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Abstract

Currently, there has not been the general formula calculating the radius of the compressed
zone and the observed height of the explosive funnel destroying the ground under water.
Therefore, this paper used experiment results from the previous study related to the clay
medium under water. This paper studied and established a multivariable regression model,
finding the general experiment law relating to the dependence relation between the radius
of the compressed zone and the observed height of the splashed funnel in the clay medium
under water and the water depth, the depth of buried explosive charge in the clay medium
and the radius of explosive charges. The model is built with python programming language
version 3. The law of model is evaluated and compared to actual values in experiments
through the coefficient of determination R2. The result showed that the chosen law reached
the relatively high accuracy.

Keywords: Blasting; underwater blasting; blasting in clay medium; splashed explosion;
compressed explosion; machine learning; regression.

1. Introduction

Currently, in the field of blasting works, the general theory system and the
calculation of blasting plans have just only resolved explosion missions on land. The
calculation system of explosions destroying rock under water has mainly followed the
way of inheriting the terrestrial explosion method, there has not been a general
calculation method for parameters of the explosion, underwater blasting depends on the
water height [1, 2, 4, 12, 13, 15]. Hence, it is an essential studying direction for studying
the experiment law of the dependence between a side which includes the radius of the
compressed zone and the observed height of the splashed funnel, and another side which
includes the depth of buried explosives, the water depth and the radius of explosive
charges. This studying direction also contains scientific and practical meanings.

Establishing experiment laws on relations among parameters at multidimensional
and multivariable level found it hard to give a general, successive form from splashed
explosions to smoldered explosions with the traditional regression method [2].
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Currently, achievements in the field of artificial intelligence have been being applied
successfully in all scientific and technical branches. In particular, machine learning and
deep learning are efficient approaches when it comes to the field of data science. Hence,
this paper concentrates on establishing a regression model based on machine learning
algorithms, finding the dependence law of the radius of the compressed zone, the
observed height of the splashed funnel on the depth of buried explosives in clay, the
water depth and the radius of explosive charges.

2. Analyzing results of the experiment study

Based on the experiment study on diminished model with explosive charges 0.5 g
(Ten) in clay medium under water, the authors gave similarity laws about the
dependence of the radius of the compressed zone and the observed height of the
splashed funnel in clay medium under water as follows [3]:

* When the depth of buried explosive charges in clay W/r = 1.
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where R, is the radius of the compressed zone; R, is the radius of the compressed zone

when saturated; P is the observed height of the splashed funnel; h is the water depth; r is
the radius of explosive charges; R? is coefficient of determination; A is the value
difference of the data around the saturated value.

The general form of the splashed funnel and the compressed zone when blasting
concentrated explosive charges with the fluctuation of the water depth and the depth of
buried explosive charges in clay from the minimum value to the maximum value which
is illustrated in Figure 1.

Figure 1. The general form of the splashed funnel and the compressed zone when blasting
concentrated explosive charges in submerged clay

1- position of charge in clay; 2- ground surface; 3- funnel or compressed zone

Analyzing the theory system of mechanical effects of the explosion in the ground
[5, 6, 7, 8, 10, 11, 13, 14, 16] allowed us making a comment as follows: experiment
formulas (11), (12) evolved from the depth of buried explosive charges in clay
W/r = 11, gradually reached saturated state, means that the domain of smoldered
explosion. Hence, it can be executed to orientate the model by adding samples of buried
levels W/r = 11. It means that when the depth of buried explosive charges in clay
W/r > 11, we get:

R
Re Mg gt s (13)
r r r

P_PBa_g atNsog (14)
r r r

where Py is the observed height of splashed funnel when saturated.
Using aforementioned experiment laws above for the range of h/r from 0 to 60,
W/r =15, 19... allows to present the field of data in three-dimensional space which is
demonstrated in Figure 2 and Figure 3. Results of the study denoted that the range of
absolute saturation corresponding to values of W > 22, the value of R, was constant at
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h = 0; and with values of W > 28, the value of P=0at h =0 [3].

training set
& cross validation set
test set

x

Figure 2. The experiment dependence of the relative radius of the
compressed zone R, on the relative water depth h and the

relative depth of the buried explosive charges W

x  training set
# cross validation set
e testset

Figure 3. The experiment dependence of the relative radius of the
relative observed height of the splashed funnel P on the relative water
depth h and the relative depth of the buried explosive charges W

