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Different types of constructions of transshipment devices for combined schemes of automobile-conveyor
transport are analyzed. A device of a new design was developed based on the identified shortcomings of known
devices. The efficiency of the rock unloading device with through-passing trucks has been checked for the
conditions of iron-ore mines in Kazakhstan.
New device works because of rock weight force, which rotates bridges, that cover bunker for truck to move

above it. Rotating bridges makes it possible to move rock down to bunker. After that, bridges close because of
counterweight, which is a fence at the same time.
The efficiency criteria of rock unloading device is volume reduction of mining capital works. Parameters were

considered: width of the open-cast mine at the top and bottom, design depth of the mine, load capacity, turning
radius and width of trucks, as well as the cost of extracting 1 m3 of rock.
The dependence of reducing the costs of conducting mining capital works in deep open-cast mines during the

construction of a transshipment point of combined automobile-conveyor transport with a through passage when
unloading trucks from their carrying capacity have been established.
Keywords: combined automobile-conveyor transport, through-passing trucks, rock unloading device, mining

capital works.

РАЗРАБОТКА И ОБОСНОВАНИЕ УСТРОЙСТВА РАЗГРУЗКИ СКАЛЬНОЙ
ПОРОДЫ АВТОСАМОСВАЛАМИ СО СКВОЗНЫМПРОЕЗДОМ
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Проанализированы различные типы конструкций перегрузочных устройств для комбинированных схем
автомобильно-конвейерного транспорта. Устройство новой конструкции разработано с учетом выявленных
недостатков известных устройств. Работоспособность устройства разгрузки скальной породы автосамосва-
лами со сквозным проездом проверена в условиях железорудных карьеров Казахстана.
Новое устройство работает за счет силы веса горной породы, которая вращает мосты, закрывающие бун-

кер, над которым может передвигаться грузовик. Вращающиеся мосты позволяют перемещать камни в бун-
кер. После этого мосты закрываются из-за противовеса, который одновременно является ограждением.
Критерием эффективности устройства для разгрузки породы является сокращение объемов горно-капитальных

работ. Учитывались параметры: ширина карьера поверху и понизу, проектная глубина котлована, грузо-
подъемность, радиус поворота и ширина самосвалов, а также стоимость добычи 1 м3 горной массы.
Установлена зависимость снижения затрат на проведение горно-капитальных работ на глубоких карьерах

при строительстве перегрузочного пункта комбинированного автомобильно-конвейерного транспорта со
сквозным проездом при разгрузке самосвалов от их грузоподъемности.
Ключевые слова: комбинированный автомобильно-конвейерный транспорт, сквозной проезд автоса-

мосвалов, устройство для разгрузки породы, горно-капитальные работы.
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ТОҚТАУСЫЗ ӨТЕТІН САМОСВАЛДАРМЕН ТАУЖЫНЫСТАРЫН
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Автомобиль-конвейер көлігінің құрама сұлбалары үшін қайта тиеу құрылғыларының конструкциялары-
ның әртүрлі типтері талданды. Құрылғының жаңа дизайны белгілі құрылғылардың анықталған кемшілік-
терін ескере отырып әзірленді. Қазақстандағы темір кені карьерлері жағдайында тоқтаусыз өтуі бар само-
свалдармен тау жыныстарын түсіруге арналған құрылғының өнімділігі сыналды.
Жаңа құрылғы жүк көлігі қозғала алатын бункерді жабатын көпірлерді айналдыратын тау жынысының

салмағының күші арқылы жұмыс істейді. Айналмалы көпірлер тастарды бункерге жылжытуға мүмкіндік
береді. Осыдан кейін көпірлер қарсы салмаққа байланысты жабылады, бұл қоршау да болып табылады.
Тау жыныстарын түсіруге арналған құрылғының тиімділігінің критерийі тау-кенжәне құрылысжұмыста-

