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Dear Reader,

Two years have passed already since the TensiNet Association has started its activities.
We are all proud of the initial EC funded Tensinet project and its results, and we
pleasantly remember the cooperation which has been established there. This atmosphere
of teamwork has even been intensified over the years, up to the point where we feel we
have to continue this work. 

Since the beginning of the association the general aim and the objective of TensiNet have
been discussed at several occasions, and finally, at the partners meeting in December last
year it has been decided that the pprroommoottiioonn  ooff  tteennssiillee  ffaabbrriicc  ssttrruuccttuurreess should remain the
main goal for TensiNet. As aa  pprrooffeessssiioonnaall  aanndd  iinntteerrnnaattiioonnaall  nneettwwoorrkk, the Partners see

TensiNet as a rreepprreesseennttaattiivvee  ooff  tthhee  tteennssiillee  ffaabbrriicc  iinndduussttrryy. As such, TensiNet should take the first step in developing,
maintaining and communicating the ssttaattee--ooff--tthhee--aarrtt  ooff  tteennssiillee  ssttrruuccttuurreess. This might need to include issues of
standardization and quality control. TensiNet Partners also welcome the opportunities TensiNet offers to eexxcchhaannggee
iinnffoorrmmaattiioonn  aanndd  ddiissccuussss  tteecchhnniiccaall  mmaatttteerrss. The dissemination of information is an iimmppoorrttaanntt  aassppeecctt  ttoo  TTeennssiiNNeett,
and therefore nneeeeddss  ttoo  bbee  ccoonnttiinnuueedd - especially information on completed projects, new products and
standardization. 

The number of members has increased during the past 2 years, from formerly 16 founding partners to at the end of
last year: 12 partners, 24 companies, 68 individual members and 19 schools and universities worldwide.

Mike Barnes, who has been our chairman during the first two years of the TensiNet Association, has recently finished
his mandate. We would all like to express our gratitude for all his time and effort. At the partners meeting of 8th

December 2006 in Brussels the new Executive Board has been elected. I am proud to announce that I have been
chosen to be the new chair, and I will do my best to support and advance the successful work and cooperation in the
TensiNet Association. The Executive Board is now as follows:

Tensi  ews

Vice-Chairs: Stefania Lombardi (Canobbio, I) 
John Chilton (Lincoln University, UK)
Klaus Gipperich (Ceno-Tec, G)

Secretary: Marijke Mollaert (Vrije Universiteit Brussel, B)

To progress, TensiNet has to keep a lleeaaddiinngg  rroollee in
ddeeaalliinngg  wwiitthh  aaccttuuaall  aassppeeccttss and further ddeevveellooppiinngg  tthhee
sseett  ssttaannddaarrdd  ooff  tthhee  DDeessiiggnn  gguuiiddee by updating and
perfecting the existing base. As such we have founded
and re-animated wwoorrkkggrroouuppss, which are (working 
group leading and contact person in brackets):

Workgroups: 
- Website (Marijke Mollaert, Erik Moncrieff e.a)
- Design Guide (Erik Moncrieff, Alex Heslop e.a.) 
- Research and Developments (Heidrun Bögner, 

John Chilton, Marijke Mollaert e.a.) 
- General Strategies (Stefania Lombardi e.a.)
- Disaster Relief (Alex Heslop e.a.) 

Subtopics to the workgroup "Design Guide": 
- Environmental design (John Chilton, Alex Heslop)
- Architectural design (Marijke Mollaert)
- Structural design (Bernd Stimpfle) 
- Manufacturing and material (Canobbio, CenoTec)
- Materials and analysis (Peter Gosling, Mike Barnes)

Besides, an active discussion about new subtopics is
actually going on about:
- Tender documents and 
- ETFE (both topics risen by Klaus Gipperich).

For 2007, we can announce the following TensiNet
supported activities:
- TTeennssiiNNeett  SSyymmppoossiiuumm  22000077

(Int'l Symposium)
Milan, 2007, April 16th - 18th ;

- TTeexxttiillee  RRooooffss  22000077 (Workshop)
Berlin, 2007, June 7th - 9th ; 

- TTeecchhTTeexxttiill  22000077  (Trade Fair)
Frankfurt, 2007, June 12th - 14th ; 

- SSttrruuccttuurraall  MMeemmbbrraanneess  22000077  
(Int'l Symposium with TensiNet session)
Barcelona, 2007, Sept. 17th - 19th .

More information on these activities can be found
elsewhere in this issue of our newsletter. 
The next issue of the TTeennssiiNNeewwss will be published in
September 2007.

The schedule for the next meetings of the TensiNet
Association is as follows: 
- PPaarrttnneerrss  MMeeeettiinngg, 

Milan, 2007, April 15th ;
- AAnnnnuuaall  GGeenneerraall  MMeeeettiinngg  22000066, 

Milan, 2007, 
April 16th - 18th , during the TensiNet Symposium;

- Partners Meeting, Barcelona, 2007, September 16th ; 
- AAnnnnuuaall  GGeenneerraall  MMeeeettiinngg  22000077, 

Barcelona, 2007, September 17th - 19th , 
during Structural Membranes.

Hoping to see many of you in Milan at the TensiNet Symposium, and looking forward to an active 
discussion and cooperation, I remain,
Yours sincerely, Dr. Heidrun Bögner-Balz
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TensiNet-Symposium 2007 International Symposium
Milano, Italy 16/04/2007>18/04/2007  
wwwwww..tteennssiinneett..ccoomm  

Textile Roofs 2007 Workshop
Berlin, Germany 07/06/2007> 09/06/2007 
wwwwww..tteexxttiillee--rrooooffss..ccoomm    

Techtextil Frankfurt 2007 Trade Fair and Symposium
Frankfurt, Germany 12/06/2007 > 14/06/2007
hhttttpp::////tteecchhtteexxttiill..mmeesssseeffrraannkkffuurrtt..ccoomm//ffrraannkkffuurrtt//eenn//hhoommee..hhttmmll

Structural Membranes 2007 International Symposium
Barcelona, Spain 17/09/2007 > 19/09/2007
hhttttpp::////ccoonnggrreessss..cciimmnnee..uuppcc..eess//mmeemmbbrraanneess0077

Workshop on Textile Architecture Regional Workshop
Madrid, Spain 21/06/2007 > 22/06/2007
ddiirreeccttoorr..iieettcccc@@ccssiicc..eess  

Structural Membranes 2007 International Symposium
Barcelona, Spain 17/09/2007 > 19/09/2007
hhttttpp::////ccoonnggrreessss..cciimmnnee..uuppcc..eess//mmeemmbbrraanneess0077    

IASS Symposium 2007 International Symposium
Venezia, Italy 03/12/2007 > 06/12/2007 
hhttttpp::////wwwwww..iiuuaavv..iitt//iiaassss22000077

Forthcoming Events

Editorial Board: Mike Barnes, John Chilton, Brian Forster, Peter Gosling, Marc Malinowsky, 
Marijke Mollaert, Peter Pätzold, Rudi Scheuermann, Javier Tejera, 
Thomas Van Der Velde

Coordination: Marijke Mollaert, phone: +32 2 629 28 45, 
marijke.mollaert@vub.ac.be 

Address: Vrije Universiteit Brussel (VUB), Fac. of Engineering, 
Dept. of Architecture, Pleinlaan 2, 1050 Brussels, fax: +32 2 629 28 41
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Culminating the various meetings held in Madrid and Barcelona throughout
the year, the Iberian Division of TensiNet was founded in Guimarães,
Portugal, on 23 October last.
TensiNet is an international association open to everyone with an interest in
tensioned membrane construction. A multi-disciplinary association, it
conforms to the initial objectives of the namesake EU-funded thematic
network (2001-2004). 
TensiNet provides support for the scientific meetings sponsored by its
partners, as well as information on other events in the field of tensile
architecture and research underway, and publishes TensiNews, 
a semi-annual newsletter.
The TensiNet website (http://www.tensinet.com) features a project database
as well as articles and links to manufacturers, fabricators, material
producers, coaters, weavers, architecture and engineering offices,
equipment, steelwork and rope vendors, software companies and academic
and research institutes.
The TensiNet partners have published a European Design Guide on tensioned
membrane construction and will continue to publish reference documents
on this and associated topics. The present membership of the recently
founded Iberian Division, the Spanish and Portuguese partners in TensiNet,
welcomes the participation of Latin-American countries to further the
dissemination of and interest in tensioned membrane construction and analyze
its peculiarities across the area.
It also intends to organize yearly workshops, the first in June 2007, to discuss
issues around this type of construction and the latest accomplishments in
tensile architecture.
Translation of the European Design Guide is likewise planned, along with
presentations in chartered professional institutions, specific post-graduate
courses and a number of other public relations activities. 
Two of the working parties set up for these purposes, on terminology and
legislation, are already operational.
From a more general vantage, the division intends to include a specific page
on the TensiNet website (http://www.tensinet.com) to publicize its activities
and facilitate inter-partner relations.

