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Abstract- Innovations have started to emerge in the construction sector with the
developing technology. One of these innovations is the utilization of 3-dimensional
printing technology. Civil engineers build structures using materials and techniques
available in the times. 3D printing technology attracts attention since it is faster than
traditional construction, less costly, less labor and less error margin in today. It is possible
to produce structures with complex designs and small scaled various products, under
favor of this technology. First of all, 3D model design is needed in order to produce
structures with 3D printing printers. Optimized cement-based mortar material is used in
3D printing printers. In order to be able to build layers on top of each other without
collapse, and to perform 3D printing without shrinkage cracks, a building material recipe
should be prepared by obtaining appropriate mixing ratios. While placing the building
material, layered production is made without using a mold, and the width and thickness
of the printing layer is constantly controlled during placement. Attention is paid to the
use of sustainable building materials in buildings built using this technology. In addition,
studies are carried out for zero waste in the use of materials. In this study, it is aimed to
briefly introduce this new generation method along with its benefits, shortcoming and
possible use as future of construction industry after eliminating these shortcomings.
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1 Introduction

Industries have begun to re-establish their production systems with the developing technology. 3D printing technology has
also been improving of late years, along with additive manufacturing. 3D printing technologies enable design optimization
and have advantages over traditional manufacturing methods. It is necessary to keep up with the new age in order to survive
in the variable sector with the increase in the competitive environment. The construction industry is also under the pressure
of change due to technological developments. Therefore, it is attracting great attention in the construction industry as a
new strategic challenge [1]. The application of 3D printers has taken its place in the field of engineering, especially in the
field of medicine and automotive. There have been developments in additive production technology in layers with cement
and various materials. This technology has emerged as a joint product of materials science, robotic coding and architectural
design studies, using the advantages of shotcrete and self-compacting concrete. In this type of printing, the ability to pump,
workability and construct of fresh concrete and the strength of hardened concrete are of great importance [2][3].
Rheological properties such as viscosity and yield stress are also considered critical properties to control the printable
property of printer concrete. The lack of a certain standard in the mixture design and the insufficient number of studies
affect these properties negatively [4]. Ultra-high strength concrete was also developed by [5] and it was revealed that the
concrete samples printed by 3D printing technology provided high toughness than conventional method. A few researchers
have also developed ways to print foam concrete by the 3D printing technology for various civil engineering applications.
The type of concrete was found as sustainable and lightweight. This foam concrete developed by those researchers is
applicable where the weight of structure matters [6]. The main purpose of this paper is to briefly review 3D printing
technology and its applications in the construction industry. The studies discuss the future of 3D printing technology in
the field of construction and suggestions are made for possible uses in the construction industry.
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2 3D Printing Technology

Traditional manufacturing methods are based on the principle of subtracting material from the raw material during the
manufacture of parts. In additive manufacturing, which is one of the new production techniques that has become
widespread today, unlike traditional manufacturing methods based on material reduction techniques from the part, the part
is produced directly from the material. The device used in manufacturing manufactures the part layer by layer by following
a tool path derived from the geometry of the part to be produced. It is possible to produce parts with complex geometries
and the loss of material during manufacturing is at a minimum level due to this unique feature of additive manufacturing
[7]. The foundations of the additive manufacturing method date back to the 1980s. It is known that the SLA-1 device
produced by the 3D System company is the first 3D printer system [8]. Additive manufacturing is one of the modern
manufacturing methods that has gained importance in recent years. It is a form of manufacturing in which the 3D model
is obtained by adding layer by layer the powders to be built using geometric data. With additive manufacturing methods,
parts with complex geometry can be obtained quickly [9]. The 3D manufacturing process is divided into subclasses such
as SLA (Stereolithography), SLS (Selective Laser Sintering), FDM (Fused Deposition Modelling), DLP (Digital Light
Processing), EBM (Electron Beam Melting) and LOM (Laminated Object Manufacturing) according to the materials used
and the principle of combining materials. Table 1 shows a comparison of some additive manufacturing methods [10].

