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Abstract—This paper investigates briefly the different 3D
printing systems in construction, their benefits and
challenges associated with their use in construction projects.
The use of 3D printing technology offers several advantages
over the traditional methods. However, additional
challenges and risks are faced due to the introduction of this
new technology in construction projects. A literature review
was performed to identify the benefits of 3D printing. Five
key benefits were identified: faster construction, cost
reduction, more geometric freedom, sustainability and
safety benefits. Eleven challenges were identified and
grouped into four categories: material, robot system, design
and construction, and regulation and liability. 3D printing is
a promising new technology with several key benefits.
However, the widespread adoption of the new technology is
dependent on addressing its key challenges.
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l. INTRODUCTION

The construction industry has an annual revenue of
nearly 10 trillion USD, which represents around 6% of
the global GDP. Indeed, the engineering and construction
industry is a cornerstone of the world's economy [1].
Construction companies are consistently seeking new
means to increase productivity while reducing cost [2].
Studies have shown that over the years, labor productivity
in the construction industry has been declining [3]. Lack
of implementation of new technology is one cause of this
decline [4]. Additive Manufacturing (AM), or more
commonly 3D printing, is one of the newest forms of
technology that has been introduced in the construction
industry. A number of drivers are pushing construction
towards automation: lowering labor for safety reasons;
reducing construction time on site; reducing production
costs; and/or increasing architectural freedom [5].
Additionally, 3D printing helps address sustainability
issues. The construction industry has been recognized as
one industry that consumes a considerable amount of

resources and poses significant environmental stresses [6].

This paper investigates briefly the different 3D printing
systems in construction, their benefits and challenges
associated with their use in construction projects. The use
of 3D printing technology offers several advantages over
the traditional methods. However, additional challenges
and risks are faced due to the introduction of this new
technology in construction projects.
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II. 3D PRINTING

3D printing is defined as the process of making an
object from a three-dimensional model by generating
successive stacked thin layers of material [7]. A
schematic showing the difference between classical
manufacturing (subtractive) and 3D printing or Additive
Manufacturing (AM) is shown in Fig. 1. AM is defined
by the American Society for Testing and Materials
(ASTM) and the International Organization for
Standardization (ISO) as ‘the process of joining materials
to make objects from 3D model data, usually layer upon
layer [8].

Different techniques are used for AM. Fig. 2 lists the
most common ones used for each process. It is worth
mentioning that this classification is based solely on the
type of material used in each process. The two techniques
related to Additive Manufacturing for Construction
(AMC) are the Binder jetting, using a technique called D-
Shape, and the molten material system. In this latter, the
material used is a concrete mix, which is fed in through
the nozzle using a pump.

This paper focuses on the application of 3D printing in
construction. Large scale 3D constructions are needed.
Experimental application using 3D printing in the
construction industry started in the early 1990s [9]. An
interesting application of 3D printing in construction is
the reproduction of historical building ornamental
components [10].
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Figure 1. Comparison between (a) classical Subtractive Manufacturing
and (b) AM.
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There exist three techniques of 3D printing in
construction, i.e.,, Contour Crafting, D-shape, and
Concrete Printing. All these methods use material
extrusion through a nozzle to generate the layers.
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Figure 2. Different types of additive manufacturing.

In recent years, there has been significant improvement
in developing large-scale 3-D printers to have a larger
workspace, capable of printing industrial-scale 3D
buildings. The gantry system (Fig. 3) and the articulated
robot systems are the two most common structures used
in 3D printing in construction. Gantry system allows
Cartesian motions of the nozzle in the three 3 axes (X, Y,
Z). The challenges with this technology include
transportation, installation and size. The articulated robot
structure (Fig. 4) is also used for 3D printing concrete.
However, this structure suffers from limited workspace,
which makes it unsuitable for large buildings.

