
"COMPUTER MODELLING - THE KEY TO SUCCESSFUL FABRIC STRUCTURES" 

BY B.K. DEAN - CONNELL WAGNER 

INTRODUCTION - ----------- 
The theme o f  t h i s  conference i s  "Performance o f  F a b r i c  ------------------------ 
S t r u c t u r e s  i n Bu i  1  d i  ng Developments" . ..................................... 
What one may ask i s  t h e  s i g n i f i c a n c e  o f  "Computer, Mode l l i ng "  
t o  t h e  achievement of successful  l o n g  te rm performance of a  
f a b r i c  s t r u c t u r e  p r o j e c t ?  

Be fo re  we address t h a t  ques t i on  i t  i s  wor thwh i le  c o n s i d e r i n g  
t h e  aspects  o f  f a b r i c  s t r u c t u r e  performance t h a t  e i t h e r  
a t t r a c t  c l i e n t s  and developers t o  t h e i r  use o r  on t h e  o t h e r  
hand de te r  them i n  favour o f  more "proven", conven t iona l  
s t r uc tu res .  Havi ng d iscussed t h e  p r i n c i p a l  performance i tems 
t h e  paper t hen  descr ibes  how t h e  l a t e s t  computer so f twa re  used 
by s t r u c t u r a l  engineers w i t h  t h e  necessary f a b r i c  s t r u c t u r e s  
exper ience can g r e a t l y  improve t h e  l o n g  te rm performance o f  
f a b r i c  s t r u c t u r e s  t hus  o f f e r i n g  t o  t h e  c l i e n t  a  more 
p r e d i c t a b l e  and durabl  e  product .  

Advanced computer model 1  i ng i s  essen t i  a1 t o  c o r r e c t l y  generate 
t h e  f a b r i c  su r face ,  t o  r i g o r o u s l y  analyse t h e  s t r u c t u r e  under 
t h e  des ign l oad ings  and t o  generate accura te  c u t t i n g  p a t t e r n s  
f o r  t h e  f a b r i c a t i o n  o f  " w r i  n k l  e - f r ee "  sur faces.  

I n c o r r e c t  m o d e l l i n g  o f  any o f  these aspects  can s e r i o u s l y  
reduce t h e  l o n g  te rm l i f e  o f  t h e  s t r u c t u r e  and i n  t h i s  sense 
computer m o d e l l i n g  i s  indeed t h e  key t o  a  successfu l  f a b r i c  
s t r u c t u r e .  

FABRIC STRUCTURE PERFORMANCE CHARACTERISTICS ............................................ 
F a b r i c  s t r u c t u r e s  whether they be pneumatics o r  t ens ioned  
f a b r i c s  can o f f e r  major  advantages t o  b u i  1 d i n g  development 
c l i e n t s  compared w i t h  o t h e r  more convent iona l  s t r u c t u r e s .  
T h e i r  most a t t r a c t i v e  f e a t u r e  i s  t h e i r  a b i l i t y  t o  p r o v i d e  an 
economic 1  ong-span t rans1  ---------- ucent  enc losure  w i t h o u t  t h e  need f o r  
i n t e r n a l  c o l  umn supports.  'Furthermore where des i  r a b l  e  an 
i r r e g u l  a r  " f ree-form" geometry can be u t i  1  i sed. 

The o n l y  o t h e r  v i a b l e  f r ee - f o rm  s o l u t i o n  t o  such a  problem i s  
a  cab le  n e t  s t r u c t u r e  w i t h  t r a n s l  ucen t  c l a d d i n g  such as g l ass  
o r  a c r y l  i c  panels.  Besides t h e  r i s k  o f  leakage th rough 
c l a d d i n g  j o i n t s  which does n o t  occur  i n  t h e  case o f  a  f a b r i c  
s t r u c t u r e ,  t h e  g l  azed c a b l e  n e t  so l  u t i o n  i s  s i g n i f i c a n t l y  more 
expensive. 

