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Using 3D printing in the construction industry is gaining attention as a high-potential means of digitalization and
automation of the construction process. Digital fabrication in construction would help reduce the environmental and
economic impact of the building industry, allowing to realize efficient and sustainable structures for the future.

Various types of large-scale 3D printing techniques and construction materials can be used.

large-scale 3D printing structural application concrete 3D printing metal 3D printing

additive construction additive manufacturing

| 1. Introduction

Using 3D printing in the construction industry is gaining attention as a high-potential means of digitalization and
automation of the construction process. This new level of technology is often referred to as Construction Industry
4.0. In many industries, additive manufacturing technologies has already gone beyond laboratory research and is
used in real-life applications, such as industrial use 2Bl in the pharmaceutical industry MEI8! food industry [
and even in the textile industry and the fashion world &. Additive manufacturing technologies are used, for
example, in medicine of printing implants 1911 in the mechanical industry to create parts 2213 and moulds for
casting metal products [14115],

The growth of automation since the beginning of the 21st century has prevailed in most production domains with
the exception of the building and construction sector, in which the use of automatic tools is still challenging and
requires further development to implement in real-life applications. The main challenge is due to some particular
aspects in the construction sector: (i) building and construction produces extremely large-scale products requiring
customization of conventional automated fabrication technologies; (ii) conventional design approaches are not
tailored for automation; (iii) there is a significantly smaller ratio of production quantity to type of final product as
compared with other industries; (iv) limitations in the materials that can be employed by an automated system [€!:
(v) each instance of automotive manufacturing has a specific manufacturing process 4. Only in the last few years,
the fast development in digital fabrication techniques is leading to applications, as seen, for example, in the
structural and civil engineering field, Additive Manufacturing (AM)-based technologies are commonly used in other
sectors, such as aerospace, automotive and biomedical engineering 281291201 Meanwhile, a large number of tests
was carried out on the use of concrete 3D printing technologies in construction to create non-formwork structures

(21221 Many tests on building materials for 3D printed structures were also carried out. The requirements for
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freshly mixed and hardened compositions for structures [23124125]26] \ere conducted, including eco-friendly

materials 22,

Despite the fact that 3D printing in construction has already been studied sufficiently in the laboratory, there are still
no regulatory documents in this area of application for additive manufacturing technologies. Currently, all known
research has been carried out using existing test methods to adapt concrete for 3D printing (28, Therefore, while
the amount of research conducted on large-scale printing is not great at this stage (22, the introduction of
regulatory documents would be the first step towards the transition from experimental construction to its use in the
mass construction of buildings and structures. Moving from lab to large-scale printing comes with inevitable

challenges, as printing large scale can dramatically change even a well-studied technology 22,

The most widely used 3D printing technology for construction is the layer-by-layer extrusion technique [221231[31](32]
[331[341(35] This technology is suitable for large-scale mass construction B8 and can be functional for concrete and
metal; these two are the most widely adopted in the construction materials market. Additionally, these two materials
can be combined to provide reinforced concrete 3D printed structures BZB8IEA40I41I42] of glternatively, as

composite concrete 3DP structures.

| 2. Overview of 3DP in Construction
2.1. Methodology

A systematic methodology for the research is adopted in this research which includes three main stages: types of
printer, materials and the printing process. The compilation of these stages involves identifying and shortlisting the
best research papers in this field. Figure 1 showed the detail of the methodology in this research. The search

involved using keywords in the Scopus database which is publishes papers in this field.
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Figure 1. Concrete 3DP methodology categorization.

Figure 1 displays the main categories of this overview research; under types of printer, both non-mobile and

mobile robotic arm 3DP were discussed in one section. Materials and 3DP process are the other two sections.

The methodology for writing this research was to search, systematize and analyze relevant information on the topic
of large-scale 3DP. The scientific research of leading scientists on construction additive technologies, as well as
technological developments of universities and private manufacturing companies, were taken as the basis. The
scientific studies analyzed in this research are published in high-ranking scientific journals and have a large
percentage of citations, which confirms the relevance of the chosen review topic and the reliability of the
information sources. Particular attention was paid to the review of projects in the field of concrete 3D printing and
steel 3D printing (and in particular Wire-and-Arc Additive Manufacturing, which is the most promising for large-
scale metal 3D printing applications), implemented around the world. Both classical prototypes of the first building
3D printers and the latest developments in this area, the number of which is increasing every month, are
presented. The main purpose of this research was to systematize current developments, that is, to present the
most popular methods of large-scale construction 3DP, to determine their advantages and disadvantages, to state
the problems that must be solved for the successful implementation of large-scale construction 3D printing, and to
describe the materials used and their characteristics. The research includes only successfully realized projects that

give an idea of the rapid development of concrete 3D printing technology and WAAM.