Table 1 Comparison of additive manufacturing methods [11]

Method FDM SLA SLS EBM LOM
Working Solidification of Sintering of Electron .
. . Laser Cutting
principle . . photopolymer powder with Beam
Extrusion Stacking . . . and
Technique material with CO2 Melting Gluing of
uv laser Sheets
light
Material Polyamide,
used polystyrene,
carbon
fiber and
ABS, polyamide, Resin-based Aluminum Cobalt Paper, plastic
polycarbonate, materials, added chrome and foam, metal and
polyethylene, acrylic polyamide, titanium ceramic powder
polypropylene and epoxy, polycarbonate, alloys, impregnated
investment casting wax. polypropylene. stainless steel, ceramics. materials.
cobalt chrome,
nickel chrome,
titanium,
ceramic.
Resolution Medium Good Weak Weak Medium
Strength Good Medium Good Good Medium
Roughness Medium Good Weak Good Medium

3D printing technology, which has caused changes by breaking new ground in diverse sectors, has moreover affected the
construction sector. Building production in construction contains of significant stages like design, projecting and
implementation. With the improvement of innovation, digital manufacturing has been used for a long time in the design
and projecting phase of buildings. The design and projection of the building is supported two-dimensional (2D) drawings
and scale models. Today, 2D drawings and prototypes are replaced by three-dimensional (3D) modelling techniques.
Designers, architects and engineers have had the advantage of making the necessary changes in their projects easily, seeing
the problems that may arise before the implementation and making the changes that occur in unforeseen situations during
the implementation phase with digital modelling methods. The implementation phase of building production, on the other
hand, did not change as fast as the design process and remained dependent on the traditional method of building production.
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In the last years, the interest in 3D printing technology has increased because of the act that it provides design freedom,
less error margin, less material wastage, less waste material, and reduced cost compared to the traditional method in the
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Figure 1: Comparison diagram of 3D printing automated building production with the traditional method [11]

Figure 2: 3D concrete printed objects at SC3DP (prototype) [12]
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construction industry [11]. Figure 1 shows the comparison of 3D printing and conventional methos whereas figure 2 shows
the 3D concrete printed objects. A Chinese construction company produced 2 buildings with 3D Printer. Recycled concrete
was used to produce the structures with a 3D Printer. After the 1100 m2 building was produced in the factory, it was moved
to the place where the building will be installed to be combined. A 3D Printer cement-like material is used to produce parts
with a length of 32 m, a width of 10 m and a height of 6 m. This proprietary material includes fiberglass, concrete powder,
sand and hardening material. It is also stated that it is a very earthquake proof material [13]. This 3D printed building is
shown in figure 3. There are many restrictions which are imposed by material processing constraints but on the other hand
progress of 3D printing study is quite rapid. Due this phenomenon the additive manufacturing technology’s potential can
be fully utilized [14]. Biomimicry and bio-inspiration provides the background for the making new structures and low
consumption of materials at same time so, this idea is critical. However, these techniques provide high sustainability and
better mechanical qualities [15]. The primary importance is the evaluation of printing techniques and about thirty 3DCP
initiatives has been taken around the globe. In 3DCP, by the use of material stacking deposition, target components are
formed. The precision of extrusion control is a major concern during extrusion quality control [16]. In this regard, the use
of real-time feedback control is a workable option. Real-time control systems have been developed by the researchers that
not only controls the motions of robot arm use in 3D printing but also monitors the extrusion parameters. Conventional
building techniques cause high accidents and rates of injuries are also countless while traditional techniques of building
are connected with higher prices, lower efficiency and labor resilience [17].

(a) Connection details of the 3-D printed villa (b) The concrete mould printed

Figure 3 (a & b): 3D printing production by WinSun [18]

3 Usability of 3D Printing Technology

Kazemian et al. (2017) carried out several experiments on the workability, printing accuracy and durability, and ease of
printing of cementitious printing mixtures. In the experimental results, it was observed that the use of silica fume and
Nano-clay for four types of mixtures increased the stability of the printing mixtures considerably [19]. Hojati et al. (2018)
investigated the physical and mechanical properties of 3D printer concrete. The rheological properties of the mixture were
considered in the design of the appropriate printhead. In addition, the length of the fiber to be included in the mixture in
accordance with the diameter of the print head was investigated in the relationship between the interlayer bonding. The
3D printer machine consists of a fixed pump with a 15 mm diameter printer head and a 6-axis robotic arm that can provide
various movements in different axes so that the material can be extruded properly. Consequently, it was defined that the
hardening speed of the material should be adjusted well for printing and the width of the 3D printer head should be
compatible with the fiber to be used, otherwise it is possible to clog the pump during the extruding process. In addition, it
was concluded that attention should be paid to the ability of the material to carry the layer that will come on top of the
layers [20]. Xia et al. (2019) developed geopolymer binder materials using only slag mixtures for use in powder-based 3D
printers. With the research, geopolymer materials that can be used in powder-based 3D printers have been expanded with
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mixtures of fly ash and slag. The effect of the amount of fly ash on the 3D printability properties of the geopolymer mixture
and its compressive strength were investigated. As a result of the research, it was observed that the increase in the amount
of fly ash did not affect the mixture settleability, but negatively affected the wettability and compressive strength of the
mixture. It was determined that the best mixture was the samples containing 50% slag and 50% fly ash [21].