Even f o r  i n t e r m e d i a t e  spans o f  10m - 40m f a b r i c  s t r u c t u r e s  can 
compete f avou rab l y  a g a i n s t  a  g lazed  s t e e l  frame o r  g lazed  
spaceframe f o r  example. 
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There a re  now a  subs tan t i a l  number o f  f a b r i c  s t r u c t u r e s  which 
have been const ruc ted  i n  A u s t r a l i a  s ince  t h e i r  i n t r o d u c t i o n  i n  
t h e  1970's per forming a  v a r i e t y  of f unc t i ons  i n c l u d i n g  
swimming pool encl osures, sound she1 1  s, shopping ma1 1  s, 
t r a v e l  1  i ng exh i  b i  t i o n s ,  etc .  Nevertheless, i t  i s i n t e r e s t i  ng 
t o  no te  t h a t  o f  t h e  1988 t o t a l  b u i l d i n g  c o n s t r u c t i o n  
expendi ture i n  A u s t r a l i a  repo r ted  t o  be $20 b i l l  ion ,  t h e  value 
o f  a1 1  engineered f a b r i c  s t r u c t u r e s  cons t ruc ted  i n  t h a t  p e r i o d  
has been es t imated as approximately $20 m i l l i o n .  There i s  
obv ious ly  enormous scope f o r  expansion o f  t he  f a b r i c  s t r u c t u r e  
i ndustry  and t h i  s  requ i res  a  con t i nu ing  improvement o f  t h e  
designs and t h e i r  performance. 

Connell Wagner through t h e i r  involvement w i t h  p r o j e c t s  such as 
t h e  Bicentenni  a1 Travel 1  i ng E x h i b i t i o n ,  Expo 88 Vul t u r e  S t r e e t  
Canopy, Penguin Parade and She l l  Westgate, have become aware 
o f  c l i e n t  percept ions  about f a b r i c  s t r u c t u r e  performance. 

It i s  impor tan t  t o  remember t h a t  f a b r i c  s t r u c t u r e s  must 
genera l l y  compete from both a  c o s t  and performance v iewpo in t  
w i t h  convent ional  s t ruc tu res .  

A 1  i s t  o f  perceived f a b r i c  s t r u c t u r e  disadvantages and 
concerns r a i s e d  by p o t e n t i a l  c l i e n t s  may i n c l u d e  some o f  t h e  
fo l  1  owi ng performance i terns: - 
a)  Perceived increased r i s k  o f  s t r u c t u r a l  f a i l u r e  due t o  

h igh  winds o r  o the r  loadings, 

b  ) Concern about t he  l i f e  o f  t h e  f a b r i c  s t ruc tu re ,  

Environmental i ssues i nc l  ud i  ng i n t e r n a l  condensation, C, 
a i  r condi  ti oni  ng, hea t i  ng cos ts  and 1  i g h t i  ng. 

d  ) Performance i n  f i r e  and pub1 i c  safety,  

Advanced computer model 1 i ng techniques can be used t o  s i  gn i  f i c a n t l  y  
improve t h e  s t r u c t u r a l  performance o f  a  f a b r i c  s t r u c t u r e s  and 
address many of these concerns. 

FABRIC STRUCTURE COMPUTER PROGRAMS .................................. 
It i s  o n l y  du r ing  t h e  l a s t  15 years t h a t  t h e  necessary 
conrputer sof tware and hardware has been developed f o r  t h e  
design and ana lys i  s  of f a b r i c  s t ruc tures .  P r i o r  t o  t h a t  
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t ime, on l y  simple geometries (e.g., pneumatic c y l  i nder)  coul d  
be an1 ysed us ing  bas ic  " she1 1  theory" .  A1 t e r n a t i  ve l  y  , scaled 
phys ica l  models had t o  be made t o  f i n d  t h e  des i red  s t r u c t u r a l  
shape and compute the  c u t t i n g  pa t te rns .  Whi 1  s t  phys ica l  
model s  a re  s t i l l  very usefu l  t o  ga in  an understanding o f  a  
complex roof  geometry and t o  q u i c k l y  examine ref inements t h e  
computer sof tware i n  t he  hands o f  a  s k i l l e d  a n a l y s t  i s  . 
superseding t h e i r  need and o f f e r i n g  a  much h igher  degree o f  
accuracy. 

