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T h i s  paper  reviews a  r e p r e s e n t a t i v e  s e l e c t i o n  of e x i s t i n g  
f a b r i c  membrane s t r u c t u r e s  i n  t h e  Melbourne m e t r o p o l i t a n  
a r e a .  P e r s o n s  r e s p o n s i b l e  f o r  t h e  o p e r a t i o n  and 
main tenance  of s t r u c t u r e s  i n s t a l l e d  i n  t h e  l a s t  e i g h t  y e a r s  
were  i n t e r v i e w e d  on a  s y s t e m a t i c  b a s i s  and t h e i r  r e s p o n s e s  
t o  q u e s t i o n s  c o v e r i n g  s p e c i f i c  performance  a r e a s  a r e  
a s s e s s e d .  The paper  p r o v i d e s  gu idance  t o  d e s i g n e r s  on t h e  
approaches  which l e a d  t o  s a t i s f a c t o r y  o r  u n s a t i s f a c t o r y  
l o n g e r  t e r m  performance  of f a b r i c  membranes i n c o r p o r a t e d  i n  
s t r u c t u r e s .  
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A SELECTIVE REVIEW OF THE 
PERFORMANCE AND MAINTEPIANCE ASPECTS 
OF FABRIC MEMBRANE STRUCTURES 

C O G .  TATTERSALL, J . D .  UREN, S .  VERROCCHI 

F a b r i c  membrane s t r u c t u r e s  a r e  n o t  a  new form of 
c o n s t r u c t i o n ,  w i t h  many forms of a i r  s u p p o r t e d  and t e n s i l e  
s t r u c t u r e s  having been developed i n  t h e  e a r l y  p a r t  of t h i s  
c e n t u r y .  However, it h a s  r e a l l y  o n l y  been i n  t h e  l a s t  two 
d e c a d e s  t h a t  improvements i n  membrane t e c h n o l o g y ,  
development  of methods of computer a n a l y s i s  and d e s i g n ,  and 
a  more g e n e r a l  awareness  of membranes, h a s  meant t h a t  
f a b r i c  membrane s t r u c t u r e s  a r e  now becoming a c c e p t e d  a s  a  
r e g u l a r  b u i l d i n g  component. 

There  a r e  many d i f f e r e n c e s ,  however, between f a b r i c  
membrane s t r u c t u r e s  and more t r a d i t i o n a l  b u i l d i n g  
m a t e r i a l s .  One of t h e s e  is t h e  c o m p a r a t i v e l y  s h o r t  h i s t o r y  
of membranes, l e a d i n g  t o  t h e  l a c k  of a  g e n e r a l  p o o l  of 
knowledge abou t  t h e i r  s h o r t ,  medium and long t e r m  
performance .  

S t e e l ,  t i m b e r ,  c o n c r e t e ,  g l a s s ,  masonry, t e r r a c o t t a  and 
many o t h e r  m a t e r i a l s  have been used f o r  s u b s t a n t i a l  p e r i o d s  
of  t i m e .  T h e i r  per formance  and t h e i r  c h a r a c t e r i s t i c s  a r e  
r e a s o n a b l y  w e l l  u n d e r s t o o d  by b u i l d e r s  and d e s i g n e r s ,  and 
t h e i r  u s e  i n  most i n s t a n c e s  is a l s o  c o n t r o l l e d  by c o d e s  of 
p r a c t i c e  and by d e t a i l e d  knowledge of t h e i r  p a s t  
per formance  i n  b u i l d i n g  s t r u c t u r e s .  

F a b r i c  membranes, however, a r e  n o t  i n  t h i s  p o s i t i o n .  
M a t e r i a l s  a r e  undergoing c o n s t a n t  and r a p i d  development ,  
and new u s e s  and methods f o r  membrane c o n s t r u c t i o n  a r e  
b e i n g  conce ived  and p u t  i n t o  p r a c t i c e  v i r t u a l l y  e v e r y  day.  
The m a t e r i a l s  and b u i l d i n g s  a r e  a t  t h e  l e a d i n g  edge  of 
b u i l d i n g  t e c h n o l o g y ,  b u t  a r e  a l s o  now a t  a  s t a g e  where 
t h e r e  a r e  l e s s o n s  t o  be  l e a r n t  from rev iewing  t h e  
pe r fo rmance  and c h a r a c t e r i s t i c s  of e x i s t i n g  membranes. 

The q u e s t i o n s  which may be asked i n c l u d e :  

- How a r e  membranes pe r fo rming  from t h e  p o i n t s  of view 
of s t r u c t u r e ,  l i g h t  t r a n s m i s s i o n ,  t h e r m a l  pe r fo rmance ,  
ma in tenance ,  d u r a b i l i t y ,  and a c o u s t i c  performance?  

- How w e l l  a r e  membranes s a t i s f y i n g  t h e  a r c h i t e c t u r a l  
c o n c e p t  of t h e  d e s i g n e r  and t h e  e x p e c t a t i o n s  and 
f u n c t i o n a l  r e q u i r e m e n t s  of t h e  u s e r ?  