рының көлемін азайту болып табылады. Сол үшін келесі параметрлер ескерілді: карьердің үстіңгі және тө-
менгі жағындағы ені, карьердің жобалық тереңдігі, жүк көтергіштігі, бұрылу радиусы және самосвалдардың
ені, сонымен қатар, тау-кен жұмыстарының құны 1 м3 тау-жынысы массасынан.
Автосамосвалдарданжыныстарды түсіру кезінде тоқтаусыз өтуі бар құрама автомобиль-конвейерлік көлік-

ті ауыстырып тиеу пунктін салу кезінде терең карьерлерде тау-кен және құрылыс жұмыстарын жүргізуге
кететін шығындарды азайтудың олардың жүк көтергіштігіне тәуелділігі белгіленді.
Түйін сөздер: құрама автомобиль-конвейерлік көлік, автосамосвалдардың тоқтаусыз өтуі, тау жыны-

старын түсіруге арналған құрылғы, тау-кен және құрылыс жұмыстары.

Introduction. In the conditions of iron ore open-
cast mines, automobile-conveyor combined transport
has become widespread, the essence of the schemes
of which is that the rock is transported by truck
from the pit to the concentration horizon, on which a
bunker-transloader with a coarse crushing crusher is
installed (Fig. 1) [1]. The truck unloads the rock into
the bunker, which, after crushing, falls on an inclined
conveyor installed in an underground gallery, which is

then transported to the surface.
Trucks are unloaded into the bunker as follows.

When approaching the bunker, the truck reduces its
speed and begins to perform dead-end maneuvering
operations. Next, the truck reverses to the opening of
the receiving bunker, stops and starts unloading. After
unloading, the truck returns to the track and drives to
be uploaded.

Figure 1 – Crushing and transshipment station with dead-end unloading of trucks into a bunker:

1 – crusher; 2 – steep belt conveyor; 3 – plate feeder; 4 – control panel; 5 – lifting crane; 6 – retaining wall [1]
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To arrange a stationary transshipment point (STP), it
is necessary to have a side of the mine, placed in the
final position. The STP can be equipped with crushing
and screening equipment and a bunker-accumulator. If
there is no bunker-accumulator, a warehouse of rock
should be placed near the STP with its overloading by
an excavator or a wheel loader.
Trucks can be unloaded into the bunker both with

a dead-end turn and through passing. Congestion can
be predicted both on the lower horizon of the conveyor
installation and on several concentration horizons.With
dead-end unloading, the crusher, screen and bunker-
accumulator can be located in the body of the ledge.
Otherwise, it is necessary to provide for the presence
of a plate feeder for feeding the rock to the crusher or
overpasses for unloading trucks.
The purpose of research is to develop a new

construction of rock unloading device with through-
passing of trucks and to substantiate its effectiveness.
The main tasks to achieve this purpose are: to analyze
known reloading devices with a search for their
shortcomings; develop a new design of device taking
into account the identified shortcomings in known
solutions; contrast it with known designs of transfer
points and identify their shortcomings; select the
criterion for the device effectiveness; substantiate the
effectiveness of the device

Materials and methods. Despite the obvious
advantages of unloading trucks with through passage,
some constructive solutions have several significant
disadvantages. A well-known device for unloading
trucks into a bunker (Fig. 2), which contains a rotary
bridge connected to the bunker by a hinge, a rigidly
fixed counterweight on the rotary bridge, supports,
pedals for interaction with the wheels of the unloaded
truck, levers that actuate the rotary bridge, guides for
the wheels of a truck and a conveyor [2].
The disadvantage of this device is the limited number

of trucks that can simultaneously unload into the storage
bunker, which reduces the productivity of the conveyor
installation. In addition, opening the bridge takes
approximately 10–15 seconds of the truck's operating
time in intensive mode due to pressing the bridge
opening lever. However, the biggest disadvantage is that
there is a significant possibility of the truck coming
off the lever after pressing it and closing the bunker
cover. Re-entry of the truck in reverse for unloading is
impossible due to the presence of the lever. Thus, when
using this device, it is necessary to provide sufficiently
wide platforms for the possibility of turning around
trucks. Installation of a drive for lifting the bridge will
increase the reliability of the device, but will require
additional energy [3–6].