2. Theory basis
2.1. Multivariable regression method

Regression is a statistical method analyzing the relation between the dependent
variable y and one or more independence variables x;. Thus, this paper establishes a
predicting model, called a hypothesis function hg(x) with respect to xj, with factors are
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estimation parameters 6. This hypothesis function will find out predicting values ¥,

compared to actual values y. The used loss function in this paper is the mean square
error (MSE), estimation parameters ¢; are updated after each epoch, using the entire
training set through a technic called “gradient descent”. The problem “overfitting” is
resolved through hyperparameter /2 [18, 19].

Prior to training, data dimensions need to be normalized. Normalizing data
dimensions or normalizing variables play an important role in the step of preprocessing
data. Normalizing data dimensions is to make the same magnitude of each data
dimension. Meanwhile, the relations among data dimensions are kept. Simultaneously,
normalizing data dimensions helps each dimension having the same influence on the
model, to avoid circumstances where a dimension having the data with high magnitude
will affect more efficiently to the model than that of low magnitude. The normalizing
procedure which is used in this paper is the standardlisation through expectations ; and
standard deviations o of each feature, except the feature x = 1 [19].

The accuracy of the estimation function (the influence of the model) is evaluated
through the coefficient the determination R? (R squared). Since R? is calculated on the
test set after optimizing parameters 6; on the training set, so the more R? comes to 1, the
more accuracy of the model gets high.

The data set will be separated into 3 parts: Part 1 — the training set is to train and
optimize parameters 6;; Part 2 — the cross validation set is to find a model with
hyperparameters modifying the conformity of the hypothesis function; Part 3 — the test
set is to evaluate the efficient of the found model. Three parts of the data set are
separated as a ratio of 3:1:1 (it is synonymous that 60%/20%/20%)

If the estimation function just only depends on single independence variables (for
example: x., x,, X, . ...), the relation will not be presented in the case that independence
variables x1, x2 depend on each other (for example: x,.x,, x>.x,, X.X; ...). According to
the principle of the blasting influence in an arbitrary medium, the predicting function of
the observed height of the splashed funnel or that of the radius of the compressed zone
depends on both parameters synthetically: the water depth (x;) and the depth of buried
explosive charges (x;). Thus, the variable of the water depth and that of the depth of
buried explosive charges in clay are just two relative independent variables. Actually,
there is a dependence between them through the parameter of the blasting influence zone.
Hence, to attain a model having high accuracy, it is needed to combine all probable cases
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of independence variables in the model corresponding to the degree of hypothesis
function. It means that the paper builds 2 nonlinear hypothesis functions corresponding to
the estimation of the dependence of R, and P on variables W and h.

2.2. Similarity parameters of the blasting influence

To establish the dependence of the radius of the compressed zone Rk, the
observed height of the splashed funnel P based on parameters such as the depth of
buried explosive charges in clay W, the water depth h and the radius of explosive
charges r, similarity law is used to make similarity parameters as follows [2, 5, 8, 14]:

- The relative depth of concentrated buried explosive charges is the ratio between the
depth of buried explosive charges in clay W and the radius of explosive charges r: W =W r ;

- The relative water depth is the ratio between the water depth h and the radius of
explosive charges r: h =h/r;

- The radius of the relative compressed zone is the ratio between the radius of the
compressed zone Rk and the radius of explosive charges r: R, =R, /r;

- The relative observed height of the splashed funnel is the ratio between the
observed height of the splashed funnel P and the radius of explosive charges r: P =P/r.
3. Analyzing and establishing polynomial regression model
3.1. Determining the radius of the compressed zone

The hypothesis function predicting R, will be built based on the basis of high
degree combinations of 2 independent variables W and h . This function has a form:

- h W hY , hw w Y’
RK:60+01.F+92.T+03.(FJ +93.?.T+65.(Tj +o+

+496.(2j3+07.(2JZ.VTV+HS.?.EVTVJZ+Hg.(Vij3+...+ (15)
<Yy w )
230 %) Ol gl g}

where R, is the exchanged radius of the compressed zone; d is the degree of estimation
function R, ; 6, 0, 0,,... are estimation parameters; h/r=h is the exchanged water

depth; W/r =W is the exchanged depth of buried explosive charges.