- How w e l l  a r e  d e s i g n e r s  in fo rming  t h e i r  c l i e n t s  a b o u t  
t h e  d u r a b i l i t y  and long t e r m  performance  of t h e  
s t r u c t u r e s ,  and t h e  maintenance  and c a r e  r e q u i r e d  t o  
keep them o p e r a t i n g  s a t i s f a c t o r i l y ?  
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- What a r e  t h e  a s p e c t s  t h a t  a r e  g e n e r a l l y  s a t i s f a c t o r y ,  
and i n  what a r e a s  a r e  problems mainly  o c c u r r i n g ?  

Most of t h e  a t t e n d e e s  a t  t h i s  c o n f e r e n c e  have been invo lved  
w i t h  membrane s t r u c t u r e s  t o  a  g r e a t e r  o r  l e s s e r  e x t e n t  over  
t h e  l a s t  few y e a r s .  Some would have des igned  o r  b u i l t  o n l y  
one o r  two. Some may have been invo lved  w i t h  dozens .  Yet 
a l l  can  l e a r n  more a b o u t  t h e  complex i n t e r p l a y  of t h e  
d i f f e r e n t  mechanisms which l e a d  t o  a  c o m p l e t e l y  
s a t i s f a c t o r y  s t r u c t u r e .  

The purpose  of t h i s  paper  is t o  c o n t r i b u t e  t o  t h e  g e n e r a l  
p o o l  of knowledge abou t  t h e  performance  of membrane 
s t r u c t u r e s  by examining i n  d e t a i l  s e v e r a l  membranes i n  
Melbourne. I n  p a r t i c u l a r  t h e  a u t h o r s  have looked a t  t h e  
s t r u c t u r e s  a s  a  g roup  r a t h e r  than  an i n d i v i d u a l  s t r u c t u r e s ,  
and our  i n t e n t i o n  is t o  h i g h l i g h t  t h o s e  g e n e r a l  
c h a r a c t e r i s t i c s  of t h e  group which have s t o o d  o u t  f o r  
p o s i t i v e  o r  n e g a t i v e  r e a s o n s .  S i n c e  t h e  performance  of a  
s i n g l e  s t r u c t u r e  a g a i n s t  a  s i n g l e  c r i t e r i a  is a lways  
dependent  on a  un ique  se t  of f a c t o r s ,  t h e  examina t ion  of  
t h e  performance  of a  g roup  of s t r u c t u r e s  a g a i n s t  a  common 
set  of c r i t e r i a  is much more l i k e l y  t o  l e a d  t o  a p p r o p r i a t e  
g u i d e l i n e s ,  l e s s o n s  and comments f o r  d e s i g n e r s  t o  be aware 
of w i t h  f u t u r e  s t r u c t u r e s ,  whatever  t h e  p a r t i c u l a r  
c h a r a c t e r i s t i c s  o r  c i r c u m s t a n c e s  of t h o s e  s t r u c t u r e s  may 
be .  

A s  examples of t h e  a p p l i c a t i o n  of t h e  g u i d e l i n e s ,  t h e  paper  
a l s o  examines i n  d e t a i l  t h e  performance  of some i n d i v i d u a l  
s t r u c t u r e s  a g a i n s t  t h e  c r i t e r i a  c o n s i d e r e d ,  and p r o v i d e s  
some s p e c i f i c  comments of which d e s i g n e r s  shou ld  be  aware.  

THE STRUCTURES 

The s t r u c t u r e s  reviewed i n  t h e  d e t a i l e d  s u r v e y  were: 

1. S t  Annes Roman C a t h o l i c  Church, S e a f o r d ,  V i c t o r i a ,  a  
f u l l y  e n c l o s e d  church  b u i l d i n g  where t h e  roof  membrane 
is t e f l o n - c o a t e d  f i b r e g l a s s ,  b u i l t  i n  1982. 

2. S t  Michaels  Grammar Schoo l ,  S t  K i l d a ,  V i c t o r i a ,  an 
e n c l o s u r e  of a  c o u r t y a r d  f o r  a two-s to rey  c l a s s r o o m  
b l o c k ,  t h e  membrane b e i n g  t e f l o n - c o a t e d  f i b r e g l a s s ,  
b u i l t  i n  1988. 

3 .  T i n t e r n  Church of England G i r l ' s  Grammar School  
(CEGGS), E a s t  Ringwood, V i c t o r i a ,  where a g e n e r a l  
purpose  room a b u t t i n g  c l a s s r o o m s  on two s i d e s  h a s  a  
t e f l o n - c o a t e d  f i b r e g l a s s  roof  membrane, c o n s t r u c t e d  i n  
1985. 

4 .  Ivanhoe  G i r l s  Grammar Schoo l ,  Ivanhoe,  V i c t o r i a ,  where 
- a  PVC-coated p o l y e s t e r  f a b r i c  forms t h e  roof membrane 

t o  a  f u l l y  e n c l o s e d  a r t  room, c o n s t r u c t e d  i n  1978. 
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5. Chadstone  Shopping C e n t r e ,  Chadstone ,  V i c t o r i a ,  where 
an  e n c l o s u r e  t o  t h e  m a l l  of a  major  shopping complex 
u s e s  t e f l o n - c o a t e d  f i b r e g l a s s ,  c o n s t r u c t e d  i n  1985. 