Figure 2 – Device for unloading trucks into a bunker with hinged and lever bridge lifting:

1–lifting bridge; 2 – bunker; 3 ‒ hinge; 4 ‒ counterweight; 5 ‒ supports; 6 – pedals; 7,8–levers;
9 ‒ guides; 10 – conveyor [4]
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One of the well-known solutions is the use of a cross-
moving bridge in the design of the transshipment device
(Fig. 3). Its essence is that after passing over the bunker,
the truck stops for unloading behind the bridge. After
that, the bridge on rails or rollers moves away in the
direction perpendicular to the axis of movement of the
truck, then the truck unloads the rock, after which the

bridge is closed [7–9].
This design is much simpler than the previous one,

however, an autonomous drive must be used to move
the bridge, and the lid opening time is approximately
20–30 seconds. In addition, for the construction of
a bunker of this design, an additional width of the
platform for movement of the bridge must be provided.

Figure 3 – Device for unloading trucks into a bunker with a cross-moving bridge:

1 – rails; 2‒direction of movement of the cross-moving part of the bridge; 3 ‒ the middle cross-moving part of
the bridge [9]

There are also known transshipment points that
include a rotating platform [10]. The principle of
operation of such devices is as follows. A truck loaded
with rock drives onto the rotary platform, after which it
begins to turn around the vertical axis together with the
truck so that the latter becomes at a right angle to the
axis of movement for unloading into the bunker. After
unloading the rock, the rotary platform returns the truck
to its original position, which continues moving in the
original direction.
The solution with a rotating platform allows you

to significantly reduce the width of the platform in
comparison with a transshipment point with dead-end
unloading due to the reduction of the turning radius
of the truck. However, the total turning time of the
platform is over 60 seconds when the truck engine is
idling, and the platform has a separate drive that uses
additional energy to operate.
A number of designs of transshipment points with

drive beams are known [11, 12]. Their work consists

in the fact that the loaded truck drives over the bunker
on the turning beams, unloads on them, after which the
beams rotate, due to which the rock from the surface
of the beams enters the bunker.
Among all the considered solutions, the last one

has the shortest unloading cycle time and the smallest
platform width. However, the beam drive requires
additional energy expenditure for their rotation. Also,
the beams with which the truck moves must be of such
a design that it can withstand the weight of the vehicle,
the impact of the unloading rock, and at the same time
correctly turn and return to the starting position. In
addition, there is a danger of failure of the stoppers,
which can cause the truck to go off the track.
In connection with the noted shortcomings of the

known solutions for unloading rocks into a bunker
with through-passage of trucks, in Dnipro University
of Technology in cooperation with Satbayev University
and JSC ”Sokolovsk-Sarbaisky mining and processing
industrial association” (JSC ”SSMPIA”) was proposed
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a fundamentally new solution (Fig. 4), which differs in
that after passing the truck, the rock is unloaded onto
swing bridges, which are connected hinges with beams
located perpendicularly, which move motor vehicles,
while the counterweights serve as a barrier fence,
located on both sides of the beams from the outer side
of the passage and ensure the straight-line movement of
trucks of the corresponding load capacity [13, 14].
To the reception point with the storage bunker 2,

the truck 1 loaded with rock, along the reinforced
concrete beams 4, enters for unloading between the

barrier fences-counterweights 6 on the swing bridge
3 and stops with the possibility of unloading on the
nearest swing bridge 3, which is located behind the
truck 1. After unloading the rock under the influence of
its weight rotates the rotary bridges 3 in the horizontal
plane around the hinges of rotation 5 with the resolution
in the open position, and the rock falls into the storage
bunker 2. Next, barrier fences-counterweights 6 under
the influence of their weight return to their initial
position and close the swing bridges 3, after which the
cycle of unloading trucks 1 to the storage bunker 2 is
repeated.