Fab r i c  s t r u c t u r e s  are  h i g h l y  spec ia l  i sed eng ineer ing  forms and 
as such r e q u i r e  s p e c i a l l y  developed computer programs t o  
analyse and p a t t e r n  them. Gener i ca l l y  they are  a  branch o f  
t he  "Tension St ruc ture"  group which have l i t t l e  o r  zero 
capac i t y  t o  r e s i s t  e i t h e r  compressive o r  f l e x u r a l  fo rces  and 
hence c a r r y  t h e i r  loads soley by tens ion  forces.  Other 
examples o f  tens ion  s t r u c t u r e s  i nc l  ude cabl e  stayed and 
suspension b r i dges  and cabl  e  n e t  roo fs .  

To achieve f o r c e  e q u i l i b r i u m  tens ion  s t r u c t u r e s  undergo 
re1 a t i v e l y  1  arge d e f l e c t i o n s  compared w i t h  more " r i g i d "  
convent ional s t ruc tures .  Whereas the  l a t t e r  more o r  1  ess 
mai n t a i  n  t h e i  r i n i  ti a1 geometry under 1  oad, f a b r i c  s t r u c t u r e s  
by t h e i r  very na ture  must change shape t o  c a r r y  the  ex terna l  
loads  such t h a t  t h e  membrane remains i n  tension. 

Th is  change o f  shape c h a r a c t e r i s t i c  means t h a t  f a b r i c s  cannot 
be analysed by convent ional "1 i near e l  a s t i c "  programs which 
base the  ana lys i s  on the  o r i g i n a l  geometry. Ins tead they 
requ i  r e  t h e  more advanced "1 arge d i  sp l  acement theory"  programs ' 

which model the  sur face geometry changes and by an i t e r a t i v e  
process progress t o  t h e  f i n a l  equi 1  i b r i  urn p o s i t i o n .  

I n  add i t i on ,  f a b r i c  s t r u c t u r e  packages shoul d  pe rm i t  t h e  
automatic genera t ion  of  " f ree- form" sur faces and most 
i m p o r t a n t l y  must be ab le  t o  produce t h e  necessar i l y  accurate 
c u t t i n g  p a t t e r n s  from which t h e  f a b r i c  i s  manufactured. 

There are  now a  number o f  f a b r i c  s t r u c t u r e  computer packages 
being operated by d e s i g n l f a b r i c a t o r  groups i n  A u s t r a l i a  and 
t h e r e  i s  no doubt t h a t  t he  necessary a n a l y t i c a l  e x p e r t i s e  i s  
a v a i l a b l e  l o c a l l y .  No longer  i s  t h e r e  a  need t o  go overseas 
f o r  the  technology. 

As an example, t he  f o l l o w i n g  descr ibes the  "TENSYL" ~ a c k a g e  
being operated by Connel 1  Wagner through i t s  associated 
company Connell Barrow McCready. "TENSYL" i s  leased from the  
U.K. based consul t a n t  M i  n i  t e c  Pty . Ltd. 
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With  re fe rence  t o  f i g u r e  1 t h e  program models t h e  f a b r i c  
su r f ace  as a mesh o f  t r i a n g u l a r  f i n i t e  elements v~hose edges 
a r e  d e f i n e d  by a s e r i e s  o f  geodesic 1 i nes. 

L ~ a b r i c  Pattern 
Width 

FIG.l -"TENSYLU FINITE ELEMENT MESH 

Cables a r e  mode l led  as l i n e  elements which can e i t h e r  be 
"connected" t o  t h e  f a b r i c  o r  mode l led  as a " s l i p "  r i d g e  c a b l e  
which s t r a i n s  independent l y  t o  t h e  f a b r i c .  "TENSYL" can a l s o  
accommodate a v a r i e t y  o f  suppor t  elements i n  t h e  o v e r a l l  
computer model i n c l u d i n g  suspended r i n g  beams and guyed back 
masts f o r  example as shown i n  F i g u r e  2. T h i s  i s  a power fu l  
f a c i l i t y  because t h e  o v e r a l l  problem can be mode l led  as 
opposed t o  a n a l y s i n g  t h e  f a b r i c  and suppo r t  s t r u c t u r e s  
separate1 y and t hen  manual 1 y combi n i  ng t h e  analyses and t r y i  ng 
t o  ach ieve  t h e  compati b i l  i t y .  