6. P r i v a t e  Res idence ,  T a r r a  Warra,  where an i n t e r n a l  
a t r i u m  is e n c l o s e d  by a  t e f l o n - c o a t e d  f i b r e g l a s s  roof  
membrane, c o n s t r u c t e d  i n  1986. 

7.  S t  C a t h e r i n e s  Schoo l ,  Toorak,  V i c t o r i a ,  where t h e  
J u n i o r  School  Cour tya rd  is e n c l o s e d  w i t h  a  t e f l o n -  
c o a t e d  f i b r e g l a s s  roof  membrane, c o n s t r u c t e d  i n  1987. 

PERFORMANCE CRITERIA 

An a s s e s s m e n t  was made of each s t r u c t u r e  on t h e  b a s i s  of 
e l e v e n  c r i t e r i a .  The t a b l e  below sets  o u t  t h e s e  c r i t e r i a  
and summarises whether  t h e y  were c o n s i d e r e d  t o  be s a t i s f i e d  
o r  n o t  s a t i s f i e d  by t h e  s t r u c t u r e s  su rveyed .  

C r i t e r i o n  

A r c h i t e c t u r a l  Performance 
S t r u c t u r a l  Performance 
Membrane D u r a b i l i t y  
L i g h t i n g  
Thermal Performance  
V e n t i l a t i o n  
A c o u s t i c s  
C l e a n l i n e s s  
Connec t ion  D e t a i l i n g  
Vandal ism 
Owners/Users E x p e c t a t i o n  

Number of S t r u c t u r e s  
S a t i s f y i n g  t h e  C r i t e r i o n  

(Range 0-7) 

COMMENTS ON THE PERFORWNX OF THE STRUCTURES 

ARCHITECTURAL PERFORMANCE 

F a b r i c  membrane s t r u c t u r e s  a l low t h e  e x p r e s s i o n  of a  wide 
range  of a r c h i t e c t u r a l  forms,  from t h e  membrane forming t h e  
major  a r c h i t e c t u r a l  component of t h e  b u i l d i n g ,  t o  t h e  
membrane b e i n g  i n c i d e n t a l  t o  t h e  a r c h i t e c t u r e  of t h e  
b u i l d i n g  and p r i m a r i l y  used f o r  one of i t s  p r o p e r t i e s  such  
a s  t r a n s l u c e n c y  o r  t h e  a b i l i t y  t o  a c h i e v e  long c l e a r  s p a n s .  

I n  a l l  of t h e  s t r u c t u r e s  reviewed t h e  a r c h i t e c t u r a l  a s p e c t s  
were c o n s i d e r e d  t o  be s a t i s f i e d .  A g e n e r a l  s t a t e m e n t  is  
t h a t  membrane s t r u c t u r e s  a l l o w  i m a g i n a t i v e  a r c h i t e c t u r a l  
s o l u t i o n s ,  b u t  a s  w i t h  any o t h e r  b u i l d i n g  form o r  m a t e r i a l ,  
an  i n a p p r o p r i a t e  a r c h i t e c t u r a l  approach w i l l  a lways  be 
u n s a t i s f a c t o r y .  
- 
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A r c h i t e c t s  and d e s i g n e r s  n o t  f a m i l i a r  w i t h  membranes s h o u l d  
t h o r o u g h l y  a c q u a i n t  themse lves  w i t h  e x i s t i n g  b u i l d i n g s ,  
a v a i l a b l e  m a t e r i a l s ,  and t a l k  t o  d e s i g n e r s  s o  t h a t  t h e  
a r c h i t e c t u r a l  r e q u i r e m e n t s  a r e  met c o n c u r r e n t l y  w i t h  t h e  
p r o v i s i o n  of s a t i s f a c t o r y  performance i n  a l l  o t h e r  a r e a s .  

STRUCTURAL PERFORMANCE 

The s t r u c t u r a l  per formance  of t h e  membranes was n o t  an 
i s s u e  i n  t h e  s t r u c t u r e s  reviewed,  f o r  a l l  performed 
s a t i s f a c t o r i l y .  Of c o u r s e  t h e  membrane d e s i g n e r  must 
c o n s i d e r  a l l  t h e  l o a d s  and l o a d i n g  c o n d i t i o n s  a p p r o p r i a t e ,  
and a d o p t  a d e q u a t e  f a c t o r s  of s a f e t y .  

A t  t h i s  s t a g e  t h e r e  is  a  s u b s t a n t i a l  body of knowledge 
a v a i l a b l e ,  and t h e  a u t h o r s  b e l i e v e  s t e p s  now need t o  be 
t a k e n  i n  A u s t r a l i a  t o  c o d i f y  t h e  more i m p o r t a n t  d e s i g n  
r u l e s  and approaches  t o  e n s u r e  t h a t  t h e  r e c o r d  t o  d a t e  f o r  
t h e  g e n e r a l l y  s a t i s f a c t o r y  performance of membrane 
s t r u c t u r e s  is main ta ined .  

D e f l e c t i o n  of some of t h e  membranes under wind l o a d  was 
r e p o r t e d .  These d e f l e c t i o n s  were w i t h i n  t h e  d e s i g n  
p a r a m e t e r s  and were n o t  regarded a s  a  problem by t h e  u s e r s  
of t h e  b u i l d i n g .  

