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The President’s Corner
Dear fellow-members,

President
Mr Tan Tian Chong, Building & Construction Authority
(Tel: 6325 5921 email: tan_tian_chong@bca.gov.sg)

We celebrated our 24th anniversary
of the Singapore Structural Steel
Society with the Annual Lecture
and Dinner on 28th August
2008 at The Meritus Mandarin,
Orchard Road. Professor Mick
Eekhout of the Delft University
of Technology will speak on
“Tubular Structures as the Avant
Garde of Architecture.” An architect who specializes
in steel structures, Prof Eekhout will show that the
sculptural design and free form of many projects would
not have been possible without tubular hollow sections.
Excerpts of his lecture are included in this issue of the
SN&N.

Immediate Past President
Assoc Prof Richard Liew, National University of Singapore
(Tel: 6516 2154 email: cveljy@nus.edu.sg)

It’s also time for the council to start preparing for our 25th
Anniversary celebrations. But as we do so, we should also
take stock of the society’s achievements, our members’
needs and SSSS’s future plans. We have come quite a
long way. Today, the SSSS has 457 individual members
and 95 corporate members. We have a comprehensive
training, education and registration programme for steel
engineers and structural steel supervisors. Scholarships
are given out by the society to deserving tertiary students
annually. The Steel Fabricators’ Accreditation scheme
is thriving. We play an active role in many initiatives
to upgrade the industry. For example, we are helping
to prepare the industry for the switch to Euro-codes for
structural design. We assisted in drafting of Design Guide
on use of Alternative Steel Material. We are now looking
into helping to identify steel mills and fabricators who
meet minimum standards of quality specifications of
the authorities. We have become a significant player in
the construction industry, especially its structural steel
segment.

Honorary Advisor
Mr Lim Keng Kuok, CPG Consultants Pte Ltd
(Tel: 6357 4608 email: lim.keng.kuok@cpgcorp.com.sg)

But this means greater responsibilities and commitment
to our members and the industry. Our council will have
to review its roles and responsibilities and think of the
society’s plans for the next lap of the journey, as we move
into our 25th year of existence.
Warmest Regards,

Tan Tian Chong
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Council Members 2008/2009

First Vice-President
Mr Ho Wan Boon,
Yongnam Engineering & Construction Pte Ltd
(Tel: 9637 9971 email: wbho@yongnam.com.sg)
Second Vice-President
Mr Bernard Chung, Corus South East Asia Pte Ltd
(Tel: 6297 6678 email: Bernard.Chung@corusgroup.com)
Honorary Secretary
Mr M.S. Islam, Singapore Polytechnic
(Tel: 6879 0464 email: sirajul@sp.edu.sg)
Honorary Treasurer
Mr Anthony Tan, BlueScope Lysaght (Singapore) Pte Ltd
(Tel: 6661 1215 email: Anthony.Tan@bluescopesteel.com)

Council Members
Assoc Prof Ang Kok Keng,
National University of Singapore
(Tel: 6516 2570 email: cveangkk@nus.edu.sg)
Mr Chia Wah Kam, ARUP Singapore Pte Ltd
(Tel: 9851 2309 email: chia.wahkam@arup.com)
Mr Chor How Choon, WY Steel Construction Pte Ltd
(Tel: 9879 1398 email: chor_howchoon@yahoo.com.sg)
Dr Ng Yiaw Heong, Petro Process System Pte Ltd
(Tel: 6545 9968 Ext 500 email: ngyh@toepl.com.sg
Mr John Sanderson, William Hare (SEA) Pte Ltd
(Tel: 9856 8036 email: sandersonj@sandersongroup.com)
Ms Serena Yap, TY Lin International Pte Ltd
(Tel: 6278 3383 email: serenayap@tylin.com.sg)
Editorial Board :
Dr Ang Kok Keng
Mr M.S. Islam (Hon Editor)
Dr Ng Yiaw Heong

Mr Bernard Chung
Mr Lauw Su Wee
Mr Look Boon Gee

STEEL NEWS & NOTES welcomes contributions on any suitable
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of the SSSS, the Editor or the Publisher. Although care has been
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of publication, the SSSS and the Editor assume no responsibility for
any errors in or misinterpretation of such information or any loss or
damage arising from or related to its use. No part of this publication
may be reproduced without the permission of the SSSS.
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New Members
Associate Members

AS 58

Ho Swee Seng

Arup Singapore Pte Ltd

14th Aug 2008

AS 59

Jason Gay Chin Teck

Arup Singapore Pte Ltd

14th Aug 2008

12th June 2008

Ordinary Members

OM 800

Tham Boon Joo

Engineers 9000 Pte Ltd

OM 801

Thng Chee Heng

SA&P Associates Consulting Civil & Structural Engineers

			
OM 802

Ko Luan Bock

17th July 2008

Kim Seng Heng Engineering Construction Pte Ltd				

			