FIGURE 2 
VULTURE STREET CANOPY, EXPO '88 - PERSPECTIVE 
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As w i t h  a1 1  a n a l y s i s  t h e  mathematical  model i s  an 
approx imat ion  t o  t h e  a.ctua1 pnys i ca l  r e a l i t y  and i t  i s  
impo r tan t  t o  keep t h i s  i n  mind when des ign ing  and d e t a i l i n g  
t h e  s t r u c t u r e .  

"TENSYL" d i f f e r s  from o t h e r  computer packages because i t  uses 
t h e  Dynamic Re laxa t i on  v e c t o r  method o f  a n a l y s i s  as opposed t o  
o t h e r  programs which use a  m a t r i x  method o f  ana l ys i s .  W h i l s t  
t h e  l a t t e r  techn ique  can r e q u i r e  i n p u t  o f  a  r e l a t i v e l y  
accura te  i n i  ti a1 f a b r i c  geometry t h e  Dynamic Re1 a x a t i  on method 
on l y  r e q u i r e s  t h e  user  t o  s p e c i f y  t h e  mesh l a y o u t ,  suppor t  
p o i n t  geometry and t h e  f a b r i c  p res t ress .  The program then  
au tomat ica l  1  y generates t h e  curved  f r ee - f o rm  su r face  th rough a  
s e r i e s  o f  i t e r a t i v e  steps. An example i s  a  pneumatic 
s t r u c t u r e ,  f o r  which a  f l a t  mesh can be i n p u t  and t hen  t h e  
program 1  i t e r a l  l y  "i n f l  a tes"  t h e  f a b r i c  i n t o  i t s  equi  1  i b r i  um 
pos i  ti on. 

A  f u r t h e r  advantage o f  t h e  Dynamic Re laxa t i on  techn ique  i s  
t h a t  i t  o n l y  needs t o  s t o r e  t h e  c u r r e n t  va lues  o f  nodal f o r c e  
and d isp lacement  and consequent ly  t h e  prob lem can be 
i n t e r r u p t e d ,  m o d i f i e d  and r e s t a r t e d  a t  any p o i n t  o f  t h e  
f o rm f i  n d i  ng o r  ana l ys i s .  

" TENSYL" i s  an i t e r a t i v e  i n t e r a c t i o n  program sub-di  v i  ded i n t o  
t h r e e  s tages which a r e  i n t e g r a l l y  1  i n k e d  and a l l o w  t h e  user  t o  
move s e q u e n t i a l l y  th rough  a  problem. 

Stage 1  - Formf ind  t h e  f a b r i c  a l ong  w i t h  i t s  a s s o c i a t e d  
< i ~ ~ 5 T t l s t e e l w o r k  e i t h e r  as a:- 

Tensioned F a b r i c  doubly  curved  sur face between 
?F<fi<a--s'irTb?.rTpoints wi fh  des igna ted  f a b r i c  and 
cab1 e  p r e s t r e s s  fo rces .  The program a1 lows t h e  
f a b r i c  p r e s t r e s s  t o  be v a r i e d  th roughout  t h e  membrane 
t o  p e r m i t  l o c a l l y  i nc reased  cu rva tu res  a t  suppor t  
p o i n t s  f o r  example. 

b )  Pneumatic ( a i r  supported) s t r u c t u r e  by s p e c i f y i n g  b o t h  
fi'e-'p'r'eTt'r'eT's-~07E'e5-'a'n'd 112-i'nt.'r'n'a17'a i r p  r e  s  s  u r e  . 

A t  t h i s  s tage  3-0 computer g raph i cs  a r e  produced e n a b l i n g  a  
v i s u a l  i s a t i o n  o f  t h e  su r f ace  and re f i nemen t  as necessary.  

