
MEMBRANE STRUCTURES A S 5 Q C I A T I O N  OF AUSTRALASIA 
S y d ~ S c k w e  C ~ n t t ~  35Chrnrr.5!, C y c k y  ?\WX)n.T~bphcw (02)297747 

Senior l ~ c t u r ~ r  
Depar tment  of S t r u c t ~ l r a l  E n c  i n ~ r r  i n g  

Un i v e r s  l t-v of flew Sout-h I"al es 

Paper presented a t :  

1 OR4 Convenl-ion 
'Coated f a b r  i c s  f o r  11embrane S t r u c t u r e s '  

Melbourne  - 30th  8 3 1 s t  May, 1984 

M
S

A
A

/L
S

A
A

 C
on

f P
ro

ce
ed

in
gs



COMPUTER GENERATION OF SHAPES AND CUTTING PATTERNS 

Peter Kneen 
Senior Lec turer  

Department o f  S t r u c t u r a l  Engineering 
U n i v e r s i t y  of New South Wales 

1. INTRODUCTION 

Th is  paper i s  p r i m a r i l y  concerned w i t h  computer s imu la t i on  o f  t he  shape 
o f  tens ion f a b r i c  s t ruc tu res  together  w i t h  the  associated problem o f  
determining s u i t a b l e  f a b r i c  c u t t i n g  pat te rns  t o  convert  t he  shape 
i n t o  r e a l  i ty  . 
Tension f a b r i c  s t ruc tu res  t y p i c a l  l y  a re  more complex i n  t h e i r  geometric 
form than are  the  a i r -supported forms o f  f a b r i c  s t ruc tures .  They are  
charac ter ised by an a n t i c l a s t i c  sur face w i t h  a  v a r i e t y  o f  i n t e r n a l  and 
boundary support cond i t ions .  Perimeter boundaries can be f i x e d  i n  
shape and p o s i t i o n  such as beams and arches o r  can be f r e e  such as an 
unres t ra ined edge cable attached t o  i s o l a t e d  anchorages. I n t e r n a l  
supports are  o f t e n  requ i red  i n  order  t o  g i v e  t h e  s t r u c t u r e  s u f f i c i e n t  
curva ture  which i n  t u r n  l i m i t s  the  s t ress  l e v e l s  i n  t h e  f a b r i c  t o  
acceptable values. The i n t e r n a l  supports can be of a  p o i n t  k i n d  o r  
a  1  i n e  type, examples being masts ( w i t h  o r  w i thou t  suspended r i n g  beams), 
a1 t e r n a t i n g  p o r t a l  frames and i n t e r n a l  arches. 

The shape s imu la t i on  o f  t he  f a b r i c  sur face i s  des i rab le  t o  a l l  p a r t i e s  
invo lved i n  a  p ro jec t .  It w i l l  a s s i s t  t h e  designer t o  determine c l e a r -  
ances, drainage, a r c h i t e c t u r a l  impact and enable a  s t r u c t u r a l  ana lys i s  
t o  be attempted. The c l i e n t  w i l l  r e q u i r e  an apprec ia t ion  of t h e  shape 
o f  t h e  f i n i s h e d  product  and i t s  v i sua l  q u a l i t i e s .  A  f a b r i c a t o r  w i l l  
use t h e  shape t o  determine t h e  requ i red  c u t t i n g  pat terns.  

