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Abstract

The study substantiates the need to improve the existing technology of earthworks in megacities. The use of al-
ternative types of over-ground transport technological machines would change the management and process con-
trol algorithm, increase performance efficiency and quality of operations, reduce costs for procedure implementation.
Shortcomings of the existing technology of earthworks in the space-limited urban environment are analyzed. An im-
plementation procedure for the existing technology to carry out operations with the use of transport technological ma-

chines and auxiliary equipment is presented.

The study also substantiates the need for practical application of such alternative type of over-ground transport tech-
nological machines as the vacuum excavator during earthworks. A set of transport technological machines for earth-
works based on the improved technology with the use of the vacuum excavator was formed; space-limited conditions

of megacities were taken into account.
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Introduction

The relevance of the issue is determined, firstly, by
technological advances and the need to improve the
machinery and equipment used in the road construction
industry, in particular, in earthworks during utilities con-
struction. Earthworks include reconstruction, mainte-
nance, current and major repair of underground utilities
(gas and water pipelines, laying of power cables, etc.).
Secondly, all process operations can be improved with the
available modern mobile machinery and equipment de-
signed for earthworks during utilities construction. Thirdly,
the existing process technologies imply the risk of utili-
ties damaging with heavy machinery, e.g. excavators. To
avoid such damaging, all works are performed manually,
reducing mechanization. All these aspects are “included”
in works performed in the space-limited urban environ-
ment, which is due to inaccessibility of actual working are-
as. Practical work requires operation quality improvement,
risk reduction with regard to utilities damaging caused by
the introduction of a universal transport technological ma-
chine — the vacuum excavator — into earthworks. This
sphere was partially investigated by Volkov S. A. (Volkov
and Evtyukov, 2008) and Beletskiy B. F. (Beletskiy and
Bulgakova, 2012); however, taking into account the recent
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application of the vacuum excavator in the North-Western
region, we can state that the issue has not been studied
in full and is not considered in researches performed by
leading experts and scientists of the industry. Therefore,
studies on the improvement of earthworks technologies
are necessary and relevant.

The relevance of the study is determined by the need
to develop a flow chart to perform earthworks with the
vacuum excavator on different types of road surfacing,
taking into account the space-limited megacity environ-
ment and various temperatures.

Subject, objectives and methods

The subject of the study is the technology of earth-
works in the space-limited megacity environment.

The study objectives are the following:

— analysis of shortcomings related to the existing
technology of earthworks in the space-limited urban
environment;

— substantiation of the need for practical application of
an alternative type of over-ground transport technological
machines (OTTMs) during earthworks;

— formation of a set of OTTMs for earthworks in various
megacity conditions.
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Table 1. Set of mechanized OTTMs for earthworks based on the existing technology used
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Table 2. Set of mechanized OTTMs for earthworks based on the improved technology used
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Methods to accomplish the set objectives include
methods to analyze solutions to problems of large-scale
construction mechanization, processes of practical man-
agement and actual performance of works, technical and
operating characteristics and properties of OTTMs.

Results and discussion

Technological advances contribute to the continu-
ous improvement of design properties of OTTMs and
their mechanisms to perform a wide range of activities in
various fields, in particular, the road construction indus-
try which includes not only the construction of facilities,
buildings and structures, but also earthworks. The main
types of earthworks and road works are the following: soil
excavation, sall filling, soil transportation and movement,
excavation of frozen soils, demolition and resurfacing of
asphalt-concrete pavement, opening-up and repair of un-
derground utilities, preparation of road mixtures, bitumen
transportation and distribution, laying, distribution and
compaction of the asphalt-concrete mixture.

The earthworks technology is based on the devel-
oped and approved design documentation and a set of
mechanized OTTMs. Taking into account the specifics of
the labor-intensive operations performed, an analysis of
the technical and economic parameters that determine
the most efficient combination of machines with regard
to cost and labor input is made (Kurakina, 2016a, 2016b;
Evtyukov et al., 2016; 2017). Reconstruction, repair and
improvement of the utility network are considered to be in
demand among other types of earthworks. This process is
rather labor-intensive in the space-limited urban environ-
ment and requires a specific approach to the improvement
of its implementation technology. The shortcomings of the
existing technology of earthworks in megacities are the
following (Evtyukov et al., 2017; Kurakina, 2017):

— risk of utilities damaging (heat and gas pipelines,
power transmission lines);

— manual soil excavation in areas inaccessible for
OTTMs;

—increase in the number of OTTMs in the set, increase
in the working area for the performance of works involving
asphalt-concrete surfacing;

— increase in the area of lawn damage during OTTM
operation;

—reduction of lanes (or temporary lane closure) during
works on the driveway;

— complexity of processes during the performance of
works at freezing temperatures;

— decrease in environmental safety.

Practical implementation of activities limits operation
of OTTMs during the reconstruction, repair and improve-
ment of the utility network. Safety requirements to gas
supply systems do not allow for the operation of percus-
sive mechanisms for soil loosening at a distance less than
3 m from a gas pipeline. Driving of piles shall not be car-
ried out at a distance less than 30 m from a gas pipeline
(in case of compliance with additional safety measures,
such distance can be reduced to 10 m).

