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DAY 1 THURSDAY 3rd September 1981 

APPLICATION AND CONSTRUCTION: 

0830 Registration, John Clarke Debating Gallery, 
Stage 3, University of New South Wales Union, 

0930 OPENING OF THE SEMINAR 
Professor Eric Daniels, Head, School of Architecture, 
The University of New South Wales 

1000 THE ROLE OF MEMBRANE STRUCTURES IN AUSTRALIA 
Vinzenz Sedlak, 
Lightweight Structures Research Unit (LSRU), 
Graduate School of the Built Environment, 
The University of New South Wales 

1045 Tea 

1115 MEMBRANE STRUCTURES FOR ENERGY AND INDUSTRY 
Jurgen Hennicke, 
Institute for Lightweight Surface Structures, 
University of Stuttgart (IL) and 
Architects and Engineers Co-operative (AIC), 
Stuttgart, West Germany 

1200 CONSTRUCTION ASPECTS OF RECENT MEMBRANE 
STRUCTURES IN AUSTRAL!~ 
Peter Kneen, 
Department of Structural Engineering, 
The University of New South Wales 
David McCready, 
Geodome Spaceframes Pty. Ltd., 
Melbourne, Victoria 

1245 Luncheon, Dining Room, Stage 3, University Union 

1400 WORKSHOP DISCUSSION ON APPLICATION, 
FABRICATION, MATERIALS AND CONSTRUCTION 
Chairman: 
Panel: 

Jurgen Hennicke 
Bert Bilsborough, B W Bilsborough & Sons Pty. Ltd. 
Bob Anderson, Geo. Pickers (Brisbane) Pty. Ltd. 
Bernard Davis, McWilliam & Partners, Brisbane 
Leslie Thorogood, Environmental Structures (Aust) 
Pty. Ltd. 
Gordon Smith, B J o•Neill & Associates, Melbourne 
Bob Barrow, Geodome Spaceframes Pty. Ltd., Melbourne 
David McCready, Geodome Spaceframes Pty. Ltd. 
Peter Kneen, Dept. of Structural Engineering, UNSW 
Robert Hutton, Nylex New Zealand 
Vinzenz Sedlak, LSRU 



PROJECT PRESENTATIONS BY: 

1410 Bert Bilsborough, B W Bilsborough & Sons 

1445 Bob Anderson, 
and 
Bernard Davis, 

Pty. Ltd., Sydney 

Geo. Pickers (Brisbane) Pty. Ltd. 

McWilliams & Partners, Brisbane 

1530 Tea 

1600 Leslie Thorogood, Environmental Structures (Aust) 

1630 

and 
Gordon Smith, 

Bob Barrow, 
David McCready 
and 
Peter Kneen, 

Pty. Ltd., Sydney 

B J O'Neill & Associates, Melbourne 

Geodome Spaceframes Pty. Ltd., 
Melbourne 

Dept. of Structural Engineering, UNSW 

1700 DISCUSSION 

1800 Close 

1900 RECEPTION AT LSRU 
Architecture Laboratory, 
King Street, Randwick 
(next to Randwi ck Techn.i ca 1 Co 11 ege) 
(Tel: 662 3765} 

PRESENTATION: 
A CASE FOR AN EFFECTIVE RESEARCH AND 
INFORMATION CENTRE ON LIGHTWEIGHT 
STRUCTURES IN AUSTRALIA 
Vinzenz Sedlak 
Director, LSRU 

Presentation of films and slides on Lightweight Structures by: 

LSRU 
Institute for Lightweight Structures, 
University of Stuttgart 
B W Bilsborough & Sons Pty. Ltd. 
Geodome Spaceframes Pty. Ltd 
Geo. Pickers (Brisbane) Pty. Ltd. 
Nylex Corporation Ltd. 
Birdair/Chemfab 
Hoechst Australia Ltd. 

Refreshments served. 



DAY 2 FRIDAY 4th September 1981 

DESIGN AND ANALYSIS: 

0900 FORMFINDING, PATTERNING AND 
DETAILING OF MEMBRANE STRUCTURES 
Jurgen Hennicke, IL, AIC, 
Stuttgart 

1030 Tea 

1100 SHAPE DETERMINATION AND ANALYSIS -
A COMMENT 
Peter Kneen, 
Department of Structural Engineering, 
UNSW 

1145 PHYSICAL MODELLING FOR LOADING AND 
PERFORMANCE EVALUATION OF MEMBRANE 
STRUCTURES 
John Howell, 
Vipac & Partners, Melbourne 
Former Lecturer, 
School of Architecture and 
Building Enginee~ing, 
University of Bath, UK. 

