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Cover 	
Photographer: Tibor Bognar
Location: Montréal, Québec, Canada
Title: Biosphère Montréal 
Date: May 1998

© Tibor Bognar/Corbis

The symbol of Expo ‘67, Buckminster Fuller’s sphere is a 
landmark in the history of contemporary architecture and 
the most important building of its kind in the world. Its 
structure reproduces more than 97% of a sphere (62.8 
metres in height and 76.2 metres in diameter). 
The original structure was covered with 1,900 transparent 
acrylic panels.
The building’s complete transparency created an almost 
invisible barrier between the inside and the outside. In 
1976, while the structure was being repaired, a fire broke 
out and completely destroyed the acrylic skin. Only the 
tubular frame remained intact. 
The outer shell of the Biosphère was awarded to Buckminster 
Fuller (1895-1983), who called himself a “comprehensive 
anticipatory design scientist”, but the design of the US 
pavilion’s inner structure was given to Cambridge Seven 
Associates Inc., a group of Harvard University architecture 
and design professors. 
The original inner structure consisted of four large platforms 
divided into seven levels and connected by escalators, 
bridges and elevators. During Expo ‘67, the gigantic 
structure included a 37.5-metre (123-foot) escalator. The 
longest escalator ever built, it was the equivalent of eight 
floors. 
In 1990, Environment Canada signed an agreement with 
the City of Montreal to convert the structure into a site 
devoted to eco-action. Montreal architect Éric Gauthier 
won an architectural competition and was commissioned 
to convert the interior structure in keeping with the original 
design, in line with Fuller’s avant-garde philosophy: seeking 
maximum efficiency for minimum effort. 
Since its opening in 1995, Environment Canada’s Biosphère 
has been a showcase for environmental education. As an 
Environment Museum, the Biosphère raises the awareness 
of young people and their families, and the general 
public about major environmental issues, including those 
related to water and climate change, and the sustainable 
development, through exhibitions, interactive activities and 
multimedia presentations. 
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Although Architecture and Structural Engineering have both 
had their own historical development, their interaction has 
led to the many fascinating and delightful existing structures 
nowadays. However, there is still the need to stimulate 
the creative and original design of architectural structures 
and to persuade architects and structural engineers to 
further collaborate in this process and to take advantage 
of constructive principles and aesthetic and static values 
jointly.  Therefore, it was considered appropriate to bring 
together all of the very best work that has been carried out 
in the field of structures and architecture during the First 
International Conference on Structures and Architecture 
(ICSA2010), held in Guimarães, Portugal, July, 21-23, 
2010. 

ICSA2010 covered all major aspects of structures and 
architecture, including comprehension of complex forms, 
computer and experimental methods, concrete and masonry 
structures, emerging technologies, glass structures, 
innovative architectural and structural design, lightweight 
and membrane structures, special structures, steel and 
composite structures, the borderline between architecture 
and structural engineering, the history of the relationship 
between architects and structural engineers, the tectonic 
of new solutions, the use of new materials and timber 
structures, among others.

Structures and Architecture contains the lectures and 
papers presented at ICSA2010. It consists of a book of 
abstracts and a CD-ROM containing the full texts of the 
lectures and papers presented at ICSA2010, including the 
8 keynote lectures and 249 selected contributions from 
more than 40 countries. 

On behalf of ICSA2010, the chair of the Conference would 
like to take this opportunity to express his most sincere 
gratitude to the authors, organizers of mini-symposia and 
special-seminar to the participants for their contributions, 
to the members of the Conference Scientific Committee 
for their work and commitment and to the members of the 
Local Organizing Committee for the time and effort they 
have dedicated to make ICSA2010 a successful event. 

Last, but not least, our sincere thanks to all the sponsors of 
ICSA2010, for their willingness to embrace this event from 
its very beginning.

