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Abstract: The text substantiates the dependence of the complex dimen-
sions of and transportation equipment (excavator - dump truck links) on
the parameters of the mining method, which ensures an increase in the effi-
ciency of open-pit mining of mineral deposits, is justified in the text. In-
creasing the efficiency of open-pit mining method using a complex of ex-
traction and loading and transportation equipment is achieved by
increasing the range of permissible parameters of the mining method. The
study allowed to identify

- the dimensions of the extraction and loading and transportation equip-
ment complex (excavator - dump truck links) affect the height of the bench
and the width of the working platform

- the dimensions of the mining and loading equipment (excavator - dump
truck links) are the main indicators that affect the parameters of the mining
method at the complex of mining and loading and transportation equip-
ment.

1 Introduction

Currently, opencast mining is developing in the direction connected with using more ad-
vanced equipment which significantly bigger linear dimensions. This leads to an increase in
the parameters of the mining method.

Of the main technological processes in the development of mineral deposits of the open
type, we can distinguish two processes that have a greater influence on the mining method
parameters: extraction and loading and transportation of rock mass [1-3].

The most popular extraction and loading equipment used in open pits is a mechanical
shovel of excavator type. Analysis of the trend of using excavators in the development of
opencast mineral deposits has shown an increase in the number of powerful quarry excava-
tors with working equipment backhoe hydraulic excavators and rope excavator with a front
shovel [4,5].

Many scientists were engaged in the development of mining technologies based on us-
ing single-bucket excavators in combination with road vehicles (excavator - dump truck
link) [6]. The researchers paid attention to issues that are connected with the principle of
operation, the scope of working equipmentapplication , open-pit mining technology. How-
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ever, most of them did not take into account the impact of the dimensions of modern work-
ing equipment on the parameters of the mining method.

2 Methods

Open pit mining of mineral deposits is prevalent both in the global mining industry and in
the Russian Federation. More than 70% of all solid minerals are mined in the Russian Fed-
eration are mined through open pits and coal mines, thus producing 100% of building ma-
terials, 70% of coal, 80-93% of ores of ferrous and nonferrous metals [7].

Currently, opencast mining is developing in the direction thatis associated with the use
of a more advanced equipment that has significantly bigger dimensions, which leads to an
increase in the parameters of the mining method.

2.1 Determination of the altitude

It is necessary to observe safety rules when determining the height of the bench. That is,
developing the type of direct mechanical shovel excavators for operating in soft rocks, the
height of the bench should be taken either equal or less than the height of the maximum
digging of the excavator (to avoid the formation of so-called overhangs); for operation in
rock formations, the height of the bench might be 1.5 times bigger but during use it (D&B),
it must not exceed the height of the rock fall. The height of the bench should be determined
by the design, taking into account the repeated results of the study of physical and mechan-
ical properties of rocks and mining and geological conditions of their occurrence, as well as
the parameters of the equipment used. The formation of overhangs on the ledge is not al-
lowed [8].

2.2 The work area width determination

The design dimensions of the benches are design values, averaged over the length of the
mining front; and to a certain extent, they depend on the rate of bench and the available
mass of rock to be mined. In reality, the bench width along the mining front varies around
average values due to inconsistencies in production processes [9].

In the study, methods for determining the bench width were classified (Figure. 1):

1. Calculation method for hard rock mined by drilling and blasting (the main parameter
is B, —width of the shot pile after one blast)

2. Calculation method for unconsolidated, soft rock mined without preliminary frag-
mentation (the main parameter is the benching width A).
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Fig. 1. Classification of methods to determine the workbench width: a — the geometrical method (the
main parameter is the pit wall angle (¢)); b the method based on the parameters of mining and loading
equipment (the main parameter is specifications of a single-bucket excavator); ¢ — the method based
on the parameters of transportation equipment (the main parameters are specifications of haul trucks).