Figure 4 – A device for unloading rocks into a bunker with through-passage of trucks [14]

After the rock reaches the bunker, it is moved
through the transfer conveyor 7 to the main conveyor
8 or the skip elevator, which transports the rock to the
surface.
To prevent groundwater from entering the storage

bunker 2, a drainage ditch 10 is constructed in the sole
of the upper bench 9. To prevent trucks 1 and other
moving equipment from falling from the platform for
passing auxiliary equipment 11 to the lower bench 12,

a safety rock embankment 13 is erected on its upper
edge.
The patent examiner opposed the device [15], when

the truck is unloaded on the semi-chutes of the
receiving pit, which lie on a concrete track with a
flange and are fixed to it with the possibility of turning
around the longitudinal axes. After unloading, the truck
leaves the tracks and presses the wheels on the pedal,
which activates a levermechanism that rotates the semi-
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chutes, due to which the track is cleaned.
It should be noted that lever systems cannot fully

ensure the reliability and safety of the reloading device
in the conditions of uneven cargo flows in open-pit
mining operations. Large pieces of rock can damage
the elements of the half-chutes rotation mechanism.
The significant weight of heavy trucks inevitably
leads to damage to the mechanism and cannot ensure
a continuous process of unloading rocks into the
bunker. In contrast to the opposite device, the rotation
mechanism of the declared one is blocked by unloading
bridges, is easy to install and operate, and the track
cleaning process occurs independently of the action of
the truck, due to the action of the weight of the rock.
In addition, when unloading the rock through the

opposed device, the truck makes two stops: when
unloading the rock and during track cleaning. This leads
to an increase in the unloading cycle time and, as a
result, a decrease in the throughput of the transshipment
point. When unloading through the declared device, the
truck makes only one stop to unload the rock.
The design of half-chutes in the opposite device

has a complex profile, which increases their cost
and complicates the process of their installation
and operation. The claimed device provides another
implementation as unloading bridges as metal plates
with counterweights attached from the outside. Such a
design can withstand dynamic loads from the impact of
large pieces of rock and ensure a continuous process
of unloading trucks regardless of the volume and
composition of the load, and the rigid fastening of the
barrier fence allows, in addition to the safety of the
movement of trucks along the bridge, to turn the bridges
due to their weight in starting position.
The construction of another opposing device [16]

is as follows. The hinged-lever unloading system is
attached to the framework of the overlapping track and
consists of shields pivoting relative to the hinges, which
are hingedly connected through levers and rods to the
shield channels, which cover the tracks and are hinged
to them from the inside. A fence consisting of channels
and awooden crossbar is installed along each track from
the outside.
The opposite device works as follows. A truck loaded

with rock drives along the track, stops, lifts the body and
unloads. Under the influence of the weight of the cargo,
the shields turn in the vertical plane, passing it into the
bunker. After that, the overlapping shields return to
their original position under the influence of the weight
of the hinge-lever system elements.

The rotation of the unloading shields in the opposite
device is brought about, as in the claimed invention,
because of the weight of the cargo. However, the design
of the claimed device differs in that it has rigidly
fixed from the outer ends of the unloading bridges of
counterweights, which are at the same time a barrier
fence, and also in that the rotation of the plates is
performed due to the fact that the bridges are movably
fixed through the axis of rotation to the supports with
sides of the receiving hole. Unlike the shields, which
are attached to the tracks (beams) through hinges on
their lower side, the unloading bridges in the claimed
invention are made in the form of plates, which are
hinged to the upper part of the support beam.Due to this
design feature, another system with unloading bridges
can absorb more dynamically uneven loads, including
from impacts of large pieces of rock in the continuous
process of overloading the rock.
In addition, the proposed design ensures the

