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Abstract

Background: Three-dimensional (3D) printing is a major technology to be used in
the construction industry. There are significant benefits to this in efficiency, costs
and creativity. This study seeks to present the implications of this technology on
construction sector by discussing its scopes, capabilities and challenges.

Method: For this study, the authors conducted a descriptive assessment of research
papers and reports concerning 3D printing use within construction industry.

Findings: The research confirms that 3D printing is a viable aligned cost reduction
using the improvement in design correctness and execution time that results, while
additionally reducing environmental waste as high as sixty-percent. In addition, the
technology aids designers in producing their creativity and attains extempore
concepts that are usable. But there are significant ethical implications, a dearth of
government action and digital skills and training remains the biggest barrier
according to survey findings from the sector.

Conclusions: The current state of 3D printing technology requires further research,
development, and technical support, in order for struggling and utilize the potential
of this time-saving tech or should go back once again learning mains basic attacks.
Hence, it is important to increase international collaboration and work on creating
infrastructure that provides training programs in order for this technology to be
adopted faster all over the world.

Keywords: 3D printing technology, innovation, sustainability, design, traditional
methods.
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1. Introduction

Recently the construction industry saw a drastic change because of adding modern
technologies within traditional methods. One of the most famous technologies is
three-dimensional printing (3D printing). The design and construction of buildings
and structures was reimagined with this technology. Designers had struggled with
designing architectural structures that well combined aesthetics and functionality in
the past. Therefore, designers have successfully broken free from these limitations
by embracing 3D printing technology as a new and innovative solution. In that

way, this technology has become a powerful innovation engine for construction

).

For designers, the significance of 3D printing is that it offers them a tantalizing
slice of what could be. This can greatly stifle creativity, especially when tackling
intricate designs that require flexibility and high levels of precision. This
technology and design principles (isomorphic construction, for example) have
made it possible today to build dynamic shapes that would have been expensive
and/or unbuildable using traditional methods. In the way, it not only improves

building aesthetics but also helps to reduce costs and shorten construction time (2).

3D printing goes back into the 1950s and was used primarily in industrial as well
military applications. This technology over time has spread to other fields as well,
like medicine, art and architecture. This innovative material and fabrication
method have redefined the design of large complex structures within the
construction industry. This is having a widespread impact, not only on aesthetics

but also increasing material efficiency and reducing waste. Thus, this technology is
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in line with the requirements of environmental sustainability which are amongst

key objectives to be achieved at present-day (3).

Sticking with the Fourth Industrial Revolution, another pillar of this movement is
3D printing in modern manufacturing. This technology integrates artificial
intelligence to provide advanced solutions in several sectors, including
construction. Digital models allow for more advanced and precise architectural
components to be manufactured which lowers the risk of mistakes. Additionally,
the latter provides potential for multifunctional materials and components catering
to contemporary design needs arising from this technology (4). Bringing design
innovation together with sustainability is one of the most significant benefit areas
in 3D printing. This allows the growth of different environmentally-friendly
materials leading to minimal use and consumption of rich, natural resources. 3D
printing is increasingly important in sustainable construction practices and along
with other green technologies 3 Which used for global solutions towards the

environmental protection (5).

Although the construction industry has much to gain from these benefits, 3D
printing in this domain is not without its hurdles. These barriers can be the high
price of necessary printings equipment, advanced technical skills necessary to have
great results from 3D printing(post-processing and printer maintenance), cost of
materials. However the evolution of this technology and increasing interest
towards its uses have unlocked a wide arena for construction sector to propel. It
will increase potential for innovative and creative architectural (design, as well
release the classic limitations faced by engineers throughout history in fulfilling

their architects vision (6). According to research, 3D printing is forecasted as an
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emerging technology that may increase substantially in years to come. Its
worldwide market value is expected to be as high $120 billion in 2020 and could
rise to nearly $300 Billion by 2025. Increased incidences of, and investment in
R&D activities along with the demand to innovate design as well manufacture are
factors responsible for such trends on a global scale; driving overall growth from

2018, followed by peripheral technologies (7).

Reports also state 3D printing, besides time- and cost-efficient it can reduce the
construction costs by 50%-70%, labor costs — for a staggering additional saving of
50% to even up to as much as an average labor-cost-reduction of minimum at least
another ~80%. It also aids in decreasing on-site waste by 60% These economic as
well environmental benefits give reasons to its strategic option. Countries such as
Canada, United States of America(USA), Japan, Germany and the U.K are
pumping enormous funds to advance their 3D printing technologies across multiple

industries from medicine manufacturing aviation to automotive etc (7).

It is Revolution in Construction world to make anything anywhere like we can
build building steel & glass frames using 3D Printing. With such technology, it is
able to provide better solutions that help in making efficiency improvements
through cost reduction, improving creativity and the flexibility of designing and
implementing projects. . With the introduction of robotics and digital control
systems, it has become possible to accelerate this revolution, thereby opening new

horizons for reshaping traditional construction and building processes (1).

