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ABSTRACT:

The construction industry plays a vital and significant role in national and global economies. Its development
is closely related to automation and robotization processes, which are still much less developed in the con
struction industry than in other industries, such as the manufacturing sector. This contributes to both the low
productivity of the construction industry itself and the risky working conditions. Due to the rapid develop-
ment of computer hardware and software over the last few decades, significant progress can be observed
in the development of work related to robot control modules as well as work related to design, mapping
and planning. This article concerns the current and increasingly important issues related to the need to
increase the pace of construction investments as well as the issue of the use of technology in the process of
automation and robotics in civil engineering. The authors of the article showed how both of these processes
contribute to the development of the construction sector. This paper presents the advantages of the intro-
duction of BIM technology and shows how great a role this technology can play in the automation and
robotization of construction processes. As an excellent example of robotization of construction processes,
constantly developing 3D printing technology is presented in the article.
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1. Introduction

Civil engineering as a branch of the economy is a very important element shaping its devel-
opment and enabling the fulfillment of social needs manifesting in various aspects of people’s
lives. Today's civil engineering is largely based on technology, which effectively affects the pace
of the investment process. Added to this is the technologically advanced process of manufactur-
ing building materials, which significantly contributes to the development of cubature and
non-cubature civil engineering resulting from the need for continuous and dynamic economic
growth. The rate of economic growth is therefore directly related to the development of the
construction industry, which currently bases its development dynamics on automation and
robotization. It is therefore necessary to further develop automation and robotization in the
construction industry and to look for new solutions that significantly increase the efficiency of
construction processes.

Automation and robotization are processes that in civil engineering come down to replacing
people with machines. This increases the efficiency of work and contributes to reducing the costs
of construction investments, which have specific time frames and the need to meet strictly
defined technical, normative and quality conditions [1]. Automation in the construction industry
gives a significant increase in efficiency and reduces the number of complicated design aspects.
The development of computer hardware and the development of software made it possible
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to computerize various types of projects. As a result, the design process is now faster and
more accurate, and the entire construction investment process has been streamlined by the
available technology. The concept of automation in the construction industry is also associated
with the independent performance of work by a machine in the scope of a strictly defined activity,
but the control over the implementation of this process is still held by a human being. Robotiza-
tion, on the other hand, is a process that is performed independently by a properly programmed
machine, which is also able to independently adapt to the changing conditions of its work.
Automation and robotization in construction processes are mainly used in the implementation
of heavy works performed in difficult conditions and often in conditions that are dangerous
for people [2]. It can be indicated that in the field of land construction, these will include
earthworks and underground works, as well as assembly works with the use of large-sized
and heavy elements.

2. Automation processes in civil engineering

Automation is a process that minimizes human intervention through the use of a technique,
method or system to operate or control the process by means such as electronic devices, control
systems or information technology. Automation is also the implementation of information
technology and control systems in order to reduce the need for human effort in the production of
goods and services [3].

In the construction industry, the earthmoving sector is a forerunner in implementing
new technologies to reduce operating costs, increase automation and safety, and improve
productivity. Automated steering and control of machines, fleet tracking and management
systems and devices that detect proximity and provide warning of accidents are just some
examples of equipment used in earthworks. An overview of the applied solutions is presented in
the article [4].

Many earthworks and road works are now carried out with unmanned machines that
use automated systems that allow the work to be carried out in accordance with the design
assumptions. Due to the fact that full automation of works is extremely difficult between
manual handling of the construction process and its full automation, five steps have been pro-
posed in accordance with [1]. The authors of the work list in turn: manual operation, in-sight
tele-operation, tele-remote operation, assisted tele-remote operation and fully autonomous.
In the first step the operator is sitting in the machine manually performing all the tasks,
in the following steps, the handheld remote control is used and audio-video feedback from
the machine and the operator performs a supporting function until the last fully autonomous
step, where the machine performs all tasks by itself and man intervenes only in emergency
situations.

Such an autonomous example can be machines operating in the Real Time Kinematic system,
which uses a GPS system and allows for real-time location of the machine. The accuracy of the
location is very impressive here, which translates into an unattainable accuracy of operations
performed by an experienced operator. In this way, it is possible to carry out various earthworks
and works on the construction of highways using the so-called pavers that are able to lay
the structures together with the pavement, moving over the prepared ground. For concrete
pavements, automatic pavers do more than just pave but also dilatation dowels using a dedicated
automatic system.

Another example of progressing automation in civil engineering related to underground
works is tunneling. It is associated with high construction standards, huge safety risks, high
construction difficulties and stringent construction management requirements. The issues
related to tunneling in high-speed railways are discussed in the paper [2], in which the authors
analyzed several key problems limiting the efficiency and safety of the construction of the
aforementioned structure. Automation allows you to take full advantage of the benefits of
mechanical equipment, improve the efficiency and safety of excavation works and reduce
the amount of work, and this is possible with the use of machines that not only drill the tunnel
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by removing the excavated material, but also lining it using prefabricated elements produced
for this purpose. The automatic system of guiding shields for drilling a tunnel in the ground works
very well here, and this solution is used not only in road construction but also in the construction
of subway tunnels.