CREATION OF THE IIBBEERRIIAANN  DDIIVVIISSIIOONN  OF TENSINET

Ceno Tec
www.ceno-tec.de

Dyneon
www.dyneon.com

Form TL
www.Form-TL.de

IMS
www.ims-institute.org

Laboratorium Blum
www.labor-blum.de

Kurvenbau
www.kurvenbau.com

Messe Frankfurt/Techtextil
www.techtextil.de

Taiyo Europe
www.taiyo-europe.com

Schlaich Bergermann 
und Partner
www.sbp.de

Vrije Universiteit Brussel
www.vub.ac.be

Universidad Poletécnica de
Madrid 
www.aq.upm.es

Technical University 
of Berlin 
www.survey.tu-berlin.de

technet GmbH
www.technet-gmbh.com

Tensotech Consulting
www.tensotech.com

Tentech
www.tentech.nl

Verseidag
www.verseidag.de

University of Bath
www.bath.ac.uk/
Departments/Arch

University of Lincoln
www.lincoln.ac.uk/
architecture/arc/  

University of Newcastle
www.staff.ncl.ac.uk/
p.d.gosling/pdg/

W.L. Gore & Associates
www.gore.com/tenara

form TL

Ferrari sa
www.ferrari-textiles.com

Canobbio S.p.A.
www.canobbio.com

Architen Landrell
www.architen.com

Group ALTO

Tensi  et partners

At this time, Iberian Division
membership includes:

Colet, Joan
Arquitectura Textil, S.L.

Escrig, Félix - Performance

Llorens, Josep
School of Architecture, UPB

Martín Garwood, Feliciano
A.T. Soltent, S.L.

Martín-Casal, José Antonio
Manufacturas Martín 
Casal, S.L.

Monjo Carrió, Juan
Instituto Ciencias de la
Construcción Eduardo
Torroja (CSIC)

Reitsma, Feike - IASO, S.A.

Repiso, Fernando
Tecnología Verde, S.L.

Sánchez Sierra, Javier
Tecnum University of
Navarra

Sánchez Moñita, Javier
Toldos S. Moñita

Tejera Parra, Javier - BAT

De Araujo, Mario
University of Minho

Ignacio Viñals, Jose
OTEP International 

Pöppinghaus, Hubertus 
Arqintegral 

Miserachs Vidal, Ton 
T&P Construccio Textil

Lastra Jose Maria 
Comercial Maritima L&Z
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T he wide span membrane
constructions of Frei Otto
are well-known. Since then,

the research for new, more efficient
lightweight structures has
continued. Research groups engage
in constructions using membranes,
cable nets, or shells. To achieve the
ideal utilisation of concrete and
membranes, it is necessary to adjust
the construction to the special
material properties. The patent
"membrane concrete composite
construction" takes a step forward
towards the further development of
structural combinations. With this
method not only the different
materials complement one another,
but also does the structural design
of the complete construction.

The construction results from special
manufacturing. A two-part
membrane shell is made which
provides an integrated chamber
system between both membranes.
The shell is fixed to the floor and
inflated by air pressure, similar to
pneumatic buildings. When the form
of the building is completed, the
chamber system is inflated by
overpressure. Finally the chamber
system is filled with Ultra High
Performance Concrete (UHPC).

After the self compacting UHPC is
hardened, a grid shell is formed
which is primarily stressed by
compressive forces. Then the air
pressure inside the building can be
reduced which results in a
lightweight structure made of
"membrane concrete". With this
method, the membrane system
could fulfill several functions which
do not only serve for sheeting but,
under special circumstances, also
for static structures.

The Idea
The main idea was to combine
different construction or assembly
types to get a new structure. Main
focus was the use of new materials
and technologies to point out their
technical advantages, as well as the
development of cost-effective
construction systems. Secondarily,
an architectural appealing system
should be the result of the new
construction system. In the last
decade some new technologies in
the building industry have been
developed but not often used yet: 
- new concrete types like UHPC

that can absorb large pressure
and tension forces;

- membranes with new surface
coatings that are more resistant
against environmental influences.

The idea of combining pneumatic
moulds and concrete shell
structures is not new. Innovative is
the use of UHPC that includes the
fiber (17mm length, 0.1mm
diameter) reinforcement in
combination with inflated double
layered membrane structures which
are connected to each other directly
or with membrane flaps. These are
arranged in a special way that
continuous chambers are created
which could be filled with UHPC.
The result is a Membrane Concrete
Grid Shell (MBG), particularly a thin
wide spanning concrete grid shell
with a nearly arbitrary grid
respective mesh.

The membrane
PTFE foils, PTFE coated fiber fabrics,
PVC coated Polyester fabrics and
ETFE foils are used in textile
architecture. For large inflatable
structures with high loads PVC
coated Polyester fabrics are the
common membrane types. 

Regarding to MBG structures, the
internal pressure, the concrete load
and the resulting tensile stress is
very low. Depending on the size of
the structure it is possible to use
membranes TYPE II or TYPE III. 

The connection respective
membrane details are easy to
manufacture. High frequency
welding or clamping plates are very
simple and cost-effective. In
combination with hook and loop
fasteners or other zip connections
the membrane could be removable.

Concrete
Concrete is obtainable in a large
variety. Relating to MBG structures,
concrete with integrated
reinforcement should be used. The
reduction of weight respective
concrete load during the assembly
of the MBG inflated system and the
minimization of concrete for
structural, architectural and design
aspects are the main idea. For this,
the UHPC which is developed and
adapted for the MBG structures by
a research cooperation of the
University Kassel, is the best choice.
UHPC allows a compressive
strength of about 210 N/mm2, 
a tensile strength of 17 N/mm2 and
a flexural strength of about 
40 N/mm2. Also, the material could
be pumped with a piston pump,
which allows a simple handling.

Assembly Method
The double-layered membrane is
spread out on the ground, and the
edges fixed at the circumferential
foundation. The system will be
erected by inflating the air form.
After the inner maximum pressure
is achieved, the second membrane
chamber system could be inflated.
This will simplify the handling and
reduces deformations under wind. 

Concreting sections from the
foundations to the top will be
defined and filled with UHPC in a
special order and given time steps.
The dimensions of these concreting

sections are depending on the size
of the whole MBG construction.

Mould Geometry
The air form or mould exists out of
two layers membrane, connected via
direct welding or flap. Space in
between welding will act as concrete
chambers. The mesh could vary
depending on the surface, and
generate different patterns.
Those patterns are arbitrary.
Depending on the curvature of the
surface, static conditions or other
constraints, the mesh could be
adapted. With this simple concept it
is possible to generate concrete grid
shells within a large solution space
and a large amount of designs. 
To produce that complex double-
layered membrane moulds
demands a high technical
understanding and production
facilities are required. Generally it 
is possible to build almost every
pneumatic supported form.

Conclusion
With this brief description of the
"membrane concrete grid shell"
research project you grasp the
complexity of membrane grid shell
structures. The ideas behind this
system are simple and realizable.
UHPC allows a very minimal
dimensioning of those structures.
Air forms and membrane moulds
could be defined and patterned with
special software. The technologies
to manufacture and build those
structures are given.
The biggest challenge consists in the
calculation of optimal respective
minimal structures and their
adaptation to the air form. This
construction method allows for new
design possibilities, and enables
structures and shapes that could
not be built before.

NNooww  ppuubblliisshheedd::  
Membran Beton Gitterschalen
Tragwerke, Entwicklung 
und Vorbemessung;
Gregor Zimmermann, BOD 
(Books on Demand), Norderstedt,
Germany: ISBN 9783833491153

Dr.-Ing. Gregor Zimmermann,
zimmermann@gtecz.com

Dipl.- Ing. Thomas Teichmann,
teichmann@gtecz.com 

University of Kassel, Germany
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This research presents a concept for the design, analysis, and realization of
retractable membrane structures that are supported by a scissor-hinged
construction. The objective is to create a roof that can be used in more than
one configuration (open <-> intermediate <-> closed). 

Scissor-hinged systems can expand from a compact folded configuration to a
much larger unfolded pre-determined form (open roof <-> closed roof). In
this project, scissor structures are set up as a series of parallel retractable
beams (or arches) with membrane strips spanning between them. The corner
points of the membranes are connected to the top and bottom hinges of the
scissors in a wave-like pattern. When the roof opens or closes the membrane
folds or unfolds together with the scissors [Figure 1]. 

Figure 1.
Conceptual drawing
of a scissor-hinged
retractable
membrane roof 
in the open (left)
and closed
configuration
(right).

Folding and unfolding of structural membranes was tested on several
modules with different typological properties [Figure 2]. A system was
introduced that allows correcting the considerable variations in the pre-
tension in the membranes caused by different geometrical boundary
conditions in different configurations of the roof. The system was found to be
working in principle.
Figure 2. Membrane

modules with different

typological properties. The

corner points of the

membranes are connected

to the scissors and are

folded together with them.

The kinematical characteristics of scissor-hinged systems were studied. An
analytical approach was used, based on the mathematical relations between
the parameters that determine the geometrical properties of scissor
structures. Special attention was paid to linear polar structures with straight
bars and circular curvature. A number of tools were developed to simplify the
complicated and time-consuming design process and to facilitate the
geometrical and kinematical optimization of scissor structures for specific
retractable roof projects.

Scissor structures arise from the concatenation of scissor-like elements (SLE's).
An SLE consists of two bars connected by an intermediate hinge. If the
intermediate hinges of two adjacent SLE's lie on an ellipsis of which the foci
coincide with the common hinges at the ends of the bars, then these SLE's can
be folded or unfolded without introducing stresses in the bars [Figure 3]. 

Figure 3.
Scissor structures
arise from the
concatenation of
scissor-like
elements (SLE's).

Figure 4. Deployment sequence of a scissor structure with regular polar units. Notice that the
structure is almost flat in the folded configuration and that its curvature increases as it unfolds.

The geometry of a scissor structure can be described by its height (H) and
span (S) and the number of units (U). The geometry of a single unit is defined
by the length of its bars (L), the angle between them (D), and the position of
the intermediate hinge (X) [Figure 5]. 