This issue is studied by considering 3D printing, digital control and robotics as an
integrated whole. For decades, the construction industry has faced challenges

related to efficiency, high costs, and time as well as environmental issues
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associated with waste and resource squandering resulting from traditional
processes. Recent studies like one from MIT have found a significant reduction in
time required to build intricate structures with the high precision and speed of

execution that robotics when combined with 3D printing technologies (8).

In another study done by Contour Crafting robots can aid in the construction
process to build an entire house within 24 hours, which is much faster than
traditional methods taking weeks or even months. All of that new time is as if
robots can simply accomplish work faster and better than human labor. Digital
control also enables robots to be guided to execute architectural work with extreme

precision, reduce errors, and increase execution quality (9).

In addition, by integrating it with robotics, 3D printing simplifies many tasks in
architecture and construction due to a reduced price which maximize productivity.
Among those investigating the integration of manufactured components is a Royal
Institute of British Architects (RIBA) study. In this new research, it was seen that
3D printing paired with robotics can produce unique designs not possible through
traditional techniques. Newer technologies including robotics and digital control
are allowing engineers to break through engineering limitations that previously

hindered engineers from realizing their creativity (10).

In addition, the advantages of this robotics/3D printing synergy are not merely
aesthetic beautification but rather an increase in environmental conservation. The
use of robots in combination with 3D printing reduces the raw material utilization
by even up to 60% according to research from Stanford University, which further

decreases waste produced through construction processes. This integration leads to
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a clearer and faster allocation of resources, helping to reach environmentally

sustainability targets in the construction sector (7).

But even though it has these takeaways, there are many problems when integrating
this. First, costs associated with the development and upkeep of robots such as
advanced digital technologies are high; Meanwhile, workers also need to be trained
. According to a University of Cambridge study, the high cost in technological
infrastructure for transitioning into using 3D printing as construction method
undoubtedly raises an important hurdle that prevent these technologies from wide

adoption especially at developing countries (11, 12).

These examples demonstrate a new style of construction called 3D printing with
robotics and digital control. Its ability not only to provide solutions for the faster
ways of building, but also poses a vast array of unprecedent possibilities regarding
creativity, efficiency and sustainability. The integration raises questions about how
deeply these new technologies will impact conventional construction processes and
whether they can break through past barriers to the transformative future they
herald.

Therefore, it is necessary to examine how 3D printing could be a driver for
innovation in construction and as such leading the way of disruptive measures
within this sector. This brings us to the essential question: How much actual
change can 3D printing provide in construction? the answer to this could be
brought through some questions that are;(1) What impact is shown by 3D printing
in construction? (2) What value for construction projects can this tech bring in
terms of efficiency and cost savings?, (3) How does 3D printing help the

environment regarding sustainability and reducing material waste? (4) What are
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the key challenges in this sector, particularly for developing countries, that

preclude 3D printing adoption?
2. Methods

In this study, a descriptive analytical method was employed. It is based on a
review and content analysis of previous studies, academic literature regarding 3D
printing technology in the construction industry. The authors analyzed from
various sources that included scientific papers, technical reports and research
institutions etc. Thus, with this methodology the present study aims to provide a
broad view of how the use of 3D Printing technology can improve such efficiency
In construction processes by diminishing cost and waste raw material production;
reducing time and labor needed for projects execution; as well as saving
environment. Use of this methodology will provide insight into different uses of
3D printing in construction and compare those with traditional methods, to

identify the advantages or issues that may prevent from large scale adoption.
3. Result
3.1 3D printing technologies

Nowadays 3D printing is a novel technology in the domain of modern
manufacturing. As stated by Choi and Yu,(13) 3D printing is a method of making
three-dimensional objects from digital representations imposed on flat, typically
2D surfaces called the “build plate” Then we melted these materials to get the

forms that we wanted.
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3D printing is simply defined by the ASTM International Committee as "the
process of manufacturing three-dimensional objects by depositing material using a
printhead, nozzle, or other print head"—Noorani (14), this report based on Wohler
2014. 1 find applications for this technology in manufacturing through to the
medical field. Abdul Rahim and Suleiman (15) described it as a technology that
creates models by layering material directly where the input materials are fed to the
process in powder, paste, or suspension. The most prominent 3D printing
technologies are Selective Laser Sintering (SLS), Fused Deposition Modeling
(FDM), and stereolithography (SLA) (16), which are discussed in detail, focusing

on how they work, their development history, and their advantages.
3.1.1 Selective Laser Sintering (SLS)

