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Report of the Annual General Meeting
The Annual General Meeting (AGM) of TensiNet was held at the Structural Membranes Conference in Stuttgart on the 3rd
of October following a TensiNet Plenary Session at the Conference in which various projects undertaken by member
companies of TensiNet were presented.
The AGM was attended by 20 partners and members. Discussions were focused on the activities, financial position and
further direction of TensiNet. The main issues covered were:
1. The Design Guide has now sold approximately 300 copies (with a further 50 distributed to partners and reviewers).
There are still more than 1000 copies available, but concern has been expressed by a number of organizations (especially
libraries) that the cost is too high. The AGM decided that the cost of an individual (or a small number of) copie(s) should
be reduced to 80 euro for non-members, 60 euro for members and libraries and that the current cost of multiple copies
(≥10) purchased by universities for educational use should be reduced to 30euro.
2. The Design Guide is being translated into Italian and Chinese and publishers of these versions have obtained the rights of
sale for a lump sum of typically 1200 euro. It was suggested and agreed that a Spanish translation may be undertaken on
a similar basis. It was also agreed to allow the Barbour Index to publish the Design Guide on their website with standard
royalties relating to the extent of access to the Design Guide.
3. It was agreed to collaborate with the Working Group of Textile Architecture (http://www.textile-architecture.com) in the
promotion and funding of the bi-annual Student Competition relating to the design of tensile structures, organized at
Techtextil. The meeting endorsed this as complying with the main aims of TensiNet to disseminate knowledge of the tensile
architecture industry and to encourage its expansion, educational activities and best practice.
TensiNet now has over 120 members from 38 countries and considering that this is only the first year of self-funded
operation it is a success that the expenditure budget has almost been covered by the fees received.
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There are peaks in November
2004 and April 2005 with 1890
page views per month.

4. The sales of Design Guides and TensiNet Symposium proceedings have created a small surplus. However this has been
achieved with very little help in relation to management costs. Although the secretariat, publication and distribution as
well as software management costs have been covered, it is regarded as
essential that a part-time management assistant (on a 0.2FTE basis) should now be applied and the AGM agreed this.
5. To help secure the future of the TensiNet Association in view of additional costs associated with management,
publications, website upgrades and the promotion and reviewing of the Student Competition the following measures were
agreed:
- There should be a more active promotion of TensiNet to increase the
number of members, particularly from major companies and sponsoring
partners who together provide nearly 45% of the total fee income)
- There should be an increase in the fee for all classes of membership
except for the student class, which should be eliminated (with student
access to the website www.tensinet.com and TensiNews covered by the
Exhibtion at Techtextil of the Student Competition 2005
Universities memberships)
This covers the main issues discussed and agreed at the AGM. More detailed minutes are circulated to all TensiNet members.
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Tensi et publications

Architecture of Sails

New pricelist !

From tents to ”tent shaped structures”
and quality of living

Full price
Cost (Euro)
European Design Guide for Surface Tensile Structures (2004)
80
Proceedings of the TensiNet Symposium (2003)
60
Design of membrane and lightweight structures Symposium (2000) 40

This text is a synthesis of the contribution to the 2nd Latin American
Symposium De Tenso-Estructuras in Caracas Venezuela, May 6th 2005,
and part of the chapter ‘Textile membranes, A choice of lightness
to design and build’ in Architetture delle Vele Le tensostrutture nelle
costruzioni, by A. Capasso and M. Majowiecki which is being
published.

Price for TensiNet members
Cost (Euro)
European Design Guide for Surface Tensile Structures (2004)
60
Proceedings of the TensiNet Symposium (2003)
30
Design of membrane and lightweight structures Symposium (2000) 20
NEW members (2006) receive a free copy
European Design Guide for Surface Tensile Structures (2004)
Price for packages if at least 2 items are bought
Cost (Euro)
European Design Guide for Surface Tensile Structures (2004)
70
Proceedings of the TensiNet Symposium (2003)
30
Design of membrane and lightweight structures Symposium (2000) 20

Great poets and writers have analysed and examined lightness from
different points of view - Ovid, Lucretius, Cavalcanti, Boccaccio,
Shakespeare and Kafka up to Calvin, who focused on this subject in one
of his “American Lessons” [1]. In architecture we have to refer to the
shelters of nomads and warriors. Only after a slow evolution in reducing
the weight of massive constructions [2], the Modern Movement has
started the process of “rarefying” structures up to overturn, in the
contemporary age, the ‘carried weight’ – ‘proper weight’ ratio.
Nevertheless, lightness doesn’t mean only weight and certainties; it is
also a specific cultural attitude towards ideas and things surrounding
us, which overcomes the heaviness of habit and exploitation of
resources. In this context, the use of tensile structures in architecture
represents the highest expression of lightness as structural rarefying, as
well as the choice of environmental compatibility.

Price for Partners if at least 20 items for marketing are bought Cost (Euro)
European Design Guide for Surface Tensile Structures (2004)
40
Price if at least 10 items for educational use are bought
Cost (Euro)
European Design Guide for Surface Tensile Structures (2004)
30

Tensi et partners

form TL

Schlaich Bergermann
und Partner
www.sbp.de

Group ALTO

SL-Rasch GmbH
www.sl-rasch.de

Architen Landrell
www.architen.com

Taconic International
www.4taconic.com

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

The Arup Group
www.arup.com

Ceno Tec
www.ceno-tec.de

Universidad Poletécnica
de Madrid
www.aq.upm.es

European Council for Construction Research, Development and
Innovation www.eccredi.org

technet GmbH
www.technet-gmbh.com

Ferrari sa

Tensotech Consulting
www.tensotech.com

Form TL
www.Form-TL.de

Tentech
www.tentech.nl

Lightness can also have wider implications on the communities' ways of
living, interfering with the capacity of social, environmental and cultural
integration. Integration is a form of cohabitation arising from a vision of
life that overcomes all the heavy moralising, conservatist aspects of
public life, placing lightness at the base of ideology and behaviour.
Lightness can be a way to affect dwellings through the use and control
of all material and immaterial instruments, that are able to transform
environmental resources; this is necessary to build spaces according to
the needs and expectations of present and future individuals.
The use of fabric in the past and today's use of pretensed textile
membranes have similar purposes but bring together different social,
cultural and ethnic contexts. Therefore, lightness is one of the possible
paths to social and environmental integration.

Technical University
of Berlin
www.survey.tu-berlin.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
Hopkins
Architects
www.hopkins.co.uk
Kurvenbau
www.kurvenbau.com

Laboratorium Blum

Lightness in Favor of Social
and Environmental Integration
The Quality Of Dwellings
Before analyzing technological and environmental problems connected
to lightness in constructions and the contribution given by tensile
structures, it is useful to stop shortly on the role of lightness in the
quality of dwellings, in the various aspects of cohabitation in a
community – from Philosophy to Arts.
The heaviness of some aspects of social and cultural life can be
overcome or integrated by lightness in attitudes and behaviours.

Vrije Universiteit Brussel
www.vub.ac.be

Messe Frankfurt/Techtextil
www.techtextil.de

New membership fees
Cost per year with
related benefits
Membership 2006
Member of the
Management Board
Mentioned in the
on-line list of members
Presence in the
www.tensinet.com links
Logo in the TensiNews
Full access to the website
Edit database, upload documents
TensiNews (2/year)
TensiNet Technical Bulletin on line
TensiNet Workshop
(organised by a partner)

Nonmember

School,
University
200 EUR

Individual
Member**
150 EUR

Firm

Partner

600 EUR

2400 EUR

No

No*

No

No*

Yes

No

Free

Free

Free

Free

No

Free

Free

Free

Free

No
No
No
25 EUR
No

No*
Free
Yes
# Free: 20
Free
-10% for up
to 2
participants
-20% for up
to 2
participants

No
Free
Yes
# Free: 1
Free

Full price

Registration fee
(organised by a partner)

Full price

Advertisement in TensiNews,
workshop proceedings …

Full Price

-10%
-10%

No*
Yes
Free
Free
Yes
Yes
# Free: 4
# Free: 8
Free
Free
-10% for up -10% for up
to 2
to 5
participants participants
-20% for up Free for up
to 2
to 5
participants participants
-10%

-30%

*: except Founding Partners
**: for an Individual Member only name, surname and address are mentioned on the website (no logo of the firm)

Lightness as an existential and anthropizing vision
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in the various contexts, they
symbolize also an added value
to the context itself. The idea
of membrane tensile structures
as a non-topical architecture,
suggested by the historian
Renato De Fusco, makes them
real architectonic solutions of
the contemporary age.

