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YULARA TOURIST RESORT FABRIC SHADES AND ROOF 

Alan Saxon, MIEAust, MICE, MIStructE 
Associate D i rec tor ,  Ove Arup & Partners 

SUMMARY 

The paper descr ibes the  f a b r i c  shades and r o o f  s t r u c t u r e  c u r r e n t l y  be ing  
cons t ruc ted  f o r  t he  Yulara T o u r i s t  Resort. D e t a i l s  a re  g iven o f  t h e  var ious  
f a b r i c  elements and t h e  suppor t ing  s t ruc tu re ,  i n  a d d i t i o n  t h e  methods 
adopted i n  t h e  form f i n d i n g  and s t r u c t u r a l  ana lys i s  are b r i e f l y  described. 

INTRODUCTION 

The Yulara Tour i s t  Resort i s  loca ted  on the  o u t s k i r t s  o f  t h e  U luru  Nat iona l  
Park i n  t h e  hea r t  o f  Centra l  Aus t ra l i a .  The Park i s  s i t u a t e d  460 k i l ome t res  
south-west o f  A l i c e  Springs and conta ins  a  number o f  unique geo log i ca l  
format ions i n c l u d i n g  Ayers Rock and t h e  Olgas. 

I n  t he  pas t  v i s i t o r s  t o  t h e  Park have been accommodated i n  Mote ls  and a t  
a  camping ground i n  c lose  p r o x i m i t y  t o  t he  Rock. These f a c i l i t i e s  are no 
longer able t o  c a t e r  adequately f o r  the  increase i n  t o u r i s t  demand. I n  
add i t ion ,  t he  e x i s t i n g  accommodation i s  a  random and uncoordinated 
development. 

The p r i n c i p a l  o b j e c t i v e  o f  t h e  Yulara Tour i s t  Resort i s  t o  p rov ide  
accomnodation and serv ies  t o  meet t he  demands o f  t he  increas ing  t o u r i s t  
i n d u s t r y  w h i l s t  c r e a t i n g  a  development which respects  t h e  n a t u r a l  env i ron-  
ment. The r e s o r t  w i l l  c a t e r  f o r  4200 v i s i t o r s  per  day and approximate ly  
400 res iden ts  i n  a  v i r t u a l l y  s e l f  contained v i l l a g e .  

The i n i t i a l  conceptual design f o r  t h e  p r o j e c t  in t roduced t h e  idea o f  us ing  
shade s t r u c t u r e s  over p a r t  o f  t h e  development. The f a b r i c  shades form 
paraso ls  over b u i l d i n g s  and pedest r ian  spaces p r o v i d i n g  p r o t e c t i o n  f rom t h e  
h o t  summer sun w h i l s t  a l l ow ing  warming w in te r  sun t o  penetrate t h e  spaces 
below. I n  a d d i t i o n  t h e  shades w i l l  p rov ide  a  s i g n i f i c a n t  v i s u a l  impact and 
a  sense o f  t h ree  dimensional enclosure t o  p u b l i c  pedest r ian  spaces. The 
shades a l s o  reduce t h e  heat load on b u i l d i n g s  below and hence t h e  a i r  
c o n d i t i o n i n g  requirements. 

I n  a d d i t i o n  t o  shade s t r u c t u r e s  t h e  a r c h i t e c t u r a l  concept inc ludes  a  f a b r i c  
r o o f  over a  major p a r t  o f  t h e  c e n t r a l  f a c i l i t i e s  t o  Resort Hote l  2. Being 
t r a n s l u c e n t  t he  r o o f  w i l l  p rov ide  a  s i g n i f i c a n t  v i s u a l  impact i n t e r n a l l y  
d u r i n g  the  day and e x t e r n a l l y  a t  n i g h t .  

Dur ing t h e  design development stages o f  t h e  p r o j e c t  considerable e f f o r t  
was d i r e c t e d  towards the  p r o v i s i o n  of t he  most s u i t a b l e  s o l u t i o n  t o  t h e  
a r c h i t e c t u r a l  concepts. . Extensive s tud ies  i n t o  t h e  a v a i l a b i l i t y  and 
performance o f  s u i t a b l e  ma te r i a l s  were undertaken and d iscussions took p lace 
both  i n  A u s t r a l i a  and overseas. As a  r e s u l t  o f  these d iscussions s u i t a b l e  
f a b r i c s  were i d e n t i f i e d  which were economical and cou ld  adequately r e s i s t  
t h e  environment a t  Yulara. 
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GENERAL DESCRIPTION 

The d e s c r i p t i o n  i s  d i v ided  between t h e  shade s t ruc tures ,  r o o f  s t r u c t u r e s  
and support ing s t ruc tu res .  