T r a d i t i o n a l l y ,  physical  models were used f o r  a l l  aspects. The design 
process was q u i t e  t ime consuming and o f t e n  invo lved b u i l d i n g  
a  sequence o f  more complex and exact  models w i t h  the  f i n a l  model being 
used f o r  t he  pa t te rn ing .  Changes t o  the  p o s i t i o n s  o f  supports o r  types 
o f  supports genera l l y  cannot be e a s i l y  incorporated i n  the  more 
soph is t i ca ted  models. 
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It i s  f e l t  t h a t  t he re  i s  s t i l l  a  r o l e  f o r  physical  models b u t  t h i s  
i s  r e s t r i c t e d  t o  th ree  types o f  models. F i r s t l y  small scale a r c h i t -  
ec tu ra l  models f o r  t h e  p r i n c i p a l  bene f i t  o f  t he  c l i e n t .  Measurements 
taken from such models would n o t  be accurate enough f o r  use i n  t h e  
d e t a i l e d  design phase. A second type of model which may be constructed 
f o r  l a r g e  and important  p ro jec ts  i s  a model t h a t  can be instrumented 
and used i n  a wind tunnel t o  o b t a i n  wind load  data. It should be 
po in ted o u t  t h a t  very  few p r o j e c t s  can a f f o r d  t h e  c o s t  o r  t ime f o r  
such t e s t i n g .  The f i n a l  type o f  model i s termed a " proving model " . 
I n  t h i s  case, the  ca l cu la ted  c u t t i n g  pat te rns  are  used t o  f a b r i c a t e  a 
scaled down vers ion  o f  t h e  f i n a l  s t r u c t u r e  i n c l u d i n g  such d e t a i l s  as 
edge cable sleeves, cables, turnbuckles and o the r  intended means o f  
adjustment. It would be expected t h a t  t h i s  model would accu ra te l y  
p o r t r a y  t h e  c h a r a c t e r i s t i c s  o f  t h e  r e a l  s t ruc tu re .  Construct ion o f  
t h i s  niodel i s  t ime consuming and engrossing. 

This 1 eaves a considerable gap i n  the  design. process from a concept- 
ua l  shape, expressed as rough drawings o r  a crude small model, t o  
the  f i n a l  c u t t l q g  pat te rns .  Th is  gap i s  now being success fu l l y  
f i l l e d  by computer models o f  t he  surface. 

2. COMPUTER SHAPE GENERATION 

Because o f  t he  freeform nature  o f  tensioned f a b r i c  s t ruc tu res  the re  
a r e  very  few s t ruc tu res  b u i l t  which could be accura te ly  de f ined us ing  
an e x p l i c i t  mathematical equation. An except ion could be a hypar type 
s t ruc tu re .  It the re fo re  becomes necessary f o r  a numeri c a l  so l  u t i  on t o  
be adopted. For t h e  computer, i t  normal ly  s u f f i c e s  t o  remember t h e  
(x,y,z) coordinates o f  a f i n i t e  number o f  p o i n t s  on the  surface. 
Several hundred such po in ts  may be requ i red  depending on the  degree 
o f  symnetry and the  ex ten t  o f  t h e  s t ruc tu re .  

Several techniques a re  a v a i l a b l e  t o  e s t a b l i s h  these po in ts .  Obviously 
t h e  designer can d i r e c t l y  i n p u t  t h e  coordinates b u t  t h i s  defeats t h e  
purpose o f  t he  computer t o  a l a r g e  extent .  A1 t e r n a t i v e l y ,  a small 
number o f  c o n t r o l l i n g  p o s i t i o n s  may be g iven e x p l i c i t l y  and a sequence 
o f  i ntermedi a t e  poi  n t s  c a l  c u l  ated accordi  ng t o  one o f  many numeri c a l  
procedures. F i n a l l y  t h e  po in ts  can be d i g i t i z e d  by measuring e i t h e r  
a model o r  sketch drawings. General ly  speaking t h e  second method i s  
adopted and i s  described i n  more d e t a i l  i n  t h e  next  sect ion.  

There i s  no guarantee t h a t  t h e  po in ts  so pos i t ioned w i l l  be t h e  c o r r e c t  
ones f o r  t h e  f a b r i c  surface. The c o r r e c t  p o s i t i o n s  should take i n t o  
account t h a t  t h e  f a b r i c  i s  made from a r e a l  ma te r ia l  and i s  prestressed 
by subs tan t ia l  forces.  A l l  p a r t s  o f  t h e  sur face must be i n  e q u i l i b r i u m  
under t h e  a c t i o n  o f  t h e  loads. For shape d e f i n i t i o n ,  t he  loads a re  
due t o  t h e  pres t ress  and t h e  membrane s e l f  weight  which i s  o f t e n  
ignored as i t  i s  small i n  comparison. 