14th Aug 2008

OM 803

Ng Beng Keong

Arup Singapore Pte Ltd

14th Aug 2008

OM 804

Yee Tung Chuan

Mott MacDonald Singapore Pte Ltd

14th Aug 2008

OM 805

Suah Hin Cheong

Shao Fook Engineering Pte Ltd

14th Aug 2008

OM 806

Murali Nair

Alfasi Constructions (S) Pte Ltd

14th Aug 2008

CM 115		

Pan Sin Engineering Pte Ltd

12th June 2008

CM 116		

Chye Heng Huat Engineering Pte Ltd

17th July 2008

CM 117		

Greenleaf Industries Pte Ltd

17th July 2008

CM 118		

Icon Engineering Services Pte Ltd

17th july 2008

Corporate Members
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BCA Advisory Note on Measures to Enhance Safety of
Structural Steelwork
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24th Annual Lecture Tubular Structures in the Avant-Garde of Architecture
Mick EEKHOUT
Professor Product Development in Architecture
Delft University of Technology, Delft, The Netherlands
1. Challenge
The Singapore Structural Steel Society arranged for this
essay on tubular structures in architecture. I took the
liberty of introducing a number of considerations on a
new field of expertise to the audience: the effects of Free
Form designs for the future. This topic was new for most
audience members. The USA and Europe are world leaders
when it comes to many of the trends in architecture, both
financially and artistically. The solo crusade of Frank
O. Gehry, which has now been joined by designers in Europe,
has led to a new way of designing buildings accompanied
by a revolutionary new vocabulary: Free Form Architecture.
Free Form Design has been widely published all over the
world in the last decade. Experimental designs have been
erected. The Venice Architecture Biennale of 2004 was filled
with Free Form designs. Many Free Form Design ideas
have been abandoned. These developments will inevitably
reach Singapore. The cultural centre on the Singapore
harbour and Moshe Safdie’s Giant flowers on the harbour
pier are examples of this new type of architecture. Does
Free Form Design have the potential to become a new
architectural language, an architectural style even, or are
we seeing nothing more than a series of out-of-scale, oneoff object designs? How deep will the influence of Free
Form Design be? Will the challenges inherent to formal
experimentation with Free Form Design eclipse the 20th
century’s achievements in Functionalist Design? Will Free
Form Design finally vanquish 80-year-old Functionalist
Design, which survived the sieges of Post-Modernism and
De-Constructivism? What will be the extent of digital design
in the lives of the younger generations and how will these
young designers express themselves in Free Form buildings?
In common language Free Form designs are referred to as

‘Blobs’. The earliest mention of the Blob was a cult film
from 1958 “The Blob”.

Fig. 3: Free Form structure of
Guggenheim Museum [4]

2. Introduction
SSSS was founded in 1980s to disseminate knowledge on
and insight into the design, analysis and realisation of steel
structures. There have been many changes in fewer than
three decades. The balance between material and labour
costs has tumbled, industrialisation has taken a much more
individualised path, and architecture has become more
frivolous. In architecture the unitised, industrialised era
of space frames was gradually superseded by that of a
more individualised industrialisation. Space frames shifted
toward spatial structures. From then on the focus was on all
structures that were designed with a high degree of clever
thought behind them: intellectual structures, going from
pioneers of the first generation to the second generation.
An initial characteristic of the SSSS membership was
that a part was made up of practical structural engineers
with experience in the field, and another part of academic
theoreticians, sometimes combined in one person. And many
members combine these characteristics today.

Fig. 5: Olympic Stadium Munich,
Architects: Günther Behnisch & Frei Otto [6]

Fig. 1: “The Blob” [3]
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Fig. 2: De-constructivist design [4]

Fig. 4: Kansai Library
design proposal [5]

Fig. 6: Millennium Dome, London,
Architect: Richard Rogers [6]

From the start the focus had been on the economic feasibility
of load bearing structures with minimal material. Spatial
structures were logical structures in the material usage
sense. We recall projects like the Olympic Games roofs of
Munich (1972) designed by Günther Behnish and Frei Otto
and others. The Millennium Dome in London, designed by
Richard Rogers and Buro Happold, is another example of a

purely minimal material manifestation.
Even before the advent of Frei Otto’s minimalist theories, a
number of sculptural architects had shown what they were
capable of designing. We may consider the beautiful Chapel
of Ronchamps (France) by Le Corbusier (1953) and the
TWA terminal at JFK Airport (Idlewild) in Queens, New
York, designed by Eero Saarinen (1962). Beautiful structures
and sculptural buildings. Their sustainability was in their
permanence, not in their flexibility to be adapted to others
forms of use. The airport terminal quickly became outdated
since it could not be adapted. Still, it is an impressive
sculptural building. In due time, labour costs increased.
The increase was present both in the design and engineering
side of the building industry, as well as in off-site production
processes and on-site construction. Material costs gradually
decreased even while labour was getting more expensive.
The economies of Europe and Asia were expanding, and
the total costs for space structures no longer significantly
impacted the economics of architecture, no matter how hot
the economy became. Archigram proved an intellectual
booster, but never built any of their proposals. It inspired
the Pompidou Centre.

Fig. 7: Walking City, Archigram [7]

Fig. 8: Control and Choice
Archigram [7]

The focus shifted to design as a token of intellectual progress.
Architects started to invent their own spatial structures for
specific projects, combined with intelligent spatial schemes,
which could be recognised as the High Tech Structures of
the 1980s. In the 1990s regular space frames were mostly
substituted by project-designed spatial structures, revealing
the intelligence or genius of the project designers: mostly the
architect and his project partner, the structural engineer. They
worked together by striking a balance between specialisation
and mutual respect. The Centre Pompidou in Paris (1976),
by architects Renzo Piano and Richard Rogers and structural
designer Peter Rice (Ove Arup) ushered in the High Tech
Architecture era, which was formed for a large part by the
British High Tech architects and many local followers. It
propounded intelligent technology in structural design in
well-balanced buildings.

