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Abstract: The residential building sector is about to undergo a change thanks to additive manufacturing, or
three-dimensional (3D) printing technology, which allows for the layer-by-layer deposition of materials based
on computer blueprints. There are several benefits to this creative method, such as shorter building times, less
material waste, and more design freedom. Numerous projects throughout the world have effectively used the
technology, showcasing its potential for sustainable development and quick construction. High upfront costs,
material restrictions, and regulatory impediments, however, continue to be major obstacles to broad adoption.
The present status of 3D printing in residential building is examined in this essay, along with its advantages,
uses, and challenges that need to be overcome to reach its full potential.
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1. INTRODUCTION

The 1980s saw the invention of 3D printing, a technology that has the potential to completely transform
the home building sector. Instead of beginning with raw elements that must be refined, this special and
important technology builds materials layer by layer. Because of its obvious advantages—such as less
waste, labour, time, and flexibility—manufacturing organizations are using it more and more frequently
than more conventional methods like subtractive manufacturing or injection moulding.

Building technology based on 3D printing is a new construction process that began with the introduction
of the 3D printer. 3D printing, also known as additive manufacturing, is an automated method that
creates complicated shape geometries layer by layer, through a sequence of cross-sectional slices, from
a 3D model (computer-aided design (CAD) model) [1].

The construction business has been significantly impacted by 3D printers due to their increasing
availability, especially in the residential sector. In the Netherlands, a 3D-printed canal home was built,
marking the first known usage of 3D printing in the residential building sector. A research and action
plan to enhance the global housing system served as the foundation for this initiative. A variety of
printed components were combined on-site to create the 3D printed structure.

Another well-documented implementation of 3D printing in the residential industry occurred with a
private company in China, which was able to print ten houses in a day using a prefabrication method.
However, this display showed the promise of 3D printing within a prefabrication model, but it did not
fully fulfill its potential. Additionally, the construction of the roof was constructed using traditional
methods, as the technology is not yet advanced enough to build a roof [1].
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1.1. History
Year Innovation in 3D Printed Houses References
1939 William E. Urschel created the world’s first 3D Printed [https://images.adsttc.com/medi

Building behind the small warehouse in Valoparaiso, Indiana. | a/images/64d3/bbf2/5e98/9402/
- 75d4/3a40/slideshow/the-
evolutionary-tale-of-3d-
printing-in-architecture-

since1939 9.jpg?1691597815]

2. LITERATURE REVIEW

Berman et al. (2001) noted that advent of the 3D printer, a new construction method known as “building
technology” was born. Using a series of cross-sectional slices and an automated process, 3D printing,
sometimes referred to as additive manufacturing, builds complex shape geometries layer by layer from
a 3D model (computer-aided design, or CAD) model. After decades of use in the industrial sector, the
technology is currently being employed in the construction sector to print homes and villas. “3D printing
is an additive manufacturing technology in which objects are built layer by layer using a series of cross-
sectional slices”[2][1].

Kadu et al. (2017) discussed the limitations of 3D printing structures, claiming that because of the
materials employed, they frequently lack structural stability. New materials are being developed by
engineers to pass stringent testing and adhere to building safety regulations. Concrete and polymer
mixtures have been improved, and biodegradable ingredients have been added. Nevertheless, there are
still issues with 3D printers that prevent them from producing intricate or sophisticated constructions.
The industry wants to develop cost-effective, efficient building techniques [3].

Ribeiro et al. (2021) examined the evolution of 3D-printed concrete technology, emphasizing its
benefits in terms of intelligence, automation, and digitalization. It covers the fundamentals, procedures,
characteristics of the materials, technology for preparation, printing specifications, and assessment
standards. Additionally, the paper addresses current issues, the direction of development, important
technologies, and potential future developments in printing technology, software, hardware
collaboration, and printing materials.

3. DEMONSTRATION
3.1 Process Of 3D Printing

A number of crucial steps that combine cutting-edge technology with construction techniques are
involved in the 3D printing of concrete. An outline of the procedure is provided here, along with
descriptions of pertinent pictures that highlight each step.