Stage 2 ------- 
Load analyses a r e  performed on t h e  form found  s t r u c t u r e .  
S t reng th  and d e f l e c t i o n  s e r v i c e a b i l i t y  checks a r e  c a r r i e d  o u t  
a t  t h i s  stage. 
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Stage 3  

C u t t i n g  pa t te rns  are  produced by u n f o l d i n g  the  3-D f i n i t e  
element mesh on t o  2-D r o l l s  o f  f a b r i c .  Accuracy i s  
Paramount, t y p i c a l  l y  i n  the  range - + lm. 

It should be noted t h a t  as t h e  computer sof tware improves 
the re  w i l l  be l e s s  and l e s s  dependence on phys ica l  models 
dur ing  t h e  design stage. 

THE IMPORTANCE OF COMPUTER MODELLING TO ENSURE SUCCESSFUL STRUCTURAL 

As w i t h  a1 1  s t r u c t u r a l  model1 i n g  and analys is ,  t he re  are  two 
bas ic  components namely:- 

( i )  t he  computer sof tware 
( i i  1 t h e  s k i l l  and experience o f  t h e  ana lys t  i n  t h e  f i e 1  d  

o f  f a b r i c  s t ruc tures .  

Both these components are  c r u c i  a1 t o  a  successful l y  per formi  ng 
f a b r i c  s t ruc ture .  

Without  access t o  soph is t i ca ted  computer software t h e  problem 
cannot even be tack led  except f o r  t he  very s imples t  o f  
geometries sub jec t  t o  uniform, usual 1y unreal i s t i c  1  oadi ng 
pat terns.  

From an engineer ing v iewpoint  these s t ruc tu res  are  h i g h l y  
demanding . For  "conventional " s t ruc tu res  t h e  geometry ( form) 
i s  genera l ly  pre-determined whereas i n  the  case o f  f a b r i c  
s t ruc tu res  the  s t r u c t u r e  i s  the  form and vica-versa. The 
s t r u c t u r a l  engi neer must the re fo re  be i nvol ved f rom the  o u t s e t  
i n  t h e  determi na t i on  o f  a  h igh  qua1 i t y  f a b r i c  geometry. 

Hence, t h e  ana lys ts '  sk i1  1  i s  equa l l y  impor tant  r e q u i r i n g  
c l  ose know1 edge o f  f a b r i c  mater i  a1 s, f a b r i c a t i o n  and de ta i  1  i ng 
and being ab le  t o  r e a l  i s t i c a l  l y  t rans form these phys ica l  
c h a r a c t e r i s t i c s  i n t o  a  mathematical model. 

From a  s t r u c t u r a l  p o i n t  of view, long term performance i s  
dependent on a  number of factors.  

( i  1 F i r s t  and foremost i t  i s  essen t ia l  t o  ensure t h a t  t h e  
var ious  s t r u c t u r a l  elements, t h a t  i s  t h e  f a b r i c ,  cab le  
and support steelwork have an adequate f a c t o r  of 
sa fe ty  aga ins t  f a i l u r e  under extreme low cond i t ion .  
'rhi s  obviously requ i  r e s  accurate computation o f  t h e  
s t r u c t u r e  st resses by t h e  model 1  i ng techniques 
p rev ious l y  described. Allowance must be made f o r  
the  f a b r i c ' s  s t rength  reduc t ion  ' t h  t i - 2 .  
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For the fabric design i t  i s  essential t o  k n o w  these 
s tresses  throughout the surface particularly a t  s t r e s s  
concentrations, such as ,  connection points. "TENSYL" 
a1 1 ows the introduction o f  additional f i n i t e  elements 
part way through the analysis t o  bet ter  define the 
node1 as necessary. As an  exalnple, Figure 3 shows 
the fabric element pattern for  one of the Shell 
Westgate structures. 
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(ii 1 Fabr i c  curvature: -  It i s  impor tan t  t o  generate a  
w r i  nk l  e - f ree  , we1 1  curved s u r f  ace w i  t h  smooth 
t r a n s i t i o n s .  This  i s  because the  f a b r i c  s t r e s s  i s  
i n v e r s e l y  p ropos i t i ona l  t o  t he  r o o f  rad ius  o f  
curva ture .  An increased cu rva tu re  t h e r e f o r e  reduces 
t h e  s t resses  f o r  a  g iven l o a d  i n c r e a s i n g  t h e  f a c t o r  o f  
s a f e t y  aga ins t  t e n s i l e  f a i l u r e  and improves t h e  l o n g  
term s t r u c t u r a l  performance o f  t he  membrane. Equal l y  
impor tan t  an i ncreased cu rva tu re  s i  gni  f i c a n t l  y  
s t i f f e n s  t h e  s t ruc tu re ,  thus reducing t h e  tendency t o  
" f l a p "  i n  t h e  wind and r e s u l t i n g  i n  a  more se rv i ceab le  
s t ruc tu re .  