LIGHTNESS AND
INTEGRATION
Lightness in Architecture
A design approach: lightness
Lightness in architecture has to be meant as a design approach, aiming
to transform material and immaterial resources in order to look for and
build living spaces, and to find innovative and sustainable ways of
dwelling through environmental compatibility, planned construction,
adaptability to places, reversibility and reduction of materials.
The three well-known aphorisms of modern and contemporary
architecture are meaningful: Less is more/Biology and building/More
with less

Searching for integration
Lightness in fabric
architecture allows to meet
different needs and life styles
because it favors a design
ready to find ways of cultural
and functional integration,
above all in those societies
where people is more sensitive
to environmental values.
Textile architecture is
compatible with both existing
contexts, whether full of
historical meaning or
anonymous, and with
luxuriant or arid nature.
For its formal autonomy and
its potential reversibility, textile
Some examples of membrane tensile structures in
contemporary and historical contexts and in interiors
architecture is an added value
to human settlements. Moreover,
the versatility of these structures allows a wide and meaningful range
of applications – religious events, exhibitions, meeting places and many
service activities in historical and contemporary cities.

From Mies’ Less is more to Cucinella’s More with less through Frei Otto’s Biology and building

A technological choice: from massive to lightweight constructions –
membrane structures, the new construction archetype
The lightness of this technology derives from a historical evolution in
which the weight of constructions has been gradually reduced until the
ratio of live to dead weight is inverted. This has led to an architecture
“defying gravity”, eliminating the state of compression and featuring
exclusively tension in the absence of load by means of pretensing,
focusing the structure’s overall equilibrium in the “weight” of its
anchorage.

The Value of Lightness
From the documents, illustrations and considerations shown up to
now, we deduce: lightness is common to many cultures, affects the
quality of living, is a design approach - not merely a reduction of
weight, allows the realization of a new construction archetype and a
new contemporary non-topical architecture.
Lightness of architecture of sails characterizes spaces and shapes by
merging with the environment.

Why do we stress the value of lightness?
Graphic processing based on Enzo Pinto’s graph

Sketches of some of Frei Otto’s works

Therefore, in the design approach to lightness, the choice of membrane
tensile structures for their peculiar characteristics of structural levitation,
reversibility and environmental adaptability, can give a valid contribution
to the search for architectural quality.

Architecture of Sails, Membrane Structures
A non-topical architecture
The conscious technological and formal choice of an architecture
without topos (places), as in the case of sails architecture, is certainly
not a novelty in the history of constructions.
• The massive trilithic systems in Greek temples,
• The slender and spectacular structures in Gothic cathedrals,
• The revival of classical styles in Renaissance architecture,
• The constructions on pilotis in the Modern Movement
All these examples are constructive and figurative archetypes you can
find in different countries. Because they integrate themselves organically

The conflicts we are living today in our own culture and against other
cultures, both deriving from differrent ideologies and from peculiar
ways of living, or regarding the different ways of use of things and
resources, are also the result of the uneaseness due to the “weight” of
the past that wasn’t always full of positive values and that sometimes
we aren’t able to sublimate into innovation.
Only through ideas, actions and works characterized by lightness and
secular relationships, it is possible to live together and help overcoming
the heaviness deriving from impositions and differences, it is the way to
integrate different societies and cultures for a present and future
cohabitation.
Therefore, Renzo Piano’s following statement is full of meaning “The
(narrow-minded) past is a constant temptation. Nevertheless, the
(open-minded) future is the only place where we can go to, if we really
have to go somewhere.”
© All illustrations belong to the author
[1]: E. Vittoria, Prologue to the book Architetture delle Vele Le tensostrutture nelle costruzioni, A.
Capasso M. Majowiecki
[2]: Rene Sarger, Structure nouvelles, Cahiers Du Centre D’Etudes Architecturales Bruxelles 1967

Non-topical architectonic solutions in history. From Greek temples to Renaissance architecture, from
Modern Movement architecture to contemporary lightness architecture.

Aldo Capasso, aldcapas@unina.it • www.unina.it
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In this article a summary of the
work carried out in the field of
modelling of Tensile Surface
Structures (TSS), at Imperial
College London, is given.
The work (which was completed
in 2004) has been carried out as
part of a PhD programme by
Dr. Julio Pargana, supervised by
Prof. David Lloyd-Smith and
Dr. Bassam Izzuddin, and is
titled “Realistic Modelling of
Tensioned Fabric Structures”.
In the work an accurate and
reliable analysis capability for
TSS is developed and several
design issues and considerations
are studied. It is considered that
the work extends the science of
modelling of TSS, giving an
increased degree of confidence
in the analysis of these structures
as well as bringing distinct
benefits and advantages to the
industry. More specifically these
benefits and advantages are as
following.
• More control and certainty
over stress-fields encountered
in the field.
• Reduced construction costs by
minimising the amount of on
site adjustment of structures to
reach desired pre-stress levels.
• Possibilities to increase fabric
pattern widths to reduce
construction costs.
The analysis capability is based
on the fundamental assumption
that the analysis commences
from fabric patterns flat in the
unstressed state and is founded
on an accurate and reliable
material model for plane weave
fabrics. Assuming patterns are
flat in the unstressed state truly
reflects the manufacturing
process for fabrics. The work is
implemented within ADAPTIC
which is a powerful nonlinear
structural analysis capability
developed by Dr. Bassam
Izzuddin. A fully integrated suite
of elements and material models
for fabrics have been developed
as part of this work, and
incorporated within ADAPTIC
increasing it capabilities. These
elements include a quadratic
cable element that allows for
sliding and a quadratic
membrane element which
commences from fabric flat in
the unstressed state.

Fully Integrated Analysis Facility
for the Realistic Modelling
of Tensile Surface Structures
A fundamental part of the
analysis facility developed is the
material model for plain weave
fabrics. Plain weave fabrics
exhibit salient features in their
mechanical response that are
accurately and reliably captured
by the material model
developed. These salient features
include the following.
• Gross nonlinearities in warp
and weft directions.
• Difference in fabric response in
the warp and weft directions.
• Response influenced by ratio of
loading.
• Permanent set after first
application of load.
These features are captured in
the developed material model by
faithfully representing the
deformation mechanisms that
fabrics demonstrate, which
include crimp interchange, yarn
extension and compression,
friction and coating
deformations. The material
model, which can be seen in
Fig. 2., consists of a series of
nonlinear elastic elements,
frictional elements and rigid

In the analysis procedure
the fabric patterns and cable
lengths of the structure are first
defined flat in the unstressed
state. Material properties of both
the fabric
and the cable, as well as the
structural topology are also
defined. Form finding is then
performed followed by applied
load analysis. A diagrammatic
form of the analysis procedure
used is shown in Fig. 1. It is
thought that the analysis
procedure fits best into the
global design of TSS at the latter
stages of the design process.
The software could be used to
perform minor adjustments of
cutting patterns to alleviate
regions of high or low stress that
may be encountered at the
corner of patterns. Accuracy
and reliability is derived by the
analysis procedure as it
considers the additional shears
and variations in direct stress,
brought about in the
patterning procedure of current
design methods, by the
flattening process.

Fig. 2 - Fabric model

Fig.1 - Integrated analysis of TSS

Fig.6 - Example of stress field

links. Calibration of the material
model demands biaxial tests to
be carried out on fabrics for the
(1:1), (2:1) and (1:2) stress
ratios. A sample of the achieved
results for this material model
calibrated for an example of
PTFE coated glass-fibre fabric
are shown in Figs 3-5. The
material model achieves equally
good results for the (1.5:1) and
(1:1.5) stress ratios indicating
that the model successfully
interpolates the response of
fabrics between the (1:2) and
(2:1) stress ratios
As mentioned several design
issues and considerations have
also been studied. The
prominent conclusions which
have been drawn from the study
are the following:
• Stresses vary across structures
even when the target is a
minimum surface.
• Variation of stresses are
dependent on fabric pattern
width and structural
curvatures.
• Stress-fields may be improved
by adjustment of cutting
patterns.
• Accurate and reliable material
modelling is of paramount
importance for the realistic
modelling of TSS.
An example of how stress-fields
may vary across structural
domains is shown in Fig. 6. The
stress-field is lowest at the centre
of cutting patterns, and
increases as the corners of the
patterns are approached which
is a situation observed in real
structures.
The development of the analysis
capability has provided the
foundation and framework for
further work, both research and
practical. Suggestions for further
work encompass testing the
software on the level of real
structures, development of the
analysis capability, performing
analytical studies on the true
performance of TSS and carrying
out critical studies of patterning
procedures. The further
developments of the analysis
capability include automating
the adjustment of cutting
patterns to meet predefined
design objectives.
juliopargana@hotmail.com