Another type of 3D printing technology is Selective Laser Sintering (SLS).
Developed in the mid-1980s by Dr. Carl Deckard at the University of Texas, SLS
was initially overseen by DARPA (the U.S Defense Advanced Research Project
Agency). It has since been developed to become one of the leading 3D printing
technologies, applied extensively throughout many industries like medical and
aerospace. It utilizes a powerful laser to combine small particles of plastics, metals,
ceramics or glass as examples. A thin layer of powder is spread over the printing
surface and fused to certain areas in accordance with a digital design using laser.
From there a new layer of powder is added to the platform, which once again goes
up slightly and the laser fuses successively until you have an object. The main
advantage of this technology is that it eliminates the need for external support
during the printing process. The layers unaffected by the laser remained intact and

provided a natural support for the printed layers. Moreover, the powder not used
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can be recycled to use for printing, which is an eco-friendly and cost-effective

protocol (16)
3.1.2 Fused Deposition Modeling (FDM)

Fused deposition modeling (FDM) is one of the most commonly used 3D printing
technique. It was first created in the late 1980s and patented by Scott Crump. In
1988 he established the Stratasys Company to commercialize the technology (17).
It uses thermoplastic materials (18). This spool of plastic filament or metal wire is
unspooled and then passed into the printing nozzle where it gets heated until it
becomes liquid (molten) from where temperature can be controlled with help of
special digital control software.. The material is pushed out molten and then it
solidifies just after extrusion, allowing you to build the object bit by bit. A
computer then digitally designs the nozzle, such that it moves mechanically and
physically constructs complex objects with greater precision (16). These
techniques are cheap and user friendly, and hence have applications in various
fields like education sector to engineering. Eventually, the very same technology
was given another name: fused filament fabrication (FFF). Because of the RepRap
open-source project, 3D printing has been widely adopted by all through self-
replicating printers (17).

3.1.3 Stereolithography (SLA)

One of the pioneers in Additive Manufacturing, Stereolithography (SLA) is still
one of the most precise 3D printing methods around. 3D printing was first
introduced in 1986 by Charles Hull, who then went on to set up a company called

"3D Systems". This technology relies on a photo polymerization process: the UV
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laser shines on to liquid photo polymer resin and solidifies layers one by one until

an object is formed(18).

How this works is first a tank with special liquid resin layer inside it and then on
the surface of that liquid, laser creates a cross section from desired object. The
laser cures the resin — hardening it where exposed while leaving the rest of liquid.
Once the first layer is drawn , the print platform moves lower, so it has a thickness
equal to what we drew and then the surface changes state in order for us pour more
resin. They did this iteratively until they had the full object built. It is considered
that this technology approach has high detail precision and capable of creating
accurate models even in intricate forms, however since the model needs to be
supported while being printed it requires additional supports. Although it is
expensive compared to most others technology, that would be the right one if we

need models with excellent precision and quality (16).
3.2 Materials used in forming products in 3D printing

3D printing has come a long way from its beginnings and is offering a wide range
of usable materials. This ranges dramatically by means of the product or service.
They have many shapes such as powders, filaments, pellets and granules etc.
Filaments are the most common type, with many sizes that can be used in all colors
and types, which giving users significant manufacturing flexibility However, in
order to use it as construction material we need appropriate physical properties:
hardness, heat resistance and chemical stability of the corresponding materials for
high temperatures at long periods (18). Some materials used to 3D print products,
shown in Figure 1.following is a review of the most important materials used in 3D

printing.
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Fig. 1: Materials employed in the fabrication of products manufactured through 3D

printing (18).
3.2.1 Polylactic Acid (PLA)

PLA (Polylactic Acid) is one of the most common materials used in 3D printing.
The following are made from corn starch, which is renewable. Eco-friendly &
works with most printers Unlike traditional plastics, it takes far less energy to
process. In addition, it is odorless with minimal warping and comes in various
colors — either transparent or opaque. It is widely used for making prototypes and

ornamental products due to its strength and workability (19).
3.2.2 Acrylonitrile Butadiene Styrene (ABS)

Acrylonitrile Butadiene Styrene (ABS) is one of the most commonly used
materials for practical 3D printing right behind PLA. Cheap, versatile and light in
weight. ABS is perfect for furniture, sports goods and bicycle helmets, etc. That
said, it has its own issues too and one of the biggest criticisms is emitting toxic
fumes during printing which can be harmful to people with respiratory problems.
Hence, good ventilation during printing is critical (20).
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3.2.3 Nylon

Nylon filaments are also one of the popular materials to be printed as they provide
a sturdy and durable co-creation. They are not as brittle as PLA and ABS but
possess superior strength. It find wide applicability in miscellaneous items like d
decorative tiles, containers, tools, consumer products, and toys. Moreover, nylon is
tough and results in good impact resistance or abrasive and toughness, making it

suitable for applications requiring high durability and strength (21).
3.2.4 High-Impact Polystyrene (HIPS)

In the realm of dual-extrusion 3D printers, HIPS ranks among popular choices.
This is white and biodégradable. Most are used for packaging applications in the
food sector. In addition, the colorless liquid hydrocarbons in which it is soluble
ensures its beneficial properties for temporary support of ABS complex objects
(22).

