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Abstract. This article discusses the current opportunities of «high-speed
construction», which are based on technological, organizational and
managerial approaches. For each acceleration approach under study, the
mechanisms of action, advantages and disadvantages, as well as its
distribution and scope, are identified. The most detailed method of «high-
speed construction» based on the combination of design and construction
works. The formation of this approach and the tools for its implementation
are considered in detail. In this regard, the aim of the work is a detailed
consideration of all modern methods of «high — speed construction», and
the task-their structuring and interconnection. In the course of the study,
the method of analyzing the directions of improving the efficiency of
design and construction was applied. As a result, algorithms and tools for
accelerating construction are formulated, as well as the impact of BIM-
technology services.

1 Introduction

The modern world of construction is constantly evolving, there are new directions and new
ideas to improve existing technologies. However, globally the industry is still dominated by
conservatism and slow compared to other areas of development. Due to the large number of
participants in construction and various types of work, it is necessary to improve several
areas, which, in turn, accumulates the total development of the industry, and at the same
time inhibits its constant divergences or mutual exclusion.

For the maximum effect of innovations in construction, it is important to determine the
right way and procedure that will ensure the best result of the functioning of the entire
construction system. This issue is the most important, as its solution includes a multi-
criteria analysis of indicators, the formation of solutions to existing problems and adequate
response to all changes. Thus, it is necessary to correctly identify the problems that arise in
the course of improvement or development, to formulate ways to solve them and specific
actions for early implementation, as well as to develop methods for monitoring and
analyzing the effectiveness of the work done.

One of the problematic issues of construction is the long term implementation of
projects. The main reasons for the increase in time are technological features, problems
with financing and bureaucracy. There are other factors, but they are less significant. In
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recent years, the total period of construction has decreased slightly, which leads to the lack
of a suitable way or effective way to speed up construction.

2 Equations and mathematics

Directions of development of construction industry

Based on the reasons for the significant timing of construction projects, it is possible to
determine ways to accelerate them on the basis of various technologies (methods, methods,
tools). In many processes, the main method of acceleration is the use of finished materials
or pre-formed components in the desired structure. Thus, the parallel execution of works is
carried out in time. Usually, this approach is applied to construction and erection works
(CEW), however, with the spread of modern technologies can be performed in parallel and
other types of work. In a generalized form, the directions of innovative development to
accelerate construction can be represented as follows (Fig.1).
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Fig. 1. Directions of development of construction industry

The solution of any construction problem is rarely possible only in one of the following
ways, usually it is a combination of several solutions or their modifications depending on
the specific situation and the specifics of the object. Similarly, actions are formed and to
reduce the construction time. As a rule, the main direction is determined, which will be
supplemented by other ways to improve as research or search for a solution.

Very common methods of accelerating construction, which today are often used in the
construction of simple objects, are new ways of performing construction and technological
works on the installation of basic structural elements. The basis of this type of methods is
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the complementarity of new construction technologies and building materials or products.
However, for maximum efficiency, it is important to apply a different approach to design
and construction management.

Improving the efficiency of management and organization of construction

At the moment it is possible to allocate several methods of acceleration by means of tools
of construction and installation works for the adequate cost of realization, rather widespread
for construction of simple objects. The main directions that have been tested and
thoroughly worked out, can be grouped as follows:

1. Use of heat-efficient blocks.

One of the new construction methods based on saving time and money is the use of
large heat — efficient blocks. They consist of two concrete layers, between which there is a
ten-centimeter layer of expanded polystyrene. A total of three layers, connected by a
reinforcing fiberglass rods. This technology allows to reduce the duration of construction,
as well as to obtain a wall that is virtually indistinguishable from its reinforced concrete
counterpart.

2. Modular technology.

The essence of the technology of modular buildings is the Assembly of the finished
module from the elements of the metal frame produced at the plant: floors, walls, bases.
Laying of communications, installation of Windows and doors and interior decoration is
made for each module separately. The finished module is sent to the construction site,
where it is installed on the Foundation. Due to the implementation of most of the work on
the collection of the module and the effect of accelerating construction.

3. Frame technology.

The main advantage of frame construction technology is a small thickness of the
enclosing structure, which provides a lower cost. The basis of construction is a wooden and
filled with soft insulation supporting frame. This reduces the duration of construction, as
the frame panels are made in advance in the factory and immediately ready for installation.

4. Use of permanent formwork.

The basis of this technology is the use of wall blocks made of special polystyrene foam
as a permanent formwork. From these blocks the hollow wall is mounted and immediately
filled with reinforcement and concrete mix. As a result of this technological operation, a
monolithic three - layer wall with heat and sound insulation layers of expanded polystyrene
is formed several times faster than the analogue of the conservative approach.

5. Lego-technology.

This technology was first used in the construction of twin towers in new York. This
technology is based on the principle of construction designer Lego — allows the same
«parts» to build buildings of different configurations and volumes. The frame of reinforced
concrete is a reliable basis of such a house. The monolithic frame is erected in the tunnel
formwork, and outside the frame mounted hinged three-layer panels. Thus, high speed of
construction is provided.
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Formation of «high-speed construction» approaches

All of these methods are combined with pre-manufactured innovative products and designs,
for which new design approaches, appropriate construction technologies and, consequently,
other ways of organizing a certain type of CEW are defined. In a generalized form, the
formation of these methods can be represented as a scheme (Fig. 2). However, a more
detailed study of all methods, you can see a large number of differences, advantages and
disadvantages that determine the specifics of each method.
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Fig. 2. The direction of the acceleration at the stage of scheduling and through CEW

A large number of options for accelerating construction can be identified at the stage of
scheduling. All areas of this type are largely formed on the basis of new design tools and
improving the efficiency of management and organization of construction with individual
elements of new technologies or materials (Fig. 2).