This High Tech era lasted for about 10 years. The computer
then made its appearance next to the draughting table in
architectural firms. Originally a speedy drawing device,
enhancing efficiency in the draughting process, the computer
soon took off as a tool for creating designs of increasing
geometric complexity. It could be used to dissect a design
and reduce it to individually producible units, even when
all components were of a fundamentally different form.
The computer could calculate the standard but also the
non-standard, and do so with the same blinding speed. So
why stick to the standard? At the end of the 1990s building
budgets became a bit more accommodating. Both architects
and clients were ready to take a step into the phase of
individualisation
Kanzai Airport in Osaka, designed by the architect Renzo
Piano, was one of the last prominent High Tech Architecture
buildings, yet it also preceded the Free Form era through its
two-dimensional curving, its emphatically cool elegance:
repetition, yet a step in the direction of individualisation.
The tubular structures made it the most free-form structure
of High Tech era. Architects like Daniel Libeskind started
with unlikely de-constructivist designs: tangles of collapsed
metal frames, which initially were impossible to realise as
they all had to be drawn by hand. Proper application of
computer-aided design tools meant that these structures
could be constructed as complex material artefacts. Coop
Himmelblau of Vienna designed its way through the manual
period of drawing and is now designing and building very
complex structures that are still loosely influenced by deconstructivist philosophy.
But architects went on and discovered NURBS, the fluid
3D line and its undulating product: 3D planes. Architectural
designs were treated as chewing gum on the computer
screen: stretched, twisted, pushed and distorted. The architect
played with these designs.

Fig. 11-14: Kanzai Airport Osaka, showing the major impact of the tubular
structure.

The building industry was still unaware of what architects
had up their sleeves for them, and the industry was initially
Fig. 9: Centre Pompidou Paris,
Renzo Piano

Fig. 10: Green Building: by
OVE Arup and Partners [8]
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unable to erect these rippling dreams. The traditionally
narrow gap between design and building opened up wide and
called out to be bridged over. A number of architects took
the requisite engineering and computer-aided manufacturing
into their own hands (Greg Lynn, Frank O. Gehry, Kas
Oosterhuis). Others were confident that the slow start of Free
Form technology would ultimately lead to efficient processes
for erecting Free Form designs. It took a decade before this
Free Form technology became mature.
One decade ago the first serious Free Form building was
designed and built: The Guggenheim Museum in Bilbao
by Frank O. Gehry (1997). Although Gehry’s critics could
have expected this type of building, its extreme contrast in
form and its prominent location just outside the 19th and
20th century city of Bilbao shook the world of architecture.

by a technology with an equally intellectual and advanced
status. The steel structure had its own logic, but lacked any
aesthetic appeal.

Fig. 19,20: Gehry engineering in Catia from models [10]. [11]

Fig. 15: Guggenheim Museum, Bilbao,
Frank O. Gehry [3]

Fig. 16: Inside view of the
Guggenheim Museum [3]

Bilbao’s Guggenheim Museum was like a spacecraft that
landed next to a rather dull European town. The very
contrast between this bold design and the buildings in the
existing city was overwhelming. Even adjacent buildings
that were still under construction became obsolete overnight.
The confrontation was primarily due to the Guggenheim
Museum’s proximity to this dull European city. Its Free
Form Design also caused a shift in the world of structural
design.

Fig. 17: Prototype chairs at
Gehry’s [9]

Fig. 18: Design process model at
Gehry’s [9]

Gehry has his own characteristic way of working: he models
in clay and cardboard to scale. The model is then scanned
and digitalised in perfect detail. The digitised scans then
become the fundamental design on which all computeraided engineering work, manufacturing and construction
is based.
Gehry’s subcontractors must also work in CATIA. Being the
first large-scale free form design in Europe, this American
design for the Bilbao museum was built according the
Spanish building tradition (and priced in pesetas) and the
result was an imbalance of architecture and technology.
Nevertheless, it was a harbinger of things to come. This new
and sculptural Free Form design vocabulary was not created
10

The gap between architectural design and construction
technology had been widened by the enthusiasm for
perfection that the CATIA design programmes generated
in Gehry’s engineering department. The Spanish builders
did not have the same tools, nor the time to prepare for
building at a similar level of perfection. Construction
technology lagged behind architectural design. The architect
had more foresight than the engineers and contractors. The
steel structures behind the facades were blunt and simple;
they were disguised. An immense gap between perfect
architectural digital design and material realisation had to
be bridged.