1245 Luncheon, Dining Room, 4th Floor 

1400 COMPUTER-AIDED DESIGN·AND ANALYSIS OF 
LIGHTWEIGHT STRUCTURES USING THE 
PAM-NL/LISA PROGRAMME PACKAGE 
Eberhard Haug, 
Engineering Systems International, 
Rungis-Silic, France 

1530 Tea 

1600 WORKSHOP - DISCUSSION ON DESIGN 
AND ANALYSIS 
Chairman: 
Panel: 

1800 Close 

Eberhard Haug 
Bernard Davis, McWilliams & Partners 
Jurgen Hennicke, IL, AIC, Stuttgart 
John Howell, Vipac & Partners, Melbourne 
Peter Kneen, Dept. of Struct. Eng., UNSW 
Vinzenz Sedlak, LSRU 
Gordon Smith, B J o•Neill & Assoc., Melbourne 
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Change of Conference Room: 
Private Dining Rooms, 1st Floor, Stage 3, University Union 

DAY 3 : SATURDAY 5th September 1981 

MATERIALS, PROJECT MANAGEMENT, 
ENVIRONMENTAL CONTROL, 
STANDARDS AND GUIDELINES: 

0900 DEVELOPMENT OF A PVC-COATED 
POLYESTER FABRIC FOR 
AUSTRALIAN CONDITIONS 
Robert Hutton, Nylex New Zealand 

0945 DISCUSSION 

1000 ASPECTS OF CLIMATE CONTROL 
IN MEMBRANE STRUCTURES 
John Ballinger, SOLARCH, 
Solar Energy Research Unit 
Vinzenz Sedlak 
and Stuart C Smith, LSRU 
Graduate School of the Built 
Environment 
The University of New South Wales 

1045 DISCUSSION 

1100 Tea 

1130 EXPERIENCES IN MANAGING CONSTRUCTION · 
PROJECTS INVOLVING LIGHTWEIGHT 
MEMBRANE STRUCTURES . 
Robert Barrow, 
Geodome Spaceframes Pty. ltd., 
Melbourne, Victoria 

1215 DISCUSSION 

1230 Seminar Course Summary 
Vinzenz Sedlak 

1300 luncheon 



1400 A CASE FOR CONSOLIDATION: 
DESIGN AND PERFORMANCE CRITERIA 
FOR MEMBRANE STRUCTURES 
FORUM DISCUSSION 
Chairman: 
Panel: 

TOPICS: 

Vinzenz Sedlak 
Bob Anderson, Geo. Pickers (Brisbane) Pty. Ltd. 
Bert Bilsborough & Sons Pty. Ltd., Sydney 
Bob Barrow, Geodome Spaceframes Pty. Ltd., Melbourne 
Bernard Davis, McWilliam & Partners, Brisbane 
Serge Fijac, Department of Services 
Eberhard Haug, ESI, Rungis-Silic, France 
Jurgen Hennicke, IL, AIC, Stuttgart 
Robert Hutton, Nylex New Zealand 
Peter Luzinat, Fire Safety Advisory Committee, 
Building Regulations Committee of Victoria, 
Local Government Department 
Gordon Smith, B J O'Neill & Assoc., Melbourne 
Peter Kneen, Dept. of Structural Engineering, UNSW 

MATERIALS, DESIGN AND ANALYSIS, 
FABRICATION, ASSEMBLY AND 
MAINTENANCE, SAFETY 

1700 Close and Tea 

DISPLAY 

A membrane structures and materials display is mounted in the 
Conference Foyer. 
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THE NEED FOR AN INDEPENDENT 

LIGHTWEIGHT STRUCTURES 

RESEARCH AND INFORMATION 

CENTRE IN AUSTRALIA 

VINZENZ SEDLAK 
DIRECTOR, 
LIGHTWEIGHT STRUCTURES RESEARCH UNIT, 
GRADUATE SCHOOL OF THE BUILT ENVIRONMENT, 
UNIVERSITY OF NEW SOUTH WALES 

JUNE 1981. 
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TOPIC: LIGHTWEIGHT ARCHITECTURE 

Lightweight structures has been an established area of Architecture and 

Engineering since ancient history. Lightweight structures such as tents and vaults 

were used to cover small and large spans. In order to span over large spaces 

structures had to use available materials such as poles and skins or canvas, brick 

and masonry,as economically as possible: the structure had to be lightweight. 

With a limited range of materials of given strength a structure can only be 

optimised through its shape, its form. 

The search for the shape most suitable to withstand the applied forces has 

therefore always been of paramount importance. This principle is reflected in 

nature: with the available limited choice of the materials protein and calcium 

and through a single principle of fabrication and assembly: the growing cell, 

living nature achieves an incedibly large variety of different shapes and struc

tures, each and everyone providing an individual solution to an individual problem: 

nature constantly optimises its structures towards minimal weight and minimal 

effort. 

Developments of Lightweight Structures during the first seven decades of our 

century were rapid. Pioneers such as Gaudi, Torroja, Nervi, Candela, Fuller and 

Otto pushed the limits of span further and further, based on a range of new high 

strength materials and by intricate manipulation of the shapes of their daring 

structures. Lightweight structures during this period gained considerable publicity 

through their innovative aspect and challenging appearance, incorporating both a 

sense of beauty and a high level of engineering achievement. 