3.2.5 Resin

Resin is a light-sensitive liquid material using light-based techniques such as
Stereolithography (SLA). The resin can produce extremely fine details. Hence used
extensively in precision manufacturing like jewelry, prosthetics, medical
instruments and tiles. The resin is cured with ultraviolet light, creating objects of

high strength and accuracy (23).
3.3 Construction and building using 3D concrete printing (3DCP3)

Concrete is the most widely used building material and annual global production
exceeds 30 billion tons. But that's just a fraction of the construction cost Overall
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molds cost make up 35-60% of the entire concrete construction costs. A mold is a
formwork for casting wet concrete, usually made from wood. Molds are a major
contributor to the world's waste as they all end up getting thrown away.
Traditionally, the use of molds for concrete casting is considered to be standard; it
creates a limitation on imaginative free-form shapes without splurging an

exceptional budget in fabricating tailored-made molds (1).

3D concrete printing (3DCP) is a new technology that allows free-flowing
construction without the need for a mold. it have attracted increasing attention in
various industries With the increasing interest in 3D printing technologies from
various industries; Nonetheless, technology penetration in some sectors has been
higher than others. Hence, integrating the 3D printing technology in civil
engineering can revolutionize building design and open our minds to new ways of
designing structures where economical use of material will be more important than
form itself (24).

Since the 1990s, it has basically been a quicker and less expensive approach to
produce structures. However, pegna was the researcher to implement Concrete 3D
printing first(25). Some solutions have been developed to enhance the performance

of 3D-printed concrete compared with conventional concrete.
3.3.1 Thermosetting 3D printing

In concrete extrusion, a layered structure is created with a nozzle that deposits new
cementitious material along a specific path. To ensure the quality of printed
components, the material must possess certain properties. These include: (1)

pumpability, as the concrete needs to flow through the nozzle and prevent particle
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separation through the hose; (2) extrudability, as the concrete needs to flow
through the nozzle and the deposited filament must retain its shape; and (3)
interlayer adhesion, as the new layer bonds to the underlying layer and does not
deform significantly under the weight of the layers above it (26). The following

figure illustrates concrete extrusion using the thermosetting technique:

Fig 2: Concrete extrusion using the thermosetting technique (1).

Several concrete extrusion processes have been developed in recent years. They

can be divided into three types based on filament size (26):

— Deposition of fine filaments less than 1 cm in diameter: such as 3D concrete
printing (3DCP) at Loughborough University, which uses a gantry-sized

three-axis robot.
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— Deposition of medium-fine filaments with cross-sectional dimensions up to
several centimeters, such as Contour Crafting at the University of Southern
California.

— Deposition of coarse filaments in several sizes, such as CONPrint3D at the
University of Dresden, which seeks to use established standards for concrete

and construction equipment.

Additive manufacturing (AM) systems suitable for printing are classified according
to the size of the printed model, layer thickness, printing environment, assembly
strategy, use of supporting structures, and associated costs. 3-axis printers have
been shown to be the most common, often producing models in small sizes. The
office building project printed by Winson is among the projects that have used AM
systems. In this project, a printing process similar to Contour Crafting was used,

with parts produced and assembled within two days (27).
3.3.2 Particle-bed printing processes

Aggregates, liquids, and activators are mixed prior to settling in concrete extrusion
processes. In these processes, a bed of dry particles is created, and then liquid is
selectively added to bind the particles together. Post-processing processes (such as
filtration and heat treatment) can increase the strength and durability of printed
structures (28). The main variations in powder-based concrete printing processes
are as follows (29):

— Selective Activation Binder: A layer of selectively adhering powder, which

can be fused or solidified (such as sand mixed with cement). This mixture is
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consumed with a liquid agent, water or similar compounds and mixed to
interact with the selective form.

— Selective Intrusion Paste: This has aggregates in the print, and its selective
liquid binder is a paste produced using cement as well as water with
additives.

— Binder Jetting: print this mixture of aggregates and activator. The liquid
binder is applied only selectively to the mixture. This would be commonly

used to create molds of sand from a 3D print that at is coated with resin.
3.4 Construction and building applications using 3D printing

3D Printing is a modern construction technology taking its origin in the creation of
three-dimensional objects with stacking materials layer by layer, which are
described in digital plans. This technology enables the construction of life-size 3D
models, enhances design accuracy, and has the potential for achieving innovative
architectural visions (1). The following are the most prominent global applications

in the field of construction and building using 3D printing technology.
3.4.1 Winsun (Chinese company)

Winsun adopted innovative environmental technology as a key factor in promoting
sustainable development. The company embraced green innovation as a key
driving force. Collaborating with several green building advocates and
practitioners both inside and outside China, the company has leveraged 3D printing
technology to provide comprehensive solutions for eco-friendly building

construction. Winsun was a pioneer in adopting a global sustainable development
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strategy by developing a new industry based on environmental protection and

resource conservation (30).

