge set
parallel and equidistant from each other and lying in the same plane. However, until now,
the theory of the rock-destroying effect of flat charge has only mentioned flat charge as a
flat plate explosive. Therefore, on the basis of the hydrodynamic theory of the destructive
effect of a single charge, we have established a computational model, built a calculation
program based on the Matlab programming language. Surveys of the explosive energy field
of a group of long cylindrical charge set parallel and lying in the same plane were carried
out when the relative distance parameter between the charges was changed. The results
have shown that the reasonable range of the relative distance parameter between the
corresponding charges receives the best destruction performance and also depends on the
rock characteristics. The more stable the rock is, the smaller the reasonable distance
between the long cylindrical charges is, and vice versa. The reasonable distance between
long cylindrical charges is 10 to 15 times the blasting hole diameter when blasting in an
endless rocky environment and 23 to 27 times the blasting hole diameter when smoldered
blasting in claystone in water.
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1. Introduction

Studies in several countries have shown that, when the flat charge is detonated,
the effective explosive factor is greater than that of the concentrated charge and the long
cylindrical charge [1-9]. The perfect flat charge is one of the fixed thickness and the size
of the two sides of the charge is much larger than the thickness of the charge [1, 10-12].
This type of absolute flat charge is difficult to create holes that contain explosives in
rock, so it is only reasonable to apply in conditions where the explosives are not buried
in the rocky environment, such as stamping, welding, and compaction of soil and
rock. In order to apply the effect of flat charges, in practice when detonating in the
general soil and rock environment, flat charges are designed from a group of long
cylindrical charges placed in the borehole, parallel to each other and lying on the same
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plane [4, 5, 7, 9, 13-16]. In this case, it can be called a flat-shaped charge. Flat-shaped
charges are widely and effectively used in directional blasting to move soil and rock for
construction and mining. However, until now, reasonable parameters of flat-shaped
charges have only been mentioned in directional explosion designs in order to achieve
efficient when moving rock [4, 9, 13]. The reasonable parameters of flat-shaped charges
to achieve destructive or fragmenting efficiency have not been comprehensively studied
in underground explosion conditions. Therefore, it is necessary to study and analyze the
relationship between the distance parameter between the long cylindrical charges of the
flat-shaped charges to the explosive energy field (EEF) or the explosive wave field
(EWF) and the volume of the explosive destruction zone, to derive the interval of
reasonable values of the distance between long cylindrical charges to obtain high
destruction efficiency.

2. Theoretical basis of the explosive energy field in rocky environment

2.1. O.E. Vlasov's the hydrodynamic theory of explosion on the explosive energy field
of the single charge in the rocky environment

According to the hydrodynamic theory of explosion, when detonating in rocky
environment, the amount of explosive after detonation will transform the explosive from
the initial state to the gaseous state with an extremely pressure from tens to thousands of
times higher than the compressive strength of rock, while the temperature suddenly
increases up to several thousand degrees Celsius, causing the rock to be strongly and
suddenly compressed, and the explosive effect on the rock is similar to the explosive
effect in the incompressible liquid environment. The difference is that the liquid has a
strength corresponding to the type of rock. Based on this opinion, O.E. Vlasov gave the
boundary condition of the problem as follows [4]:

- The environment of rock and soil is continuous, incompressible and
homogeneous;

- Explosion effect is carried out immediately;
- EEF or EWF of explosive types is a dynamic ellipsoid.
In 1957, O.E. Vlasov found the general equation describing the shape of charge

and its EWF development shape in the form of a family of ellipsoids with the same
focal point as follows [4]:

X2 y2 ZZ
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where a, b, c are the semi-axes of the charge, centered at the origin O; A has the value:
0<A<m.
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When A = 0, then equation (1) is the equation of the surface of charge, which is
also the explosive iso-energetic surface at the wall of the blasthole. When the semi-axis
a=b=c, equation (1) becomes the equation describing the spherical charge. When a=b
and c is very large, then equation (1) becomes the equation describing the cylindrical
charge with ¢ axis. When c is very small and a and b are very large, then equation (1)
becomes the equation describing the flat-shaped charge. When A is greater than 0, this is
the iso-energetic surface description of that charge. From equation (1), it is easy to see
that when A is much larger than the size of the charge, this equation becomes the
equation of the spherical explosive wave.

O.E. Vlasov established the velocity potential ¢ of a single charge in the form of
a circular ellipsoid with the semi-axes a, b, ¢ and in the case of long cylindrical charge
(a = c) the function ¢ is equal to [10, 12]:
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where A is a constant determined by the formula: A= ! Evb” -a
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E is energy of the explosive; A has the value 0 < 1 < oo, each value of A corresponds to
an ellipsoid equipotential surface with the same focal point as the equation for the
surface of the charge.