For a c a r e f u l  l y  constructed physical  model , perhaps using a t h i  n rubber 
sheet o r  ny lon s tock ing  ma te r ia l ,  a  c lose  approximation t o  t h e  f i n a l  
" co r rec t "  shape i s  au tomat i ca l l y  achieved when t h e  membrane m a t e r i a l  
i s  s t re tched t o  t h e  supports and boundaries. Another form o f  physical  
model i nvo lves  using soap f i l m s  which a t tach  t o  o the r  elements 
represent ing  edge cables, masts, arches e tc .  The soap f i l m  has equal 
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sur face tensions i n  a l l  d i r e c t i o n s  and t h i s  c r i t e r i a  serves as a 
good s t a r t i n g  p o i n t  f o r  many tens ion  and a i r  supported f a b r i c  s t r u c t u r e s .  

Fo r tuna te l y  t he re  i s  a mathematical procedure a v a i l a b l e  i n  which t h e  
behaviour o f  a soap f i l m  may be s imulated by the  computer. The proced- 
u r e  i s  known as the  f i n i t e  element method i n  which the  f a b r i c  sur face 
i s  broken up i n t o  a f i n i t e  number o f  smal le r  connected patches c a l l e d  
elements. Each element i s general l y  t r i a n g u l a r  o r  quadr i  1  a t e r a l  . By 
combining s u f f i c i e n t  o f  these elements together ,  t he  complete sur face 
may be modelled i n c l u d i n g  curved boundaries, masts, beams and arch  
type supports.  

The method has developed equat ions r e l a t i n g  the  fo rces  a c t i u g  a t  
t he  corners o f  t he  elements t o  the  movements of the  nodes. 
Th is  -involves d e s c r i b i n g  the  n iater i  a1 cha rac te r i  s t i  cs. For  
a d j o i n i n g  elements the  nodal fo rces  a r e  combined i n t o  a system o f  
equat ions which w i l l  r e l a t e  the  app l i ed  loads a t  a l l  t h e  node p o s i t i o n s  
t o  the  corresponding movements o f  the  nodes. 

Nodal coord inates a re  adjusted t o  s a t i s f y  e q u i l i b r i u m  requirements 
(sum o f  a1 1 fo rces  a t  a p o i n t  i n  any d i r e c t i o n  i s  zero) .  The 
adjustment process i s  done i n  numerous stages and the  nodal p o s i t i o n s  
w i l l  converge t o  t h e  " co r rec t "  l o c a t i o n s  t h a t  would be 'adopted e i t h e r  
by a soap f i l m  o r  t he  r e a l  membrane ma te r ia l  . The d e t a i l s  o f  t he  
process a r e  reasonably complex and a re  beyond the  scope o f  t h i s  paper. 

The method requ i res  a sens ib le  l a y o u t  o f  these sma l l e r  elements. 
General ly  more elements a r e  used i n  regions where curva tures  a r e  
h ighes t  o r  t he  boundaries more curved. I f  f a b r i c  s t resses a re  thought  
t o  be changing more r a p i d l y  across a reg ion  then more elements can 
be pos i t i oned  i n  those l oca t i ons .  

2.1 I n i t i a l  Layout o f  Nodes 

The f i n i t e  element method prov ides one means o f  t rans forming an 
i n i t i a l  shape i n t o  a more c o r r e c t  o r  r e f i n e d  shape by t h e  s i m u l a t i o n  
o f  soap f i l m  elements. The problem remains o f  e s t a b l i s h i n g  the  
i n i t i a l  shape. One method cons i s t s  o f  breaking the  sur face up i n t o  
th ree  o r  f o u r  s ided regions o r  sur face patches. Such patches may 
extend r i g h t  across the  s t r u c t u r e  te rm ina t i ng  a t  known o r  assumed 
boundary l oca t i ons .  I f  p o s i t i o n s  o f  t he  corners o f  t h e  patches a re  
known then numerical procedures based on f i t t i n g  curves t o  these 
p o i n t s  can be used. 

