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additive manufacturing machine. The final step involves
cleaning, excess elements adhered with the part by sanding,
polishing or painting for better surface finish or aesthetic
appearance

Abstract
3D printing or additive manufacturing is the process of adding
one layer over the other to build complex three dimensional
solid objects from a 3D CAD model data, CT or MRI scan
data, or by a model data created from a 3D object digitizing
systems. According to the McKinsey Global Institute report of
2013, it was recognized as one of the most important
disruptive technology among the twelve technologies that will
transform life, business, and the global economy. It, has wide
range of applications starting from small conceptual models
like toys manufacturing to making a very big complex parts of
an aircraft. The diversified fields of application include
biomedical field, arts, defence, aerospace, automobile,
archaeology, forensic, fashion industry, entertainment
industry, architecture etc. This paper aims to present the
application of 3D Printing Technology in civil engineering
field. As a case study this paper discusses the methodology
adopted for printing prototype model of the Iconic Osmania
University(OU) Arts college building

According to The McKinsey Global Institute (MGI) report [1]
3D Printing is one of the most prominent disruptive
technologies among the twelve technological advances that
will transform life, business, and the global economy in the
near future. The reason for 3D Printing to be called a
disruptive technology is because it has diversified applications
in many fields like in automobile, aerospace, biomedical,
Forensic, Film industry, archeology and architecture. Krishna
et.al.[2] discussed the application of 3D printing in biomedical
field for Zygomatic fractures. Vivek Manoharan et.al. [3]
presents the application of 3D printing in faster prototype
development for design visualisation, performance studies and
personalisation in the sports footwear industry. Dina R.
Howeidy and Zaina Arafat [4] discussed the impact of in the
discipline of Architecture and Interior Design. Sunil and
Abdullah A. Sheikh [5] in their paper presents the application
of 3D printing processes in aerospace. They discussed the
materials developed specially for aerospace applications.
Alyson Vanderploeg et.al. [6] discussed the application of 3D
printing technology in the fashion industry. They presented
five types of 3D printing technologies i.e. stereolithography,
selective laser sintering, fused deposition modelling, PolyJet,
and binder jetting that have great potential in the fashion
industry.

Keywords: 3D Printing, Process Chain, .STL file, Additive
Manufacturing. architecture

INTRODUCTION
3D printing or additive manufacturing is a manufacturing
technology that build complex three dimensional objects by
adding layer-by-layer rather than through molding or
subtractive techniques such as machining. The input for
building the model may be a 3D CAD model or a CT or MRI
Scan data or a model data obtained by scanning a 3D object
by digitizing systems. The process chain of 3D printing
involves 3D Modeling, Data Conversion and Transmission,
Checking and Preparing, Building and Post processing.

PROBLEM STATEMENT
The aim of this paper is to present the application of 3D
printing in civil engineering field for developing prototype
models of complex building structures, stadiums, city
planning etc. This helps the civil engineers to explain clearly
the details of the entire project to the clients before it is
actually executed on the field. As a case study this paper
presents the application of 3D Printing for building prototype
model of Iconic osmania university arts college building.

In the first step, the 3D Model is created by using any 3D
CAD modelling package like Creo, Unigraphics, CATIA,
SOLID WORKS etc or CT and MRI scan data or model data
obtained by scanning 3D object using digitizing systems. In
the next step, the 3D model is converted into STL
(STereoLithography) file format. The STL file format
approximates the surfaces of the model into tiny triangles. The
STL file is then transferred to the additive manufacturing
System’s Computer. In the third step, the errors in the STL
files like holes, gaps, cracks, shell-puncture etc.
are
eliminated by specialized software. Once the STL files are
verified to be error-free the required part is built in the

RESEARCH METHODOLOGY
Fig. 1. Illustrates the research methodology adopted to solve
the problem defined in the earlier section

9267

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 11 (2018) pp. 9267-9272
© Research India Publications. http://www.ripublication.com
Collection of data related to
different views of OU building

Drawing the 3D CAD Model of the
building in CATIA software using
different commands

Figure 3. Side view of OU Arts College
Converting the model into .STL
file format

Fig 4 shows the top view of the OU arts college from google
earth which helps in the outline view of the building

Slicing the .STL file into 3parts
of a single model as per machine
specifications

Fabrication of all these 3parts in
3D printing flash forge machine

Figure 4. Top view of OU Arts College Captured from google
earth

Assemble all the 3 fabricated
parts of the building into a
single Prototype Model of
Osmania University Arts
College building

These views help in better understanding of the product
design to develop a drafting model.
From this the
approximate data related to the shape of the building is
obtained.

