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ABSTRACT

Powder factor is one of the fundamentally crucial parameters in a blasting design. It is
believed that any inaccurate blasting pattern. has the consequences of back-break,
fragmentation, fly rock and excess vibration which all result in negative impacts. The
absolute value of powder factor has to be determined with respect to a specific rock type
and rock mass which are generally considered the most important elements among other
technical issues in a blast. design. To - datc, cxtensive research and associated
examination of this problematic area has focused on achieving a technological solution
and methodology to enable correct mine blasting, hence, to address this many
techniques have come forward and are now widely utilised such as Neural Network,
Fuzzy Logic and Expert Systems. However, within those techniques mentioned above,
Artificial Neural Network is deemed an excellent approach.

The aim of this study is to determine an optimal powder factor for future blasts at the
Urmia Cement Mine located in the north west of Iran which is a major cement producer
in the western part of the country. In order to do this, Artificial Neural Network and
MATLAB software were employed in terms of 120 blasts being carefully analysed at
this operation. The Results of this research indicate that the developed Neural Network
model can be applied to generate future designs and plans considering blasting
operations in Urmia Cement Mine.
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INTRODUCTION

Effective blasting deals not only with the fragmentation of rocks but also with the
minimisation of incurred costs. The amount of explosive must be adequate for
fracturing the rock to a size easily removed by the equipment while ground vibration
should be minimised. Normally apart from vibration and fragmentation, the blasting
evaluated by the amount of explosives used in each blasting [1, 2]. General speaking the
value of Powder factor in surface mines varies from 0.3 to 0.6 (Kg/m’), it is dependent
on some critical factors [2]. Geo-mechanics factors such as joint sets are deemed the
most important ones among others. Artificial intelligent research has produced several
tools for commercial applications [3, 4]. Some of the techniques that are widely used
today include neural network, fuzzy logic and expert systems [5]. Artificial Neural
Network (ANN) is an excellent predictive and data analysis tool. In the mining industry,
ANN techniques are being used commercially for real-timc proccss-control
applications.

Parameters such as the geo-mechanical properties of rock mass, explosives
specifications, back break, fragmentation, vibration and geometrical particulars of blast
design should be considered to obtain optimum design.-Due to multiplicity of effective
parameters and complexity of interactions among these parameters, empirical methods
may not be appropriate for blasting design [6]. The ANN technique is used to predict
the near-optimum blasting pattern so that ground vibration and over-sizing are reduced
based on joint sets and geometrical characteristics of benches. The rock mechanical
factors influencing the powder factors were empirically identified for optimum blasting.
Rock mechanical parameters having-a significant influence were then filtered to train
and test the ANN [3].

MINE CHARACTERISTICS

The Urmia limestone mine is located in NW of Iran (Figure. 1) and belongs to the
Urmia cement factory which is a major cement producer in the western part of the
country. Major rock types are Miocene limestone and marls. There are many structural
featurcs especially joint sets.

This surface mine is extracted by open pit mining method and includes three faces each
contains more than 3 benches. The dip of the benches is around 75 degrees from the
horizontal. The basic equipment fleet consists of loaders, trucks and top hammer drills.
The blasting operations at Urmia have resulted in several problems such as poor
fragmentation and high values of ground vibration due to the relatively large amounts of
explosives used in each blast. According to the development program of this mine,
blasting optimisation for future design is very important.
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Fig.1. Location of Urmia limestone mine in NW Tran

METHODOLOGY

Information from 122 blast events were collected and analysed for the calculation of
powder factor and ground vibration during a period.of 18 months. Simultaneously, joint
sets were surveyed in 8 locations around the benches of the pit. From this data, rose
diagrams were generated based on 370 surveyed joints [7]. Based on the collected data
mentioned above, ANN was designed and trained by the MATLAB software package to
predict powder factors for future blasts.

BLAST DESIGN

Each explosive charge should produce a peak blasthole pressure that squeezes the rock
which surrounds it. Based on the geotechnical studies that have been done conducted
especially regarding the fractures and joint set in this mine, it becomes clear that apart
from the wide number of identified joint sets in the studied area, their situations, and
orientations compared to the orientation of the benches are very significant with respect
to the blasting results. This study shows that the average spacing of joint sets is almost
cqual to the surveyed joint sets in this mine. Hence, the study considers the fact that a
reduction of blasthole diameter may lead to a decrease in the detonation pressure loss
from fractures leading to the possibility of breakage in more intact rocks increasing,
while increasing the time and cost of the drilling operation. However, the choice of hole
diameter depends fundamentally on the limitation of the existing in-house drilling
machines. Although the new blasting pattern associates with increasing drilling cost and
time, this increase is actually less than cost and time that is being spent on secondary
blasting of large rocks. It is considered that the whole process needs to be examined for
secondary blasting not only for the mine to calculate its own expenditure on this process
but also examining the decrease in the total production of the mine because secondary
blasting needs specialist drilling, blasting, haulage and dumping and the consequence of
which is that the cost of production per tonnage rises.

731



12™ International Multidisciplinary Scientific GeoConference SGEM 2012

In order to solve the problems of blasting, new blast patterns were calculated and
designed based on the geo-mechanical properties, specifically joint sets particulars.

R A S M

Fig.2. View of faces of the mine

After surveying, the gathered data from previous blasting rounds was analyscd with the
respect to the joint sets situations the following facts become clear as follows:

1- In Face 3, while the average dip of the joint sets is around 70 degrees and average
strike is perpendicular to the benches, the average powder factors in blasting was 1.05
Kg/m3.

