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Introduction
Research in additive manufacturing is going on since last 

three [1,2] decades. Researchers have been developed different 
materials [3], tool path [4] and methods of AM. Initially, AM was 
used for fabrication of prototypes [5-10], but now functional 
machine parts [11,12] are also produced. Due to its ability to 
process different kinds of materials AM is now utilized in various 
other sectors like food printing, chocolate printing, glass and 
ceramic printing, bio printing , scaffold fabrication [7,13-17], etc. 
In the modern era of industrializations, there is need to fabricate 
custom design products of the short life cycle to transform the 
traditional design of products. Designers have the potential to 
design new products which are aesthetically and functionally 
better than existing one. However, some time subtractive 
manufacturing techniques were not able to fabricate part of 
complex geometry, which was a major gap between design and 
manufacturing conceptualization. 

The fabrication of complex shape and geometry becomes 
possible with AM technique. In AM computer aided design 
(CAD) model is tessellated and then sliced into thin layers of 
same thickness [18-21]. In next step path for laser scanning 
or material, deposition is generated and stored in CLI file. And 
then CLI file will send to machine for part fabrication with very 
less human intervention. AM is well-established technology for 
metal and polymer part fabrication with high fabrication speed, 
repeatability, and accuracy. Available commercial systems of 
Rapid Prototyping (RP) can directly transform CAD files into 
physical models without difficulty [22]. This seamless technology  

 
is now becoming major part of transforming the world and able 
to fabricate critical functioning parts like aerospace propulsion 
components [23]. 

Construction technologies are well developed in various 
aspects of customer satisfaction like design novelty, reliability, 
robustness, but the construction industry is still criticized for 
its time-consuming operations. Construction time will directly 
affect the cost and price of civil structure. Use of AM in civil 
and architectural engineering can lend wings the present 
construction scenario. AM in civil engineering can be utilized 
in the fabrication of building prototype, architectural building 
ornaments and for building construction. A review of existing 
works on the integration of AM and building construction along 
with the challenges and opportunity is discussed in this article.

AM for Building Construction
The principle of AM is to build the structures by adding 

material in layered manner that is why it also known as layered 
manufacturing. By construction technique AM can be divided 
into two groups i.e. binder jetting and material deposition 
methods [24].

Binder Jetting
This process was suggested by Dini [25], for structural 

construction. Binder jetting for construction is based on the 
principle of inkjet 3D printing [26]. In this technique, a liquid 
binder is sprayed over the thin film of material using a printing 
head. Head follows the contour as per the slice geometry. Over 
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hanged feature of structure can easily be a print by this method 
without using support structure. In 3D printing techniques 
surface finish and build time of the part depends on the slice 
height of material deposition. Large slice height will reduce build 
time but increase the surface roughness of inclined and freeform 
structure [27] and vice versa. In the case of binder jetting the 
slice, height depends on the binder penetration capability. Binder 
penetration capability is significantly low, that is why the slice 
height is also very less with respect to other AM process used for 
construction. Minimal slice (5mm) high of binder jetting provide 
comparatively good surface quality (Figure 1) [25].

Figure 1: A-B Structures crated by binder jetting process, C 
fabrication setup of D shape [25].

Material Deposition Techniques
Material deposition techniques for construction are similar 

to fused deposition modeling (FDM) method. In material 
deposition technique, the building material deposited on 
successive layers, by following the nozzle path stored in CLI 
file. Deposited material must be able to get sintered to support 
the weight of consecutive layers. Several techniques based on 
MD principle has been developed for building construction i.e. 
stick dispenser, contour crafting, concrete printing, flow based 
fabrication, contour crafting, minibuilders and mesh mould [24].

Figure 2: (A) Schematic of Material Dispenser of material 
deposition technique [28], (B) Material deposition Modelling 
process [28], (C) contour crafting process [29].

Material deposition system is supported by a gantry crane 
or by robotic arm which hold the material dispenser (Extruder) 
[28]. Material dispenser (MD) can move in X, Y and Z direction. 
The material was deposited as per the contour layer information 
in XY direction. Then after deposition of a layer, MD move 
upward as per the slice height and again deposit material for 
next contour. This process will continuously carry out until the 

end of construction. Concrete printing and counter crafting are 
similar processes, and both use a gantry crane to support the 
MD. The only difference is the trowel which is connected with 
the MD, in the case of contour crafting. In CC the attached trowel 
significantly improve the surface finish and reduce build time by 
increasing the slice height [29] (Figure 2). 