1.  Design Preparation: A desired structure is created using computer-aided design (CAD) software
prior to printing. After that, the design is transformed into a 3D printing-compatible file, usually
STL (stereo lithography). The G-code created by slicing this file tells the printer how to build the
object layer by layer.

2. Material Preparation: Making the concrete mix is the next step. In order to provide the best flow
and setting properties for the printing process, this involves choosing the right cementations
materials and additives. To get a consistent consistency, the ingredients are combined in an inline
continuous mixer or a pan mixer. The following figure 2 shows the process of 3D Printed House.

International Journal of Constructive Research in Civil Engineering (ijcrce) Page | 15


https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815
https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815
https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815
https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815
https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815
https://images.adsttc.com/media/images/64d3/bbf2/5e98/9402/75d4/3a40/slideshow/the-evolutionary-tale-of-3d-printing-in-architecture-since1939_9.jpg?1691597815

Advancements and Challenges of 3D Printing in Residential Construction: A Review of Benefits,
Applications, and Barriers to Adoption

sd 83

?ﬂw—

3D concrete
printer

.

Real-scale

1| FEManalysis, BIM model validation

structural

design

i

1 \

i i

s 1 i

1 !

i

- i

3-C :

i

i

'

= i

Topology Machine Datsansiysss, | ;

. process .
analysis concept optimization

Fig2: Process of 3D Printing House

Sources: BFT International.com

3. Printing Setup: A robotic arm or gantry system with a print head or nozzle attached to a pump
makes up the printing setup. The prepared concrete mix must be extruded onto the build platform
in precisely measured layers by this technology.

4. Concrete Extrusion: Layers are created by the continuous lines of concrete that are extruded via
the nozzle throughout the printing process. Complex geometries and shapes can be printed since
the G-code that was previously generated controls the movement of the nozzle.

5. Layering and Curing: While further layers are put on top, the first layer starts to cure as it is printed.
For the finished product to have durability and structural integrity, the curing procedure is essential.
Depending on the substance, either chemical accelerators or natural hydration can be utilized to
cure it.

6. Post-processing: To improve durability and visual appeal, post-processing may include last touches
like surface smoothing or the application of protective coatings after printing is finished. The
following figure shows the flow chart of 3D Printed House.
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Fig3: Process of 3D Printing House [4]

3.2 Advantages of 3D Printing House
1. Reducing health and safety risk [5]
2. Reduce material wastage
3. Reduce labor costs and waste
4. Increased accuracy and precision
5. Ability to create Complex geometry and designs
6. Increase production efficiency
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7.
8.
9.

Faster construction times and reduce project timeline
Greater efficiency and less labor
lower cost [6][7]

%e e
Fig4: 3D Printing Machineries [3]

3.3 Disadvantages of 3D Printing House

1.
2.
3.
4,
5.

The equipment might be big, which would make the location and transportation expensive.
Might be an expensive procedure when it comes to amortizing costly equipment.
Construction-focused materials with special qualities might be costly.

In South Africa, the technology has not been validated [6][7].

Any malfunction or problem with the printer's operation may cause a delay in work [8].

3.4 SWOT Analysis of 3D Printing House
3.4.1 Strength:

6.

9.

10.

Speed of construction: Houses made using 3D printing may be constructed far faster than those
made using conventional technigques. For example, whole houses may be built in a day or two.
Ideal for situations including emergency housing and disaster relief.

Cost efficiency: Lower overall costs are achieved through reduced labour requirements and
minimal material waste. This is especially advantageous for affordable housing projects.
Design flexibility: The accuracy of 3D printing technology allows for complex and distinctive
building ideas. Easily configurable to meet a variety of purposes.

Sustainability: Uses environmentally friendly materials such as recycled concrete and
bioplastics. Produces less building waste than traditional methods.

Durability: Concrete, for example, may be designed for great durability and resilience to natural
calamities using 3D printing technology.

3.4.2 Weaknesses

1.

4.

Material limitations: The current reliance on specialized materials, such as concrete or
composites, limits adaptability. Incorporating insulation, wiring, and other finishing during
printing presents challenges.

