
THE PERFORMAiYCE OF YUL,ARA AND OTHER FABRIC SHADE STRUCTURES ACROSS 

AUSTRALIA 

It could be argued that Australian archi tecture  is an a rch i tec ture  of 

roofs. With our w a n  and of ten w e t  climate, protection from the  sun and 

the  r a i n  is a basic requirement. Insulation from the  heat o r  t h e  cold is  

generally not t he  basic requirement as in northern hhrope, broad hipped 

roofs and deep verandahs are the t r ad i t i ona l  form, transplanted from India, 

and possibly influenced by t r ad i t i ona l  Aboriginal archi tecture .  

Fascination with roof forms i n  t h i s  country has provided a fertile breeding 

ground f o r  t he  use of f ab r i c  s t ructure ,  par t icu la r ly  as shade and 

occasionally and most interest ingly as roof. 

Ayers Rock, l i t e r a l l y  i n  t h e  centre  of Australia,  has become a focus f o r  

loca l  and overseas t ou r i s t s .  In 1981 we  commenced design of the  Yulara 

Tourist  V i l l a g e .  To serve i n  excess of 250,000 v i s i t o r s  per year t o  Uluru 

National Park a range of t o u r i s t  accomodation was t o  be provided on a site 

amongst the  sand dunes some 14km from Ayers Rock and j u s t  outs ide t h e  park 

boundary. Our concept was t o  draw a l l  the various components of the  

v i l l age  in to  a s ing le  pedestrian spine, t o  minimize the  impact on the  

f r a g i l e  deser t  environment and t o  maximize t h e  enjoyment of t he  v i s i t o r  t o  

t h i s  remote area by concentrating a c t i v i t y  as much as possible. 
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Shade from the sun was a key requirement and the repet i t ion of hypar 

structures has become central t o  the image of Yulara. The hypar shades a r e  

designed on a 10.8 x 10.8 metre grid.  They are  manufactured from PVC 

coated polyester with acryl ic  laquer on the top surface by the Swiss 

company Sarna and were fabricated and erected by Sarna i n  association with 

Humes. Yulara is a long way from Switzerland where the hypars were 

fabricated but generally there were few problems with the erection. The 

m a r s  had a cable roped edge connected t o  the s t e e l  support structure.  We 

did experience some problems with the design of the s t e e l  connectors and 

some s a i l s  were actually blown away i n  a severe storm i n  1986. The 

connectors were not adequate f o r  movements experienced by the jo in t  and 

have now had a component in the joint  replaced. They have since performed 

quite  sa t i s fac tor i ly .  

It is clear  that  where the interface between the fabric  and the support 

s t ructure is minimal and particularly where the interface is f lexib le  the 

problems a re  minimal. Each hypar has only four support points and each is 

adjusted t o  accommodate comfortably any misalignnent between fabr ic  and 

support structure.  Design s izes  may not match on s i t e  measurements. 

The simple fabric  shades over the main pedestrian spine, a lso  of WC coated 

polyester were designed with a high degree of tolerance a t  the interface 

with the s t e e l  support structure,  with minimal problems during 

ins ta l la t ion .  
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The roof over the public areas i n  the Sheraton Hotel is  a se r i e s  of fabric  

panel vaults.  A PVC coated polyester fabric  is  fixed over a ser ies  of 

s t e e l  vault  frames. The edges of the vaults a r e  cable roped and pulled 

over s t e e l  plate  flanges t o  drain in to  s tructural  s t ee l  gutters.  Here 

where there was much more interface between the fabric  mmbrane and the 

s t e e l  support structure there was l e ss  margin for  error.  

The vaults arrived dimensioned t o  the  retaxed size,  not the f i n a l  

tensioned s i ze  indicated on the shop drawings and additional flanges were 

added t o  the gut ter  sides on s i t e  t o  accommodate the difference. 

A weak spot where heat welded seams crossed a lso  developed on s i t e  

requiring the on s i t e  application of reinforcing s t r ips .  

Erection of these structures requires care and expertise, and some 

d i f f i cu l t i e s  were experienced on s i t e  encouraging care by worhen i n  t h e i r  

treatment of the fabric  during erection. Care i s  required i n  the 

tensioning process t o  avoid wrinkling and it is essent ial  t o  be able t o  

tension components individually. 

