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Abstract

Selection of the type and parameters of the stripping scheme is one of the most complicated tasks in design of the
mining of steeply dipping deposits. The stripping scheme adopted in the project largely determines the capital and
operating costs of mining and affects the development strategy of the company in general. The greatest number of
alternative stripping methods are associated with mining conditions of reserves in large steeply dipping deposits,
which were exploited for several decades. Current approaches to selecting the method and scheme of stripping
involve the use of a specific type of transport; however, the type and model of the vehicle are not taken into account
in the current classifications of stripping methods and schemes. It is necessary to develop a systems approach to
selection of the stripping methods for mining steeply dipping deposits. The purpose of the study is to substantiate
the parameters and develop a multifactorial criterion for assessing the stripping system for selecting an alternative
for the development of a mining plant. The article proposes an approach in which the choice of the opencast
transport, substantiation of the stripping method and scheme will be considered as part of the stripping system,
which will allow a comprehensive solution of the problems of increasing the efficiency of mining at different stages
of quarry operations. A refined definition and structure of the stripping system are proposed. As a criterion for
assessing the efficiency of the stripping system, a rank coefficient is selected that takes into account the target
values, the weight of parameters and groups included in the calculation, the computation of which is based on the
use of a combination of multicriteria analysis methods. The approach allows considering not only the economic
performance, but also other factors, which largely determines further development of the plant. The study primarily
focuses on deep open pit conditions of ore deposit mining. The established rank allows choosing the most efficient
strategy for the development of mining plants.
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Introduction

Increasing depth and size of an open pit in plan entails growth of mining costs and necessitates
the improvement of mining equipment and mining technology. As noted by many authors, the main
growth of expenses on quarrying with increasing depth and other parameters is associated with the
costs of rock mass transportation [1-3] and stripping scheme compilation [4, 5]. Substantiation of the
operating parameters of opencast transport is a complex multifactorial task [6, 7], and economic per-
formance of deposit mining depends on the efficiency of planning and management of transport com-
plexes [8-10]. At the same time, opencast transport and the stripping scheme are considered in different
systems — transport [11], mining and conveyor [12], and logistics [13]. Adaptation to changing external
and internal conditions of deposit development often proceeds by technical re-equipping of the opencast
transport system, which provides for a change in the type or models of the vehicles used [14-16].
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Changes made in one of the considered systems without considering the elements of other systems
can result in a low efficiency of transformations in the open pit.

When stripping the deposits, the terms “stripping method” and “stripping scheme” are used [17].
In the theory of stripping open pit fields, the concept of the “stripping system” or “general stripping
scheme” is also known — this is the order and sequence of a stagewise compilation, change (develop-
ment) of the stripping scheme during the period of the open pit existence, ensuring the stripping of
mining floors to the working depth. In this definition, there are no signs of a system, the elements
and associations are not identified, and this concept is almost never used in practice. The stripping
system differs from the stripping scheme only in considering all stages of deposit development.
None of the known definitions and characteristics of stripping reflects the type of transport moving
the cargo that determines the costs and the efficiency of resource consumption. Development of the
stripping scheme and rock mass transportation is considered without taking into account the inter-
relations between them; therefore, the current methodological approach does not allow assessing
the performance and stability of the stripping system.

Due to emergence of the new and development of existing transport complexes for open
pit mining (OPM) some complexes are not covered by the generally accepted classifications of
the stripping methods. For example, location of quarry lifts on metal supports [18, 19], tower struc-
tures [20, 21] placed on open pit walls provide access to the mining floors, but do not involve the
construction of steep trenches and are not related to trenchless stripping. Definitions of the stripping
method and scheme most precisely characterize the use of one type of transport in a pit. In modern
conditions, efficient development of deep-lying deposits is possible only with a combination of
several types of transport, setting-up of loading points of various designs and purposes in the quarry.
Moreover, the stripping method and scheme before and after the loading point will differ. This leads
to the need of revising the substantiation of the structure and operation of the stripping system and
of clarifying the concept. The lack of systems approach leads to losses caused by the inconsistency
of individual elements of stripping design, which will only increase with growing depth of mining
operations.

Methodology for assessing the stripping system

The “stripping system” is a subsystem of mining and technical system (MTS) designed to pro-
vide access to a deposit or a local area, formation and implementation of cargo flows of minerals,
overburden, equipment, and materials, which consists of mine openings, hauling equipment and
devices, and intra-quarry rock mass loading points [22].