Fig. 3 - Material and model
response for (1:1) stress ratio

Fig. 4 - Material and model
response for (2:1) stress ratio
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Fig. 5 - Material and model
response for (1:2) stress ratio

www.imperial.ac.uk

SOLAR INTEGRATED ROOFING SYSTEMS
based on flexible amorphous silicone solar cells
laminated to PVC/TPO (thermoplastic polyolefin) roofing systems
Today energy problems lead to
the need for innovative
solutions. In this project
Coatema developed and built
the world-wide first automated
production for solar integrated
roofing membranes. The unit
which is now in operation in Los
Angeles is able to produce
30 MW or 800.000 m2 of solar
integrated roofing systems a
year. The customer Solar
Integrated Technologies (SIT) is
a London stock exchange listed
American company which is the
leading company for these
products in the world.
The standard crystalline cells of
today, used on big industrial
roofing are too heavy and too
inflexible for installation. The
new flexible amorphous silicone
solar cells are much lighter,
easier to install and can cover
bigger surface areas. The
Unisolar cells are covered on the
top with a PTFE/ETFE
membrane for protection and
self cleaning effect, on the
bottom a polyethylene (PE) film
is laminated.
The project target consisted of
5 steps:
· Engineering of the process and
finding the right fit of adhesives
material combinations.
· Pre-treatment of the
photovoltaic modules on the
back side and at the edges.
· Parallel and continuous hot
melt lamination of 6 flexible
photovoltaic modules on a
3000 mm wide roofing
membrane at the same time in a
continuous roll to roll process
with a maximum speed of
30m/min
· Edge protection with second
station to apply a polyamide

Pre-treatment of the modules backside
for better adhesion

The edge sealing units apply a
new type of Polyamide adhesive
to
all four edges of the modules.
solar
This sealing ensures the required
resistance against outdoor
conditions, especially UV. Here
the hot melt sealing has to be
100% precise to give the best
protection.

edge sealing to protect the
adhesive layer.
· Automatic wiring of laminated
PV modules through the PVC
roofing membrane to realize the
output of the produced
electricity to the grid.
The R&D part was done by
Coatema to find a suitable
adhesive, the best pre-treatment
method and lamination process.
The adhesive required a
permanent resistance against
hydrolysis effects as well as
plasticizer migration out of the
roofing membranes. SIT gives a
guarantee of 20 years on the
solar integrated roofing and this
was the challenge.
During the R&D period it was
found out, that a standard
Corona pre-treatment was not
suitable and influenced the
function and properties of the
solar modules. A successful
alternative was found.
The combined handling of sheet
goods and a roll to roll process
with 30m/min required a unique
machine layout and innovative
approach. For this, the pretreated PV modules were stacked
in huge boxes with 4.000 pieces
of them for one run. Six of the
modules are placed by a robot
transportation system parallel in
front of the Hotmelt application
system and the 3 m wide
roofing membrane is laminated.
The process takes place with a
speed of max 30m/min and
requires highest precision to
realise the next steps.
The laminating system consists
of two big roller lamination
stations. On a roll of 300 m
PVC roofing membrane we can
apply 290 PV modules and
realise 116 kW/h.

Coating of hot melt adhesive

Within the edge encapsulation
process the machine encapsulates the edge of the
panel with a water tight seal.
In the last production step an
automatic wiring is realised to
connect the modules with the
AC/DC converters. In addition
the quality control and the
slitting and commission of the
rolls to the required customer
size was installed.
The whole project, including
R&D period, design and
manufacturing of the
production line was finished in
only 8 months by Coatema.
Since one year the production
line is in operation. 235 kW on
standard industrial roofs and
over 30 installations already in
the US confirm the success of
this idea.

Feeding of modules with a special robot system

The co-operation in the
development between Solar
Integrated Technologies and
Coatema led to a strategic
product partnership. In a closed
co-operation both companies
are working together on new
generations of solar cells, which
could be directly applied on
roofing membranes.
This is the future for solar
integrated roofing products and
shows the strength and the
ability of German engineering
and the innovation potential in
family owned companies.

100kW Solar Electric Roof System,
Frito-Lay, Torrance, CA

235kW Solar Electric Roof System,
Coca-Cola, Troy, MI

The production plant for
making roofing membranes with
integrated solar cells received
the “New processes” Techtextil
Innovation Prize 2005. Prize
winners: Thomas Kolbusch,
Herbert Giessmann, Andrea
Glawe, Coatema Coating
Machinery GmbH, Dormagen,
Germany.
aglawe@coatema.de
www.coatema.de
techtextil.messefrankfurt.com

Laminating process

Inside view of the complete factory laminating and edge-sealing line
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Electrical wiring station /
QC-Packaging line

UNOBTRUSIVE CANOPY
THE “SAN SEBASTIÁN” PROTOTYPE
“La Concha” beach, Donostia-San Sebastián, Spain

“San Sebastián” modules

The roofing of bar terraces in front of monumental façades raises
problems of visual obstruction and urban landscape contamination.
This case refers to the façade of the historic building “Hotel de
Londres y de Inglaterra” at the sea front of Donostia-San Sebastián,
Spain.
The design is based on a 4.70m x 4.70m self supported module
composed by a horizontal steel frame hung from two masts. The
frame is completed by two low arches and braced by cable-ties. The
roof itself is made of PVC coated polyester fabric resting on the
arches and stretched against the frame by means of elastic rope.

Module from below: horizontal frame supported
by masts

The overall shape is perceived like a horizontal flat surface smoothly
curved. It is stable because it’s curved in two opposite directions,
drains properly and arrives horizontally to the edges, avoiding vertical
surfaces, pitched roofs, leaning planes or obstructive volumes.

Module from above: two low arches and ties

The frame is formed by L shaped steel sections, so the perimeter is
straight. It adapts to the straight line of the street and the building. It
protects all the surface included by the structure - preventing the
diminishments caused by the curved edges, simplifies the connection
between modules and allows the installation of vertical transparent
enclosures for winter time conditions.

Translucence emphasizes lightness. The seams
contribute to the perception of the surface

The whole is supported by two
masts, so the pavement is only
affected in two points. Moreover
the distance between the masts
creates a rhythm according to the
repetition of the modules,
independently of the different
compositions of the buildings
behind them or other elements of
the street such as trees and lights.

Somewhere around the Belgian
capital of Brussels, three silver
coloured dragon-like wings seem
to challenge gravitation. They
hover above an outdoors
swimming pool and terrace and
float next to a six meter high
square window.
These three architectural sails are
part of a private clinic and
residence of two surgeons. They
wanted an artistic, hi-tech,
lightweight sail sculpture to serve
as sunshade. The Nomad
Concept was appointed to fulfil
this modern nomadic dream.
Architect Amandus Vanquaille,
inspired by Tibetan nomadic life,
saw an opportunity to create a
mobile sail structure, able to
adapt to all weather
circumstances. He created
convertible architecture able to
adapt to human mood changes.
The structure shifts from
sunshade to rain shelter to no
shelter in just minutes. All this is

Sculptural effect at night time

The structure is lightweight and
easily taken apart in order to be
installed and dismantled each year,
if necessary.
The result was satisfactory enough
to use the “San Sebastián” canopy
in other locations for other purposes.

Backlit Totem
in Salera Mall,
Castellón de
la Plana
Stainless steel against wave sprinkling

The fabric is stretched against the frame by
means of elastic rope

Details

Elevation and plan

Name of the project:
The “San Sebastián” Canopy
Client:
Hotel de Londres y de Inglaterra, Donostia-San Sebastián
Location:
Donostia-San Sebastián
Architect:
Llorens & Soldevila with A.Riera
Membrane structure:
PVC-coated polyester
Manufacturing:
Toldos IASO, Lleida (Spain)
Urban Supervisor:
Donostia-San Sebastián City Council
Roof area:
4.7m x 4.7m per module
Year of construction:
1993

The 30m high totem in
Salera Mall

Josep Llorens, ignasi.llorens@upc.edu
“Port Aventura” station, Tarragona

http://www.upc.edu/ca1/cat/recerca/tensilestruc/portada.html
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Night view with the
cutting patterns visible

achieved with three tensioned
membranes shaped like a wing.
The twelve meter long frame
structure made out of stainless
steel is kept ultra slim with tension
cables. Each wing is able to pivot
around a fixed rotating point
equipped with an electromotor.
Due to the physics of the building,
each wing, twelve meters long and
four meters wide can rotate over
180 degrees in complete silence.
The domotic system of the
building can control each wing
separately. This way the structure
can easily be programmed to
follow the sun’s rise and down to
give shade where wanted. When a
storm occurs, the wings
automatically turn towards the
wall where they meet their fixation
points. The structure is now
secured and can resist stormy
weather.
Mobility and adaptability are and
will become more important in
the near future architecture.
Amandus Vanquaille believes he
has taken a first step to meet the
requirements of the new
generation of mobile architecture.
The next step will come soon.

The three sails as a canopy above the high window

MOBILE WINGS
BY THE NOMAD CONCEPT

amandus@nomadconcept.com
www.nomadconcept.com

TEXTILE LIGHT HOUSE
Costa del Azahar in Castellón is
full of small light houses, some of
them ancient and many still in
use, which are used to guide ships
surrounding the Mediterranean
coast. The aim of this project was
to build a tribute to these light
houses, guiding and attracting in
the same way the attention to the
Commercial Centre, with enough
visibility for consumers during the
day as well as at night. The fabric
used was a Ferrari 702 printed by
hand, with the logo of the mall in
several colours enhancing the
backlit effect.
Its structure was planned with
three posts of 30m high and
Ø 500mm, and the upper 9m
covered with textile. The lighting
system was placed in the interior
to create the backlit effect and to
hide the secondary structure:
bracing tubes for the three masts.
The totem is set on a platform at
5m above the ground floor.

