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Norman Foster

Integration of architecture and structure

I am often asked for my views about the relationship
between structure and architecture. Is that because the
structure in our work assumes an unusual importance - is
our approach different from that of other architects - now
or in the past? Does it have something to do with the nature
of our work and in the relationship that we create between
the structure and the spaces which determine the appear-

ance of the buildings both inside and out?

It is difficult for me to pick apart a process of designing
that seems so obvious that I take it for granted. But maybe
it is important to state the obvious - to say that the structure
is going to be influenced by the geography, even the climate
of a place as well as the needs of the people who generated
the building in the first place. How else could you explain
the big-span steel trees of London’s third airport happening
at the same time as the concrete vaults of the Lycee in

Frejus, South of France.

At Stansted the base or trunk of the structural steel trees
are literally rooted in the distribution of air and artificial
lighting from the undercroft below. The branches of the
tree spread out to support the most elegantly minimal roof
whose function is only to provide shelter from the elements
and to let in light from the sky above. Compare this with
the massive roof and supporting structure for a traditional

airport with its need to carry the weight of the mechanical

View of Structural Tree, Stansted Airport
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View of Baggage Reclaim Hall, Stansted Airport

equipment above the roof and below it all the usual
ductwork, fluorescent lighting, cables and suspended
ceilings. By comparison our concept for Stansted is radical
even if it does mark a return to an earlier tradition of less
mechanistic buildings - to suggest a newer generation which

are elegantly comfortable but also energy conscious.

It is important to note that the motivations here are not
just for something that will work better and perform more
economically but also for something that will feel better
for those who use the building. The visual dimension of
the structure is also its spiritual dimension. How it will

look and how it will work become mentally inseparable

throughout the process of design.

Another way of looking at the structure in our buildings
is that it is one of several tightly integrated systems. For
example in the Lycee at Frejus the thermal massof the heavy
concrete vaults is as much a part of the ecology of the

2nd Lycee Polyvalent Regional de Frejus
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building as it is the essence of the structure. Even the roof
is a separate element which hovers above the vaults to
protect them from the sun and to encourage a movement
of air as part of the solar stack effect within the building.
The idea of a double roof, thermal mass and natural
ventilation by cooling breezes has its roots in the traditional

architecture of Islam.

In both of the examples that I have chosen the structure
uses the most commercially available local materials in the
most economic manner. There is a tradition of steel
structures in Britain but not in the South of France where
concrete is much more sensible. In each case the structure

is locked into the environmental concept for the building
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which in turn cannot be separated from the climate of its
place. The response to a northern latitude should be
different from that of the mediterranean region. So in
objective terms the structure in almost all of our projects

is doing much more than just holding up the building.

The integration of the structure is central to what we strive
to achieve as architects and this is only possible by
accepting the engineer as a creative force in the process of
design. Ideally these engineers are individuals who will
share from the outset the values and aspirations of the rest
of the team. There is no conflict in this approach with
strong design leadership. The strength of a powerful team
should never be confused with the impossible problems of
trying to design by committee. Individuals and teams alike
can share a common passion - committees by their nature

are denied such a creative pulse.

But there is also another dimension to structure and that
is the way that it relates to the architecture of the spaces.
It does not matter whether the building is about clear open
space or whether the space is divided up and cellular by
its nature. The structure will impart its own order - will
literally structure the space to make it more legible and
human in its scale. Perhaps the structure might read through
on the exterior to impart an urban scale - to profile the

building on the skyline of the city. The most obvious
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example of this from our past projects would be the Hong
Kong & Shanghai Bank’s Headquarters in Hong Kong and
the Century Tower in Tokyo. In both cases the structure
allows the shape of the plan to change at different levels
up the height of the building. This articulation creates a
hierarchy of order which thereby resolves the issue of light
angle restrictions on nearby streets as effortlessly as coping
with typhoon and seismic forces. Thus constraints are
turned into opportunities to sculpt the form of the building
and in some cases to create the symbol for the place. It is
significant that the bank notes and currency in Hong Kong
are decorated with images of the Hong Kong & Shanghai
Bank.