The paper systematizes the parameters of the stripping system that affect the development of the
mining and technical system, taking into account the practice of operating, reconstruction of the strip-
ping system at the operating facilities and analysis of research on opencast transport efficiency, de-
velopment of the optimal versions of the stripping schemes ensuring stability and efficiency of the
system development. Systematization is based on the functional approach with distinguishing of the
engineering, technological, economic, social, and environmental factors. A two-level assessment is
proposed using 8 groups and 23 parameters, which are substantiated in [23] (Fig.1). The first level of
hierarchy takes into account the parameters of the stripping system assessment when interacting with
the MTS and the environment. The second level includes specific parameters of the stripping system
operation. The classification of parameters allows making a comprehensive assessment of the strip-
ping system and choosing the strategy for further MTS development.

The parameters under consideration are assessed by qualitative and quantitative values, affect
the final result and have different goals. Therefore, it is necessary to elaborate a comprehensive as-
sessment criterion and method that allow considering these specific features.

It is proposed to assess the stripping system as well as to choose the development strategy for
steeply dipping deposits, using a comprehensive efficiency criterion, for which a rank coefficient is
selected that allows considering a large number of parameters, the qualitative and quantitative value
as well as the target function of each parameter. The developed criterion has the following form:
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where xij — value of the i-th alternative assessment according to the j-th criterion for all parameters of
the stripping system; i — influencing parameter; w; — weight coefficient of the parameter; ki — utility
of alternatives.

It is reasonable to rank the parameters by determining the weight coefficients using the Fuzzy
Analytic Hierarchy Process (Fuzzy AHP) [24, 25]. The method is widely used in solving multicriteria
problems, including those in mining [26-28].

A large number of influencing variables with different target values tending to the maximum or
minimum possible as well as the complexity of assessing a number of parameters with quantitative values
predetermined the need to use combined multicriteria fuzzy methods to select an appropriate stripping
method for the corresponding strategy of the MTS development. In the course of research, different
methods were tested, and the MARCOS method [29-31] was selected which meets the set conditions for
solving the problem. The sequence of performing calculations of the rank coefficient taking into account
the multicriteria methods is presented in Fig.2 [17].

As aresult of the calculation, the final rank based on the value of the proposed criterion is established
for each MTS development strategy under consideration. For the strategies with the highest ranks, the
feasibility study is accomplished, and the final choice is made.

Group of parameters Parameters Alternatives
One type (C1.1) =
. Combined transport (C1.2) |—
u Type of transport (C1)
—I Number of vehicles (C2.1) |—
—I Hauling capacity of vehicle (C2.2) |— Changes in parameters at the
- — [ |current development stage (A1)
Hauling capacity of transport ——| Number of loading points in the quarry (C2.3) |—
complex (C2) 4 Capacity of loading point (C2.4) H
£ —| Haulage distance (C3.1) |—
E‘ |_|Discounted transport operations _—I Rock mass hoisting height (C3.2) |— -
3 (C3) - || Transition to a new stage
E —| Transportation volume (C3.3) |— of open pit mining (A2)
[5]
g —| Depth of stripped part of the open pit (C4.1) |—
o
= ——I Width (section) of mine working (C4.2) |—
E —{ Volume of mine openings (C4) - -
g —I Extent (slope) of mine working (C4.3) |—
-
o
§ r Duration of stripping system formation (C5.1) = Transition to combined
I — open pit and underground
g Period oftusm(gcsst;lppmg __| Duration of mining stage (C5.2) |_ mining method (A3)
S system
%_ —| Number of mining stages (C5.3) |—
% —| Capital expenses (C6.1) |—
k=]
= .
® Economic efficiency (C6) _—I Operating costs (C6.2) |_ — —
5 ; Termination of mining
5 —I Total income (C6.3) |__ operations at the deposit
ﬂ Rise of labour productivity (C7.1) |— (AD
| Social efficiency (C7) ——I Working conditions of personnel (C7.2) |—
Level of automation and robotization of transportation | |
process (C7.3)
. . Pollutant emission volumes (C8.1) |—
| Environmental efficiency (C8)
Volume of forming waste (C8.2) |_

Fig.1. Parameters of assessing the stripping system and MTS development strategy alternatives
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Fig.2. Flowchart for calculating the rank coefficient
B — maximization criteria; C — minimization criteria

Discussion of results

Main elements of the stripping system in the current approach are only mine openings placed in
a certain way in the open pit space. Parameters of mine openings are determined by parameters of
opencast transport, but such element as opencast transport is absent from the current definitions and
classifications of stripping. The efficiency of the mining and technical system in deep open pits is
determined by the costs of stripping operations and rock mass transportation, which are largely inter-
related (Fig.3).