Fig. 21: Construction photographs Walt Disney Concert Hall, New York,
Architect: Frank O. Gehry [9]

In the last ten years a number of Dutch Free Form buildings
have been constructed that were subject to the same gap
between design and construction. Many lessons were
learned concerning methods for working together during the
entire building process. The initial reaction of shock among
engineers and contractors – ‘Free Form Nightmare’ - soon

faded away. The eagerness of young architects to explicitly
broadcast their names through their designs obscured the
importance of engineering, production and the physical
realisation of these complicated Free Form Buildings. An
ego-driven change in fashion, with many neglected aspects
in the later stages of the building process. These Free Form
designs have seldom come to fruition as part of a completely
controlled and balanced process from initial idea to the very
completion of construction. At TU Delft a small research
group called ‘Blobs’ was established in 2001 to narrow this
gap between design and production & realisation technology.
The lessons learned are communicated to the audience and
they are incorporated in this essay.

used punch cards: every command and every sentence took
one card. There was no graphical i/o interface. Yet the most
complicated space frames were analysed: from my own
experience one time (1978) with over 5,000 nodes, using
IBM’s highest night priority. The programme ran the whole
night and it cost a huge sum of money. This programme has
been out of date for at least 20 years. The very existence of
the FEM programmes gave a tremendous boost to the use of
space frames in architecture. Space frames could not have
come into existence without the FEM programmes.

Fig. 22,23: Hydrapier Hoofddorp, The Netherlands, Asymptote Architects [11]

Fig. 28: Convention Centre New York, I.M.Pei

Fig. 24,25: Town hall Apphen aan den Rijn, The Netherlands,
Architect: Erick van Egeraat

For the first time in the last three decades of SSSS, the
balance between Structural Design and Architecture has
definitely shifted to a point where Architecture dictates
Structural Design in the case of Free Form buildings.
A producer-dominated 1980s technology called ‘Space
Structures’ has therefore gradually been substituted first
by a producer/consumer-balanced 1990s technology called
‘High Tech Structures’ and finally by a consumer-induced
21st century technology called ‘Free Form Structures’.

Fig. 26,27: Pallas house, Malaysia, Architect: Decoi [5]

3. Initiating Technological Impulses
Space frames were first constructed in the 1970s. Computer
programmes that were advanced for the time were used to
assist in the design process. These programmes used Finite
Element Methods for the analysis of forces and deflections
in a space frame under external loading. The programmes

The current FEM programmes like SAP 90 are refinements
of the earlier programmes, they are linked to graphical
programmes, and they can be run on personal computers
rather than on mainframes. They calculate in real time and
they are so fast that they can graphically display deformations
in exaggerated sizes so that engineers can interpret and
understand them properly. The FEM programmes are
incorporated in the CAD/CAE/CAM/CAB range, assisting
the complete engineering of load bearing metal structures.
Space frames are still interesting for large spans. But
in the Western world architects now prefer designing a
project-based structural system first and then having their
engineers run their calculations before tendering, rather
than contracting the design and engineering to specialist
producers after tendering. In recent decades there has been
a shift in power from the specialist producers to the project
architects and engineers, parallel to the consumer market: a
shift from producer to consumer. This has everything to do
with the expanding economies in Western countries that have
reached new levels of luxury. No need to scrimp on steel.
The architect’s ability to express himself is the important
thing. The most extreme example is the Bird’s nest Stadium
in Bejing designed by Herzog & De Meuron. It boosted
China’s steel consumption: the steel usage is 40.000 tons, 8
times more than an average stadium of 5.000 tons.

Fig. 29, 30: Hangar 8, Salzburg,
Architect: Volkmar Burgstaller [12]
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Fig. 31, 32: Olympic Stadium, Beijing, Architect: Herzog & De Meuron

This development is similar to the theory of clinical
psychologist Abraham Maslow (1908-1970): as described in
the famous Maslow’s pyramid, [see figure 33] and published
in 1943 in ‘A Theory of Human Behaviour’ [1]. An individual
develops starting with the primary biological needs, to the
needs at the top of the pyramid of self-actualisation. As
this is valid for an individual, it is also valid for a group of
individuals, say architects as the leading party in the design
process.
Something similar could
be asserted concerning the
position of a building project
as part of the greater economy.
Buildings in Western societies
still fulfil the basic needs for
sheltering people (houses).
Fig. 31, 33: Pyramid Maslow
More and more, the desire
for self-esteem and self-actualisation leads to contracts for
architectural designs in which the design itself is preeminent
and its function, simply housing people, is secondary: people
have to feel safe, they need a clean and healthy environment
in which to live. The next level focuses on the more intimate
needs of friendship, family and intimacy. This was the
philosophical focus of the ‘structuralist’ generation of the
famous Dutch architects Herman Herzberger and Aldo van
Eijck. They were the champions of architecture based on
human needs in the social context of living communities.
Other architects opted for sculptural expressions: Le
Corbusier and Eero Saarinen

Pompidou did change architecture. (See figure 9). It was a
bold statement of a new generation of architects. And many
contemporary architects followed.
As a rule, architects of a new generation who want to show
what they are made of, have to win design competitions in
order to attain their goal. Their older peers must not just
judge them but also give them opportunities, by recognising
new qualities in the competing designs and being prepared
to give new visions a chance. The new generation can
reveal its consciousness by initiating a new architectural
language based on axioms they favour. The new generation
is, in essence, a generation that must fight its way onto the
architectural scene. Each new generation can initiate a new
language in architecture by exercising its right as a new
generation to establish a new vocabulary, new means of
communication, a new vision and a new material expression.
How will tubular structures fit in this picture? See the
pictures in this contribution as a marketing recognisance
for tubular structures.