The symbolic value of a structure is nowhere more apparent
than in the communication tower that we designed in
Barcelona. This project arose out of the political initiative
of the mayor Pasqual Maragall who was concerned about
the proliferation of tall towers on the skyline of the
mountains of Tibidabo which in turn dominated the city
and major views out from it. You could see what would
happen if market forces were given freereign - the giants
of regional TV, national TV and Telfonica would each
have their own massive towers not to mention thirty or
more other sizeable masts amid a forest of microwave
dishes. The mayor demanded one single tower and the

abolition of all existing unsightly structures. He proposed
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Norman Foster Sketches, Werner Blaser, 1992

that the rival companies should band together to create an
organization that would build, operate and lease out space.
They would also provide public viewing platforms so that
the citizens of Barcelona and visitors could view the city
from a new perspective. The site was also ecologically

sensitive - a protected area of forest land and nature reserve.

Our researches had established what a conventional
concrete structure would have looked like - a tapering

slip-form concrete tower - massively solid at the base -

probably as much as 25metres diameter. The effect on the

site and skyline would have been brutal and anonymous.

We started from the first principle of communication
engineering - the desire for the maximum freedom offered
by “plates suspended in the sky”. The closest response
would be an elegant and minuscule needle - hollow to carry
all the heavy cables and fibre optics but also supporting
platforms aloft. The whole assembly made stable by tensile
guy lines raking off to be anchored discreetly in the
landscape. Integrating the aerodynamic wind forces and
structural stiffness transformed the platform shape from a
circle to a triangle with curved sides. The form is a
revolutionary response to its site and function - but more
important it has become a three dimensional sculpture
unique to the city of Barcelona. In that sense it has become

an established and popular symbol.

Like any structure it can also be described in prosaic terms.
A slim and hollow concrete shaft with steel platforms made
stable by three pairs of steel cables and stiffened by upper
cables made of kevlar, which is an electronically transpar-
ent material. All is prefabricated for fast and clean
assembly. The thirteen platforms, equivalent to a domestic
block of twenty-five stories weighing 3,500 tons and 60,000
sq ft in area was assembled on the ground and hoisted up

the shaft.

LR LRGSR ORI A cwiZ, 7o b

T, IRLETRTRETsC LR T v 77

DTT, Lo THREL HEZAHDLDTH Y,

7 4 — LORAREME TR { Hlr i O s i
AL LT3 T. 20OREL, Bob b s
TARGIARRELE R0 LI, LvL, 2dllE
CEHELZ LR, ZhwwvivtotOlizlo T, b
o btba=—2 = REOE - > Twa 2 LT,
ELT. 2o027—REL{DAANADE VS vRL
LT 30T,

D% { O LRIC & 52, U PR ST
FT LI LT s 2T, PRMNOBERHNRESD
DUTCHIE G EOE R 3 ROy — vtk -
TEEL, WAES 2 L L CHRE 2R Th
U7 s—TiRenizr—7 viz b > THRIA T

st d T, 1IWOFS v b 74— L 25KD
'y 2—I 06 IS 3,500 b >, HE~260, 000ft2D
IRa#HT 23, METHATTOLRT, K122
ATV Z 7 ey?ahi L,

P O TEEL S L, 2807 ORI
W bRELTVAI LROTT., —idttain=
—ZH 6, b I oREEI L =— X o EC T}
To BMILEHECTVI L, 2B COBBIEL LUy
LRLGECIZE, L PLTEEL LT HHLY
Raundnohet e 2 b4, fluiz o
DFEIHEDT, MEY TR L DD R L SHIRELDH
LU REHHICEAA S ERlfiEZ L TuA LES

— N EY S REL T 20T, DI85
TPEE FUL LB E LY, 2 LThdRES YT
bz TT, Lirl, BT HoiE iRk
THI LN RELS st Lkl TR 6
eoTT,

