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One of the most important developments within the construction
industry in recent years has been the introduction of new digital
fabrication technologies from computer numerically controlled (CNC)
milling to 3-D printing, laser cutting and the use of robots of various
kinds. These new technologies have introduced a greater degree of
control and precision in the construction process, and have opened
up a range of new methods of construction. This is especially the
case in China, a nation once dominated by manual construction, but
where digital fabrication technologies on an unprecedented scale

are beginning to transform the construction industry.

This volume seeks to offer an overview of the impact of digital
fabrication technologies on contemporary architectural practice,

by providing a snapshot of the latest developments in the field.
Contributors to this volume range from inspired, commercial firms to
progressive, experimental firms, and from fabricators and engineers
to students and academic researchers. But the common thread
throughout is an attempt to make a significant contribution to the

rapidly developing field of digital fabrication.

This volume is part of a two volume bi-lingual edition that also
includes a volume on scripting and advanced computational

design, Scripting the Future. These volumes emerge out of the
DigitalFUTURE conference and exhibition held at Tongji University in
2011 that were organized as a collaboration between the American
Academy in China and the College of Architecture and Urban
Planning of Tongji University. We are grateful to the sponsors who
made these events possible: Hewlett Packard, Architectural Record,
Time+Architecture, McNeel Associates, Gehry Technologies,
Permasteelisa, Architectural Design and Research Institute of Tongji
University, Shanghai Tongji Urban Planning and Design Institute,
and the American Academy in China. We are also grateful to the
contributors themselves as well as to all those who assisted in the
production of this volume, including Sherry Yang, Deramore Hutchcroft,
Crisie Yuan, the graphic design team — 4aTEAM, and the translators
Xiangping Dai, Renling Huang and Wen Yin.

Philip F. Yuan & Neil Leach
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Digital Fabrication:

A Paradigm Shift under the New

Methodology
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The use of traditional materials and craftsmanship to realize
computational design offers us a practical critique of the traditional
concept of ‘tectonics’ within contemporary design theory. Over time
fabrication has evolved away from the craftsman to the CNC machine,
and with this shift new materials have been developed that are far
removed from traditional materials in that they are now designed

not to be handled by man, creating a paradigm of multi-dimensional
materials and composite materials that can only be worked by
machines. With the implementation of digital design technologies in
developing countries a new area of digital fabrication is emerging,

where CNC craftsmen are leading the way.

This article sets out to establish a theoretical context for digital
fabrication, by challenging contemporary theories that seek to
understand new developments in architectural practice through the
lens of conventional theories of progressive development. These
theories form mental associations by using terms such as "digital
tectonics" 'l that suggest a relationship between digital design and a
tectonic methodology. But does the term "digital tectonics" represent
"digital fabrication" ? Is there still poetry in tectonics when the
craftsman is controlled by a digital model? Is "digital fabrication" an
"anti-tectonics" @ or is it a "new tectonics". ¥ Or is "digital tectonics"
only a quasi-autonomous solution to the fabrication problem?  The
article attempts to rethink the above issues by uncovering the concepts
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that emerge from mixing supposedly opposite design methodologies,
and attempting to understand the relevance that the development of
new fabrication techniques and the emergence of new materials has

on craftsmanship.

A Paradigm Shift: Updating Design and Fabrication
Tools

Automated tooling processes and the formal logic of fabrication,
such as fixings, have had a profound influence on the emergence
of the new fabricating paradigm. Looking back at the development
of architectural theory, styles and trends are merely presentational,
underscored by the development of then new fabrication techniques
that profoundly affect the transformation of architectural design.
This might help us understand the relevance that representational
techniques such as the development of perspective had on the
architecture in the Renaissance, or the role that axonometric
drawing based on Colin Rowe' s concept of ‘transparency’ plays in
understanding modernism. By rethinking the contemporary diagram
that is emerging through the promotion of multi-systems theory, the
diagram' s new logic is both a description of spatial dimensions and
the fabrication logic of the space. The digital diagram expresses

the function, environment and fabrication of the building in a way
totally different from Modernism and the past. Computational design
technology created a leap in standards of graphic representation
improving the concepts of externalization, and offering a clearer
expression of fabrication techniques. Computational logic is
connected to diagrammatic logic. For example, programming code
(such as MEL and RhinoScripting) and parametric modeling (with
tools like Revit or DP) are now commonly used in architectural design.
As such, an architect who cannot use these tools proficiently will not
be competitive in the contemporary avant-garde architectural design
field. However, the progress of technology should have wider goals
and clearer prospects than just competitiveness.