Paulo J. S. Cruz
ICSA2010 Chair

WELCOME TO ICSA2010
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OTHER SPONSORS

Monte Adriano

Fundação Calouste Gulbenkian

FCT Fundação para a Ciência e Tecnologia

PLATINUM SPONSORS
SECIL - Companhia Geral de Cal e Cimento, S.A.

GOLD SPONSORS
BETAR – Consultores, LDA

CONFERENCE SPONSORS

S
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Technical Associations:

ECCS - European Convention for Constructional Steelwork 

IABMAS - International Association for Bridge Maintenance and Safety

IABSE - International Association for Bridge and Structural Engineering 

TensiNet 

                               

                

Other Institutions:

ACE - Architects’ Council of Europe / Conseil des Architectes D’Europe

AIJ - Architectural Institute of Japan

ASCE - American Society of Civil Engineers

CES - China Civil Engineering Society 

CM - Construção Magazine

Ordem dos Arquitectos

SEI - Structural Engineering Institute / American Society of Civil Engineers 

TheStructuralEngineer.info Website

TECHNICAL EXHIBITION PARTICIPANTS
BETAR – Consultores, LDA
CRC Press / Balkema
ECCS - European Convention for Constructional Steelwork 
FNAC 
SECIL - Companhia Geral de Cal e Cimento, S.A.

INSTITUTIONAL SPONSORS
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Erik Aasheim	
Norwegian Institute of Wood Technology, Norway
António Adão da Fonseca	
FEUP - Faculty of Engineering of University of Porto, Portugal
Francisco Arriaga Martitegui	
Technical University of Madrid, Spain
Jaume Avellaneda	
Technical University of Catalonia, Spain
Ivan Balaz	
Slovak University of Technology, Slovakia
Pedro Bandeira	
University of Minho, Portugal
Renato Bastos	
University of Minho, Portugal
Darko Beg	
University of Ljubliana, Slovenia
Jan Belis	
Ghent University, Belgium
Brian Bell	
Network Rail, UK
Fabrice Bernard	
INSA – Rennes, France
Clara Bertolini Cestari	
Politecnico di Torino, Italy
Freek Bos	
Ghent University, Belgium
Mikael W. Braestrup	
Ramboll, Denmark
Eugen Brüehwiler	
Ecole Polytechnique Fédérale de Lausanne, Switzerland
Pedro C. G. S. Vellasco
UERJ, Brazil
Jose Calavera Ruiz	
INTEMAC, Spain
Aires Camões	
University of Minho, Portugal
Michiel Cohen	
Cepezed architects, Netherlands
Xiao Congzhen	
China Academy of Building Research, China
Philip Cox	
Cox Architects & Planners, Australia
Michel Crisinel	
Ecole Polytechnique Fédérale de Lausanne, Switzerland
Paulo Cruz	
University of Minho, Portugal
Mauro Augusto Demarzo	
State University of Campinas, Brazil
Dan Dubina	
University of Timisoara, Romania
Christopher J. Earls	
Cornell University, USA
Vahik Enjily	
Enjily International Ltd, UK
Javier Estevez Cimadevila	
Universidad de la Coruña, Spain
Rui Miguel Ferreira	
University of Minho, Portugal
Kenneth Frampton	
Columbia University, USA
Dan Frangopol	
Lehigh University, USA
Ravindra Gettu	
Indian Institute of Technology Madras, India
Gerd Grohe	
KMG Architekten, Germany
Lothar Gruendig	
TU Berlin, Germany
Jean-Pierre Jaspart	
University of Liege, Belgium

