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The Tectonics of
3D Printed Architecture
SINGAPORE – As with the term robot, which has been
coined by Czech writer Karel Capek long before its
first technical implementation, 3D printing has entered
our collective imagery by the backdoor of fiction. In
the late 60s, the cult TV series Star Trek familiarised
us with two chimerical devices: the transponder and
the replicator.[1] Both machines relied on the same
technology that allows dematerializing matter and
reconstituting it in another form elsewhere. While
on Starship Enterprise transponders were used to
disembark crewmembers without having to land the
ship, the replicator (Figure 1) was most commonly
used as food dispenser. By letting the audiences know
that Captain Picard keeps real caviar stored for special
occasions, the theme of the simulacrum was indeed
already subtly addressed.

methods. As these techniques are still prohibitively
expensive, they are more viable for niche markets
rather than for custom mass production.
An alternative to direct metal printing is the 3D
printing of sand casting molds, which still dramatically
speeds up the production of complex metal specimens.
[3] Sand printing allows large scale, very complex
and accurate molds to be fabricated at comparatively
low prices and has thus become very popular in the
automotive industry.

What is 3D Printing?

What made 3D printing really popular is the fabrication
of parts from plastic. While the employed materials do
not yet meet the requirements set to final products, the
technology nevertheless allows for the fast production
of very revealing functional prototypes and 3D printing
of plastic prototypes is becoming integrated in the
workflows of industrial designers and mechanical
engineers.
The popularity of this technology among designers
has also been propelled by the emergence of specialised
businesses, providing fast and reliable on-demand 3D
printing over the internet, thus dramatically increasing
its cost effectiveness.[4]
The sociopolitical dimension of 3D printing, which
promises to empower the individual to make almost
everything, irrespective of economies of scale, is best
represented by the ‘Fab Lab’ phenomena.[5] Fab Labs
are small scale, low-cost digital fabrication workshops
run by local communities at the grassroots level.
Since having been introduced by MIT’s Media
Lab at the beginning of the last decade, Fab Labs and
other maker-spaces are being developed worldwide,
blurring and mixing the roles of designer, producer,
distributor and consumer. In parallel to that, the recent
rise of relatively cheap desktop 3D printers sold as
do-it-yourself kits (Figure 2) has given everybody the
chance to design and produce objects customized to
their personal needs.[6]

While in the TV series, the replicator was envisioned
to work by rearranging atoms to molecules first, and
then forming the objects with those molecules, 3D
printing technology is rather different. In short, it is the
process of aggregating material, layer-by-layer. In fact,
this concept of constructing objects from 3D model
data is not new, it has been around for three decades.
Although today’s state-of-the-art 3D printers look like
toys compared to the fictional atom-scale assembler,
their capabilities are nevertheless impressive and are
already quite useful to some industries.
One of the most advanced applications is 3D printing with metal.[2] This process has been defined by
the final frontier in additive manufacturing. It can
be implemented either by Selective Laser Sintering,
where a laser beam fuses a powdered metal, or by
depositing a powder metal matrix that contains a
binder, which is melted at each layer until the final
object gets baked in an oven.
These technologies not only allow for the fabrication of complex mechanical parts at one go without
the need for expensive molds or assembly, but they
also allow for employment of geometries which is
impossible using conventional machining or casting

The Cult of 3D
Printing

The cult of 3D printing has many followers, in
fact, in his last State of the Union Address, President
of the United States of America Barack Obama made
explicit reference to 3D printing, a technology he
believes ‘that has the potential to revolutionize the
way we make almost everything’.[7] By investing in
this specific technology, he wants to make sure that
the next revolution in manufacturing will be ‘Made
in America’. This would bring production back to the
USA by replicating the success story of the digital
revolution.