As Neil Leach writes, "Surely what the world of computation promises
is not merely a new style, but a radically new way of approaching
design, where we embed new computational techniques into
evolutionary and emergent systems, and where we breed systems
and test them out in real time, so that the diagram becomes the reality
and reality is the diagram. Form should be seen as largely irrelevant
within this new horizon. Instead we should be exploring the potential
of algorithmic techniques, and focus on more intelligent and logical

design processes. Logic should be the new form."

With fabrication, the developments in craftsmanship and material
use are not very obvious. From the Renaissance to Modernism, they
followed the traditional notions of architectural history and culture,
although the era of large-scale mechanical production redefined

the appearance and significance of Modernism. However, with the
invention and use of CNC milling machines and fabrication robots in
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other fields, such as car manufacturing, and current developments
in materials for 3D printing technology, a wholly digital architectural
paradigm is inevitably emerging.

With fabrication tooling, the range has expanded from "crafts" to
"mechanical" and now to "CNC machines". With materials, the
range has expanded from "traditional materials" to "multidimensional
materials" and "composite materials". The relationship and logic

of these developments stem from the distinction between man
developing machines and machines creating machines, expressing
the difference in thinking that has caused the new paradigm.

These developments in mechanical fabrication have been further
exaggerated by the contribution of parametric and algorithm design

methodologies.

Most importantly, what can be derived from the diagram (Figure 1) is
that "digital tectonics" is in principle coupled with traditional fabrication
techniques for the operation of traditional materials. Therefore, it
could be described as a "quasi-autonomous model" in the traditional
fabrication tree, whereas digital fabrication employs the use of CNC
machines to work on new and old materials. This is a distinct and
relatively recent "autonomous" design and fabrication methodology, in
that the theory and fabrication concepts greatly differ from traditional

tectonic theory.

Moreover, the new, holistic understanding of the building as a
process fuses construction with design. This shifting multi-disciplinary
architectural paradigm calls for a change in the role of the engineer,
which clearly becomes all the more important as his contribution
throughout all the design phases is essential.

The "anti-tectonics" theory of William J. Mitchell ® or the "composites"
17 fabrication theory by Greg Lynn highlight the difference between
"digital fabrication" and "digital tectonics". The use of terms such as
"poetic fabrication" in these theories reflects the similarities in their
philosophical and artistic attitudes; they both pursue a kind of "realistic
fabrication”". However, concluding their theories, one advocates the
traditional techniques and the other forecasts a purely digital future.

The Methodology and Practice of Digital Fabrication

In comparison to tectonic construction, fabrication places an emphasis
on the logic of processing itself, whereas tectonic construction
emphasizes a cognitive and skilled dependence. With digital
fabrication, digitization plays a role as the main design concept during
the whole design process. Fabrication methods include handcrafting,
mechanical crafting, and CNC machining. The materials for fabrication
are divided into traditional materials, multi-dimensional materials

and composite materials. However, with the addition of 3D printing
technologies such as Contour Crafting, rapid prototyping and other
advanced technologies there is a new definition of fabrication that
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now encompasses the whole production process, where elements are
neither fabricated together nor constructed, but are created as a single
whole. These practices embody the transition from digital tectonics to
digital fabrication, and — with it — the possibility of a paradigm shift.

Craftsmanship and Traditional Materials

Since Kenneth Frampton's abrupt rejection of Peter Eiserman’s
ideas, digital design method has been seemingly incompatible with
traditional tectonic theory. But within architectural practice, it seems
that the dogmatic theories of Frampton on the sacredness of the
‘tectonic’ have been ignored. We witness daily the use of digital
design methods to approach poetic fabrication by designing digital
systems that allow the possible treatment of traditional materials. In
China and other developing countries, new problems encountered
are solved by implementing parametric systems into architectural
design, which are programmed to deal with restricted investment and
traditional construction technologies. This topic should be discussed
in depth, especially by practical architects who are building here
and encountering these very issues. Digital fabrication is equally
applicable to the low-tech architectural arsenal, which redefines the
roles of design and fabrication techniques connecting digitization
with craftsmanship. Here we can find a new meeting point between
technology and tradition.