S i m i l a r l y ,  no  s t r u c t u r a l  problems were r e p o r t e d  w i t h  t h e  
s t r u c t u r e  s u p p o r t i n g  t h e  membranes, a l t h o u g h  c a r e  shou ld  be  
t a k e n  where t h e  membrane boundary c o n d i t i o n  is a  f l e x u r a l  
member a t t a c h e d  t o  o r  trimming a  r i g i d  component such  a s  
masonry w a l l .  I n  t h i s  c a s e ,  c o m p a t i b i l i t y  of d e f l e c t i o n  
must be  c o n s i d e r e d  a t  t h e  d e s i g n  s t a g e .  Membrane t e n s i o n s  
i n t r o d u c e  s i g n i f i c a n t  l o a d s  i n t o  t h e  s u p p o r t s ,  and t h e  
d e f l e c t i o n  of f l e x u r a l  boundary e lements  can  be  
s i g n i f i c a n t .  

MEMBRANE DURABILITY 

No problems were observed w i t h  t h e  d u r a b i l i t y  of t h e  
membranes on t h e  s t r u c t u r e s  reviewed.  Although t h e  
m a j o r i t y  were of t e f l o n - c o a t e d  f i b r e g l a s s ,  t h e  o l d e s t  
u t i l i s e d  a  WC-coated p o l y e s t e r  f a b r i c  which is  s t i l l  
pe r fo rming  s a t i s f a c t o r i l y  a f t e r  11 y e a r s .  

Where some problems have  o c c u r r e d  w i t h  t h e  o v e r a l l  
s t r u c t u r e ,  t h e s e  have inc luded :  

- bonding of f l a p s  o r  s e a l i n g  c u s h i o n s  t o  t h e  membranes, 
where a  s a t i s f a c t o r y  j o i n  was n o t  been a b l e  t o  be 
m a i n t a i n e d .  
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- p r o t e c t i o n  sys tems f o r  s t r u c t u r a l  s t ee l ,  where e i t h e r  
s i t e  a p p l i c a t i o n  of t o p c o a t ,  o r  touchup of damage has  
n o t  been c a r r i e d  o u t  a s  s p e c i f i e d ,  o r  h o l e s  d r i l l e d  
f o r  membrane i n s t a l l a t i o n  purposes  have n o t  been l a t e r  
s e a l e d ,  and m o i s t u r e  p e n e t r a t i o n  has  caused r u s t .  

LIGHTING 

One of t h e  more i m p o r t a n t  p r o p e r t i e s  of membranes is t h e i r  
t r a n s l u c e n c y .  A s  a l l  t h e  s t r u c t u r e s  were i n  r e g u l a r  
commercia l ,  i n s t i t u t i o n a l  o r  p r i v a t e  u s e ,  t h e  membranes 
were a l l  w h i t e  and c o l o r a t i o n  w i t h i n  t h e  b u i l d i n g  was n o t  a  
problem. 

A l l  of t h e  u s e r s  r e p o r t e d  a c c e p t a b l e  t o  h igh  l e v e l s  of 
s a t i s f a c t i o n  w i t h  t h e  l i g h t i n g ,  and t h e  f o l l o w i n g  s p e c i f i c  
comments cou ld  be  c o n s i d e r e d  by d e s i g n e r s :  

- good l i g h t i n g  o f t e n  means poor t h e r m a l  performance  
( r e f e r  t o  l a t e r  comments). 

- d a y l i g h t i n g  was always a d e q u a t e ,  and n i g h t  l i g h t i n g ,  
e s p e c i a l l y  w i t h  i n d i r e c t  l i g h t i n g  r e f l e c t e d  from t h e  

' u n d e r s i d e  of  t h e  membrane, was a l s o  s a t i s f a c t o r y  i n  
a l l  s t r u c t u r e s .  However l i g h t i n g  from b e n e a t h  a t  
n i g h t  does  h i g h l i g h t  any l a c k  of c l e a n l i n e s s  of  t h e  
membrane. 

- where v i s u a l  a i d s  such a s  s l i d e s  e tc .  a r e  r e q u i r e d ,  
t h e i r  u s e  is s e v e r e l y  r e s t r i c t e d  d u r i n g  day t ime .  

- v a r i a t i o n s  i n  l i g h t i n g  ach ieved  by s e l e c t e d  l o c a t i o n  
of l i n e r s  can  be e f f e c t i v e .  For example a t  S t .  Annes 
Church t h e  l i n e r  s t o p s  s h o r t  of t h e  apex a t  t h e  roof  
t o  a l l o w  i n c r e a s e d  t r a n s l u c e n c y  t o  h i g h l i g h t  t h e  
s a n c t u a r y .  

THERMAL PERFORMANCE 

Thermal performance  was one  of t h e  most wide ly  v a r i a b l e  
c h a r a c t e r i s t i c s  of t h e  s t r u c t u r e s  reviewed.  

T h r e e  of t h e  seven  u s e r s  r e p o r t e d  a  h igh  l e v e l  of  
s a t i s f a c t i o n  w i t h  t h e  t h e r m a l  p e r f o r  nce.  These t h r e e  
s t r u c t u r e s  a l l  had i n  common e i t h e r  - r emely  good c r o s s  
v e n t i l a t i o n  o r  c r o s s  v e n t i l a t i o n  co. .ed w i t h  s u b s t a n t i a l  
mechan ica l  a i r  e x t r a c t i o n  from t h e  L. i. 