The only crit icism of the performance of the membrane structures a t  Yulara 

tha t  we a re  aware of is  tha t  dust has accumulated on the surface of the 

fabric  and is d i f f i c u l t  t o  clean. This is real ly a misunderstandlng about 

the performance of t h i s  material. It is actually designed t o  allow the 

accumulation of a patina of red dust over time. ?his in  turn w i l l  a s s i s t  

with long term ultra vio le t  light protection. 
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' k e  membrane and i ts s t e e l  support structure,  being subject t o  constant 

dynamic forces require regular checking of the tension i n  a l l  bol ts  and 

connections. 

Whilst there has been some public access on t o  the tops of the the hypars 

i n  the shopping centre a t  Yulara, there has been l i t t l e  vandalism and the 

structures have performed very well. 

From the dead heart  of Australia t o  the coastal environment of Sydney 

Harbour, the  Sydney Aquarium. To reduce costs and reduce construction time 

the  major exhibition tanks were designed t o  f l o a t  i n  the water, rnoored i n  

the b a s h  next t o  the main aquarium exhibition building. Huges volumes of 

water, 40 x 15 x 2.5 metres deep, providing an excellent environment fo r  

f i s h  and traversed by submerged viewing tubes so  that  the public l i t e r a l l y  

move about the ocean floor,  a re  housed i n  giant barges. Membrane roofs 

cover both the tank entrance areas and the  f i s h  tanks themselves. 

The membranes a re  both PVC coated polyester, fabricated and erected by 

Chemf'ab. ?he membrane roof over the public entrances is a barrel vault  

similar t o  the shape used a t  Yulara. However, i n  t h i s  instance the vault  

roof was fabricated and erected h one piece, with minimal f i x a s ,  fixings 

being res t r ic ted  t o  the barrel edges only. Welded joints  and welding 

s t r i p s  occur over the s t e e l  arches. 
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The tank roofs are a d i f f e r en t  s t ruc ture  a l together  t o  provide an 

economical roof over a large roof span. The membrane is supported on a 

system of PVC coated s t e e l  cable systan suspended form s t e e l  masts located 

at each corner of the  tank. The membrane is t r i p l e  skin white, black and 

white, being opaque t o  eliminate daylight and i n h i b i t  a lgae growth inside 

the  tank ye t  white t o  r e f l e c t  l i gh t .  Again the  membrane roof was 

fabricated in one piece and no problems were experienced during erect ion 

with f ab r i c  damage o r  wrinkling. 

The membrane material  is an excellent performer i n  the  highly corrosive 

environment of an aquarium. The use of coated cables and minimal s t e e l  

mbimizes the  r i s k  of corrosion i n  the  supporting s t ructure .  Great care  

must be taken with coatings, f ixings and f in i shes  t o  prevent corrosion and 

by minimizing the  number of f ix ing  points and providing maximum f l e x i b i l i t y  

a t  those points one can resolve any problems of tolerance between the  

accuracy of the  f ab r i c  and the  accuracy of the  s t e e l  support s t ruc ture .  

Whilst much smaller i n  s i z e  the  next case study, a footpath awning t o  an 

o f f i ce  building i n  North Sydney was a much more complex problem t o  resolve. 

The footpath t o  be protected has a sharp fa l l  around a varying curve s o  

t h a t  both the horizontal  and v e r t i c a l  geometry of the  awning was constantly 

changing. The s t ruc ture  is a se r i e s  of cant i lever  c i r cu l a r  hollow sect ion 

frames forming a vaul t  over t he  footpath and re f lec t ing  t h e  geometry of the  

o f f i c e  building above. 
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' R e  membrane is a PVC coated polyester supplied by Hammersteiner. The 

s t e e l  frame, with members a t  3.6 metre centres,  experiences high wind load, 

and thick wall sections were used t o  reduce the  s i z e  of the members frorn an 

appearance point of view. The end frames only were braced t o  resist wind 

loading and s t i f f e n  the assembly. 