Depending on t h e  amount of in fo rmat ion  a v a i l a b l e  the  sur face can be 
modelled accord ing ly .  Thus i f  o n l y  t h r e e  p o i n t s  a r e  known i n  p o s i t i o n  
then a t r i a n g u l a r  p lane i s  poss ib le  whereas i f  f o u r  corners a r e  de f ined 
then a doubly curved hypar reg ion  i s  formed. More complex sur faces 
a re  a v a i l a b l e  i f  t h e  p o s i t i o n s  o f  mids ide nodes i n  t he  patch a re  a l s o  
known as shown i n  F igure  1. 
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The coordinates o f  a  p o i n t  on t h e  surface w i t h i n  the  patch (x,y,z) 
a r e  c a l c u l a t e d  i n  terms of the  c o n t r o l  coord inates a t  t he  corners 
by combining w i t h  s u i t a b l e  b lending func t ions ,  thus 

where n i s  t he  number o f  c o n t r o l  po in t s  i n  the  patch 

Bi i s  t he  b lending f u n c t i o n  f o r  c o n t r o l  p o i n t  i 

Xi, Yi, Zi, a r e  the  coordinates o f  c o n t r o l  p o i n t  i 

Each patch has a  l o c a l  s e t  o f  axes which genera l l y  range f rom -1 t o  +1 
i n  va lue  across t h e  patch. These may be denoted by t h e  l o c a l  s  and t 
axes. The b lend ing  func t i ons  B i  then depend on the  complex i ty  o f  t h e  
patch. For  a  s imple q u a d r i l a t e r a l  reg ion  as i n  F igu re  2 t h e  x  
coord ina te  o f  a  p o i n t  may be found from 

x  = 01 X i  + B 2  X 2  + B 3  X 3  + B 4  XI+ 

i n  which 

Thus when s  = t : = . O ,  B1 =B2 =B3 =B4= 4 and x  i s  then the  average o f  t he  
x  coordinates o f  t h e  f o u r  corners. A t  any corner,  say s  = -1, t = -1 
then B1 = 1 and B 2  =B3 =B4 = 0  thus ensur ing t h a t  x  = X 1  o r  t h a t  t h e  
sur face passes through the  po in t .  S i m i l a r  equat ions apply t o  t h e  
y  and z  coordinates.  

To o b t a i n  a  l a y o u t  o f  p o i n t s  i t  suf f ices t o  c a l c u l a t e  the  coordinates 
w i t h i n  a  patch o r  reg ion  by d i v i d i n g  the  reg ion  up i n t o  equal i n t e r v a l s  
i n  t h e  l o c a l  s  and t axes system. 

I f  t h e r e  i s  more i n fo rma t ion  a v a i l a b l e  about the  c o n t r o l  p o i n t s  o f  a  
patch, such as t h e  slopes of t he  sur face i n  each d i r e c t i o n  a t  t h e  
corners, then i t  i s  poss ib le  t o  ensure t h a t  adjacent  reg ions  w i l l  match 
up w i t h  c o n t i n u i t y  o f  slopes. 

More complex forms of t he  b lending func t i ons  a r e  used than those 
i n d i c a t e d  i n  equat ion (3)  b u t  the  general process as descr ibed by 
equat ion (1 )  remains unal tered.  The design o f  many ob jec ts  i s  now 
done us ing  these methods i n c l u d i n g  motor veh ic les .  

Generat ion o f  Conical Surfaces 

Several con i ca l  type tens ion  f a b r i c  s t r u c t u r e s  have been b u i l t  i n  
A u s t r a l i a  i n  t h e  pas t  few years. Two o f  these, designed by t h e  author ,  
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are  t h e  shade s t ruc tu res  i n  t h e  Queen S t r e e t  Ma l l ,  Brisbane and the  
amphitheatre s t r u c t u r e  a t  Euroa, V i c t o r i a .  I n  both cases t h e  f a b r i c  
was at tached t o  a  tens ion ing r i n g  located around t h e  c e n t r a l  mast. 
Catenary edge cables formed the  perimeter.  See Figures 3  and 4. 

Generation o f  t h e  i n i t i a l  l ayou t  o f  nodes fo r  both s t ruc tu res  was done 
i n  t h e  same fashion. F i r s t l y ,  f o r  each edge cable, t h e  two end p o i n t  
p o s i t i o n s  and a  mid p o i n t  was spec i f ied  t o  enable a  parabo l ic  curve 
t o  be determined. Each edge curve was d i v ided  i n t o  an i n t e g r a l  number 
o f  segments. A curve was formed from each o f  these edge po in ts  t o  a  
corresponding p o i n t  i n  the  cen t ra l  r i n g .  The p o i n t  on t h e  tens ion 
r i n g  was such as t o  be i n  the  plane of t he  mast and the  p o i n t  on t h e  
edge cable. The shape o f  t h i s  r a d i a l  curve was parabo l ic  which 
requ i red  d e f i n i n g  the  slope a t  t he  tens ion r i n g .  A sequence o f  such 
curves were used as shown i n  Figure 5. 