Earthworks at a distance less than 3 m and at a depth
of 30 cm to utilities imply manual soil excavation. Winter
operations are characterized by complicated processes,
e.g. excavation of frozen soil due to the impossibility to
use certain types of OTTMs, which leads to the decrease
in their performance rate and accelerated deterioration of
working parts and equipment, and possible compacting of
frozen soil.

The increase in the number of OTTM units leads to
the increase in the occupied working area, as well as to
the increase in the number of maintenance specialists. All
these factors contribute to the decrease in the efficiency
of earthworks and labor management, increase in costs
for the implementation of the earthworks technology and
OTTM operation (Kurakina, 2017; Kurakina et al., 2017;
Kurakina and Tsymbal, 2017; Kurakina et al., 2017).

The application of an alternative type of OTTMs — the
vacuum excavator — for earthworks is conditioned by the
need to eliminate all existing shortcomings. The rules of
earthworks and urban landscaping are regulated by indi-
vidual legal documents of the Ministry of Regional Con-
struction. Options for the performance of earthworks at
various stages according to the existing technology are
presented in Table 1.

Subsequent measures on the reconstruction, repair
and improvement of the utility network are specified for
cases when underground water, silt, gravel or other sub-
stances are present at positive temperatures or have been
removed.

set of mechanized OTTMs with a vacuum excavator
was specified to improve the technology of earthworks in
megacities (Table 2).

The improvement of the technology of earthworks in
megacities is determined by the following factors:

— formation of a set of OTTMs and auxiliary equipment
for earthworks;

— changing of the process algorithm.

Firstly, the formation of the necessary number of units
of transport technological machines and auxiliary equip-
ment contributes to obtaining higher performance and
reliability rates, as well as values of environmental and
engineering aspects. The introduction of a modern multi-
functional OTTM — the vacuum excavator — would elim-
inate shortcomings in the arrangement and performance
of earthworks, and improve their quality and performance
rate.

Technical capabilities of the vacuum excavator include
removal of dirt, sand, clay, gravel, damp soil, dust, water,
crushed stones, debris and stones, as well as liquids and
gases, large and heavy objects with a weight of up to 40
kg and a diameter of up to 250 mm. Secondly, the chang-
ing of the process algorithm is aimed at the replacement
of several OTTMs (the excavator, the sewage suction
truck and the dump truck), as well as complete elimination
of manual operations.

According to the overall assessment of over-ground
transport technological machines (Volkov and Evtyukov,
2008; Repin and Chmil, 2012), their efficiency involves
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Figure 1. Histogram of emissions of harmful substances in accordance with the international standards upon OTTM operation

the reduction of fuel consumption and period of work per-
formance, increase in the performance rate, reduction of
the lane closure area in the urban environment, elimina-
tion of manual operations and risks of damage to utilities
(Erokhov, 2013). An important condition for selection of
OTTMs for the fleet of vehicles to be used in a megacity
is compliance with the international standards for environ-
mental safety.

Figure 1 shows a histogram of emissions of harmful
substances in accordance with the international stand-
ards and compliance of the OTTMs most often used dur-
ing earthworks with those standards.

An important factor for the technology improvement is
to avoid downtimes and lost time during a shift, reduce
costs as well as the number of OTTM units in the mech-
anized set and the number of maintenance specialists.
When comparing the existing earthworks technology with
the alternative technology, it is important to compare fuel
consumption in operating OTTMs. For example, when
performing operation 7 (Tables 1, 2) taking into account
the type of excavated material (soil or asphalt-concrete
surfacing) and other substances (if any), the fuel con-
sumption during operation of the vacuum excavator is
less by 1/3 than the fuel consumption of the dump truck
and the sewage suction truck (Table 3). During operations
from 3 (2) to 6, the fuel consumption of the vacuum exca-
vator is almost the same as the fuel consumption of the
excavator with the sewage suction truck (Table 3). With
account for the basic specifications of OTTMs for fuel
consumption, operational parameters for the stated types
of OTTMs were obtained with regard to the consumption
rates for fuels and lubricants in motor vehicles (Ministry of
Transport of the RF, 2015).
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Table 3. Operational parameters with regard to OTTM
fuel consumption

OTTM Fuel consumption
I/h 1/100 km
Vacuum excavator 31 59.6
JCB excavator with at- 14.3 -
tachments
KAMAZ 5511 dump - 43.4
truck
Sewage suction truck 14.0 414

An advantage of the vacuum excavator over three
OTTMs used during earthworks is in overall dimensions;
its application allows reducing the area of damage to
lawns and the lane closure area.

Conclusion

The improvement of the earthworks technology with
the application of the vacuum excavator is relevant and
necessary to improve the quality of the management and
process control procedure, especially in space-limited
conditions of megacities, as well as to increase the per-
formance rate. The alternative technology compared to
the existing one (or alternative to the existing technology)
allows reducing the number of OTTM units in the mech-
anized set and the number of maintenance specialists,
eliminating manual operations, improving quality and re-
ducing the period of work performance, reducing risks of
damage to utilities due to the knuckle boom of the vacuum
excavator, and reducing fuel consumption by almost 30%
of the total volume.
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