The final height of 35m implies
calculations with a wind speed
of 161km/h on the fabric.
Therefore a higher pre-stress
(1.3 kN/m) than usual for Type I
(0.7 kN/m) was applied in order
to minimize deflections.
The initially conceived geometry
of the fabric was like the inner
part of a revolution torus.
As the membrane is mounted in
three parts connected to a stiff
frame, the final geometry is not
axis-symmetric.
Name of the project:
Client:
Location:
Architecture:
Main contractor:
Engineering:
Fabric/Structure/Installation:
Year of construction:

The membrane consists of three
identical parts (one between each
two posts) and is tightened in
both main directions:
- In warp direction with an upper
and lower keder, screwed by
means of stainless steel pieces to
the main structure in order to
allow the vertical tensioning.
- In weft direction with rods in
pockets and adjustable webbings
surrounding the posts.
This system
allows the
later re-stress
Computer model of
the initial geometry

Installing the first sail

Sails as sunshade

Sails moving to their fixation points

Client:

Dr. De Maerteleire –
Dr. Demunter
Architect: Amandus Vanquaille,
Belgium
Manufacturer:
The Nomad
Concept, Belgium
Structural Engineering:
Engineering Jan Meijer, Belgium
Completion:
May 2005

of the fabric, very useful when the
roof is so close to the sea, and
exposed to wind storms. The restress will be performed by a
controlled change of the
geometry. The erection of the
fabric panels was done during the
night - with several systems to
assure the safety of the workers,
and less wind than during day.
Each third was
hoisted
inflated as a
spinnaker till it
was adjusted in
its final
Finished structure seen
geometry.
from underneath

Textile Light House-Totem in Mall "Salera", Castellón
ING
Salera Mall Castellón de la Plana, C. Valenciana, Spain
BAT · BURÓ ARQUITECTURA TEXTIL, S.L. (Javier Tejera, José Javier Bataller)
VEGA FACTORY (Eduardo Gonzáles, Anselmo Rodríguez), C. SAN JOSÉ
BAT · BURÓ ARQUITECTURA TEXTIL (Javier Tejera)
Ferrari, Moñita / Mecanasa, Ortiz E Hijos / Servicios Y Consultas
2005

NAME OF THE PROJECT IN
THE WWW.TENSINET.COM DATABASE

tejera@batspain.com

Textile Light House-Totem in Mall "Salera", Castellón

http://www.batspain.com/arquitecturatextil.htm
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The Cloud for the World Youth Day 2005 in Cologne
The world youth day takes place
between the 15th and the 21st of
August 2005. It is a pilgrimage of
young people from all over the
world to the area around
Cologne, with common prayers
and activities in Cologne, Düsseldorf and Bonn. After a welcome
celebration with the Pope and an
International Festival in Cologne
City, they arrive finally at the
Marienfeld, where the Vigil and
the concluding Mass takes place
from the 20th to the 21st of
August.
For the Vigil and for the
concluding Mass, more than
800.000 pilgrims are expected,
and therefore an area of
approximately 2 km width and
1.5 km length has been build up,
including a 10m high hill, where
on top the so called Cloud is
located, a pneumatic structure as
stage roof for the Pope.

Installation of the supporting
truss at ground level

At the lower chord of the main
truss a steel profile is attached,
for the clamping of the
membrane.

The Cloud is realised based on a
modular truss system, that is
used for Rock ‘n Roll stages, and
can be adapted easily for the
requirements of individual events.
The structure is for temporary
use, and will be dismantled after
the 22nd of August.

The pneumatic structure has in
the final design been divided in
5 individual cushions. One large
cushion lying on top of the grid,
and spanning 39m by 32m, and
four smaller cushions, which
form the border area with a
length of 22m or 27m, and a
width of 6m or 6.5m. At the
borderline the cushions are
connected with extruded
clamping profiles. The total
volume of all cushions is
approximately 2500m3, and the
inner pressure is 300Pa.

On a rigid base structure,
4 columns (towers) are installed.
The grid for the roof is built by
1.8m high main trusses and a
second layer of 1.3 m secondary
trusses. In the corner of the grid
special ‘corner blocks’ are
installed, which allow to lift the
roof-grid from the ground with
electric winches. These winches
are part of the standard stage
system. To form the Cloud, the
perimeter of this standard system
is extended by an elliptical ring,
where the upper cushion is
connected, and where the top of
the lateral cushions is connected.

Border Beam and supporting
struts

The concept of the Cloud
required an illumination to get a
glowing cloud by night or in the
dawn. Therefore inside of the
cushions fluorescent tubes are
installed. In the upper cushion

Installation lower membrane
top cushion

Upper Light Rigg inside
the cushion

Air view

Café side-perspective

1. Structural Analysis
The selected geometry follows the
support line in the form of a
parabolic curve. Thus the use of
steel in the primary construction
can be minimised – with the
interior being completely free of
supports. At the same time, the
small steel cross sections
(HEB 280 / IPE 220) with a
crown height of up to 18m
minimise the casting of shadows
on the tropical plants. The line of
the curve permanently guarantees
a vertical angle of light during the
day, so that the reflection part of
the light can be minimised and
the UV exploitation can be
optimised. This principle has
already been used in classical
greenhouse constructions (for
example Kew Gardens, London).

possibilities of building a new
greenhouse for the Cologne
FLORA. An important aspect
thereby was to achieve an
optimisation of the geometry and
the materiality, which not only
does justice to the architectural
appearance, but also contributes
to the optimisation of both
functions and costs.
Greenhouse parameters
The following three parameters
needed to be taken into
consideration when planning the
greenhouse:
1. Minimum of construction
elements with greatest possible
freedom from supports
2. Maximum UV utilization with
greatest possible thermal
insulation
3. Maximum corrosion protection
of the load-bearing structure
by permanent tropical
humidity

2. Façade Analysis
Classical insulating glazing is
unsuitable for greenhouses, since
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The membrane on the outer skin
is a PVC coated polyester fabric
type II, with a translucency of
22%, which was also a
requirement for the illumination
of the Cloud. Due to the high
translucency the g-value went up
to 30%, and this had to be taken
into account for the heating up
of the cushions under solar
radiation and with respect of the
heat sources inside the cushions.
A numerical simulation based on
the warmest summer day, with
maximum radiation and with no
wind has shown for the initial
design a temperature of 100°C in
the top cushion and more than

Light inside the border
cushion

Greenhouse project –FLORA– Cologne, Germany
The architect's office Königs
Architekten, Cologne was given
the job of carrying out a design
study to determine the

are 184 LHGL-lamps with 4 tubes
each, and in the side cushions are
260 LHGL-lamps in total. This
gives approximately 1800 fluorescent tubes (warm white) to
illuminate the cloud. Each of
them can be dimmed individual.

Installation upper membrane top
cushion

the degree of UV-transmission is
too low. Single glazing on the
other hand has proved to be
unsatisfactory because the
transmission losses of heat energy
are too high.
A membrane construction out of
ETFE film has shown itself to be
a feasible alternative, since the
UV-transmission of 91.7% - 95%
is considerably higher than that
of glass. At the same time the
U-coefficient can be optimised
with a multi-layer construction.
Two-layer variations have a Ucoefficient of 2.5 to 3.0 W/m2K,
whereas three-layer constructions
can achieve a U- coefficient of
1.8 to 2.0 W/m2K. However, by
pneumatic pre-stressing
membrane constructions
dominate in their pillow optics
and would need to be integrated
architecturally accordingly. At the
same time, the susceptibility to
the effects of hailstones must be
taken into account.

60° in the border cushions.
After a test under 80°C it was
clear that the membrane has the
full stability up to 80°C and for
the lamps inside the cushion a
maximum of 80°C could be
accepted when they are off, but
under service the temperature,
had to be limited up to a
maximum of around 40°C.
To avoid the high temperature a
gap of 50 mm between the ring
beam and the lower clamping
line has been introduced, to
ventilate the inner space. In the
upper cushion two overflow
valves have been introduced to
allow an air exchange up to
4 times per hour, what was
possible with the presumed
2 fans. Each of them has a
capacity of 5000 m3/h. To
minimize the noise in the normal
situation only 1 fan is working
with 50%, and under high
temperature the second fan is
started also with 50%, and if the

Completed Installation
membrane; Border Detail

temperature is still increasing
then both are set to 100%.
With these modifications the
numerical simulations have been
adapted and the temperature in
all cushions and in the air space
have been analysed over the day.
With this measure a maximum
temperature around 70°C could
be achieved in the top cushion at
2 p.m., and around 40°C
between 7 and 8 p.m. what was
acceptable to start the
illumination at the dawn.
Due to the chosen system of
modular trusses the installation
was very quick, and most parts
have been installed at the ground
level, before lifting up the Steel
Grid. The Installation took
10 days, including the additional
work for the light installation.
For the dismantling of this
temporary structure a 2 day
period is estimated. The
complete structure can be reused
then for another event.