Advanced computer mode l l ing  a l lows t h e  designer  t o  
vary the  cu rva tu re  throughout  t h e  roof  sur face d u r i n g  
t h e  f o r m f i  nd i  ng process i f  excessive d e f l e c t i o n s  o r  
f a b r i c  " s lack  areas" a re  de tec ted  under load. 

( i i  i )  The designer must ensure adequate r o o f  s lope t o  
d ischarge ra inwater  i n  t h e  des i red  manner and t o  avo id  
" f l a t  areas" which cou ld  r e s u l t  i n  water ponding 
du r ing  a  downpour. 

( i  v )  Overseas i n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  t h e  
m a j o r i t y  o f  f a b r i c  f a i l u r e s  i n i t i a t e  as a  t e a r  o f t e n  
a t  a  connect ion and then propagate throughout  t h e  r o o f  
surface. Hence t h e  importance o f  t h e  t e a r  s t reng th  
i n  a d d i t i o n  t o  the  f a b r i c  t e n s i l e  s t rength.  It i s  
t h e r e f o r e  impor tan t  t h a t  t he  connect ion d e t a i l  p rov ide  
a  r e l a t i v e l y  smooth f o r c e  path from t h e  f a b r i c  t o  t he  
support  s tee l  work and avoi d  s t r e s s  concen t ra t i  ons. 

F igu re  4 shows a  t y p i c a l  membrane p l a t e  d e t a i l s  which 
Connell Wagner and Connell Barrow McCready have used 
on a  number of p ro jec ts .  The p l a t e  c o l l e c t s  t h e  
reac t i ons  from the  f a b r i c ,  edge cables and t h e i r  
associated webbing and r i d g e  cab1 es where 
appl i c a b l  e. I n  add i t i on ,  i t  p r o v i  des 3 d i  r e c t i o n a l  
movement f a c i l i t y  and to le rance  t o  t h e  va r ious  
elements a l l o w i n g  them t o  move f r e e l y  w i t h o u t  any 
a d d i t i o n a l  stresses. 

R e f e r r i n g  t o  the  F igu re  4 d e t a i l  i t  i s  obv ious l y  
essen t i a l  t h a t  t h e  var ious  p l a t e  angles are  computed 
t o  a  h igh  degree of  accuracy from ana lys i s  and 
f a b r i c a t i o n  p o i n t s  of view. For  example, a  cab le  
angle e r r o r  of on l y  a  few degrees c o u l d  cause 
secondary bending s t resses  i n  t h e  cab le  and reduce t h e  
s a f e t y  f a c t o r  agai n s t  f a i  1  ure. 
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FIGURE-&. MEMBRANE PLATE 
( i  v )  Analys is  o f  complex 1  oadcases: - I n  Aust ra l  i a, a p a r t  

f rom A1 p ine  areas, wind i s  t h e  governing 1  oad case f o r  
l i g h t w e i g h t  s t ruc tures .  As an example, F igu re  5 
shows t h e  wind tunnel pressure diagram f o r  t h e  
B icentenn ia l  Travel 1  i ng E x h i b i t i o n  Theatre 
St ruc ture .  As i s  t y p i c a l  o f  a  doubly curved 
geometry the  pressures vary s i  gni f i cant1 y  across t h e  
membrane sur face and o f t e n  wind tunnel  t e s t i n g  i s  
requ i  red. 