A more advanced concept for automating construction work is a mobile robotic arm for
lifting and holding heavy materials. Such a solution is often used in the construction of cubature
objects for specific implementation technologies. The construction investment process then
requires less human labor, is more efficient and at the same time increases the safety of people.
Not all devices used for work in underground mines and tunnels are fully automated, therefore
theoretical and experimental research are carried out leading to the design of automatic control
systems for such devices. In the article [5], the author carried out work on the automation of the
rock mining process with the use of boom-type roadheaders commonly used in the construction
industry for drilling roadways. He also developed an algorithm for the optimal control of the
parameters of the cutting process.

Automation is also associated with the design process itself. The use of building information
modeling (BIM) opens up new possibilities for meeting various needs and operations throughout
the life cycle of a building. BIM allows for the collection of all information regarding the designed
object, e.g. structural solutions, sanitary and electrical installations, in one model [6]. It can also
minimize information loss. The use of BIM technology in the construction process has great
advantages and can play a key role in the future automation of construction. The article [7]
reviews the automation of the design process, especially its application in the design of building
structures. The authors presented its application, advantages and challenges. Suggestions for
further improvement of the automation process in the design of building structures through
the use of artificial intelligence are also given. Automation is also an important element in
the evolution of CAD systems. The computing power of computers should enable advanced
calculations and generate results ready to be passed on to further stages of the construction
process.

Automation will help speed up the design process, increase its accuracy and reduce errors
that would arise during manual calculations. Calculations with the use of computer systems
will enable the implementation of more complex projects and optimization of solutions, and
the use of the capabilities of computer systems will allow for the creation of more creative
and ingenious constructions [7].

3. Robotization in civil engineering on the example of 3D printing

In highly developed economies, people are now increasingly involved in problem solving and
design, and routine and repetitive tasks are carried out by properly designed robots. Also, con-
struction companies are increasingly willing to use robots to increase the efficiency of investment
implementation and reduce the number of employees needed. In the experience of the Japanese,
who are considered the precursors of this technology, it has been shown that the specificity
of construction works does not allow for the use of universal solutions, and the robotization of
construction processes still requires human presence.

The progress in the field of robotization with the achievement of more and more effective
programming tools and new construction techniques, which include 3D printing, has undoubt-
edly initiated a new stage of construction transformation [8]. 3D printing owes its boom to the
continuous development of artificial intelligence and BIM. Integration of virtual reality (VR) and
augmented reality (AR) into one system allows to improve operational efficiency and drive
changes in traditional construction. Artificial intelligence consists of various components such as
machine learning and computer vision, and the goal is to make a machine capable of doing jobs
that in the past required human intelligence. 3D printing in civil engineering is a multidisciplinary
area, including various technologies, such as forming materials for 3D printing, designing auto-
mation for 3D printing, digital construction for 3D printing, robots for 3D printing and the BIM
platform system for 3D printing [9].
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The invention of 3D printers allowed the development of new technologies in civil engineer-
ing, including the Contour Crafting technique, which could revolutionize construction in the near
future. Thanks to this technology, it is possible to reduce costs and time, minimize environ-
mental pollution and reduce the number of injuries and fatalities on construction sites [10, 11].
For example, objects that are implemented in the Contour Crafting technology developed
at the University of Southern California, implement the construction process based on the rapid
application of successive layers of concrete mix using a 3D printer, which significantly shortens
the construction process. The starting point for any 3D printing process is a digital 3D model
that is created using 3D software. Transforming the project into a file readable by a 3D printer
is related to "slicing" the designed model into layers. Then the material processed by the 3D
printer is layered according to the design and process [10]. Materials for 3D printing in civil
engineering should be characterized by a controlled setting time, due to the fact that they must
be transported through a pipe, should have appropriate workability, and should also have excel-
lent mechanical properties [9]. Today, there is a wide range of different types of materials
that are supplied in different states, e.g. powder, fiber, granules, resin, etc. The printer moves on
a gantry slightly wider than the width of the printed building. This solution assumes that
the rails are arranged at the construction site in a spacing adapted to the printing parameters.
The printing is based on a computer project from a properly prepared concrete mix, containing,
for example, glass fiber and concrete additives. In this way, we obtain a printed object in a raw
open state [12].