Shade St ruc tures  

Shade s t ruc tu res  are prov ided i n  a  number o f  loca t ions ,  these being:  

i Over the  p laza and b u i l d i n g s  o f  t h e  V i s i t o r  I s  Centre - 2700 m2 

i i )  Over t h e  pedest r ian  sp ine  between t h e  f l a t s  a long t h e  Ma1 1  - 250 m2 

i i i )  Over the  shopping square - 500 m2 

i v )  Over and around t h e  c e n t r a l  f a c i l i t i e s  t o  Resort Hote l  2  - 4300 m2 

v Over pedest r ian  spaces i n  Resort Hote l  , 2  - 400 m2 

v i )  Over t h e  community f a c i l i t i e s  amphitheatre - 200 m2-  

v i i )  Adjacent t o  t he  camp ground c o n t r o l  b u i l d i n g  - 240 m2 

Fabr ic  Elements 

Of t h e  t o t a l  f a b r i c  area o f  approximately 8600 m2 t h e  m a j o r i t y  are i n  a  
hype rbo l i c  parabo lo id  o r  hypar shape, these being over t he  V i s i t o r ' s  Centre, 
Resort Hote l  2  c e n t r a l  f a c i l i t i e s ,  t h e  shopping square and t h e  camping 
ground. The hypar i s  i n  essence a  square p iece o f  f a b r i c  supported a t  each 
corner  w i t h  two opposi te corners h igher  than t h e  two o the r  corners. The 
shades span approximately 10.8 metres and have a  r i s e  between h igh  and low 
p o i n t s  o f  2.6 metres. The lowest p a r t  o f  t h e  shade i s  between 4  and 6  
metres above f i n i s h e d  ground l e v e l .  

The s e l e c t  i o n  o f  t h e  hypar i s  cond i t ioned by arch i t e c t u r a  1  requirements and 
t h e  need, i n  a  tens ion  membrane s t ruc tu re ,  t o  adopt an a n t i c l a s t i c  shape. 
An a n t i c l a s t i c  shape i s  one i n  which reverse  curvatures e x i s t  a t  any p o i n t  
on t h e  sur face and enable upward and downward loads t o  be supported by t h e  
f a b r i c  a c t i n g  i n  tension,  w h i l e  p r o v i d i n g  drainage t o  a l l  sec t ions  o f  t h e  
shape. 

To e l i m i n a t e  f l u t t e r  and t o  reduce d e f l e c t i o n s  i t  , is necessary t o  p res t ress  
t h e  f a b r i c .  This i s  achieved by boundary cables i n  a  catenary form which 
pass through f l a p s  formed a t  t h e  edges o f  t h e  f a b r i c  elements. 

The hypar shape i s  achieved by p a t t e r n i n g  t h e  f a b r i c  i n t o  s t r i p s  w i t h  curved 
edges. The f a b r i c  pieces are  welded together  t o  form t h e  completed shape. 

The shades over t h e  pedest r ian  sp ine  are a  rec tangu la r  shaped prestressed 
shade supported by tubu la r  s t e e l  p o r t a l  frames. The span of these shades i s  
approximate ly  1.8 metres. 

The shade elements i n  Resort Hote l  2  rooms are  i n  t h e  form of an i nve r ted  
a n t i c l a s t i c  cone. Two s ized elements are used, one on a  7.1 metre g r i d  and 
t h e  o the r  7.1 metres by 5.2 metres. The shades are supported on a  s t e e l  
frame f i x e d  t o  the  b u i l d i n g s  w i t h  a  c e n t r a l  cab le  a t  t h e  low p o i n t  anchored 
t o  t h e  ground beneath. 
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The amphitheatre i n  t h e  community f a c i l i t i e s  i s  t o  be covered by a f r e e  form 
f a b r i c  s t r u c t u r e  w i t h  o v e r a l l  p l a n  dimensions o f  10 metres by  20 metres. The 
fo rm cons i s t s  o f  4 h i g h  p o i n t s  and 4 low po in t s .  The f a b r i c  shape i s  de f i ned  
by t h e  pa t te rn ing ,  masts and cables t o  p rov ide  a un i fo rm ly  s t ressed shape. 