Figure 5.

Parameters

describing 

the geometry 

of a scissor

structure:

height (H), span (S), and the number of units (U). Parameters defining a single unit:

length (L), deployment angle (D), and the position of the intermediate hinge (X).

The findings of the geometrical and kinematical study can be combined in a
tool that facilitates the design and optimization of a scissor structure for a
specific retractable roof project [Figure 6].

Figure 6. Research tool for the design and optimization of scissor structures.

A number of practical, architectural, and structural considerations were
derived from a case study on a retractable roof over a multifunctional space.
External elements for motion control and additional support were integrated
in the system and their geometrical and kinematical consequences analyzed

[Figure 7]. Variations on a
flat, a barrel-vaulted,
and a doubly curved
setup were developed.

Figure 7. External elements

for motion control and

additional support were

integrated and their

geometrical and kinematical

consequences analyzed.

The behaviour of scissor mechanisms as a structural system and the
implications of that behaviour on the basic configuration of a scissor
structure in a retractable roof are being studied. The possibility of using
graphical analysis techniques for fast and accurate structural assessment in
the early design phase is under investigation. Similar structures with different
unit-geometries are being compared and the effect of additional elements on
structural performance analyzed. 

Digital models of the
barrel-vaulted and
doubly curved
configurations,
integrating scissors,
membranes and all
additional elements
are also under
development for
structural evaluation
[Figure 8].

Figure 8. A digital model for

structural analysis,

integrating scissors, mem-

branes, and all additional

elements, is currently 

under development.

The entire design process will be summarized in a methodology that provides
insight in the behaviour and characteristics of scissor-hinged retractable
membrane structures and a set of tools for their design.

Tom Van Mele (Vrije Universiteit Brussel)
tvmele@vub.ac.be

A SCISSOR-HINGED RETRACTABLE MEMBRANE ROOF



FORMFINDER is a state of the art 
design system which was made for
architects by architects. The system 
offers an intuitional step by step 
design path for the design of form-active
structures. Heino Engel defines form-
active structure systems as "structure
systems of flexible, non-rigid matter, in
which the redirection of forces is effected
through particular form design and
characteristic form stabilisation." 
There are two inseparable counterparts
that characterise form active structures:
the design of the form, and the
stabilisation of the form. 
An examination is needed for every
design, since form-active structures
cannot easily be described in terms of
shape and geometry in drawings. 
The design of form-active structures is
more complex and requires a supporting
design tool. The concept of such a design
tool was developed by Robert Wehdorn-
Roithmayr during his PhD studies in Berlin
at the institute of Professor Gründig using
the software EASY 
(http://www.technet-gmbh.com).
Through the support of sponsors and a
committed development team it was
possible to make the first Release
Candidate available for free downloading
from http://www.formfinder.at.
The FORMFINDER design path starts with 
a "formulation of the task" and physical
model-making to investigate material
properties. If the material attributes are
decoded, the desired design is sketched in
the FORMFINDER user interface. Architects
sketch the required design in a manner similar to using pen and paper. 
The software visualises the physical, geometrical and architectural characteristics
of a design to describe the process of finding Gestalt. Gestalt is defined as "a
physical, biological, psychological, or symbolic configuration or pattern of
elements so unified as a whole, that its properties cannot be derived from a
simple summation of its parts". Gestalt and proportion are the most important
characteristics in an architectural building description.
The easy-to-use design system is intended to encourage the designer to develop
new designs and should be a source of enjoyment. It is also part of the design
path to communicate with possible project partners at a very early stage.
Working together as a multidisciplinary team is essential for successful designing.
FORMFINDER is also a design-qualifying tool. A model-based object
recognition algorithm analyses the sketch and compares analogies with
information stored in databases.As a result, FORMFINDER is a kind of "Google
for form-active structures". Each step of the design can be matched with
relevant object information. 
Given the importance of updates, the FORMFINDER database can be updated
over the Internet. Knowing what has already been built by whom, when and

where, and how, is of considerable
commercial value and forms the basis for
every successful implementation project.

Collaboration between
FORMFINDER & TensiNet
"Forgetting early experiences in childhood is
no doubt due to the fact that nothing can be
named until language is learned, and hence
nothing can be found in the memory."

Sabine Pauen on "Denken ohne Worte"

This introduction to the architectural
design system FORMFINDER also
announces the start of a close cooperation
with the international association
TensiNet. 
For fluent and straightforward design
decisions it is essential to share relevant
project information. For sharing
information, it is necessary to make
experience describable. What designers
are able to report could be improved. To
increase the quality of form-active support
systems it is also essential to build many
bridges over the significant void between
amateurs and the so called high-
technology experts.
Thanks to the development of the
international association TensiNet it is

now possible to update the European Design Guide and to expand the TensiNet
project database to become a large pool of useful information. 
With the approaches made by TensiNet, it is now possible to initiate "recording
of the design". Architecture is individual and will not advance by standardisation
of the design processes itself. 
What is required is equipment for the design of form-active structures in
combination with comprehensive information reduced to a manageable size.
Goal of the cooperation between FORMFINDER and TensiNet is for
FORMFINDER to act as an "information allocation tool" for the designer.

The aim of the book is to give an up to
date and general presentation on the
subject for students, architects,
engineers, designers and builders, so
that they can get to know the
possibilities of this constructive
technology. It is neither a deep study
nor a detailed one in each of the
subjects treated. It is not addressed to
those people who have a vast
experience in the subject since it

would lead to a more
complex work and 
so it would lose the
mentioned target and
the global focus
intended.
The book is conceived
to respond to a large
number of questions
that architecture students or
colleagues have while designing

tensile structures.  There are two parts:
one which deals with general basic
aspects, and the other which presents

a brief description of
different projects, in
order to make them
known and improve 
the understanding of
the subject. The book 
is designed in a way 
to be studied and
understood

methodologically but obviously the
real process of designing and building

is more dynamic and interactive and
requires a process of synthesis when
making a decision. The book mainly
concentrates on membranes applied
to architecture as covering or
enclosure. Tensile structures can be
used for a wide range of architectural
programs, with special characteristics
depending on the system and the
material used fulfilling the brief with
its own formal vocabulary.
To be published soon.

tenso@sobresaliente.com

T E N S O E S T R U C T U R A S
TENSILE STRUCTURES EN/IN URUGUAY Arq. Roberto Santomauro
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Development Team
Project management:

Wehdorn-Roithmayr, Vienna
Object- and typology recognition:

Philipp Jurewicz, Vienna
C++ Programming, 3D UI:

Andreas Stark, Technet Stuttgart
C++ Net and shape generation,

mathematics: 
Dieter Ströbel, Technet Stuttgart

C++ Programming mathematics:
Peter Singer, Technet Stuttgart

Server and client DB Programming:
Jürgen Holl, Technet Stuttgart

C++ Programming, cost estimation tool: 
Joachim Bahndorf, Minden

Server page web:
Marcel Nikodim, Vienna

CCoollllaabboorraattiioonn  wwiitthh  uunniivveerrssiittiieess  
iinn  tthhee  ddeevveellooppmmeenntt  ssttaaggee::

Lothar Gründig (Berlin University of
Technology), P. Michael Schultes
(experimonde), Werner Sobek
(Stuttgart University of Technology),
Vinzenz Sedlak (UNSW Sydney),
Bernd Baier (Duisburg - Essen
University of Technology)

DDeevveellooppmmeenntt  ssuuppppoorrtteedd  bbyy
Lenzing Plastics

http://www.lenzing.com 
SEFAR architecture

http://www.sefar.com

TTaassttee  iitt::  
http://www.formfinder.at  

ARCHITECTURAL FORMFINDING SOFTWARE 
FOR THE DESIGN OF FORM-ACTIVE STRUCTURES

FORMFINDER
"Mankind does not need anymore technology
it is clearness that is missing"

Astor Piazzola



Project background
This sport facilities centre belongs to
the municipality of Maldonado,
Uruguay, in a no freeze, no snow
climatic zone. This particular
intervention, renovating the
swimming pool, including the
installation of a membrane roof and
a heating system, was a part of a
general project, improving and
enlarging the existing sports centre.

Objectives
For the membrane roof for the
swimming pool, the following
objectives had been determined:
- a special and attractive design to

provide a distinctive design quality;
- allowing natural light (at least 7%)

to enter, so the indoor area is not
darkened;

- protection from wind and rain, so
the swimming pool can be used all
year long;

- eliminating direct solar radiation,
that can disturb ongoing activities;

- and, last but not least, an easy
installation.

Membrane material
For these reasons, a pre-stressed
PVC polyester membrane has been
chosen. Other traditional building
systems and materials, such as glass,
plastic, metal, and/or concrete, do
not meet all these requirements.
Some of these construction
methods would block all natural
light; others would lead to new
problems, such as an increase of the
interior temperature. More
important, most of these materials
would not offer the aesthetic and
formal opportunities PVC polyester
membranes have to offer. PVC
polyester, as a translucent
membrane material, complies with
all the abovementioned objectives. 

The membranes are made of
threaded polyester PES HT
1100dtex, 5x5 threads per cm 
(12 threads per inch) with PVC
coating, UV protection on the
outside, a weight of 800gr/m2

(230oz/sqyd) and a breaking load
limit of 30kN/m. (167lbs/inch).

Description of the design
The membrane roof project was, of
course, designed to go with the rest
of the building. 