[ Main sources of forming expenses for deep open pits ]
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Fig.3. Main types of expenses determining the efficiency of open pit mining in deep pits
98

This is an open access article under the CC BY 4.0 license



Journal of Mining Institute. 2025. Vol. 274. P. 95-103  Elig
© Konstantin V. Burmistrov, Sergei E. Gavrishev, Vadim Yu. Zalyadnov, 2025

The main sources of expenses on the technological processes are the costs of opencast transport,
which account for up to 70 %; and for the types of work — the costs of stripping operations, which amount
to 50 % or more, depending on the average operational coefficient of stripping and the adopted mode of
mining operations. At the same time, from 30 to 50 % of stripping operations, according to [22], are
accounted for by development of the stripping scheme. The highest values are typical for deep open pits,
which form during mining of steeply dipping deposits. The stripping system, combining mine openings
and opencast transport, is the most expensive subsystem of the MTS. Therefore, the decisions made in
designing the stripping system will significantly affect the stability of operation of the mining and tech-
nical system as a whole.

The entire development period of large deposits, i.e. the deposits mined over several decades,
can be divided into stages of updating the reserves involved in development, revising the pit outline,
changing the equipment and technology used in operations, etc. Accordingly, the stripping scheme
is developed stage by stage. The function of individual workings in the formed stripping scheme
can change with transition to new stages of open pit mining and a change in the deposit development
method. For example, mine openings of the initial stage can be used as auxiliary ones at a new
stage, when switching to an underground mining method — for movement of dump trucks in the
underground mine, or, as proposed in [17], for lifting the rock mass, equipment and materials to the
surface and lowering them to the loading point. The functionalities of the stripping system differ at
each individual stage. Therefore, it is necessary to design the stripping system using a more precise
definition of this term considering mine openings, transport communications, loading points,
transport vehicles, transport structures, and also to specify the functions of individual elements at
each operation stage of the mining and technical system; for this purpose, the concept of the strip-
ping system was expanded.

The stripping system is connected with other subsystems of the mining and technical
system by both direct and reverse links, and some elements can be part of several MTS subsys-

tems (Fig.4) [17].
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Input parameters putp
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Fig.4. Stripping subsystem in MTS structure

1 - MTS outline; 2 — MTS systems; 3 — connections between systems;
4 — environmental impact on MTS systems; 5 — influence of internal factors on MTS systems
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The stripping system is characterized by the number and purpose of elements, parameters of
connections between them and the duration of elements operation in an unchanged form. The main
function of the stripping system is to create and maintain the transport connection between the
facilities on the surface and the pit floors to form a stable cargo flow at different stages of deposit
mining. A stable cargo flow is a flow of cargo moved by vehicles along the mine openings, transport
communications and structures, ensuring design target values of the mining and technical system in
terms of volumes and quality of cargo flow.

In [17] the structure, stripping method and schemes as well as the available definitions, were
analysed. The results of analysis as well as the proposed structure of the stripping system are pre-
sented in Table 1. The orange area includes elements and parameters that follow from the definition,
the yellow area includes those based on indirect features.

Table 1
Structure of stripping method, scheme and system

Parameters

of workings .
Type of .Type Of. or structures Shape DepthW|]§e fITyF()f f?epéh Planned fPurpIr(J_se
transport Mine opening (width, inclination angle) |of route range o otloading otloading period of use of workings

or structure of mine opening transport use point point (structures)
or structure

Stripping method

Stripping scheme

Stripping system

The proposed definition of the stripping system displays the parameters that can be used as clas-
sification features when describing the system:

« transport vehicles — type and model of the vehicle used, range of use by open pit depth;

* mine openings — type, purpose, width, inclination angle, route shape, location of workings,
transport devices on open pit walls;

« loading points — type, quantity, location depth.

The stripping system is designed in detail for the current stage of development and is enlarged
for the entire planned period of deposit mining. During open pit operations, the stripping system can
undergo changes. Individual parameters of the system elements can change during the current stage
of development; more global changes occur when moving to another stage or method of mining [32].
The stripping system changes in accordance with the selected strategy for the MTS development
(Table 2). Another alternative strategy for the MTS development is termination of ore mining at the
deposit and further use of the forming spaces as man-made georesources [33-35].