Flow-based fabrication (FBF), Minibuilders, Digital 
construction platform and mesh mould are used robot(s) to hold 
and move MD in three dimensions. FBF system extrudes water 
based polysaccharide gel along with natural composites using 
syringe based extrusion system. This extruder was attached as 
end effectors of 6 axes robotic arm. This technique can fabricate 
low weight structure with high stiffness and water resistivity 
[30] (Figure 3). 

Figure 3: (A) Material dispenser used in FBF, (B) Part fabricated 
by FBF [30].

Minibuilders is rasin deposition system developed by Nan 
[31]. MD was supported by simultaneously controlled three 
robotic systems. Foundation and grip robot deposit layers in 
the horizontal plane whereas vacuum robot moves in vertical 
direction by creating vacuum between its grippers and surface 
of structure [31]. Digital construction platform uses a six-axis 
KUKA robotic arm mounted to a 5-axis Altec hydraulic boom 
arm. The whole system was equipped with reference sensors 
and accelerometer for closed loop positioning system. Due to 
fast curing time and high insulation capacity, polyurethane foam 
was used as material (Figure 4) [32]. 

Figure 4: (A) Structure prepared by minibuilder [31], (B) Build 
platform AM system [32].

Mesh mould method was developed by Hack et al. [33]. 
Basically it is the extension of fused deposition modeling 
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process. It contains an extruder similar to FDM machine fitted on 
the six axes robotic arm. Mesh mould method is used to fabricate 
the three-dimensional mesh of acrylic butadiene styrene (ABS). 
These meshes are filled with concrete to get a rigid structure. 
The constructed structure was reinforced by ABS mesh [33]. 
Stick dispenser a handheld device and used for deposition of 
chopstick material composition. Glue coated chopsticks were 
deposited randomly. A camera and projector associated with 
stick dispenser was guide the operator to identify the next place 
for stick deposition. Fabricated structure doesn’t have enough 
strength to bear any load, but it can be used to build complex 
structures (Figure 5) [34].

Figure 5: Part fabricated by (A) mesh mould [33] and (B) stick 
dispenser [34].

AM for Architectural Prototype and Product
Apart from construction technology AM is contributing 

to fabricate architectural prototypes and sculptures. Several 
commercial AM systems with adique accuracy and precision are 
available for prototype fabrication. CAD model of the building 
can be translated into a scaled prototype for demonstration of 
the building plan. The fabricated physical prototype will contain 
all complex and small design features as per the virtual model. 
Surface finish and build time of parts depending on the build 
orientation and slice height. Parts fabricated by AM required 
some post processing for support removal and to get the good 
surface finish. Similarly, fabrication of architectural sculptures 
and model is become possible by using rapid tooling. In direct 
rapid tooling, the mould of sculpture fabricated by AM is used 
for sculpture casting while in indirect rapid tooling the physical 
model of sculpture fabricated by AM is used as the pattern to 
make a mould for sculpture casting.

Conclusion
AM in highly appreciated technique for fabrication of small 

parts. However, in the case of building construction, it is still 
in developing phase. MD technique seems promising among 
all the other methods of construction. But suitable availability 
material is still a big challenge for researchers. Use of AM 
technique in building construction will enhance the productivity 
of construction industry, but before its commercial application, 
it required developments and experimental validation.

References
1. Wong KV, Hernandez A (2012) A Review of Additive Manufacturing. 

ISRN Mech Eng 2012: 1-10. 

2. Taufik M, Jain PK (2013) Role of build orientation in layered 
manufacturing: a review. Int J Manuf Technol Manag 27(1-3): 47.

3. Francis V, Jain PK (2015) Advances in nanocomposite materials for 
additive manufacturing. Int J rapid Manuf 5(3-4): 215-233.

4. Kumar N, Shaikh S, Jain PK, Tandon P (2015) Effect of fractal curve 
based toolpath on part strength in fused deposition modeling. Int J 
Rapid Manuf 5(2): 186-198.