Since then modern lightw~ight structures have gained their share in building 

and in other areas of technology. 

It has been recognised that structures, that are economical for large spans 

can also be applied to smaller spans, with similar economy. Thus the range of 

potential uses and application has multiplied rapidly and there are few ares in 
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building where a suitable alternative based on lightweight structures cannot be 

developed. 

Lightweight building, because of its light material weight and its elemented 

construction is generally adaptable to its environment. 

Lightweight architecture does not aim at replacing traditional architecture, 

but through its adaptability seeks to enhance the environment by either compli

menting existing architecture or by providing an individual architecture ot its 

own. 

Most lightweight structures can be adapted to almost any arbitrary boundary 

and support condition and cover any conceivable surface and space. 

Lightweight buildings are of considerable interest and importance to Australia: 

its considerable resources in energy, mining, settlement, agriculture, breeding 

and tourism which need to be developed require spaces for the protection of people, 

animals and goods from the sun and the elements. 

Increased human activity in zones with adverse climatic conditions such as 

arid, wet and arctic zones requires increased control over the environment. 

If these challenges are to be met by economical means new approaches and 

utilisation of latest technological advances in building are needed. 

Lightweight construction is synonymous with economical use of resources in 

terms of material, energy, manpower and environmental impact. 

Applications are wide and varied, a few examples are given: 

Inner City: shading and weather protection of pedestrian areas and shopping 

malls, restaurants, cafes, children's playgrounds, open air 

entertainment and exhibition, facilities for a wide range of 

indoor sport and entertainment, winter roofing for public 

swimming pools, tennis courts etc; 

Commercial: department stores, storage; 

Industrial: large and medium span cover for mining, manufacture and bulk 

storage, containers; 
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Agricultural: large and small shading roofs over nurseries, pastures and in 

arid areas; greenhouses, wheat and grain storage etc_; equipment· 

storage, animal and food protection; 

Other: touristic facilities, energy generation and storage such as 

large solar collectors and cooling towers, wind generators; 

sewage plants; temporary dams for irrigation, maintenance and 

repairs, large covers for Antartica, providing sheltered 

environment for accommodation, mining and agricultural use. 

LIGHTWEIGHT ARCHITECTURE IN AUSTRALIA 

Although lightweight structures is not an entirely new area of research for 

Australia, which is reflected in a respectable number of buildings constructed 

here, the main thrust of development sofar has occurred overseas (W. Germany, U.K. 

U.S.S.R., U.S.A. and Japan). 

Over the past two years interest in lightweight structures has consistently 

increased in Australia culminating in the recent visit of Professor Frei Otto, 

one of the pioneers and foremost researchers of lightweight structures, to this 

country. 

The Lightweight Structures Research Unit (LSRU) has provided Australia with a 

centre for research into lightweight architecture and since its establishment in 

1976 it has made substantial contributions to the furthering of interest in and 

awareness of lightweight architecture, despit its very modest financial means. 

LSRU cooperates closely with the Institute for Lightweight Structures in Stuttgart, 

West Germany, Professor Otto's ·Research Institute. 

Priority in choosing topical research areas are generally linked to social, 

historical and political trends. Amongst these a range of problems exist which, 

due to impending necessities, require carefully timed solutions. Energy resources 

is such an area. Secondly, there is a range of problems of general scientific 

importance which must be solved. Failure to do so leads to deficiencies and 

------------
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catastrophies at a larter stage. All problems concerned with biology, ecology 

and environmental impact fall in this category. In addition, there· are also 

questions of vital cultural interest, such as all those related to architectural 

aesthetics and the arts. Further, there is technological and industrial develop

ment and the work of innovators. 

For all these tasks the following questions may be asked: Who has the ability 

and the resources to contribute, and who possesses enthusiasm to contribute, but 

lacks in resources. 

Success can only be achieved when enthusiastic people work in the right place 

at the right time with a high level of efficiency: 

1. Place 

LSRU is placed at the University of New South Wales within the largest and 

potentially the most resourceful Architecture Faculty in Australia, which also has 

a strong tradition of architectural technology. The Units accommodation require

~ents are met and space for future expansion exists. 

By its very nature, Lightweight Architecture is not only a technological 

problem, but also a cultural and socio-economic one. This means, that work in 

the area of Lightweight Architecture is by its very nature inter-disciplinary, 

it cannot be approached by compartmental ising it into its architectural, eng·ineering, 

socio-economical and political aspects. 

LSRU is a part of the Graduate School of the Built Environment which has 

been created specifically to concern itself with inter-disciplinary work within 

the environmental fields. 

Finally, Sydney, being a major centre of economic and social development in 

Australia provides an excellent background for this research. 

2. Time 

The timing for research into lightweight architecture is certainly right, 

judging from the level of inquiries LSRU receives at continuously from Government 

Departments, Architects and from Industry, enquiring into possible solutions and 
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implications of lightweight structure for their relevant field of work. Enquiries 

included a seasonal cover for a Municipal Swimming Pool in Sydney, in Tasmania 

and in Jindabyne, demountable exhibition structures for Queensland, covers for 

existing grain silos in South Australia, stage roofs for an amphitheatre and 

holiday camp and tourist facilities in the Sydney area and many others. 