In 2016, Winsun printed a traditional Chinese-style house with an interior
courtyard using 3D printing to design both the interior and exterior. The printing
process was comprehensive and included eco-friendly green walls, aesthetically
pleasing hollow walls, and patio furniture. Winsun used 3D printing to produce
stone flooring, making the construction experience more integrated and
innovative(31). One innovative technology implemented by the company was the
printing of hollow walls, a technology that not only reduces the weight of walls but
also helps enhance thermal insulation efficiency, improves the quality of the living
environment inside the building, and makes it more comfortable. Furthermore, this
design enabled the wall thickness to be reduced without sacrificing the functional
efficiency or aesthetic value. The cost of building this house was approximately
5,000 Chinese yuan per square meter, which is equivalent to approximately $750
(1). Winsun did not stop there; it developed and printed multifunctional and
environmentally friendly walls. These walls not only boast an aesthetically
pleasing appearance but also offer sound insulation. While traditional barriers
made of materials such as laminated glass, clear acrylic, or sawdust reduce noise
by 20-22 dB, Winsun's 3D-printed sound barriers can reduce noise by 30 dB. This
achievement has improved quality of life in residential areas near highways and
busy areas. Additionally, the sound barrier was innovatively designed to include
plant pots that can be used to grow plants with natural noise-reducing properties,
such as flowers and climbing plants. This design creates a vertical green wall that

absorbs sound and beautifies the surrounding environment (32).
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Currently, Winsun is seeking to expand its technology. It signed a deal with the
Egyptian government to ship 20,000 3D-printed housing units. The company also
announced a collaboration with Nile Sand Company Limited to establish 12

factories in the Egyptian Desert over the next two years (1)

Furthermore, Winsun aims to establish factories in more than 20 countries
worldwide over the next three years, with a particular focus on the Middle East and
North Africa. The company aims to provide affordable and efficient housing units,
particularly for low-income groups, thus contributing to the housing crisis in many
poor areas. Despite Winsun's significant success, it has faced some challenges,
such as printing components off-site, which can impact operational efficiency and
increase logistics costs. The company is now seeking to improve these experiences,
overcome shortcomings, and expand the use of 3D printing in the residential sector
(1). The following images show the company's 3D printing projects for some

residential buildings

Fig 3: Chinese company Winsun printing 10 micro-dwellings in 24 hours, and the world's
tallest 6-story building (1)
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Fig 4: Multiple examples of Winsun's multifunctional soundproof wall (1)

3.4.2 Huashang Tengda (Chinese company)

The Chinese company Huashang Tenda completed an innovative project in
Beijing. It was able to print a complete, two-story villa with an area of 400 square
meters in just 45 days. What sets this company apart from others is its unique
process that allows it to print entire buildings on-site and in one batch, eliminating
the need to print components elsewhere and then transport and assemble them on-
site (33).

In this project, the house frame was designed to incorporate built-in steel
reinforcements and the necessary plumbing. The concrete mixture was extruded
using a large 3D printer and a specially designed nozzle. Concrete is pumped
around the steel frame and tightly encased within the walls, providing significant

structural strength (1). The following figure illustrates this villa.
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Fig 5: A two-story villa built entirely using 3D printing technology from Huashang Tengda
1)

This novel design is thereby considered a significant advancement in overcoming
one of the fundamental challenges associated with 3D concrete printing (DCP)
technology; its capability to combine conventional steel bars within printed
concrete as illustrated below. This increases the life-span and structural
sustainability of the DCP-printed structures (34).

Fig 6: Integrating traditional steel reinforcements with 3D structural concrete printing (1)

The company stated that a 2-story villa whice created using this technologyhas

excellent earthquake-resistance properties. The villa is earthquake-resistant up to 8
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on the Richter scale, so it can be placed in areas affected by natural disasters. The
giant printer used has a unique feature: a bifurcated nozzle that extrudes concrete
on both side of the rebar at once ensuring full encapsulation throughout the walls

while enhancing its strength (33).

This means this project is a huge push in erasing the technical hurdles of
construction 3D printing. Regardless, this project does show how printing
technology is both a sustainable and durable solution to traditional construction in

areas that are increasingly affected by environmental disasters
3.4.3 Dubai's experience with 3D Printing Construction

In 2016, Dubai witnessed significant achievements in 3D printing. The world's first
3D office building was printed in just 17 days (Figure 7). A giant printer was used,
which relied on a special mix of printing materials, including fiberglass-reinforced
gypsum, concrete, and fiber-reinforced plastic. This project is unique not only in its
use of advanced construction technology but also in its cost, which amounted to
approximately $2.5 million, roughly half the cost of similar projects implemented

using traditional methods (35).

