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Abstract: One of the main technological tasks facing mining engineers today is a reduction of the
oversized fraction output. Currently, the efforts of scientists are aimed at developing reliable grain-size
composition predicting models for the extracting rock mass, as one of the initial factors for reducing
economic losses throughout the technological cycle. However, many of the existing models do not consider
the mutual influence of a number of factors, which explains the instability of the drilling and blasting
performance indicators, their low efficiency and, as a result, an increased oversized fraction output. The
model for grain-size composition predicting for mining enterprises will be interesting only if the proposed
technological solution together with a pre-established fraction of rock mass will increase the efficiency of
blasting operations with the desired reduction of all material and non-material expenditures. In this paper
the authors give a brief overview of the global mining volumes; provides information on the extraction of
key types of minerals, as well as revenues derived from their sale. They also specify the direction for future
actions in creating a predicting model for the rock mass output of a certain fragmentation after the
explosion.
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Introduction knowledge of the mining volume and certain
competencies in the economic sector are important
for strategic decision making. The reason is that
changes in the mineral resource market can
significantly affect the welfare of the company,
industry or even the country in general.

Currently, the volume of proved solid minerals
reserves is large enough, which is a good basis for
creating a well-functioning economy of the
country. In this regard, a detailed and objective

analysis of the situation, in the context of the According to Reichl et al. (2019), more than
analysis of global trends in the development of the half of the raw materials is currently n;ine d in the

mining industry, is crucial to determine the Asian region (57.95%), followed by North
potential risks in the development of the deposit. America, Europe, Oceania, Latin America and

. A promising d(;velolp me(rllt strgtegy of ha Africa (Table 1). Whereas the total mining volume
mlnmlg .entei‘prlse lirectly ~ depends fon the in the period from 1984 to 2017 almost doubled,
comp .ex1ty ot extracting a gomponent rom the the percentage ratio by regions stayed almost the
subSO} I' (the impact of mining, geological and same. As of 2017, such countries as China, the
technical factors), as well as from the cost of United States and Russia are in the top three world
extracted raw .rna.terlals on th,e, market. Howe\{er, leaders in terms of the extraction of minerals and
there are also indirect geopolitical factors leading the proceeds from their sale (Tables2 and 3)

to a shortage of mineral resources. Thus, detailed Based on the above mentioned, it can be predicted
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that consumption volumes will grow, companies
will switch to developing deposits with a poorer
raw material base, which will inevitably lead to an
increase in production expenditures. The power
balance in the near future will remain unchanged.

Companies, regions, and countries with
technological advantage ensuring the minimization
of costs at each specific process or operation will
be successful.

Table 1. Mineral resources mining volumes by regions in 2017.

Region Mining volume,

Percentage ratio, Increment rate from

mln tons % 1984, %
Africa 966.25 5.62 50.84
Asia 9 962.35 57.95 36.35
Europe 1459.91 8.49 160.54
Latin America 1127.95 6.56 49.82
North America 2477.11 14.41 83.15
Oceania 1199.02 6.97 21.21
Total 17 192.60 100 54.28
Table 2. Mineral extraction volumes.
Mineral resources Extraction volume, mln tons

Russia USA China
Mineral fuels 1508.03 1 888.68 3 468.56
Ferrous metals 59.88 30.12 336.03
Non-ferrous metals 4.75 3.09 42.03
Precious metals 1.68 1.27 3.92
Industrials minerals 32.03 91.39 192.25
Total 1610.81 2013.64 410791

Table 3. Funds raised from mineral extraction sale.
Mineral resources Funds raised, min $

Russia USA China
Mineral fuels 326.469 370.225 403.641
Ferrous metals 8.989 3.284 36.223
Non-ferrous metals 12.732 12.241 97.956
Precious metals 14.728 10.587 19.143
Industrials minerals 8.363 8.096 21.644
Total 371.482 404.445 580.884

Open-pit mining is the most popular mineral
extraction method. It entails a lot of technological
and environmental problems (Fedorko, 1998;
Kryukov et al., 2011; Kurchin et al., 2013). One of
the primary technological tasks for open-pit mining
is the reduction of the oversized fraction output.

With an increase in the volume of blasting
operations, there is often an increase in the output
of the oversized fraction, due to the deterioration of
mining and geological conditions as the depth of
mining increases, the incorrect choice of drilling
and blasting parameters caused by the desire to
reduce production costs, etc. This phenomenon
arises an uncontrolled increase in additional costs
of secondary operations, which in general,

negatively affects the economic efficiency of the
company. In this connection, it is very important to
solve the problem of predicting the output of the
grain-size composition of the mining rock mass at
the designing stage, based on the available mining,
geological and technical data.

The value of blasting operations in mining

Rock mass shattering is initial in the technological
chain of a production process, the efficiency of
which largely determines the productivity of the
loading, delivery and transport equipment, and also
indirectly affects the loss and dilution of ore. The
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efficiency of ore blasting fragmentation also

affects directly the costs of its mechanical

fragmentation during processing. As mentioned
above, the quality of blasting operations directly
affects the efficiency of rock mass fragmentation.