Fig. 36: JVC-New Urban Entertainment Centre, Mexico,
Architect: Coop Himmelb(l)au [14]

Fig. 37: Musée des Confluences, Lyon, Architect: Coop Himmelb(l)au [14]

Fig. 34: Le Cobusiers’ Chapel in Fig. 35: TWA Building, New York, Architect:
Ronchamps, France [13]
Eero Saarinen [13]

The socially-minded generation of architects was followed
by a new generation which had an even greater need for
recognition and respect: they wanted to be valued as a new
generation. At the age of 34, Renzo Piano and Richard
Rogers started to design their entry for the Pompidou Centre
and invented their architecture of the inside-out structures.
As Piano admitted in a general discussion in Sydney in 1986:
“We wanted to change fashion in architecture” [2]. And
12

Fig. 38, 39: Analysis and Detail of the skin [14]

Free Form design has come into its own thanks to the
available computer design and engineering programmes,
many of which have been derived from the cartoon
movie industry. This is a technical injection in the craft
of architecture. A parallel is the way the Dutch ‘De Stijl’

movement of the 1920s and the International Modernism
movement that followed it were strongly stimulated by two
technical developments: the first was the development of
reinforced concrete slabs and walls which could be stacked
together or cast together to form horizontal cantilevering
floor or roof planes and which would lead to a much
more horizontal expression than the traditional vertical
expression in architectural façades. The second one was the
development of bituminous roofing, which could be used for
nearly all flat roof surfaces, even in rainy climates. These
two developments stimulated designers to ‘think outside the
box’ and led, for example, to the much admired ‘Maison
d’Artiste’ as designed by Theo van Doesburg en Cor van
Eesteren in 1923. These technical developments stimulated
a new architectural approach, that later was recognised as a
new architectural style.
It is too early for us technicians to proclaim that Free Form
design will lead to a new architectural style. At this moment
in time one could only conclude that Free Form design,
in its turn accelerated by new computer programmes, is
leading to new technology and a new, forced way of building
process collaboration to accomplish these complex Free
Form buildings. Whether Free Form design will come to be
seen as a technological fashion or obsession, rather than an
architectural style, will be decided by architectural historians
in the decades to come.

Fig. 40, 41: Maison d’Artiste (designed in 1923), built as 1:5 scale model by
students of TU Delft in 2003

4. From De-constructivist to Free Form Designs
Post-Modernism was based on philosophical axioms. It
contradicted the functionalist society with reason and
positioned itself to oppose that mode of living. In architecture
it would soon be called a style, much more than a fashion.
Post-modernism had a relationship with Modernism that
was sometimes angry, sometime humorous. Gehry was a
post modernist during part of his career.
Deconstructivism is another style of architecture that is based
on the many facets of society. Deconstruction was started
by the French philosopher Jacques Derrida. Construction
and deconstruction both allow for logic and reason. Truth
is a many-splendoured thing. The first example of deconstructivism is considered to be the design competition
for Parc De La Villette in 1982 (Tschumi). Many of the
earlier de-constructivist architects who attempted to create
non-functional and eye-catching objects like Peter Eisenman,

Frank Gehry, Bernard Tschumi, Daniel Libeskind, Zaha
Hadid, Rem Koolhaas and the firm of Coop Himmelb(l)
au, put on an exhibition at New York’s Museum of Modern
Art (Moma) in 1988. They denied being members of any
De-constructivist school, have developed themselves further
and are using very sophisticated computer programmes these
days (see also fig. 2). Nevertheless, their designs have kept
their intracable chaotic logic leading to form.

Fig. 42: Beachness - Boulevard and
Palace Hotel, Noordwijk,
The Netherlands, Architect: NOX [5]

Fig. 44: Model of BMW World - Munich, Coop Himmelb(l)au [11]

Fig. 43: Resi-Rise Skyscraper, New York,
Architect: Kolatan / McDonald [12]

Fig. 44: Grad_8 Installation, Architect:
Ocean D, Graz, Austria [11]

Most of them have designed Free Form buildings with the aid
of powerful design programmes. When they are later labelled
‘Free Form Design’ or ‘Blob’ architects, they get furious.
Not a single architect wants to be put in a group he did not
invent himself. Their egos are too big for any category. The
transition from De-constructivist Architecture to Free Form
Architecture has not so much to do with a new philosophy,
but rather with the availability of computer programmes
with increased power and more accessibility, simplified and
adapted from their original purpose as animation aids, to
become powerful design tools for architects.
A number of Free Form Designs have been erected in the
Netherlands since 2000: a pop music hall in Breda and a town
hall in Alphen aan den Rijn designed by Erick van Eegeraat,
a hotel extension in Almere by Will Alsop and two pavilions
at the 2002 Floriade in Hoofddorp (Fig. 22,23) designed
respectively by Kas Oosterhuis and Asymptote Architects
from New York. The designs were brilliant, but they lacked
adequate ‘Free Form’ technology. Either new technology
had to be developed for the project at hand, or the architects
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decided to employ traditional building techniques. The
only Blob design that subsequently led to the development
of a new technology was the Rabin Center in Tel Aviv,
designed by Moshe Safdie, followed by technological redesign, development and research in the Netherlands by
Mick Eekhout and Octatube (Fig. 48,49), with technology
transfer from yacht building and astronautics, leading to the
introduction of a structural composite sandwich technology,
the renaissance of the shell structure.

