
David McCready i s  a  d i rec tor  of Spacetech Pty. Ltd., a  
company dedicated t o  a l l  aspects  of design and construction of 
geometric surfaces including space frames and tensioned 
membrane s t ruc tures .  

Their period of time ac t ive ly  building these s t ruc tu res  (14 
yea r s ) ,  a l l i e d  with t h e i r  dedication t o  the  highest  qua l i ty  
de ta i l ing ,  has made them f i e l d  leaders  i n  the  industry.  

THE PERFORMANCE OF NINE FABRIC STRUCTURES 

IN AUSTRALIA OVER THE LAST DECADE 

This paper looks a t  some of Spacetech's membrane s t ruc tures  
dating back t o  the  infancy of the  industry i n  Austra l ia .  I t  
includes some of Aus t r a l i a ' s  o ldes t  s t ruc tures ,  ones which 
predate the  M.S.A.A. 

Where these  lacked technological refinement, they were 
supplemented by an extraordinary enthusiasm for  the  developing 
medium, an aspect which i s  largely  retained by exponents i n  
the  industry today. 

The e a r l i e s t  works in  membrane s t ruc tures  were inspired by 
p ic tures  i n  books and magazines, usually the  work of Frei  Otto 
and h i s  group. 

Information on d e t a i l  and design elements was la rge ly  gleaned 
from hours of close study of the  new p ic ture  models avai lable  
and from reading scarce design t ex t s .  Much extrapolat ion was 
obviously needed t o  r ea l i ze  a  s t ruc ture  from such a  b i r t h  
place. 

The antipodean information vacuum, while it somewhat delayed 
the  f i e l d ' s  development i n  Austral ia ,  l e f t  a  legacy of keen 
minds with a  t h i r s t  fo r  information and designers who could 
and would tack le  pro jec t s  beyond t h e i r  experience base. 

On occasion t h i s  lead t o  d i sa s t e r ,  but one m u s t  r e f l e c t  on the  
f a c t  t h a t  the  f i e l d  largely  developed from a  c r a f t  base here 
a s  elsewhere and t h a t  the  move i n t o  a  more science based 
approach has .been the  product of f i r s t l y  an established and 
maturing industry and secondly, the  professional  impetus the  
Membrane Structures Association of Australasia a s  an 
organization has had on i t s  members. 
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PROJECT : 
CLIENT: 

ARCHITECTS : 
ENGINEERS : 

FABRIC : 
COMPLETION: 

DESCRI PTIOB: 

CLIENT ' S 
CO-S : 

MAINTENANCE: 

CONDITION: 

Art house roof 
Ivanhoe Girls' Grammar School, Victoria 

Bryan Dowling & Associates 
Detail design - In-house 
Membrane & Struct Peter Kneen Pty. Ltd. 
Foundations - B.J eill & Partners Pty. Ltd. 

Polymar ~ ~ ~ / ~ o l y e s t e r  650gm/square metre 
April 1978 (oldest existing tension structure 
in ~ustralia) 

l0m x 10m steel frame supporting 4 hyperbolic 
paraboloid surfaces defined by straight steel 
edges . Structure is laced at perimeter and 
tensioned by elevating the centre. Contract 
for membrane and steelwork erection. 

Very happy with the structure's performance. 
The art room is flooded with light in winter and 
is not cold. There is one rarely used light in 
the room. No condensation except when the 
school is closed over the winter holidays. It 
is a little war summer, here is an 
extractor fan. T rs like wor in the art 
room because of th osphere 

-m in 
'eache 
le atm 

but t 
-king 

Cleaned every 12-18 
puncture about 5 year 
or problems. 

monl 
s ago, 

ths. One pin-hole 
, otherwise, no leaks 

The structure 
exhibits good 
surface appearance 
and is apparently of 
a similar 
translucency to that 
when new. It is 
still white. The 
W C  surface has 
degraded to expose 
fibres at weld lines 
and the surface 
somewhat brittle. 
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PROJECT: 
CLIENT: 

ARCHITECTS : 
ENGINEERS : 

FABRIC : 
COMPLETION: 

DESCRIPTION: 

MAINTENANCE : 

CONDITIOJ!I: 

Half Olympic swimming pool pneumatic roof 
Parade College, Bundoora, Victoria 

In-house design 
Patterns & details - In-house 
Foundations - B.J. O'Neill & Partners 
~ech/~lectrical - Connell Group 

Polymar PV~/~olyester Type I 
November 1978 

35m x 21m pneumatic structure with one 
entry/exit station. Contract included 
structure plus concourse, foundations, 
refurbishment to services, heating water and 
air, all mechanical and electrical works. 