The eventual roof consists of a
double curvature tensioned roof, in
PVC polyester fabric. The membrane
is stressed by wire ropes, and
anchored onto perimetrical A-
shaped saddles, made of 4" steel
tubes with a base rotation axis.
Moveable panels in transparent PVC
close the roof structure. 

The roof is generated between two
cable families, anchored all around
on the high and low points of the A-
shaped saddles. One family of cables
has a positive curvature, the other
family a negative curvature, so
eventually both cable families
together generate a double
curvature surface.

Another important aspect to this
roof design is the concrete gutter.
This gutter does not only collect the
rain water, but also works as an
anchorage for the structural
elements. The loads of these anchor
points of the membrane roof onto
the building have been considered in
the design. Moreover, it houses an

air-conditioning injection tube on its
inner side, and provides the fixture
points for the sliding panels in glass
and aluminium, 3m below.

Tensioning the membrane
The tensile system of the membrane
is based on the rotational movement
of the A-shaped saddles around their
base axis, on both sides. This
rotation tensions the cables, which
in turn tension the membrane. 

Building process
Construction works started with the
concrete gutter. Then the iron
anchorages were placed, with high
precision. At the same time, the pre-
assembling of the steel structure,
the A-shaped saddles, was done at
the factory, as was the preparation
of the PVC polyester membrane. 

When every thing was ready, the
final installation was done in a two
days, eventually resulting in an
enjoyable space for sports.

Roberto Santomauro
www.sobresaliente.com
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AIGUA SWIMMING POOL ROOF

Project Name: Swimming Pool Roof, Aiguá
Location: Aiguá, Maldonado, Uruguay
Roof design and project: Arch. Roberto Santomauro & Arch. Patricia Pinto
Roof structural engineer: Engs. Marella & Pedoja
Roof fabrication and installation: www.sobresaliente.com
Concrete construction: Benencio construcciones
General project: Arch. J.P. Venturini - IMM
Covered surface: 285 m2

Membrane material: PES HT 1100dtex PVC coated polyester fabric
Construction date: August 2000



Designed by MRP Architects for their
property owning clients, the intent
for the canopy is to provide short
term temporary cover for events
such as fashion shows within the
courtyard.

The brief at Kingly Court was for a
stylish structure which would
provide the perfect backdrop for
events, and yet provide shelter from
the changeable British weather. This
meant that not only was there a real
need to quickly install and remove

the canopies at short notice, it was
also vital to ensure as much of the
canopy and ancillary structural
components as possible could be
removed to comply with stringent
Planning Office requirements.

The stunning structure, made of
Gore Tenara, comprises three
inverted cones, protecting the
courtyard below from the weather.
The shape of the cones, similar to
several projects completed by
Architen in South Africa and the UK,

required a detail to collect and
channel rainwater to central down
pipes. Fabricated using high
translucency Gore Tenara
membranes, the cones were flexible
enough for continual installation
and removal whilst still retaining full
strength and an appealing aesthetic.

The overall result has been well
received by client and end users.
When installed the canopies 
dramatically change the courtyard
and enhance the perception of the
space as an events area without
significantly reducing light levels.

Architen Landrell won the
Outstanding Achievement Award
2006 of the Industrial Fabrics
Association International for 
their work at Kingly Court and 
on the Robbie Williams Tour 2006.

At the end of spring 2005, the
project management company
Bovis Lend Lease got in contact
with IASO S.A. to work together 
on a project designed by L-35
Architects. The project was for the
biggest commercial centre of the
Castilla La Mancha region in Spain.
The centre is located in the city of
Albacete, and is called "Imaginalia."

The "textile part" of the project
involved a 2120m2 roof over the
central square, which looks like an
amphitheatre amidst more than
45.000m2 of commercial space. One of the most important issues, apart
from obvious functional and quality aspects, was the timing: all work had to
be finished before the end of November 2005.

Immediately the definition of the geometric parameters was started, in order
to be able to calculate the necessary concrete anchors and supports. After
defining the geometry, both membrane and steel structure was modelled on
computer, and then calculated. All partial results could now be coordinated
and integrated in the entire project.

In order to reach the deadline, all different and individual aspects of the entire
project had to be studied and executed almost simultaneously, including
security programs for installation and signed projects. 

This pointed out that the two 60m long steel arches posed a problem, for
two important reasons. First of all, there was the issue of transportation; and
secondly, movements at the fixing points had to be avoided, to prevent
enormous moments in the concrete pillars, which were not taken in account
in the initial project. 

Those problems were solved, of
course: the arches were divided into
three parts for transportation, and
eventually welded together on site.
And to avoid the transmission of
the arches movement to the
concrete pillars, linear bearings
were placed at the end joints.

Next step was putting everything
together. The steel structure was
designed and fabricated; the
membrane patterning was defined
and then manufactured; cable
sections were calculated, …  Then

the manufacturing and installation schedule and plans were proposed,
including the necessary on site preparation. 

The last part of the design consisted of the ETFE single layer cover on the
central parts of each arch. An ETFE-film was chosen as a substitute for glass
for reasons of low weight and transparency. To avoid high stresses in the
complicated single ETFE layer system, an independent secondary steel
structure was placed on top of the steel arches. External tensioning devices
provided the necessary biaxial stress for the ETFE-film.

As an extra feature to the Imaginalia Shopping Centre, the entrance of the
movie theatre was to be emphasized by three inverted cone shaped canopies.
This particular detail was the very final part of the project.

On the 22 of November at about noon the last part of the ETFE roof was
tensioned and at night the opening of the commercial centre could be
celebrated. In the end, the complete production process, from design and
engineering to manufacturing and installation, was fulfilled in an extremely
short period of time, but with the feeling of a satisfying final result.
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Project Name: Imaginalia Shopping Centre, Albacete
Client: PROCOM
Architect: L35-arquitectos
Materials: 1820 m2 1302 Fluotop T2 (Ferrari)

300 m2 ETFE (250μm)
Engineering: IASO, S.A. Lleida ,Spain (Project engineer:Patrick Vaillant)
Manufacturing & installation: IASO, S.A. Lleida, Spain
Completion date: November 2005

I M A G I N A L I A
S H O P P I N G  C E N T R E  R O O F

Client: Single Point Project Management    
Architect/Designer: MRP Architects 
Membrane: Gore Tenara   
Engineering: Architen Landrell
Year of Completion: 2006 

KINGLY COURT 
A CANOPY ENCLOSING A LISTED COURTYARD
OFF CARNABY STREET IN THE HEART OF LONDON
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Ananindeua is a small town in the suburbs of Belem, capital of the state of
Para.  One of the most important sources of income for the community of
Ananindeua is its abundant commerce of fish and fruit, produced by the
local fishermen and farmers.   As a result of the ever expanding market, the
existing site and its surroundings had turned into one of the busiest places in
town.  The infrastructure had become unsuitable and insufficient, and the
search for a better place was urgent. In 2005, architects Jose M. Bassalo and

Flavio C. Nascimento invited 
Mr. Paulo Barroso, a structural engineer,
specialized in membrane and steel
structures, to join the team to develop a
project for the new market place, including
a roof structure.

The new market place
The new market place,
inaugurated in November
2006, covers 3250m2 of an
old and unused public
space. This particular
location was chosen mostly
because it provided better
and more convenient
transit and transportation
facilities. The new market
site could also benefit from

other important advantages already present, like a sewer system, and the
supply of electricity and drinking water.  

The steel framework and the
membrane roof
The membrane roof was conceived as a
combination of three main structural
elements: 42 hexagonal chalices (inverted
umbrellas) with a diameter of 9.6m, 4
hexagonal umbrellas with a diameter of
16m, and 2 main conical tents - hexagonal,
and with a 16m diameter as well.

The membrane roof elements are
supported by a very rigid tubular steel
space frame, fixed on base by anchor
bolts, and their edges clamped by
circular steel rings. This entire structural
system behaves as a whole, thus
providing exceptional stiffness to
withstand pre-tension stresses and all
service loads.

The corners of the chalices, umbrellas, and
cone tents have been designed with tensioning
devices, in order to be able to provide all
respective membranes with the appropriate
tension. Membrane edges are sustained by
threaded rods, protected by pockets, and fixed
at the ends by nuts. This would allow for
additional tension regulation, and for stretching membrane borders as well. 

Rain water is collected by special steel plated funnels at the centre of each
chalice. Besides the steel funnel, additional regulation and tensioning points
have been provided. Eventually, each membrane structure element has 6
peripheral sets of restraints, and one
internal.  

For better internal ventilation and a
dynamical air and heat exchange,
each inner connecting ring was
provided with an air exhauster.

Within a few short months, Sydney
Wildlife World has become a city icon,
dominating the Sydney Harbour
foreshore with its striking design
and functionality.

At a total cost of $45 million, 
this stunning development, 
topped with a unique roof
structure, designed and
constructed by UFS Australasia 
Pty Ltd (Universal Fabric
Structures), is setting a new
benchmark for urban design.

The elegant curved mesh roof, supported by curved steel arches, creates an
imaginative, exciting and attractive addition to Sydney's foreshore, while
providing a natural, functional home to Australia's unique wildlife.

Officially opened in late 2006, Sydney Wildlife World is already one of the
city's premier tourist attractions. Local and international guests can
experience an up close encounter with Australia's unique flora and fauna.  

The design and construction needed to accommodate nine ecosystems
simulated within the facility. The uniqueness of the structure allows visitors
to be completely immersed in the exhibits. 