5. Tripp SD, Bichelmeyer B (1990) Rapid prototyping: An alternative 
instructional design strategy. Educ Technol Res Dev 38(1): 31-44.

6. Sachs E, Cima M, Cornie J (1990) Three-dimensional printing: rapid 
tooling and prototypes directly form a CAD model. CIRP Ann Manuf 
Technol 39(1): 201-204.

7. Landers R, Mülhaupt R (2000) Desktop manufacturing of complex 
objects, prototypes and biomedical scaffolds by means of computer-
assisted design combined with computer-guided 3D plotting of 
polymers and reactive oligomers. Macromol Mater Eng 282(1): 17–21.

8. Ukey PD, Nayak A, Uddanwadiker RV, Jain PK (2016) Temporal Bone 
Fabrication using FDM Technique : Issues and Opportunities. IJAPIE 
1(2): 47-52.

9. Rights M, Quail, Francis J, Scanlon TJ, Stickland MT ( 2010 ) Development 
of a regenerative pump impeller using rapid manufacturing techniques 
16(5): 337–344.

10. Ramirez DA, Murr LE, Li SJ, Tian YX, Martinez E, et al. (2011) Open-
cellular copper structures fabricated by additive manufacturing using 
electron beam melting. Mater Sci Eng 528(16–17): 5379-5386.

11.  Kok Y, Tan X, Tor SB, Chua CK (2015) Fabrication and microstructural 
characterisation of additive manufactured Ti-6Al-4V parts by electron 
beam melting. Virtual Phys Prototyp 10(1): 13-21.

12. Zehnder MS, Connert T, Weiger R, Krastl G (2015) Guided endodontics : 
accuracy of a novel method for guided access cavity preparation and 
root canal location. IEJ 49(10): 966-972.

13. Application F, Data P, Group PE (1995) United States Patent [19] [11] 
Patent Number: [45] Date of Patent. USA, pp. 3-6.

14. Jia F, Wang X, Mustafee N, Hao L (2016) Investigating the feasibility 
of supply chain-centric business models in 3D chocolate printing: A 
simulation study. Technol Forecast Soc Change 102(2016): 202-213.

15. Marchelli G, Prabhakar R Storti D, Ganter M (2011) The guide to glass 
3D printing: developments, methods, diagnostics and results. Rapid 
Prototyp J 17(3): 187-194.

16. Kucukgul C, Ozler B, Karakas HE, Gozuacik D, Koc B (2013) 3D hybrid 
bioprinting of macrovascular structures. Procedia Eng 59: 183-192.

17. Bose S, Vahabzadeh S, Bandyopadhyay A (2013) Bone tissue 
engineering using 3D printing. Mater Today 16(12): 496–504.

18. Gibson I (2002) Software Solutions for Rapid Prototyping. In: Gibson, 
Ian, (Eds.), Wiley-Blackwell, USA, pp. 1-380.

19. Jain PK, Pandey PM, Rao PVM (2009) Effect of delay time on part 
strength in selective laser sintering. Int J Adv Manuf Technol 43 (1–2): 
117–126.

20. Chua KC, Leong KF (2014) 3D Printing and Additive Manufacturing. 
Mary Ann Liebert Inc 4(2): 22-24.

21. Pandey PM, Reddy NV, Dhande SG (2003) Real time adaptive slicing 
for fused deposition modelling. Int J Mach Tools Manuf 43(1): 61-71.

