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Abstract

Additive manufacturing is one of the key elements in industrial revolution 4.0, new to construction industry
and have potential to enormously impact the industry due to its ability to disrupt the existing construction
supply chain direction and order. The construction players especially the contractors are expected to be the
first entity to experience the effect and widely use the technology but up to this stage, the contractors’
understanding towards the technology are unknown. At the same time, the Malaysian construction industry
suffer lack of responsive towards technology that might one day be left behind if it unable to adopt to the
new technology. Therefore, the study is conducted to identify the understanding of local contractors about
additive manufacturing in construction industry. The findings can be used to further plan how to overcome
challenges in industrial revolution 4.0 environment. A quantitative approach through survey has been
engaged and distributed randomly to contractors via emails and by hand. Besides, literature reviews have
been conducted to deeply understand the concept of additive manufacturing, its impact and implication as
well as the future prospect. The result is analysed based on mean score and able to identify that the
contractor does not has the understanding in additive manufacturing technology in local construction

industry.
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1. Introduction

The world that we live today has seen momentous and rapid changes in the industrial sectors. These
changes are fuelled by inventions and innovations that give birth to revolutions in industry, progressing
over time until the current Industrial Revolution 4.0 (IR4.0). The industrial revolution significantly affects
every aspect of human life (Chung & Kim, 2016) and will deeply impact humankind in terms of how they
work, live and communicate to one another (Schwab, 2017). Its scale of influence is too big to ignore,
global rather than local, unprecedented breadth and depth (WEF, 2017b) and able to manipulate the
economy, business, society and individual in both national and international stages (Schwab, 2017). To a
further degree, the latest revolution may bring the unthinkable moment that can realised science fictions
and illusion which previously beyond reach and impossible to happen. Therefore, considering the massive
influence brought by the revolution, it will be appropriate now to study about the revolution sphere, its key
drivers and impacts that will shape the humankind in the future.

IR4.0 disrupt the supply chain and transform all end-to-end stages in production and business model
in most sectors of the economy (WEF, 2017a). For example, one important component in IR4.0 such as
Additive Manufacturing (AM) technology can produce home-grown product that will lead to a world
whereby worldwide become domestic, mammoth become miniature, and extensive supply chain will be
narrowed down (Ben-Ner & Siemsen, 2017). The ultimate ability of AM to eliminate some chains in the
current supply chain raise the eyebrow and shall be handled accordingly.

At some level, the AM technology will reach the construction industry massively and disrupt the
conventional construction supply chain. For instance, recent construction scale AM products as shown by
few companies around the world such as WinSun in China and MX3D in Netherland proved the
construction-scale additive manufacturing whereby concrete residential buildings and stainless-steel
pedestrian bridge can be 3D printed respectively. The nature of AM technology and its progresses will
subsequently in the future eliminate or reduce the use of construction materials such as woods for formwork,
bricks for wall and steel for moulds in the future. As a consequence, it may trigger jobs movement for the
disturbed supply chain, similar to report from WEF that stated the IR4.0 will deeply impact the employment
market either with significant job creation or job displacement (WEF, 2016b).

Additive Manufacturing (AM), as opposed to traditional formative and subtractive manufacturing,
is an advance manufacturing processes that refers to a procedure to assemble materials to create objects
from 3-Dimensional (3D) model data, usually layer after layer (ASTM: F2792-10, 2017). AM involve the
processes of transforming simulated solid model information into physical models in a fast and easy way
(Gibson, Rosen, & Stucker, 2014) and able to print complex form of geometry with the absent of any tools,
dies and fixtures (Huang, Liu, Mokasdar, & Hou, 2013; Tay et al., 2017). It also known as direct digital
manufacturing, rapid manufacturing, solid freedom fabrication and rapid prototyping, (Fai & Karjanto,
2014). Besides, the AM is widely referred as 3D Printing in general term (Labonnote, Rennquist, Manum,
& Riither, 2016) although its scope is wider than the 3D Printing. Due to its ability to enable customised
material properties and create complex form of geometries, AM has gained significant industry and
academic interest (Gao et al., 2015).