The symbol V is the velocity of an environmental element and u, v, w are the
velocity of the environmental element in the x, y, z directions, then they are determined
as follows [4]:

u:—ﬁ—(o;v:—a—(p;z:—a—(p 3)
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Knowing the velocity potential, we can calculate the kinetic energy of the
environment, which transfers energy into the environment. Therefore, the energy

density of the environment at point M (x, y, z) is [4]:

e 2 o :e{(a_w):(a_ww_(pﬂ @
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2.2. Setting the explosive energy field of the parallel long cylindrical charge group

Consider a group of long cylindrical charge Ni (i = 0+n) in the form of a circular
ellipsoid with semi-axes a, b, ¢ (a = ¢, b>>a) placed parallel and equidistant from each
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other at a distance la in an environment with an environmental density is o, where O is
the origin of the Cartesian coordinates Oxyz. Consider any point M in the environment
with coordinates (X,y,z) and its projection on the Oxz plane as shown in Fig. 1.

Z ! EM(:c,z)
= ~
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Fig. 1. Model of a group of long cylindrical charges N; and projection of point M.

The velocity potential at point M caused by the charge Ni is calculated by the
following formula:

’ E \fb2+ﬂ,, +b? —a?
\/zﬁp.\/ﬁz .[bba] o+
where /i is satisfied the following condition:
(x=il)+22  y? :
+ =1 1=0+n (6)
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In order to determine the environmental energy density caused by a group of long

cylindrical charges at a point, it is necessary to determine the combined velocity

potential of all the charges induced at that point. The symbol @ is the combined velocity
potential caused by all charges Ni, calculated as follows:

o= U

The environmental energy density at a point caused by all the long cylindrical
charges is calculated as follows:

S (CGRERE)

Determining the explosive energy field in the environment by direct calculation
according to the expression is very complicated, so it is necessary to build a calculation
program to survey and analyze for research.
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3. Building a computer program to calculate and survey by numerical method
3.1. Program description

Based on the established formulas, using Matlab programming language, the
author has built a calculation program for research, application calculation, survey of
velocity potential and explosive energy field of the parallel long cylindrical charge
group in the same plane.

The input data for calculation include: parameters of charges, number of charges,
distance between charges, density of environment.

The output data include: environmental energy density at the survey site,
explosive energy distribution field.

When determining the energy density at the survey site, based on the critical
energy level at which the environment is destroyed, we can determine the area of the
environment that is likely to be destroyed.

3.2. Input data for the survey

In order to study the effect of the relative distance parameter between charges on
the rock destruction area, use the program created to conduct a survey of the damage
area with the following data:

Type of rock to survey: Survey in an infinite environment with three different types
of rock with density: 150 kG.s’m* (Type 1: soft rock, easy to break); 230 kG.s?/m?
(Type 2: medium hardness rock, normal smash) and 280 kG.s?’m* (Type 3: hard rock,
hard to break);

Explosive type: Emulsion explosives TNP-1E, with an average density of
explosives: 1150 kg/m?;

The diameter of charge to survey: d =0.032 mand d = 0.06 m;

The broken volume is calculated for 1 m of the length of the destroyed area,
along the length of the charge, according to the following formula:

Vph = Sph'Iph ' (m3)
where Sph is cross-sectional area of the destroyed area (m?). Because the charge is very

long, for convenience of calculation, we take the area at the cross section y = O;
Ioh is the length of the destroyed area, taken as 1 m.

The survey was carried out with a flat-shaped charge which is a group of 15 long
cylindrical charges lying parallel in the same plane, equidistant from each other at a
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distance la, the long cylindrical charge is considered to be a circular ellipsoid of 2 types
with semi-axes as follows: a=c¢=0.016 m,b=5manda=c=0.03m,b=5m.
To calculate the critical energy level at which the environment is likely to be

destroyed (symbol is Ew), based on the powder factor of smoldered blasting
corresponding to that type of rock [1, 17], the critical energy can be calculated as:

The density of the environment p = 150 kG.s?/m*, go = 0.3 kg/m?:
E, ., =0, *E, =0.3*427*1000 =128100 (kG/m?)
The density of the environment p = 230 kG.s?/m*, go = 0.4 kg/m?:
E, , =0, *E, =0.4*427*1000 =170800 (KG/m?)
The density of the environment p = 280 kG.s?/m*, o= 0.6 kg/m?:
E, , =0, *E, =0.6*427*1000 = 256200 (KG/m?)
where qo is powder factor of smoldered blasting; Eo is the specific energy of the explosive.

