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Abstract: As technology advances, innovations are beginning to appear in the building industry. Among these are the advances
made in 3-D printing technology. The materials and methods available at the period are used by civil engineers to construct
buildings. Because 3D printing technology is currently faster, less expensive, requires less work, and has a lower error margin
than traditional construction methods, it is gaining interest. This technique allows for the production of small-scale, diverse
products as well as intricately designed buildings. Creating structures using 3D printing printers requires, first and foremost, 3D
model design. A recipe for building materials should be created by determining the proper mixing ratios in order to be able to
stack layers on top of one another without collapsing and to carry out 3D printing without shrinkage cracks. The printing layer's
breadth and thickness are continuously regulated during the building material placement process, which creates layered
production without the need for a Mold. In buildings constructed with this technique, consideration is given to the use of
sustainable building materials. Studies are also conducted on the usage of materials with zero waste. This study aims to analyse
the literature and provide a quick introduction to this new generation of methods.
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L. INTRODUCTION

3D PRINTING is the new technology in the construction sector; there are strong arguments on the benefits offered and challenges to
overcome by this technology. 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. Among the numerous prospects of 3D Concrete Printing as found in the literature, cheaper construction, reduced
material use, improved safety, less reliance on human resources, better branding and market share, durable and sustainable
construction, etc., are widely discussed. One of the main advantages of 3D Concrete Printing is found to be savings in labour
requirements. Even though construction works are historically very labour intensive, the impact of the labour market due to the use
of 3D Printing in construction has not been extensively investigated. Labour plays an important role in the construction industry. As
mentioned earlier, according to the International Labor Organization, the construction industry produces about 8.4% employment in
the world. In the contrary, the industry is struggling to improve the productivity for decades since construction works are highly
dependent on human workforces with little use of technology and industrialization. These workforces account at least 25% of the
total project cost. Often unskilled labour and/or shortage of labour also hamper the construction progress. Surely, increasing use of
technologies including the 3D Concrete Printing would minimize the reliance on human resources with the potential to increase
productivity and improve occupational safety and health of the workers by reducing risky works are to be done with innovative
technologies. Therefore, a large-scale adoption of 3D Printing in construction could be beneficial for the construction industry with
a possibility of significant job cuts for many people around the world. This is an ambivalent situation that should be explored in
more detail. Accordingly, this study investigates the impact of labour market due to the use of 3D Printing in construction. Through
a wider search of the literature and case study analyses, the study aims to understand how 3D Concrete Printing would replace
conventional construction activities in terms of labour requirements, labour cost, productivity improvement, occupational safety and
health, and effects on job market. The study would be particularly important for the countries where construction is one of the major
workforces, as well as for the places where there is a shortage of skilled construction labourers and workers and are highly
dependent on migrated workers. 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.
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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.