The spectacular two storey aviary and butterfly exhibit is a prime 
example of the design's functional use of lighting and ventilation under 
the stunning curved canopy structure. The closed walkways are ramped, 
and extend for a kilometre within the exhibits to simulate the natural
environment without disturbing the animals.

The two level construction, designed in joint venture partnership with Misho
& Associates and Rihs Architects, involved taking into account the site
limitations which resulted in the construction being built half on land, and
half over water. UFS Australasia Pty Ltd commission was to take the
architects' unique roof design and make it work. 
Concrete columns support the roof structure, with 35 unique light weight
steel arches springing up to form the skeletal like ever changing roof shape.

THE FISH AND FRUIT MARKET OF ANANINDEUA 

The new market place

The old market place 

The chalice The conical tent 

A rigid tubular steel space frame 

SYDNEY WILDLIFE WORLD
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The umbrella 

Ventilation through the inner
connecting ring



The impressive clear
span arches range up 
to 46m and are clad
using a tensioned
transparent-like fine
stainless steel
Zoomesh. UFS entered
new territory by
applying tensioned
membrane engineering
to the normally draped
Zoomesh. UFS

commissioned the University of Queensland to determine the wind drag
coefficients of the Zoomesh by putting a sample in their Wind Tunnel. 
UFS also carried out detailed stretch testing and full scale prototyping on
the Zoomesh to determine the required compensation and pre-stress
suitable for the project. 

The result is a spectacular environment on the inside, and an eye-catching
showpiece on the outside, captivating and drawing people to Sydney's
newest tourist attraction.

www.fabricstructures.com.au 
info@fabricstructures.com.au

To seal all gaps between the hexagonal edges of the chalices, an additional
skylight covering was necessary, in the shape of semi-elliptical eyes. 
By choosing an opaque white textile, a special effect could be achieved -
especially under artificial lighting. 

Finishing
Because of the aggressive hot and damp Brazilian weather, with heavy rains
almost every day, all metalwork had to be protected against corrosion by
hot dip galvanization. This will improve the weather resistance capacity of 
all steel parts to match the membrane's life cycle.

Loads and stresses
Since there are no earthquakes, snow loads, hurricanes, etc. in this region,
structural components were designed for the following loads and stresses:

Framework self weight: 0.2 kN/m2

Live loading: 0.25 kN/m2

Wind speed 108 km/h
average pressure or suction: 0.5 kN/m2

Membrane self weight 
and fittings:    0.01 kN/m2

Membrane rupture stresses
Type I, tensile strength: 60 kN/m
Maximal membrane pre-stress: 7.5 kN/m
Maximal membrane wind 
loads + pre-stress: 12 to 15 kN/m

Steel framework stresses according to
Brazilian regulations NBR8800 and 
AISC-ASD 91

Transport and on site assembly
Transport and on site assembling was made easy by deciding on the right
sizes and overall dimensions for each structural element in the design phase.
Due to the site's topology and maximum heights to be reached, only small
handling and rising equipment were necessary.

Materials and statistics
Plane area: 3200 m2

Overall membrane surface (85% Mehler; 15% Ferrari): approx. 5350 m2

Steel structure: 70 tons
Steel: ASTM A520; ASTM A36; SAE1045; SAE 1020; (galvanized)

Paulo A.B. Barroso
techn@terra.com.br     www.technica.com.br

Artificial lighting and contrasting Internal view of the Ananindeua Fish and Fruit Fair On site assembly Night view with artificial illumination

Chalice stresses during form finding 

Name of the project: Ananindeua Fish and Fruit Fair, Brazil
Client/Building owner: Ananindeua City-Hall
Architectural Design: Jose M. Bassalo & Flavio C. Nascimento
Structural Engineering: TECHNICA Consultoria & Projetos Ind. Ltda. 

(Paulo A.B. Barroso) 
Membrane Calculation: Eng Ruy Marcelo de Oliveira Pauletti
Overall Contractor: DECOL Construction Company
Membrane Manufacturing: Tecno Staff Engenharia e Estruturas Ltda 

(Rita Bose) www.tecnostaff.com.br
Membrane provider: Mehler Texnologies, Ferrari
Covered Area: 3250m2

Year of Construction: 2006

Location: Sydney Darling Harbour
Client: Sydney Attractions Group
Project Management: UFS Australasia Pty Ltd in conjunction 

with TSA Management
Architect: Misho & Associates/ RIHS Architects
Engineering: Steel Frame - S2 Corporation / Zoomesh

Wade Consulting Group
Plan Area: 4000m²  
Frame: Lightweight Steel Frame - Hot dip galvanized and coated
Fabric: Mesh Shell: 316 Stainless Steel Zoomesh
Other features:

- Custom aluminum extrusion and fittings
- Fully patterned mesh shape
- Twin Skin clear PVC Butterfly Enclosure
- Internal Tensioned Aviary Structure supported 

by the main roof structure
Completion Date: July 2006
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For the All African Games in 2003, a
large sports complex was built. Part
of this sports complex was a Velo-
drome with a 250 m cycling track. 
The Velodrome has been covered
with a PTFE/glass membrane,
supported by 8 main masts, 
and 16 perimeter columns.

At the last day of the All African
Games a massive thunderstorm
destroyed the complete membrane. 
The main masts were still in place,
and had not been damaged. It was
then decided to rebuild the roof with
the same appearance, but with a
more redundant membrane system.
Main goal of the redesign was to
avoid any modification on the main
masts, and ideally no replacement
of the main suspension cables.

We started our design with the
evaluation of different types of large
scale cable nets, to achieve a system
with a comparable load bearing
behaviour. We ended up with a
pentagon and hexagon pattern,
forming a shape similar to the
previous membrane roof, and with a
comparable geometric stiffness.

Cable net during construction

The so-called "Rheinwelle" owes its name not least to the shape of its
building: it undulates through the Rhine-Hessian orchards. Seen in plan view,
it resembles the course of a river. And it was the countryside by the river
Rhine that inspired the planners of the architectural office of Dr. Krieger
when they designed the new building. 
The three different swimming bath areas (sports, adventure and sauna area)
were roofed by a transparent roof made of ETFE cushions which open the
view towards the Rhine-Hessian skies and provide for optimum light
conditions inside the swimming bath premises.
Since the roof should also re-create the requested wave form, it was a
particular challenge for the art of engineering. A steel substructure with
honeycomb girders forms the base structure for the five ETFE-cushions which
span the swimming bath over a length of approximately 110m in the
longitudinal axis.

Each of the air-supported cushions is made of three layers of ETFE film which
are clamped by aluminium clamping strips at the edges.
The big cushions, with sizes ranging from 5m x 16m to13m x 30m, are
segmented by parallel arches and suction cables stretched over them. Due to
the cut, the top film warps upward in a big arch between the suction cables
which leads to an attractive visual effect and at the same time provides for a
continuous water and snow discharge.

Project name: Regionalbad Bingen
Client/Building owner: Zweckverband Regionalbad Bingen - Ingelheim
Architect: Dr. Krieger Architekten + Ingenieure GmbH & Co. KG
Construction: Form TL, Radolfzell
Manufacturer: CENO TEC GmbH
Covered Area: 5 cushions in different dimensions

total roofed floor space: 1.728 m2

Year of Construction: 2006

Roof plan.

THE REDESIGN OF
THE VELODROME
IN ABUJA

a.bosse@ceno-tec.de          www.ceno-tec.de  

Section showing pre-level

Tensioning

THE "RHEINWELLE"  
A MODERN SPORTS AND

LEISURE  SWIMMING BATH

Detail
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Interior view

Client: Federal Capital City Abuja
General Contractor: Julius Berger Nigeria plc (Bilfinger Berger AG)
Structural Engineer Redesign: formTL GmbH, Radolfzell
Steel and Cable Structure:  Pfeifer Seil und Hebetechnik GmbH, Memmingen
Membrane manufacturer: Canobbio S.p.A., Castelnuovo
Membrane assembly: Montageservice SL GmbH, Hallbergmoos 
Material:     PTFE coated fibre glass fabric, Type B 18089 (Verseidag) EC3/4
Maximum Length: 126 m
Maximum width: 106 m 
Maximum height of the membrane: 37 m
Maximum height masts: 55 m
Covered Area: 10649 m²
Surface Area: 12718 m²

Panel...

Each pentagon or hexagon is
supported by ridge cables
underneath the membrane,
tensioned in one centre point.
For the installation, a pre-level was
defined, up to which the cable
structure had to be tensioned, to

achieve a fully stable structure
without the membrane.
Panel after panel was then installed.
In each panel the membrane cables
were released from the "pre-level",
and the cables were hanging loose.
Along the perimeter, all clamping

plates are connected with U-plates to
the valley cables, and with a circular
clamping around the nodes.
When the membrane bay is
attached along its whole perimeter,
the membrane is tensioned at the
central node. This tensioning is done

up to a "soft" tensioned stage, and
then finally prestressed when all
panels are installed. 

Bernd Stimpfle
info@form-TL.de
www.form-TL.de

all photos by Form TL.

… by panel. On the edges.