3.3. Survey results by numerical method

Based on the calculation program and data set, the results of the survey are
presented in Tables 1 and 2 as follows:

Table 1. The dependence of the broken volume on the relative spacing ratio l./d
for the charge d = 0.032 m

- l/d 1 10 | 13 | 14 | 15 | 17 | 20 | 25 | 30 | 35
Ven (M) | 1.75 | 269|292 295|293 282 (258|210 |1.99 | 1.92
- l/d 1 10 | 11 | 12 | 13 | 14 | 15 | 20 | 25 | 35
Ven (M) | 1.33 [2.26|2.28 | 234 | 2.25 | 2.23 | 2.17 | 1.73 | 1.50 | 1.45
- l/d 1 5 | 9 | 10 | 11 | 13 | 15 | 20 | 25 | 35
Ven (M?) | 0.90 |1.17 |1.57 [1.60|1.53 | 1.43 | 1.34 | 1.05 | 0.96 | 0.91

Table 2. The dependence of the broken volume on the relative spacing ratio l./d
for the charge d = 0.06 m

l/d 1 |10 | 14 | 15 | 16 | 20 | 25 | 30 | 35
o Ven (M%) | 6.44 | 9.58 | 10.26 | 10.29 | 10.09 | 8.79 | 7.46 | 7.12 | 7.04

l/d 1 |10 12 | 13 | 14 | 15 | 17 | 20 | 25 | 35
o Vpn (M?) | 4.94 | 7.47 | 7.80 | 8.06 | 7.79 | 7.62 | 7.06 | 5.82 | 5.55 | 5.27

l/d 1|5 ] 9 10 | 11 |13 | 15 | 20 | 25 | 35
e Vpn (M?) | 3.40 | 4.26 | 552 | 556 | 5.49 | 5.22 | 4.62 | 3.86 | 3.66 | 3.56

62



Journal of Science and Technique - ISSN 1859-0209

0.8

0.6 |-

0.4

0.2

z{m)
=]

-0.2

-0.4

-0.6

-0.8

Mat do nang luong (kG/m2)
T

ra—m———,

x(m)

Fig. 2. Cross-section of the destroyed area of the flat-shaped charge when I=10d

(p= 150 kG.s?m*, d = 0.032 m).
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Fig. 3. Cross-section of the destroyed area of the flat-shaped charge when I=14d

(p =150 kG.s?/m*, d = 0.032 m).
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Fig. 4. Cross-section of the destroyed area of the flat-shaped charge when 1=35d

(p= 150 kG.s?/m*, d = 0.032 m).

From the two data tables in Table 1 and Table 2, we can build a graph of the

influence of the relative spacing la/d to the destroyed area with different types of rock.
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Fig. 5. The effect of the relative distance ratio I./d to the destroyed area with the charge d = 0.032 m.

12

10 / /A_\

—&—Fth-1

-@-Eth-2

//«’\\ i\.\-_—‘ —o—Eth-3

« ——

Volume of the destroyed area (m3/m)
Co

0 10 20 4 30 40

Ratio I,/

Fig. 6. The effect of the relative distance ratio l./d to the destroyed area with the charge d = 0.06 m.

Discussion:

The analysis of Fig. 5 and Fig. 6 shows that, as the spacing between the charges in
the group increases from 1d (the charges are closely spaced), the broken volume also
increases to a certain value where the broken volume reaches its maximum value, then
the spacing between the charges continues to increase, the broken volume will decrease
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and reach a constant value. The broken volume attains a constant value when the
spacing between the charges in the group reaches the value at which the charges act as
independent long cylindrical charges. Fig. 2 shows the destroyed area when the charges
in the group interact with each other, similar to the case of flat charges, so the plane of
the boundary of the destroyed area is an isoenergy plane, it has the shape as a flat
surface. Fig. 3 shows the maximum value of the destroyed area, the single charges in the
group interact with each other, it is just enough to form a flat-shaped destroyed area. In
the Fig. 3, we can see that the boundary of the destroyed area of each charge starts to
shrink. The destroyed area shown in Fig. 4 is caused by single charges, they are
separated from each other, even though the spacing between the charges is increased,
the destroyed area does not change.

4. Field experiment
4.1. Experimental model

Experiments were carried out on claystone (grade 1V) in the area of Dai Xuyen
commune - Van Don district - Quang Ninh province. Tides range from 0 to 4 m. Drill
hole diameter of 0.042 m, drilling depth of 2.5 m, stemming depth of 0.5 m, charge
length in borehole of 2 m, and 11 holes drilled in a row. The explosive used in the
experiment is emulsion explosive TNP-1E, detonated by a non-electrical detonator.
Detonating device is a non-electrical igniter. Each experiments is carried out 2-3 times.
Blasting parameters used in the experiment are described in Table 3 and Fig. 7.