In general, the AM processes begin with a modelled 3D design with Computer Aided Design (CAD)

software. Then, a layer of printing material is fed into 3D printer which later on printed the shape of 3D
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model. This process will repeat and continue until the selected physical model is accomplished (Ishengoma
& Mtaho, 2014). The process is similar to the conventional system of 2-dimensional (2D) paper printer but
different in terms of techniques, scale, materials used as the ‘ink’. Figure 1 illustrate the processes.

The ink or the materials used and its characteristics for 3D printed property can be different and
variety, depending on where it will apply. For example, geopolymer cement can be used as ‘ink’ to
contribute towards sustainable environment due to its characteristic that can be considered as green
construction material (Panda, Paul, Hui, Tay, & Tan, 2017). Besides, wide range of raw materials can be
used as ‘ink’ such as plastics, resin, cobalt and nickel-based chromium, titanium, stainless steel, ceramics
and polymer (Berman, 2012).

A precedent attempt to utilise cement-based materials was conducted in 1997 in order to investigate
potential effectiveness of AM in construction automation (Pegna, 1997). The result was positive as it
suggests AM is effective and compatible for small construction such as residential houses (Pegna, 1997).
To represent AM in construction, some researcher has termed it as “Additive Construction” which means
the method of assembling materials to generate construction by using 3D model data (Labonnote et al.,
2016). In 2012, a number of entities exploring 3D printing for construction burst into seemingly-
exponential growth, move forward from the previous linear progression (Bos, Wolfs, Ahmed, & Salet,
2016). At the same period of time, there are three available big-scale AM techniques related to construction
and architecture namely Contour Crafting, D-Shape (Monolite) and Concrete Printing (Lim et al., 2012).
All three techniques were founded by University of Southern California, British Monolite Company and
Loughborough University respectively (Ding, Wei, & Che, 2014). As suggested by the researchers, all
three processes proven to be appropriate for construction and/ or architecture applications and successful

in manufacturing significant size of components (Lim et al., 2012).
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Figure 01. General AM processes
Source: Modify from (Ishengoma & Mtaho, 2014)
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In brief, contour crafting is a technique of layered manufacturing (LM) which utilise ceramic slurry,
polymer, cement and a diversity of other materials, mixed together to formed big scale objects with smooth
end surface (Khoshnevis, Hwang, Yao, & Yeh, 2006). Meanwhile, D-Shape processes occur through
powder deposition and selectively hardened using additive. In this process, each deposit of building
materials is placed to the anticipated thickness, compacted and then the outlet nozzles riding on gantry
frame dispense the binder where the part is to be solid. Once done, the loose powder bed will be dug out
(Lim et al., 2012). Concrete Printing is similar to contour crafting in terms of extrusion of cement mortar
but in contrast has low deposition resolution (Lim et al., 2012). Figure 2 demonstrate the Contour Crafting,
D-Shape and Concrete Printing product. To enhance and improve the AM, hybrid 3D printing is developed.
It is the process to enable the existing 3D printer to integrate with various materials and components such
as reinforcement, variety grade of materials and even sensors and actuator for life cycle monitoring (Tay et

al.,, 2017).

Figure 02. Additive manufacturing / 3D printing products (A: Contour Crafting Product; B: D-Shape

Product; C: Concrete Printing Product)
Source: Update photos based on (Lim et al., 2012)

The enthusiasm brought by AM development continuously impress the world and endlessly
improved from time to time. This statement is supported by real-time application of AM technology to print
numerous buildings around the world. It can be printed either off-site then assembled on site or it can be
directly printed on-site. To illustrate, WinSun Decoration Design Engineering (WinSun), a company based
in Shanghai, China is the world’s first entity to print building in 2008 (Aldama, 2017). They also print a
villa and 5-storey building in Suzhou, China (AP, 2015). According to a report, the 3D printed villa can
decrease production times between 50% to 70%, set aside between 30% to 60% of construction waste, and
save costs from 50% to 80% (Starr, 2015). Another example, Apis Cor is a firm that develop moveable
construction 3D printer which is capable to print entire buildings on site (Apis Cor, 2017). In March 2017,
Apis Cor has printed a 400 square-foot house and took just 24 hours to complete (Marks, 2017). Apart from
the stated entities and their projects, there are many more firms around the globe working on AM
technology in building construction. Figure 3 show the end product of 3D printed building by WinSun
while Figure 4 show the 3D printed building by Apis Cor.
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Figure 03. WinSun 3D printed building. WinSun printed Villa (Left) and printed Apartment (Right)
Source: AP (2015).

