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, Architectural fabric structures are well established as a dynamic form of 
construction, uniquely suited to particular building applications. Less well known, 
are the performance criteria which must be met by fabrics in order to assure long life 
and good performance. This paper discusses these criteria in the light of recent 
developments and industry standards in relation to usage on high performance 
structures. 

INTRODUCTION 

T h e  l a s t  d e c a d e  has seen  a signif icant  g rowth  in t h e  use of f ab r i c s  as s t ruc tu ra l  
mater ia ls .  However,  while designers and speci f ie rs  have  developed a s t rong 
awareness  of t h e  s t ruc tu ra l  concep t ,  in many  cases t h e  impor tance  of t h e  f ab r i c  
pe r fo rmance  cha rac te r i s t i c s  has  been neglected.  

T h e  pe r fo rmance  r equ i remen t s  for  a rch i t ec tu ra l  membranes  c a n  b e  spl i t  i n to  
t h r e e  gene ra l  areas:  

1) SHORT TERM PROPERTIES 

Genera l ly  these  a r e  mechanica l  proper t ies  of t h e  base  f ab r i c  required t o  
wi ths tand envi ronmenta l  loadings of shor t  dura t ion  eg. wind, snow, impacts ,  
e r e c t i o n  loads. P rope r t i e s  include: 

Tensi le  S t r eng th  
Tea r  S t r eng th  
Res i s t ance  t o  Tear  Propagation 
Punc tu re  Res i s t ance  

2) LONG TERM PROPERTIES 

General ly t h e s e  a r e  p rope r t i e s  of t h e  coa t ing  and coa t ing lbase  f ab r i c  in t e r f ace ,  
as well as f i r e  per formance  proper t ies  of t h e  t o t a l  fabr ic .  These  proper t ies  
include: 

Weathering & U.V. Pe r fo rmance  
Adhesion of Coat ing  
High T e m p e r a t u r e  Seam S t reng th  
Wicking Pe r fo rmance  
Abrasion Res i s t ance  
Cold Weather Flexibility 
Dimensional Stabil i ty 
Cleanabil i ty 
F i r e  Be haviour 
Repairabil i ty 



3) FABRICATION REQUIREMENTS, ECONOMICS 
-. 

The third a r e a  concerns t h e  ability of t h e  mater ia l  t o  be fabricated in to  pract ica l  
membrane components. Their properties include: 

Dimensional Stability of Base Fabric 
Weldability of t h e  Coating 
Resistance t o  Fold Damage 

TEST PROCEDURES 

-- 

In order t o  evaluate  any membrane material ,  a set of comparable and valid test 
resul ts  i s  necessary. With regard t o  Short Term Properties, t h e  following a r e  
relevant; 

- 

TENSILE STRENGTH 

Str ip  Tensile: The breaking fo rce  of a uniaxially loaded s t r ip  of fabr ic  of set - 

width. Normally quoted in N/mm, KN/m, N/5Ocm, LBF/in. Used 
for design t o  resist environmental  loading, chiefly wind and snow. 

Grab Tensile: The breaking fo rce  of a uniaxially loaded s t r ip  lOOmm wide, 
loaded through 25mm wide jaws. This measures t h e  load 
spreading behaviour in a non uniformly loaded fabric. Normally 
quoted in N, KN or LBF. 

TEAR STRENGTH 

The most confusion reigns over t h e  most relevant of t h e  t e a r  tests commonly 
quoted in membrane specifications, especially how they re la te  t o  ac tua l  field 
performance. 

Tongue Tear: Two sli ts  a r e  made in t h e  specimen and a tongue i s  drawn from 
t h e  fabr ic  and placed in opposing jaws of t h e  tes ter .  The jaws 
a r e  drawn a p a r t  at a r a t e  of 300mm/min. The Maximum tear ing 
fo rce  is  quoted in N ,  KN o r  LBF. 

Wing Tear:  Similar t o  t h e  above test excep t  t h a t  only a single c u t  i s  made 
in t h e  fabr ic  and placed in opposing jaws. This i s  commonly 
called a Tongue Tear t o  ASTM Method 5134. 