2- In Face 4 and 5, while the average dip of the joint sets is around 45 degrees and the
average strike of around 40 degrees to the benches, the average powder factors in
blasting was 1.20 Kg/m3 and 1.25 Kg/m’ respectively.

The above key points and studies illustrate that when the possibility of locating the
blasthole in intact rocks is increased or in the other words, during the drilling the chance
of contact (cut / encountering) the hole to the discontinuities lowers because the joint set
dip increases (like in Face No.3 where the average dip of the joint sets is near to 70
degrees) the explosive usage goes down and as a rule of thumb less intersections
between blast holes and discontinuity occurs, consequently less hole pressure loss, the
powder [aciors then drops down and vice versa in Faces No. 4 and 5.

During-the new blast design in order to overcome the existing mentioned problems in
future; on the one hand joint sets situations were under consideration and on the other
hand blasthole diameters were reduced from 110mm to 76mm and moreover, the burden
and spacing (B, S) of the new pattern was calculated as (220-230 x 280- 290 cm), based
on the theoretical and previous operated pattern which was around 250-300 x 250-350
cm.

After operating this revised pattern in Faces No. 4 and 5, the actual powder factor was
found to be 0.4 to 0.5 Kg/m’ while the fragmentation improved and there was no
requirement for secondary blasting. Furthermore, the ground vibration as a whole for
those living in or near the village felt it was more tolerable compared to the former
blasting situation. Hence, the results derived following the implementation of these new
blast patterns show that in general, problems were solved. However, the new designed
patterns encountered some production limitations like drilling machine operation.
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ARTIFICIAL NEURAL NETWORK

An Artificial Neural Network (ANN) is an information processing paradigm that is
inspired by the way biological nervous systems, such as the brain and process
information. The key element of this paradigm is the novel structure of the information
processing system. It is composed of a large number of highly interconnected
processing elements (neurons) working in unison to solve specific problems. ANNs,
like people, learn by example. An ANN is configured for a specific application, such as
pattern recognition or data classification, through a learning process. Leaming in
biological systems involves adjustments to the synaptic connections that exist between
the neurons.

Typically, the multilayer perceptron neural network consist of a set of 'sensory units
(source nodes) that constitute the input layer, one or more hidden layers of computation
nodes, and an output layer of computation nodes. The mput signal propagates through
network in a forward direction, on a layer by layer basis.

Multilayer perceptrons have been applied successfully to solve some difficult and
diverse problems by training them in a supervised manner with a highly popular
algorithm known as the error back-propagation algorithm [8]. This algorithm is based
on the error correction learning rule.

The main purpose of this study was to apply the Multilayer perceptron artificial neural
network (MLP) models to determine optimal powder factors and predict optimum
blasting pattern so that vibration and fragmentation are reduced through joint sets and
geometrical characteristics of benches based on a series of observations and input
parameters.

The six input parameters of the ANN were: burden, spacing, hole diameter, hole depth,
dip of joint scts and differcntiation between bench and joint set directions with the
output being powder factor. Applicd Neural Network structure is depicted in Figure 3.

Fig.3. ANN Structure
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The error signal at the output of neuron j at iteration is defined by:

ej(n) = d;(n) — y;(n), neronj is an output node (1)

. | .
The instantaneous value of the squared error for neuron j as Eejz (n) correspondingly,

. . . .1
the instantaneous (n) of the sum of squared errors is obtained by summing Eeﬁ (n)
over all neurons in the output layer, it is thus written as:

§n) = 2% jecef(n) @)

Where the set C includes all the neurons in the output layer of the network. Let N
denote the total number of patterns contained in the training sct. The average squared
error is obtained by summing é(n) in over all n and then normalizing with respect to the
set size N, as shown by:
far = ~ZN_1 E() (3)

The average squared error &, is a function of all the free parameters (synaptic weights
and thresholds) of the network. For a given training set, §,,, represents the cost function
as the measure of training set learning performance.- The objective of the learning
process is to adjust the free parameters of the network so-as to minimize €,,,. To do this,
the minimization technique used an approximation similar in rationale to that used for
the derivation of the LMS algorithm, introduced by Widrow and Hoff in 1959 [9] which
is an adaptive algorithm, which uses a gradicnt-based method of steepest decent [10].
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Fig.4. LMS Algorithm Schematic

From the method of steepest descent, the weight vector equation is given by [10],
1
wnh+1) = wn) + Su[-AE{*MP] @)

Where u is the step-size parameter and controls the convergence characteristics of LMS
algorithm; e2(n) is the mean square error between the powder factor output y(n) and
the training powder factor data which is obtained by experience.

After the training phase, the mean-squared error (MSE), UNITS REQUIRED which
attempts to minimize the average squared error between the network's output, f(x)
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(estimated powder factor) and the target value y over all the experienced pairs are
presented in Figure 5.

Best Vahdation Performance is 0.1052006 at epoch 1000
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Fig.5. MSE after 1000 epochs

The exact value of the Mean Squarc Error is
MSE = 0.0048 UNITS REQUIRED

Figure 6 compares the actual powder factor and the cstimated powder factor from the
neural network.

Fig.6. Real output circled black line and NN estimation grey line

A comparison between actual experienced data (Grey) and the ANN output (Black)
shows that the learnt ANN by using the six mentioned inputs can be predicted the
powder factor with an acceptable error as shown in Fig 6. Consequently, the ANN
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