The method of studying a large number of sources of information and comparing various technologies used in this
research allowed to combine data from numerous studies and come to a single conclusion that is statistically

stronger than that of individual studies.
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2.2. Significance of 3DP in Construction

The development of additive manufacturing technologies in construction is associated with many advantages for
the construction industry. Firstly, there is the progress of digitalization and the general automation of the production
process, which also affects construction. There is a reduction in working labour required due to the introduction of
automation, and programming equipment to perform certain types of work. Thus, for the construction of a small
building using 3D printing technologies, a group of workers is not necessary; a few qualified specialists are enough
to run a printed project, develop the project itself and select the types of materials that are crucial. Secondly, there
is a reduction in construction time. There is a well-known example of the Apis Cor company who created a small
building in only 24 h 49, Another example is building with a CONPrint3D printer. The 3DP method was compared
with the traditional construction method, and it is 25% cheaper to build one floor of a building with a printer. The
printing of one floor with an area of about 130 m? can be made in one day. The current printing speed is 150 mm/s
with a layer height of 50 mm. The printing process requires only two people: a specially trained machine operator
and a professional skilled worker 28], Thus, by using construction 3D printing, it is possible to build houses in a very
short time, particularly where it is urgently needed. For example, to build hospitals after devastating earthquakes,
fires, and other natural disasters such as spreading viruses, or for the urgent resettlement of a large number of

people such as refugees.

According to many researchers, 3D printing technology in construction is accompanied by a reduction in material
consumption and less generated construction waste 22431441 Accordingly, it would be logical to assume that this
also reduces the cost of construction. However, this issue still remains controversial, since the ingredients of
construction 3D printing contain an increased amount of cement, which leads to an increase in the cost of the
material. In addition, a large amount of cement has a negative impact on the environment, since the production of
cement is harmful due to the release of huge amounts of carbon dioxide, and the high amount of energy required
to produce it. The solution for this issue could be use of industrial waste to reduce the amount of cement, or using
alternative materials such as geopolymer or earth-based materials such as calcined clay. Large-scale construction
usually uses large amounts of coarse aggregate in concrete. The ingredients of concrete contains less cement,
which is more environmentally friendly and less expensive 43148l in comparison with concretes and mortars for
additive manufacturing technologies in construction. Despite the fact that a lot of research has been carried out in
the field of construction 3D printing, the use of such a technique in large-scale construction is still under
development, due to reasons including the high cost of the technology itself 4748l |n addition, it is necessary to
study this technology from the point of view to its impact on the environment, that is, to assess its life cycle. The
Life Cycle Assessment method is a method to assess the impact of producing products and their processes on the
environment, this method has been used in the construction sector over the past 20 years 2. This method
includes two approaches—firstly, a comprehensive assessment of the environmental impact of a building
throughout its entire life cycle, including all associated processes and materials. The second approach evaluates
and compares only the environmental impact of construction materials and/or construction methods. When it
comes to 3D printing, researchers mainly focus on the environmental impact of printing small objects. For example,
it is estimated that 3D printing with geopolymer has less impact on the environment when building elements with a

complex structure, while printing with ordinary concrete is more environmentally friendly when creating structures
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with ordinary walls. Recently, scientists have been interested in materials for 3D printing which are earth-based
such as cob, which is obviously more environmentally friendly than concrete, since it consists mainly of natural

materials (water, earth, straw, additionally clay and sand) 42,

The most attractive feature of building with a 3D printer is the ability to create complex geometric shapes, as
opposed to the process of conventional concrete casting. In a study by B9, the authors give two examples of using
3D printing to create large-scale structural elements. Both printed elements have a hollow structure to be filled with
high performance concrete with fiber reinforcement or an insulating material, such as foam used as a thermal
insulation. Some parts may be left unfilled for communication cables or electrical wires. In such printed walls with
internal voids, the thermal insulation properties can be increased by up to 56% compared to classic walls. Also,
printed walls with different configurations of voids inside can provide improved acoustic insulation properties of the
element by damping acoustic waves passing through it, depending on the geometry of the wall cells and material
properties. This is also beneficial to reduce the effect of fire in complicated geometric structures. Based on the
results presented in “3I39 it can be concluded that the main interest in the use of additive manufacturing
technologies in large-scale construction is not just in the speed of construction or cost reduction; it also improves
the characteristics of building elements (for example, thermal insulation or sound insulation), mainly due to the

smart use of the geometry in printing structural elements.
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