There are different ways of combining or interconnecting activities. This direction is
very attractive for research, which leads to the constant emergence of new, more effective
ways. Common models of the acceleration of the construction by modifying the schedule:
Minimization of critical path,

Overlap of the individual steps,

Parallel execution of works,

Combination of the main and related specialties,

Combining the work of several related projects,

Maximum interaction of technologically related works (the result of previous
work is a condition for further work).

For the most effective organization of work, each of these methods is more appropriate
to combine with each other depending on the specifics of the object, the availability of
labor and material resources, territorial and other conditions. In any case, in order to apply a
particular method, it is necessary to conduct a detailed study of its implementation and
possible consequences, as well as to perform calculations confirming its potential
effectiveness. If a method or group of methods is used without proper justification and
calculations, the consequences may be negative.
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Another direction, newer and less demanding — is the combination of design and
construction works. This approach, similar to calendar planning, is based on new design
tools and new ways of organizing construction. Depending on the work performed, design
or construction, the advantage of the method is determined in the formation of the
approach. The technological component in this case has a methodical character, but it can
not be ignored (Fig. 3)
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Fig. 3. «Combination» of design and construction works
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It is rather difficult to classify or single out the components of this direction due to the lack
of regulatory approved regulations on acceleration and insufficient study of this issue. The
main task of this approach is to determine the list of design and construction works that can
be performed in parallel, as well as to determine the sequence of these combined works to
achieve maximum efficiency.

If we consider the whole complex of design and construction works, we can distinguish
a simple logical way of separation: supporting structures and technological component.
After the development of structural sections and passing the examination, nothing prevents
to proceed with the installation of bearing elements and the simultaneous design of
engineering systems and other sections. The need to pass the examination of the
technological part is quite difficult to determine and requires additional research on this
issue.

The current two-stage design (Project and working documentation) does not reduce the
time, but rather contributes to their increase. This is due to the fact that the boundary
between them is rather blurred, when designing each new object, disputes are conducted on
the issue of detailing each stage, the transition to construction is not ensured after obtaining
a positive conclusion of the Project stage, and, according to the law, a number of additional
procedures for obtaining construction permits.

In addition to the design and construction stages in the approach of «combining works»
it is logical to consider pre-design work, including the collection of initial permits (IRD).
Similar to the «combination» of the design stage and construction, you can try to combine
certain steps of pre-design and design work. Options for the separation of these stages can
be identified enough, in contrast to the design and construction model. This is due to the
fact that, depending on the specifics, category and scale of the object, pre-project works and
their significance will differ significantly. The composition of the design work does not
change so much.
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As a result, it is potentially possible to parallelize the implementation of certain types of
pre-design, design and construction works, but the question of their rational and effective
combination will always be acute for each object. For a more detailed study and
comparison of the «conservative» sequence of works and the proposed «accelerated»
scheme, it is possible to present the process in the form of a combination of three main
stages (Fig. 4, Fig. 5).

Construction and
erection works (CEW)

—» Design works

Pre-project

works
duration, t
Fig. 4. An existing sequence
Construction and
erection works (CEW)
»  Design works
Pre-project
works
duration, t

Fig. 5. Express the sequence

Thus, the combination of the main stages can give a total effect on the timing of
implementation. The exact values of the reduction of time indicators can be obtained with a
more detailed calculation of the indicators of the calendar plan, taking into account the
effective combination of certain types of work at each stage. Therefore, the most important
task is to determine the works that can be combined, clarify their relationships and develop
detailed versions of the calendar plan.

For a speedy solution of such tasks and their implementation, you can use the
automation tools. The most effective on the whole cycle of work are software complexes of
BIM-technologies. When developing a project in one of these programs, the time is
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significantly reduced, and when using cloud BIM-services due to the facilitated interaction
between all construction participants, the time of access to information is reduced
significantly. Thus, the use of BIM-technologies in solving the problem of accelerated
construction contributes to the search for solutions for effective alignment, and helps to
implement the chosen solution.

3 Conclusions

For various participants of construction issues of acceleration of production of works are
important and relevant. The considered methods of development of «high-speed
constructiony», namely, the combination of design and construction stages, aim not only to
reduce the time, but as a consequence, to obtain economic effect from the early
commissioning of the object. A more complete study can be identified and other
advantages: efficient use of human and material resources, early binding draft model
applications to climate and other features of the construction site, minimizing loss of
profits, expeditious solution to public and socially important issues, etc. Along with the
expected positive effect in the project construction, benefits and related areas. Thus, «high-
speed construction» with the most rational use of its methods and tools, allows to solve a
number of problems: from construction and technological to socio-economic. Therefore,
the choice, development and implementation of specific methods of «high-speed
construction» contributes to the total positive effect of all dependent areas of activity and
development.

This work was financially supported by Ministry of Science and Higher Education of the Russian
Federation (#NSh-3492.2018.8).
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