Jens Jensen	
Cowi, Denmark
Eduardo Júlio	
University of Coimbra, Portugal
Erol Karacabeyli	
FPInnovations, Canada
Kourosh Kayvani	
Connell Wagner, Australia
Ulrich Knaack	
TU Delft, Germany
Jan Knippers	
University of Stuttgart, Germany
Jochen Köhler	
Swiss Federal Institute of Technology ETH, Switzerland
Jörg Lange	
TU Darmstadt, Germany
Josep Ignasi de Llorens Duran	
School of Architecture, Spain
Paulo Lourenço	
University of Minho, Portugal
Kimmo Lylykangas	
Helsinki University of Technology, Finland
José Mendes	
University of Minho, Portugal
Paulo Mendonça	
University of Minho, Portugal
Samuli Miettinen	
JKMM Architects, Finland
Climent Molins	
Universitat Politècnica de Catalunya, Spain
David A. Nethercot	
Imperial College London, UK
Robert Off	
Institute for Membrane and Shell Technology e.V., Germany
Andrew Ogorzalek	
PCKO Architects, UK
José Pequeno	
DST, S.A. / University of Minho, Portugal
Maurizio Piazza	
University of Trento, Italy
Ricardo Pittella	
Arup, USA
Rui Póvoas	
University of Porto, Portugal
Humberto Roman	
Universidade Federal de Santa Catarina, Brazil
Gerhard Schickhofer	
Graz University of Technology, Austria
Luís Simões da Silva	
University of Coimbra, Portugal
Ian Smith	
Ecole Polytechnique Fédérale de Lausanne, Switzerland
H.H. Snijder	
Eindhoven University of Technology, Netherlands
Jiri Strasky	
Technical University of Brno, Czech Republic
Man-Chun Tang	
T.Y. Lin International, USA
André Tavares	
Dafne Editora, Portugal
Tomi Toratti	
Technical Research Centre of Finland (VTT), Finland
Franjo Turcic	
Civil Engineering Institute of Croatia, Croatia
Frans V. Herwijnen	
Technical University of Eindhoven, Netherlands
Yves Weinand	
Ecole Polytechnique Fédérale de Lausanne, Switzerland

CONFERENCE SCIENTIFIC COMMITTEE 
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Paulo Cruz 	
University of Minho, Portugal  
Tiago Abecasis 	
Tal Projecto, Portugal   
Pedro Bandeira 	
University of Minho, Portugal   
Francisco Javier Estévez Cimadevila 	
University of la Coruña, Spain 
António Barreiros Ferreira	
Tech. University of Lisbon, Portugal   
Luís Câncio Martins 	
J. L. Câncio Martins, Portugal   
Vítor Murtinho 	
University of Coimbra, Portugal   
João Pires da Fonseca 	
University of Beira Interior, Portugal   
Rui Póvoas 	
University of Porto, Portugal   
Jorge Branco 	
University of Minho, Portugal   
Isabel Valente 	
University of Minho, Portugal   

GENERAL INFORMATION
The ICSA2010 will be held at the Convention Centre of the 
University of Minho - Campus of Azurém, Guimarães, Portugal. 

The city of Guimarães is like no other city in Portugal. Its past is 
so intimately intertwined with the History of Portugal that it is 
commonly and proudly referred to as the Cradle of the Nation.

The Historic Centre of Guimarães has remained basically unchanged 
since the 15th century and was declared a World Heritage Site in 
2001 by UNESCO, due to its Middle Age historical monuments. 
Guimarães was chosen by the Portuguese government to be the 
European Capital of Culture in 2012.  

PROCEEDINGS

The book of abstracts and a CD-ROM will be distributed with 
registration’s materials at the Conference. 
 
SCHEDULE

Onsite registration fees are:

600€ - Authors and participants
300€ - Students
250€ - Accompanying Persons 

The registration fees includes: Conference attendance, the Book of 
Abstracts and the CD-ROM Proceedings, coffee-breaks, gala-diner 
(except for students) and welcome reception.