Fig. 46: Pop Music Theatre, Breda,
Architect: Erick van Egeraat

Fig. 47: Hotel, Almere,
Architect: Will Alsop

Fig. 48, 49: Rabin Centre, Tel Aviv, Architect: Moshe Safdie

5. Unravelling the Inevitable Chaotic Free Form Design
Processes
Drawing on my experience of a number of completed Free
Form Design projects, I can assert that the communications
needs, information provision, avenues of collaboration
and process development path are regularly grossly
underestimated, that these factors are much more complex
than ever anticipated and in fact cause much embarrassment
and unnecessary extra costs, even leading to severe losses for
the parties involved. Some even go bankrupt or are expelled
from the site (including managers and architects). There are
therefore a number of suggestions for organising a proper
Free Form Process:
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Fig. 50 to 68: 18 recommendations for efficient Free Form processing

6. Free Form Design and Sustainability
An extra complication in Free Form Design processes is
formed by considerations of sustainability. Is the building
reusable as a building, and in what way? How is the building
reusable at component level, and is there any profit to be
gained in reusing materials from a Free Form building?
These questions run parallel to the questions one could
apply to any new building. In the near future we will have
to develop buildings that do not consume energy, but are
energy-neutral or that even produce energy. Within ten years
European legislation may prohibit the construction of energyconsuming buildings. In this regard Free Form buildings are
comparable with all other new buildings. The choice of
materials should be guided by sustainability, both when it
comes to constructing the building as well as in the building’s
later maintenance requirements. Reusing the building after
an initial period of service is can best be arranged within the
building itself. It would be impractical to try to reuse one-off
components: the tailor-made components will never fit into
any other building. And stripping the building of its materials
only to discard them by crushing them for asphalt or landfill
purposes, does not make much sense either, since the bulk
of the building’s real value is in the materials. The architect
and the entire building team just have to develop buildings
that are spacious enough to be adapted to other functions
in a next generation of use and that are made of materials
that are so durable that two or more subsequent generations
(20 / 30 years each) can be endured, even with a change of
users in between. In this aspect Free Form buildings are not
different from orthogonal buildings.
7. Free Form Design and Tubular Structures
This lecture and article have been composed with the purpose
to acquaint the Singapore Steel Society with new tendencies
occurring in the world, in the intellectual birth rooms of
new architecture. In pure form or in pragmatic derivates
this tendency will come to Singapore in the coming years.
The ‘Durian’ Theatres at the Singapore habour were the first
proofs; the Habour Flowers in the Marina Bay Sands (Moshe
Safdie) are another example. More will come.
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can freely form a spatial envelope around a building as a
sculptor, keeping the restrains of production and construction
and of complex processing in mind. Free Form designs
are almost impossible to reuse in another form: the final
form developed by the architect and his partners has to be
‘classical’ in quality to be seen as a new monument. Looking
toward the future, however, it must also be spacious enough

Fig. 69: Valencia Opera House, Architect: Santiago Calatrava [15]

Fig. 70: Interior view Musée des Confluence, Coop Himmelb(l)au [14]

Fig. 73: Orient Station, Lisbon, Architect: Santiago Calatrava [15]

Fig. 71: Mercedes Benz Museum of the Automobile, Stuttgart,
Asymptote Architects [14]

Fig. 72: Musée des Confluences, Model and steel structure of the entrance to
the crystal [12]

8. Conclusions for the Free Form Future
Free Form design is a trend in Modernist Architecture that is
inspired by the countless opportunities presented by digital
design computer programmes, where the architect / designer

that sustainability can be guaranteed when it comes time to
reuse the building for other functions.
The ethics of Free Form design do not prevent designers
from winning competitions with their designs as long as
they are knowledgeable about the production and erection
side of the design and as long as their clients are prepared
to pay the premiums associated with projects like these. The
Free Form design process is usually much more complicated,
since communications between the different building
partners is made all the more complex due to the building’s
unique geometry. Designers and manufacturers must work
together to produce the Free Form Design in components, for
otherwise the architecture will not be sound. And this must
be done without alienating process partners, which could
mean that the entire trend proves to be nothing more than a
short-lived and meaningless fad. As production technologies,
computer-aided engineering and erection processes are
17

improved, the current price level, which reflects the current
experimental phase of Free Form design, will come down,
although it will remain higher than traditional orthogonal
buildings.

Fig. 74: Airport Station, Lyon, Architect: Santiago Calatrava [15]

Tubular structures are the most versatile of steel structures,
especially structures made of circular tubes. Architects
ideally consider them to be thick lines that can be curved
in several dimensions, twisted, bent or curved as a NURB.
The cylindrical form of the abstract line if the circular tube
with fixed material characteristics in cross dimensions as
being constant. Architectural detailing based on these 3D,
curved tubes can always be kept standard in cross section,
since a circle always remains a circle in cross section. This
presents distinct value in the case of complicated technical
compositions when compared to other, more efficient
tubular cross sections like the square, the rectangular and
the elliptical hollow section.
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New Products & Services