The construction process required 19 employees including installers, electricians,
and mechanical engineers. However, only one person was responsible for
operating the giant printer, highlighting the technology's effectiveness in saving
time, effort, and labor (36).

Immediately after the opening of the building, the Dubai government announced
ambitious plans for 3D printing. Its goal is to build 25% of Dubai’s buildings using
this technology by 2023. The government also believes that 3D printing will play a
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fundamental role in the future of cities and become an integral part of all aspects of
life (36,37). Dubai aims to become a global center for 3D printing research and

development.

Fig 7: Dubai government building constructed using 3D printing technology (35)

This strong interest from the Dubai government in 3D printing has helped attract
international companies, such as Casa, which relocated its headquarters to the
UAE. In 2017, Casa launched its own line of 3D printers for robotic constructions.
Through this project, Casa aims to increase construction speed, improve safety
levels, and reduce costs and environmental impacts. The company announced
ambitious plans to build a skyscraper in Dubai using 3D printing technology,
which is expected to be completed by 2023. Dubai's experience with 3D printing
represents a major turning point in the world of construction, aiming to redefine
the concept of construction and reduce costs and time, while maintaining high

standards of quality and sustainability (37).
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3.4.4 Rudenko's D3 Concrete Printers

A massive undertaking started in the backyard of Andrey Rudenko, back in August
2014. He developed an FDM (heat and melt printing) printer to to be able to print
In concrete. As a matter of fact, Rudenko had remarkable success in printing one
castle made of concrete layers. The project took Rudenko 2 years to work on.
Throughout the project, he had multiple technical bottlenecks such as
programming barriers, exams on mortar mixtures failed and more errors related to
cement physical properties regarding printing nozzle cloggings. Nevertheless,

Rudenko managed to create the layers with various heights and thickness(1).

After finishing with his castle project, Rudenko decided to retool his printer for
improved results. In September 2015, he also started a cooperation with the Louis
Grand Hotel in Filipino to make it his first project emerging due to its signposting
of designing a villa measuring less than 130 square meters using printed objects
(Fig. 8) . This project not only included printing the villa's structure, but also a spa
bath. Rudenko used additives like sand and volcanic ash in the mixture to not only
toughen its structure, but also bond together the layers of concrete being printed
(38).
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Fig 8: Rudenkao’s printed villa in the Philippines (1).

The projects of Rudenko are among the most advanced applications and still
fascinate both academic researchers and practitioners in construction industry
inspiring a creation new technologies that can change whole future of in-

construction process (1).
3.4.5 Contour Crafting (CC)

Sulfur Concrete Company (SCCC) adopted the 3D printing technology named as
Contour Crafting(C.C), to develop a method of building sulfur concrete_blocks.
Concrete formation without water using this technology. Also, along with its long
service life and also high mechanical strength the above method is notable for very
good acid resistance as well as salt resistance. This particular application will
enable the robot-sulphur concrete extruder pair to compress browsed for material
while undergoing changes in behavior and terrain, thus it is also applicable to

Mars- or Moon-based environments (1).

In this SCCC process, composite materials of elemental sulfur with additives and
coarse and fine aggregates are made to melt at 150 °© C and mixed together in

advance. Following the mixing, these were kept in a separate tank for one hour to
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optimize sulfur content. The sulfur concrete is then pumped through a special
mixer mounted on the robot, which deposits the concrete with high precision

according to a precalculated path (39).

Fig 9 Building a house using 3D Contour Crafting technology (1).

This concrete had a simple curing time of no more than 10 min. After only 24 h,
the sulfur concrete structure reached its maximum compressive strength, making it
ready to withstand harsh conditions. The printing technology relies on an extrusion
system similar to the FDM technology used in 3D printing. The robot features a
pivoting trowel that smoothens the sides of the structure during printing, enabling
the production of structures with smooth curved surfaces without the need for
additional finishing processes to improve the aesthetic appearance, as is the case

with traditional systems such as Winsun and Andrey Rudenko (40,41).

On the other hand, the Contour Crafting (CC) system has the unique advantage of
integrating cement materials with 3D printing technology, enhancing the quality of
the output. The company began developing lightweight, portable robotic printers in
June 2017, making them more effective and efficient than traditional technologies
(1). What makes CC even more unique is its drive to automate the entire process to
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speed up construction and minimize costs. Unlike the traditional approach, which
requires assembling a house in parts, Contour Crafting prints directly on-site
through layers of cement, eliminating the need for additional processes,

significantly improving construction efficiency, and reducing costs.
3.4.6 Apis Cor (Russian company)

In 2017, the Russian company Apis Cor achieved a major breakthrough in the field
of 3D printing. The company successfully built the world's first 3D-printed house,
built directly onsite. Located in the city of Stupino near Moscow, Russia, the house
measures 38 square meters (1). The on-site design of the house demonstrates the
great flexibility offered by 3D printing technology in construction. During the
construction process, the company used a tent to protect the print from low

temperatures, which could affect the quality of the process(42).