Corner Detail Framework and
Membrane

Membrane Solutions
Taking into account the aspects
mentioned above, we have
developed a new alternative for
the covering of the FLORA
greenhouse together with Rudi
Scheuermann, façade planner
with ARUP, Berlin: a combination
of a tempered glass cover on the
outside with mechanically prestretched ETFE film on the inside.
The entire construction remains
corrosion proof between the
tempered glass and the ETFE
film, which is an advantage by
permanent tropical humidity
values. At the same time, an
extendable sun protector could
be installed in the gap between
the tempered glass and the ETFE
film, which protects the plants
against overheating.
The internal ETFE membrane can
also fulfil the protective function
against falling glass from the
outside layer – a costly
installation of laminated glass

Name of the Project:
Cloud, Stage Roof for the World Youth Day 2005
Client:
Weltjugendtag GmbH, Cologne, Germany
General Contractor:
Bilfinger Berger AG, Cologne
Consultant Event:
eve eps GmbH, Cologne
Consultant Cloud:
form TL GmbH, Radolfzell
Consultant Thermal Simulation:
Dr. Mahler, Remscheid
Engineering truss system:
StageCo Germany, Berlin
Engineering membrane structure:
IF, Reichenau
Supplier Truss System
StageCo Germany, Königsbrunn
Membrane manufacturer:
Canobbio S.p.A., Italy
Installation:
StageCo together with membraneteam, Ravensburg
Dimensions:
Covered area 960m2
Length 38m, Width 32m, Height of the ring 15.4m
Top level of the cushion 20.3m, Bottom level of the cushion 12.2m
Material: Modular Steel Trusses and a custom made elliptical steel ring,
connected with compression struts
Membrane:
high translucent PVC coated polyester fabric
Verseidag Type II (translucency = 22%)
Installation period: Steel Structure:
from 26.07.2005 to 29.07.2005
Membrane:
from 30.07.2005 to 05.08.2005
Light in the Cloud:
from 30.07.2005 to 05.08.2005
bernd.stimpfle@form-TL.de

www.form-TL.de

View from the pilgrims field
at daytime and in the evening

can thus be avoided.
In order to avoid condensation
fallout in the construction gap,
the gap should be rinsed
permanently with dry air. The
achievable U-coefficient would lie
between 2.5 – 3.0 W/m2K.
The bend of the parabolic curves
of the primary construction
allows a simple mechanical prestretching of the internal
membrane covering in the
opposite direction. The external
panes of tempered glass can be
bent over a relatively large radius
without any difficulty, so that
they can follow the geometry
precisely.

Name of the project
Location
Architects
Engineers

Roof Area

Greenhouse project – FLORA
Cologne
Königs Architekten – Cologne
Structural Analysis: ARUP, Düsseldorf
Façade Analysis: ARUP, Berlin
Building Services: Brandi IGH Research, Cologne
4.000 m2

Detail horizontal section

Horizontal section

Result
Transparent ETFE membranes
are particularly suitable for use in
greenhouses. The weight
reduction in comparison with
conventional glazing leads to
reduced steel tonnage; the
casting of shadows and costs can
be reduced.
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Detail vertical section

Current technology allows
precise fabrication as well as
geometrically complicated
contours. The UV-transmission
and combinability in several
layers makes ETFE film a
superior material for this building
task.

The new combination of ETFE
film with tempered glass, which
we have developed for the FLORA
greenhouse in Cologne,
demonstrates that the possible
areas of use for membranes have
not been exhausted by a long way
and can be further optimised.

koenigs@baunetz.de

www.koenigs-architekten.de

The cover of the “Pedestrian Street Walk”
at the Punta Carretas Shopping
The Punta Carretas Shopping
Center is situated in the Punta
Carretas neighborhood in the city
of Montevideo, in Uruguay. The
idea of building this shopping
center was the winning project in
an ideas contest on how to use
an existing building, which used
to be a prison. This project
proposes recycling the building,
using most of its walls and
original structure.
This project for the shopping
center has the special
characteristic of being a part of
the urban area, integrating into
its housing and commercial
network. Thus, the shopping
center has brought a substantial
improvement to the quality of the
lifestyle of the neighborhood and
an increase in the real estate
value of its surroundings.
The building has several accesses
in its perimeter, through which it
is connected to the neighborhood. Soon after the shopping
center was operative, the
marketing department felt the
need for a “paseo de servicios” or
“pedestrian street walk” in one of
the lateral accesses, for it was
one of the most frequently used
entrances to the shopping center.
For this reason, it also needed to
be protected from rain and from
the sun, which also generated a
new commercial development
with shops (laundry, shoe shop,
post office etc.).
Objectives of the Roof:
With the objective of creating a
“services walk” or “pedestrian
walk” arises the need of having a
roof with the following
requirements:
1. eliminating direct solar
radiation, (over the façade of the
shopping center corresponding to
the pedestrian street walk) as this
disturbs the stores located there.
2. letting natural light in, at least
7%, so the area is not darkened.
3. rain protection, to make the
pedestrian access easier, fostering
the development of small shops,
in addition to the existing stores
inside the shopping center.
4. low building costs, so as to
keep investment risks low, and
not loosing much money in case

the corresponding set of points
that generates the surface of the
membrane, both the structure
and the membrane were analyzed
by finite elements, obtaining the
tensile states of each element in
detail, with and without wind.

the commercial activity did not
prosper.
5. easy to install, so as not to
stop commercial activity during
installation.
6. easy to uninstall, to be able to
remove the roof in case the
commercial project does not
work as anticipated.
7. special design which gives the
street a distinctive design quality.
8. integrating with the existing
building, without distorting the
original project, trying to keep
the building’s esthetic style.

General view from outside the chopping center

View at night

Interior view

Prestressing:
For the initial prestressing of the
membranes the canvas was made
smaller than its final size so that,
once stressed, it would have the
final measures of the project.
The prestressing system was
possible due to the construction
of the double arches with
rotating axes at their base, with
bolts with regulating threads,
which allowed a perfect
adjustment for the desired levels
of tension.
Building Process:
Once the exact measures of the
place were set, the framework
plans and canvas plans were
developed simultaneously,
generating the corresponding
cutting patterns.
By simultaneously producing the
framework and the canvases, an
extremely quick execution was

Double arches to create the curvature

Why a Prestressed PVC
Membrane was chosen:
1. It strictly complies with all the
requirements.
2. When compared to other
traditional systems such as glass,
plastic, metal or concrete, these
traditional systems did not meet
all the requirements. What is
more, some of them added new
problems, such as increasing
internal heat, blocking light
completely, and more
importantly, they did not offer
aesthetic and formal
opportunities, like the ones the
PVC membrane offers.
Design:
A tilted roof was created, so the
rainwater would flow to one side
only, towards the parking lot.
Arches and straight girders were
alternated, in order to generate
the necessary curves to achieve
the tensile stability of the
membrane. The roof spans 10m
(33ft) and each module is 6.50m
(22ft) wide. Once the shape in
the space was defined, as well as

possible. Once the structure was
installed, the canvas was installed
the following day. Therefore, the
whole assembly lasted
approximately one week.
Materials:
The metal framework was built
with iron round tubes and U
profiles, and anchored to the
existing building with mechanical
and chemical anchorages.
The membranes are made of
polyester fabric PES HT
1100dtex, 5 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 30daN/cm.
(167lbs/inch).
The membrane was tied to the
structure with nylon ropes 6mm
thick. An iron rod was attached
to the edges of the membranes.
Conclusions:
The roof, as well as the
commercial project, were
absolutely successful: the roof
was used for 4 or 5 years and
later some changes were made to
the building, and the pedestrian
walk turned into shops with the
same characteristics as the ones
inside the shopping center.
Besides, the roof met one of the
most important goals this
technology can offer.
As it is an extremely original
material, it is read as such,
blending with the existing
building, not as something
unpleasant, but as something
original that integrates with any
kind of architectural language.
In the year 2004 another roof
was built for one of the other
accesses of the same shopping
center with similar objectives to
the ones of this example.