The need for a substantial increase in research and development has arisen. 

Recent tendering for several major str.uctures in Sydney, Melbourne and Hobart caught 

designers and the small Australian fabricating industry largely unaware and a 

situation resulted with the successful tenders being agents of overseas companies. 

This pattern of overseas companies encroaching and beginning to dominate an 

emerging new market has become familiar now in many fields. It must be halted by 

consolidating and furthering Australian based development. 

In this case the present situation has largely resulted from the fact, that, 

due to lack of awareness and publicity, potential clients from local government and 

industry and their professional agents are unaware of the existence and availability 

of an increasing number of architects and engineers capable of providing a consulting 

service and of an emerging fabrication industry, as well as the Lightweight Structures 

Research Unit as a supporting centre for research and development in the field. 

If increasing market development should benefit the Australian economy,imminent 

steps must be taken to consolidate and support ongoing Australian based developments. 

Research into form, structure, material and efficiency of lightweight structures in 

architecture suh as are being carried out at LSRU are prerequisites for future 

developments. 

3. Efficiency 

Considering the low level of funding, LSRU so far has done well. Progress in 

the areas of design and application of lightweight structures has been achieved, 

(refer to enclosed article: "Membrane and Folded Surface Structures - Recent Research 

and Development in Australia"), a data and information storage system has been 

introduced and contacts to professions and industry on a national and international 

basis have been established. 
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However, due to lack of adequate resources work cannot be carried out 

efficiently: . the crt.Jcial problem is that of staffing. LSRU is presently staffed 

by a director {part-time) and by a temporary part-time research assistant. The 

bulk of the work at the Unit is carried out at present by students under the 

supervision of its director: one PHD student, several thesis and project students 

as well as approximately 15 undergraduate students enrolled in elective subjects at 

the Unit, conduct the work. Due to lack of permanent staff a continuity of effort 

in research projects and in research administration cannot be provided, preventing 

the Unit from fully utilising its resources for the benefit of the interested 

C01!111Unity. 

If LSRU is to survive and to continue fulfilling its important role in research 

and development of lightweight architecture in Australia, adequate funding for its 

programmes is essential. 

BENEFITS 

It is expected that in the long term increased research and development of 

lightweight architecture will carry considerable benefit for individual groups, 

for the public and the Australian society at large. 

Architects and engineers will have a larger repertoire of possible solutions 

in the design of building. 

Scholars and students will be provided with a basis of reference from which 

contributions to future developments in these areas will be encouraged. 

Given that the outcome of this research work is being utilised by these 

parties it can be forseen that: 

Lightweight buildings will benefit their clients an4 users in governments, 

farming, industry and the public by allowing increased levels of activity and/or 

by providing additional services and opportunities. 

Existing industry involved in the manufacture and fabrication of materials 

and in the construction of lightweight buildings will be able to increase its 

output and new industries will be required, because of new demands for larger 

capacities of material production and fabrication resulting in turn in increasing 

investment and employment, thus furthering productivity and prosperity. 

Australian society at large \'lill be provided with a range of new facilities 

for sport, leisure, tourism, education, etc. Identification with an aesthetically 
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pleasing built environment will raise the self esteem of the public and contribute 

to Australia's international reputation. 

INTERNATIONAL CO-OPERATION 

Basis for the economical utilisation of financial and manpower resources in 

research is the knowledge that the proposed topic is topical within the international 

research community. LSRU exchanges information with the major overseas research 

centres on lightweight structures and participates in staff exchanges and visits. 

Following an extended stay in 1979/80 at the Institute for Lightweight 

Structures, University of Stuttgart, and a subsequent visit of its director, 

Professor Frei Otto, the major instigator of lightweight structures, to Australia 

in 1980, Dipl. Ing. JUrgen Hennicke, principal engineer at Professor Otto's 

institute and Dr. Eberhard Haug, R. & D. director of Engineering Systems International, 

Paris will participate in LSRU's activities in 1981: 

Mr. Hennicke, a long-established co-operator of Professor Otto, is known for 

his work in the field of Membrane, Cable-net and Gridshell Structures. 

Dr. Haug is known for his contribution to the computer-aided design and 

structural analysis of cable and membrane structures. His programme PAM-NL/LISA 
0
15 being introduced to the University of N.S.W. 

For the benefit of the professionals and industry and for students in 

architecture and engineering two courses, one on 'Membrane Structures; Design, 

Analysis and Construction' and on 'Gridshells, a novel method of construction' are 

being organised involving both visitors. 

PUBLICATION 

In 1981 LSRU will introduce the first two titles of a series of publications 

on lightweight structures in architecture. Both titles will be concerned with 

project overviews in the field of fabric building: 'Circus Tents in Australia' and 

'Membrane Structures in Australia'. Future titles on LSRU's work and development 

in lightweight structures are planned. 