High initial investments: Large-scale 3D printers come with substantial equipment and setup
expenses. Small-scale builders and distant sites are now inaccessible.

Technical expertise: Requires proficient professionals for the implementation of CAD design,
operation of printers, and maintenance. Significant challenge in assimilating 3D printing into
pre-existing construction processes.

Regulatory and code compliance: Current construction rules are not generally designed to allow
3D-printed buildings. Legal and safety certificates might be difficult to get in certain areas.

3.4.3 Opportunities

1.

Affordable housing solution: Governments and non-governmental organizations (NGOs) can
use 3D printing to alleviate housing shortages in urban and rural regions. Suitable for low-cost,
large-scale housing developments.
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Disaster relief and emergency housing: Housing alternatives that can be deployed quickly after
a calamity. Structures that are both durable and weather resistant may be built fast.
Technological advancement: New materials are being developed, as well as hybrid printers that
may combine various materials concurrently. Al integration enables precise and autonomous
building.

Sustainability innovations: Use recyclable materials and carbon-neutral technology. Growing
interest in green building is consistent with 3D printing's low-waste strategy.

Global market expansion: Increasing demand in developing nations for low-cost and
sustainable housing solutions. Partnerships with governments and corporations for large-scale
urban housing projects.

3.4.4 Threats

1.

Regulatory challenges: Building norms and regulations are not keeping up with emerging
technology, which might postpone their adoption and create liability issues for experimentally-
induced structural disasters.

Market acceptance: Customers' and conventional construction sectors' mistrust of safety and
dependability. Widespread acceptance may be hampered by perceived novelty.

Economic barriers: High initial costs may deter small-scale builders and local developers.
Dependency on advanced technology makes it inaccessible in low-income regions.
Competition with traditional construction: Long-standing labour markets and supply networks
may make it difficult to alter established practices. 3D printing may lose market share to rival
advances like modular building.

Environmental concern: Although sustainable, if big 3D printers aren't fuelled by renewable
energy sources, their energy consumption may become an issue.

3.5 Application of 3D Printing House

1

Rapid construction: 3D printing allows for the Rapid production of building components,
significantly reducing construction time. Projects that typically take months can be completed
in weeks or even days. For instance, some 3D printed houses have been constructed in as little
as 24 hours.

Design flexibility: The potential of 3D printing to produce intricate and personalized patterns
that would be difficult and expensive to do using conventional techniques is one of its most
notable advantages. This adaptability allows designers and architects to experiment with novel
forms and constructions, enhancing both practicality and visual appeal.

Cause to reduction: by minimizing labor costs and material wastage, 3D printing can lead to
significant cost saving in construction projects. This precise control over material Usage
reduces access, allowing for some efficient budgeting and resource allocation. For example,
some projects have reported material cost as low as $ 3600 for multiple buildings.
Sustainability: 3D printing contributes to sustainability by reducing waste generated during
construction. It can utilize recycled materials and optimize resource use, leading to lower
environmental footprint compared to conventional building methods. Some estimates suggest
that 3D printing can generate up to 60% Lays waste at job sites.

Modular construction: The technology is also used to produce modular components that can be
assembled on-site, such as wells, panels and structural. These modular approach allows for
efficient transportation and quicker assembly, for the accelerating project timelines.

Disaster relief housing: in emergency situations, such as after natural disasters, 3D printing can
provide quick temporary housing solutions. The ability to rapidly produce Shelters makes it a
valuable tool for humanitarian efforts in Crisis zones.

Architectural models and prototypes: Beyond full- scale houses, 3D printing is widely used for
creating architectural models and prototypes. this application helps architects visualize designs
and make necessary adjustments before actual construction begins [8][7].

3D Printed Houses Challenges

Material Considerations: The materials used in 3D printing determine the environmental
impact. Even while eco-friendly and sustainable materials are becoming more popular, some
printing materials may still have negative effects on the environment. The goal of ongoing
research is to create more ecologically friendly substitutes.
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Aesthetic and appeal: restrict the home's size to between 600 and 900 square feet, which is insufficient
for a family to develop into. Additionally, the lack of rooms and pure concrete structure prevent any
personalization that customers would like to do.