Name of the project: Pedestrian Street Walk, Punta Carretas Shopping
Covered area:
278m2 (3000sq.ft.)
Location:
Montevideo,URUGUAY
Completion:
1996
Roof design and project: arch.Roberto Santomauro & arch.Patricia Pinto
Roof structural engineer:
eng. H. Cainzo
Roof fabricator and contractor:
Sobresaliente Ltda.
www.sobresaliente.com
General project:
archs. JCLA & asociados
www.sobresaliente.com
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tenso@sobresaliente.com

The tackles were positioned spatially,
in accordance with the artist’s
wishes, and each staying or
stabilization cable was carefully
placed not to hurt the membrane;
in particular:
1. each cable direction, crossing the membrane, was parallel with the
direction of translation determined by calculation.
2. all the other cables were parallel with the plans of the membrane
Refer to the figure where one can clearly notice the carefully selected
orientations of the directions of the tackles stabilization cables.
The whole structure was calculated for a wind of 140km/h and the
corresponding loads, thus ensuring the good dimensioning of the
frames and ground anchoring. A complex numerical model, in which
fabric and framework were calculated together, was carried out.
In spite of the design precautions and despite the ABACA advices, but
finally accepted because of comprehensible financial stakes, additional
oblique cables of stabilization were added, without particular
reinforcement of the membrane.

GIANT

« An innovative staging design
In addition, the theatrical design will be
an entirely new concept with a very
advanced technical component, helping
to make the show even more original.
‘The Giant of the 7 Seas’ will create its
own innovative language by combining theatrical accessories and
supports for a flying trapeze, with nets and mechanical vehicles. The
intention of all this staging is, as those responsible for it say, to play
with the spirit of the sea. The Large Auditorium faces the sea and
spectators will have two views of it: the fictitious view, created by the
dramatization on stage, and the real view of the sea, which becomes
the backdrop for the show and can be enjoyed by the spectators in
the higher seats as natural scenery. »
www.barcelona2004.org/eng/actualidad/especiales/arutairc/arutairc.htm

of the Seven Seas

This contribution is a response to the paper entitled ‘Forum of
Cultures, Barcelona 2004’, written by Josep Llorens, which appeared
in the Tensinews #8 of March 2005, and namely to the section about
the tensile shade canvas of the trapeze structure ‘Giant of the seven
seas’, which was blown up by a storm.

In addition of the disaster explanations, advanced in the previous
article, it is the installation of the additional oblique cables, posterior
to the initial design, which are at the origin of the disaster and not at
all the low curvature, initial tension or installation. Indeed, the contact
of the membrane during its displacements, under the more violent
storm, which did undergo the structure during its use (strong wind
with 100km/h speed), inevitably did tear the membrane thus causing
its ruin.

The scenographic structure in question is a trapeze frame, with a
tensile membrane for shade; it is integrated in a vaster set of elements
of decoration for the spectacle ‘Giant of the seven seas’. Its study was
entrusted, in December 2003, at the consulting engineering office
ABACA, managed by Nicolas Pauli.
In accordance with many hesitations of the spectacle producer (GDP)
and the director (Jordi Aspa) (Oct. 2003 - Feb. 2004 for an assembly
in March 2004), the trapeze structure was designed to receive the
tackles of the artists as well as the velum with a durability acceptable
for the desired 6 months of use.

After this disaster, ABACA designed a retractable velum and cable
system which could be folded up and fixed along the central
transverse truss in case of announced constant wind. Far from being
obvious because of the complex and nonparallel geometry of the
cables of guidance and the central truss, this replacement solution
required a careful design and
was checked by calculation. It
fulfilled its role during all the
season of spectacle.

The trapeze frame
itself was a large
stayed structure of
55mx25m with struts
of 21m height. It
presented a complex geometry in space - all the posts were oblique
and different. They hanged the tackles of the artists as well as an
anticlastic velum:

ABACA, created in
1995 by N. Pauli and
Tent for the Circus School of Rosny-sous-Bois
B. Chaperon, is a consulting
engineering office specialized
in complex lightweight
structures (membrane and
spectacle). ABACA counts
among its recent achievements a big top as prestigious
as the 3000m2 biggest circus
tent of Europe built for the
Inflatable structure for the trapeze company
‘Les Arts Sauts’
Circus School of Rosny-sousBois (concept design and architectural design: B&H Paris, preliminary
design and preliminary dimensioning: ABACA, builder: Canobbio SPA
with ASTEO (France) consulting for Executive Design and Statical
Analysis) and the inflatable structure Ø50m and the internal structure
(25x25m) of the trapeze company ‘Les Arts Sauts’ (www.arts-sauts.org)
(Manufacturer: Spécial Textile, Montceau les Mines (France)).
For the design and calculation of membrane structures,
ABACA has developed its own software suite:
- Form Finding: Force Density Method implemented in
ARX for integrated use under AutoCAD
- Non linear Analysis: Cable net model and specific developments
for the French commercial non linear software RobotPatterning: Specific development of routines for integrated
use under AutoCad

The velum, of a surface of 230m2, realized in ‘Grille 392 Ferrari’,
was designed to protect the artists from the sun at noon.
The weak anticlastic curvature in certain zones was accepted
for the following reasons:
1. the risk of accumulation of
rainwater was null because
of the use of a perforated
fabric
2. the calculation of the
behaviour under climatic
loads (geometrical nonlinear
analysis with our own
developed software)
determined the maximum
displacements values
associated with the pre-stress
level, and the possible
contacts with the frames
were checked
3. the membrane durability,
reduced to 6 months of use,
was ensured by the strength
qualities of the Ferrari fabric

Nicolas Pauli, bet.abaca@wanadoo.fr
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ACADEMIC
INSTITUTIONS

TensiNet will assemble a list of
universities dealing with Textile
Architecture in terms of research
and/or education. They will be
mentioned one by one in TensiNews.

Lincoln School of Architecture

University of Nottingham

The thermal behaviour of textile skins
While multi-layer constructions
are often advocated as an
effective strategy for controlling
thermal comfort levels and
condensation inside membrane
enclosures, little information is
currently available on their
actual effectiveness.
Indeed, a wide range of
architectural membrane
products has recently arrived on
the market, offering numerous
combinations of thickness,
translucencies, porosities and
surface coatings. Thanks to the
recent development of strong
and durable high-translucency
membranes, such as siliconecoated fibreglass, the number of
layers in the textile construction
can also be multiplied without
compromising the daylight levels
inside the enclosed space,
offering the designer a variety of
options to tailor the
environmental performance of
the building skin.
However, when enclosing an
architectural space with a
millimetre-thick translucent
membrane, the climatic design
process needs to be approached
from an unusual angle: it is not
possible to rely upon the
traditional environmental
control strategies, namely the
use of the thermal resistance
and mass of the building
envelope itself, to regulate and
dampen thermal exchanges
between the interior and the
outdoor environments. Because
of their lightness and
translucency, tensile membrane
skins should rather be
considered as passive
environmental filters that can
only moderate outdoor climatic
variations.

thermal performance of the
spaces they enclose, the thermal
behaviour of two full-scale
membrane enclosures in
operation was monitored over
13 months, covering a total of
130 days, mainly during the
winter and summer seasons.

Furthermore, the properties
traditionally used to compare
the thermal performance of
construction materials, such as
the U-value and shading
coefficients, have proved
inappropriate for the description
of the thermal performance of
coated membranes, since the
assumptions used for their
calculation is incompatible with
their extreme thinness and
diffuse translucency1,2,3.

The monitored data included
the membrane surface
temperature and the vertical air
temperature distribution,
resulting from the vertical
thermal stratification that
tended to occur inside the
enclosures. These data were
then analysed with weather data
that were simultaneously
collected from local weather
stations.

So, a number of questions may
be raised at the design stage:
- What are the criteria for the
selection of the most
appropriate combination of
textile membranes to maintain
adequate thermal comfort for
the occupants?
- What will be the trade off
between improved environmental performance and cost?
- How can these requirements
be conciliated with those of
structural, acoustical and
visual design, into an
integrated design and detailing
strategy?
This article summarizes a
research project carried out as
part of a PhD degree at the
University of Nottingham (UK)
(www.nottingham.ac.uk/sbe) to
explore the effects that multilayer membrane constructions
may have on the thermal
performance of the space they
enclose.

Two full-scale enclosures were
selected for their radically
different approaches to the
environmental design of textile
architecture in response to
similar climatic conditions.
The first building, the Inland
Revenue Amenity Building
(Nottingham, UK) (Figure 1)
can be considered as a
thermally self-regulated
membrane enclosure,
naturally heated and ventilated
to cater for low internal heat
gains and occupancy and for
the minimal thermal comfort
requirements of indoor sports
practice. Minimum heating
input was provided in the form
of radiant heaters to
accommodate for unfavourable
conditions and extend the use
of the enclosed space beyond
daytime hours. The designers
opted for a single skin PTFEcoated glass membrane skin,
giving priority to daylighting
rather than condensation
control, which was not critical

APPROACH
AND FINDINGS
Thermal monitoring
of existing membrane
enclosures
To gain a greater understanding
of the effect tensile membrane
constructions may have on the

Figure 1a and 1b: Internal and external view of the Inland Revenue Amenity Building, Nottingham, UK

to the normal operation of the
building.
The second monitored
enclosure, the Butlins Skyline
Pavilion (Skegness, UK)
(Figure 2), represented the other
end of the spectrum, enclosing a
high occupancy space in
continuous use. Because
thermal comfort criteria were
more stringent in this case, the
control of the thermal
environment inside the enclosure
relied on mechanical ventilation
and an all-air heating system,
which were selected as the most
cost-effective options to
maintain consistent thermal
comfort throughout the year.
Similarly, thermal control
requirements lead to the
selection of a low-translucency
double-layer membrane
construction in an effort to
reduce heat losses through the
building roof and limit the
occurrence of condensation on
the membrane surface.
In addition, a more detailed
monitoring of a typical doublelayer membrane construction
was also performed on a test rig
in order to study the thermal
relationship between the two
membrane skins in a more
controlled environment.
Despite their different
constructions and servicing, the
thermal environment inside the
two monitored enclosures
demonstrated a number of
common features.