Support ing S t ruc tu re  

The support ing frame f o r  the  hypar cons i s t s  o f  a s e r i e s  o f  v e r t i c a l  s t e e l  
masts on a 10.8 metre g r i d .  The masts are s t a b i l i s e d  by cables i n  t h e  form 
of an ' X I  i n  a v e r t i c a l  plane. The h e i g h t  o f  t h e  X i s  2.6 metres and 
co inc ides  w i t h  the  f i x i n g  p o i n t s  f o r  t h e  shade f a b r i c .  A t  t he  boundaries 
t h e  masts are s t a b i l i s e d  by i n c l i n e d  s t e e l  cables which are f i x e d  d i r e c t l y  
t o  t h e  ground o r  v i a  i n c l i n e d  s t r u t s .  

The cables are pretensioned and r e s i s t  t h e  fo rces  induced by pretensions 
app l i ed  t o  t h e  f a b r i c  and wind induced loads on t h e  f a b r i c  and masts. To 
min imise t h e  s i z e  o f  t h e  masts a l l  o f  t h e  l a t e r a l  f o rces  are  r e s i s t e d  by t h e  
cables and bending fo rces  i n  t h e  masts are reduced as much as poss ib le .  

The masts are f a b r i c a t e d  from c i r c u l a r  ho l low sec t ions  168 o r  219 mm i n  
diameter. P la tes  are welded t o  t h e  tubes t o  p rov ide  a connect ion f o r  t h e  
s t a b i l i s i n g  cables. Cables are galvanised st rand w i t h  appropr ia te  end 
f i t t i n g s  and tu rnbuck les  which a l l ow  f o r  adjustment and a means o f  
t ens ion ing  the  s t r u c t u r e .  

The suppor t ing  framework over t h e  pedest r ian  sp ine  i s  a welded s t r u c t u r e  
f a b r i c a t e d  f rom 76 mm diameter tubes. The framework i s  connected t o  
adjacent  b u i l d i n g s  f o r  s t a b i l i t y .  The i n d i v i d u a l  frames are connected 
together  and s t a b i l i s e d  by braced frames a t  appropr ia te  l oca t i ons  a long the  
l eng th  o f  t he  spine. 

I n  t h e  case o f  t h e  rooms t o  Resort Hote l  2  t h e  i nve r ted  cone elements are  
prov ided w i t h  boundary cables and a c e n t r a l  r i n g .  The boundary cables are 
connected t o  s t e e l  frames which are supported on t h e  main b u i l d i n g  frame and 
t h e  c e n t r a l  r i n g  i s  p u l l e d  down by means o f  a cable t o  an anchor foundat ion.  

For t he  amphitheatre t o  t h e  community f a c i l i t i e s  the  suppor t ing  s t r u c t u r e  i s  
an i n t e g r a l  p a r t  o f  t h e  f a b r i c  shade and cons i s t s  o f  t u b u l a r  masts connected 
t o  t h e  f a b r i c  by boundary cables and s t a b i l i s e d  by i n c l i n e d  cables t o  anchor 
foundat ions.  

I n  a l l  cases where foundat ions are requ i red  these are r e i n f o r c e d  concrete 
bases. Where u p l i f t s  occur t h e  bases are bu r ied  and t h e  mass o f  concre te  
and s o i l  u t i l i s e d  t o  r e s i s t  t h e  u p l i f t  forces.  A l t e r n a t i v e s  were considered 
b u t  t h e  number o f  bases requ i red  and poss ib le  geometr ica l  problems precluded 
t h e  use o f  a l t e r n a t i v e s  such as tens ion  p i l e s .  

Roof S t ruc tures  

A t ens ion  f a b r i c  membrane r o o f  i s  used i n  t h e  main p u b l i c  areas o f  t h e  
cen t ra  f a c i l i t i e s  t o  Resort Hote l  2. The t o t a l  r o o f  area i s  approximate ly  3 2000 m . 
Fabr ic  Elements 

The roo f  i s  a double reverse  curved a n t i c l a s t i c  shape i n  t h e  form o f  a 
saddle. The f a b r i c  passes over curved arches and i s  pa t te rned t o  achieve 
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t h e  doubly  curved shape. The f a b r i c  i s  tens ioned i n  one d i r e c t i o n  only ,  
a long a  l i n e  p a r a l l e l  t o  t h e  d i r e c t i o n  o f  span o f  t h e  arches. The warp o f  
t h e  f a b r i c  runs a t  r i g h t  angles t o  t h e  d i r e c t i o n  o f  span o f  t h e  arches and 
t e n s i o n i n g  i n  t h e  w e f t  d i r e c t i o n  w i l l  s t r a i g h t e n  t h e  yarns which w i l l  induce 
a pre tens ion  i n  t h e  warp. 