Figure.1. Flow chart showing the research methodology
Developing 3D CAD model in Catia software
Using the above data dimensions of the building are assumed
and then the 3D CAD model of the building is built in
CATIA V5 software using different modules like sketcher and
part design modules. First the sketch is to be done to define
the axis of plane by using commands such as profile,
operation, view, and constraint. Fig 5 describes the sketch
based command used for this operation.

Collection of data
Collection of data from different views of the building has
been captured and the outline of the building is seen from
google earth. Fig 2 shows the front portion of the building
which could help in understanding the detail structure and the
projection and it also helps in the view of the dome with a
draft followed by a connecting the two end as seen

Figure 2: Front view of OU Arts College
Figure 5: Sketch Commands used in CATIA V5 software
Fig 3 shows the side view of the building sculpture which
gives an idea to develop conceptualize design of the product.
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Next the sketched part is to be extruded by using a pad
command in the part design module by exiting the sketcher
workbench. The pad can be defined in sketch based features
where pad and pocket can be specified under the pad
specification dialogue box which helps in specifying the
length to pad and the same procedure is followed for the
pocket. Fig 6 and 7 shows the command used for this
operation.

Figure 9. Application of draft angle to the center portion

After the Majority of the design is completed fillet and
chamfer commands are applied to the corners and edges of the
main portion of the building where ever required to obtain the
desired CAD Model. Fig 10, 11 and 12 illustrates the structure
of the developed building of OU Arts College in different
view in CATIA v5 software.

Fig
Figure 6 : Commands used in pad operation

Figure 7. Pad Definition
Figure 10. OU Arts College in CATIA v5 in front view
By applying transformation and mirror features to the model
more number of pockets and pads can be added to the model
which helps in decreasing the time for modeling. Fig 8 shows
the commands used for transformation feature.

Figure 8. Transformation Features
Figure 11, Side view of OU Arts College in CATIA v5

By applying the draft angle command to the centre portion of
the building the feature highlighted with blue colour showing
the main entrance of the building can be created. Fig 9 shows
the application of draft angle to the center portion of the
building
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Figure 14. Sliced model of the building
Figure 12. Isometric view of OU Arts College in CATIA v5
Conversion of CAD Model into .STL File format

Fabrication of the parts

After the CAD Model is developed, the file is saved in the
.STL file format using save as command in CATIA software.
.STL file format is the defacto standard accepted by most of
the 3D printing machines to built the prototypes. Fig. 13
illustrates the .STL file format of the Osmania University Arts
college building opened in Flash Print software, which is the
Flash Forge 3D printer machine software.

After Slicing the model into 3 different blocks, three different
blocks have been fabricated according to the specification
given in flash forge software with a layer thickness of
0.18mm, infill density as 15% and fill pattern as hexagonal
and additional raft is been provided for better support of the
design as shown in Fig 15 represents the fabrications
specifications whereas Fig. 16 shows the supports generated
in the software before it is sent for building the blocks in
green colour.

Figure 13. STL file to be printed
Figure 15. Fabrication specifications
As the build volume of the machine is 140 x 140 x 140 mm, it
can be seen from the above figure that the developed model is
out of the platform hence it has to be sliced.

Slicing the model
The .STL file which has been loaded into flash forge 3d
printer software knows as flash print has been sliced into 3
different blocks. Fig 14 shows the slicing of the model

Figure 16. Support structures for a Part
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Before printing the blocks the print time and the raw material
to be consumed can be estimated in flash print software. Fig.
17 shows the estimation of time and material consumed for
building the centre block of the building, which is found to be
7 hours 5 minutes and 36.27 meters of wire respectively. The
material used for fabrication is PolyLactic Acid (PLA).