minimum width of the transshipment point. In the
opposite device, the rotation of the shields occurs due
to the action of the hinge-lever mechanism, due to the
parameters of which the width of the transshipment
point will increase.
Thus, due to the formation of a new system

of connections of known elements, namely bearing
supports, on which the unloading bridgesmovably fixed
through the axis of rotation rest and the counterweights
rigidly attached to them at the opposite ends, which also
serve as barrier fences, a non-obvious result is achieved,
which consists in the ability to control continuous
processes of unloading rock into the bunker, regardless
of their volume and composition due to the simplicity
of the design and operation of the device elements, as
well as ensuring the minimum spatial parameters of
the transshipment point and the minimum time of the
unloading cycle.
Results and discussion.Themost important criteria

of constructing the transshipment points on open-
cast mine deep horizon is minimum amount of
mining capital works, the least overburden rock
extraction. Other criteria, such as cost-effectiveness
and environmental friendliness of transport scheme,
are important, but they correlate with above-mention
criteria, part of witch in overall positive effect is about
92 % [17]. The correlation lies in the direct relationship
between the volume of capital mining work with the
cost of extracting minerals and the amount of disturbed
land. That is why substantiating rock unloading device,
taking into account the criteria of mining capital works
is sufficient.
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The construction of new transshipment points, due
to their significant dimensions in plan, is connected
with additional spacing of the sides of the pit. This
issue becomes especially acute in the conditions of

mines with a depth of more than 300–400 m. Thus,
the minimum width of the ledge platform on which the
transshipment point is located is:

𝐵1 = 𝑝 + 𝑏 + 2𝑢 + 2𝑎 + 3𝑅 + 𝑥 + 𝑐, 𝑚 (1)

where: p ‒ width of the prism of possible landslide,
m (3–5 m);
b ‒ width of the safety embankment, m (1.5–3 m);
y ‒ road shoulder width (1–1.5 m), m;
a ‒ width of the truck, m (3.8–9.7 m);
R ‒ turning radius of the truck, m (8.7–19.8 m);
x ‒ safe distance between bodies of oncoming trucks,

m (2–3 m);
c ‒ safe distance between the bunker and the lower

edge of the ledge, m (5 m).
Thus, the width of the ledge platform during a dead-

end turn for the unloading of trucks is 47.2–97.8 m.
However, when the trucks pass through the bunker,
the width of the ledge platform will be significantly
reduced and will be 24–48.5 m. Its value is calculated
according to the formula:

𝐵2 = 𝑝 + 𝑏 + 2 + + 𝑅п + , м. (2)

When constructing a transshipment point with
through-passage of trucks above the bunker, the volume
of rocks that cannot be removed should be determined
by the formula [18]:

V𝐸=
1
6H

2 (𝑙 + 2𝐿) (ctgα1 ‒ ctgα2)м3, (3)

where: Н – the height of the side of the mine, m;
l, L – the width of the side of the mine at the bottom

and top, m;
α1, α2 ‒ angles of slopes of the side of the pit when

unloading trucks with a dead-end turn and through
passage over the bunker, respectively, degree.

cot𝛼1 = ∑ 𝑃 + 𝐵1
𝐻 , cot𝛼2 = ∑ 𝑃 + 𝐵2

𝐻 (4)

where ∑ 𝑃 ‒ side slope projection, m.
By substituting the expressions (4) into the formula

(3), we get:

𝑉Е = 1
6𝐻 (𝑙 + 2𝐿) (𝐵1 − 𝐵2) (5)

Let's consider the formulas (1) and (2):

𝑉Е = 1
6𝐻 (𝑙 + 2𝐿) (𝑎 + 2𝑅 + 𝑥) (6)