Figure 04. Apis Cor 3D printed house. (Left: building printed; Right: completed house)
Source: ApisCor (2017)

Despite the advance development in 3D printed buildings, the AM technology has extended to build
a fully functioning pedestrian stainless-steel bridge. According to the developer, MX3D, the project is
expected to complete in year 2018. Figure 5 show the latest design of the bridge.

Figure 05. MXM bridge design (Elevation and Plan view of Pedestrian Bridge developed by MX3D)
Source: MX3D (2017)

There are several significant advantages of AM that currently spotted over the globe. These
advantages include low cost of customised product and mass customization and soundly shorter duration
for construction. For a better understanding, mass customization is the ability to deliver personalised
product with near mass production efficiency (Tseng & Hu, 2014). In context of 3D printing, it allows
customised goods to be produced at fairly low cost (Berman, 2012). In terms of small manufacturing, it is
so economical that some home-improvement shops offer AM devices to their customers for do-it-yourself
(DIY) 3D printing (Bohan, 2016). Besides, as suggested by Paoletti (2017), AM enables mass
customization in terms of full autonomy in establishing material deposition where the material can be
placed only where structural needed and, in that way, granted optimization of construction components.

Furthermore, AM technology bring stimulating prospect of creating advanced and competent

structural form to match specific design requirement with the absent of time-consuming in forming and

869



https://doi.org/10.15405/epms.2019.12.88

Corresponding Author: Zul Zakiyuddin Ahmad Rashid

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2421-826X

assembling processes in traditional way (Ashraf, Gibson, & Rashed, 2018). The nature of AM allows the
user to create new product design with the absent of additional cost for new physical tools for the product
(Huang, Leu, Mazumder, & Donmez, 2015). Besides, AM can enhanced resource efficiency in both
utilization and production stages, extend product lifespan via repair, remanufacture and refurbishment with
closer relationship between consumer and producer and reconfigured value chain by shorten and simplify
value chain, localised production and innovative distribution and collaboration (Ford & Despeisse, 2016).

Some studies have been conducted to investigate the impact brought by AM technology. For
example, Costabile, Fera, Fruggiero, Lambiase, and Pham (2017) stated that different approaches are
required in AM’s design and operation management. The ability of AM technology that offer freedom of
design can further impact the material costs, energy consumption and lifecycle costs during production
phases. Furthermore, the implementation of AM together with other advanced manufacturing technologies
can create a future whereby it offers significant sustainability benefits, more localised and collaborative
and make value chain shorter and smaller (Gebler, Uiterkamp, & Visser, 2014).

Besides, it is interesting to elaborate the AM implication to supply chain. A study by Thomas and
Gilbert (2014) illustrated the cost impacts in supply chain in terms of transportation and inventory, close
proximity of production to consumers, management of supply chain and supply disruption vulnerability.
The traditional way of manufacturing requires much time to produce and too costly for “on demand” parts
and once infrequent part is ordered, it generate costly inventory that will consume physical spaces that at
the same time require maintenance, insurance and taxes. With AM technology, the parts can be produced
on demand and reduced production at multiple locations thus reducing the costs for transportation and
inventory. Moreover, AM has the potential to enables localised production and simplified processes that
can bring production closer to consumers for some products. In terms of management, AM may reduce the
need for supply chain management as it reduces the links in supply chain. Due to reducing links in supply

chain, the risk of disruption can be reduced. To further understand, an example is shown in Figure 6.

Traditional Additive
Manufacturing Manufacturing
MaterlaI‘Resource Shie A
Providers o Y / \

Manufacturing of 0000 <—> 0000

Parts and Localized Production
1.