Table 3. Arrange explosives corresponding to each experiment

. Number of Spacing Mass of Total
Experiment holes . oo -

No. . - between drill | explosives in explosive

code drilled in a holes, 1o, m hole, k uantity, k

row, hole e K9 q Y, kg

1 | TN1(15d) 11 0.48 1.8 19.8
2 | TN2(20d) 11 0.64 1.8 19.8
3 | TN3(25d) 11 0.80 1.8 19.8
4 | TNA4 (30d) 11 0.96 1.8 19.8
5 | TN5(35d) 11 1.12 1.8 19.8
6 | TNG6 (40d) 11 1.28 1.8 19.8
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Fig. 7. Experimental model using flat charges to break rocks.

Fig. 8. Pictures of test blasts in the sea of Van Don district.

4.2. Measurement method to get data
The broken volume is measured by field mapping with the help of excavator,
manual, tapered and metric rulers.
4.3. Results and analysis of experimental results on the influence of the spacing
between the charges on the broken volume and the specific consumption of explosives
The experimental results are shown in Table 4 and Fig. 9, Fig. 10.

66



Journal of Science and Technique - ISSN 1859-0209

Table 4. Experimental results of explosion in claystone

No. The relative Spacing Average Average | Average | Volume of|  Specific
spacing between| between depth of width of | length of |excavation,iconsumption of
drill holes drill holes, |excavation, | excavation, excavation,| V, m® |explosives, g,
m m m m kg/m?3

1 l.=15d 0.48 2.3 1.35 5.48 11.54 1.72
2 l.=15d 0.48 2.37 1.35 5.48 11.89 1.67
3 l.=15d 0.48 2.32 1.35 5.48 11.64 1.70
4 1.=20d 0.64 2.22 1.74 1.27 24.46 0.81
5 l.=20d 0.64 2.32 1.74 7.27 25.56 0.77
6 1.=20d 0.64 2.24 1.74 1.27 24.68 0.80
7 l.=25d 0.8 2.23 1.82 8.91 32.91 0.60
8 1.=25d 0.8 2.19 181 8.91 31.95 0.62
9 1.=25d 0.8 2.2 1.79 8.89 31.28 0.63
10 1.=30d 0.96 2.15 1.62 10.41 29.52 0.67
11 1.=30d 0.96 2.22 1.59 10.39 29.02 0.68
12 1.=35d 112 2.16 1.46 11.93 27.46 0.72
13 1.=35d 1.12 2.21 1.43 11.92 27.00 0.73
14 l.=40d 1.28 2.1 1.29 13.44 23.42 0.85
15 1.=40d 1.28 2.1 1.23 13.41 21.17 0.94
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Fig. 9. The dependence of the broken volume on the relative spacing

between the blastholes.

67




Section on Special Construction Engineering

\ ¢ g, kg/m3
1

Specific consumption of explosives q, (kg/m3)

>
1 e
0
y = 2E-05x*- 0.0023x*+0.107x2- 2.2232x+ 17.693
R2=0.997
) I R
15 20 25 30 35 40
Relative distance between the mine holes
l,/d

Fig. 10. The dependence of the specific consumption of explosives
on the relative spacing between the blastholes.

Using Excel software to analyze experimental data in Table 4, it is possible to
obtain the experimental dependence of the broken volume (Vp) and the specific
consumption of explosives (q) on the relative spacing between the blastholes (la/d), with
the test conditions in grade 1V claystone of the following form:

4 3 2
Vv, :O.OOOOG(IE"‘j —0.0034(|Haj +0.1101(|aa) +8.3409|Ea—80.574 ,R2=0.983 (9)

4 3 2
g= 0.00002(%") —0.00ZS(%‘} +O.107(|Haj —2.2232|E""+17.693 ,R2=0.998 (10)

Analysis of the results in Table 4, Fig. 9 and Fig. 10 shows that, when changing
the relative spacing between blastholes from 15d to 40d, the broken volume increases
gradually to the maximum value in the range (23- 27)d and then if the spacing between
the blastholes continues to increase, the broken volume decreases gradually. On the
other hand, when changing the relative spacing between blastholes from 15d to 40d, the
specific consumption of explosives decreases to a minimum value also in the range of
(23-27)d and then if the spacing between the blastholes continues to increase, the
specific consumption of explosives continues to increase. The characteristic curve found
by the experiment is relatively consistent with the theoretical characteristic found above.
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5. Results and discussions