Design and construction must consider the robustness and the durability of the materials and the quality
of the construction [6].

Cost and profits: The initial outlay for a printer big enough to print dwellings is high. If they are for
sale, the majority of printers big enough to print homes are either not for sale or cost more than
$100,000. Companies would target a different market than the one that would purchase the homes in
order to make a profit because the homes are too small for the middle class or even the majority of the
lower class to purchase, and they may be too costly for those who would like to live in them [2][9]
[https://neuroject.com/3d-printing-in-construction/].

3.6 3D Printed Houses Challenges

Material Considerations: The materials used in 3D printing determine the environmental impact. Even
while eco-friendly and sustainable materials are becoming more popular, some printing materials may
still have negative effects on the environment. The goal of ongoing research is to create more
ecologically friendly substitutes.

Aesthetic and appeal: restrict the home's size to between 600 and 900 square feet, which is insufficient
for a family to develop into. Additionally, the lack of rooms and pure concrete structure prevent any
personalization that customers would like to do.

Design and construction must consider the robustness and the durability of the materials and the quality
of the construction [6].

Cost and profits: The initial outlay for a printer big enough to print dwellings is high. If they are for
sale, the majority of printers big enough to print homes are either not for sale or cost more than
$100,000. Companies would target a different market than the one that would purchase the homes in
order to make a profit because the homes are too small for the middle class or even the majority of the
lower class to purchase, and they may be too costly for those who would like to live in them [2][9]
[https://neuroject.com/3d-printing-in-construction/].

3.7 3D Printing Materials

Specialized building materials made to work with 3D printing technology are necessary for 3D
construction printing. In order to achieve structural integrity, durability, and overall building quality,
these materials are essential. Some of the essential materials frequently utilized in 3D building printing
are listed below. The material utilization in the 3D printing house is seen in figure 5 below.[10]

Recycled
ty i Metal
construction
2%
waste Sea salt

49 1%
Sand
5%

Wood

3%

Space material
8%

Other

Algea
1%
Soil
3%
Polymer / metal
1%
Cementitious Rock and thread
material 1%
54%
. m Cementitious material W Space material ® Sand
Non-organic :
M Recycled construction waste ® Metal W Sea salt
Organic & C ® Polymer Wood Algea
omposite Soil Polymer / metal Rock and thread

Fig5: 3D Printing Materials [11]
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1. 3D printable concrete

a) Composition: 3D printable concrete is specially formulated for 3D printing applications.
It typically consists of cement, aggregate (such as sand and gravel), water and additives.

b) Properties: it is engineered to have the right viscosity, Flowability and setting time to be
extracted by the 3D printer’s nozzle or deposition system.

2. Fiber-Reinforced concrete

a) Composition: Reinforced concrete contain additional fibers such as steel or synthetic
fiber, to enhance its strength and Crack resistance

b) Properties: the inclusion of fibers provides improved tensile strength and ductility,
marketing it suitable for structural elements that need to withstand bending or tensile
forces.

3. Geopolymer concrete

a) Composition: Geopolymer concrete is alternative to traditional Portland cement based
concrete, it uses alkali-activated material such as flies or slag as benders.

b) Properties: Geopolymer concrete is known for its reduced carbon footprint and excellent
fire resistance. It can be used as an environmentally friendly option in 3D construction
printing.

4. Advance editing and admixtures

a) Composition: various chemical additives and admixtures may be incorporated into the
construction materials to improve workability, setting time and other properties.

b) properties: These additives can modify the material rheology (Flow characteristics),
reduce water content, enhance bonding between layers and optimize curing processes
[6].