A newsletter published on an infrequent basis is planned as well and will 

contain information of research and development in Australia and overseas. It is 

planned to distribute the Newsletter to a wide audience. 
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DEVELOPMENT OF A PVC COATED POLYESTER FABRIC 

FOR AUSTRALASIAN CONDITIONS. 

Robert J. Hutton 

Nylex New Zealand Limited 

1.0 INTRODUCTION 

Before beginning, I would like to thank Mr. Sedlak and the University of 
New South Wales for the opportunity to share with you the development of 
our PVC coated polyesters. We commend the initiative of the University 
in arranging this seminar. Over the past decade we at Nylex have watched 
closely the development of materials and building systems in the Northern 
Hemisphere and in the last few years have developed two products 
specifically for the Australasian membrane structure market. I propose 
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to break my talk into three segments. Firstly I will give a brief history 
of our technology base. Then I will cover the development parameters and 
procedures used to ensure that we made a product that meets the bulk of 
the market's needs as well as giving reasonable service life under 
Australasian conditions. Thirdly I will detail the manufacturing and quality 
control processes used in the manufacture of Camlon Airflex fabrics. 

2.0 A BRIEF HISTORY OF NYLEX TECHNOLOGY BASE 

The Nylex history regarding spread coating technology has generally 
paralleled that of the European coaters. During the early sixties and 
seventies PVC coated fabrics for industrial markets were produced by Nylex 
on both sides of the Tasman. However, more recently it has been concentrated 
in New Zealand where we have a modern spread coating line. In New Zealand 
we began producing PVC coated nylons for the transport industry in 1968 
following the completion of a technical agreement with Galon Marborex, one 
of the leading Scandinavian coaters at the time. However, it was not until 
1970 that we really began to learn more about the harshness of the climatic 
conditions in the Southern Hemisphere and the effect of prolonged UV light 
exposure on PVC coated nylon . At that time we undertook a series of 
trials in conjunction with New Zealand Railways where they compared what 
we could produce with the PVC coated nylons used by British and other 
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European Railways. Some of our trial fabrics had PVC formulations 
containing higher than normal pigment loadings as well as varying 
percentages of UV light inhibitors. Following the results of these 
trials, in which the European fabrics failed to give a reasonable service.· 
life compared to some of our trial fabrics, New Zealand Railways wrote a 
specification which is still current and we have supplied their 
requirements ever since. 

Once New Zealand Railways had changed from canvas, the transport industry 
in general began to ask for the same product and we upgraded our standard 
Camlon tarpaulin fabrics to the Railways• specification. Apart from some 
fune tuning and updating of raw materials and fabrics, our current 
tarpaulin fabrics can all be traced back to those early trial fabrics. 
Even today, European transportation fabrics have lower pigment levels and 
little or no UV light inhibitors in the PVC coating. New Zealand Railways 
are currently averaging six years service life with their covers - a fact 
which has assisted us to gain significant penetration into general 
transportation applications on both sides of the Tasman. 

So where has all this led us? 

We had a range of tarpaulin fabrics engineered for prolonged life under 
Australasian conditions. We had combined technology based on each side of 
the Tasman with the Australian base having built up a wealth of knowledge 
in outdoor formulations as a result of experience in the awning and metal 
cladding markets. We had a number of technical agreements and 
associations with overseas producers and suppliers; and we had a market 
potential in Australasia which had grown from the canvas circus tent era 
and was beginning to follow the Northern Hemisphere trend of membrane 
structures made from PVC coated fabrics for a wide variety of applications. 

3.0 DEVELOPMENT PARAMETERS AND PROCEDURES 

With the history I have briefly covered, we set out to establish what 
product or products were required to satisfy the membrane structure market's 
needs during the initial growth period. We had already done some develop
ment work on a fabric for an inflatable warehouse in conjunction with 
Hoechst and Hood Sails in New Zealand during 1975. However, this project 
did not proceed. 

In setting the development parameters we first looked to what information 
was available from overseas - especially Europe. There was no sense in 
re-inventing the wheel and with assistance from the major yarn producers, 
especially Hoechst, we were able to build up a considerable amount of 
information on base fabrics, coating formulations and final specifications 
including some government regulations and specifications used overseas. 
We also looked at what Australasian building codes would need to be met 
as well as establishing the grade of product which would satisfy the 
majority of Australasian applications. Many of you here today have 
assisted in this regard. 
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We decided to begin with two products now known as Airflex 750 and 
Airflex 950 which in essence, are very similar to the membrane Types 1 and 2 
listed in the West German Building Code. 