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. The main purpose of this paper is to briefly review 3D printing technology 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. 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. 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. 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. 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. 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. In the last years, the interest in 3D printing technology has increased because of the fact that it provides design
freedom, less error margin, less material wastage, less waste material, and reduced cost compared to the traditional method in the
construction industry.
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1. 3D PRINTING TECHNOLOGY
3D printing can create physical objects from a geometrical representation by successive addition of material. This 3D process has
experienced a phenomenal expansion in recent years. First commercialized of the 3D printing processes in year 1980 by Charles
Hull. Currently, 3D printing is primarily used for producing artificial heart pumps, jewelry collections, 3D printed cornea, PGA
rocket engine, steel bridge in Amsterdam and other products related to the aviation industry as well as the food industry.
3D printing technology has originated from the layer-by-layer fabrication technology of three-dimensional (3D) structures directly
from computer-aided design (CAD) drawing. 3D printing technology is truly innovative and has emerged as a versatile technology
stage. It opens new opportunities and gives hope to many possibilities for companies looking to improve manufacturing efficiency.
Conventional thermoplastics, ceramics, graphene-based materials, and metal are the materials that can be printed now by using 3D
printing technology. 3D printing technology has the potential to revolutionize industries and change the production line.
The adoption of 3D printing technology will increase the production speed while reducing costs. At the same time, the demand of
the consumer will have more influence over production. Consumers have greater input in the final product and can request to have it
produced to fit their specifications at the mean time the facilities of 3Dprinting technology will be located closer to the consumer,
allowing for a more flexible and responsive manufacturing process, as well as greater quality control.
Furthermore, when using 3D printing technology, the need for global transportation is significantly decreased. This is because,
when manufacturing sites are located nearer to the end destination, all distribution could be done with fleet tracking technology that
saves energy and time. Lastly, the adoption of 3D printing technology can change the logistics of the company. The logistics of the
companies can manage the entire process, offer more comprehensive and start-to-finish services. Nowadays, 3D printing is widely
used in the world. 3D printing technology is increasingly used for the mass customization, production of any types of open- source
designs in the field of agriculture, in healthcare, automotive industry, and aerospace industries. At the same time, there are several
disadvantages to the adoption of 3D printing technology in the manufacturing industry. For instance, the effect of the use of 3D
printing technology is that it will reduce the use of manufacturing labor so automatically will greatly affect the economy of
countries that rely on a large number of low skill jobs.Furthermore, by using 3D printing technology, users can print many different
types of objects such as knives, guns and dangerous items. Therefore, the use of 3D printing should be limited to only certain people
to prevent terrorists and criminals bring guns without detected. At the same time, the people who get a hold of a blueprint will be
able to counterfeit products easily. This is because the use of 3D printing technology is simple, just sketching, and setting the data in
the machine-printed so 3D objects can generate. To sum up, 3D printing technology has emerged during recent years as a flexible
and powerful technique in advanced manufacturing industry. This technology has been widespread in many countries, especially in
the manufacturing industry. Therefore, this paper presents an overview of the types of 3-D printing technologies, the application of
3D printing technology and lastly, the materials used for 3D printing technology in the manufacturing industry.
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1. 3D PRINTING IN CONSTRUCTION
In the construction industry, 3D printing can be used to create construction components or to 'print' entire buildings. Construction is
well-suited to 3D printing as much of the information necessary to create an item will exist as a result of the design process, and the
industry is already experienced in computer aided manufacturing. The recent emergence of building information modelling (BIM)
in particular may facilitate greater use of 3D printing. Construction 3D printing may allow, faster and more accurate construction of
complex or bespoke items as well as lowering labour costs and producing less waste. It might also enable construction to be
undertaken in harsh or dangerous environments not suitable for a human workforce such as in space. The 3D printing systems
created specifically for construction are commonly known as “construction 3D printers." A 3D sprinting project typically starts with
a 3D digital model of the structure that needs to be constructed. The model is virtually sliced into layers. The printing robot or
gantry system then follows a pre-programmed path to deposit each layer of material, tracing the layer outlines and extruding
material until it has completed the whole slice. Once one layer is complete, it begins the next on top of the first, and construction
continues like this until the full structure is built. It may use materials such as concrete, metal, or polymers to form this 3D structure.

FIG.3 SAMPLE IMAGE

The most common 3D printing technology for construction involves a robotic arm that extrudes concrete while moving back and
forth. Powder binding and additive welding are other methods used for 3D printing in construction. Powder binding involves the
solidification of powder layers to create the desired object. Additive welding was demonstrated in Amsterdam with the printing of a
functional, full-scale metal bridge. To date, 3D printing has been used to print houses, offices, and other structures. It is computer-
controlled technology that is helping us to build a three-dimensional object by the process of additive manufacturing, which creates
objects by adding layers to them. Additive manufacturing allows us to create complex designs and the best part is that it takes very
little time to build, and it builds houses with very few labours, and the cost estimation for construction is very low. 3D printing in
the construction industry is revolutionary and enormously getting attention from every part of the construction industry of the world.
In this research paper, we had worked on three major areas of 3d printers considering their work in the construction industry. It was
developed in the early 80s but at that time, it was of no use because it was very costly and expensive to use. In 2000, it became
relatively friendly to use, as it allows to create the design on the computer and the cost comparison was very less as it uses plastics
and waste materials to form the concrete of 3D houses. And suddenly it became affordable and became viable for a wide range of
design, models, etc. The construction industry is slow to embrace new technologies. In recent years, though, 3D printing has
emerged as a promising solution to many of the industry’s challenges. 3D printing, also known as additive manufacturing, is a
process of laying down cross-sectional layers of material one after another until the complete object is built. This technique has been
used for decades in the automotive and aerospace industries, among others. Its potential for construction, however, has only recently
been explored. Technology has the potential to revolutionize the way we design and build structures, making construction faster,
more efficient, and more sustainable.
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FIG.4. ANIMATED IMAGE