Components 00000000 00000000

Assembly of Parts

]
and Components / \

Retailer or 0000 O0OOOCO
Distribution 09000 0QOO0O0CO

Figure 06. Traditional VS Additive Supply Chain in Manufacturing Perspective.
Source: Thomas & Gilbert (2014).

Finally, a study by Jiang, Kleer, and Piller, (2017) suggested that by year 2030, AM will bring
significant effect to few categories such as output, supply chain and localization; competition and business

model; market trend and consumer; and policies and intellectual property.
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2. Problem Statement

According to Ibrahim (2017), the Malaysian construction industry itself suffers lack of responsive
towards technology. Further illustration to the lack of response to technology can be seen in the utilization
of Industrialize Building System (IBS) which was lower than expected although the Government has made
huge campaign for it (Kamar, Alshawi, & Hamid, 2009). A survey conducted by Mui, Aziz, Ni, Yee, and
Lay (2003) to understand the internet usage in Malaysian Construction Industry suggested that the
respondents not fully utilise the advantages of the technology thus denied the very basic element in IR4.0
i.e. Information Technology (IT). Besides, little knowledge of technology, limited resources and poor
integration between application and/ or organisation were the causes of lagged behind the other industries
(Stewart, Mohamed, & Marosszeky, 2004).

As suggested by Haron, Rahman, and Hanid (2009), the construction industry cannot afford to stay
in future business while do today’s works with yesterday’s methods. The delay to familiarise and adapt
technologies will make the industry left behind and become uncompetitive to be in the local and global
market as required by the Government. Therefore, it is very important to learn, understand and adapt to the

technological revolution to ensure greater development in the future and no one is being left behind.

3. Research Questions

= How far the Contractor in Penang understand about additive manufacturing in construction

industry?

4. Purpose of the Study

This research paper is prepared to study the understanding among Contractors in Additive

Manufacturing technology in local construction industry.

5. Research Methods

A survey has been conducted to some 214 G7 main contractors in Penang to study about their
understanding in AM. The sampling size was determined by using Krejcie and Morgan (1970) method from
a total population of 491 contractors provided by CIDB through Centralized Information Management
System (CIMS). A set of questionnaires containing statement about AM were designed using Likert scale
approach and distributed through online and by-hand submission method. Each statement in the
questionnaires tested the respondent’s general information about AM, its evolution and the future prospect,
its application in construction industry and its impact and implication. The respondents were asked to rate
their best perception about all questions between scale 1 which is strongly disagree to scale 5 which is
strongly agree. Furthermore, reliability and validity of the questions has been tested during pilot survey
which was conducted to some 3 main contractors outside Penang. The result gained from respondent were

further analysed using mean score to determine the central tendency of respondents.
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6. Findings

Table 1 illustrate the mean score generated from the survey. General AM information has a mean
score of 3.40, AM future prospect gained a mean score of 3.48, AM application in construction industry
obtained a mean score of 3.20 and AM impact and implication got a mean score of 3.39. Out of 5 score, all
four area of understandings given score between 3 and 4 (between not sure and agree). This show the
respondents’ tendency more to not understand about AM and suggest the respondent’s lack of

understanding about AM.

Table 01. Respondent’s tendency towards AM

Area of understanding Mean Score
General AM information 3.40
AM future prospect 3.48
AM application in construction industry 3.20
AM impact and implication 3.39

The general information that were asked to the respondents cover the AM ability to produce any
complex form of geometry and need no tools to work. The findings suggested the respondents do not
properly understand about general AM information. Despite the general information, AM has its own
technical knowledge that more complex to understand. If the respondents unable to understand the basic
information, how do they understand the technical information that will open the gate to improve AM.

Besides, the questionnaires about AM’s future prospect includes the advance of AM through 4-
dimensional (4D) technology which can transform 3D printed form, characteristics and function over time.
The questionnaires also cover the statement about continuous improvement conducted in AM technology
and its ability to integrate with building information modelling (BIM). Based on the findings, the
respondents do not possess sufficient understanding about AM future prospect. This might prevent them to
see the true potential of AM in the future and ignore the development of the technology.