Figure 2a and 2b: Internal and external view of the Butlins Skyline Pavilion, Skegness, UK
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Because of their large internal
volume and height, strong
vertical temperature
stratifications were frequently
observed. In the Inland Revenue
Amenity Building, an air
temperature difference of up to
+12ºC was measured between
the occupied area and close to
the apex of the enclosure, 14m
above. This temperature
gradient often reversed during
night-time, reaching –5ºC in the
early hours of clear winter
mornings. The stratification was
less evident in the Butlins Skyline
Pavilion, as the continuous
mechanical ventilation tended to
mix the warm air from upper
level into the occupied zone.
Solar gains through the building
envelope appeared to affect the
air temperature in the occupied
zone only insofar as it affected
the outdoor air temperature.
The magnitude of the thermal
gradient along the vertical axis
of the buildings was, however,
to a large extent related to the
amount of solar radiation
incident on the translucent
membrane roofs.
The monitored data also
indicated that the thermal state
of the membrane skins were
extremely sensitive to climatic
variations and, in particular, to
radiation exchanges. The textile
skins experienced large and
rapid temperature swings, well
beyond the temperature
fluctuations of the surrounding
air.

constructions, the monitoring
programme was complemented
by the development of a
numerical model capable of
simulating the thermal response
of the single and double-layer
textile skins. The model was
designed to calculate the
thermal state of the membrane
skins for any given set of
environmental conditions, based
on a detailed modelling of the
convective and radiative heat
exchanges taking place at the
membrane surfaces.
In contrast to conventional
thermal analysis techniques, this
model assumed that the
influence of thermal conduction
through the membranes was
negligible, so that the
temperature gradient across the
membrane core was considered
effectively null.

(at 2 minutes interval),
monitored by previous
researchers2 and during this
project1, from both test-cells
and full-scale enclosures. The
numerical model proved able to
estimate the temperature of the
membrane surfaces with an
average absolute error of less
than 1.3ºC.

The numerical model was
implemented as a self-contained
module, using as input the
weather data, the membrane
surface geometry and a limited
set of data about the thermal
environment inside the enclosure
(Figure 3). These latter data can
be exchanged with an external
fluid analysis software (such as
a CFD package), with which the
numerical model is designed to
dynamically interact.

The surface temperature
appears to be strongly
dependent on the orientation of
the membrane surface, which
defines its view factor to the sky
vault and, during daytime, its
exposure to solar radiation.

The accuracy of the model was
verified using more than 50000
time steps of experimental data

In the absence of short-wave
solar radiation, the thermal
balance of the textile skin is

The numerical model described
above was used to simulate the
thermal behaviour of the
membrane skins under the
monitored conditions. The
model allowed the significance
of the convective and radiant
heat transfers on the thermal
balance of the membrane layers
to be quantified and tracked
over time and to evaluate the
effect this may have on the
thermal conditions experienced
inside the enclosure (Figure 4)

The simulations showed that
convective heat transfers to the
inside of the enclosure
accounted on average for less
than 10% of the overall heat
exchanges.

In the single skin construction,
solar radiation caused the
membrane surface temperature
to rise by 6ºC above the internal
air temperature measured in the
occupied zone during a sunny
winter month.
On the other hand, the
membrane surface temperature
dropped down to 7ºC below
external air temperature, just
before sunrise on a clear winter
day.
The temperature range
experienced by the internal liner
of a double-layer construction
was significantly smaller under
similar conditions.

Numerical simulations
To quantify the physical
processes governing the thermal
behaviour of these membrane

Figure 3: Screenshot of a thermal numerical model
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Figure 4a and 4b: Relative significance of
radiative and convective heat transfers at the
surfaces of a single membrane skin, during a
typical sunny (above) and covered (below)
winter day

dominated by long-wave
infrared radiation exchanges
with the surrounding surfaces to
which it is exposed, in particular
with the sky vault. The
proportion of heat transfer at
the membrane surface is
approximately equally
distributed between its internal
and external surfaces.
As the amount of solar radiation
incident on the membrane
increases, the surface
temperature rises above the
internal air temperature and
shifts the heat transfer towards
the outside.
This confirms that the
contribution of the membrane
envelope to the thermal
behaviour of the space it

encloses is primarily the result of
the solar radiation transmission
into the space.

DESIGN
IMPLICATIONS
Thermal comfort
Although the variation of the
solar radiation incident on the
membrane roof (due to
passing clouds, for instance)
caused rapid fluctuation
of its surface temperature
(up to 6.5ºC in a two-minute
interval), these did not seem
to affect the thermal
stratification in the short term,
which was stabilised by the
large internal volume of the
enclosure. In the absence of
large convective movements
induced in the enclosure by
mechanical or natural
ventilation, convective heat
transfer would therefore not
directly influence the thermal
comfort levels in the lower
part of the enclosure.
The rapidly changing and
contrasting surface
temperatures inside the
enclosures would, however,
have an instantaneous effect
on the radiant temperature
exposed at the lower levels
in the enclosure, since thermal
radiation is transmitted
without requiring any air
movement.
The impact of surface
temperatures on the mean
radiant temperature, and
therefore comfort level
experienced by the occupants,
is likely to be significant in
the case of a lightweight
membrane roof for
two reasons.
Firstly, because floor and
internal structures tend to be
thermally much ‘heavier’ than
the textile skin, the temperature
of the latter fluctuates much
faster about the temperature of
the former. These fluctuations
occur in both directions (both
positively and negatively).
Secondly, because of the typical
topology of membrane
structures, the view factor to the
textile surface is usually large
compared to the typical
exposure to cold glazing surface
that may be experienced in
conventional buildings, for
instance. As a result, even small

membrane layers. In practice,
this proves problematic for two
reasons.

variations in the internal roof
surface temperature will result in
noticeable variation in the dry
resultant temperature.

Despite the high vapour
resistivity of most coated woven
membrane materials, the
detailing of the membrane
connection to the support
structure is particularly difficult
to seal, because of the large
deformation experienced by the
textile skins and of their doublecurved geometries.

Condensation risks
The large temperature swings of
the membrane surface also
increases the risk of surface
condensation, which has often
been reported as a recurrent
problem in multi-skin and
insulated membrane
constructions.

In addition, the function of the
internal liner is often not
restricted to thermal control
only: acoustical liners, for
instance, are often partially
porous to increase the
absorption of high-frequency
sounds. In such a case, the
porosity of the liner may be
incompatible with the water
vapour tightness requirements of
condensation control.

Since most coated fabrics are
incapable to temporarily absorb
water condensing on their
surface, condensed moisture
immediately forms a film on the
smooth membrane surface every
time conditions are met for
surface condensation. The
condensed moisture may
potentially drip onto and
damage surrounding surfaces
(internal finishes, steelwork,
etc.).

Because moisture may migrate
through the internal liner into
the cavity separating the two
membranes, condensation onto
the inner surface of the external
membrane shell is likely. The
lower temperature of the
external membrane shell may
further aggravate the magnitude
and frequency of condensation
occurrence.

Although surface moisture could
not be directly monitored, a
conservative condensation
analysis based on the surface
temperature and air moisture
indicated that condensation
would occur on the monitored
single layer membrane in more
than 35% of the monitored
winter days in the hours
preceding sunrise, 60% of which
in the form of frost (membrane
temperature below 0ºC).

The detailing of the construction
should be such that condensed
water forming on the underside
of the external surface or
dripping onto the internal liner
may be channelled towards
collecting points, where it can
be either discharged or retained
until conditions to its
evaporation are met. The rapid
warming up of the membrane
skin by solar gains may assist the
evaporation after sunrise, but
surface condensation may be
sustained during long periods if,
for instance, a clear night is
followed by an overcast day.

Measurements and numerical
simulations show that the
presence of a second membrane
layer liner can noticeably reduce
the temperature range of the
surface facing the enclosure,
thus reducing the risk of direct
condensation on its surface.
On the other hand, when
exposed to a clear night sky, this
may result in a further drop of
the external membrane surface
temperature, since the liner
reduces the convective heat
gains from the enclosed space to
the external membrane surface.
This may, in turn, increase the
potential risk of surface
condensation on the inner side
of the external membrane layer.

As a result, the trade off
between the increased detailing
complexity of a multi-layer
construction and the reduced
risk of condensation is not
always beneficial, unless
adequate measures have been
taken to effectively deal with the
condensed moisture.