A desktop computer (HP-85) w i t h  an attached ' p l o t t e r  was used f o r  both 
s t ruc tu res .  The i n i t i a l  shapes generated were p l o t t e d  t o  sca le  from 
d i f f e r e n t  v iewing pos i t i ons ,  and, a f t e r  a  few t r i a l s  a t  l o c a t i n g  the  
mid p o i n t s  o f  t h e  edge cables and t h e i r  slopes a t  t h e  tens ion r i n g ,  t he  
i n i t i a l  shapes were accepted as beiug t h e  "co r rec t "  o r  r e f i n e d  shapes. 

3. COMPUTER PACKAGES 

Since these s t ruc tu res  were constructed the  computer programs have 
been r e w r i t t e n  f o r  m in i  and m i  n i f rame co~nputers us ing Fort ran.  Two 
spearate programs a re  now used. FABDES (FABric s t ruc tu res  DESign) i s  
used f o r  generat ing i n i t i a l  shapes, f o r  i n t e r a c t i v e  graphics and 
f o r  producing c u t t i n g  pat terns.  FABDES a lso  generates t h e  i n p u t  t o  
t h e  second program LISA developed by E. Haug f o r  t he  ana lys i s  o f  
l i g h t w e i g h t  s t ruc tu res .  LISA i s  based on t h e  f i n i t e  element method 
and uses an i t e r a t i v e  procedure f o r  t h e  non 1  i nea r  ana lys is .  The 
soap f i l m  analogy i s  incorporated as p a r t  o f  LISA. 

Two recent  s t ruc tu res  were designed i n  p a r t  us ing both programs. 
A complex con ica l  s t r u c t u r e  o f  some 970 m2 w i t h  1  i ttl e symnetry was 
generated i n i t i a l l y  as described above and then modelled using the  
soap f i l m  fea ture .  Data was passed from FABDES t o  LISA by means o f  
permanent data f i l e s  on d i s k  storage. Fol lowing t h e  shape ref inement 
process, another s e t  o f  f i l e s  were produced by LISA which subsequently 
were accessed by FABDES t o  c a l c u l a t e  t h e  c u t t i n g  pat terns.  

The NSW Mobi le Stage erected i n  t h e  Domain fo r  t h e  F e s t i v a l  o f  Sydney 
83-84 was a l so  a  combined e f f o r t  o f  us ing some i n p u t  from a phys ica l  
model t o  de f ine  t h e  p o s i t i o n s  o f  midpoints o f  edge cables and tops o f  
t h e  var ious  masts. The th ree d i f f e r e n t  regions on each s ide  o f  t h e  
centre1 i ne were generated separately. 

The soap f i l m  computer model gave t h e  shape between t h e  major cables. 
Because each reg ion  was done separat ley,  t h e  d i v i d i n g  r i d g e  cables were 
f i x e d  t o  t h e  p o s i t i o n  i nd i ca ted  by measurement from the  model. 
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It proved r a t h e r  d i f f i c u l t  t o  match up both the  computer model t o  t h e  
f i n e  d e t a i l s  o f  t he  physical  model and some design mod i f i ca t i ons  were 
necessary. 

I n  both these s t ruc tu res  the  c u t t i n g  pat te rns  were p l o t t e d  o u t  t o  
a  1:25 scale by the  computer. A f a b r i c  model was constructed d i r e c t l y  
from t h e  c u t t i n g  pat te rns  represent ing each s t r i p  and seam i n  t h e  f i n a l  
s t ruc tu re .  I n  each case a  w r i n k l e  f ree model r e s u l t e d  thus "proving" 
t h e  c u t t i n g  pat te rns .  