OPENING CEREMONY

Time: Wednesday, July 21, 9:00 – 9:30
Place: Main Auditorium

CLOSING CEREMONY

Time: Friday, July 23, 18:30 – 19:00
Place: Main Auditorium

KEYNOTE LECTURES
Ian Ritchie, Ian Ritchie Architects Ltd, London, England  
“Architectural values, altruism and innovation in a changing world” 
(Wednesday, July 21, Main Auditorium) 

Julio Martínez Calzón, MC2, Madrid-Spain   
“Treatment of the form in structural engineering” 
(Wednesday, July 21, Main Auditorium)

Bjørn N. Sandaker, Oslo School of  Architecture and Design, Oslo, Norway   
“An ontology of structured space” 
(Thursday, July 22, Main Auditorium)

António Reis, Technical University of Lisbon / GRID, Lisbon, Portugal  
“The architecture of special structures” 
(Thursday, July 22, Main Auditorium)

Yves Weinand, EPFL, Lausanne, Switzerland   
/ Bureau d’études Weinand, Liège, Belgium  
“Innovative timber constructions” 
(Thursday, July 22, Main Auditorium)

Angus MacDonald, School of Arts, Culture and Environment, 
Edinburgh, Scotland
“The changing relationship between architects and structural 
engineers” 
(Friday, July 23, Main Auditorium)

André Tavares, University of Minho, Guimarães, Portugal    
“Concrete immaterial structures” 
(Friday, July 23, Main Auditorium)

Robert Off, Anhalt University of  Applied  Sciences 
/ I.M.S .e.V, Bobingen, Germany   
“New trends on membrane and shell structures 
– Examples of bat-sail and cushion-belt technologies” 
(Friday, July 23, Main Auditorium)

ICSA2010 SPECIAL SEMINAR

ThM, ThA & ThE - 1
Megastructures - Architecture_Play_Structure 
The seminar will focus on some megastructural proposals, designed in 
the 60s and 70s of the twentieth century, in order to discuss the social 
and cultural context that stimulated, then, a playful and expressive 
relationship between Architecture and Structure: from quotidian 
experience to radical utopia. In this sense, the symposium will not 
only count on the testimony of notorious authors of some of those 
proposals (Gian Piero Frassinelli, Dennis Crompton, Fumihiko Maki 
and Yona Friedman), but also on the vision of important researchers 
lately specialized on the matter (Mary Louise Lobsinger, Dominique 
Rouillard, Paul E. Kassabian and Simon Sadler).

Coordinated by:
Nuno Grande
Department of Architecture, University of Coimbra, Portugal;
Pedro Bandeira
School of Architecture, University of Minho, Portugal.

LOCAL ORGANIZING COMMITTEE
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ICSA2010 MINI-SYMPOSIA
WeM 1, WeA 1 & WeE 1
Mini-Symposium on “Tectonics” in Architecture: 
Between Aesthetics and Ethics
The mini-symposium will provide a forum for the presentation of 
fundamental, theoretical, and practical aspects of the art of building, 
focusing the attention on the relations among mechanics, mathematics, 
structural and architectural design. The symposium is expected to 
bring together researchers (architects, engineers, mathematicians) for 
dealing with the influence of the scientific and technical knowledges 
on the architectonic culture, in order to underline the role played by the 
structural conception in designing processes during the centuries. The 
symposium will also discuss developments concerning the importance 
of the Vitruvean firmitas, pointing out the risks arising when the 
structural instances are neglected.
Although not limited to those topics the content of sessions will emphasise 
the following themes: theoretical issues; calculus and algorithms in 
architecture; various approaches to structural complexity.

Coordinated by:
Patrizia Trovalusci & Lucio Valerio Barbera 
Sapienza University of Rome, Rome, Italy.

WeM 2, WeA 2 & WeE 2: 
Mini-Symposium on Transparent Structural Materials - Glass and 
Plastic
The use of glass and transparent plastic material in modern architecture 
continues to gain in importance. To combine architectural and 
structural demands they can be used as structural elements. Therefore 
it is very important to know the detailed mechanical behaviour of 
the materials and to explore appropriate joining technologies. Based 
on this knowledge architectural planning and structural design can 
be merged. Composite elements and hybrid structures that consist 
of transparent and conventional building materials can also play an 
important role in the design of architectural structures.
The design parameters and methods for the successful use of transparent 
thermoplastics and glass can be presented in this Mini Symposium as 
well as their connections and detailing. The presentation scan also 
includes life cycle and safety considerations.
 