One notable feature of this project is that the printing and finishing processes were
completed in only one day, including both interior and exterior finishes. The total

project cost was $10,134, approximately $275 per m* (1).

Apis Cor is a pioneer in this field, but research and development of 3D printing
technologies for construction is ongoing. There is no clear winner at this stage of
development, as assessing the future direction of technology depends on further
research into materials and structural forms. Therefore, it is essential that
researchers continue to test advanced 3D printing technologies to determine the
most appropriate methods and approaches that will determine the future of this
technology in the construction sector (43,44).
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3.5 Advantages of using 3D printing technology in design and construction

3D printing in construction (3DCP) is one of the most significant technological
developments in the construction industry. This kind of technology has the ability
to not only improve construction, but also make it more innovative and less
expensive (45). Here is an in-depth explanation of the benefits this technology

provides and how they affect construction.

— Simplifying the process: 3D printing is an alternative production method, as
it does not require significant investment in resources, unlike traditional
molds. Thus, there is no longer a need to create a mold. The component can
be printed directly from a digital model, which is more cost-effective and
less polluting to the environment. This method gives designers great
flexibility, enhances their ability to innovate, speeds up the production
process, and reduces the costs associated with mold manufacturing (46).

— Material waste: 3D printing it is principally material efficient. Only
materials are used when necessary, so that waste is greatly reduced. Earlier
methods could be wasteful, but with 3D printers a lot of this waste is
minimized. This increase in material efficiency helps to maintain
environmental sustainability as it reduces waste and can vastly reduce
material costs (47).

— Rapid manufacturing at a cost-effective rate:3D printing is known as one
of the quickest ways to manufacture components, while doing so within
cheaper price points compared with traditional means. The printer can

complete an entire model very quickly because it continuously prints. This
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advantage cuts costs of both labor and materials from most to all areas of its
fluctuating variable (48).

Complex architectural designs: 3D printing is allowing for precedent-
defying design where otherwise it would be difficult to achieve using
traditional techniques. Enabled by complex, curved shapes and fine details
designers can conceive structures beyond those with conventional
manufacturing capability. For architectural design, it allows new
possibilities and the implementation of original ideas (46).

Saving labor costs: This is an automatic technology so we do not have to
pay for humans career. Digital processes have cut manual intervention to a
minimum. Therefore workforce cost is minimized, errors are reduced and
work accuracy raised (50).

Sustainability and Recyclability: One of the many benefits 3D printing
offers is sustainability. This is achieved by recovering and recycling used
materials to avoid waste which increases the resource efficiency. This allows
3D printing to act as a sustainable option for cutting down the carbon
footprint of building processes (51).

Intra-site printing: implies saving on heavy tools and equipment. This
simplifies the transport of heavy equipment to the construction site and
eliminates logistical costs. In addition, it minimizes the requirement of big
storages for equipment which contributes to optimizing construction works
(45).

High Quality and Precision Manufacturing: Displacing traditional
moldings, 3D printing offers as a better method of manufacturing in terms of

quality & precision. Accurate parts can be obtained to the nearest feature
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before post-processing is necessary. This high-quality resolution with
machine precision makes 3D printing a popular choice for many of the
projects mandated manufacturing to be precise(38).

— Impact on the design process: As 3D printing uses sliced CAD data, it
helps designers to validate their designs quickly and cost- effectively while
enabling instant changes or enhancements based on initial testing of print
result. By doing so, it allows designers to innovate and lowers the risks they
run as well as the costs of late changes. This allows designers to keep testing
and refining new ideas iteratively, without having to wait for the traditional
manufacturing process (1).

— Encourages innovation in design: 3D printing eliminates the historical
boundaries between product designers and manufacturers to stimulate
innovative thinking. This means that designers can apply new ideas to their
craziest designs and experiments, having in mind a result without the
technical limitations of traditional methods. Enabling designers to provide

new solutions and interact with the forefront of design trends (45).
3.6 Disadvantages of using 3D printing technology in construction

3D printing technology has several challenges. However, they must be considered

before its use in the industry.

— Specialized and complicated equipment, Additional precautions: The
process of 3D printing in the construction industry will always need special
machines. The equipment tends to be expensive and has to be maintained
regularly in order for it work correctly. In addition, special safety measures

must be taken for this type of 3D printing to prevent the area around each
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construction site from being soiled with dust and hazardous materials that
are emitted during printing. preparing digital components and ensuring their
readiness for printing requires specialized knowledge of software and digital
engineering, which complicates the implementation process (52).