4. COMPUTER GENERATICIN OF CUTTING PATTERNS 

The preceding sect ions have out1 ined how the  computer can be programed 
t o  s e t  ou t  a  mesh o f  nodal p o s i t i o n s  represent ing an i n i t i a l  approx- 
imat ion  t o  t h e  des i red  sur face shape. O p t i o n a l . 1 ~  these nodes may be 
moved as a  r e s u l t  o f  model l ing a  soap f i l m  between known boundary 
l o c a t i o n s  such as anchorages and masts. The r e f i n e d  p o s i t i o n s  o f  t h e  
nodes, s tored as sets o f  x,y, z coordinates, a re  then used as the  
bas is  f o r  t he  c a l c u l a t i o n  o f  t he  c u t t i n g  pat terns.  

Unfor tunate ly  i t  i s  u n l i k e l y  t h a t  t h e  l o c a t i o n s  o f  t he  nodes w i l l  
correspond t o  t h e  edges o f  t he  r o l l s  o f  f a b r i c .  It i s  very  d i f f i c u l t  
t o  p r e d i c t  where the  edges would occur on the  th ree dimensional 
sur face due t o  t h e  vary ing  curvatures i n  both orthogonal d i r e c t i o n s .  

Considerat ions o f  major s t ress  d i r e c t i o n s  and t h e  need t o  reduce 
wastage of ma te r ia l  leads t o  adopting d i f f e r e n t  pa t te rns  f o r  d i f f e r e n t  
regions o f  t h e  s t ruc tu re .  The pat te rns  used f o r  t h e  Queen S t r e e t  Mal l  
shade s t r u c t u r e s  a re  shown i n  Figure 6 together  w i t h  t h e  l o c a t i o n  o f  
t he  generated node pos i t i ons .  

Means o f  d e f i n i n g  t h e  p lan  p o s i t i o n  of t h e  two s ides of t he  s t r i p  as 
w e l l  as t h e  curvatures a t  t h e  s t a r t  and end o f  t h e  s t r i p s  a re  incorp-  
o ra ted i n t o  FABDES. E s s e n t i a l l y  t he  four  corner  po in ts  a re  described. 
Each s ide  i s  considered t o  be parabo l ic  i n  p lan  view. The two 
parabolas are  def ined i n  terms of a  cen t ra l  "bow" t o  t h e  l e f t  o r  r i g h t  
o f  a  s t r a i g h t  edge. A  s t r i p  which i s  s t r a i g h t  i n  p lan  w i l l  genera l l y  
be bowed when t h e  3D sur face i s  f l a t t e n e d  o u t  g i v i n g  an i n e f f i c i e n t  
usage o f  f a b r i c .  Spec i fy ing  counteract ing bows i n  p lan  view can l e a d  
t o  near opt imal  use o f  ma te r ia l .  (See Figure 7 ) .  

Having def ined t h e  p lan  o u t l i n e  o f  a  s t r i p ,  each s ide  i s  d i v ided  i n t o  
a  g iven number o f  d i v i s i o n s .  From the  (x, y )  coordinates o f  p o i n t s  
a long each s ide  the  z coordinate on t h e  sur face i s  ca l cu la ted  from a 
l e a s t  squares f i t  o f  neighbouring nodal po in ts .  By t r i a n g u l a t i n g  
t h e  s t r i p  and using t h e  t r u e  lengths  o f  each s ide  o f  t h e  s t r i p  
t r i a n g l e s  i n  turn,  t he  s t r i p  can be f la t te ,ned ou t  and o r i e n t a t e d  along 
a  r o l l  o f  f a b r i c .  

For f a b r i c a t i o n  purposes i t  i s  des i rab le  t o  prov ide  o f f s e t s  from a 
reference l i n e  t o  each s ide  o f  t he  s t r i p  a t  r e g u l a r  i n t e r v a l s  o f  say 
500 mrn. The reference l i n e  could be one edge o f  t he  r o l l  o r  a long 
t h e  cen t re l i ne .  A  standard Lagrangian o r  Sp l i ne  i n t e r p o l a t i o n  scheme 
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can be used f o r  t h i s  purpose from the  f l a t t e n e d  ou t  po in ts .  