The results of research and survey of the influence of the spacing parameter
between long cylindrical charges of the flat-shaped charge on the efficiency of breaking
rock in an endless environment by theoretical methods (numerical survey) and field
experiment allows to draw the following observations:

When the distance between the long cylindrical charges gradually increases from
very close to each other (closely) to the critical spacing value, the broken volume
gradually increases and reaches a maximum value, then if the spacing between the long
cylindrical charges continues to increase, the broken volume will gradually decrease. A
reasonable value of the spacing between the long cylindrical charges is obtained when
the broken volume reaches its maximum value. Theoretical research results by
numerical method allow to realize that the reasonable spacing between the long
cylindrical charges will correspond to the appearance of the critical explosive energy
region that breaking rocks in flat form.

According to the numerical survey results (see Fig. 5, Fig. 6), the reasonable
spacing between the long cylindrical charges to achieve the largest broken volume
ranges from 8 to 18 times the diameter of charge. The softer the rock is, the greater the
reasonable distance is, and vice versa. The claystone in the field experiment is
approximated as corresponding to the rock type 1 in the numerical experiment. The
value of reasonable distance between the long cylindrical charges in claystone obtained
from field experiments is larger than the theoretical value (corresponding to 15 -18
times the diameter of charge). This is explained by the fact that the density of the water
is less than the density of the rock, so when an underground explosion breaks claystone
underwater, the destruction effect is greater than when an underground explosion occurs
in the endless claystone environment.

6. Conclusion and recommendation

On the basis of theoretical and experimental research, we have some comments as follows:

When detonating flat charge in the form of long cylindrical charge groups placed
parallel in the same plane, the reasonable value of the spacing parameter between the
blastholes is proportional to the diameter of the blasthole and depends on the type of
rock. The larger the hole diameter is, the more stable the rock type is, the smaller the
distance between the drill holes is, and vice versa;
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When the spacing between blastholes is arranged reasonably, the destruction
efficiency is the highest and the level of rock fragmentation is the greatest;

When blasting in claystone (grade 1V) in water, the broken volume reaches the
maximum value and the specific consumption of explosives reaches the minimum value in
the range of the spacing between charges in the range (23-27) times of the blasthole diameter.

Recommendation: In order to improve blasting efficiency when using flat charges,
it is necessary to select and control the drilling and blasting reports to ensure that the
relative spacing between two adjacent blastholes is within a reasonable range to obtain the
broken volume is the largest and the average size of the broken rock is the smallest.
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NGHIEN CUU KHOANG CACH HOP LY
CUA LUONG NO PHANG DANG NHOM LUQONG NO
DAI SONG SONG PE PHA HUY DAT PA

Pam Trong Thing, Nguyén Tri T4, Vii Xuan Bang

Tém tit: Trong thuc té thirong sir dung heong né phang ¢ dang mét nhém lwong né dai
song song cdch déu nhau va ciing nam trén mgt mat phang. Tuy nhién, d@én nay ly thuyét vé tac
dung cia lwong né phang phéa hiy dat dd méi chi d@é cdap véi dang lirong né phang 1a mét khoi
thuéc né lién tuc. Dua trén co sé Iy thuyét thiry dong luc hoc vé tac dung phé hiy cia heong né
don, tién hanh thiét Igp md hinh tinh, xay ding mét chicong trinh tinh todn trén ngén ngir
Matlab va tién hanh khdo sdt truong nang lirong né ciia nhém hrong né dai song song nam trén
cling mét mat phang ki thay doi thong so khodng cach twong doi giita cdc lwong né. Dya trén
dac tinh ly thuyét nhén dueoc, tién hanh nghién citu thuc nghiém xdc dinh thé tich ving pha haiy
NG khi thay doi khoang cach giira cac 16 min trong dd sét két. Phan tich két qua nghién citu
khao sat ly thuyét trong mét sé cdp dat da va thuc nghiém trong da sét két da chi ra dwoc ving
tri so hop Iy cuia thdng sé khodng céch giita cdc lwong né tuwong ¥mg nhdn dioc hiu suat pha
hiy tot nhat t/ 1é thugdn véi dwong kinh lirong né va phu thuée vao déc tinh ddt da. Pat dd cang
bén viing thi khodng cach hop Iy giita cdc heong né dai cang nhé va nguoc lai. Tri s6 khodng
cach hop ly giita cdc lwong né bang 10 d@én 15 lan dwong kinh 16 min khi né trong méi truong
ddt dé vé tan va bang 23 dén 27 dwong kinh 16 min khi né ngam trong da sét két diedi nueée.
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