V. CASE STUDY

1) Prototype 3D Printed Bridge

Developed as a collaboration between IIT Hyderabad and Simpliforge Creations in India. IT Hyderabad’s Department of Civil
Engineering, led by Prof. KVL Subramaniam, designed and evaluated a prototype 3D printed bridge. Although not a building, this
project showcases the application of 3D printing technology in civil engineering infrastructure. The bridge represents a step forward
in exploring innovative construction methods. The bridge stands at Charvitha Meadows, Siddipet, India. The bridge was designed at
IIT Hyderabad using form optimization techniques to reduce the use of concrete and reinforcement. The concept followed the
“Material Follows Force” principle, resulting in an efficient structural form. Simpliforge Creations, a startup specializing in 3D
concrete printing solutions, brought the design to life.
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FIG. 9. Image of 3D PrinteHJBrldge
(Prototype)

They created a custom extrusion and software system specifically for this project, fully demonstrating the benefits of their 3D
printing system. The bridge was printed off-site in less than 2 hours at Simpliforge’s printing facility using an industrial robotic arm
3D printer. Significance: 3D concrete printing has the potential to transform the construction industry by offering rapid, efficient,
and free-form construction. This project showcases the capabilities of 3D construction printing technology and its applications in
infrastructure, defence, and disaster scenarios.

2) India’s First 3D Printed Two-Storey Building

It is located in Kanchipuram facility near Chennai, India. India’s largest construction company, Larsen & Toubro Construction
(L&T), completed the country’s first 3D printed two-Storey building. The structure has a modest floor space of 65m? and was
fabricated using a large-format concrete 3D printer supplied by OEM COBOD. L&T’s in-house team developed a locally sourced
3D printable concrete mix for the project. Notably, the building adheres to all of India’s building codes and features integrated
reinforcement bars. The entire construction process took 106 hours. It is a two-Storey structure. The building boasts a modest floor
space of 65 square meters (approximately 700 square feet). The entire building, including roofs and foundations, is 3D printed using
an in-house developed concrete mix. L&T Construction, India’s largest construction company, spearheaded this project. They used
a large-format concrete 3D printer supplied by OEM COBOD. The building even features integrated reinforcement bars and is fully
compliant with all of India’s building codes.
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FIG. 10. Image of 3D Printed Two-SEorey Building. -

By demonstrating expertise in 3D printing, L&T Construction pushes the boundaries of automated robotic construction. The project
aligns with India’s goal of providing real housing for its citizens as part of the ‘Housing for All by 2022” program.

3) Post Office

India’s first 3D printed post office was inaugurated in Bengaluru, and it’s quite a remarkable feat in construction technology. The
post office is located at Cambridge Layout in east Bengaluru. It was built using 3D Concrete Printing Technology by Larsen &
Toubro Construction, with structural design assistance from the Indian Institute of Technology (I1T) Madras. The construction was
originally scheduled to be completed in 45 days, but it was finished in just 43 days. The adoption of 3D printing technology resulted
in a cost saving of 30-40% compared to conventional construction methods. It also allowed for more flexibility in the shape of the
building. The post office has a built-up area of 1,000 square feet. The post office was inaugurated on August 18, 2023, by Ashwini
Vaishnav, Union Minister for Railways, Communications, and Electronics & Information Technology. This project represents a
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