Table 2
Types of changes in the stripping system and their specific features
Types of MTS d_evelopment Specific features of changes made Variable parameters of stripping system
strategies
Changes in parameters Changes do not imply adjustments Transport model, parameters of mine
at the current mining stage to the final outline of the open pit openings and loading points
. Parameters of stripping system Type, model of transport, stripping scheme,
Trag]flctjloenntoi?;?x\i/r]stage are designed taking into account parameters of mine openings,
penp g the new outline of the open pit loading points
Transition to the new Integration of parameters of_ the Type, model of transport, stripping s_cheme,
mining method quarry and unde_)rground mine type and parameters of mine openings,
stripping system is accomplished parameters of loading points
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Changes in the stripping system can proceed as follows:

* During the development stage, changes are most often caused by technical re-equipment in
connection with acquisition of dump trucks of other models. For the new models of vehicles, the
width and inclination angle of workings can be revised. For combined types of transport, the range
of using each type by depth can change, up to complete rejection of one of the types of transport. In
the course of changes, the pit outline is not revised.

* When passing to a new stage of open pit mining, the final outline of the pit changes and the
stripping system is significantly transformed. In this case, the stripping scheme can change com-
pletely, or individual elements of the old scheme can be used as auxiliary ones at the new stage. Such
parameters of the stripping system as the type of transport and the model of transport vehicles, the
parameters of mine openings and loading points can change.

* When switching to an underground mining method, a new underground mine opening scheme
is created, which involves driving new workings and organizing underground mine transport opera-
tions along them. In this case, the open pit stripping scheme can be used unchanged, can be partially
changed for the purposes of the underground mine, or can be dismantled or not used at all. In such
event, the type of transport, the model of vehicles, the shape of the route, the parameters of workings
and transport devices, the number of points for rock mass hoisting from the pit change. When switching
to the open pit and underground mining method, labour intensity of changing the stripping system is
largely determined by the function which the existing open pit stripping system will perform for
further operation of the underground mine.

Choice of the development strategy of the mining and technical system for the planned stage of
mining is accompanied by a change in the stripping system. The described approach to the compre-
hensive assessment of the stripping system allows determining the efficiency of the considered
strategies for the development of the mining and technical system taking into account the character-
ristics of each stage of development.

The approach was tested under conditions an iron ore plant in the Ural region [17]. Four strate-
gies for the MTS development were assessed: Al — change in parameters of the current stage; A2 —
transition to a new stage of OPM; A3 — transition to the open-underground method, and A4 — termi-
nation of the mining plant operations. Based on the calculation results, it was ascertained that strategy
A3 has the highest rank (rank coefficient value 0.5908); strategy A2 has the second rank (0.5757),
the third rank is taken by A4 (0.5647), and A1l has the lowest rank (0.4226). Strategy A3 was deter-
mined as an alternative for the MTS development. For the selected option, the value of total dis-
counted income was calculated amounting to over 1.6 billion rub. The economic effect of the chosen
development strategy is attained by transition to development of peripheral reserves of the deposit,
the involvement of additional volumes of ore in mining compared to other strategies, reduction of
capital expenditures on the construction of an underground mine and operating costs for the delivery
of ore during stagewise formation of the stripping system.

Conclusion

The influence of external and internal factors on the operation of a mining plant necessitates to
change the types of opencast transport used and to revise the stripping scheme. In this case, opencast
transport and the stripping scheme are considered in the structure of different systems: transport,
mining transport, and logistics. Current definition of the stripping system actually duplicates the con-
cept of the stripping scheme and is not used in designing and research. It is proposed to clarify the
existing terminology and apply a systems approach to substantiate the structure, parameters, and func-
tions of the stripping system. Such approach allows a comprehensive consideration of the choice of
the type of opencast transport taking into account the parameters of the mine openings and structures
required for the open pit operation, and designing the optimal structure of the stripping system that
allows minimizing the costs of deposit development. The highest costs in the stripping system are
typical for the development of deep, steeply dipping deposits. Due to the long periods of deposit
development, mining is accomplished by stages with subsequent transition to the underground mining
method. During transition from one stage to another or a change of the mining method, it is most
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difficult to change the open pit stripping system. Possible options for transforming the stripping system
produced during the period of changing the MTS development strategy are considered. To assess the
efficiency of the stripping system, a rank coefficient is proposed, the calculation of which is based on
the use of a combination of multicriteria analysis methods Fuzzy AHP and MARCOS. A calculation is
performed for an iron ore plant in the Ural region, which made it possible to determine the preferred
method for the development of the MTS strategy — transition to the combined mining method which
involves compilation of a joint scheme for the open pit and underground mine stripping.
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