Arunothayan et al. (2020) have conducted research to produce ultra-high-performance fiber reinforced concrete with a 3D
printer. Fiber less and 2% fiber reinforced UYPFRB was fabricated by 3D printer and compared with standard
manufactured UYPFRB. As a result of the experimental study, the printability and shape stability of the UHPFRC were
adequately provided. However, the compressive strength of the one poured into the normal mold was higher [22].
Marchment and Sanjayan (2020) discussed the problems affecting interlayer adherence, which has become one of the
disadvantages of 3D printer concrete. They stated that the printing material should be fluid for the pumping process, but
the mixture recipe created should not decrease the strength while affecting the consistency [23]. Ma et al. (2020)
investigated the inadequacy of compatibility between adhering layers, which is one of the biggest problems of 3D printer
concrete in the construction industry. A new cement mortar with additives was developed and cellulose fiber was used.
When the mixture used is pumped, the amount of moisture on the surface of the printed layers is at the maximum level.
Cellulose fiber retained excess water on the surface and contributed as an internal curing agent. Small amounts of clay and
superplasticizer additives are used to optimize the rheological properties. Silica fume was used to improve water retention,
silica powder was used to increase material density and fill micropores. According to the SEM results, the compatibility
between the layers was significantly improved [24].

4 Comparison of Benefits and Shortcomings for Use of 3D Printing

About 8% of the world anthropogenic CO> is produced by cement industry. The 3DCP places the concrete in a precise
manner so the consumption of material is reduced by 3DCP [25]. 3DCP has also many positive characteristics like
sustainable building materials can be used, save money time and energy. It also lowers the pollution caused by construction
without compromising in mechanical properties of concrete. Also, majority of 3DCP is extrusion-based [26]. On the other
hand, the idea of digital concrete is quite wide and surrounds the different types of methods which have potential to create
bio-based structures. 3D printing formwork was investigated in both in-situ and prefabricated by [27]. 3DP concrete
reinforcement building formworks are well defined as compared to the reinforcement construction of 3DPC on-site and its
components. The transportation and preparation of concrete, casting of concrete, formwork’s printing in factory,
transportation of elements and assembly with is use as in-situ assembly are all components of prefabricated 3D printing
formwork [28]. The workability of concrete plays a vital role in fresh and hardened properties of concrete [29], [30]. A
good workable mix is desired for 3D printing so that desired mechanical properties may achieve. There is need of time
research out 3DCP technologies so that it may transfer from laboratory testing phase to real life. No doubt, sand is a natural
resource but with the passage of time is becoming limited in many areas; a number of nations are running out of this for
utilization in civil engineering applications. By 3D printing recycled aggregates can be used a sustainable construction
material. The preparation of mix for 3D printing requires special admixtures for maintaining workability so it takes extra
economy. There is need to mitigate these shortcomings to use 3D printing in civil engineering construction industry.

5 Conclusion

In this paper 3D printing technology and usability of 3D printing are described by the state-of-the-art review. The
comparison of its shortcoming and benefits along with its possible use in future is briefly discussed. Based upon this study
following conclusions have been made:

1. 3D printing is a technique that can be predicted to be used in the construction industry and can provide economic
and environmental advantages. The use of this technique depends on the accuracy of printing, printing material,
cost and time.

2. The use of 3D printing is dependent on conditions such as usability in large construction, development of building
information modelling, production diversity and life cycle cost.

3. This technique will be used at the highest level once these conditions have been successfully overcome. Powder
bed fusion (PBF) and directed energy deposition (DED) methods are the most suitable 3D printing techniques to
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be used in the construction industry. These methods allow proper fabrication of the structure, but are constrained
by cost, time, and maximum element size.

The transportation of robot arm, repairing, specific usage of admixtures makes it costly process so it increased
the overall cost of the project.

Due to higher cost of operation and mixing of materials, it is not recommended on large scale use.

It is suggested to find new ways to make 3D printing economical process as sustainable construction can be performed by
3D printing as it requires less man power and provides greater efficiency.
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