The f a b r i c  i s  be f r e e  t o  s l i d e  a long t h e  d i r e c t i o n  o f  t h e  arches and i s  
tens ioned i n t o  a  box g u t t e r .  The end bays of t h e  b a r r e l  v a u l t s  are 
te rmina ted  by b r i n g i n g  t h e  f a b r i c  down t o  t h e  g u t t e r  and e l i m i n a t i n g  an arch  
r i b  i n  t h e  end panel.  

Suppor t ing S t r u c t u r e  

The suppor t ing  s t r u c t u r e  cons i s t s  o f  t u b u l a r  curved arch r i b s  a t  3.6 metre 
cen t res  which span between s t e e l  box gu t te rs .  The box g u t t e r s  span 10.8 
metres between t u b u l a r  masts which a l s o  suppor t  shade elements above. The 
arch r i b s  span 5.4 metres and a  box g u t t e r  i s  loca ted  midway between t h e  
masts which are on a  10.8 metre g r i d .  This g u t t e r  is. supported by means o f  
a  hanger f rom t h e  cables which s t a b i l i s e  t h e  masts. Around t h e  per imeter  o f  
t h e  b u i l d i n g  t h e  g u t t e r s  are supported on 76 mm diameter t u b u l a r  m u l l i o n s  a t  
1.8 metre centres.  A  h o r i z o n t a l  cab le  spans between t h e  arch s p r i n g i n g  
p o i n t s  t o  reduce t h e  spread o f  t h e  arch under p re tens ion  loads on t h e  f a b r i c .  

FABRIC SELECTION AND SPECIFICATION 

Over a  p e r i o d  o f  severa l  months a  d e t a i l e d  i n v e s t i g a t i o n  was conducted t o  
i d e n t i f y  s u i t a b l e  m a t e r i a l s  f o r  t h e  p r o j e c t .  

Dur ing t h e  e a r l y  stages s o l i d  and open weave f a b r i c s  were i nves t i ga ted .  As 
t h e  p r o j e c t  progressed i t  became apparent t h a t  open weave f a b r i c s  would n o t  
be s u i t a b l e  and t h e  e f f o r t  t h e r e f o r e  concentrated on s o l i d  membranes. 
Supp l i e r s  throughout  t h e  wor ld  were contacted and d e t a i l s  o f  va r i ous  f a b r i c s  
obta ined.  A  range o f  s u i t a b l e  f a b r i c s  was i d e n t i f i e d  and inc luded i n  t h e  
s p e c i f i c a t i o n  f o r  t h e  work. 

The m a t e r i a l s  considered i n  d e t a i l  a re  l i s t e d  below. From t h e  i n v e s t i g a t i o n s  
c a r r i e d  o u t  i t  became apparent t h a t  e i t h e r  a  good q u a l i t y  PVC coated 
p o l y e s t e r  o r  t e f  l o n  coated f i b r e  g lass were appropr ia te .  On t h e  bas i s  o f  
c o s t  PVC coated po l yes te r  was se lec ted .  

Fabr ics  considered inc luded:  

i 1 A c r y l i c  Canvas 
i i )  PVC Coated Po lyes ter  
i i i ) Hypalon Coated Po lyes ter  
i v )  PTFE Coated Glass 

STRUCTURAL DESIGN 

Genera 1  

It was considered impor tan t  t o  p rov ide  a  suppor t  s t r u c t u r e  which i s  v i s u a l l y  
l i g h t  and i n  p r i n c i p l e  a l l  s t r u c t u r a l  members were r e q u i r e d  t o  be s lender .  
A  number o f  p o s s i b l e  a l t e r n a t i v e s  were i n v e s t i g a t e d  and t h e  f i n a l  s o l u t i o n  
cons is ted  o f  a  s e r i e s  o f  s t e e l  t u b u l a r  masts on a 10.8 metre g r i d  s t a b i l i s e d  
by guy cab les  and braced so t h a t  any one o r  a1 1  o f  t h e  f a b r i c  shades can be 
removed a t  any t ime. 
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Loadings 

The p r i n c i p a l  loading appl ied t o  the  shade s t ruc tu res  i s  t h a t  due t o  wind. 
Wind loads were determined on t h e  basis o f  t h e  Aus t ra l i an  Wind Code (AS1170) 
i n  con junc t ion  w i t h  a number o f  o ther  codes and references. Wind tunne l  
t e s t  r e s u l t s  were used t o  e s t a b l i s h  the  pressure d i s t r i b u t i o n  over t h e  hypar 
elements. 