Client: Group Nou, S.A.L.
Location: Passeig de Gràcia, Barcelona
Architects and Structural Engineer: Arqintegral: Charo García-Diego, 

Josep de Llorens, Hubertus Pöppinghaus
Membrane: PVC coated polyester
Covered Area: 112m2

Manufacture of fabric and steel: Arquitectura Textil, Montmeló, Spain

A top model agency located in the centre of Barcelona
wanted to cover its terrace with a non permanent
tensile pavilion that could be used for presentations
and as an extension to the office. A modern version of the Bedouin tents of
northern Africa was proposed: Jaimatec, "Jaima" being the Spanish word for
black tent. The design reinterprets the beautiful dune-like support structure
of these tents. 
Measuring 16m x 7m, the membrane covers three 4,5m x 4,5m modules
that constitute a closed interior space. There is one arch on top of each
module, twisted at an angle of 45º, and each has a different form and

height. This seeks to create a
singular perspective from the
footbridge that links the office to
the terrace. The two entrances to
the pavilion follow the same
oblique angle and incorporate a
small adaptable arch on top in

order to avoid a water sack. The whole metal
structure was welded on shop and bolted on site. It
can also easily be dismounted.

Special attention has been given to climatical issues: the chosen membrane
is opaque and extends more than 1m on all four sides of the interior space,
thus avoiding direct sunlight entering through the roof and reducing the
amount entering through the vertical glass
panels. Thanks to its asymmetric design, the
pavilion offers a constantly changing
appearance, and despite its reduced
dimensions we are dealing with an object of
high complexity. 

Hubertus Pöppinghaus 
arqintegral@
mundivia.es

www.arqintegral.com

A MODERN VERSION OF THE BEDOUIN TENTS OF NORTHERN AFRICA

JAIMATEC 
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Currently, the Koralmbahn is the
biggest project for the extension of
the Austrian railroad network. This
particular project makes a direct
connection between Graz and
Klagenfurt possible, and this for the
very first time. In this context, the
local public transport junction
Puntigam was also re-designed
completely.
The new local traffic junction
Puntigam in Graz consists of two
double stops with a reversal track
loop for the tram, as well as six bus
stops. The aim was to achieve a
place with an own distinctive
identity, by the use of a reduced but
memorable design.  
Form TL was responsible for the
membrane design. CENO TEC
GmbH provided the pre-assembled
PTFE membrane fields, the flat
connector blocks and secondary
steel structure, the edge and snow
ropes, and eventually did the full
assembly.
The stops are covered by
membrane and glass on a steel
structure. The shape results from
the position of the bus stops within
the reversal track loop for the tram,
and the related traffic conditions.
The bus station consists of
lightweight steel arches with a
span of about 21.60 m. The
distance between the arches is
8.50 m. The roof is covered by a
Teflon-coated glass fibre fabric
membrane. In order to make the
construction even more appealing,
the steel arches are equipped with
additional structural glass
elements. 
In total, an area of 1 400 m² has
now been covered, providing
travellers with a comfortable 

location for changing between rail
transport, buses and trams.
A total of 9 Teflon-coated glass
fabric fields with two field types are
used: type A (approximately 120
m²) and type B (approximately 110
m²). In between the arches, the
saddle-shaped membrane fields are
spanned with clamping borders.
The free edges are fastened to a
steel cable by clamping plates.
The water drainage is conducted to
the membrane edges through
upstands in the direction of the
border cables. At the membrane's
edges, the water is carried down by
pipes that have been integrated in
the columns.
Spotlights directed to the lower
side of the membrane illuminate
the roof area indirectly.

Building owner and operator Grazer Stadtwerke AG
Architects Zechner & Zechner ZT GmbH, Wien
Structural design Zenker & Handel GmbH & Co. KEG, Graz
Planning steel structure Zemann & Co. GmbH, Wien
Membrane design form TL ingenieure für tragwerk und 

leichtbau gmbh, Radolfzell
Manufacturer Ceno Tec GmbH, Greven
Fabric PTFE coated glass fibre fabric, Verseidag B18089
Covered area Ca. 1.400 m²
Year of Construction 2006

Project name: "747 Roof", Flight Simulator Training Center, Barajas, Madrid   
Client/Building Owner: Servicios de Instrucción de Vuelo
Project Manager: TEC
Manufacture: BAT Buró Arquitectura Textil
Installation: BAT Buró Arquitectura Textil
Engineering: Javier Tejera Parra, José Javier Bataller Enguix 

(BAT Buró Arquitectura Textil)
Membrane material: Ferrari 702 silver/white
Covered area: 100m2

Dimensions: 15,00m x 7,00m
Installation time: 4 days
Completion: January 2007 

"747 ROOF" FLIGHT SIMULATOR
TRAINING CENTER, BARAJAS, MADRID
"Servicios de Instrucción de Vuelo" is a company specialised in civil pilots
formation on flight simulators. The new building is an enlargement of the
old one, with a new training zone, offices and a cafe-restaurant, including a
terrace. For this terrace, a new textile roof was planned in order to create a
comfortable shadow area.
The particular interest of this roof, was the proposal of using two hydraulic
legs of an obsolete 747 flight simulator as a part of the supporting structure.
The hypar corner was divided into two corner plates, each one anchored to
an hydraulic leg head, by means of plates specially designed for this fixation.
The simulator legs base is a 850kg piece, made of welded steel plates,
screwed to the foundation, so the use of concrete was reduced to a
minimum.
The legs are 3m high steel bars, with lots of forged steel pieces. Each leg
weighs about 275kg. Since the leg weight helps pulling the corner plate, the
cable tension needed to stabilize both legs and the membrane could be
minimized. 

An additional
characteristic is that
the legs are basically
hydraulic devices, so
their height is
adjustable, and also
tri-articulated on the
base. This implies that
the corner point of
the membrane can

always be reached by adjusting the height and
rotating the base.
The fabric is a Ferrari 1002 silver-white colour,
reinforcing the "wing look" of the roof already
reached by its geometry. The membrane is fixed
to the corner plates by means of turnbuckles
and shackles, and then to the hydraulic legs and
to the new building. The borders are pockets
with cables tightened to the corner plates. 

Javier Tejera Parra, architect
tejera@batspain.com

http://www.buroarquitecturatextil.com

LOCAL TRAFFIC
JUNCTION 
PUNTIGAM 
IN GRAZ

Karin Preuss
karin.preuss@form-tl.de

www.form-tl.de 

Anne Bosse
a.bosse@ceno-tec.de

www.ceno-tec.de 
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Burgkirchen (March, 2007) - In just one hour's
drive with the car, you can go from Berlin to
the tropics - the Tropical Islands recreational
park in Brandenburg attracts up to 8 000 one-
day vacationers every day to its South Sea
landscape where the indoor temperature is
held at a constant 25 ºC. The 20 000 m2 of
film roof on the world's largest self-supporting
hall was made of Dyneon™ ETFE
fluoropolymer material by CENO TEC GmbH,
and it ensures that visitors get a natural
suntan and the tropical plants flourish.

White South Sea sand beaches, 12 000 tropical plants - some of the trees up
to 14 meters tall - and the world's largest indoor swimming pool entice sun
seekers to Brandenburg. The Tropical Islands recreational paradise has many
attractions to offer on its 66 000 m2 of floor space with a constant tropical
climate. During several building phases, the park operators converted the
world's largest self-supporting hall construction, which was originally
intended to give zeppelins a renaissance. 

To ensure that the tropical plants flourish, the CENO TEC GmbH of Greven,
Germany, replaced 20 000 m2 of previously opaque roof construction with
pneumatically supported ETFE film cushions. The highly transparent films
made of Dyneon™ ETFE allow 97 % of the UVA rays, which are extremely
important for plant growth, and 50 % of the UVB rays to pass through. Thus,
the roughly 400 different kinds of plants are even able to bear fruit and
maintain their natural life cycles. On the other hand, the harmful UVC
portion of the solar spectrum is filtered out entirely, enabling visitors to get a
natural tan gently. 

The films, extruded of Dyneon™ ETFE by the company NOWOFOL
Kunststoffprodukte GmbH & Co. KG in Siegsdorf, were then converted by
CENO TEC into 56 cushions made of three-layer film. CENO TEC, specialists
for textile architecture, environmental technology, geo-textiles and industry
technology, handled the entire project planning for the new roof

construction, and also took
on all of the required
construction work, which
was carried out while the
park was already operating.
The air-filled film cushions
ensure excellent thermal
insulation, thus helping to
reduce energy consumption. 

The extremely smooth surface of the films results in a self-cleaning effect
making the long-lasting films nearly maintenance free, a very important
savings factor for a hall that is 107 meters tall. 

Bahrain - Thundering motors against a background of a Bedouin desert scene:
The Bahrain International Racing Circuit that opened in August 2005 is a
combination of Formula One and Arabian architecture unique in the world.
Tilke GmbH of Aachen, Germany, the world's leading engineering and
architectural firm for racetracks, planned this desert circuit. Designed in the
style of a typical Arabian Bedouin tent, all the buildings and grandstands have
roof structures made entirely of glass-fabric membranes coated with high-
performance Dyneon™ PTFE. Their weather-proofed surface can withstand
both the searing sun and the salty, sand-laden desert winds typical of the
Persian Gulf.
This first Formula One racetrack in an Arab country has been built south of the
capital city of Manama, in accordance with plans drawn up by the German
architect Hermann Tilke. Close to five and a half kilometers long with 15 turns
and three straights, the circuit can be configured in any of six variations. Not
only Formula One races but other motor-sport events can be held on this
high-tech racetrack, which took only 16 months to build in this sandy desert.
More than 45 000 spectators can watch races live from its various
grandstands.

Woven and coated by
Verseidag Indutex GmbH of
Krefeld, some 30 000 m2 of
glass fabric span the main
grandstand and its
approximately 10 000 seats,
the Paddock Club parallel to
the pit lane, the diverse
functional buildings and,
visible from afar, the
racetrack's striking landmark:
the downward tapering
"Sakhir Tower", which rises

eight stories above the desert landscape. The reigning sheik and his guests
enjoy watching the races from the tower's penthouse suite.