Such complex loadcases can on ly  be analysed by the  
advanced model 1  i ng techn i  ques p rev ious l y  described. 
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FIGURE 5 - WINO PRESSURE DISTRIBUTION FOR 
BICENTENNIAL THEATRE LOWER CONE 

( v i )  S a t i s f a c t o r y  s t r u c t u r e  preformance r e q u i r e s  a  
s e r v i c e 2 b i l i t y  check t o  ensure t h a t  t h e  f a b r i c  
movements under t h e  1  y e a r  r e t u r n  p e r i o d  wind f o r  
example a r e  k e p t  w i  t h i  n  acceptabl  e  1  i m i  t s .  To 
compute such d e f l e c t i o n s  w i t h  any degree o f  accuracy, 
" 1  a rge  d i  sp l  acement theory "  analyses a r e  r e q u i  red.  It 
i s  i m p o r t a n t  t o  ensure i n  t h e  1  i m i t  s t a t e  wind 
adequate minimum c learances  between t h e  f a b r i c  and 
a d j o i n i n g  r i g i d  s t r u c t u r e s  t o  a v o i d  t h e  development o f  
f a b r i c  t e a r  and p o s s i b l e  o v e r a l l  f a i l  ure.  

( v i  i ) The f i n a l  s tage  of  t h e  model 1  i ng i s  p robab l y  t h e  most 
i m p o r t a n t  namely t h e  p r o d u c t i o n  o f  t h e  f a b r i c  p a t t e r n s  
f o r  f a b r i c a t i o n .  

W i th  re fe rence  t o  F i g u r e  1, t h e  f a b r i c  p a t t e r n s  i n  
"TENSYL" a r e  bounded by two geodesic l i n e s  r u n n i n g  i n  
t h e  warp d i r e c t i o n .  P a r t  o f  t h e  m o d e l l i n g  s k i l l  i s  
t h e  s e l e c t i o n  o f  t h e  optimum f i n i t e  e lement  mesh and 
p a t t e r n  w id ths  which w i l l  p r o v i d e  t h e  necessary 
cu rva tu re ,  b u t  a t  t h e  same t ime  f o r  economy min im ise  
f a b r i c  wastage. 

F a b r i c s  a r e  a n i s o t r o p i c  i n  t h a t  t h e  w e f t  e l o n g a t i o n  i s  
severa l  t imes  h i g h e r  t han  t h e  warp e l o n g a t i o n  due t o  
c r i m p i n g  e f f e c t s .  The wa rp lwe f t  d i r e c t i o n s  shoul d  
t h e r e f o r e  be a1 i gned  a long  t h e  p r i n c i p a l  f o r c e  
d i r e c t i o n s  t o  ensure t h a t  t h e  f a b r i c  s t r e t c h  i s  as 
u n i f o r m  as p o s s i b l e  and t o  ensure c o m p a t i b i l i t y  
between ad jacen t  f a b r i c  r o l l  s. 

The t e s t  of t h e  computer m o d e l l i n g  s k i l l  i s  t h e  
q u a l i t y  o f  t h e  p a t t e r n e d  s t r u c t u r e  and t h e  f o r m a t i o n  
o f  an even l y  s t r e s s e d  w r i  n k l  e - f r e e  sur face .  
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CONCLUSION ---------- 
It i s  p robab ly  t r u e  t o  say t h a t  f a b r i c  s t r u c t u r e s  have o n l y  
r e c e n t l y  come o f  age f i r s t l y  because o f  r a p i d l y  improv ing  
f a b r i c  technology and second,ly due t o  t h e  l a t e s t  gene ra t i on  o f  
computer programs. 

There i s  no doubt t h a t  f a b r i c  s t r u c t u r e s  s t i l l  have a l o n g  way 
t o  go t o  g a i n  general  pub1 i c  acceptance, b u t  t h e  key t o  
success fu l  f a b r i c  s t r u c t u r e s  w i l l  c o n t i n u e  t o  be advanced 
computer model 1 i ng techniques. 
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