95 LIEG L, CoilEEDT—=Tiiekir 2 L
3, DLESED Z LT, biutbiuitr 747
o7 aRAT 7 OHRICHEOHONREL 2
iz 0T, 2ot b L GO o =
7 hefdasing Lz, 22T 86U  BUELERfFO
RS RS bz TRBR L - TURizsis,
OGP LTI LOER B s R oA Z b

45



The important thing about the structure was that it grew
from two streams of consciousness at the same time. One
was the social need - the other was the technological need.
Put another way it had to work well and look good - both
from close-up and from afar. I suppose that is why I can
never answer questions such as - what is more important
the function or the aesthetics? For me they are inseparable-
the one grows out of the other. This involves manipulation,
massaging and finally integration but never the imposition

of one to the detriment of the other.

I would like to continue this theme of the communication
tower. More recently we were asked by the mayor of
Santiago de Compostela to design a similar kind of project
for a mountain facing his city. Coincidentally the new
structure would replace existing facilities which were
unsightly and had defaced the landscape for many years.
The relationship between the mountainsite and the city is
physically close and religiously sacred - Santiago is one of
the most important pilgrimage destination in the Catholic

world.

It was the symbolic importance of the site that led us to
question whether there was a better alternative to a tower
on the skyline. By posing such a radical question we have
been able to demonstrate that a horizontal platform

hovering over the mountain forest would not only be more

discreet and economical but that it would do the job even
better. The dialogue which has created this new direction
has evolved out of the latest advances in the development

of communication technology.

I see no conflicts in embracing tradition and new
technologies because for me they are both part of a single
tradition. The most enduring structures from any point in
time have always pushed the technology of the day to the
limits whether they are man made hills from pre-history,
the gothic stone cathedrals of Europe, the magnificent
timber temples of Japan, the mosques of Islam, humble
barns or structures from ancient Rome. The list of my
personal favourites would be a very long one but in every
case the structure is synonymous with the appearance, both
inside and out, as well as the feel, the spirit and the
emotional poetry of the buildings. It is also significant that
in each of these examples one can also rationally analyse
the structure with intellectual rigour. That is real integra-

tion of architecture and structure-truly the art of necessity.
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Cesar Pelli

“When Does Architecture Apply Structure as an Element for Aesthetics? ”

It is impossible for me to think of architecture apart from
structure. Even the smallest building needs to stand up and
the way by which it stands up is an essential architectural
definer.

In the most beautiful buildings of the past I see architecture
and structure as one thing.

The physical needs are one with aesthetic intention. The
columns in a Greek temple are just as far apart as a stone
lintel will span, but at the same time the architectural
tradition of the Greek temple has absorbed the structural
limits so completely that one can judge the proportions of
the columns and the spaces between them in purely aesthetic
terms and see nothing forced, nothing missing. They look
as if their architects had made those decisions following
only their eyes (and they had very good eyes). But, those
temples are more than that. Their beauty touches us much
deeper when we sense that those dimensions and propor-
tions are in the nature of the material used. There is an
inner logic to the design that makes it natural, authentic,
and completely pleasing to our minds and to our senses.
Similar or identical observations can be made of Japanese
wooden temples, of Roman aqueducts, or of Gothic

cathedrals.

I chose to speak about architecture of the past, not only
because its buildings are more removed from us and
therefore we can be more objective in our appreciation of

their qualities, but also because structure and architecture
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are not quite in the same relationship today as they used
to be. They are now different disciplines. Today, it is
possible to design a from first and later to figure out a way
to supportit. This is in part possible due to the much greater
strength of contemporary materials and the increased
sophistication of structural engineers. It is also due to the
variety of materials available to achieve a similar result,
Often, a building can be built equally as well with a steel
frame, a concrete frame, or even concrete walls, following
the same plans and achieving similar (but not identical)
aesthetic aims. And, a large space can be covered in steel.
concrete, or laminated wood with multiple options for each
one of those materials. Often the least expensive choice is
made and this is not necessarily the best structure or
achieves the best architectural character. The wealth of
possibilities and the increased complexity of contemporary
structural engineering has resulted in weakening the age-old
bond between aesthetic design, structure and construction.
Architects, structural engineers and contractors are now
different and separate persons and members of different
professions, each one with its body of knowledge and its

own ethos.

