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wood induced by changes in relative

humidity in the environment. The
project was aimed at developing a
surface structure that adapts the
porosity of its skin, and related
cross-ventilation, in response to
relative humidity without the need
for any mechanical control devices.
Here the response is triggered by
the changes in moisture content
of the material and actuated
through related shape changes in a
material element, which affects the
structure’s degree of porosity.
Figure 2

In order to construct a
functional, self-supporting
prototype, the substructure is
defined as a folded component
system developed through paper
models. The folded components

are parametrically proliferated on
a mathematically defined surface
and the related cutting patterns
are automatically derived. This
cut geometry can be directly
used on a cutting plotter to
fabricate the components from
heavy-duty propylene sheets,
which are subsequently folded
and assembled into a full-scale
prototype.

The functional full-scale prototype
demonstrates the performance
capacity of the system resulting
from different and changing
degrees of porosity across the
surface. In response to changes
in relative humidity and related
moisture content absorbed by the
veneer composite, the swelling
of the veneer surfaces and the

related shape change facilitate the
opening and closure of each local
component. Figure 3

A functional, full-scale prototype
consisting of more than 600
geometrically variant components
was constructed and tested. Once
exposed to changes in relative
humidity, the veneer composite
patches swell or shrink and thus
facilitate the opening and closure
of each local component resulting
in different degrees of porosity
across the surface, which is both a
structure and responsive skin. This
high level of integration of form,
structure and material performance
enables a direct response to
environmental influences without
the need for additional electronic or
mechanical control (see figure 3).=

Figure 3: The functional full-scale prototype of the Responsive Surface Structures research project.

-~

Coclusion:

N

- The dictionary explanation of ‘performance’
is to ‘carry out an action’ or ‘to fulfil a task’.
Invariably, this definition seems to invoke a tired
utilitarian debate on the correlation between
form and function.

- Here, Michael Hensel and Menges aim to
move the debate on entirely. In so doing, they
redefine form not as the shape of a material
object alone, but as the multitude of effects,
the milieu of conditions, modulations and

microclimates that emanate from the exchange
of an object with its specific environment — a
dynamic relationship that is both perceived and
interacted with by a subject.

- Performance evolves from the synthesis
of this dynamic, while morphoe-cological
design concerns an instrumental approach,
making form and function less of a dualism
and more of a synergy that aspires to integral
design solutions and an alternative model for
sustainability.m

/

(3) 2008 John Wiley & Sons Ltd. Images: pp 34- 5, 39, 40 -41
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Figure 2: Steffen Reichert, Responsive Surface Structures, Department for Form Generation and aterialization

The lower layer also reacts to
a number of spatial and structural
criteria; for example, the roof
integrates the customer lounge,
a large incision that opens the
views towards the famous BMW
headquarters tower and channels
the forces to the defined bearing
points. The combined capacity
of both girder grid layers to act
as one spatial structure with
locally differentiated behaviour
is achieved through the insertion
of diagonal struts within the
interstitial space. In response to
local stress concentrations, the
structural depth of the system
varies between a maximum of
12 metres and just 2 metres
in areas of less force. In the
northern part of the building the
roof merges with a double cone,
typical of Coop Himmelb(l)au’s
work, to form a hybrid shape.
Similarly, the related bending
behaviour of the roof structure
gradually transforms into the
shell-like behaviour of the
double cone.

Sammary:

- These evolutionary strategies
depend on the fitness ranking.

- Thus the definition of the fitness
criteria is critical for the quality of
the building and its structure.

- Contemporary digital methods
make possible the simulation of
such processes, and thus enable
us to refer back to the empirical
methods of previous generations

2. Material Performance

A central concern of architecture
as a material practice is the
way in which built and natural
environments interact to provide
exciting and sustainable modes of
habitation. Key to this is the way
in which material performance is
understood and instrumentalised. In
this part

of this article, Michael Hensel
and Defne Sunguroglu research the
characteristics of wood in order to
explore how a material’s variable
behaviour and its response to
extrinsic stimuli might substantially
contribute to performance oriented

design. This leads them to argue
for a wider, more inclusive definition
for ‘smart materials’ that puts less
emphasis on the new and fully
recognises the potential of variable
behaviour.