Moreover, AM application in construction industry which can build single and multiple storey
buildings as well as stainless steel bridge with few techniques were asked to the respondents. Based on the
findings, the respondents do not understand that today AM can produce physical structures with few
techniques. The AM technology is already in construction industry and happening, but the respondents still
do not sure.

For AM impact and implications, the respondents were given statement that AM can give impact in
terms of requirement for different approach in management, de-globalization of supply chain, internal
production capacity and impact on safety procedures and intellectual property. Based on the findings, the
respondents tend to not understand about it. AM bring big impact to the existing construction environment
and every respondent should note about the impact and implication in their business.

In short, the respondents who represent the contractors do not understand the AM sufficiently. the
calculated average mean score for the survey which is 3.37 enhanced the findings and suggests the
respondents’ central tendency that do not understand the AM. However, some reason can be assumed why
the contractor do not understand the AM technology within the construction industry sphere. The

contractors might not understand about AM application in construction industry because it is new
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technology to the industry and the information about AM is not widely available compared to traditional
practices. Besides, construction-scale AM projects around the world that highlighted in literature review
only represent a very tiny effort of AM advance in construction industry. The study also does not find any
huge and large-scale construction project using AM worldwide that can be referred as landmarks and
models for future massive development in construction. Therefore, the contractors cannot effectively learn
and do not possess sufficient information about AM that enable them to understand its application in
construction industry.

Despite some reason that might be provided to cover the lack of understanding in AM technology,
the contractors should have equipped and improved themselves with the latest development in construction
industry especially in regards of AM technology. This might help them to capture some market share in

construction industry in the future.

7. Conclusion

The research outcome suggested that AM will not be implemented and applied in Penang
construction industry in near future for at least few more years ahead. This is because the contractors do
not understand about AM comprehensively. However, the construction players especially the constructor
or the contractors should not ignore AM existence and development because it can bring a massive
opportunity for business income in future construction market and will left behind those who cannot change
or willing to change and adopt with the changes. It will take a lead times, probably in few years to fully
learn and adopt to this technology. Indeed, this is an alarming point to the construction players that require
them to respond promptly and properly in order to catch up with the development so when the AM
technology for construction really hit the floor and brought into Malaysia and Penang by foreign investors,
they will not be left behind and become uncompetitive. Perhaps this is the best time to venture into this

technology, become advance and competitive and lead the others in the industry.

Acknowledgments

This paper was prepared with financial assistant from Ministry of Education Malaysia (Grant

No: FRGS/PPBGN/6711556) .

References

Aldama, Z. (2017, May 2017). ‘We could 3D-print Trump's wall': China construction visionaries set to
revolutionise an industry rife with graft and old thinking. Retrieved from
https://www.scmp.com/magazines/post-magazine/long-reads/article/20939 14/we-could-3d-print-
trumps-wall-china-construction

AP (Writer). (2015). Chinese firm prints future of home construction. In A. Press (Producer): Youtube (AP
Channel).

ApisCor. (2017). Retrieved from http://apis-cor.com

Ashraf, M., Gibson, 1., & Rashed, M. G. (2018). Challenges and prospects of 3D printing in structural
engineering. 13" International Conference on Steel, Space and Composite Structures.

ASM. (2017). Academy of Sciences Malaysia. Retrieved from http://www.akademisains.gov.my/

ASTM: F2792-10. (2017). Standard Terminology for Additive Manufacturing Technologies. In ASTM
International, West Conshohocken, PA, 2010. Retrieved from www.astm.org

873



https://doi.org/10.15405/epms.2019.12.88

Corresponding Author: Zul Zakiyuddin Ahmad Rashid

Selection and peer-review under responsibility of the Organizing Committee of the conference

eISSN: 2421-826X

Ben-Ner, A., & Siemsen, E. (2017). Decentralization and localization of production: the organizational and
economic consequences of additive manufacturing (3D Printing). California Management Review,
59(2), 5-23. https://doi.org/10.1177/0008125617695284

Berman, B. (2012). 3-D printing: The new industrial revolution. Business Horizons, 55(2), 155-162.
https://doi.org/10.1016/j.bushor.2011.11.003

Bohan, R. P. (2016, May). Adding manufacturing using concrete: a bridge too far?. In 2016 IEEE-IAS/PCA
Cement Industry Technical Conference (pp. 1-10). IEEE.