Thus, by constructing a transshipment point with
through-passage of trucks above the bunker at a depth
of 300 m, it is possible to reduce the volume of rock
extraction by 2.7–5.7 million m3, at a depth of 400 m
by 3.5–7.5 million m3. It is known that extraction of 1
m3 of rock costs approx 4 USD [19]. Then, from the
point of view of extracting rocks, the savings from the
implementation of the proposed solution will amount to
10–30 million USD [20].
To justify the effectiveness of the proposed design,

the economic effect was calculated for the conditions of
several iron ore open-cast mines in Kazakhstan (Table
1). During the calculations, the following parameters
were taken into account: width of the pit at the top
and bottom, design depth of the pit, load capacity,
turning radius and width of trucks, as well as the cost of
extracting 1m3 of rock. Since the load capacity, turning
radius and width of trucks are related to a specific truck
model, it is proposed to take the load capacity as a
variable, as a characteristic technological parameter of
a separate truck model.
Figure 5 shows the graphs of the dependence of the

total cost savings on the development of rock for the
construction of a transshipment point with a through
passage in comparison with the dead-end unloading of
trucks on their carrying capacity on the example of
mines in Kazakhstan.
Graphs represent increasing polynomial functions

that exist only in the first coordinate quarter. The
graphs do not cross the abscissa and ordinate axes,
and the function does not exist in the second and
third coordinate quarters, since the carrying capacity of
trucks is a positive value. The function does not exist in
the fourth coordinate quarter, as the proposed design
has smaller spatial parameters and a smaller volume of
mining capital works.
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The resulting dependencies allow us to assert the
effectiveness of using a transshipment point with a
through passage for heavy-duty trucks at significant

depths in compressed conditions due to the reduction
of the volume of mining capital works.

Table 1 – Parameters of surface mining of iron ores in Kazakhstan

Parameter name Kacharsky
mine

Sarbaysky
mine

South
Sarbai
mine

Sokolovsky
mine

Kurzhunkul
mine

Mark of the mine bottom, m -570 -480 -340 -380 -215
Mine depth Нd, m 764 680 530 570 405
Geological reserves of ore Vm.g,
mln t

803,4 87,6 146,4 66,7 73

Iron content in ore:
in deposit, %
at factory, %

39,13
38,18

38,96
35,5

42,12
37,69

34,8
28,06

44,52
35,96

Exploitable ore reserves Vm, mln
t

824,1 91,7 164,8 69,4 95,4

The volume of overburden in
mine (incl. rocks) Vr, mln m3

956,3
(574,1)

74,3
(62,5)

504,7
(208,8)

34,8
(34,8) 113,1

Average stripping ratio ka, m3/t 1,16 0,81 3,45 0,5 1,19
Sizes of the mine on the surface:
– width В, m;
– length L, m

2900
3000

2500
3600

1900
3300

2000
3400

1500
1500

Sizes of the mine on the bottom:
– width bd, m;
– length ld, m

175
430

80
1000

100
175

70
200

150
200

Figure 5 – Graphs of the dependence of the total cost savings on the extraction of overburden rocks on the
loading capacity of trucks when constructing a transshipment point with a through passage compared to the

dead-end unloading of trucks on the example of mines in Kazakhstan:

1 ‒ Kacharsky mine; 2 ‒ Sarbaysky mine; 3 ‒ Sokolovsky mine; 4 ‒ South Sarbai mine; 5 ‒ Kurzhunkul mine
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Conclusions. The use of a new design of
the transshipment point with the possibility of
through-passage of trucks when unloading them into
the receiving bunker of the conveyor elevator is
substantiated, which allows to reduce the costs of
mining and capital works.
The obtained dependences of the reduction of

costs for mining and capital works for deep open-
cast mines of Kazakhstan during the construction of
a transshipment point of the combined automobile-
conveyor transport of the proposed design on the

load capacity of trucks, which allow us to assert the
effectiveness of the use of a transshipment point with
through-passing of heavy trucks during their unloading
at the expense of reduction of the volume of mining and
capital works.
Currently, the degree of readiness of the developed

device is a working drawing.
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Grant funding project of the Ministry of Science and
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