All roofs of the complex have the appearance of a typical Bedouin tent, in
keeping with Tilke's philosophy. The racetracks he has designed always contain
style elements typical of the city or country in which they are built, be it
Bahrain, Malaysia, Shanghai or Turkey. Only extremely durable materials can
survive the hot humid climate of this island in the Persian Gulf. The intense
sunlight, high relative humidity and strong winds heavily laden with salt, sand
and dust impose stringent requirements with respect to the UV stability and
mechanical properties of the membrane coatings used. Moreover, by its very
nature a racetrack has strict requirements for fire safety.

Coating with Dyneon™ PTFE and Dyneon™
Fluorothermoplastics imparts to the textile
roofs the critical properties needed for robust
service in Bahrain. The coating's smooth
surface can withstand the varied weather
conditions, as has been demonstrated by
many years of experience in diverse climatic
zones. In particular, PTFE coatings do not
need plasticizers or stabilizers, which can
evaporate over time and could result in the
coating's embrittlement. For this reason,
building owners in the Near East, e.g., for the
Burj Al Arab luxury hotel and the tent city in
Mecca have already used this material. In this
particular project it proved to be a perfect
symbiosis, combining style with durability. 

A perfect symbiosis… Bahrain International Racing
Circuit with Dyneon™ PTFE coated roofs combines style
with durability.

Name of the project: Formula One Racing Circuit Bahrein 
Architecture: Tilke GmbH, Aachen
Manufacture & Engineering: Sediabena, Malaysia
Membrane material: Verseidag B18089 
Covered area: 45000 m²
Installation time: 4 months
Completion: 2004

Roof made of Dyneon™ ETFE film ensures that
visitors get a natural suntan and the tropical plants
flourish

Tr
op

ic
al

 Is
la

nd
s M

an
ag

em
en

t G
m

bH
  

fo
rm

 TL
 

SOUTH SEA LANDSCAPE IN BRANDENBURG
ROOF MADE OF DYNEON™ ETFE FILM
GIVES TROPICAL PLANTS A NEW HOME

Torsten Kirchmann, Industrial Communications, Dyneon GmbH & Co. KG, Neuss
dyneon.europe@mmm.com      www.dyneon.com

Marion Plück, mplueck1@mmm.com 

Name of the project: Tropical Islands Recreational Park, Brandenburg
Manufacture & Engineering: CENO TEC
Membrane material: Dyneon™ ETFE fluoropolymer
Covered area: 20 000 m2

Floor area: 66 000 m2

Length: 360 m
Width: 210 m
Height: 107 m 
Number of cushions: 56
Size of each cushion: ca. 20,6 x 15,8m
Thickness of the ETFE-foil: 200 μm and 100 μm (intermediate foil)

HIGH-PERFORMANCE MATERIALS 
FOR FORMULA ONE RACETRACK 

IN THE DESERT
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Textile Roofs Students Seminar 2007
THE STUDENTS SEMINAR WILL BE HELD IN PARALLEL TO THE MAIN EVENT TEXTILE ROOFS 2007 BETWEEN JUNE 5TH - JUNE 9TH. 

THIS YEAR'S TOPIC IS FREE FIELD SALES FOR ECOLOGIC FRUITS AND VEGETABLES
General Information 
The main emphasis of the International Students Seminar is put in
developing and manufacturing building models for tensioned and inflated
structures, including all experience during the process of development and
manufacturing up to the final and real model. The design of membrane
structures is closely related to interest in new fields, curiosity while
developing and fun during manufacturing. Interests in new ways of thinking
and unusual approaches are affecting the appearance of the buildings.

Conceptual Formulation 
The market for any kind of inflatable is
steady increasing and the shapes are
getting more fancy and strange.  The
quick and easy assembling brought up
the idea to design an outdoor stand to
sale fruit and vegetarians on the field.
The stands are mostly along main
streets on the country site and should
be seen widely. 

The project of the seminar is to design
and to build in the scale of M 1:5 or 
1:2 a tent or inflatable which can be
stored in the rear trunk of a VW Golf
together with all equipment such as
struts, cables, belts, ventilator etc. 

The structure has to be stable enough
to withstand wind speeds up to 15 m/s
(wind strength 6-7), rain tight and has
to be an interesting sign to invite
passing car drivers to stop and to buy
healthy fruits and vegetables.

The best designs will be built on a
scale M 1:1 and will be presented at the conference in Barcelona, Structural
Membranes '07, September, 17th - 19th 2007 (info online at
http://congress.cimne.upc.es/membranes07 or via
membranes07@cimne.upc.edu).

General Info 
In addition to a comprehensive programme of lectures presented in English
by key figures from the membrane structure industry and academia, an
opportunity for the study and hands-on development of practical case-
studies in an informal tutorial environment will be provided.

During the afternoon, the hands-on workshops will be run with
opportunities for both computational and physical modelling. In parallel to
this practical activity, specialised lectures will be presented on state-of-the-
art topics for the more advanced participants. 

These will include algorithmic approaches, computational algorithm theory
and textile technology, as well as corporate presentations from prominent
lightweight structure firms.

On Thursday evening the special guest lecture will be presented by the
architect Mr. Horst Dürr from Ingenieurgemeinschaft Flächentragwerke.
The workshop banquet will take place on Friday evening.

Students Seminar 
In parallel to the main event an International Students Seminar will be held
between June, 5th and June 9th. More information can be found online at
http://www.textile-roofs.com.  

Objectives 
The main objectives of this workshop are to provide fundamental
information, as well as presenting the state-of-the-art in textile roof

The project is accompanied 
by the lecturers of 

the seminar
- Lothar Gründig, TU Berlin
- Peter Michael Schultes, Wien
- Joachim Bahndorf, FH Minden
- Rosemarie Wagner, FH München
- Arno Pronk, TU Eindhoven

Registration
Registration Fee: 150 Euro (including
social events of the Texile Roofs '07
such as boat tour, conference dinner,
beverages during the day and
materials to build the models). 

It is possible to register on line.
http://www.textile-roofs.de  

Students Seminar - Program 
TTuueessddaayy,,  JJuunnee  55tthh  

09.30 - 10.00 Welcome and Introduction, Prof. Lothar Gründig, TU Berlin 
10.00 - 10.45 Presentation of the lectures, Prof. J. Bahndorf, Minden 
10.45 - 11.30 Presentation of the task, Prof. R. Wagner, München 
11.30 - 13.00 Introduction in the topic, the materials, working 

techniques and equipment, Peter Michael Schultes, Wien
14.30 - 18.30 Conceptual design Experiments with stiffening effects

WWeeddnneessddaayy,,  JJuunnee  66tthh  

09.30 - 13.00 First models of the cover
14.30 - 18.30 Detailing of the model
Recognizing and understanding of the stiffening effects

TThhuurrssddaayy,,  JJuunnee  77tthh  

09.30 - 11.00 Presentation of the models and discussion 
with the lecturers

11.00 - 13.30 Revision of the models
19:30 Special Guest Lecture (Ernst-Reuter-Haus)

FFrriiddaayy,,  JJuunnee  88tthh  

09.00 - 12.30 Lectures Textile Roofs 2007 (Ernst Reuter Haus)
14.00 - 16.00 Refinement of the models
16.30 - 19.30 Boat tour, river Spree
19.45  Conference dinner, Textile Roofs 2007

SSaattuurrddaayy,,  JJuunnee  99tthh  

09.00 - 12.30 Lectures Textile Roofs 2007 (Ernst Reuter Haus)
14.30 - 16.00 Presentation and evaluation of the models

Textile Roofs 2007 
The Twelfth International Workshop 
on the Design and Practical Realisation 
of Architectural Membrane Structures
TECHNISCHE UNIVERSITÄT BERLIN -  GERMANY, JUNE 7TH - 9TH 2007
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Techtextil-Symposium 2007 
11TH - 14TH JUNE 2007, CONGRESS CENTER MESSE FRANKFURT (CMF)

Structures and Research

09.00h TT.2.1 - "Redesign of the Velodrome in Abuja" - Bernd Stimpfle,
formTL, ingenieure für Tragwerk und Leichtbau GmbH (D)

09.25h TT.2.2 - "Creative Concrete Constructions Using Textiles as Flexible
Formwork or as Functional Formwork Liner"
Dimitri Janssen, Luc Ruys, Jan Laperre, Centexbel, Zwijnaarde (B),
Niki Cauberg, BBRI (B)

09.50h TT.2.3 - "Future Transformations" 
Gabriel Etchepare, José Maria Casal, Addo Architects (UY)

10.15h TT.2.4 - "Mechanical Behaviour of ETFE Foils for Pre-stressed
Structures" - Klaus Saxe, Universität Duisburg-Essen, Campus Essen,
Essener Labor für Leichte Flächentragwerke (D)

10.40h TT.2.5 - "Textile Materials Based on Bionic Principles for Solar
Thermal Applications" - Thomas Stegmaier, Michael Linke, 
Heinrich Planck, Institut für Textil- und Verfahrenstechnik (ITV)
Denkendorf (D)

11.05h Break

Facades

11.25h TT.2.6 - "Vacuum and Multi-Layer
Textile Facades"
Martin Synold, Werner Sobek
Ingenieure (D)

11.50h TT.2.7 - "Heat Insulation and Storage
Textile Facades"
Markus Holzbach, ILEK Stuttgart (D) /
Formorf-Cologne (D)