Coordinated by:
Johann-Dietrich Wörner
University of Darmstadt, German Aerospace Center, Germany
Konrad Bergmeister
University of Natural Resources and Applied Life Sciences,
Vienna, Austria
Jens Schneider
University of Darmstadt, Germany	
	
FrM 1, FrA 1 & FrE 1
Mini-Symposium on Timber Construction
The mini-symposium will address contemporary and emerging issues 
related to using timber as a construction material that suits the needs 
of 21st century societies. Although not limited to those topics the 
content of sessions will emphasise the following themes: use of timber 
in tall buildings; cross-laminated-timber - a new design principle and 
modelling the performance of timber structures. 

Coordinated by:
Ian Smith
University of New Brunswick, Canada
Gerhard Schickhofer & Thomas Bogensperger
Graz University of Technology, Institute for Timber Engineering and 
Wood Technology,  Austria
Jochen Köhler
Swiss Federal Institute of Technology ETH, Switzerland. 

PRESENTATION GUIDELINES
The presentations should take 15 minutes plus 5 minutes for 
audience questions. This schedule will be strictly enforced. 
Each paper session will be attended by a chairman, responsible for 
monitoring the time and enlightening the author, through a signal, 
once there are 5 minutes left to the end of the presentation. 
Personal Computer (MS Windows) with Power Point will be 
available at each Session room. 
No personal computers will be allowed to connect to the LCD 
projector to make presentations. 
Please make sure to bring your presentation not only on USB-stick 
but also on CD-ROM (floppy disks cannot be used!). 
Authors are requested to provide their presentation files at the 
Conference Desk. Please make sure no Asian fonts are used or, 
if those fonts are necessary, all fonts are embedded in the Power 
Point file. 
All speakers are kindly requested to strictly observe the allocated 
presentation time. 
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SOCIAL PROGRAM
The social program includes:

Welcome Reception
Tuesday, July 20, 20:00 - Alberto Sampaio Museum 

This museum was created in 1928 to house the collections of 
the Chapter House of N. S. da Oliveira and other churches and 
convents in the Guimarães region. 

It is settled in a historical centre that is patrimony of the humanity, 
where, in the 10th C., the countess Mumadona ordered the building 
of a monastery. In the 11th C. that monastery was replaced by a 
college, under the invocation of St. Mary’s and later under the 
invocation of Our Lady of the Olive Tree.

The Alberto Sampaio Museum holds collections of great interest 
from which the sculpture collection, represented by limestone and 
wooden statues from the 13th C. up to the 18th C. are part of. 
The goldsmithery collection composed of liturgical utensils - cups, 
patens, custodies, crosses and reliquaries - of varied typology and 
functions, which give the visitor the opportunity to keep track of 
evolution and likings, from the beginnings of the 12th C. to the 
end of the 19th C.

Gala Dinner
Thursday, July 22, 20:00 - Municipal Stadium, Braga

The Braga Municipal Stadium is a football stadium built in 
2003 as the new home for local club SC Braga, and as a 2004 
UEFA European Football Championship venue. Designed by 
the Portuguese architect Eduardo Souto de Moura, it is often 
considered one the most original and beautiful stadiums in the 
world. The Financial Times, states that: “There has been nothing 
in this country to match the architectural delight of Eduardo Souto 
de Moura’s stadium for Braga in Portugal, a breathtaking arena 
carved into the side of a rock face on the site of a former quarry.”

Featuring Banda Plástica de Barcelos - A Portuguese Folk Band 
created in 1976. We can find an obvious resemblance between 
the elements of the band and the handicraft abobe dolls from 
Barcelos - and Tuna Académica do Minho - A University Tuna is 
a musical group made up of university students. Tuna Académica 
do Minho was created in 1990. As far as the music is concerned, 
the main instruments used are the guitar, mandolin, the bandurria 
and the tambourine.

