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Figure 4: (left) SMO Architektur and Arup, Bubble Highrise, Berlin, 2002, (Right)
Watercube digital structural model. The mathematics of foam geometries are used to
produce the structural array, ensuring a rational optimised and buildable structural
geometry.

Figure 5: PTW Architects, CSCEG Design and Arup, ‘Watercube’ National Swimming
Centre, Beijing, due for completion 2007 Competition model showing overall scale:
177 x 177 metres (581 x 581 feet) and more than 30 metres (98 feet) high, with an
entirely column-free interior space.

intersection.

Liquid crystals have the flow
properties of a conventional liquid,
and the molecular structure of a
solid crystal. This is a phase change
occurring between the crystalline
and isotropic liquid states. Kevlar is
produced, in part, by manipulating
the liquid-crystalline state in
polymers.

2.2. Ceramics: Ceramics
are good insulators (both electric
and thermal) and can resist high
temperatures. However, they have
one major disadvantage: their lack
of tensile strength. The solution
to this problem is being sought in
biological models — the forming of
complex structures internal to the
material — and as new production
facilities come online ceramics may
become the most ubiquitous of
new materials for built structures.
Cellular ceramics are porous and
can now be manufactured in various
morphologies and topologies,
ranging from honeycombs and foams
to structures woven from fibres, rods
and hollow spheres. Substitutes
for human bone and the coating of
orthopaedic prostheses are produced
by similar methods (see figure 5).

- Despite the appearance of
randomness, the elements of the
structure are highly rational and so
economically buildable.

- The Watercube is an enormous
building, 177 metres (581 feet) on
each side and more than 30 metres
(98 feet) high.

- The network of steel tubular
members is clad with translucent
ETFE pillows. Over such a wide span
of column-free spacem

K Coclusion: - Cellular materials, especially metals and \
- A systematic change is on the horizon, ceramics, offer an entirely new set of performance
whereby the boundary between the ‘natural’ and and material values, and have the potential to
the ‘manufactured’ will no longer exist. reinform and revitalise the material strategies of
- The complex interaction between form, architectural engineering and construction.
material and structure of natural material - Biomimetic strategies that integrate form,
systems has informed new ‘biomimetic’ industrial material and structure into a single process are being
processes, generating new high performance adopted from the nanoscale right up to the design
\materials. and construction of very large buildings.m J

(4)- 2006 John Wiley & Sons Ltd. Images: pp 38 - 39
(5)- 2006 John Wiley & Sons Ltd. Images: pp 39
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symbol and applying iteratively the
rules to rewrite the string.

Modelling plant growth and
development is predominantly
based on mathematical, spatial
models that treat plant geometry
as a continuum or as discrete
components in space (see figure 1).
Components might include the local
scale of individual plant cells, the
regional system scale of modules
such as nodes, buds, apices, leaves
and so on, or the plant taken as a
whole for ecological models.

Sammary:

- The inherent problem
in breaking down a complex
natural system into hierarchies
and components is that
emergent behaviour produced
by the interdependence of
different hierarchical levels can
only be described in a simplistic

manner.

- Associative modelling, such
as that offered by the Generative
Components software (Bentley
Systems), is an effective way to
link material systems in layered
hierarchies, and coupling that,
in turn, to analytical software for
behavioural analysis will be the
focus of subsequent inquiries.

2. Self-Organisation and

Material Constructions

Natural materials develop
under load, and the intricate interior
structure of biological materials is an
evolutionary response. The cellular
structure is highly differentiated,
formed by an irregular network of
trabeculae, or rod-shaped fibrous
tissue (see figure 2). The open spaces
within the tissue are filled with bone

marrow simulation.

- In the industrial world, polymer
cellular foams are widely used for
insulation and packaging, but the
high structural efficiency of cellular
materials in other, stiffer materials
has only recently begun to be

explored.

- Comparatively few engineers
and architects are familiar with

(2)- 2006 John Wiley & Sons Ltd. Images: pp 36
(3)- 2006 John Wiley & Sons Ltd. Images: pp 37

Figure 2: (left) Scanning electron micrograph of polyurethane
foam, showing the porous structure of differentiated open
and partially closed cells. Magnification x 20, (Right) A can produce

naturally produced foam of soap bubbles, demonstrating the honeycomb structures
differentiation of polyhedral cells in an intricate geometry of  at a molecular

foam architecture

Figure 3: (left) Scanning electron micrograph of the
endoskeletal component of a sponge made of calcium
carbonate. When assembled, the skeleton forms either
a mesh or honeycomb structure, (Right) Thomas Von

AA Graduate School of Architecture, 2005.

the engineering design of cellular
materials, and this has contributed
to the slow development of cellular
structures in architecture.