Bos, F., Wolfs, R., Ahmed, Z., & Salet, T. (2016). Additive manufacturing of concrete in construction:
potentials and challenges of 3D concrete printing. Virtual and Physical Prototyping, 11(3), 209-225.
https://doi.org/10.1080/17452759.2016.1209867

Chung, M., & Kim, J. (2016). The internet information and technology research directions based on the
fourth industrial revolution. Ksii Transactions on Internet and Information Systems, 10(3), 1311-
1320. https://doi.org/10.3837/tiis.2016.03.020

Costabile, G., Fera, M., Fruggiero, F., Lambiase, A., & Pham, D. (2017). Cost models of additive
manufacturing: A literature review. International Journal of Industrial Engineering Computations,
8(2), 263-283.

Ding, L., Wei, R., & Che, H. (2014). Development of a BIM-based automated construction system.
Procedia Engineering, 85, 123-131. https://doi.org/10.1016/j.proeng.2014.10.536

Fai, T. C., & Karjanto, J. (2014, October 2014). Additive manufacturing. Jurutera. 2014.

Ford, S., & Despeisse, M. (2016). Additive manufacturing and sustainability: An exploratory study of the
advantages and challenges. Journal of Cleaner  Production, 137, 1573-1587.
https://doi.org/10.1016/j.jclepro.2016.04.150

Gao, W., Zhang, Y., Ramanujan, D., Ramani, K., Chen, Y., Williams, C. B., ... & Zavattieri, P. D. (2015).
The status, challenges, and future of additive manufacturing in engineering. Computer-Aided
Design, 69, 65-89. https://doi.org/10.1016/j.cad.2015.04.001

Gebler, M., Uiterkamp, A. J. M. S., & Visser, C. (2014). A global sustainability perspective on 3D printing
technologies. Energy Policies, 74 (C), 158-167.

Gibson, 1., Rosen, D., & Stucker, B. (2014). Additive manufacturing technologies: 3D printing, rapid
prototyping, and direct digital manufacturing: Springer.

Haron, N. A., Rahman, H. A., & Hanid, M. (2009). A literature review of the advantages and barriers to
the implementation of industrialised building system (IBS) in construction industry. Malaysia
Construction Research Journal, 2(1), 10-14.

Huang, S. H., Liu, P., Mokasdar, A., & Hou, L. (2013). Additive manufacturing and its societal impact: a
literature review. The International Journal of Advanced Manufacturing Technology, 67(5), 1191-
1203. https://doi.org/10.1007/s00170-012-4558-5

Huang, Y., Leu, M. C., Mazumder, J., & Donmez, A. (2015). Additive manufacturing: Current state, future
potenrial, gaps nad needs, and recommendations. Journal of Manufacturing Science and
Engineering, 137. doi:10.1115/1.4028725

Ibrahim, A. (2017, 9th October 2015). Construction industry needs to embrace new technologies. New
Straits Times. Retrieved from https://www.nst.com.my/news/2015/10/construction-industry-needs-
embrace-new-technologies

Ishengoma, F. R., & Mtaho, A. B. (2014). 3D printing: developing countries perspectives. arXiv preprint
arXiv:1410.5349.

Jiang, R., Kleer, R., & Piller, F. T. (2017). Predicting the future of additive manufacturing: A Delphi study
on economic and societal implications of 3D printing for 2030. Technological Forecasting and
Social Change, 117, 84-97. https://doi.org/10.1016/j.techfore.2017.01.006

Kamar, K., Alshawi, M., & Hamid, Z. (2009). Barriers to industrialized building system (IBS): The case of
Malaysia. Paper presented at the In BuHu 9th International Postgraduate Research Conference
(IPGRC), Salford, United Kingdom.

Khoshnevis, B., Hwang, D., Yao, K.-T., & Yeh, Z. (2006). Mega-scale fabrication by contour crafting.
International Journal of Industrial and Systems Engineering, 1(3), 301-320.

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size for research activities. Journal of
Educational and Phychological Measurement, 30, 607-610.