One o t h e r  f a c i l i t y  was r e p o r t e d  t o  have s a t i s f a c t o r y  
t h e r m a l  performance ,where  t h e  membrane forms a  minor 
component of a  l a r g e  commercial  a i r  c o n d i t i o n e d  f a c i l i t y .  
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Three  u s e r s  r e p o r t e d  t h e r m a l  performance a s  a  major  
problem, w i t h  h i g h  summer t e m p e r a t u r e s  c r e a t i n g  
uncomfor tab le  c o n d i t i o n s .  Cold w i n t e r  t e m p e r a t u r e s  were 
a l s o  a  problem w i t h  t h e  l a r g e r  s t r u c t u r e s .  Even when 
h e a t i n g  sys tems were a v a i l a b l e ,  o p e r a t i n g  c o s t s ,  l e a d  times 
t o  b r i n g  t e m p e r a t u r e s  up t o  comfor t  l e v e l s ,  o r  l a c k  of 
f l e x i b i l i t y  i n  t h e  h e a t i n g  system meant t h a t  c o m f o r t a b l e  
c o n d i t i o n s  c o u l d  s t i l l  n o t  always be a c h i e v e d .  

D e s i g n e r s  must a d d r e s s  t h e r m a l  performance a t  t h e  e a r l i e s t  
s t a g e s ,  t h r o u g h  t h e  u s e  of s e n s i b l e  o r i e n t a t i o n  and 
s h a d i n g ,  l i n e r s  and i n s u l a t i o n ,  n a t u r a l  and mechan ica l  
v e n t i l a t i o n ,  and a i r  c o n d i t i o n i n g  sys tems .  

Usage is  a l s o  i m p o r t a n t ,  a s  a  s p a c e  used f o r  r e l a t i v e l y  
s h o r t  p e r i o d s  of t i m e  can be s a t i s f a c t o r y  w i t h  t e m p e r a t u r e  
v a r i a t i o n s  which would n o t  be a c c e p t a b l e  i n  a  c l a s s r o o m  o r  
mee t ing  room. 

VENTILATION 

Adequate e x h a u s t  v e n t i l a t i o n  o r  c r o s s  v e n t i l a t i o n  is l i n k e d  
c l o s e l y  t o  t h e  t h e r m a l  performance ,  e s p e c i a l l y  i n  
p r e v e n t i n g  t e m p e r a t u r e s  r i s i n g  t o  uncomfor tab le  l e v e l s .  

A t  S t  K i c h a e l ' s  Grammar School  and a t  S t .  C a t h e r i n e s  J u n i o r  
Schoo l ,  t h e  membranes p a r t i a l l y  e n c l o s e  a  c o u r t y a r d ,  and 
t h e r e  is a  one met re  c l e a r  v e r t i c a l  opening between t h e  
e x i s t i n g  b u i l d i n g  r o o f s  and t h e  lower edge of t h e  
membranes. Combined w i t h  good c r o s s  v e n t i l a t i o n  a t  lower 
l e v e l s  and t h e  f a c t  t h a t  t h e  c o u r t y a r d s  a r e  n o t  r ega rded  a s  
an e n c l o s e d  indoor  s p a c e ,  u s e r s  r e p o r t  c o n d i t i o n s  warmer i n  
w i n t e r  and c o o l e r  i n  summer t h a n  t h e  p r e v i o u s  unenclosed 
c o u r t y a r d s .  

For e n c l o s e d  b u i l d i n g s ,  s u b s t a n t i a l  f o r c e d  e x h a u s t  of h o t  
a i r  from an apex p o i n t  i s  n e c e s s a r y  f o r  s a t i s f a c t o r y  
t h e r m a l  performance .  Even f o r  b u i l d i n g s  w i t h  n a t u r a l  
v e n t i l a t i o n  from t h e  apex a i r  movement and t e m p e r a t u r e  
c o n t r o l  were s t i l l  regarded  a s  u n s a t i s f a c t o r y .  

I t  shou ld  be  n o t e d  t h a t  c o n d e n s a t i o n  on t h e  u n d e r s i d e  of a  
s i n g l e  l a y e r  membrane can be s i g n i f i c a n t  e s p e c i a l l y  i n  
c o l d e r  a r e a s  and where indoor  g a r d e n s  a r e  r e g u l a r l y  
wa te red ,  keeping humid i ty  h i g h .  V e n t i l a t i o n  needs  t o  be 
e x t r e m e l y  good i n  t h e s e  s i t u a t i o n s .  

ACOUSTICS 

A c o u s t i c s  were n o t  a  major  concern ,  w i t h  most u s e r s  
r e p o r t i n g  s a t i s f a c t o r y  l e v e l s  of n o i s e  and r e v e r b e r a t i o n  
c o n t r o l .  The o n l y  problem r e p o r t e d  were o c c a s i o n a l  
d i s t u r b a n c e s  d u r i n g  p e r i o d s  of heavy r a i n ,  and some 
r e v e r b e r a t i o n  and movement i n  t h e  membrane when doors  were 
s h u t  q u i c k l y  i n  t h e  e n c l o s e d  s p a c e .  
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However, f o r  busy o r  n o i s y  u s e s ,  d e s i g n e r s  shou ld  pay 
s p e c i f i c  a t t e n t i o n  t o  t h e  i n f l u e n c e  of membrane shape  on 
a c o u s t i c  performance.  S p e c i f i c  measures of a c o u s t i c  
c o n t r o l  a r e  r e q u i r e d  i n  many structures such a s  a i r -  
suppo r t ed  c a b l e  r e s t r a i n e d  domes. 