If the model of function predicting R, has more than 2 degrees (d >2), (15) will
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be able to be rewritten as follows:

_ d i i i
R¢ :490+91.$+492.V—V+ > (?) (Vlj 0

B U g

The expression (16) can be presented under matrix form as follows:

{Rej=[x]4}

{5} )

with [X] is matrix mxncontaining column vector elements; m is the number of rows of

|(d>2) (16)
where

matrix X corresponding to training examples; n is the number of columns of matrix X

n=3/d=1 )
=3 - d is the

corresponding to features (variables) of the model, n= ;
ng=n,,+d+1|d>2

number of degrees of the model; {6} is the column vector with the shape of nx1;

{Rq} is the column vector with the shape of mx1, the detail as follows:
L), G - GLAEL G- G - CLELTL - B
RO i j-=1 0+=1 i d d-=1 0+=1 d 0,
oLl - LA T B - GLAGL L L e ] oo
e S RO YOS NS B
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where (1), (2), ..., (i), ..., (m) are the orders of samples in the data set (i =1 + m); j is
the degree of the model, j =1 +d.

The data set which is employed to establish the predicting model R, has 411
samples, the chosen training set is 247 samples, the cross validation set and the test set
are 82 samples/set. To assure that the model is built objectively, the separated ratio will
be chosen randomly.

The degree of choice is d = 4, calculating errors in both data set of training and
cross validation with the gradual increase of A, the parameter A is selected so that errors
of both training set and cross validation set are the smallest (Figure 4b). Using trial and
error method, the case that d = 4, 2 = 0.1 is the most suitable. The result is shown:
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a) b)
Figure 4. The error correlation between the training set and the cross validation set with the
4-degree function of the training samples (a), and that of ). (b) when establishing the model R,

Due to learning directly from the training set, the model tries to describe its law,
so the error in this data set is always low, the result is a blue line in Figure 4a. One set
of estimation parameters 0 is calculated and adjusted gradually with each increase of the
training sample. With each adjustment, 6 will be employed to calculate the error of the
cross-validation set, the result is an orange line in Figure 4a. The more the vicinity
degree between two lines is high, the more the generalization degree of the model is
high; the asymptotic level of the two lines is near 0, representing the higher suitability
of the model. The result is that both of vicinity degree and zero asymptotic level are
high, representing a decent model.

The efficient of the model is evaluated based on the coefficient of determination
R? with respect to the test set as follows:

a2
Zm: &(I)_&()

) -1 r r

R*=1- — =0.825 (19)
i &(') &
i\ r r

R, V. : . .
where —& s the actual value of the radius of the relative compressed zone at the i*"
r

. R . : .
blasting in the test set; —% is the actual average value of the radius of the relative
r

5 ()
: R, . . : .
compressed zone in the test set; — is the predicted value of the radius of the relative
r

compressed zone at the i™" blasting which is calculated by the model; m = 82 is the total
number of actual samples in the test set.
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Parameters building the hypothesis function are shown in Table 1:
Table 1. The hypothesis function form predicting R,

0 0o 01 02 03 04 05 06 07
9.03 -1.22 -8.02 -3.60 -1.74 8.52 -0.09 10.76

Xj 1 h W h? hw W2 h? h*w

L - 3.09E+01 | 1.07E+01 | 1.25E+03 | 3.45E+02 | 1.69E+02 | 5.68E+04 | 1.42E+04

Gj - 1.72E+01 | 7.45E+00 | 1.09E+03 | 3.35E+02 | 1.71E+02 | 6.26E+04 | 1.81E+04

6 Os 09 010 011 012 013 014 -
1.09 -1.22 211 -3.99 -3.81 0.14 -1.65 -

X h W? w? h* h*w h?W? h W* w* -

K | 5.55E+03 | 3.03E+03 | 2.75E+06 | 6.58E+05 | 2.31E+05 | 1.00E+05 | 5.76E+04 -

oj | 7.02E+03 | 3.71E+03 | 3.54E+06 | 9.86E+05 | 3.63E+05 | 1.48E+05 | 8.06E+04 -

Thus, from (16) and Table 1, the radius of the compressed zone is determined
when blasting in the clay medium under water:

W 4
o —1.22(“—30.9) —8.02(W—1O.7J —1-65((rj —5-76xl04]
—K=9.03+ r + r +o.+

r 17.2 7.45 8.06 x10*

or

(20)

R 14

—£ =903+

r j:l

where j =1 + 14 in Table 1 respectively; & is estimation parameters in Table 1;

M is the expectation or the average value of feature x; in the training set, x; =%Zx§” ;
i=1

oj is the variance or the standard deviation of feature Xx; in the training set,

o, = LZ(xﬂ‘) —u, )2 : Xj contains 14 features from the left to the right in Table 1
m-147

(h ,W ...W*); d is the degree of feature xj, when d = 1 + 4, orderly, the terms in square
brackets ([]) in (20) will contain all 14 features of x; in Table 1; m is the total number of
samples in the training set; (i) is the i element in the training set.

The dependence law of the radius of the compressed zone on the water depth, the
depth of buried explosive charges in clay and the radius of explosive charges (20) is
shown under dimensionless form in 3-dimension space in Figure 5.
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Figure 5. The dependence law of the radius of the compressed zone on the water depth,
the depth of buried explosive charges in clay of the chosen model

The result shows that the hypothesis function built from the data reflecting the
dependence of the radius of the compressed zone R, on the variables W and h , has

relative high accuracy. From Figure 5, a surface consisting of all points calculated in the
model is completely able to be employed to predict the radius of the compressed zone

R, from all various values of W and h in the range of the experiment data. However,
since the model learns from the data, predicting the interpolation is better than that of
the extrapolation. Simultaneously, it is necessary to find out the saturation boundary in
experiments orientating the model predicting correctly.

3.2. Determining the observed height of the splashed funnel

Similar to the formation of R, , the hypothesis function predicting P also has the
form as follows:

_ h W & h) ! (wy
P:00+91.?+6’2-T+;j:0 (Fj (Tj '9T|T—H§z;d]+1H[Z;d]+l*d

where P is the exchanged observed height of the splashed funnel; other parameters are
similar to that of formula (16).

} |(d>2) (21)

The data set which is employed to establish the predicting model P has 377
samples, the chosen training set is 227 samples, the cross validation set and the test set
are 75 samples/set. To assure that the model is built objectively, the separated ratio will
be also chosen randomly.
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Using the degree of the model d = 4, the coefficient of determination R? reaches 0.71.
Parameters building the hypothesis function are shown in Table 2:

Table 2. The hypothesis function form predicting P

o 0o 01 02 03 04 05 06 07
! 13.9 14.21 33.40 -26.67 -49.71 -59.04 27.09 22.33
X; 1 h w h? hw W2 he h2wW
U - 3.28E+01 | 1.16E+01 | 1.36E+03 | 3.88E+02 | 2.21E+02 | 6.18E+04 | 1.64E+04
oj - 1.68E+01 | 9.34E+00 | 1.07E+03 | 3.99E+02 | 2.81E+02 | 6.26E+04 | 2.09E+04
6, Os 09 010 011 012 013 014 -
0.10 26.05 -15.37 15.57 -33.15 45.34 -8.25 -
X h W2 W3 h* h*w h2W? h w? w* -
L 7.32E+03 | 5.09E+03 | 2.98E+06 | 7.61E+05 | 3.10E+05 | 1.64E+05 | 1.28E+05 -
oj 1.07E+04 | 8.06E+03 | 3.60E+06 | 1.14E+06 | 5.35E+05 | 2.97E+05 | 2.29E+05 -

Thus, from (21) and Table 2, the observed height of the splashed funnel is
determined when blasting in the clay medium under water:

R RO

E:13.9+Z:

r j=1 GJ

where j =1 + 14 in Table 2 respectively; 4 is estimation parameters in Table 2; |, oj is
the expectation and the variance of features X; in the training set which are calculated in
the same way as formula (20).

(22)

The dependence law of P on W and h is shown under dimensionless form in
3-dimension space in Figure 6.

x  training set
@ cross validation set
e testset

— fitting surface

Figure 6. The dependence law of the observed height of the splashed funnel on the water depth,
the depth of buried explosive charges in clay of the chosen model
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Analyzing the result in Figure 6, it can be seen that the hypothesis function built
from the experiment data reflecting the dependence law of the exchanged observed
height of the splashed funnel P on the variables W and h , has unreasonable accuracy
in the range that W is greater than or equals to 19. As aforementioned expression (14)
above, as well as the study result [2], it was proven that the observed height of the
splashed funnel in this region must be 0.