The first parameters to be met were those of strength and dimensional 
stability. While the 940 dtex nylon used in the tarpaulin fabrics had the 
inherent strength it could not match the superior dimensional properties of 
polyester. So the first decision was to use a base fabric woven from 
polyester yarn. We chose Trevira type 710 yarn in 1100 dtex which had a 
proven history in European membrane fabrics and because we already had 
experience with this yarn in producing a coated product for flexible bulk 
bags. This yarn is made up of 200 very fine continuous polyester 
filiaments twisted together at a twist of 60 times per metre length. The 
two woven base fabrics chosen were as follows: 

For Airflex 750 the yarn is plain woven to a construction of 9 threads per 
centimetre in both warp and weft directions. This gives a base fabric 
weight of approximately 200 gsm. 
For Airflex 950 the yarn is woven in a panama or matt 2/2 weave to a 
construction of 12 threads per centimetre in both warp and weft 
directions. This gives a total weight of approximately 275 gsm. 

Having settled on the base fabrics our PVC technologists set out to 
formulate PVC plastisols which met the parameters required. They looked 
at formulations available from Europe and it was here that our dilemma 
became apparent. The European formulations were little different to a 
flame retardant version of our current tarpaulin fabrics and we were looking 
to develop formulations which would be significantly better than our basic 
tarpaulin fabrics plus meet the strict Australian Flame Retardancy standards 
for buildings. 

Following numerous laboratory and plant trials, we settled on two plastisol 
formulations. The first, known as the base coat because it is applied 
directly to each side of the base fabric, has a number of functions to 
perform 
- it ensures that a good permanent bond is made between the PVC coating 

and the fabric. This bond isimportant in that it ensures delamination 
does not occur under flex conditions and that HF welded seams can be 
relied upon to give a permanent join. 

- it forms the first stage in protecting the fabric from deterioration due 
to UV light and mechanical damage due to abrasion. 

- it also forms the first stage in imparting flame retardant properties 
to the product. 

The second, known as the top coat, makes up the bulk of the coating weight. 
The top coat is coated over the base coat on each side of the fabric. The 
top coat which is coated in a 60:40 Face:Back weight ratio provides most 
of the extended life properties for the finished product . Especially 
formulated for prolonged outdoor exposure, flame retardancy, HF 
weldability and abrasion resistance, the top coat is probably the most 
advanced outdoor formulation produced by the Nylex Group. 
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Both Airflex products have been tested by the Australian Wool Testing 
Authority Laboratory for flame retardancy against AS1530 Pts. 2 and 3 
and we understand that there are few other membrane fabrics which perform 
as well as these two products. We have also had light transmission tests_ 
mad~ for the various colours produced to date and while w~ co~ld increase 
the translucency of our white fabrics, this could only be done with due 
regard being given to the reduction in performance life which would 
result. Both simulated and actual outdoor weathering tests are continuing 
to be monitored using our Melbourne laboratories and the Allunga test site 
in Northern Queensland. The final product specifications have now been 
settled, however we expect to continually make minor improvements as new 
improved raw materials, especially pigment systems, become available. 
We also anticipate the development of stronger, heavier fabrics will be 
required as the market and the size of structures develops. 

We believe that,just as our standard tarpaulin fabrics are a step ahead 
of the standard Northern Hemisphere transportation fabrics, so are these 
two new Airflex products better suited for use in the Australasian climatic 
environment. 

4.0 PRODUCTION AND QUALITY CONTROL 

Having shortened our three year development project into ten minutes, 
I would now like to take you briefly through the manufacturing process 
used to produce our Airflex fabrics and also cover some of the routine 
quality control procedures used. 

First the raw materials. 
The woven polyester base fabrics are purchased in Europe and inspected 
for faults before coating. The plastisol ingredients are batched by 
weight according to the formulation and colour required. The plastisol 
is then mixed, ground and quality control tested for viscosity and particle 
size before being released for coating. The knife spread coating is 
performed on our Bruckner coating line. Here you can see the first base 
coat being applied to the fabric before passing into the first fusing oven. 
The machine has a number of sophisticated controls to ensure the correct 
amount of plastisol is being applied and that base fabric tension is 
constant. The back top coat is applied and the second coating head and 
fused in the second oven. The one side coated fabric is then taken to the 
start of the machine and the process repeated for what will become the 
face side of the fabric. At the end of the second pass through the 
machine the product is trimmed and quality control samples taken for 
laboratory testing. 
These tests include 
- tensile 
- tear 
- abr·asion 
- flame retardancy 
- adhesion 
- flex cracking 
- cold temperature flexibility 
- weight 
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The material must pass our minimum release standards before being allowed 
to proceed to the final inspection tables where it is visually inspected 
for defects and rolled into the appropriate roll size ready for sale. 

5.0 SUMMARY 

To date we have manufactured Airflex 750 in four colours and significant 
applications so far have included 
- use in a frame supported structure used as a relocatable, cinerama, type 

theatre known as Cinema 180 which has been travelling to various fairs 
around New Zealand. The membrane was fabricated by Hoods using alternate 
panels of red and yellow Airflex 750. This structure used approximately 
1000 square metres of fabric. 

- Airflex 950 was used for a low profile air supported and cable restrained 
roof over an ice skating ring in Invercargill in New Zealand. Approx
imately 3000 square metres of White Airflex were used. This fabric was 
a little unusual in that we used a black base coat in order to give 
increased opacity inside the ring to help to lower energy costs. 