Initial cost: 3D printing initial cost may be even larger than traditional
construction methods These costs include the purchase of equipment for
printing parts in 3D and training technical staff; Additionally, this process
necessitates the development of a digital model that can be expensive and
time consuming (66)

Materials limitations: While up to now, 3D printers only print in a select
few materials which can restrict total adoption for sure tasks. Researchers
are working to develop printers that can work with more cost-effective and
eco-friendly materials, but the problem persists. Some of the materials which
are available may not perform on budget or work as required to fulfill needs
of a given project, therefore limiting applicability across different styles and
ways these modular homes can be constructed(7).

Size and site adaptation challenges: 3D printers are large, making it hard
to place them at construction sites. These can actually be inapplicable for the
limited space project such as homes. This is a challenging problem to solve
and requires intricate logistical solutions across multiple settings for optimal
technology utilization (54).

Tech Issues: Factors like equipment errors and print quality come under this
scenario as 3D Printers do face technical issues. One of the problems that

malfunction makes is reducing quality final product. This includes project
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delays or rework, which increases both the cost and time it takes for a
project (55).

Artistic and hand-craft skill losses: 3D printing is a strong tool, but lacks
the human-creative aspect as given by an artisan. An absolute dependence
on technology can also lead to the elimination of an artistic and
craftsmanship soul that adds value & humanity in a project (56).

Economic implications: The emergence of 3D printing technology may
bring economic complications to many traditional sectors, such as fewer
demands on conventional products and services reduced labor demand high
unemployment rates local economies weakened (57).

The need for continuous development: 3D printing technology for
construction remains in a state of continuous development. To address
current challenges, continued investments in research and development are
required to improve the ability to use diverse materials, speed up printing,
and reduce costs. Therefore, the lack of progress in these areas could hinder

wider acceptance of technology in the construction industry (45).

Based on the above, despite the significant advantages offered by 3D printing, this

technology faces significant challenges that require attention and innovative

solutions to ensure its maximum benefits in the construction sector.

4. Discussion

One of the most significant construction industry technological innovations is 3D

printing technology (1). In the precursor, This technology plays an essential role

which helps to bring a substantial change in this domain (6). The study showed that

the technology could increase efficiency, lower costs and enhance sustainability in
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construction. From a view of various global experiences, it is evident that 3D
printing it’s not merely an innovative construction tool and rather another
cornerstone for a sustainable impact (32, 36).With practical applications such as
printing environmentally friendly buildings (36), wastage minimization (47) speed,
efficiency etc. thereby aiding a complete transformation for better future
perspectives with considerations to sustainability tags related on the global scale
(51). Nevertheless, barriers to diffusion of this technology remain especially in

resource-limited settings such as initial costs (53) and logistical challenges (52).
5. Conclusion and Recommendations

The study coins the many advantages of 3D printing for construction. This
technology has remarkable benefits, such as increased design accuracy over
traditional construction methods and a decrease in cost and time of construction.
Experiments have additionally shown how 3D printing supplies creative answers to
well-worn building issues. For example; the prospective of fast and precise
producing concerning complicated components (in a way which is more reliable,
since less time will be spared correcting accidental yet basic measurement errors).
In addition, the study found that 3D printing resulted in massive cost reductions by
requiring fewer materials and making construction processes faster without labour.
Therefore, some companies have managed to construct small homes faster than 24
hours by reducing the costs of labor and materials. For sustainability and wastage
reduction: 3D printing leads to a more sustainable use of resources as well as
energy efficiency. Data such as Winsun company has shown that the application
of sustainable and insulating / isolating materials decreased natural resource

consumption providing energy-efficiency. Moreover, though the prospects are as
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such glittering there still remain several barriers on route for a larger scale adoption
of 3D printing in construction industry and especially the developing countries.
The major challenges are the high initial costs, scarcity of technical expertise and

infrastructure to help a large-scale deployment.

Based on preceding research, the current study suggests that further studies be
undertaken to increase efficiency of printers, lower costs and develop new eco-
friendly materials in 3D printing area. The goal is to widen the scope of technology
adoption both within developing and developed countries. Encouraging industries
as much towards adoption 3D printing technologies through creating financial
benefits and exemptions; In addition, governments should work to ensure that vital
infrastructure is developed in order for this technology to be applied more widely
within the construction industry. In addition, it is necessary to train those working
in developing countries towards such capacity building as many companies lack
the technical knowhow which will help deploy 3D printing. There exist
opportunities to enhance such programs, which may help build employee skills and
increase their employment on construction jobs. Furthermore, the cooperation
between international companies, research institutions and governments should be
strengthened to accelerate the use of this technology in construction by improving

knowledge transfer and utilization.
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