Form F ind ing 

Whi ls t  i n  some cases phys ica l  models were used t o  a s s i s t  i n  t h e  
a r c h i t e c t u r a l  design, f o r  s t r u c t u r a l  purposes mathematical models were used 
t o  determine t h e  form o f  a l l  f a b r i c  elements. 

The form f i n d i n g  ana lys is  was c a r r i e d  ou t  us ing a computer program developed 
by Ove Arup 81 Partners i n  which the  s t r u c t u r e  i s  d i v ided  i n t o  a se r ies  o f  
t r i a n g u l a r  elements. 'The sur face i s  described i n i t i a l l y  as a f l a t  sheet and 
then modi f ied t o  a l low f o r  f i x e d  boundaries. Appl ied fo rces  t o  t h e  system 
take t h e  form o f  f a b r i c  pretension and, where appropriate, boundary cable 
pretension. The ana lys is  method i s  based on t h e  f a c t  t h a t  t o  g e t  f rom one 
s t a t e  o f  e q u i l i b r i u m  t o  another a s t r u c t u r e  must move. By w r i t i n g  t h e  
equations o f  motion and apply ing damping t o  make t h e  s t r u c t u r e  come t o  r e s t ,  
t h e  ana lys is  method i s  f o l l o w i n g  e x a c t l y  t h e  procedure t h a t  occurs i n  nature. 

The output  from t h e  form f i n d i n g  ana lys is  i s  a se r ies  o f  coordinates which 
descr ibe t h e  shape o f  t h e  s t r u c t u r e  p r i o r  t o  t h e  a p p l i c a t i o n  o f  ex te rna l  
loads. The form f i n d i n g  ana lys is  can be extended t o  produce c u t t i n g  pat te rns .  

Fabr ic  Analys is  

The ana lys is  o f  t h e  f a b r i c  t o  ex te rna l  loads was c a r r i e d  o u t  us ing  t h e  same 
program as t h a t  used f o r  t h e  form f i n d i n g .  

External  app l ied  fo rces  i n  t h e  form o f  boundary cable pretension, f a b r i c  
pretensions and pressure loads on t h e  f a b r i c  sur face were app l ied  t o  t h e  
form found shape and d e f l e c t  ions, stresses and r e a c t  ions obtained. 

Support ing S t ruc tu re  Analys is  

The f a b r i c  i s  non l i n e a r  by v i r t u e  o f  t h e  f a c t  t h a t  l a rge  deformations take 
p lace which modi fy  t h e  shape o f  t h e  s t r u c t u r e  and t h e  f a b r i c  does n o t  have 
t h e  a b i l i t y  t o  support compressive loads. The support ing s t r u c t u r e  i s  
r e l a t i v e l y  s t i f f  and la rge  deformations are no t  a considerat ion,  however 
cables have been used extensively,  and it was necessary t o  a l l ow  f o r  t h i s  i n  
t h e  ana lys is .  

A f i n i t e  element computer model was used and pretensions were app l ied  t o  t h e  
cable members as a temperature load. External  fo rces  i n  t h e  form o f  
reac t i ons  f rom t h e  f a b r i c  elements were app l ied  and an i t e r a t i v e  ana lys is  
performed i n  which the  i n a b i l i t y  o f  t h e  cables t o  c a r r y  compression loads 
was model led. 

Construct i o n  Progress 

A l l  f a b r i c  items have been fab r i ca ted  and i n s t a l l a t i o n  i s  w e l l  underway. 
23 hypar shades have been erected i n  t h e  V i s i t o r ' s  Centre as have 2 hypars 
a t  t h e  campground. 
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The shades f o r  t h e  f l a t s  and mal l ,  Resort Hote l  2 rooms, R e t a i l  Square and 
Amphitheatre are expected t o  be erected i n  June/July. Erec t ion  o f  a l l  
f a b r i c  elements i s  expected t o  be complete by September. 
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Sub-contractor - Humes Ltd/Sarna Kuns ts to f f  AG 
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