Hence, the formula determining the observed height of the splashed funnel (22),
its usage range needs to be restricted where W is lower or equals to 19.

Comparing the aforementioned study result above to [2], it can completely make a
general comment as follows: values of the observed height of the splashed funnels reach
the saturation state (minimum values) when the relative water depth (h/r) is about over
26, values of the radius of the compressed zones reach the saturation state (minimum
values) when the relative water depth (h/r) is about over 36, in all cases that the relative
depth of buried explosive charges (W/r) in clay is under 11; in the cases that the relative
depth of buried explosive charges (W/r) in clay is over 11, the radius value of the
compressed zone reaches the saturation state when the relative water depth (h/r) is
greater or equals to 9, the observed height value of the splased funnel reaches the
saturation state when the relative water depth (h/r) is about greater or equals to 26. It
proves that, in the high value of the water depth, the blasting influence in clay will
change into the smoldered explosion, which is similar to the on-land blasting.

4. Conclusion, recommendation
Based on the studying result above, some comments can be made as follows:

- When the explosive charges blasting in clay under water, the observed height of
the splashed funnel or the radius of the compressed zone depends on 3 parameters: the
depth of buried explosive charges, the water depth and the radius of explosive charges.

- The observed height of the splashed funnel or the radius of the compressed zone
under water depends increasingly on the radius of explosive charges. If the depth values
of buried explosive charges and the water depth values are low enough, the observed
height of the splashed funnel or the radius of the compressed zone will depend
increasingly on the increase of these values. If the depth values of buried explosive
charges and the water depth values are greater, the observed height of the splashed
funnel or the radius of the compressed zone will depend decreasingly on the increase of
these values. When blasting in the saturation or smoldered explosion, corresponding to
the great depth, the observed height of the splashed funnel or the radius of the
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compressed zone are constants not depending on the depth of buried explosive charges
or the water depth.

- The built regression model based on machine learning algorithms which is
learned from the data, making a hypothesis function describing the dependence law of
the observed height of the splashed funnel, the radius of the compressed zone on the
depth of buried explosive charges in clay, the water depth and the radius of explosive
charges, in a fairly correct way.

Recommendation: The regression method with a predetermined form of the
function has not enough effectiveness in terms of the laws having the high complexity,

and high nonlinear rate. In particular, compared to the model of R, , the model of P has

the significant discrete data, the polynomial regression is not decent enough to describe
the complexity of this law, so it is necessary to find out another method. For such
complex laws, there is an efficient method using deep learning algorithms establishing
the model with artificial neural networks, activation functions employed in each layer of
a neural network can resolve the extreme nonlinear laws.
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NGHIEN CUU THIET LAP SU PHU THUQC THUC NGHIEM CUA
BAN KiNH VUNG NEN EP VA CHIEU SAU TRONG THAY CUA
PHEU NO VANG TRONG MOI TRUONG DAT SET DUOI NUOC

Tom tadt: Hién nay, chua cé cong thirc tong qudt dé tinh toan cho ban kinh viing nén va
chiéu sau tréng thay cia phéu né pha hiy ddt da dwdi meée. Chinh vi ly do trén, bai bao da sie
dung két qua thic nghiém nhdn dieoc tir nghién ciru truede trong méi truong dat sét dwdi nuéc
va nghién cizu thiét lap mgt mé hinh hoi quy da bién d@é tim kiém quy lugt thyc nghiém téng quét
vé mai lién hé phy thugc cia ban kinh viing nén ép va chiéu sau tréng thay cia phéu né ving
trong méi truong sét dudi nuedc vao chiéu sdu nirdc, chiéu sau tam né trong méi trwong dat sét
va ban kinh heong né. M6 hinh dwoc xay ding véi ngdn ngi Idp trinh Python 3. Quy lugt mo
hinh lya chon duwoc danh gid, so sanh Véi gia tri thyc té trong thi nghiém théng qua hé sé xéc
dinh R2. Két qua danh gid cho thdy quy lugt lya chon ¢6 d chinh xdc twong doi cao.

Tir khoa: No; nd dudi nude; nd dat sét; nd viang; nd nén ép; hoc may; hdi quy.
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