Brother Wright commented that it was the answer 
to everything they needed for the pool. It 
also was used extensively by community groups. 
While they worried about vandalism, it did n0.t 
eventuate. 

The structure had an emergency fan installed 
after construction. The surface was cleaned 
once during its life. 
During Christmas of 1985 a fire in the main 
school destroyed the electricity supply to the 
entire school. The pneumatic structure was 
maintained by its auxiliary diesel powered 
fan.The mains supply was not restored nor was 
the fuel tank refilled so the structure rested, 
deflated, upon the light support poles. 
Eventually a storm caused wind damage with 
substantial tearing and final loss. 
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PROJECC : Dean Park  Sound S t a g e  Roof 
CLIENT: C o u n c i l  o f  the  c i t y  o f  T o w n s v i l l e ,  Q u e e n s l a n d  

ARCHITECTS: In-house  d e s i g n  
ENGINEERS : P e t e r  Kneen P t y .  L t d .  

FABRIC: Polyrnar Type IV ~ ~ ~ / ~ o l y e s t e r  1400gm/square  
m e t r e  w i t h  c a r b o n  b l a c k  s u b s t r a t e  

COMPLETION: Augus t  1980  

DESCRIPTION: T e n s i o n  s t r u c t u r e  u t i l i z i n g  4 m a s t s ,  15  m e t r e s  
'n h e i g h t  a n d  2 t i e -downs .  The area i s  800 
q u a r e  metres. C o n t r a c t  c o v e r e d  a l l  e l e m e n t s  
' r o m  t o p  o f  f o o t i n g  up .  

CLIENT ' S 
COMMENTS The s. xre h a s  p8 ned w e l l  d u r i n g  i t s  

l i f e .  has w i t h s t u ~ u  s i g n i f i c a n t  w i n d s  f rom 
c y c l o n e s  a n d  has n o t  s u f f e r e d  s t r u c t u r a l  damage 
f rom wind f o r c e s .  

MAINTENANCE: Cleaned  a n n u a l l y  i n  March 
CONDITION: From ground l e v e l  t h e  f a b r i c  a p p e a r s  as  good as  

the d a y  it was b u i l t  - n o  d e l e t e r i o u s  e f f e c t s .  

M
S

A
A

/L
S

A
A

 C
on

f P
ro

ce
ed

in
gs



PROJECT : 
CLIENT: 

ARCHITECTS 
ENGINEERS : 

FABRIC: 
COMPLETION: 

DESCRIPTION: 

a1m.r. - a 
COMMENTS 

MAINTENANCE: 

CONDITION 

Spor ts  h a l l  pneumatic roof 
Melbourne Universi ty  Spor ts  Union, V i c t o r i a  

In-house design 
P a t t e r n s  - P. Kneen Pty. Ltd. 
S t r u c t u r a l s  - B. J . 0 8 N e i l l  & Par tne r s  

Polymar ~ ~ ~ / ~ o l y e s t e r  Type I 
October 1980 

40m x  19m a i r  supported s t r u c t u r e  on f i r s t  
f l o o r  l e v e l  a t t a c h i n g  t o  e x i s t i n g  concre te  
s l ab .  Contract  involved removal of e x i s t i n g  
deck, pene t ra t ion  i n t o  adjo in ing  bu i ld ing  and 
cons t ruc t ion  of two s e t s  of a c c e s s / e x i t  
s t a i r s .  ~ e c h / e l e c .  works were i n  t h e  c o n t r a c t .  

A budget dilemma prompted cons t ruc t ion  of a  low 
c o s t  so lu t ion  f o r  indoor s p o r t s  a c t i v i t i e s .  The 
s t r u c t u r e  was successfu l  f o r  t e n n i s ,  n e t b a l l ,  
baske tba l l ,  ae rob ics  e t c .  during i t s  l i f e ,  
enhancing t h e  e x i s t i n g  f a c i l i t i e s .  I t s  only 
problems were t h a t  it was h o t  i n  summer and 
occasional  vandalism. 