Since t h e  f i n a l  s t r u c t u r e  i s  prestressed and the  f a b r i c  on the  r o l l  i s  
unstressed, then s u i t a b l e  compensation f a c t o r s  can be used t o  a l l o w  
f o r  the  l a t e r  elongations. I n  FABDES t h i s  i s  done by spec i f y ing  
compensation f a c t o r s  i n  w id th  (wef t )  a t  t he  s t a r t ,  middle and ends 
o f  t h e  s t r i p .  A l eng th  compensation (warp) i s  a l s o  spec i f i ed .  Values 
o f  these f a c t o r s  depend on the  ma te r ia l  being used and may be i n  the  
reg ion o f  zero t o  2 percent. 

FABDES a l lows the  user  t o  design each s t r i p  i n d i v i d u a l l y  i n  an i n t e r -  
a c t i v e  fashion. Checks a re  c a r r i e d  o u t  t o  compare the  maximum width,  
a l l ow ing  f o r  t he  seams, w i t h  the  w id th  o f  t he  r o l l s .  Normally a f t e r  
a s t r i p  i s  acceptable an adjacent  s t r i p  i s  considered. FABDES i s  ab le  
t o  ensure t h a t  t he  new s t r i p  w i l l  au tomat i ca l l y  have t h e  same p lan  
layou t  f o r  t h e  comnon edge. 

A f t e r  a l l  s t r i p s  a re  completed, op t i ona l  hard copy p l o t t e d  output  i s  
a v a i l a b l e  which can then be g iven t o  t h e  fab r i ca to r .  Several check 
dimensions a r e  given, such as diagonal d is tances between corners and 
t o t a l  edge lengths.  These should de tec t  whether, i n  marking out,  i f  
one s e t  o f  o f f s e t s  was overlooked. 

5. CONCLUDING REMARKS 

The paper has b r i e f l y  described t h e  computer generat ion o f  shapes 
and c u t t i n g  pa t te rns  f o r  f a b r i c  s t ruc tures .  Wh i l s t  t r a d i t i o n a l  
methods have employed physical  models i t  i s  apparent t h a t  more and 
more o f  t h e  d e t a i l e d  design and s t ress  ana lys is  w i l l  be done by 
d i g i t a l  computers. The a v a i l a b i l i t y  of h igh  r e s o l u t i o n  i n t e r a c t i v e  
graphics and h igh  q u a l i t y  p l o t t e r s  f u r t h e r  reduce t h e  design t imes 
involved.  Several s i g n i f i c a n t  s t ruc tu res  have now been constructed 
i n  A u s t r a l i a  us ing t h e  computer shapes and c u t t i n g  pat te rns  and i t  can 
be s ta ted  t h a t  these procedures have been adequately proven i n  
p rac t i ce .  
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LINEAR QUAD 

9 

1 

PARABOLIC QUAD 

FULL QUAD 

7 

4 
FIG. - 1  QUADRILATERAL SURFACE PATCHES 

SHOWING REQUIRED LOCAL NODE NUMBERING 
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Resultant u p l i f t  force 
due t o  wind. 

Jumper 

Membrane skin 

Central tension r i n g  

Central t ie rods 

Pavement 

s tay  

Figure 3 PLAN AND ELEVATION - QUEEN ST. SHADE STRUCTURES 
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Building face 

40000 

Figure 4. PLAN AND SECTION OF AMPHITHEATRE ROOF ( € l J u ~ >  
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3D p r o f i l e  o f  edge cables  assumed 
\ 

Parabolic  curve with generated 
nodes equal ly  spaced along ABC 

Y Point  on a x i s  of  column t o  de f ine  s l o p e  
A of  membrane sk in  a t  B 

I 
& Curve BD rotated  about column 

i n t  on edge  cab 

Fieure 5 'PROCEDURE USED TO DEFINE SURFACE 
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Plan layout for strips 

Pivoting 
Corner 
fixture with 
adjustments to 
edge cables 

Radial parabolic 
curves with 
generated nodes. 

Strip showing 
additional points 
for def in i t ion  

Figure &)PLAN VIEW OF ADOPTED CUTTING PATTERNS 

Roll of fabric 
Control point 

\ 

Fiaure a) FLATTENED STRIP ON ROLL OF FABRIC 
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