All registered participants and accompanying persons are welcome 
to the Welcome Reception and Gala Dinner.

Registration as ‘Student’ does not include the gala dinner. Additional 
tickets for Gala Dinner for registrants with student fee are available 
through the registration desk (96.00 €)

ACCOMPANYING PERSON’S PROGRAM

1) Guimarães 
(half day) - July 21st 

Visit to one of the most beautiful and historical cities of Portugal, 
Guimarães - the Nation’s birthplace.
		
Surrounded by parks and a 15th century Palace, stands the 
Castle of Guimarães, which will be our first stop. Simple, but 
yet a remarkable site, a place full of story. It was here that D. 
Afonso Henriques was born in the 12th century from the Count 

Henrique and his wife D. Teresa. The future king was baptized in 
the Romanesque chapel of São Miguel outside the castle gates and 
close to the Ducal Palace.

Continuing with a visit to the 15th century Palace of the Dukes of 
Bragança, a massive and imposing building with distinctive turrets 
and brick chimneys. It was built in 1401 by the first Duke of 
Bragança and rehabilitated in the last century.

The tour proceeds for a guided visit to the historic centre of 
Guimarães classified as World Heritage by UNESCO, with its 
medieval streets layout which is lined with historic buildings 
everywhere you look. Stop at Largo da Oliveira one of the central 
points. Free time for a calm stroll.

2) Braga and Barcelos 
(full day) - July 22nd 
		
Departure from Guimarães for a visit to Braga, probably the main 
religious center in the country, Braga is known for its baroque 
churches, magnificent 18th century houses and elaborate gardens 
and squares. Known, in the Roman era as “Bracara Augusta”. 

This visit will provide the general idea of the most important religious 
and architectural monuments, such as the Sé, the most impressive 
church which has several styles, from Roman to Baroque. Panoramic 
visit passing through the City Hall, the Palace of “Raio”, the Convent of 
“Populo”, and visit to “Bom Jesus” do Monte (by funicular).

Free time at Bom Jesus do Monte and Lunch on a Restaurant with 
a panoramic view over Braga.

After lunch the tour proceeds to Barcelos - one of the most 
emblematic cities of popular Minho art. On your stroll around 
Barcelos you will find the 18th-century churches of Bom Jesus da 
Cruz and Nossa Senhora do Terço. Also opportunity for a visit to 
the Ceramics Museum. On the Handicraft Centre, you can get a 
good general view of Minho arts and crafts. The brightly-coloured 
Barcelos Cock is the most representative of all the pieces produced 
here, but one should not forget the brass bands and the figures 
depicting the region’s customs and habits. Return to Guimarães.

3) Ponte de Lima and Viana do Castelo 
(full day) - July 23rd
		
Visit to Ponte de Lima a Portuguese village with its medieval 
architecture and surrounded by a beautiful green area. 

Ponte de Lima has a beauty and very specific and natural environment. 
It is situated in the middle of the Ribeira of Lima valley. In the Middle 
Age it was a fortified village with walls 600 meters long, 10 towers, 
2 turrets and 6 entrances. In 1995 Ponte de Lima won the European 
Grand Prize of Tourism and Environment.

We will then proceed to the town of Viana do Castelo, a XII century 
town (founded 1258), where the modern town has grown near the 
river Lima. We can visit the Cathedral and you can’t miss the neo-
Byzantine Church of Santa Luzia, located on top of the Santa Luzia hill 
with a breathtaking view of Viana do Castelo, the river Lima estuary 
and the sea. The city is a living museum, but it is also the capital of the 
rich Minho folklore, with an important handicraft industry.

Free time for lunch on the city center. We can also visit the 
shipyards at Viana do Castelo in activity since 1944, being 
the major Portuguese Shipbuilder (to be confirmed). Return to 
Guimarães.
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