The 3D printing technology based on a properly prepared concrete mix also includes
the printing of individual structural elements, which takes place in the factory. In this way,
we print walls, stairs and roofs, and the printed elements in the form of prefabricated elements
are delivered to the construction site and assembled there. Reinforcement in this process,
necessary to ensure the stability of the structure and its adequate strength, is still made according
to traditional methods. The time necessary to produce such a building is 50 to 70% shorter
than in the case of using traditional technology, and the cost of production has an impact on the
competitive price of flats in relation to traditional technology [13]. The printing technology of
residential buildings is a manifestation of the robotization of the construction process and a con-
stantly developed innovation in the construction industry. It includes more and more effective
solutions for printing heads and the concrete mix itself, and allows for improving the methods
and process of erecting various objects in 3D concrete printing technology.

Large metal objects can also be printed using this technology. This makes it possible to print
metal elements of building structures in a 1:1 scale with parameters corresponding to traditional
metal structures. This can be achieved thanks to the MX3D industrial robots from Wire Arc
Additive Manufacturing, which can create 3D objects from iron alloys - carbon and stainless
steel and non-ferrous alloys - bronze and aluminum. An example of such an object is a foot-
bridge over one of Amsterdam’s canals [14, 15]. The MX3D company declares that based on
the technology developed by them, it is possible to build a bridge structure 10 to 1000 times
faster than in the case of using traditional technologies. Such robots - printers can be used
in the implementation of construction investment processes in which there is a potential threat
to humans [14].

An important aspect of 3D printing is conducting research on printed samples. Microscopic
observations show that 3D printed products have a layered orthotropic microstructure where
each layer consists of parallel stripes. Performing laboratory tests will determine the mechanical
properties of the tested objects and the damage characteristics of the tested materials
[16,17].

There are many benefits associated with the development of 3D printing technology in civil
engineering. The first is undoubtedly cost reduction. The cost of printing structural elements
of houses is much lower than with traditional methods, it is also influenced by the reduction of
transport and storage of materials at construction sites. The advantage is also the reduction
of the time needed to complete the building. In addition, wet construction processes are
minimized, so that less waste and dust are generated during erecting a building compared to
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traditional methods. Due to the fact that printers will be able to perform the most dangerous
jobs, the number of injuries and fatalities on the construction site will decrease [11].

4. Conclusion

The progress of technology is a natural consequence of civilization development, and
the issue of robotization and automation in civil engineering is its manifestation. Undoubtedly,
this does not pose a threat to the human labor market, as a human cannot be replaced in many
complex situations involving the construction process. However, it is worth emphasizing that
in the coming future, the share of automation and robotization in the construction investment
process will increase and therefore it is worth considering today what occupations in the
construction industry will be needed in the future and which ones will disappear from the
labor market.

People’s fears that one day they will be replaced by robots or IT solutions are slowly becoming
a tangible fact also in the sphere of broadly understood construction. It is worth accepting this
thought and taking a broader look at the irreversible process that is taking place now.
Currently, such a step would not be profitable either from the point of view of investment profit-
ability or labor productivity. However specialized machines using today’s technology are to take
over a large part of the construction activities by the year 2030. There are good sides of the
developing era of robotics and automation in civil engineering, as many jobs can be done cheaper,
faster and safer. Moreover, the positive actions in the areas of ecology and environmental protec-
tion are already visible. The ongoing process requires paying attention to the problem of training
appropriate staff who will pursue their professional careers on a modern construction site, where
automation and robotization of construction works will dominate. This challenge needs to be
started today.
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Automatyzacja i robotyzacja w budownictwie

STRESZCZENIE:

Branza budowlana odgrywa istotng role w gospodarkach krajowych i §wiatowych. Jej rozwdj jest Scisle zwia-
zany z procesami automatyzacji i robotyzacji, ktére w budownictwie nadal s3 znacznie mniej rozwiniete niz
w innych branzach, ktérych przyktadem moze by¢ sektor wytwdrczy. Przyczynia sie to zaré6wno do niskiej
produktywnosci samej branzy budowlanej, jak i ryzykownych warunkéw pracy. W zwigzku z szybkim roz-
wojem na przestrzeni ostatnich kilku dekad sprzetu komputerowego i oprogramowania mozna zaobserwo-
wacé znaczny postep w rozwoju prac zwigzanych z modutami sterowania robotami a takze prac zwigzanych
z projektowaniem, mapowaniem i planowaniem.

Niniejszy artykut dotyczy stale aktualnej i coraz bardziej istotnej ze wzgledu na konieczny wzrost realizacji
tempa inwestycji budowlanych problematyki wykorzystania technologii w procesie automatyki i robotyki
w budownictwie. Autorzy wskazali, jak oba te procesy przyczyniaja sie do rozwoju sektora budownictwa.
W niniejszej pracy przedstawiono zalety wprowadzenia technologii BIM, a takze wskazano, jak wielka role ta
technologia moze odegra¢ w automatyzacji i robotyzacji proceséw budowlanych. Jako doskonaty przyktad
robotyzacji proceséw budowlanych przedstawiono stale rozwijang technologie druku 3D.
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automatyzacja; robotyzacja; druk 3D; budownictwo
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