A s e r i e s  of minor vandalism i n c i d e n t s  requi red  
r e p a i r  works. Surface cleaned once. 
The s t r u c t u r e  was severe ly  damaged a f t e r  a  
person e x i t e d  t h e  s t r u c t u r e  through an 
emergency e x i t  (breaking t h e  g l a s s  over t h e  
door r e l e a s e  handle)  causing depressur i za t ion  
during a  e storm. Ear ly  i n  t h e  morning, 
s t a f f  were ned by an alarm system which 
r e g i s t e r e d  l o s s  of pressure .  However t h e  
membrane was t o r n  i n  seve ra l  p laces  a s  a  r e s u l t  
of contac t  wi th  l i g h t  supports  and 
rep ressur i za t ion  was not  poss ib le  when s t a f f  
a r r ived  a t  t h e  bui ld ing .  The damage t o  t h e  
membrane was severe,  r e s u l t i n g  i n  t o t a l  l o s s .  
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PROJECT : 

CLIENT: 

ARCHITECTS : 
ENGINEERS : 

FABRIC: 

COMPLETION: 

DESCRIPTION: 

CLIENT ' S 
CONMENTS : 

MAINTENANCE : 

CONDITION: 

P a i r  o f  p n e u m a t i c  s t r u c t u r e s  f o r  t o u r i n g  
p e r f o r m a n c e  g r o u p .  
Command P e r f o r m a n c e s ,  Sydney N .  S .W. 

In -house  d e s i g n  
P e t e r  Kneen P t y .  L t d .  

Polymar ~ ~ ~ / ~ o l y e s t e r  Type I1 w i t h  c a r b o n  b l a c k  
s u b s t r a t e  
December 1980 

P a i r  o f  27 m e t r e  d i a m e t e r  p n e u m a t i c  s t r u c t u r e s  
t o  seat 600, w i t h  8 e x i t s  a n d  1 r e v o l v i n g  e n t r y  
d o o r .  S t r u c t u r e s  w e r e  t r a n s p o r t a b l e  a n d  
u t i l i z e d  d r i v e n  g round  a n c h o r s  f o r  f o u n d a t i o n s  
and  modular  e l e c t r i c  powered a x i a l  f a n  w i t h  
d i e s e l  d r i v e n  back  up  f a n  f o r  emergency .  

rere a 
'ears 

The s t r u c t u r e s  w g r e a l  :ess. They 
u s e d  f o r  s i x  y w i t h  ~ V C L  a n e  h u n d r e d  
each. 

t succ 
-*.a- s 

w e r e  
u s e s  

Ground a n c h o r  r e p l a c e m e n t ,  door r e p a i r s  and  
s i g n i f i c a n t  c l e a n i n g  a n d  mould r emova l  
program. Some v a n d a l i s m  r e c t i f i c a t i o n .  
A f t e r  a s u c c e s s f u l  l i f e  o f  s i x  y e a r s ,  t h e  
company ceased u s i n g  t he  s t r u c t u r e s  - c u r r e n t  
s t a t u s  n o t  known. 
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PROJECT : 
CLIENT: 

ARCHITECTS : 

ENGINEERS : 

FABRIC: 
COMPLETION: 

DESCRIPTION: 

CLIENT ' S 
COMMENTS : 

A m p h i t h e a t r e  r o o f  
S e v e n  C r e e k s  Run T r u s t ,  E u r o a ,  V i c t o r i a  

I n - h o u s e  d e s i g n  
Roy G r o u n d s  & P a r t n e r s  P t y .  L t d .  
P e t e r  Kneen P t y .  L t d .  

N y l e x  A i r f l e x  ~ ~ ~ / ~ o l y e s t e r  Type  I1 
J u l y  1 9 8 2  

C e n t r e  m a s t  s u p p o r t e d  c o n i c  f o r m  w i t h  c a t e n a r y  
e d g e s  r e s t r a i n e d  b y  masts a n d  g u y s .  The 
s t r u c t u r e  a d  j o i n e d  t h e  h i s t o r i c  Woolshed  
b u i l d i n g  w i t h  a f l a s h i n g  p a n e l .  C o n t r a c t  
i n v o l v e d  a l l  w o r k s  f r o m  top of f o o t i n g s  u p .  

The  s t r u c t u r e  ha=, a s u c c e s s f u l  roof t o  the  ill 
fated project  w h i c h  c e a s e d  o p e r a t i o n  n o t  l o n g  
a f t e r  o p e n i n g .  

MAINTENANC S i n c e  t h e  v e n u e  has b e e n  closed f o r  much o f  i t s  
l i f e ,  t h e  s t r u c t u r e  has n o t  b e e n  m a i n t a i n e d .  

CONDITION: The s u r f a c e  i s  s o i l e d  f r o m  d u s t  (it  i s  i n  a 
r u r a l  s e t t i n g ) ,  b u t  o t h e r w i s e  p e r f o r m i n g  w e l l .  
N o  o t h e r  p r o b l e m s  are  known. 
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PROJECT : 
CLIENT : 

ARCHITECTS 
ENGINEERS : 

FABRIC: 
COMPLETION: 

DESCRIPTION: 

CLIENT ' S 
Co-S : 

MAINTENANCE: 
CONDITION: 

Temporary s t r u c t u r e  over d i s p l a y  apartments  
Lend Lease, Queensland. 