CLEANLINESS 

Keeping t h e  membrane s t r u c t u r e s  c l e a n  was a  s i g n i f i c a n t  
concern  t o  most of t h e  u s e r s .  The o n l y  t h r e e  r e p o r t i n g  
s a t i s f a c t i o n  i n  t h i s  a r e a  e i t h e r :  

- had i n i t i a t e d  a  r e g u l a r  maintenance program 

- had o n l y  twe lve  months o r  two y e a r s  o p e r a t i o n  of 
t h e  b u i l d i n g ,  and regarded  t h e  environment a s  
e x t e r n a l ,  one where c l e a n l i n e s s  was less impor t an t  
t h a n  i n s i d e  a  b u i l d i n g .  

C l e a n l i n e s s  has s e v e r a l  a s p e c t s ,  and is more impor t an t  f o r  
f a b r i c  s t r u c t u r e s  t h a n  f o r  many conven t i ona l  s t r u c t u r e s  
because:  

- t h e  e x c e l l e n t  l i g h t i n g  h i g h l i g h t s  d u s t ,  cobwebs 
e t c .  which would n o t  be  a s  n o t i c e a b l e  w i th  a  non- 
t r a n s l u c e n t  r oo f .  

- t h e  t r a n s l u c e n c y  of t h e  membranes means 
con t amina t i on  is obvious whether it be  on t h e  
i n s i d e  o r  o u t s i d e .  

- many membrane s t r u c t u r e s  have a complex o r  u s u a l  
s u p p o r t  s t ruc ture  wi th  s u r f a c e s  and r e c e s s e s  which 
ho ld  d u s t ,  a t t r a c t  s p i d e r s  e t c .  

- l a ck  of c l e a n l i n e s s  is h i g h l i g h t e d  because  t h e  
membrane p r o v i d e s  a  f o c u s  t o  draw t h e  u s e r s  
a t t e n t i o n  t o  where t h e  c l e a n l i n e s s  problem i s .  

- a c c e s s  t o  t h e  e x t e r n a l  and i n t e r n a l  s u r f a c e s  is 
o f t e n  d i f f i c u l t  and sometimes imposs ib l e .  

Des igne r s  must c o n s i d e r  t h e  problem of keeping t h e  
s t r u c t u r e  and membrane c l e a n ,  r i g h t  from t h e  o u t s e t .  T h i s  
i n c l u d e s  making p r o v i s i o n  f o r  adequa t e  a c c e s s  t o  t h e  
e x t e r n a l  and i n t e r n a l  s u r f a c e s  of t h e  membrane. A l l  
s t r u c t u r e s  shou ld  have a  r e g u l a r  maintenance  and c l e a n i n g  
program s e t  up t o  c o n t r o l  t h e  problem b e f o r e  it becomes 
u n s a t i s f a c t o r y .  
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CONNECTION DETAILING 

T h i s  o b v i o u s l y  v a r i e s  between s t r u c t u r e s ,  and many a s p e c t s  
of c o n n e c t i o n  and s u p p o r t  d e t a i l s  a r e  i n t e r - r e l a t e d  w i t h  
a r c h i t e c t u r a l  appearance ,  s t r u c t u r a l  performance and 
d u r a b i l i t y .  

G e n e r a l l y  an a c c e p t a b l e  l e v e l  of s a t i s f a c t i o n  was found,  
a l t h o u g h  d e s i g n e r s  shou ld  n o t e  t h a t  d u r a b i l i t y  of  
c o n n e c t o r s  is paramount.  C o n s i d e r a t i o n  shou ld  be  made of 
t h e  envi ronment ,  appearance ,  a c c e s s a b i l i t y  and f u n c t i o n  of 
t h e  c o n n e c t i o n ,  and t h e  r e q u i r e d  l i f e  and u s e  of t h e  
s t r u c t u r e ,  s o  t h a t  an  a p p r o p r i a t e  c h o i c e  of m a t e r i a l s  is 
made. P r e f e r r e d  m a t e r i a l s  i n c l u d e  s t a i n l e s s  s t ee l ,  
g a l v a n i s e d  s t ee l ,  o r  o t h e r  non c o r r o d a b l e  m e t a l s  o r  
p l a s t i c s .  

Membrane s t r u c t u r e s  by t h e i r  ve ry  n a t u r e  a t t r a c t  a t t e n t i o n ,  
and some of t h i s  a t t e n t i o n  may be unwelcome. The f a b r i c  
membrane is a l s o  more e a s i l y  damaged t h a n  many c o n v e n t i o n a l  
b u i l d i n g  m a t e r i a l s ,  and r e p a i r s  o r  p a t c h e s  a r e  d i f f i c u l t  t o  
c o n c e a l .  

