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BUILDING THE
BUSINESS CASE
ONE 3D-PRINTED
COMPONENT AT
A TIME
Additive manufacturing for the built environment
can cost-effectively produce bespoke building
components and nodes on-demand with lesser
wastage and finer control
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Additive manufacturing (AM) or 3D printing is using
layers of material to create a three-dimensional (3D)
object. Although its rise as a technology is relatively
new, it has been around in the natural world for
millennia: wasps, for example, have been 3D
printing their nests for over 200 million years.

3D PRINTING FOR THE BUILT ENVIRONMENT
Although the aerospace and medical sectors have
taken the lead for AM adoption, many other sectors
are increasingly recognising the potential benefits.
Many projects in the built environment sector have
developed scaled-up concrete-based additive
manufacturing. An example is the concrete printer
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at the Housing & Development Board (HDB) Centre
of Building Research. The use of the AM technology
enables architects and designers to have greater
design flexibility in bespoke components, and since
AM is an automated digital production process,
it reduces the dependency on manual labour.
Going forward, HDB will be applying concrete
printing to produce certain landscape furniture and
architectural features in common areas at selected
HDB projects in the Tengah and Bidadari housing
estates.
Other building and construction components that
can be viably 3D-printed, such as façade nodes
and connections, have been demonstrated by

consultancy firm Arup. It used a powder-bed fusionlaser based (PBF) process to print topologicallyoptimised tensegrity lighting nodes that is 75
percent lighter than conventionally fabricated
nodes. It is noteworthy to highlight that the
topology optimised component fully utilises design
for AM and it is not reproducible by conventional
fabrication methods.
In addition to the AM nodes and connectors, the
world’s first additive-manufactured steel MX3D
bridge is produced with funding support from
Lloyd’s Register Foundation. The 12-meter-long
pedestrian steel bridge in Amsterdam, Netherlands
is produced via the Wire Arc Additive Manufacturing

(WAAM) process, where it demonstrated an
asymmetrical shape not bound by traditional forms,
but yet conformed to the structural integrity and
functionality without compromising on aesthetic
considerations. WAAM produces large, complex
and bespoke structures without the need for mould
and manual assembly. In addition to the advanced
AM process, a network of sensors installed on
the bridge measures both structural data, such as
strain, displacement and vibration as it is used by
pedestrians and cyclists, as well as environmental
factors including air quality and temperature.
Together, this information will help engineers
monitor the bridge’s health in real-time and assess
how it changes over its lifetime.
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CHALLENGES & OPPORTUNITIES
One of the biggest hurdles to the widespread
adoption of AM has not only been the lack of
standards but also that the existing standards do
not cover AM manufacturing. With the knowledge
being held by a small community of experts, it
was clear that for AM to establish itself in the
marketplace, a suite of standards would be required
to enable widespread use. The larger organisations
were able to develop their own requirements, but
for smaller SMEs this has not been easy to achieve.
The early development of the standards was aligned
to the sector uptake, so the early standards were
biased towards the materials and processes used by
both the aerospace and medical industries, but with
more sectors joining the standard committees, a
number of sector-specific working groups have been
established, covering Oil and Gas, Retail, Marine
and Construction amongst others. For construction,
this will be a joint group 80 of the TC261/ASTM F42
committees.

When you think of AM, construction is not the first
sector that comes to mind, but the use cases for
AM in construction cover a greater variety than
you would first think. The most familiar use is to
print scale models of the designs, to enable the
architect’s vision to be created for end clients to
evaluate. AM brings with it some challenges, but it
can also help to overcome some of the challenges
that the construction is currently facing such as
the availability of skilled labour and systems which
can produce products of a consistent quality. The
marketplace for AM splits into three main areas:
1

Singular components produced and shipped to
site

2

Modules printed in a facility and shipped to site
for assembly - Design for Manufacturing and
Assembly (DfMA)

3

On-site manufacture with a printer shipped to
site, usually used to print the building exterior

Single components can range from simple
plumbing manifolds and architectural detail,
through to structural items such as steel nodes for
linking steelwork together.
Modules tend to be more complex in nature and
take advantage of the design freedom and potential
weight/ material savings. This helps to reduce the
overall carbon footprint of the building project.
Modules can cover structural components such
as concrete sections for bridges and tunnels, or
completed pods such as a bathroom, which can
be completed offsite. Other areas are sections of
buildings, which in some cases may utilise polymers
rather than the traditional concrete which has high
embodied carbon rating, in some cases as high as
600 kgC02/m2.
On-site manufacture has mainly considered
concrete printing the shell of the building, using a
system of pumped concrete which is mounted either
onto a robot arm or gantry system. Around the
world, there are many companies and universities
working to make this technology viable, with many
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real-world concepts already in place. It is widely
recognised that methods of construction have
largely remained the same for the past century,
and it is clear that if we are to meet our building
requirements, a different approach is needed.
The use of AM brings many advantages to the
construction sector. The time to build a structure
is significantly reduced, and the ability to print
only the material you need, greatly reduces waste
generated. It also allows for design freedom
that traditional construction would struggle to
embrace. The availability of skilled l abour is now
becoming a concern for many regions, and along

with making the workplace safer, AM is viewed as
a way to support the automation of construction,
increasing the repeatability and consistency of the
process, while having the additional positive effect
on reducing workplace accidents. It is not just the
buildings themselves that are using AM: when
we consider the plants and machinery on-site, a
number of major manufacturers are printing parts
for their service centres on-demand to reduce the
downtime of on-site equipment, including making
design changes to engineer out common failures on
equipment.
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Thriving, Not Surviving
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THE WAY FORWARD
SGBC Founding Member Singapore Polytechnic (SP)
has been working with industry organisation Lloyd’s
Register (LR) to support industry adoption of AM
across various sectors, including construction. Along
with standards development, the collaboration
arrangement also provides workforce training, AM
Facility Qualification and Part Certification, with
LR’s technical advisory services readily available to
advise on most aspects of AM.
SP also has a number of best-in-class AM short
courses on the various aspects of AM to train and
develop company competencies, facilitated by a
state-of-the-art facility including PBF-laser based,
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directed energy deposition-laser based, and other
large-scale AM-centric facilities. SP is the only
institution that has an AM metal powder production
plant that enables AM materials development.
With the materials development capability, SP is
able to provide end-to-end AM solutions for the
built environment sector. To transfer knowledge
and expertise, SP imparts students with AM skills
through student internships and final year projects
(FYPs) aided by the highly-knowledgeable AM
specialist team. With a wide variety of AM-centric
resources and capabilities, SP is ready to support
built environment organisations on their own AM
journey.
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