In-house design 
Peter  Kneen Pty. Ltd.  

Nylex 
Octobe 

' e s t e r  

Octagonal t ens ion  s t r u c t u r e  using four  
h igh/ four  low p o i n t s  and ca tenary  edges.  Masts 
were aluminium CHS with four  o u t r i g g e r  b races  
each. Contract  works were t o p  of  f o o t i n g s  up. 

The s t r u c t u r e  performs we l l  a s  an a t t r a c t i o n  t o  
t h e  r e a l  e s t a t e  development. I t s  shape evokes 
t h e  n a u t i c a l  theme of t h e  development. 

Ni 1 
The s t r u c t u r e  i s  loca ted  i n  an a r e a  where 
~ e a  $on ane f i e l d  burn o f f  causes  a b ig  
ieposi of carbon m a t e r i a l  and t h e  region 
las b-__. -he c e n t r e  of  l a r g e  s c a l e  e a r t h  moving 

a c t i v i t y .  A s  t h e  s t r u c t u r e  h a s  never been 
cleaned it i s  very d i r t y ,  bu t  i s  s t i l l  i n  p lace  
though not used t o  s h e l t e r  d i s p l a y  u n i t s  a t  
p resen t .  
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PROJECT : Sound stage roof, Tolosa Street Reserve 
CLIENT: Shire of Glenorchy, Tasmania 

ARCHITECTS : In-house design 
ENGINEERS : Connell Group 

Connell Barrow McCready Pty. Ltd. 

FABRIC: Polymar PV~/~olyester Type I1 
COMPLETION: August 1986 

DESCRIPTION: Tension structure supported by varying height 
>erimeter masts and having catenary edges. 
?reject included all works from top of footing 
lP* 

shell 
--^ - L per 

.--I - ̂- 

CLIENT ' S 
COMMENTS : '1 ound marvellously. Its 

ircuua~i~~ art: ~ A L L ~ I I I ~ L Y  yood for all manner of 
performance. Client has had excellent feedback 
from orchestras and choral groups who have 
used the sound shell. 

MAINTENANCE: Has not been cleaned as yet - left to the 
elements. 

CONDITIOBT: Looks good. N o  deterioration. 
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PROJECT : A u s t r a l i a n  B i c e n t e n n i a l  T r a v e l l i n g  E x h i b i t i o n  
CLIENT: A u s t r a l i a n  B i c e n t e n n i a l  A u t h o r i t y ,  Sydney,  NSW 

ARCHITECTS : D a r y l  J a c k s o n  P t y .  L t d .  
ENGINEERS : C o n n e l l  Group 

C o n n e l l  B a r r o w  McCready P t y .  L t d .  

FABRIC: Polymar ~ ~ ~ / ~ o l y e s t e r  Type II /III  

DESCRIPTION: S e r i e s  o f  t r a n s p o r t a b l e  t e n s i o n  s t r u c t u r e s  
b u i l t  t o  h o u s e  n a t i o n a l  e x h i b i t i o n  on  t o u r  
t h r o u g h o u t  A u s t r a l i a .  S t r u c t u r e s  w e r e  c o n i c  
v a r i a t i o n s  w i t h  m a j o r  s t r u c t u r a l  s u p p o r t s  b e i n g  
g a i n e d  f r o m  u s e  o f  t r a n s p o r t e r  p a n t e c h n i c o n s  
a n d  p r i m e  movers .  P r o j e c t  i n v o l v e d  i n t e n s i v e  
and  de ta i led  d e s i g n  of a l l  a s p e c t s  o f  
c o n s t r u c t i o n ,  f a b r i c a t i o n ,  t r a n s p o r t ,  
m a i n t e n a n c e ,  e r e c t i o n  a n d  c r e w  t r a i n i n g .  

CLIEN'I This was o n e  of t h e  t r u l y  g r e a t  a c t i v i t i e s  o f  
COMMENTS : t he  b i c e n t e n n i a l  y e a r .  The s t r u c t u r e s  

s u r p a s s e d  a l l  h o p e s  i n  t h e i r  p e r f o r m a n c e  i n  
r o b u s t n e s s ,  e f f e c t i v e n e s s  and  e a s e  o f  h a n d l i n g .  