It leads mainly to a significant increase in the costs

of mechanical fragmentation and grinding of ore,

which are the most energy-consuming processes in
mining and processing. The share of breakage

costs, depending on the strength of rocks, is 20-

35%. Factors that predetermine the growth of these

costs are:

— reduction in the ore mass output from 1 linear
meter of the well;

— an increase in the consumption of explosive
materials per ton of broken ore;

— a decrease in the productivity of drilling
equipment (in meters of drilling or in cubic
meters of a drilled mountain massif).

It should also be noted that each company makes

its own requirements for the conditioning fraction

(conditioning piece), and, as a consequence, for the

size of a fraction considered oversized. This value

is influenced by the following factors: the type of
mining and crushing equipment used, the
explosives used, the type and physicomechanical
properties of the extracted mineral resources, etc.

The standard value of the oversized output is

determined at the stage of the work execution plan

development and usually varies in the range of 1-

5%. Currently there is a large number of methods

for determining and predicting the fragmentation

of broken rock massif (Cunningham, 1987;

Kuznetsov, 1973; Kuznetsov, 2010;

Rozhdestvenskiy, 2012; Vasilchuk, 2012;

Vokhmin et al., 2018), but there is no integrated

scientifically proven design model for determining

drilling and blasting operations parameters and
taking into account the set of factors influencing
the results of explosive breakage.

Researching of rock mass fragmentation

As a result of the considered models' analysis, the
following conclusions were made.

Summarizing the results of the analysis of
calculations performed by the Kuznetsov's model it
can be concluded that this model does not take into
account the type of explosives used, the parameters
of the explosive network and the physical and
mechanical properties of rocks (except for the
hardness). Therefore, this model can be used only
for large-scale calculations or when having large
statistical material for each specific enterprise.

Analysis of the Kuz-Ram model let us
conclude that the available initial data is sufficient
enough to accurately predict rock piece

fragmentation after the explosion. Working with
this model allows including the predicted
fragmentation rates as a percentage, and therefore
it is possible to predict the percentage of a certain
fraction after the blasting. This model is widely
used and improved by many scientists around the
world, which indicates its flexibility.

KCO model and other similar models are
recommended for use in addition to models capable
of calculating the fraction of the mined rock mass
in advance. Such integration of models will allow
the mining enterprise to predict possible problems
with fragmentation.

Thus, the authors of the article briefly presented
some factors influencing the calculation of the
value of the average broken rock mass.

In the presented models the mutual influence
of factors is mostly neglected, which explains the
instability of drilling and blasting operations
indicators, their low efficiency and, as a
consequence, an increased output of oversized
fractions. Therefore, it is being discussed
massively to analyze and develop techniques
capable of predicting the grain-size composition of
the broken rock mass as one of the initial factors
for reducing economic losses in the technological
cycle.

In general, the parameters that can affect the
results of rock mass fragmentation can be divided
into two main groups - controlled and uncontrolled,
and four subgroups (parameters of drilling and
blasting operations; parameters of explosives; rock
mass characteristics; geomechanics characteristics
of undisturbed rock mass) (Bakhtavar et al., 2015;
Chakraborty et al., 2004; Kulatilakc et al., 2010;
Latham et al., 2006).

Currently, the dependence of the average
broken rock piece on the parameters of drilling and
blasting operations and rock properties is
determined for each mining enterprise by empirical
patterns based on the experience of analogical
enterprises, and its rational values at the operating
enterprise - by conducting a series of pilot
explosions.

The review of existing methods for
determining a broken rock mass fragmentation
showed that today there is no single scientifically
proven policy for determining this parameter.
Usually, the proposed methods do not take into
account the interaction of a number of factors, such
as the physical and mechanical properties of the
mass, the type of explosive used, the diameter of
the charge, the charge construction, the charge
initiation site, the charge length and the
undercharge value, the length and quality of the
tamping, and the interaction of simultaneously
exploded charges. It explains the instability of the
parameters of drilling and blasting operations, their
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low efficiency and, as a result, an increased output
of oversized fractures.

Therefore, the scientific community is widely
developing both a  technologically and
economically efficient method for fragmenting of
an oversized fraction and a methodology for
shattering parameters that allow reducing the
specific consumption of an explosive and
increasing the safety of blasting operations.

Conclusion

Improvement of drilling and blasting operations is
one of the ways to increase the efficiency of field
development. Depending on the correctness of the
drilling and blasting operation parameters
calculation, the technical and economic
performance of the block can significantly change
(Vokhmin et al., 2017).

From the above mentioned, it can be
concluded that production volumes are steadily
growing, at the same time the demand for the
creation of more powerful explosives and the
development of new prediction models
(techniques) or models determining the grain-size
composition of the rock mass is also increasing.

When implementing the internal
development strategy, enterprises should regularly
analyze the technical and economic performance
indicators. The analysis should change the
orientation of the economic policy from the
predominantly costly to resource-saving and
environmentally safe.

It is necessary to study a large number of
models predicting the grain-size composition
output of the rock mass, which will provide more
details about the main factors influencing the
results of the explosion. The efficiency of such
analysis depends not only on the improved
methods but also on the analysis immediacy.
Current science and technology development rates
demand promptly production change. Hence the
main requirements of the analysis are its
consistency, complexity, and immediacy
(Karenov, 2009).
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