The ability of some materials to
self-organise into a stable arrangement
under stress has been the founding
principle of structural form-finding in
the physical experiments of Gaudi,
Eisler and Otto. In this section three
materials will be studied: Ploymers,
Fibers, and Ceramics.

2.1. Polymers: Manufactured by
mimicking and adapting the self-
organising behaviour and complex
functions of natural polymers, very

strong transparent or
translucent films can
be produced with a
water-repellent and
self-cleaning surface
for facade systems.
The process, known
as ‘free living radical
polymerisation’.

The process,
known as ‘free living
radical polymerisation’,

level, although the
controlled formation

of the honeycomb
morphology at larger
scales is still in the
research, rather than
production, phase (see
figure 3).

2.2. Fibers: Kevlar
is perhaps the best-
known manufactured
organic fibre and,
because of its unique
combination of
material properties,
it is now widely used
in many industrial
applications. It has
high tensile strength

Girsewald and Juan Subercaseaux, centroidal Voronoi (five times that of
tessellation and boundary optimisation in close-packing steel), low weight and
systems, Emergent Technologies and Design programme, excellent dimensional

stability, and so has

been adopted for
lightweight cables and ropes in
many marine and naval applications.
Kevlar has high impact resistance,
so it is the major fibre constituent in
composite panels in military and civil
aircraft, and in sporting equipment
such as canoes, skis, racquets
and helmets. However, it has yet
to be used widely in architectural
construction (see figure 4).
Experimental design from which the
design approach to the Watercube
was evolved. The structure is
produced by running a packing
algorithm to fill a notional high-rise
volume with differentiated spheres,
which are then cut at the surface




Techniques and Technologies in

Morphogenetic

Design

Complex adaptive systems entail
processes of self-organization and
emergence. However, both concepts
express very different characteristics of
a system’s behavior. Self-organization
can be described as a dynamic and
adaptive process through which
systems achieve and maintain
structure without external control.

The latter does not preclude extrinsic
forces, since all physcial systems
exist within the context of physics, for
as long as these do notassert control
over intrinsic processes from outside.
Complex adaptive systems entail
processes of selforganisation and
emergence. However, both concepts
express very different characteristics
of a system'’s behaviour. Self-
organisation can be described as a
dynamic and adaptive process through
which systems achieve and maintain
structure without external control.

The latter does not preclude extrinsic
forces, since all physcial systems exist
within the context of physics, for as
long as these do not assert control
over intrinsic processes from outside.

This paper will elucidate the
concepts of emergence and self-
organisation in relation to the discipline
of architecture. In the next paragraph
a brief analysis of two main practices
about “Towards Self-Organisational
and Multiple-Performance Capacity in
Architecture” and “Self-Organisation
and Material Constructions” are
performed in order to understand
the concept of Techniques and
Technologies in Morphogenetic
Design.

1. Towards Self-Organisational
and Multiple-Performance Capacity
in Architecture

The first section focuses on

the introduction and discussion
of processes of self-organisation
based on a biological paradigm, and
examines their uses in architectural
design. Self-organizational systems
display emergent properties or
behaviours that arise out of the
coherent interaction between lower-
level entities, and the aim is to
utilise and instrumentalise behaviour
as a response to stimuli towards
performance-oriented designs.
How do plants grow in relation to
multiple extrinsic influences? How
can environmentally sensitive growth
be instrumentalised in architectural
design? What are the available
methods and tools, and how can they
serve architectural design? Such
questions are pursued by Michael
Hensel in ‘Computing Self-
Organisation: Environmentally
Sensitive Growth Modelling’.
The engineering principles of
biological systems, the high
degree of redundancy and
complexity in the material
hierarchies of many natural
structures, and the means by
which biological systems respond
and adapt to environmental
stresses and dynamic loadings, is
discussed by Michael Weinstock
in ‘Self-Organisation and the
Structural Dynamics of Plants’.
Analysis and case studies (like
Lindenmayer system) reveal
that the robust design of natural
living systems is not produced by
optimisation and standardisation,
but by redundancy and
differentiation. In Lindenmayer
system / L-System There are two
categories of formal grammars:
Analytical and Generative.

+ An analytical grammar

(1)-2006 John Wiley & Sons Ltd. Images: pp 16 - 17

Dr. Bashar Swaid

PhD in Architectural Design

Department of Architectural Engineering
University of Kalamoon

determines whether a string is a
member of the language described by
the grammar.

* A generative grammar formalizes
an algorithm that generates strings in
the defined language and consists of
a set of rewriting rules for transforming
strings, beginning from a single start
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