MAINTENANCE: C l e a n i n g  was  c a r r i e d  o u t  c o n t i n u a l l y  w i t h  a  
major c l e a n  e v e r y  f i v e  sites. P a i n t i n g  a n d  
other u p g r a d e s  were  c o n s t a n t .  S e v e r a l  r u p t u r e s  
o c c u r r e d  d u e  t o  c o l l i s i o n s  w i t h  f o r k l i f t s  and  
s i m i l a r  c a u s e s .  Once a hole b u r n e d  t h r o u g h  d u e  
t o  a  l i g h t  f a l l i n g  on t h e  s u r f a c e .  G e n e r a l l y  
a l l  p a r t s  o p e r a t e d  as  hoped .  

CONDITION: The s t r u c t u r e s ,  a t  t h e  end  o f  1988 ,  w e r e  
c l e a n e d ,  d e t a i l e d  a n d  packed  fo r  sa le .  They 
w e r e ,  on the  whole ,  i n  e x c e l l e n t  c o n d i t i o n  
a f t e r  u s e  on  t h e  34  sites.  
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S t r u c t u r e s  have  been b u i l t  from PVC c o a t e d  p o l y e s t e r  m a t e r i a l  
i n  d i v e r s e  l o c a t i o n s  from t r o p i c a l  n o r t h  Queens land  t o  
t e m p e r a t e  V i c t o r i a  c o v e r i n g  a  r a n g e  i n  UV bombardment and 
c l i m a t e  g e n e r a l l y .  The i n d i c a t i o n s  t a k e n  from t h e  o l d e s t  o f  
t h e s e  s t r u c t u r e s  shows t h a t  t h r o u g h o u t  m o s t  o f  A u s t r a l i a ,  t h e  
m a t e r i a l  s u r v i v e s  v e r y  w e l l  and it can  be c o n s i d e r e d  a n  
a p p r o p r i a t e  m a t e r i a l  f o r  t h i s  k i n d  o f  c o n s t r u c t i o n .  

From a l l  r e p o r t s ,  maintenance  i s  s a d l y  l a c k i n g  i n  m o s t  c a s e s .  
C e r t a i n l y  a n  o r g a n i z e d  program o f  ongoing main tenance  e i t h e r  
by t h e  owner or by  t h e  c o n s t r u c t o r ,  shou ld  be implemented f o r  
t h e  s a f e t y  and l o n g e v i t y  o f  t h e  s t r u c t u r e s .  

C lean ing  programs,  where t h e s e  have  been o p e r a t i n g ,  have  
l a r g e l y  m a i n t a i n e d  t h e  o r i g i n a l  appearance  and presumably  
l e n g t h e n e d  t h e  l i f e  o f  t h e  s t r u c t u r e .  

Pneumatic s t r u c t u r e s  have  been shown t o  have  a  p r o p e n s i t y  f o r  
more problems t h a n  o t h e r  forms o f  s t r u c t u r e  and it i s  o b v i o u s  
t h a t  - t h e y  have  a  d e f i n i t e  window o f  v u l n e r a b i l i t y  t o  
vandal ism.  

The i n c i d e n c e  o f  vanda l i sm i n  t h e  pneumat ic  s t r u c t u r e s  i n  t h i s  
s t u d y  shows 100% o c c u r r e n c e ,  a l t h o u g h  t h e  e x t e n t  o f  t h i s  
v a r i e d .  The r e c e n t l y  e r e c t e d  o lympic  p o o l  r o o f  a t  K i l s y t h  i n  
V i c t o r i a  was up f o r  t h r e e  d a y s  when it had  i t s  f i r s t  i n s t a n c e  
o f  vanda l i sm.  

Pneumatic s t r u c t u r e s  have  a l s o  shown a  p r o p e n s i t y  f o r  problems 
r e s u l t i n g  from poor  maintenance  o f  the i r  mechan ica l  sys tems  
and one  c a n  draw the c o n c l u s i o n  t h a t  these s t r u c t u r e s  a r e  m o r e  
l i v i n g ,  b r e a t h i n g  s t r u c t u r e s  t h a n  o t h e r s  i n  t h a t  t h e y  r e q u i r e  
a  c o n s t a n t  a t t e n t i o n  by a  maintenance  c r e w  w h o  a r e  s k i l l e d  and 
t i re less  i n  t he i r  d i l i g e n c e  w i t h  r e g a r d  t o  the mechan ica l  
e l e m e n t s  o f  t h e  s t r u c t u r e .  

T h i s  s t u d y  i s  the b e g i n n i n g  of a  g r e a t e r  work which w i l l  
i n c o r p o r a t e  s t a t i s t i c s  r e l a t e d  t o  the cost o f  the  s t r u c t u r e s  
f o r  ongoing r e f e r e n c e .  M
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