For  t h e s e  r e a s o n s  it is e s s e n t i a l  t h a t  d e s i g n e r s  a r e  aware  
of many f a c t o r s  abou t  t h e i r  s t r u c t u r e s ,  and c o n s i d e r  t h e  
p o s s i b i l i t y  of vandal ism and m a l i c i o u s  damage a t  t h e  
e a r l i e s t  s t a g e .  

Only one of t h e  s t r u c t u r e s  surveyed,  S t  Annes Church, had 
s u f f e r e d  from vandal ism.  Some a r e a s  of t h e  f a b r i c  a r e  
a b o u t  2.4m from t h e  su r round ing  pavement, and r e a d i l y  
a c c e s s i b l e  from t h e  lower s u p p o r t i n g  mas t s .  Holes had been 
p u n c t u r e d  i n  t h e  f a b r i c  a t  v a r i o u s  p l a c e s  nea r  t h e s e  low 
p o i n t s .  R e p a i r s  have  been c a r r i e d  o u t  by h e a t  welding 
p a t c h e s  over  t h e  c u t s  b u t  t h e s e  a r e  q u i t e  n o t i c e a b l e .  The 
c h u r c h  is c u r r e n t l y  c o n s i d e r i n g  a  p r o p o s a l  t o  c o m p l e t e l y  
renew t h e  damaged s e c t i o n s  and p r o v i d e  some form of b a r r i e r  
below t h e  f a b r i c .  

S i n c e  t h e  vanda l i sm,  e x t e r n a l  f l o o d - l i g h t i n g  h a s  been 
i n t r o d u c e d  and,  u n f o r t u n a t e l y ,  barbed w i r e  h a s  had t o  b e  
i n s t a l l e d  around t h e  lower column heads .  T h i s  d e t r a c t s  
from t h e  o t h e r w i s e  s i m p l e  l i n e s  of t h e  s u p p o r t  system. 

P o i n t s  f o r  d e s i g n e r s  t o  c o n s i d e r  a r e :  

- whether  p a s s i v e  o r  a c t i v e  s e c u r i t y  sys tems  w i l l  be i n  
p l a c e .  
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- e a s e  of a c c e s s  t o  t h e  membrane. Of ten  t h e  membrane is 
a  roof and has  c o n v e n t i o n a l  w a l l s  r e s t r i c t i n g  a c c e s s  
t o  it. However, i f  t h e  membrane comes c l o s e  t o  t h e  
g round ,  c o n s i d e r a t i o n  shou ld  be  g i v e n  t o  measures  such 
a s  p r o v i d i n g  d e n s e ,  s p i k e y  v e g e t a t i o n ,  w a t e r  moats ,  o r  
o t h e r  f e a t u r e s  t o  make a c c e s s  d i f f i c u l t .  Obv ious ly  it 
i s  b e s t  t o  i n t e g r a t e  t h e s e  i n t o  t h e  i n i t i a l  d e s i g n  
r a t h e r  t h a n  t o  add p r o t e c t i v e  measures a t  a  l a t e r  
s t a g e .  

- u s e  of t h e  b u i l d i n g .  I f  t h e  b u i l d i n g  is g e n e r a l l y  i n  
u s e  and occup ied  f o r  most of t h e  t i m e ,  t h e n  d i f f e r e n t  
measures  may b e  a p p r o p r i a t e  t o  i f  t h e  b u i l d i n g  is 
occupied  o n l y  on a  p e r i o d i c  b a s i s .  

- l i g h t i n g  can  be used t o  r educe  vandalism. 

. - l o c a t i o n  of t h e  membrane. Highly v i s i b l e  membranes 
may be  less s u b j e c t  t o  vandal ism t h a n  ones  where 
damage can occur  unobserved.  

OWNER/USERS EXPECTATIONS 

Throughout  t h e  a u t h o r s '  d i s c u s s i o n s  w i t h  b u i l d i n g  owners,  
it was a p p a r e n t  t h a t  where t h e r e  were d i s a p p o i n t m e n t s  i n  
r e l a t i o n  t o  t h e  f a b r i c  r o o f ,  many of t h e s e  stemmed from 
f a l s e  e x p e c t a t i o n s  of  i ts  performance.  Owners need t o  be 
f u l l y  a d v i s e d  i n  t h e  e a r l y  d e s i g n  s t a g e s  of t h e  l i m i t a t i o n s  
of t h e  f a b r i c  membrane, j u s t  a s  t h e y  a r e  a d v i s e d  of t h e  
b e n e f i t s .  Four of t h e  seven owners f e l t  t h e i r  e x p e c t a t i o n s  
were met, w h i l s t  t h r e e  f e l t  t h a t  t h e i r  membrane s t r u c t u r e  
d i d  n o t  per form a s  well a s  had been expec ted .  

One of t h e  most b e n e f i c i a l  a r c h i t e c t u r a l  q u a l i t i e s  of t h e  
membranes is  t h e i r  t r a n s l u c e n c y .  However t h i s  f l o o d i n g  of 
d a y l i g h t  emphas i ses ,  f o r  example, t h e  g e n e r a l  s t a t e  of  
c l e a n l i n e s s  of t h e  b u i l d i n g .  I t  is t h e r e f o r e  n e c e s s a r y  t o  
s t r e s s  t h e  need f o r  an  ongoing c lean ing /main tenance  
program. T h i s  program would g e n e r a l l y  r e q u i r e  a  g r e a t e r  
i n p u t  t h a n  t h a t  which shou ld  be  c a r r i e d  o u t  f o r  any 
b u i l d i n g  i f  a  r e s p e c t a b l e  appearance  is t o  be m a i n t a i n e d .  