874



https://doi.org/10.15405/epms.2019.12.88

Corresponding Author: Zul Zakiyuddin Ahmad Rashid

Selection and peer-review under responsibility of the Organizing Committee of the conference

eISSN: 2421-826X

Labonnote, N., Rennquist, A., Manum, B., & Riither, P. (2016). Additive Construction: state of the art,
challenges and opportunities. Automation in Construction, 72(3), 347-366.

Lim, S., Buswell, R. A,, Le, T. T., Austin, S. A., Gibb, A. G. F., & Thorpe, T. (2012). Developments in
construction-scale additive manufacturing processes. Automation in Construction, 21, 262-268.
https://doi.org/10.1016/j.autcon.2011.06.010

Marks, G. (2017, 7th March 2017). This start-up will 3D print your house...for $10K. The Washington Post.
Retrieved from https://www.washingtonpost.com/news/on-small-business/wp/2017/03/07/this-
start-up-will-3d-print-your-house-for-10k/?utm_term=.5af00ac9f53b

Mui, L. Y., Aziz, A. R. A, Ni, A. C., Yee, W. C., & Lay, W. S. (2003). A survey of internet usage in the
Malaysian construction industry. Journal of Information Technology in Construction (ITcon), 7(17),
259-2609.

MX3D. (2017). MX3D 3D Printing. Retrieved from mx3d.com

Panda, B., Paul, S. C., Hui, L. J,, Tay, Y. W. D., & Tan, M. J. (2017). Additive manufacturing of
geopolymer for sustainable built environment. Journal of Cleaner Production, 167, 281-288.
https://doi.org/10.1016/j.jclepro.2017.08.165

Paoletti, 1. (2017). Mass customization with additive manufacturing: new perspectives for multi
performative building components in architecture. In L. Ding, F. Fiorito, & P. Osmond (Eds.),
International High-Performance Built Environment Conference - a Sustainable Built Environment
Conference 2016 Series, 180, 1150-1159. Amsterdam: Elsevier Science.

Pegna, J. (1997). Exploratory investigation of solid freeform construction. Automation in Construction,
5(5), 427-437. https://doi.org/10.1016/S0926-5805(96)00166-5

Schwab, K. (2017). The fourth industrial revolution: Crown Business.

Starr, M. (2015). World's first 3D-printed apartment building constructed in China. Retrieved from
https://www.cnet.com/news/worlds-first-3d-printed-apartment-building-constructed-in-china/
Stewart, R. A., Mohamed, S., & Marosszeky, M. (2004). An empirical investigation into the link between
information technology implementation barriers and coping strategies in the Australian construction

industry. Construction Innovation, 4(3), 155-171.

Tay, D., Panda, B., Paul, S., Noor Mohamed, N. A., Tan, M. J., & Leong, K. F. (2017). 3D printing trends
in building and construction industry: A review. Virtual and Physical Prototyping.

Thomas, D. S., & Gilbert, S. W. (2014). Costs and cost effectiveness of additive manufacturing. NIST
Special Publication, 1176, 12.

Tseng, M. M., & Hu, S. J. (2014). Mass Customization. In L. Laperriére & G. Reinhart (Eds.), CIRP
Encyclopaedia of Production Engineering (pp. 836-843). Berlin, Heidelberg: Springer Berlin
Heidelberg.

WEEF. (2016b). The future of jobs: Employment, skills and workforce strategy for the fourth industrial
revolution. Retrieved from https://www.weforum.org/reports/

WEF. (2017a). Impact of the fourth industrial revolution on supply chains. Retrieved from
https://www.weforum.org/reports/

WEEF. (2017b). ASEAN 4.0: What does the Fourth Industrial Revolution mean for regional economic
integration? Retrieved from https://www.weforum.org/reports/

875



	THE UNDERSTANDING AMONG CONTRACTORS IN ADDITIVEMANUFACTURING TECHNOLOGY IN LOCAL CONSTRUCTIONINDUSTRY
	Abstract
	1. Introduction
	2. Problem Statement
	3. Research Questions
	4. Purpose of the Study
	5. Research Methods
	6. Findings
	7. Conclusion
	Acknowledgments
	References