This roof was fabricated by Potter Industries in the South Island of New 
Zealand. 

In order to maintain a check on the materials• performance at this site 
there are test samples attached to the building which we intend monitoring 
during the life of the membrane to check deterioration and help predict 
a safe service life. We would recommend this procedure for all new 
structures built in this part of the world. 

Ladies and Gentlemen, I trust that I have been able to give you some 
insight into our technology base, the development parameters we set and 
have met for our Airflex products and also a brief look at our production 
and quality control procedures. We believe we have developed products 
which will perform in the harsh Australasian climate and we look forward 
to working with you in the development of locally designed and fabricated 
membrane structures. 
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1.0 INTRODUCTION 

The use of membrane structures as a form of shelter goes back to the 
time of man's earliest building, and in many parts of the world those 
early examples persist, such as the Bedouin Tent or the Indian Teepee. 
Today there is a growing interest in such structures using a much wider 
range of materials. In an age where the future of our energy supplies 
is in doubt and energy costs are rapidly escalating, it would be as well 
to look at the thermal behaviour of such structures. In many instances 
membrane structures are erected to modify the external climate of a 
particular location. Perhaps a warm environment is needed for a 
swimming pool during the winter, or a dry space is needed for storage 
of perishable goods. Alternatively an emergency shelter is required for 
refuge in a harsh climate. In all these situations we aim to provide a 
modified internally a modified version of the external environment. 

Traditionally, massive construction was used to provide a thermal barrier 
relying on the capacitan~e or time-lag of heavy masonry to insulate the 
interior from an inclement exterior climate. In the case of membrane 
structures it is necessary to consider the role of the envelope in a 
different manner. Authors such as Gill (1) refer to the membrane as 
being like a "filter" between the inside and the outside environment. 
Conceptually this view is valid although in practice, the available 
solutions tend to be more simplistic. Our technology has not yet caught 
up with our fantasy, as will be explained later. The membrane "filter" 
view allows us to specify the idealized performance requirements of a 
membrane. It should be able to "breath" and so allow a selective ex-



change between the inside and outside environment. For example Passive 
Solar Design philosophy requires a membrane that accepts the sun•s 
energy into the enclosed space during winter, whilst rejecting it in 
summer. Whilst the sun•s winter energy is being allowed to enter we at 
the same time require that conductive losses through that membrane be 
kept to a minimum. 

To summarise these requirements so far; we need a membrane that is 
transparent to short wave length radiation ((2.5 microns as emitted by 
the sun) during winter and reflective to it during summer. The membrane 
however should be opaque to longwave length radiation (>2.5 microns), 
and it must have a high thermal resistance to minimise conductive 
exchange year round. In conventional Passive Solar Building structures 
we use windows to admit the sun•s energy, shaded for summer and insulat
ed with curtains at night to reduce conductive loss, whilst the remainder 
of the external skin in the form of walls and roof is insulated with 
various materials. To some extent, such an approach applied to membrane 
structures would reduce them to conventional solutions. Oh, if only we 
could develop a living membrane that changed its properties as did the 
leopard his spots! 

2.0 THERMAL STORAGE 

In most Australian environments however there is generally more than 
adequate sun during the winter months to provide space heating by passive 
design techniques. Unfortunately the sun•s energy is available for only 
about one quarter of the day in winter and so it becomes necessary to 
incorporate a means of heat storage. If one released heat into the 
enclosure (solar or otherwise) sufficient for 24 hours, in a period of 
only 6 hours without adequate storage, the overheating of that enclosure 
would be quite a problem. With rapidly rising energy costs it would be 
fool-hardy to ignore such an energy source as we have done in recent 
years, and so the problem of heat storage needs to be solved. 

In all but the most highly sophisticated heat storage media the common 
physical characteristic is high mass, which common sense suggests should 
be located on a sound base and not incorporated into the membrane. This 
being so, we need not include thermal storage in our brief for an 11 ideal 11 

membrane. 
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3.0 IDEAL MEMBRANES 

To maintain a thermally comfortable environment within an enclosure we 
must balance the energy gains against the energy losses. Where the 
energy gains are continuously provided using conventional energy such as 
electricity, gas, oil etc. it is wise then to ensure that the membrane 
has a high thermal resistance and the ability to store energy may not be 
required. 

As stated before the ideal membrane must be able to be seasonally trans
parent to solar radiation and have a high thermal resistance. The 
latter can be achieved either by trapped air between multiple layers of 
the fabric skin or by the introduction of a layer of bulk insulation as 
a core to a double skin membrane. Other combinations are of course 
possible depending on the purpose or aesthetic requirements of the 
membrane. Bubner (2) summarizes these methods of increasing resistance 
and lists ten variations including multiple skins, cushions and quilts, 
applied foam layers, attached insulation mats and sandwich construction. 
He also includes some of the U-values to be expected from multi-
layer arrangements. If the conductivity of the proposed materials is 
known however, it is quite simple to estimate the U-value of a particular 
build up from the basic formulae given in undergraduate texts such as 
IHVE (3) or Ballinger (4). Generally single skin membranes of 
0.5 to 1 mm have U-values ranging from 5 to 7 W/m2. deg. C which is 
similar to that of 3 mm glass (6 W/m2. deg. C). Such values are far too 
high for good energy conservation and satisfactory wintertime thermal 
comfort. U-values of 0.4 to 0.6 w;m2 . deg. C should be the goal in 
structures requiring reasonable thermal comfort. 