Figure 19. Prototype Model of the OU Arts College Building

CONCLUSIONS
3D Printing or Additive Manufacturing is an emerging
innovative technology which has potential applications in
diversified fields. The present paper focused on its application
in civil engineering for developing the prototype model of
complex Osmania University Arts college building structure.
It was found from this case study that the prototype model of
such a complex structure can be built approximately in 21
hours 15 minutes i.e. within a day excluding the time
consumed for developing the 3D CAD model and other field
visits. This is very less than the time consumed using
traditional methods of manufacturing a prototype and also the
finish and accuracy is also very good. This type of technology
helps civil engineers to physically visualize the final 3D
model of their structures before they actually execute the
project on the field. The main aim of this work is to highlight
the importance of interdisciplinary approach wherein,
Mechanical and Civil Engineers can work together in
implementing 3D printing Technology for building complex
structures and also in city planning thus contributing to the
societal needs. The present work can be further extended by
exactly measuring the entire dimensions of the buildings in
the Osmania university campus with the help of drones, so
that the miniature model of the entire university campus can
be developed with more accuracy.

Figure 17. Time and material Estimation

Once the above process is completed the g-code file is sent to
the Flash Forge 3D printing machine. Fig.18 illustrates the
block being built in the Flash Forge 3D printer.

Figure 18. Building the part in Flash Forge 3D printer

The same procedure is adopted for building the remaining two
blocks i.e. left and right blocks. For building the right and left
blocks the time consumed for each block is 6 hours 50
minutes and the material consumed is 35.07 meters of wire.
Hence the total time taken and material consumed for building
the three blocks is 21 hours 15 minutes and 107.42 meters of
wire. Once the three parts are built then as a post process they
are painted and then glued together using fevikwik adhesive to
obtain the final Iconic Osmania University Arts College
Building. Fig. 19 shows the prototype model of the Iconic
Osmania University Arts College Building.

REFERENCES

9271

[1]

Mckinsey Global Institute Report,2013, “Disruptive
Technologies: Advances that will transform life,
business and the global economy”

[2]

L. Siva Ramakrishna, Bhaskar Sudhakanth
Vemulakonda, Abhinand Potturi, 2018, "Evaluation of
Zygomatic Complex Fractures Based on Three Point
Fixation Technique using Additive Manufacturing",
International Journal of Scientific Research in Science
and Technology(IJSRST),Print ISSN : 2395-6011,
Online ISSN : 2395-602X, Volume 4, Issue 2,
pp.1092-1100.

[3]

Vivek Manoharan, Siaw Meng Chou, Steph Forrester,
Gin Boay Chai & Pui Wah Kong, 2013, “Application
of additive manufacturing techniques in sports
footwear, Virtual and Physical Prototyping”, 8:4, pp.

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 11 (2018) pp. 9267-9272
© Research India Publications. http://www.ripublication.com
249-252, DOI: 10.1080/17452759.2013.862.
[4]

Dina R. Howeidy and Zaina Arafat, 2017, “The
Impact of Using 3D Printing on Model Making
Quality and Cost in the Architectural Design Projects”
International Journal of Applied Engineering Research
ISSN 0973-4562 Volume 12, Number 6, pp. 987-994

[5]

Sunil C. Joshi & Abdullah A. Sheikh, 2015, “3D
printing in aerospace and its long-term sustainability”,
Journal of Virtual and Physical Prototyping, Vol.
10:4,
pp.
175-185,
DOI:
10.1080/17452759.2015.1111519

[6]

Alyson Vanderploeg, Seung-Eun Lee & Michael
Mamp, 2016, “The application of 3D printing
technology in the fashion industry”, International
Journal of Fashion Design, Technology and
Education,
10:2,
pp.
170-179,
DOI:
10.1080/17543266.2016.1223355

9272