'Ihe vaul ts  were or iginal ly  designed t o  be fabricated over several  bays, but 

were f ina l ly  designed as individual bays allowing progressive tensioning 

and very l i t t l e  consequent wrinkling i n  the  rabric.  k y s  were designed t o  

enable individual tensioning, not jus t  as individual pieces. Cover pieces 

over and between bay membranes were the  most d i f f i c u l t  t o  tension wrinkle 

free. Each bay was folded over a 26m CHS at  the ends and bolted t o  s 

unist ruct  on top of the  main frame. To ensure s t rength webbing was 

s t i tched  at  the edges and t h i s  co l lec ts  d i r t  over a period of t h e .  It 

would have been be t te r  t o  employ welded jo in ts .  

We had some d i f f i c u l t y  providing a gu t t e r  on the leading edge because of 

the shape o r  prof i le ,  i n  f a c t  we never did 2rovide the  gu t t e r  or ig ina l ly  

required by council and it is probably impossible t o  achieve. 

Six months a f t e r  i n s t a l l a t ion  a truck broke one of the  panels, but it was 

eas i ly  and simply replaced. 
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Another fabr ic  awning on an old building i n  the c i t y  of Sydney resolves the 

problem of roofwater drainage, with PVC coated polyester membrane stretched 

over a curved frame draining t o  a gu t t e r  a t  the  s t r e e t  edge, with the frame 

s t r u t s  act ing as  downpipe connections. The geometry of the membrane works 

i n  reverse t o  the  vaul t  a t  North Sydney, with the  membrane stretched 

between w a l l  and gu t t e r  and held down on the vaul t  members. We a r e  about 

t o  use the same system in another awning fur ther  along the  same Sydney 

s t r e e t .  We have had no problems t o  da te  with t h i s  ins ta l la t ion ,  now 

completed nearly four years. 

Finally we  move t o  Canberra, an outdoor auditorium, a covered stage,  f o r  

the  bicentenary. This is the la rges t  s ing le  membrane roof s t ruc ture  we 

have designed. 

The PVC coated polyester membrane supplied by Koitwerk Herbert Koch, is 

stretched over a la rge  steel framed arch with s t e e l  cavle edges t i ed  in to  

the ground. The fabr ic  was fabricated and erected i n  one piece by Spare 

Structures.  Two steel props support the rear sect ion of the roof. 

The interface between the steel support s t ruc ture  and the membrane is again 

minimal t o  overcome where possible misalignment of s t e e l  and fabr ic .  Some 

d i f f i cu l ty  was experienced during erection, because of high wlnds and 

dragging the  large membrane in to  p s i t i o n  over the support s t ructure .  Calm 

weather, cranege of suf f ic ien t  s i ze  and careful preplanning is required. 

However the result was acheived within an extremely short  time frame. 
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One major unforeseen e f fec t  has been condensation on the underside of the 

membrane during winter. &spite the external nature of the s t ructure there 

is considerable water dr ip  from the roof onto the stage below. A double 

membrane, at  considerably greater  cost, could reduce condensation. The 

roof pi tch increased t o  such an extent and low points eliminated t o  

encourme moisture on the underside of the membrane t o  drain t o  the edges. 

Another al ternat ive is t o  remove the roof each winter. This is an area 

requiring further research i n  our view. 

In summary we have used membrane structures with success in a number of 

d i f ferent  ways. They a r e  exciting, l ight ,  quick t o  erect ,  su i tab le  for  our 

cliinate. E3ut there a r e  a member of matters tha t  require c a r e h l  design. 

1. The interface between the supgort s t ructure and the membrane, 

part icular ly accumulated tolerances and misaligrments. 

2. Design f o r  erection, avoidance of sharp edges, adjusted f o r  tolerance. 

3. Design where necessary fo r  condensation. 

4. Care with the design of fixings and f i t t i n g s  t o  avoid corrosion and 

d i r t  collection and t o  recognise the dynamic nature of these 

structures.  
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Final ly  it is important t o  explain precisely how the membrane w i l l  perform 

i n  the  fu ture  t o  avoid c l i e n t  misunderstanding. 

Peter  John Richardson 

Ph i l i p  Cox Richardson Taylor & Partners 

July  1989 
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