http://dx.doi.org/10.19080/CERJ.2017.01.555559
http://dx.doi.org/10.19080/CERJ.2017.01.555559
https://www.hindawi.com/journals/isrn/2012/208760/abs/
https://www.hindawi.com/journals/isrn/2012/208760/abs/
http://www.inderscienceonline.com/doi/abs/10.1504/IJMTM.2013.058637
http://www.inderscienceonline.com/doi/abs/10.1504/IJMTM.2013.058637
http://www.inderscienceonline.com/doi/abs/10.1504/IJRAPIDM.2015.074804?journalCode=ijrapidm
http://www.inderscienceonline.com/doi/abs/10.1504/IJRAPIDM.2015.074804?journalCode=ijrapidm
http://www.inderscienceonline.com/doi/abs/10.1504/IJRAPIDM.2015.073576
http://www.inderscienceonline.com/doi/abs/10.1504/IJRAPIDM.2015.073576
http://www.inderscienceonline.com/doi/abs/10.1504/IJRAPIDM.2015.073576
https://link.springer.com/article/10.1007/BF02298246
https://link.springer.com/article/10.1007/BF02298246
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=1447635
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=1447635
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=1447635
https://envisiontec.com/3d-bioplotter-research-papers/desktop-manufacturing-of-complex-objects-prototypes-and-biomedical-scaffolds-by-means-of-computer-assisted-design-combined-with-computer-guided-3d-plotting-of-polymers-and-reactive-oligomers/
https://envisiontec.com/3d-bioplotter-research-papers/desktop-manufacturing-of-complex-objects-prototypes-and-biomedical-scaffolds-by-means-of-computer-assisted-design-combined-with-computer-guided-3d-plotting-of-polymers-and-reactive-oligomers/
https://envisiontec.com/3d-bioplotter-research-papers/desktop-manufacturing-of-complex-objects-prototypes-and-biomedical-scaffolds-by-means-of-computer-assisted-design-combined-with-computer-guided-3d-plotting-of-polymers-and-reactive-oligomers/
https://envisiontec.com/3d-bioplotter-research-papers/desktop-manufacturing-of-complex-objects-prototypes-and-biomedical-scaffolds-by-means-of-computer-assisted-design-combined-with-computer-guided-3d-plotting-of-polymers-and-reactive-oligomers/
http://strathprints.strath.ac.uk/8092/
http://strathprints.strath.ac.uk/8092/
http://strathprints.strath.ac.uk/8092/
https://inis.iaea.org/search/search.aspx?orig_q=RN:44010499
https://inis.iaea.org/search/search.aspx?orig_q=RN:44010499
https://inis.iaea.org/search/search.aspx?orig_q=RN:44010499
http://www.tandfonline.com/doi/abs/10.1080/17452759.2015.1008643?journalCode=nvpp20
http://www.tandfonline.com/doi/abs/10.1080/17452759.2015.1008643?journalCode=nvpp20
http://www.tandfonline.com/doi/abs/10.1080/17452759.2015.1008643?journalCode=nvpp20
http://onlinelibrary.wiley.com/doi/10.1111/iej.12544/abstract
http://onlinelibrary.wiley.com/doi/10.1111/iej.12544/abstract
http://onlinelibrary.wiley.com/doi/10.1111/iej.12544/abstract
http://www.emeraldinsight.com/doi/abs/10.1108/13552541111124761
http://www.emeraldinsight.com/doi/abs/10.1108/13552541111124761
http://www.emeraldinsight.com/doi/abs/10.1108/13552541111124761
https://link.springer.com/article/10.1007/s00170-008-1682-3
https://link.springer.com/article/10.1007/s00170-008-1682-3
https://link.springer.com/article/10.1007/s00170-008-1682-3
http://www.liebertpub.com/forauthors/3d-printing-and-additive-manufacturing/621/
http://www.liebertpub.com/forauthors/3d-printing-and-additive-manufacturing/621/


How to cite this article: Ankit N, Prashant K J. Additive Manufacturing in Civil Engineering. Civil Eng Res J. 2017; 1(2): 555559. DOI: 10.19080/
CERJ.2017.01.5555590050

Civil Engineering Research Journal 

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                Track the below URL for one-step submission 
      https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/CERJ.2017.01.555559

22. Gibson I, Kvan T, Ming LW (2002) Rapid prototyping for architectural 
models. Rapid Prototyp J 8(2): 91-95.

23. Misra AK, Grady JE, Carter R (2015) Additive Manufacturing of 
Aerospace Propulsion Components. NASA tech rept serv, Pittsburgh, 
USA. 

24. Tay YWD, Panda B, Paul SC , Mohamed NAN, Tan MJ, et al. (2017) 3D 
printing trends in building and construction industry: a review. Virtual 
Phys Prototyp 0(0): 1–16.

