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Abstract- As we already know the world population has noweexted the 7 billion mark, and if the prognosishef t
United Nations comes true, there will be 9.2 billipeople in 2050. As the case is today, most opdaple will want
to live in the megacities because they promisetiblife and wealth. Due to this, the populatie@msity in the cities
would increase like never before. This would leadedevelopment and slum rehabilitation projectsdaindertaken
on large scale. Imagine a situation wherein a Hugech of people will need an urgent space to liveTihus, a
situation will arise whence the cities will have gwow rapidly but also sustainably, keeping in mititk
environmental effects and also the economy.Contrafting is an emerging technology that uses rakotd
construct free form structures by repeatedly laylogin layers of material such as concrete. Thisshgi®at potential
in automated construction of whole structures all as sub-components. Using this process, a sihglese or a
colony of houses, each with possibly a differergigie, may be automatically constructed in a simgte Tool path
planning and optimization benefits the technology ibcreasing the efficiency of construction of cditgted
structures. This research has intended to providestematic solution for improving the overall gmtefficiency and
realizing the automation of the CC technology failding custom-designed houses. CC can automaticalhstruct
custom-designed structures by repeatedly layingndoonstruction material. CC has the capabilityabricate with
thick layers using various materials and withounpoomising surface quality unlike other automatiethods.

1. INTRODUCTION
The 3D Printing Technology is one the most proldfc
the latest technological inventions that world kasn
in the recent years. It has got numerous applicatio
the industrial field, the Construction Industry figeione
of them. If this technology is used judiciouslyhas a
potential to completely revolutionize the constioct
industry. In developing nations like our India, sthi
technology if harnessed with a proper insight could
prove to be a boon.

3D Printing (also known as Additive

being recognized by the researchers in few partheof
world.

Some studies also indicate that 3D printing could
become a mass market product enabling consumers to
save money associated with purchasing common
household objects. For example, instead of buying a
factory made object in the store, a person migsteid

print it at home from a downloaded 3D model. Ifsthi
becomes true then it would be great revolution the

manufacturing) is a process for making a three
dimensional object of almost any shape from a 3D
model or other electronic data source. It is prilpan
additive process in which successive layers of nate
are laid down under computer control.

Although the Additive Manufacturing technique was
invented in 1984, it was not known as 3D printihgr,
until 1995. But this technology remained dormant fo
many years until recently in the year 2012 when the
market for 3D printing went up by 29% due to
extensive research and new applications for theesam

worldwide market and inflation rates may also come
down.

2. 3D-PRINTED CONTOUR
CRAFTING

Recently the 3D printing technology has attractesl t
Construction Industry in few parts of the world, exé
they have invested in researching this technolagy f
years and come up with 3D printers capable of imgnt
entire houses in a matter of hours. This technoloigy
building houses with the help of 3D printing hagte

named as ‘Contour Crafting’ by the researchers.

HOUSES:

22



International Journal of Research in Advent Tecbggl(E-ISSN: 2321-9637)
Special Issue
National Conference
“VishwaCon'16”, 19 March 2016

Contour Crafting is a layered fabrication technglog
developed by Dr. Behrokh Khoshnevis of the
University of Southern California. Contour Crafting
technology has great potential for automating the
construction of whole structures as well as sub-

Cost Saving is another major factor worthy of aenot
The cost of constructing a single storied houseérngpa
built up area of 1000 sq.ft. by conventional methad
about 2000INR per Sq.ft which amounts to 2000000
INR. But using the Contour crafting technology this

components. Using this process, a single house or a can be achieved merely in the range of 6000 USD per

colony of houses, each with possibly a differersigie,
may be automatically constructed in a single run,
embedded in each house all the conduits for etadtri
plumbing and air-conditioning.

=
Fig. 1 A typical 3D printing Equipment for Contour
Crafting

Fig. 2 An Artistic Impression of a large 3D printer at work

3. CONTOUR CRAFTING COMPARED TO
OTHER METHODS

A. Speed of Construction

Construction Rate is the most prominent advantage
when it comes to this technology. While the
conventional building routine requires atleast abau
month construction of a single house unit excluding
painting work, the contour crafting technique bsast
completing a multiple units within 24 hours. Imagin
the difference in production rate that might ocdur
multiple units are simultaneously equipped and set
forward for a project.

B. Cost of Construction

unit which amounts to about 360000 INR. Thus, it ca
be seen that a large scale production will provédo
very beneficial from the economic point of view.€lTh
Table given below explains how and by what range th
cost savings would be possible by use of contour
crafting.

TABLE |
Cost Savings In Contour Crafting Compared To
Conventional Construction

Project Savings How?

Parameter
Short project Length

Financing 20-25% | & Control Over
Marketing Time
Negligible wastage

Materials 25-30% | No Requirement o
Formwork
Automation of

Labour 50-75% | Construction
Process

C. Architectural Flexibility

Architectural Flexibility is another aspect where
Contour Crafting will be having an edge againsteoth
construction techniques. Irregular and dome shaped
structures will also be able to be constructed wike

(Fig 3).

Fig. 3 An Architects Perspective of a dome
structure using Contour Crafting
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Fig. 4 & 5 -Comparison Charts showing ct
efficiencyand Speed of Constructi for Concrete
Masonry and Contour Craftir

The graphs shown above show the superiority
contour crafting method over the other method:
terms of speed andost of construction as well .
architectural flexibility.