Mechanical and Traditional Materials

Using digital fabrication methods in architectural production leads to
the transformation of traditional working roles. The implementation

of BIM software such as Revit streamlines the design concept into
production information, changes the fabrication process and questions
the usage of traditional materials. The development of integrated
working methods between computer systems replaces the traditional
communication mode between architects and craftsmen through
drawings. Although traditional tools and materials are adopted in most
projects, construction is conducted through a new set of diagrams
removed from the traditional blueprint, where building becomes an
algorithmic exercise. This new pattern overturns the architectural

field where all messages were conveyed through plan, elevation and

section.

CNC Machines and Traditional Materials

Although industrial robots have been used for a long time in the
automobile and other high-end manufacturing industries, in the
construction industry they have just started to be used. Prof. Fabio
Gramazio and Prof. Matthias Kohler of ETH Zurich have recently
programed CNC robots to do traditional bricklaying called Flight
Assembled Architecture. ' They have also explored the use of 6-axis
robotic arms to stack traditional materials (brick) in their R-O-B project
exhibited at the 2008 Venice Architecture Biennale. ¥ Automatically
controlled tools are customizing to produce non-standard components
using algorithms based on the performance of the raw material. This is
a combination of traditional expertise, modern technology and digital
fabrication. The process relies on the properties of the material, in



transforming it to the adapted structure with its complex geometry.
The use of traditional materials in a mechanical process is more
applicable for digital fabrication than for real construction at the

present time.

Mechanical and Multi-dimensional Materials

Using mechanical methods for fabrication is more practical

than using them for construction. Architects coordinate multi-
dimensional complexities through systematic logical thinking,
digital software and complete digital fabrication. For instance,

in "The 6th Order" Michael Hansmeyer explores architectural
patterns through programmed algorithms that modularize and
pixelize complex tessellations. The algorithmic process analyses
the layering process through minimizing and organizing system
information to create multi-dimensional pillars, that would not
have been possible for a craftsman to calculate or make on his
own. Using craftsmen to operate multi-dimensional materials

is a solution for tight budgets when there is limited use of CNC
machines. It requires the architects to be endowed with aesthetic
sensitivity and to be able to generate multi-dimensional and multi-
perspectival designs, grasp advanced digital technologies and
also actualize fabrication independently without relying on these
fabricating technologies.

CNC Machines and Multi-Dimensional Materials

Using CNC machines to work on materials in various ways can
increase the potential range of use of a material in space beyond
the capabilities of a human worker, creating the opportunity for

a multi-dimensional fabrication of a whole architectural form.
Generally, CNC machines are used to mill out a shape for each
piece or for an assembly that needs to be constructed later.
However, the same principles can be used to remodel an entire
section of the same material. Unfortunately working with a entire
section in this way takes too much time and costs too much
money for a realistic architectural budget. However, Matter Design
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Studio in University of Michigan have experimented with stereotomic
robotics to model new materials. (The machine can work with AAC,
EPS and reconstituted stone). Using these new design concepts
requires architects to do more research into the operating methods of
the machines and to take into account the volume being shaped.

Chemical Fusion and Composite Materials

Materials used in 3D printing need various features to meet tooling
requirements. Different composite materials - from ABS, to stainless
steel and high-fiber concrete — have been invented and used for
different processes. Research into materials is still in progress,

with new materials and CNC machines coming onto the market
constantly. Architects such as Morphosis or Foster and Partners are
pioneers in the use of rapid prototyping in fabrication, both having
specific departments working solely in this field. The invention of the
D-Shape printer makes large-scale 3D layered forming possible.
Specific binders and catalysts have been developed by architectural
technologists, along with construction robots using CAD-CAE-

CAM technologies which are used in construction and fabrication,
and are free from the constraints of labor. CNC machines operating
with composite materials are going beyond traditional fabrication
techniques to the extent that sophisticated material mockups have
been developed directly from 3D models without referring to any
other templates or fabricating methods. These processes of forming
complex geometry and material connections are independent of
human labor and produce elements that that far exceed the tolerances
of traditional fabrication methods.

Digital fabrication is a new approach to design and fabrication that is
promoting a revolutionary architectural paradigm. It enables traditional
tectonic concepts to be continued to be pursued. As a practical
method, whether it is realized by a "low-tech" parametric approach or
is made possible by technological developments, it entails a rethinking

of the architectural enterprise in terms of a "processing logic".
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