Yongnam Holdings Limited is a leading Singapore-based multidisciplinary engineering and construction services provider with more
than 30 years experience. Established in 1971, Yongnam has grown
over the years from a small local service provider in mechanical
engineering into today’s leading multi-disciplinary engineering
and construction group of companies in specialist structural steel
engineering. Yongnam Holdings is incorporated in 1994. It is listed
on the Main Board of the Stock Exchange of Singapore since 1999.
The Group is headquartered in Singapore and has 9 subsidiaries
maintaining regional offices in Singapore, Malaysia, Thailand, Hong
Kong, Middle East and China.
With more than 30 years of experience in steel fabrication, the Group
operates three core business
divisions in Structural
Steelwork, Specialist
Civil Engineering and
Mechanical Engineering.
In steelwork fabrication,
Yo n g n a m o p e r a t e s
i n Tu a s a p l a n t o f
20,250 sq m covered area
on 76,000 sq m of total
factory space, the largest
in Singapore. Together,
the Tuas facilities, skilled
manpower, advanced CNC
machines and Malaysian
plant support an annual
capacity of 45,000 tons.

Fusionopolis, Singapore
Yongnam aims is to provide clients in the construction industry with
steel fabrication of the highest quality in the most timely and efficient
manner possible. The number one priority is responsive, personalized
service regardless of job size or complexity. The company has built an
enviable reputation through close client co-operation and consistent
delivery of highly-demanding and technically challenging quality
products on time and within budget.

CONDECK® HP Structural Steel Deck is a highperformance galvanized steel decking for use
in high-rise construction. By replacing
traditional timber formworks and the steel
reinforcing bars used in conventional
concrete construction, CONDECK® HP
bring fast-track construction within reach,
thus saving time and money.
Manufactured by LCP Building Products Pte. Ltd., CONDECK®
HP is a high tensile and propriety designed profile offers unrivalled
reinforcing performance for your project. The flat underside soffit
of CONDECK® HP can be easily painted for a good looking, costeffective ceiling or by the simple insert of hangers, can be used for
suspended ceiling or services.
HIGH PERPORMANCE COMPOSITE CONCRETE DECK
• Improved performance.
• High tensile galvanized steel material – high strength but lightweight
material ensures ease of installation while the galvanised zinc
coating offers superior protection against corrosion.
• Reduction in slab thickness can possibly lower the overall cost of
the project.
• Aesthetically pleasing flat soffit – easily painted to create an
attractive ceiling.
• Innovative hanger system for suspending ceilings, piping works
and others mechanical and electrical services.
• Updated fire rating capacity compliance with the latest British
Standard BS5950.
Part 4: 1994 (composite design)
Part 6: 1995 (sheet design)
Part 8: 1990 (fire design)
Part 3: 1990 (composite beams)
• The ideal construction method for seismic regions when used
together with structural steel framework.
MAJOR INTERNATIONAL PROJECTS
In Asia, particularly in Singapore, Hong Kong and Macau,
CONDECK® has been used to construct some of the tallest and largest
buildings gracing city skylines. ION Orchard, the latest development
along Orchard Road and currently under construction, is using
CONDECK® HP structural decking system. Also, 2 of the city’s
tallest buildings, UOB Plaza and OUB Centre used CONDECK® HP
structural decking system in its construction, amongst many others. In
Hong Kong, the iconic International Finance Centre and Times Square
Complex are just 2 of many buildings which used CONDECK® HP.
Macau sees CONDECK® HP used in several prestigious projects.
To name a few, these include Venetian Macau and Galaxy Resort.
In Australia, CONDECK® HP has been used to deck numerous
high rise commercial buildings. Notably, the prestigious 55 storey
Melbourne Central Complex, and Market City Centre – a residential
development in Sydney’s Chinatown which boasts 34 storey of luxury
city living.
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TTJ DESIGN & ENGINEERING PTE LTD

Tekla (M) Sdn Bhd
Tekla is an international software company whose model-based
software products make customers’ core processes more effective
in building and construction, energy distribution, infrastructure
management, and water supply. Tekla Corporation has area offices and
partner organizations worldwide. International operations account for
85% of net sales. Founded in 1966, Tekla is one of the oldest software
companies in Finland. More information at www.tekla.com
Tekla Structures
By enabling the creation of accurately detailed and data-rich structural
models, Tekla provides the building and construction industry with
the highest level of constructability on the market. Tekla Structures is
premium-brand building information modeling (BIM) software that
streamlines the delivery process of design, detailing, fabrication, and
construction organizations. Its ability to process extensive amounts
of data enables highly constructable 3D and 4D models that apply
to every stage of design and construction and represent the ‘as-built’
condition of a building. Tekla Structures effectively integrates into
any best-of-breed software driven collaborative workflow, which is
the key to minimizing errors and maximizing efficiency, resulting in
high profitability and on-time project completion. Tekla Structures
encompasses specialized configurations for structural engineers, steel
detailers and fabricators, precast concrete detailers and manufacturers,
as well as construction companies.
T E K L A S T R U C T U R E S 1 4 S O F T WA R E V E R S I O N
RELEASED
Tekla has released its annual main version of Tekla Structures BIM
software. The new version 14 includes several improvements towards
more user and environmentally-friendly software. Tekla Structures 14
is already in productive use with many Tekla clients.
In addition to more task-oriented user interface and menus, as well as
a more flexible and environmentally-friendly (dongle and shippingfree) licensing system, Tekla Structures 14 includes improved tools for
managing and sharing a BIM (Building Information Model) between
software users and construction project participants. The software now
enables working on models twice as big as before without the risk of
running out of memory.
“Tekla is committed to continuous product development and to
making Tekla Structures software easier to use and learn,” says
Tekla Executive Vice President Risto Räty. “We release one main
and one intermediate release per year in order to offer our customers
the most advanced solution on the market. With Tekla Structures 14
I feel confident to say that Tekla models provide the highest level of
constructability on the market.”
“The new licensing system is a major step forward in using Tekla
Structures in a true collaborative environment,” says BIM Coordinator
Stuart Bull of Arup, Sydney. “We look forward to using the latest
version of Tekla Structures whenever a project and the contractor are
fully up to utilizing this improved workflow.”
More information on Tekla Structures 14 is available at
www.teklastructures.com