The t h e r m a l  performance  and v e n t i l a t i o n  of t h e  s t r u c t u r e s  
was t h e  o t h e r  a r e a  where a  s i g n i f i c a n t  number of u s e r s  
e x p e r i e n c e d  d i s a p p o i n t m e n t  w i t h  t h e i r  s t r u c t u r e .  These  
a r e a s  r e q u i r e  d e t a i l e d  a t t e n t i o n  from t h e  d e s i g n e r ,  a s  
d i s c u s s e d  e l s e w h e r e  i n  t h i s  p a p e r .  

M
S

A
A

/L
S

A
A

 C
on

f P
ro

ce
ed

in
gs



CONCLUSIONS 

The c o n c l u s i o n s  t o  be drawn from t h e  i n v e s t i g a t i o n s  
d e s c r i b e d  i n  t h i s  paper  a r e :  

1. A l l  f a b r i c  membrane s t r u c t u r e s  r e q u i r e  a  r e p a i r  and 
maintenance  s c h e d u l e  t o  be p r e p a r e d  by t h e  d e s i g n e r  s o  
owners a r e  aware of t h e  a c t i o n s  t h a t  need t o  be t a k e n  
t o  e n s u r e  a  h i g h  l e v e l  of s a t i s f a c t i o n  w i t h  t h e i r  
s t r u c t u r e .  T h i s  s c h e d u l e  shou ld  i n c l u d e  

- p e r i o d i c  i n s p e c t i o n s  by t h e  d e s i g n e r  and c o n t r a c t o r  
( a t  l e a s t  a n n u a l l y ) .  

- a  r e g u l a r  c l e a n i n g  program, w i t h  a  d e s c r i p t i o n  of 
t h e  methods and m a t e r i a l s  t o  be used.  

- r e p a i r  p r o c e d u r e s  f o r  emergency use .  

2.  For c l e a n i n g ,  d e s i g n e r s  must c o n s i d e r  t h e  p r o v i s i o n  of 
a c c e s s  t o  t h e  e x t e r n a l  and i n t e r n a l  s u r f a c e s  of t h e  
membrane. Whether c l e a n i n g  is t o  be  c a r r i e d  o u t  by 
i n s t a l l a t i o n  of s c a f f o l d ,  c h e r r y  p i c k e r s ,  o r  by o t h e r  
means must be  c o n s i d e r e d  a t  t h e  d e s i g n  s t a g e .  

3 .  Thermal performance and v e n t i l a t i o n  must be  c o n s i d e r e d  
i n  d e t a i l  a t  t h e  d e s i g n  s t a g e .  To a c h i e v e  
s a t i s f a c t o r y  t e m p e r a t u r e  l e v e l s ,  e s p e c i a l l y  i n  summer, 
it is e s s e n t i a l  t h a t  good c r o s s  v e n t i l a t i o n  and f o r c e d  
e x t r a c t i o n  of a i r  from an apex p o i n t  is p rov ided .  

S a t i s f a c t o r y  w i n t e r  per formance ,  e s p e c i a l l y  i n  t h e  
e v e n i n g s  r e q u i r e s  a  h e a t i n g  sys tem which is c a p a b l e  of 
a  s h o r t  r e s p o n s e  t i m e ,  can cope w i t h  t h e  h e a t  l o s s  
t h r o u g h  t h e  membrane, and can be d i r e c t e d  o r  zoned t o  
t h o s e  p a r t s  of t h e  s t r u c t u r e  be ing used a t  a  g i v e n  
t i m e .  

4 .  D u r a b i l i t y  of membrane s t r u c t u r e s  a p p e a r s  t o  be good 
t o  e x c e l l e n t .  From t h e  s t r u c t u r e s  obse rved ,  an  
e x p e c t e d  l i f e  i n  t h e  o r d e r  of a t  l e a s t  1 5  y e a r s  f o r  
PVC-coated p o l y e s t e r ,  and longer  f o r  t e f l o n - c o a t e d  
f i b r e g l a s s ,  can be c o n f i d e n t l y  expec ted  f o r  Melbourne 
c l i m a t i c  c o n d i t i o n s .  Newer f a b r i c s  a r e  a l s o  f u r t h e r  
i n c r e a s i n g  t h e  expec ted  l i f e .  Care  shou ld  be t a k e n  
w i t h  c o l o u r e d  f a b r i c s ,  which a r e  more l i k e l y  t o  f a d e  
t h a n  w h i t e  f a b r i c s .  

5. C l i e n t s  and owners of b u i l d i n g s  w i t h  f a b r i c  membranes 
must be  f u l l y  informed of a l l  t h e  p o s i t i v e  and 
n e g a t i v e  a s p e c t s  of membranes r i g h t  from t h e  o u t s e t .  
Only i n  t h i s  way can t h e  o v e r a l l  l e v e l s  of  u s e r s  
s a t i s f a c t i o n  be r a i s e d ,  and t h e i r  e x p e c t a t i o n s  m e t .  
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