Nine veneer composite
components indicate the change
of surface shape and related
surface porosity in response to an
increasing level of relative humidity.
Key design parameters, such as
fibre orientation or the ratio of
thickness, length and width, can
be related to the element’s specific
response to changes in moisture
content and resultant shape change.

The response of a given material
to changes in environmental
conditions presents interesting
opportunities for performance-
oriented design. This research,
conducted by Steffen Reichert
of the Department for Form
Generation and Materialisation
at the Hochschule fiir Gestaltung
(HfG) in Offenbach, Germany, in
200607/, explores the possibility of
utilising the dimensional changes of

(2) 2008 John Wiley & Sons Ltd. Images: pp 34- 5, 39, 40- 41



Versatility and Vicissitude

Today, many make

grand claims with regards to
sustainability, but if one looks closely
such claims all too often serve either
mere public-relations and fund-
raising purposes, or boil down to an
ever greater division of exterior and
interior space through ever thicker
thermal insulation combined with
reductions in energy use of electrical
heating, cooling, ventilation and air
conditioning devices. Helen Castle
asked Can one offer alternatives to
the currently prevailing approach to
sustainability? Can passive means
that utilise material and spatial
strategies be updated so as to make
redundant entire energy cycles
currently involved in sustainable
design? Can such an alternative
approach evolve and carry its
own beauty and aesthetic without
devolving into superficial metaphors?
We seek to encourage the rise of
further questions, thoughts and
approaches, instead of pretending that
there already exists a fully developed
paradigm. Within this context,
‘versatility’ entails the notion of the
behaviour and performance of an
organism or artefact within its specific
context, while addressing both the
object and the subject. ‘Vicissitude’
entails the differentiation of the object
and the dynamic of the environment.
The notion of ‘ecology’ addresses
precisely this: the relationship
between an organism and its

environment. Ecology is in this way a
central concept for morpho-ecological
design.

In the next paragraph a brief
analysis of two main practices about
“Form & Force & Performance” and
“Material Performance” are performed
in order to understand the concept
of Versatility and Vicissitude in
architectural practice.

1. Form & Force & Performance

The first section of outlines
significant changes over the last
century in the way performance has
been understood and instrumentalised
with regards to the correlation
between stimulus or force, material
response or form and the performative
capacity that ensues from this
dynamic relationship. This threefold
correlation between force, form and
performance is elaborated through
a historical account, a contemporary
approach and a visionary outlook in
this section. In the 20th century, the
classification of structures according
to defined building typologies was
central to engineering design. Here
Professor Klaus Bollinger, Professor
Manfred Grohmann and Oliver
Tessmann of design engineers
Bollinger + Grohmann challenge this
preconception. By considering each
structure as an individual case in point
with inherently complex behaviour,
they move away from the notion
of a building being a variant of an

Digital model of the double cone and
folded facade

indicating the behaviour of the structure
under the influence of force

Figure 1: Coop Himmelb(l)au, BMW Welt, Munich, Germany, 2008

Dr. Bashar Swaid

PhD in Architectural Design

Department of Architectural Engineering
University of Kalamoon

established type. They further discuss
this mode of working, in relation to
their own recent projects, in terms

of relevant methods and generative
techniques, as well as the respective
consequences that it has had on the
relationship between force, form and
structural performance.

The structures they develop do not
need to adhere to idealised typologies,
which are usually in conflict with the
architect’s concepts anyway. Rather
they result from a multiparty design
process. In the BMW Welt project

by Coop Himmelb(l)au, which is
located right next to the Olympic
quarter and adjacent to the BMW
head office and plants in Munich, the
complex roof structure was designed
in a collaborative process. During the
competition they developed a double-
layered girder grid which demarcates
the upper and lower boundaries of

the roof-space phase in alignment
with the architectural concept of a
floating cloud. Driven by the simulation
of anticipated loading scenarios,

the initially planar girder grid was
deformed so that the upper layer
assumed a cushion-like bulge. Figure 1

(1) 2008 John Wiley & Sons Ltd. Images: pp 20- 22
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