Figure 4. Articulated robot structure [12].
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I1l.  BENEFITS OF 3D PRINTING IN CONSTRUCTION

Based on literature review, the main benefits are time,
cost, geometric freedom, sustainability and safety. 3D
printing allows to reduce the construction time
considerably. Faster construction is the most cited benefit
of 3D printing [2], [13], [14], [15], [6], [16], [18], [19],
[21], and [23]. Reduction of construction cost is also cited
as a main benefit [6] [23]. The labor cost of this office, in
Dubai, was 60% lower than traditional buildings of the
same size [22]. 3D printing also improves productivity
which results in cost savings. AM is seen as a way of
addressing construction productivity challenges [10].
Using 3D printing technology allows more geometric
freedom to design structures that are not otherwise
possible. Geometric freedom is often cited as one of the
main benefits [14], [15], [6], [16], [7], [18], [19], [21],
and [23].

Sustainability is a main benefit of 3D printing. 3D
printing allows for the design and construction of eco-
friendly structures [6], [16], [17], [19], [21], and [23].
Using 3D printing reduces waste produced during
construction [13] and also reduces formwork [10]. The
printing process will eliminate unnecessary waste of
materials, thus reducing the environmental impacts of the
production/construction process [6]. Reducing the use of
formwork reduces the amount of wood and therefore
trees’ use [10]. The new technology also improves safety
on construction sites. 3D printing results in safer sites [6],
[9], [15], [16], [7], and [18]. 3D printing reduces the
number of injuries and fatalities onsite as the printers will
be able to do most of the hazardous and dangerous works

[6].

IV. CHALLENGES

The challenges are grouped into four categories:
material, printer, design and construction, and regulations.
Fig. 5 shows the main categories and associated
challenges. Based on the literature review, the main
challenges are related to the 3D printing material. The
material challenges can be summarized in three key
challenges: printability, buildability and open time. The
material must have the desired printability, to be able to
be extruded from the nozzle, and buildability, to be able
to maintain its shape [6] [20]. Printability is often cited as
the main
challenge [6], [11], [15], [6], [17], [7]. [28], [19], [20], [2
1]. It refers to how the material is going to be pumped
and printed. Buildability is another key challenge
[12], [6], [16], [17], [7], [19], [20], [21], and [24]. The
material has to support itself quickly and the layers need
to develop enough bonding between them. Open time is
the third challenge [14], [15], [16], [17], and [20]. Lim et
al. [15] defined open time as the period where the
printability and buildability are consistent within
acceptable tolerances. There is a limited time that is
available to print the material. Any delays may cause the
concrete to harden. Therefore, special material mixes are
needed that allow enough time for the material to be
printed.
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Challenges related to the 3D printer include scalability,
directional dependency and cybersecurity. The size of the
construction projects creates additional challenge to 3D
printing [11], [16], [17], [7], [18], [20], and [24].
Directional dependency is often cited as a main
challenge [20], [21], [25]. Cybersecurity is another
challenge [7], [25]. Cybersecurity and risk of hacking
poses a threat since the construction process is automated
and all the information are in the 3D model [7].
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Figure 5. Challenges of 3D printing.

Design and construction challenges include exclusion
of building services, structural integrity and suitability of
the construction site. Exclusion of building services, such
as electrical and mechanical, is a challenge [6], [26].
Structural integrity is another key
challenge [14], [6], [17], [20], and [26]. Berman [24]
stated that the quality of the printed parts has been found
to be brittle and therefore has faced problems in printing
load bearing components. Construction site setup is
another challenge [2], [3], [9], [26]. Construction site are
open environment which may not be suitable for 3D
printer that need more controlled environment.
Additionally, the site conditions may be irregular that
hinder the movement and installation of the 3D printer.
Lack of codes and regulations pose additional challenges
to 3D printing in construction [16], [17], [7], [19],
and [22]. Since the technology is still new, there is a lack
of regulations governing the use of 3D printing in
construction  projects.  Liability issues are also
challenging [17], [7]. There is an issue of who would be
responsible in case of failure [7].

V.SUMMARY AND CONCLUSION

A literature review was performed to identify the
benefits of 3D printing. Five key benefits were identified:
faster construction, cost reduction, more geometric
freedom, sustainability and safety benefits. Eleven
challenges were identified and grouped into four
categories: material, robot system, design and
construction, and regulation and liability. 3D printing is a
promising new technology with several key benefits.
However, the widespread adoption of the new technology
is dependent on addressing its key challenges.
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