[https://www.tvasta.construction/blogs/materials-used-in-3d-construction-printing/]

3.8 Design Consideration
The given figure 6 represents the design considerations in 3D printing houses.

e Minotaur (HVAC)
— Heat recovery ventilator (HVAC)
— Radiant floor heating (heating)

Leonardo-1 (3DP apparatus)

Fly ash concrete (building material)

— Batt insulation (building material)

Bamboo reinforced concrete (building material)

Power bank walls (energy efficiency)

Smart window technology (energy efficiency)

Fig6: Design Consideration
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4. CASE STUDY
4.1 L&T Builds India’s First 3D-Printed Post Office

Fig7: L&T build India’s first 3D Printed House
4.2 Tecla House
Architect: MCA architect
Project Year: 2021

Fig8: Tecla House
Source:[https://neuroject.com/wpcontent/uploads/2023/06/3D_printing_in_Construction_Tecla Neuoj

ect-768x432.jpa]

With a ribbed outside wall composed of 350 layered layers of 3D-printed clay, the building is composed
of two interconnected dome-shaped sections. A heat barrier and structural stability are provided by the
wavy arrangement of the clay layers. The building team claims that by utilizing this method, housing
modules may be completed in 200 hours with an average energy consumption of six kilowatts and a
nearly complete reduction in the usual construction waste.

4.3 House Zero

Architect: Lake Flato Architects
Built By: ICON

Project Year: 2022

Fig9: House Zero (ICON)
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Source: [https://neuroject.com/wpcontent/uploads/2023/06/3D_printing_in_Construction_HouseZeroNeuroject-

1-768x503.jpq]

The house was constructed utilizing ICON's Vulcan building technology and is located in an East
Austin, Texas, single-family residential neighborhood. This method builds the walls of the 2,000-
square-foot (186-square-meter) house using 3D printing, which mechanically dispenses layers of
material in accordance with a computer program. The 3D-printed wall components took ten days to

print.

4.4 Tvasta Construction Company

The following Table 1 shows challenges and limitations of 3D construction printing.

Table 1: Challenges and Limitations

Parameters

Challenges

Limitations

Material
selection and
quality

There may not be as much high-quality 3D
printing building material available. It is
crucial to make sure the materials fulfil
structural and durability requirements.

Strength, durability, and other material
attributes might not necessarily be comparable
to those of conventional building materials.

Design
complexity

Creating intricate structures with 3D printing
need a specialist in both 3D printing
technology and architecture.

In certain situations, technological limitations
or financial concerns may make complex
designs unfeasible.

Regulatory
approval

It may be difficult to get the required
permissions if regulatory agencies and
building quotes do not currently have
thorough rules for 3D printed constructions.

It might be challenging to comply with current
regulations, which would impede the use of 3D
printing for building.

Quality
control

It can be difficult to guarantee consistency
and quality among 3D printed buildings,
particularly for large-scale projects.

Structural integrity may be impacted by
variations in print quality and material
characteristics.

Equipment
and
Technology
cost

Accessibility for smaller construction forms
or in underdeveloped countries may be
restricted by the high initial cost of 3D
printing technology and equipment.

Cost limitations could prohibit adoption from
being widely used.

Scaling up

Large-scale 3D printing projects, like
buildings, can be logistically and technically
difficult to scale up.

Some large-scale applications may not yet be
feasible with the technology.

Workforce
training

To efficiently manage 3D building projects
and operate 3D printing equipment, engineers
and construction personnel require training.

The deployment of the technology may be
hampered by a lack of qualified workers.

Maintenance
and repairs

It can be expensive and time-consuming to
maintain and repair 3D printing equipment.

Construction projects may be disrupted by
repair downtime.

Sustainability
concerns

Concerns exist around the energy usage
during printing as well as the environmental
effects of the building materials used in 3D
printing.

Reaching sustainability targets could need
research and development.

Source:[https://www.tvasta.construction/blogs/challenges-and-limitations-of-3d-constructionprinting/]
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5. CONCLUSION
The following conclusion are based on literature review and case study.

1. 3D printing is a transformative advancement in residential construction, offering sustainability
and efficiency.

2. It reduces labour and material waste, making it a potential solution for housing shortages and
environmental issues.

Challenges include high equipment costs, material compatibility, and regulatory uncertainties.

4. Ongoing research and development are necessary to overcome these barriers and improve
feasibility.

5. 3D printing could play a critical role in shaping the future of home construction, making it more
accessible and eco-friendly.
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