12.15h TT.2.8 - "An Innovative Church with a
Double Layer Insulated Membrane" -
Rogier Houtman, Harmen Werkman, Ivo Vrouwe, Tentech B.V. (NL)

12.40h TT.2.9 - "Deflated Textile Constructions"- Tillmann Klein, 
Ulrich Knaack, Technical University Delft, Faculty of Architecture,
Department of Building Technology (NL)

13.05h TT.2.10 - "Textile Clothes for Houses"
Hartmut Ayrle, Büro für Leichtbau (D)

14TH INTERNATIONAL

engineering. Above all, the workshop
aims to provide practical answers to
real-world questions. In addition to
a comprehensive programme of
lectures presented in English by key
figures from the membrane
structure industry and academia,
opportunity for the study and
hands-on development of practical
case-studies in an informal tutorial
environment will be provided. The
following subjects will be addressed:

- Introducing Lightweight
Structures

- Computational and Physical
Modelling

- Project Management and the
Design Process

- Detailing, Connection Design and
Fabrication

- Economic Factors
- Materials for Textile Structures
- Environmental Aspects
- Project Case Studies

Lecturer 
All the main programme lecturers
have been specifically invited on the
basis of their experience and skills in
the topic they cover. Amongst
others, the lecturers are:

- Joachim Bahndorf 
(University of Applied Science,
Bielefeld, Germany)

- Francoise Fournier 
(Ferrari, La Tour-du-Pin, France)

- Fevzi Dansik 
(Fabrik Art Membranes, Istanbul,
Turkey)

- Jan Dolejsi 
(AA SKA Design Office, Bratislava,
Slovakia)

- Horst Dürr
(Ingenieurgemeinschaft
Flächentragwerke, Reichenau,
Germany)

- Lothar Gründig 
(Technische Universität Berlin,
Berlin, Germany)

- Jürgen Hennicke (ILEK, University
Stuttgart, Stuttgart, Germany) 

- Josep I. Llorens (University of
Catalonia, Barcelona, Spain)

- Marijke Mollaert 
(Vrije Universiteit Brussel,
Brussels, Belgium)

- Nassar Al Ali 
(Qatar Sat - Structures And
Tensile, Doha, Qatar)

- P. Michael Schultes 
(Technical University of Vienna,
Vienna, Austria)

- Dieter Ströbel (technet GmbH,
Stuttgart, Germany)

- Jörg Tritthardt 
(Büro für Leichtbau - lightweight
design, Radolfzell, Germany

- Rosemarie Wagner
(Fachhochschule München,
Munich, Germany)

- Robert Wehdorn-Roithmayr
(Wehdorn Architekten
Ziviltechniker GmbH, Vienna,
Austria)

Registration Fee

600 Euro before 23rd May 2007, 
650 Euro afterwards

The fee includes one copy of the
proceedings, beverages and snacks
during the morning and afternoon
coffee breaks, modelling materials,
city sightseeing cruise by tour boat
and banquet.
Payment should be made by inter-
bank transfer to the named account.
Transfers must cover bank charges. 

Regrettably no credit cards can be
accepted. Cancellations are to be
notified in writing. Students, who
would like to participate in the
International Students Seminar,
should register with the Registration
Form - Students Seminar.

mail@textile-roofs.com 
http://www.textile-roofs.com

After this date, registration is possible only at the congress counter during
the symposium.

You will immediately receive an invoice together with the confirmation. 
The Symposium's paperwork and a name badge will be waiting for you at
the congress counter.

Registration fee for Buildtech at Techtextil (on 12.06.2007) : 
- Early Bird Fee (until 11.05.2007) : € 150.00
- from 12.5.2007 and at the Symposium : € 175.00

More information can be found online.
http://www.techtextil.com

The Techtextil Symposium is
designed to make existing trends
visible and to promote new
developments, i.e., to transfer new
developments from research to
production. At the same time, the
Symposium aims to intensify the
interdisciplinary working relationship
between science, industry and users. 

The Techtextil Symposium 2007 will
be held at Congress Center Messe
Frankfurt. All lectures will be
interpreted simultaneously into
English and German. 

The Buildtech part on Membrane
Structures and Textile Architecture
will be held on Tuesday the 12th of
June. 

Chairman: Prof. Marijke Mollaert,
Vrije Universiteit Brussel, Faculty of
Engineering, Department of
Architecture (B).

Registration
Please use the online application
form at http://www.techtextil.com.
The deadline for acceptance of your
registration (by mail or by fax) is 
31 May 2007. 



Structural Membranes 2007
1 7 - 1 9  S E P T E M B E R 2 0 0 7 ,  B A R C E L O N A ,  S P A I N

Objectives
Textile composites and inflatable structures are becoming increasingly
popular for a variety of applications in - among many other fields - civil
engineering, architecture and aerospace engineering. Typical examples
include membrane roofs and covers, sails, inflatable buildings and pavilions,
airships, inflatable furniture, airspace structures etc.

The objectives of STRUCTURAL MEMBRANES 2007 are to collect and
disseminate state-of-the-art research and technology for design, analysis,
construction and maintenance of textile and inflatable structures. Previous
editions of the conference were held in Barcelona (2003) and Stuttgart
(2005).

The ability to provide numerical simulations for increasingly complex
membrane and inflatable structures is advancing rapidly due to computer
hardware development and the improved maturity of computational
procedures for nonlinear structural systems. Significant progress has been

made in the formulation of finite element methods for static and dynamic
problems, complex constitutive material behaviour, coupled aero-elastic
analysis etc. STRUCTURAL MEMBRANES 2007 will address both the
theoretical bases for structural analysis and the numerical necessary for
efficient and robust computer implementation. 

A significant part of the conference will be devoted to discuss advances in
new textile composites for applications in membrane and inflatable
structures, as well as in innovative design, construction and maintenance
procedures. Sessions related to specific topics of the conference will be
introduced by a keynote lecture in the respective field. These keynote lectures
will be complemented by invited sessions organised by recognised experts in
targeted research and applied areas, as well as by contributed papers.

STRUCTURAL MEMBRANES 2007 aims to act as a forum for discussing
recent progress and identifying future research directions in the field of textile
composites and inflatable structures.

Conference Topics: 
- Design Methods
- Numerical Methods for Structural

Analysis
- New Membrane Materials
- Testing Procedures
- Manufacturing
- Construction Methods
- Maintenance Techniques
- Energetic Aspects
- Climate Impact
- Environmental Aspects
- Pressure Management
- Adaptivity
- Applications: membrane roofs and

covers, sails, inflatable pavilions and
buildings, geo-textiles, inflatable
bridges and dams, airships, airbags
spill recovery bags, airspace
structures, inflatable antennas, 
furniture, etc.

Conference Chairmen
E. Oñate, Univ. Politecnica de Catalunya,

Barcelona, Spain
B. Kröplin, University of Stuttgart,

Germany

Exhibition
An exhibition on membrane and
inflatable structures will be organized in
connection with the Conference.
Interested exhibitors can find the
necessary information on the conference
website.

An ECCOMAS Thematic  
Conference

Structural Membranes 2007 is one of
the Thematic Conferences of the
European Community in Computational
Methods in Applied Sciences
(ECCOMAS). More information online at
http://www.eccomas.org. 
Structural Membranes is also an IACM
Special Interest Conference. More
information about IACM at
http://www.iacm.info. 

Keynote Lecturers  

Keynote Lectures will be 
delivered by scientists of
international prestige in the field 
of the conference. 

Confirmed Keynote Lecturers: 

- Kai-Uwe Bletzinger, 
TU München, Germany

- Rene Motro, Universite
Montpellier II, France

- Mauro Pedretti, 
Airlight Ltd., Switzerland 

- Thomas Stegmaier, 
ITV, Germany

- David Wakefield, 
Tensys, United Kingdom

- Rosemarie Wagner, 
Germany

Invited Sessions  

Keynote lectures will be
complemented by invited sessions
organized by recognised experts in
targeted research areas. 
A preliminary list of the Invited
Sessions planned follows: 
- Lightweight Structures for

Disaster Relief (Erik Moncrieff,
Kurvenbau, Germany)

- Formfinding and Optimization
(Kai-Uwe Bletzinger, 
TU München, Germany; 
Johannes Linhard, TU München,
Germany; Roland Wüchner,
TU München, Germany)

- Fluid-Structure-Interaction 
(Kai-Uwe Bletzinger, 
TU München, Germany;
Alexander Kupzok, TU München,
Germany; Roland Wüchner, 
TU München, Germany)

- Inflatable Shelters & Habitats
(Marco Bernasconi, 
MCB Consultants, Switzerland)

- Vacuum Supported Membrane
Structures (Arno Pronk, Technical
University Eindhoven, The
Netherlands; Rogier Houtman,
TENTECH, The Netherlands;
Andrew Borgardt, Delft University
of Technology, The Netherlands)

- New Tendencies in Membrane
Structures (Edgar Stach, 
University of Tennessee, USA)

- Detailing-Case Studies- Installation
Process (Ignasi Llorens , Spain)

- Rigidifiable materials for
deployable membranes 
(Marco Bernasconi, 
MCB Consultants, Switzerland;
Brigitte Defoort, EADS, France)

- Formfinding and Conceptual
Design (René Motro, International
Journal of Space Structures, France)

Important Dates

Deadline for early payment: 5 July 2007
Booking of hotel accommodation: ASAP

How to register

Conference registration should be performed
electronically via the conference website.

http://congress.cimne.upc.es/membranes07                  membranes07@cimne.upc.edu 