For additional information, please contact:
Tekla (M) Sdn Bhd
L5-E-1A, Enterprise 4, Technology Park Malaysia
57000 Kuala Lumpur, Malaysia.
Contact Person: Mr Ari Nassi, Tel: +603-8996 1191
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TTJ

Republic Polytechnic Sports Complex, Singapore

TTJ Design and Engineering Pte Ltd has from its humble beginnings
as Teo Contractor in 1975 transformed into a leading structural
steel specialist around the region. TTJ is able to undertake design,
engineering, fabrication and installation of structural steelworks.
TTJ’s greatest strength is in its innovative approach in handling
heavy structures and complex construction.
It has over the years completed many outstanding projects in
various industrial, commercial and governmental sectors in
Singapore, Middle East, Sri Lanka, Papua New Guinea and so on,
earning itself numerous accolades in quality, safety, design and
performance from clients and the authorities. The notable latest
overseas projects include Shiplift & Transfer System in Dubai,
Spire & Wind Turbine Bridges for the World Trade Centre in
Bahrain and Japan Ambassador Residence in Sri Lanka.TTJ is
also involved in the Marine, Oil & Gas industry, executing small
modular structures in TTJ’s factory
TTJ is committed to providing quality products and services
that meet it’s client’s requirements. It obtained certification
for the Integrated Management System ISO 9001:2000, ISO
14001:1996 and OHSAS 18001:1999 in the design, fabrication
and erection of structural steelworks. The certification of the
Integrated Management System demonstrates TTJ’s long term
commitment in providing quality services to her customers at all
times, environmental awareness and greater concern for health and
safety. In addition, it is an important milestone in TTJ’s pursuit of
business excellence.
TTJ has been an accredited structural steel fabricator for Category
S1 by the Singapore Structural Steel Society. TTJ has been qualified
by Singapore Accreditation Council (Accredited Inspection Body)
to be an approved Type ‘C’ Structural Steel Inspection Body.
With its in-house design and engineering capabilities, modern
factories with advanced machinery in both Singapore and
Malaysia, TTJ is well positioned to undertake big-scale design and
build projects and projects of complicated nature with structural
steelwork both locally and abroad.

Fabricate & Assembly of Shale Shaker
House,
Singapore

Airport Roof Truss, Singapore

Seraya Chemical Phase 2, Singapore
SSSS Merit Award Winner

Shiplift & Transfer System, Dubai

Aircraft Maintenance Hangar, Singapore

Coke Calcining Plant, Bahrain
(Installation only)

Changi Airport Terminal 2, Singapore

YOUR PARTNER IN STEEL
Petrochemical, Oil and Gas Projects
Pharmaceutical Plant
Wafer Fabrication Plant
Microelectronics Plant
Water and Sewage Treatment Works
High-rise and Low-rise Buildings

Factories and Warehouses
MRT and LRT Structures
Marine Structures
Aircraft Hangars
Vehicle Parapets
Formworks
Mobile Aerial Lifts
Dockarms, Shipyard Cranes

Marine Deck Cranes and Winches
Construction Lifting Equipment
Special Purpose Machinery
Overhead Cranes and Launchers
Civil Defence Shelters and Blast
Doors
Bearings and Expansion Joints for
Highways

• Accredited Structural Steel Fabricator for Category S1
• Type ‘C’ Structural Steel Inspection Body - SAC
(Accredited Inspection Body)

World Trade Centre Spire, Bahrain
(Installation only)

Supreme Court Building, Singapore

Steam Turbine Bridges, WTC Bahrain
(Installation only)

One Raffles Quay, Singapore
(Fabrication)

Kong Meng San Temple, Singapore
SSSS President’s Award

Blast Door, Singapore

No. 57 Pioneer Road, Singapore 628508. Tel: (65) 68622126 Fax: (65) 68620284
Email: ttjde@ttj.com.sg Website: www.ttj.com.sg

Support for
industry workflow

Flexible
licensing
system

Wider
integration to
manufacturing

Multi-user
management tools

Task-oriented
user interface

Interfaces to
other software

coming s
oon!

TeklaStructures14

Explore.

How would you like to use 100% of your capability? Through developing better software year
after year, Tekla can help you use more of your capability as you work. The latest version 14
of Tekla Structures now offers a more logical task-oriented user interface, new more flexible
licensing system, better multi-user management tools, as well as more intelligent interfaces
to other software and machinery to support the industry workflow. Explore the new Tekla
Structures 14. For further info please call +603-8992 1191.