4.0 THERMAL COMFORT 

Besides reducing heat loss or heat gain, high thermal l"esistance 
enclosures help to improve thermal comfort by maintaining more approp
riate room surface temperatures. One's sense of thermal comfort is 
influenced more by the temperature of the surrounding surfaces than the 
dry bulb air temperature. 'Environmental Temperature' is considered a 
reasonable measure of comfort and is defined as approximately: 

Tei = 2Tr + Ta 
3 

Tr =mean radiant temperature of all 
room surfaces 

Ta = dry bulb temp. 
Tei = Environmental Temp . 



The higher the thermal resistance of an external envelope element, the 
closer the inside surface will follow the inside air temperature. 

These values, and good insulation generally, depend on reliable 
construction, installation and maintenance in addition to correct design. 
Where air layers in multi-skin membranes are too large (greater than 
IOOmm) then convection currents can be set up and so the heat losses 
(or gains in summer) increase. 

5.0 THE PARASOLE 

Membrane structures as shade from the sun or shelter from rain provide 
many opportunities for creative design. The climate inside (or under) 
such a structure can only be at best a modification of that outside as 
only selected elements are rejected. By careful arrangement of screens 
prevailing wind can be either captured or deflected as desired. Such 
applications are well documented in historic writings and of course by 
the defence services. Any attempts to over control the conditions in 
such open structures usually results in the consumption of excessive 
amounts of energy. In applications where pneumatic membrane structures 
are used for swimming pool enclosures, the high resistance skin will 
help reduce condensation. Above average humidity levels are desirable 
to reduce energy loss from the pool due to evaporation. 

The control of excess solar energy in summer is just as important as its 
collection in winter for most parts of Australia. This must be consider
ed when selecting the outer surface materials of the membrane (unless it 
is only intended to erect it for winter). Except for horticultural use 
most enclosed membrane structures should have a reflective surface and 
specific allowances for sun penetration or collection. 

6.0 THE LIVING FILTER 

To return to the concept of a membrane as a 11 living filter 11 between 
inside and outside. There have been many schemes to achieve this aim 
in which often highly sophisticated techniques are proposed. Some of 
these are passive in operation but most require complex controllers 
for pumps and valves etc. Schemes range from proposals for double or 
multiple skin membranes through which soap foam is injected to self
regulating absorber-reflector cells with solar energy recovery. 



A definitive paper on solar active roofs by Laing (5), a meteorologist, 
proposed that a roof be made selectively reflective or transparent to 
solar radiation at will. He proposed a scheme for pneumatic structures 
using a double skin divided into tubular pockets each containing a move
able plastic flap, reflective both sides over half its area and clear 
over the other half and manipulated by air pressures in the tube. When 
relaxed, the flaps will allow radiation to pass through the skins; when 
in position the reflective sides block off the cell and reflect 
radiation back; solar to the exterior and longwave radiation back to 
the interior. 

Dietz (6) took up the same idea of an active roof but adapted it to the 
collection of solar energy. Medlin (7) and especially Geiger (8) have 
also pursued this line of thinking. The back of the cells or the outer 
faces of the extended flaps are made black, absorb sunlight and get hot. 
The heat is removed before it passes into the main enclosure by air 
circulated through the cells. If the air heated in this way is hot 
enough it may be put to good use. The most likely procedure would be to 
store the heat collected in a rock pile below floor level unless there 
was an immediate use for it such as drying grain. In such an applicat
ion large volumes of heated air must be passed through the grain to 
dry it. In many applications where the need is to heat space for 
human comfort then the earlier solution of Laing would be both more 
sensible and more economical. Many of these ideas do not collect 
sufficient energy to justify the expense involved in their manufacture. 

In the colder climates of the northern hemisphere which experience 
clear sunny days it may be that solar active roof systems will have a 
wide application. However, in the temperate climates of Australasia, 
passive solar techniques will undoubtedly have a much wider and cost
effective application. 

7.0 CONCLUSION 

The indigenous lightweight construction of primitive man is passive and 
has been able to contend successfully with hostile environments in a 
limited and specialized way. Modern man expects a greater degree of 
control over his indoor climate for the most part. This desire for 
greater control presents new problems, especially when conservation of 
energy is considered important. 

There is a need for considerable research into the passive control of 
environments within membrane structures. Most work to date would seem 
to be centred around the cold northern climates which would not seem to be 
particularly revevant to the climates of Australasia. 
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