During the study, an analysis of existing methods of determining the width of the work-
ing platform was conducted and the two main methods for soft and hard rocks were identi-
fied, the calculation was performed using the existing methods, the results are shown in
Tables 1 and 2.

Table 1. The main study results for hard rocks G.P.

Excava- Haul trucks h*, Shot pile width of after one Bench Bench
tor m blast, m width, m width** m
Belaz —7555 24.7
EKG-8 Cat773E 125 485 64.9 26.7
Komatsu
HD465-7R 244
Belaz —7558 27.9
]f(lfG - Cat775G 135 504 68.4 28.3
Komatsu 26.9
HD785-7 ’
Belaz -7513 31.2
113;<G - Cat 777G 15 53.1 71.1 29.4
Komatsu
HD1500-5 309
Belaz —7518 33.8
??G © Cat78D 164 555 73.9 33.5
Komatsu
HD730E 3435
EKG - Belaz —7530 17 56.5 76.5 35.2
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20 Cat 793D 36.2
Komatsu
HDS830E 44
Belaz —7532 37.74
5;@ - Cat793F 18 581 78.1 372
Komatsu 37.6
HD860E '
Belaz —7560 39.6
EKG-  Cat795F AC 185 589 79.9 415
30 Komatsu 36.8
HD930E-3 :
Belaz —7560 39.5
EKG-  (at 795F AC 183 586 79.6 414
35k Komatsu 382
HD960E :
*Bench height.

**Parameters of the haul trucks.
Table 2. The main study results for soft rocks G.P.

Excavator Haul trucks h*, m Bench width, m Bench width**, m
Belaz —7555 24.7
EKG -8 Cat 773E 12.5 36.1 26.7
Komatsu HD465-7R 24.4
Belaz —7558 279
EKG-10 Cat 775G 13.5 382 28.3
Komatsu HD785-7 26.9
Belaz 7513 31.2
EKG -12 Cat 777G 15 40.9 294
Komatsu HD1500-5 30.9
Belaz —7518 33.8
EKG -15 Cat 785D 16.4 435 335
Komatsu HD730E 345
Belaz —7530 352
EKG -20 Cat 793D 17 42.8 36.2
Komatsu HD830E 344
Belaz —7532 37.74
EKG -25 Cat 793F 18 44.4 37.2
Komatsu HD860E 37.6
EKG -30 Belaz —7560 18.5 46.6 39.6
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Cat 795F AC 41.5
Komatsu HD930E-3 36.8
Belaz —7560 395
EKG -35k Cat 795F AC 18.3 48.2 414
Komatsu HD960E 38.2

*Bench height.
**Parameters of the haul trucks.

3 Conclusions

The study has shown that

- The dimensions of the complex of excavation and loading-unloading and transport
equipment complex (excavator - dump truck links) mostly affect the height of the bench
and the width of the working platform.

- The main indicator influencing the parameters of the mining operation method when
using extraction and loading and transportation equipment using (excavator - dump truck
links) in a complex is the overall dimensions of extraction and loading equipment.

- The influence of the dependence of the complex of the overall dimensions of extraction
and loading and transportation equipment (excavator - dump truck links) on the mining op-
eration reveals the system parameters (Figures 2-3).
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Fig. 2. Graph of the dimensions of extraction and loading equipment by the mining method parame-
ters in the soft rock.
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Fig. 3. Graph of the dimensions of extraction and loading equipment by the mining method parame-
ters in the hard rock .
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Having analyzed the dependence graphs presented in Figures 2 and 3, we can conclude
that this dependence is non-linear. The values of bench width are averaged over the length
of the mining front , but cannot be less than the calculated minimum value. For effective
work of the open pit, it is necessary to create conditions for uninterrupted operation of the
excavator - dump truck links. Linear parameters of the excavator limit the main parameters
of the mining method; in these conditions, the machines have a large area for maneuvering.
If necessary, the width of the bench can be increased, but the overall dependence will not
change and will have a consistent non-linear nature.
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