25. Dini E (2009) D-SHAPE - The 21st century revolution in building 
technology has a name. London, England pp. 1-16.

26. Shirazi SFS, Gharehkhani S, Mehrali M, Yarmand H, Metselaar HSC, 
et al. (2015) A review on powder-based additive manufacturing for 
tissue engineering: selective laser sintering and inkjet 3D printing. Sci 
Technol Adv Mater 16(3): 33502.

27. Taufik M, Jain PK (2016) A Study of Build Edge Profile for Prediction 
of Surface Roughness in Fused Deposition Modeling. J Manuf Sci Eng 
138(6): 61002.

28. Le TT, Austin SA, Lim S, Buswell RA, Law R et al. (2012) Mix design and 
fresh properties for high-performance printing concrete. Cem Concr 
Res 42(3): 558–566.

29. Khoshnevis B (2004) Automated construction by contour crafting-
Related robotics and information technologies. Autom Constr 13(1): 
5–19.

30. Duro-Royo J, Mogas-Soldevila L, Oxman N (2015) Flow-based 
fabrication: An integrated computational workflow for design and 
digital additive manufacturing of multifunctional heterogeneously 
structured objects. CAD Comput Aided Des 69: 143-154.

31. Nan C (2015) A new machinecraft: A Critical evaluation of architectural 
robots. Commun Comput Inf Sci 527: 422-438.

32. Keating S, Spielberg NA, Klein J, Oxman N (2016) Digital Construction 
Platform : A Compound Arm Approach. MIT Libraries, Cambridge, USA.

33. Hack N, Lauer WV, Gramazio F, Kohler M (2015) Mesh Mould: 
Robotically Fabricated Metal Meshes as Concrete Formwork and 
Reinforcement. In: Wolfgang B (Ed.), Proc 11th Int Symp Ferrocem. 3rd 
ICTRC Int Conf Text Reinf Concr. RILEM Publications, Bagneux, France, 
pp. 347-359.

34. Yoshida H, Igarashi S, Igarashi T, Obuchi Y, Takami Y, et al. (2015) 
Architecture-scale human-assisted additive manufacturing. ACM Trans 
Graph 34(4): doi>10.1145/2766951.

http://dx.doi.org/10.19080/CERJ.2017.01.555559
http://dx.doi.org/10.19080/CERJ.2017.01.555559
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/CERJ.2017.01.555559
http://www.tandfonline.com/doi/full/10.1080/17452759.2017.1326724
http://www.tandfonline.com/doi/full/10.1080/17452759.2017.1326724
http://www.tandfonline.com/doi/full/10.1080/17452759.2017.1326724
https://www.ncbi.nlm.nih.gov/pubmed/27877783/
https://www.ncbi.nlm.nih.gov/pubmed/27877783/
https://www.ncbi.nlm.nih.gov/pubmed/27877783/
https://www.ncbi.nlm.nih.gov/pubmed/27877783/
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=2475087
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=2475087
http://manufacturingscience.asmedigitalcollection.asme.org/article.aspx?articleid=2475087
https://link.springer.com/article/10.1617/s11527-012-9828-z
https://link.springer.com/article/10.1617/s11527-012-9828-z
https://link.springer.com/article/10.1617/s11527-012-9828-z
https://ijournalse.org/index.php/IJSE/article/view/5/0
https://ijournalse.org/index.php/IJSE/article/view/5/0
https://ijournalse.org/index.php/IJSE/article/view/5/0
https://dspace.mit.edu/handle/1721.1/91574
https://dspace.mit.edu/handle/1721.1/91574
http://www.rilem.org/gene/main.php?base=500220
http://www.rilem.org/gene/main.php?base=500220
http://www.rilem.org/gene/main.php?base=500220
http://www.rilem.org/gene/main.php?base=500220
http://www.rilem.org/gene/main.php?base=500220
http://dl.acm.org/citation.cfm?id=2766951
http://dl.acm.org/citation.cfm?id=2766951
http://dl.acm.org/citation.cfm?id=2766951

	Title
	Abstract
	Keywords
	Introduction
	AM for Building Construction
	Binder Jetting
	Material Deposition Techniques
	AM for Architectural Prototype and Product
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