D. Environmental | mpact

Environmental Impact of the construction practice
something that most concerns the environmenta
This is because the process involved in construatit
any structee by conventional methods involves lot
wastage of materials as well as emission of lo
Carbon Dioxide into the environment. But in case
the 3D printing technique the material constitutthg
ink for printing the components of the buildir
includes recycled industrial wastes along with aer
binding material. The wastage of material can &le
avoided since the exact quantity of material usat
construction can be worked out by the computer
equipment digitally.

+ Conventional
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(Modular)
3
© Prefab
(Manufactured)
* Contour
Crafting

+ Emergency
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Fig. 6 Comparison Charts showing CO, Emission and Embodied
energy for Concrete Masonry and Contour Crafting.

Quality Control

Complete mechanization can be achieved using

technique. The only requirementpersonnel will be a
supervising staff and a couple of labers in some
unavoidable circumstancesven the plumbing fixture

and the steel reinforcements can be installed

these multipurpose 3D printers. Moreover, need for
formwork will also be ractically nil except for
construction of cantilever projections. The meched

work will also ensure that the quality of constiont

remains uniform and error fre

4. DRAWBACKS

A. Employment | ssues

When it comes to drawbacks, one of the most ap
facts is that due to complete mechanization, theda
class will suffer da to lack of job opportunitieThe
Indian construction industry provides jobs for iitls
of people. If the implementation of such autome
construction facilities takes placeots of people will
lose their jobs resiiitg in a situation of distres

B. Strength of Construction

Another drawback is the strength of constructioncivl
is less in comparison to conventional conc
structures. This is mainly because of the lack
compaction of the material placed in construction.

this shortcoming as of now is not of much importa
to designers since this technology is in use oohtlie
low cost house constructic Moreover, with
advancement of research in this field, techni will

be developed to overcome this shortcon
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CASE STUDY redevelopment projects are being undertaken in the
mega cities. But with the use of conventional
In China, a company named WinSun Decoration techniques the rate of construction is very slow to
Design Engineering has built ten 3D printed houses match the demand for space and moreover the harm to
entirely out of recycled materials in less thanh®dirs. the environment due to these construction praciges
The printer used for this purpose was assembled by very alarming. Also the rate of construction is bdu
importing its parts from overseas. It measures 32 by the economy as the cost involved in the
meters long by 10 meters wide and is 6.6 meters in redevelopment and city expansion projects is huge.B
height. The printer is capable of printing housasiig with the advent of contour crafting technology, il
a plan area of about 200sg.m. The materials used fo these shortcomings can be mitigated if given a droa
construction included a mixture of industrial waste platform in our country. This paves the way for
and other inexpensive materials. complete mechanization in the industry and whatbet
example than this technology would be needed to
provide the onset for it.

THE FUTURE...

The Contour Crafting is a recently invented
technology. The main purpose for its invention was
problem of conventional construction practices bein
slow and costly. But if we take a peek into theufat
this technology has a lot to offer than just lovstcor
emergency housing. This technology can be
improvised to put to use for construction tall
skyscrapers, for construction of buildings having
unique or irregular shapes and also for undertaking
. ' ) construction works on our neighboring planets drad t
Fig. 7 The 3D printing Equipment used by WinSun moon. The following figures showcase the architedtu
Corporation, China perspectives of the various techniques that might b
used in the future.

The construction task was fully automated and there
was no requirement of labour at all. The approxemat
cost for construction of each unit was under 508Dy
which is quite an achievement for a relatively new
construction process.

Fig. 9 Multiple 3D printing units mounted on cross girder for
construction of a skyscraper.

6. CURRENT DEVELOPMENTS WORLDWIDE

Fig. 8 A typical house constructed using 3D printig
technology by WinSun Corporation, China

INDIAN SCENARIO

India is one of the fast developing nations of waeld
which is facing an acute shortage of space dueajorm
population migrating towards the big cities in shar
for jobs and better living. As a result of this ieas

Fig. 10 3D Printer mounted on a self climbing platform for
high rise construction.
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A New York City Architect/Contractor Adam Kushner
has begun the construction of the first ever 3Mtpd
estate which will feature a 2400 Sq.ft. home, with

Having stated earlier that this technology is jinstts
beginning stage, there is possibility that further
developments may even be able to make it usable in

bedrooms and a swimming pool. The rebar’s to bd use skyscraper construction in future. Thus, | conclbge

in the constructed will also be automatically ptace
using the 3D printer itself.

The Chinese have built another gigantic 3D Printer
(fig.11) which will be used to print a replica diet
world famous ‘Temple Of Heaven’ which is located in
central Beijing. The replica will be 7 meters in
diameter and 8 meters high, and is expected to take
around 6 months to complete.

In USA, NASA is sponsoring a project in co-ordiati
with University Of Southern California headed by. Dr
Behrokh Khoshnevis himself.

The project is based on building bots similar te 8D
printers used in Contour Crafting which would bedis
to construct roads, landing pads, hangars for tepdi
radiation proof walls etc. on the lunar surface.

Fig. 11 A futuristic view of bots carrying out construction work
on the surface of the moon.

5. CONCLUSION

Though the contour crafting technology is stillita
developing stages, it promises to be a great betwefa

in the future. Moreover, if India promotes reseairth
such a potential field at such an early stage itldio
impact the economy of the country as a whole, since
construction is the ™ major industry only to
agriculture in India.

One of the drawbacks of this technique is lackadf |
opportunities for the labour class. But, when sieem
another perspective, this may potentially be an
advantage in the future in the future because tisesia
increasing lack of availability of skilled labouay by
day, and automatized construction technique will
reduce the dependency of the industry on the labour

saying that the advantages that this technologgreff

is far too good for the industry to ignore and siec
efforts must be taken to develop the technologshéur
deeper to utilize its benefits.
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