The Brave New World
of
3D Printing
While the advances of 3D printing technologies propel
our longing for a world where economies of scale do
not matter anymore and everybody is turned into a
potential designer of physical things, they also raise
some challenging questions that reach far beyond
issues of intellectual property or privacy and can get
very physical indeed.
Despite being in favour of stricter gun control,
what President Obama omitted in his speech is the fact
that ‘Defense Distributed’, a company operating from
Texas with the ultimate mission of giving everyone
access to design files for 3D printing various gun
components (Figure 3), has already managed to build
working gun parts. Over 100,000 people all over the
world have downloaded gun component blueprints
from their website.[8]
Motivated by the critical shortage of organ donations, researchers have started to investigate the
feasibility of printing biological tissues. Although
still at the stage of fundamental research, the goal
of these efforts is to print custom, fully functional
human organs.[9] Yet another medical application,
though so far is just an idea, aims to allow patients
to print their medicine by using special chemical
inks.[10] The instructions needed for the ‘on-the-fly

SINGAPORE – Tectonics has
been one of the big themes in
architectural theory since the
mid-nineteenth century. Architects and theorists such as Karl
Bötticher, Gottfried Semper, and
Eugène Viollet-le-Duc reflected
on two thousand year old building traditions to develop subtle
explanations for the way building materials and their manners
of assembly helped to define the
spatial and expressive aspects of
architecture. For them, tectonics
was a process whereby raw materials, unadorned structures and
constructional systems were somehow translated – polished, joined,
detailed, carved, ornamented – into
architectural form. Famously, Karl
Bötticher saw tectonics as a kind
of translation between what he
called kernform and kunstform, the
former standing for the structural,
constructional and material essence of a building, and the latter for the expressive appearance
– what Kenneth Frampton more
recently called the ‘ontological’
and ‘representational’ aspects of
architecture.

Translating between material
and symbolic aspects of architecture remained a powerful principle
throughout the twentieth century.
Even architectural modernism, for
which ornament and symbol was
supposedly antithetical, remained
a deeply tectonic practice. Under
the flat, white surfaces of architectural purism, material, constructional and structural principles
were quietly orchestrating the look
and spatial experiences of modernist buildings. And later, when the
white walls of purism had all but
peeled away, beton brut revelled in
the interactions between formwork
and raw concrete to offer a further
twist in the story of architectonics.
We might imagine that this
rich vein of architectural reflection has met a natural conclusion
with the advent of 3D printing,
such is the enthusiasm with which
this new technology has been celebrated. The promise of 3D printing
to materialize anything seems to
threaten the careful translational
work of architectural tectonics. In
this issue of the FCL Gazette, Fabio
Gramazio, Matthias Kohler and

Michael Budig offer an important
reflection on this issue. They ask a
simple but often overlooked question: ‘But how does 3D printing
relate to architecture’? The tectonic ‘techno-cultural evolution’
is a consequence of architecture’s
inherent ‘bigness’, they argue. This
has seen architecture accumulate ‘a wide range of processes,
materials and components, each
one possessing its specific logic,
implicit intelligence and field of
application’. The rigid process by
which material is deposited layer
by layer in 3D printing is far too
crude and cannot match the ‘rich
repertoire’ of tectonic traditions
in architecture.
Gramazio, Kohler and Budig are
not nostalgic for the nineteenthcentury tectonics of Bötticher,
Semper of Viollet-le-Duc. They
openly embrace digitally informed
systems of fabrication, principally
through robotic technology. This
kind of fabrication radically extends and elaborates, but remains
a tectonic act of translation embedded in an architectural design
process.
STEPHEN CAIRNS
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molecular assembly’ could be downloaded
from the Internet or delivered on a daily
basis according to the course of the disease.
The possibility to print complex spatial
fabrics with flexible materials has recently
awakened the interest of fashion designers
for 3D printing.[11] Spearheaded by haute
couture, the textile industry has grasped
the revolutionary potential this technology
embodies and has started to creatively experiment with it (Figure 4).
While the conventional fabrication of
textiles requires establishing a rigorous
network of structurally interlaced threads,
this constraint suddenly falls away with
3D printing. This allows for structures that
would not be feasible with traditional techniques like weaving, knitting or crocheting.
Alongside introducing radically new degrees
of freedom, the possibility to produce very
complex and differentiated fabrics fosters the
emergence of novel aesthetic expressions.
But the most far-reaching and radical
implication of the additive paradigm, at least
from a designer’s point of view, is that it
allows for fabrication of Functionally Graded
Materials (FGMs). FGMs are characterized by a gradual variation of their physical
composition and structure over their volume,
meaning that gradual changes of the material
properties are ‘designed’ and adapted to local conditions.[12] Being able to customize
components for a specific function down to
their local material characteristics, allows
designers to make a more efficient use of the
employed materials and thus being highly
effective while being more sustainable.