In theory, the problem of
condensation on the external
membrane surface can be
tackled by preventing internal
moist air from penetrating into
the air cavity separating the two

FUTURE
DEVELOPMENTS
While multi-layer membrane
skins may assist in improving the
thermal performance of textile
enclosures, their environmental
benefits can sometimes be
outweighed by practical
problems they create. The
development of durable and
effective environmental control
strategies for tensile membrane
enclosures still requires extensive
experimental testing to achieve
practical solutions with an
acceptable trade-off between
cost, translucency and
environmental performance.
It is hoped that the increasing
pressure on designers to
demonstrate the soundness of
the environmental strategy of
buildings will forge
collaboration between academia
and industry to carry out such
testing, and to eventually
develop specialist numerical
tools able to predict the energy
performance of the textile
membrane enclosures with a
level of confidence similar to
that provided by the bespoke
numerical tools designed for
their structural analysis.
The research described in this
article is currently being further
developed at the Lincoln School
of Architecture (UK)
www.lincoln.ac.uk/arc/, where
additional experimental data
about the thermal behaviour of
multi-skin insulated membrane
constructions is being collected.
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Forthcoming Events
FABRIC STRUCTURES 2005
Exhibition
Henry B. Gonzalez Convention Center,
San Antonio, Texas USA
26/10/2005 > 27/10/2005
www.ifaiexpo.info
TEXTILE ROOFS 2006
Workshop
Berlin, Germany
25/05/2006> 27/05/2006
www.textile-roofs.de

Become Master of Engineering
in Membrane Structures

ADAPTABLES 2006

1st International Master Program for Membrane Structures

Eindhoven, The Netherlands
supertuesday.tue.nl/adaptables2006.htm

IASS / APCS 2006
Hochschule
Anhalt (FH)

Institute for Membrane
and Shell Technologies

International Symposium
16/10/2006 > 19/10/2006

Beijing, China
www.iass2006.cn

TENSINET-SYMPOSIUM 2007

Enhance your chances and opportunities in international architecture
and engineering by taking part in the 1st
master course in membrane structures
designed for professionals as a part time
program with international teaching
staff. The course is held by the Anhalt
University of Applied Sciences, Dessau
(Germany) and starts in March 2006.

Milan, Italy

International Symposium
02/07/2006 > 05/07/2006

Internat. Symposium
16/04/2007 > 18/04/2007

www.tensinet.com

TECHTEXTIL FRANKFURT 2007
Trade Fair
Frankfurt, Germany
12/06/2007 > 14/06/2007
techtextil.messefrankfurt.com/
frankfurt/en/home.html

The master program will be a nonconsecutive post graduate course,
parallel to professional life. It is
established to create a reliable standard
of education in the field of textile
building. The aim is to educate architects and engineers to design,
build, erect, calculate and maintain wide span light weight structures.
The Master Program is divided into four terms consisting of
mandatory modules, optional modules, internship and Master Thesis.
There will be one active period per term that lasts about one week.
The remaining part will be held as internet seminar and homework.
To pass the program a total number of 90 Credits has to be achieved.
It is held in English language only.

International Symposium
Adaptables 2006. Eindhoven
02/07/2006 - 05/07/2006

www.membranestructures.de
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Adaptables 2006 wants to focus
on the needs and drives for
adaptation and will look at new
technologies and materials that
are available. Adaptables 2006
will bring together clients,
designers, structural engineers
and the construction industry
each with their own visions and
interests to exchange views and
experiences in the field of
adaptable buildings.
Adaptables 2006 is organized
around two themes.
One is the relationship between

clients and the construction
industry regarding adaptable
buildings. The other concerns
the design and engineering of
adaptable buildings.
Participants of the conference
are free to attend sessions on
both themes. By bringing
together professionals and
academics working with
adaptable structures the
organizers of the conference
hope to evoke inspiring
discussions and new academic
insights.

www.adaptables2006.nl

congressoffice@tue.nl

I N T E R N AT I O N A L S T U D E N T S S E M I N A R ‘ D E - L I G H T

AND AIR’

TU B E R L I N M A I 24

TH

– 28

TH

2005

‘…3 4
Gürteltier …’
The seminar was co-organised by Prof. Dr.-Ing. Lothar Gründig (Berlin),
Prof. Dr.-Ing. Rosemarie Wagner (München) and P. Michael Schultes
(Wien) and supported by Prof. Dr.-Ing Joachim Bahndorf (Minden),
Prof. Peter Sassenroth (Minden) and Arno Pronk (Eindhoven).
The main emphasis of the International Students Seminar was to
develop and manufacture building models for tensioned and inflated
membrane structures. The design of membrane structures implies
interest in new fields, curiosity while developing new concepts and fun
during manufacturing. A further aim was to get practical experience in
designing and manufacturing tensioned and inflated membrane
structures. The practical experience is hardly to teach using computer
modelling. Since the gap between virtual designed structures and real
building is getting wider it becomes important to show the possibilities and differences between physical modelling and computational
design. During the workshop Textile Roofs 2005 the student projects
were shown at an exhibition and the results were presented and
discussed. The student projects below illustrate the creative and
surprising proposals the students came up with in a very short time:

THE 8

TH

This retractable
structure (R=5.6m) could be used for different purposes: to cover a
swimming pool, an exhibition area or to shelter playing kids.

‘Backpack Cover etc…
AIRSTONES’
With these building blocks it is possible to build
furniture, walls or arched structures.

‘Erected Roof’
An inflatable roof
construction was designed,
which is easy to carry and can
be built up quickly. The form
is given by the inflation and
the cutting of the material.
The International Students Seminar will be repeated during the next
Textile Roofs scheduled from the 25th till the 27th of May 2006.

I N T E R N AT I O N A L S T U D E N T C O M P E T I T I O N “ T E X T I L E S T R U C T U R E S

This 8th student competition was organised by the Working Group for
Textile Architecture and Techtextil - International Trade Fair for
Technical Textiles and Nonwovens - under the academic supervision of
Prof. Werner Sobek, University of Stuttgart, Institute for Lightweight
Structures and Conceptual Design (ILEK). The exhibition at the fair
was set up by Jürgen Hennicke (ILEK).

Euro 1,250

Macro Architecture
Carl-Michael Bonde, Christopher Nolan,
Yu Yuen Leow and Tanjung Satrio Buntaram
(University of Lund, Sweden) received the 1st
prize Macro Architecture for their project
'Hand in
Hand'.
This design
of a bridge
is a
visionary
installation
'Hand in Hand'.
comprising
load-bearing tension cables and a protective
membrane skin combined with a spiral wire
basket. The impression it creates is one of
strong arms and hands gripping tightly into
neighbouring buildings.
In the jury's opinion, this entry is
distinguished by the innovative content of
the idea and the logical use of modern textile
building materials.

NEW BUILDINGS”

The idea behind the student competition is to awaken interest and
enthusiasm of students in textile architecture which has innovative
potential and opportunities for architectural
enrichment. Eleven projects were selected for a prize,
the 1st prizes in the categories ‘Macro Architecture’,
‘Micro Architecture’ and ‘Installations’ are listed below.

1st prize

1st prize

FOR

Euro 1,250

1st prize

Euro 1,250

Micro Architecture

Installations

Marc Schreiber, Florian Kopp and
Jens Heutling (TU Berlin, Germany) for
'Atero-Architectural Textile Roof' as well as
Jens Erdmann (Germany) for 'La Penca'
got the 1st prize Micro Architecture.
The ‘Atero-Architectural
Textile Roof' consists of two
free-standing triangles made of metal tubes stabilised by a textile
membrane in such a way as
to create a large space
beneath the asymmetrical
skin. Considerable care has
Atero-Architectural
been paid to detailing and
Textile Roof
the corresponding force
transfer.
'La Penca' is a mobile sun
protection for excavation
sites weighing only just over
two kilograms. It can easily
be assembled by one
person. Simple rope
adjustment enables it to be
aligned to the respective
position of the sun.
The jury applauded the fact
that it had already been
developed into a product.
La Penca

Sabine Bouet, Viktoria Volozhynska, Andrea
Würstl and Diana Heredia (Academy of Fine
Arts, Nuremberg, Germany) received 1st prize
Installations for the 'SMB - symbiotic
minimal occupation' project, which uses a
textile membrane to create the shell for a
room with sensuous qualities. The design of
the object using a membrane envelope serves
several purposes: it provides support, creates
space, acts as a light-conducting material
and, moreover, can be removed easily by
folding up (variability). At the same time, the
materials used and design complexity are
kept to a minimum.

symbiotic minimal occupation

The jury welcomed the intelligent and
appropriate use of membranes for an
original and innovative solution, which was
documented both in its planning and in its
implementation.

http://techtextil.messefrankfurt.com/frankfurt/en/messebesuch_studentenwettbewerb.html • http://www.textile-architecture.com/