The suggested theme of the Architectural Association of
Japan, "When Does Architecture Apply Structure as an
Element for Aesthetics?” already implies and accepts this
separation of architecture from structure. One would never

have thought of asking this question to an architect
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designing a temple in Greece, France or Japan in their
golden years. This theme would have made no sense to them
because structure was always an essential component of
aesthetic design. Today. the suggested theme reflects a

contemporary reality.

As | said at the beginning, for me architecture and structure
are indivisible parts of one thing. I am not a structural
engineer but when [ start thinking of a building from I also
start thinking of how it will be supported and of what
materials it will be made.

Architecture for me does not exist on paper, but only in
the reality and materiality of a finished and occupied
building. It is finally in the building’s occupation that
architecture fulfills itself. Architecture exists on a specific
site, built for a specific purpose with specific materials and
a specific structure. The beauty of the spaces, the quality
of the light in the rooms, the silhouette of the building on
the skyline, its relationship with landscape or surrounding
structures, can only be appreciated in the final reality of
the architecture after its completion and use. The
architecture may be modest and the structure may be simple,
but they are for me always closely related. The oneness of
other ages is now past but the close relationship between
architectural form and structural design is essential for an

authentic architecture.

Structure for me is never applied, it is always an integral

part of my architecture and my thoughts. Structure,
therefore, is always affecting the aesthetics of my designs
even when it is not expressed as an autonomous element
in architecture. Perhaps it is most essential when least
expressed.

The theme, “"When Does Architecture Apply Structure as
an Element for Aesthetics?”, can also be understood in a
more direct way. For example, in the manner that a student
of architecture would understand it : that is, when is a
large-scale structural gesture sought by an architect as a
special and separate element in the design? For some
architects like Santiago Calatrava, that combine structural
engineering with architecture, this unique large-scale
structural gesture has become a recognizable approach to

architecture, his personal signature.

Almost every known contemporary architect has at times
used a daring or novel or very large element of structural
expression as a key component of design. I have done that
on several occasions, as in the structure for the Winter
Garden in the World Financial Center in New York that
I designed in close collaboration with Charles Thornton
of Thornton Tomasetti ; also in the roof of the Docklands
Light Rail Station at Canary Wharf in London, England
that I designed in collaboration with Yolles and Partners
: or more recently, the structure for the Crystal Garden in
the Sea Hawk Hotel in Fukuoka, Japan that 1 designed

in close collaboration with Dr. Toshiharu Hisatoku, the
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World Financial Center, New York, NY

principal structural engineer of the Takenaka Corporation,
in Osaka. The Crystal Garden was conceived as the main
public space for the 1,000 room resort hotel on the beach
of Hakata Bay. It has the shape of a cornucopia. the horn
of plenty of Greek mythology. an ancient symbol of success

and well-being. The space is covered with a glass roof,
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Docklands Light Rail Station at Canary Wharf, London Fhoto - Alon Delaney

conceived as successive, parallel slices of ever-increasing
conical envelopes requiring steel trusses of varying spans
up to a maximum of 46 meters. The end wall overlooking
Hakata Bay is one vast window, 41 meters high by 42 meters
both the roof and end wall were designed to resist

the force of typhoons that may come over the Sea of Japan.
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Fukuoka Twin 7
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Hotel, Fukuo-
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Dr. Hisatoku developed in consultation with us the most
elegant engineering solutions for the glass roof and the glass
wall using the lightest of members. These forms are good
engineering and good architecture and the Crystal Garden,
although the result of a collaboration, is of one piece, like

an ancient temple where architecture, structure and

construction are all one. It is one vision and one reality.

When this unity of purpose is achieved and at the same
time we have a beautiful space and a very innovative and
daring structure we reach the highest goal of architecture

and the greatest level of personal satisfaction.
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