3D Printing
and
Architecture
But how does 3D printing relate to architecture? The prospect of eventually being able
to ‘print a whole house’ (Figures 5 and 6)
is currently firing the imaginations of many
stakeholders in the construction industry.

[13] But while this simplistic vision often
completely overlooks the role of material
properties, its feasibility is reduced to a mere
quantitative issue. With the current technology it would simply take too long and thus
be too expensive to print architecture.
Building something has always been an
additive process (other than the manufacturing of goods, which until now has predominantly made use of subtractive or formative
techniques), and has, as such reflected a sort
of complex and differentiated 3D printing
process. But what distinguishes architectural
tectonics, which is the art of assembling
building components into spatially defining
structures, from 3D printing?
Architecture’s intrinsic ‘bigness’ turns
material efficiency into an imperative, and
it has fostered the development of ingenuous
construction techniques, making optimum
use of the material properties. As a result of
thousands of years of techno-cultural evolution, architecture has accumulated a wide
range of processes, materials and components, each one possessing its specific logic,
implicit intelligence and field of application.
The richness of this repertoire contrasts
with the simplicity of current 3D printing
processes, which are limited to the two
dimensional layering of material at a fixed
resolution. Speed can be increased, material
properties tuned, and the worry about an
impoverishment of the architectural discipline dismissed as nostalgic, but the generic
character of 3D printing represents a severe
limitation to its application at the building
scale. It leaves no space for an architect to
design or even modify the physical aspects
of the process. The standardisation of the
material deposition logic and printing resolution makes it difficult for the process to cope
with the specific complexity of architecture.
3D printing implicitly promises a future
in which the architect will be liberated from
the constraints of material properties as well
as from the burden of construction. Being
able to fabricate virtually anything at the
push of a button may feel appealing to some
people. However, such an absence of friction
and material resistance degrades the design
process to a purely formal problem.

Further Reading

As many different relevant texts shape the ongoing discussion on architecture and
digital fabrication it’s difficult to make a shortlist. As an expression of our personal
position I would like to point to our book Digital Materiality in Architecture (Lars
Müller, 2008.) Furthermore I would recommend the book by MediaLab Professor
Neil Gershenfeld Fab (Basic Books, 2005). This short but seminal book, published
almost a decade ago, has provided the Fab-Lab movement with a theoretical, philosophical or even ideological background. It’s interesting to observe that also Gershenfeld, in recent talks, has shown to be irritated by the hype of 3D printing, claiming that digital fabrica¬tion is much more than that.		
FABIO GRAMAZIO

An Alternative
to
3D Printing
At the Chair of Architecture and Digital Fabrication at ETH Zurich, we have identified
‘Robotic Fabrication’ not just as an alternative but more importantly, an appropriate
architectural equivalent to 3D printing.[14]
In robotic fabrication (Figure 7), complex
custom processes of material deposition,
manipulation and assembly are carried out
by industrial robots. While the industrial
robot is truly generic as a mass-produced
machine, the fabrication process is project
specific. The physical manipulation on the
material becomes a constitutive part of the
design process, where it demands as much
attention, care and creativity as the design
of the robots’ actions.
This genre of robotic fabrication processes will foster the evolution of a rich
variety of new material systems as much as
it updates traditional ones. These processes
will be heterogeneous, address multiple
resolutions simultaneously, and be able
to adapt their constructive logic to the
encountered geometry. Although layering
is, as for bricklaying, appropriate to many
traditional construction processes, robotic
fabrication will go beyond this principle and
become truly three-dimensional. And most
importantly these design-specific processes
will follow the desires and sensibility of the
architect instead of being determined by a
piece of standardised machinery.
While the replicator technology introduced in Star Trek more than 40 years ago
is strong at reproducing already existing
objects, it is not appropriate for the development of new ones. Expanding the conceptual
domain of 3D printing to include bespoke
robotic fabrication processes is the key
to an architectural understanding of such
systems and the conceptual precondition
for the development of truly contemporary
architecture.
FABIO GRAMAZIO,
MATTHIAS KOHLER, MICHAEL BUDIG

Figure 7, Robotically assembled brickwork,by DFAB, ETH Zurich
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[6] Makerbot: store.makerbot.com/replicator.html
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watch?v=SOplWvrjnS4
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watch?v=BUUNt_N48EQ
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