Trapezoid Tear: A sl i t  i s  made in t h e  side of the specimen perpendicular t o  the 
warp o r  wef t  direction. The speciman i s  placed in opposing jaws 
so  t h a t  t h e  leading edge of t h e  sl i t  is loaded. Tes t s  t o  ASTM 
Method 5136 and DIN 53363 a r e  commonly quoted. Results  tend 
t o  cor re la te  with s t r ip  tensile. 

Grab Tear: A special test developed t o  simulate field performance. Either 
biaxal or  uniaxial, t h e  test involves placing a 25-50mm c u t  in a 
specimen of 100-200mm width and measuring t h e  load at which 
t e a r  propagation t akes  place. 

Tes t s  such as these  a r e  commonly quoted in t h e  industry (with t h e  exception of 
Grab Tear), and form t h e  basis of most membrane selection cr i ter ia .  



T h e  in t e rp re t a t ion  of t h e  various spec i f ica t ions  quoted  by f ab r i c  manufac tu re r s  i s  
a major  exerc ise .  Apar t  f r o m  t h e  d i f f e rences  in dimensional  units ,  t h e  s t anda rds  
have  t o  be  compared  t o  see if t h e  test me thods  a r e  similar.  

Ideally, a l l  t h e  f ab r i c s  should b e  t e s t e d  t o  a single s tandard ,  and t h i s  should b e  
a goal  of t h e  m e m b r a n e  s t r u c t u r e s  industry. 

T h e  chief  problem at t h e  m o m e n t  i s  t h a t  mos t  of t h e  qual i ty  f ab r i c s  used in 
Aust ra l ia  have  been  impor ted  f r o m  t h e  USA and Europe, and  w i t h  t h e  excep t ion  
of f i r e  tes t ing ,  t h e r e  has been  no  incent ive  fo r  manufac tu re r s  t o  conduc t  tests t o  
Aust ra l ian  S tanda rds  where  t h e y  exis t .  Shor t  Te rm Prope r t i e s  t h e r e f o r e  c o m e  
w i t h  e i t h e r  ASTM, DIN, o r  BS test resul ts .  

A se l ec t ion  of t h e s e  r e su l t s  is con ta ined  in Tab le  1. For  t h e  purpose of 
compar ison ,  t h r e e  f a b r i c s  have been  chosen: a European PVC-Polyester of C la s s  
IV ra t ing ,  a n  Amer ican  PVC-Polyester of s imilar  s tandard ,  and  a n  Amer ican  Teflon 
PTFE-Glass fabric .  All t h r e e  would be  used on  a f a i r ly  l a rge  tension s t ruc tu re .  

The  t h r e e  r ep resen t  d i f f e r e n t  app roaches  t o  t h e  design of a su i tab le  long l i fe  
m e m b r a n e  fabr ic .  T h e  European f ab r i c  i s  a heavy 3x3 panama  weave ,  w i t h  a ve ry  
heavy coa t ing  t o  cove r  t h e  big yarns. I t  shows high Tensi le  and Trapezoid f igures  
and  high Adhesion t o  g e t  s eam s t rength .  The  Amer ican  PVC-Polyester i s  a WIWK 
w e a v e  of m u c h  l ighter  weight  bo th  base  and coa ted ,  very  high tongue  t e a r  
s t r eng th ,  and  lower adhesion,  cons i s t en t  w i t h  WIWK lower s t r e t c h  cha rac t e r i s t i c s .  
T h e  Amer ican  Teflon PTFE-Glass has a high c o a t e d  weight ,  high Tensi le  s t r eng th ,  
and  ve ry  low T e a r  s t rength .  This  i s  d u e  t o  t h e  low res i l ience  of t h e  g lass  f i b re s  
and  t h e  convent ional  w e a v e  style.  

Resu l t s  fo r  t h e  G r a b J e a r  test w e r e  not  ex t ens ive  enough t o  quote ,  nor  w e r e  t h e  
s e a m  s t r e n g t h s  at 70 . A s  m o r e  expe r i ence  i s  gained,  t h e  s t anda rd  test me thods  
quo ted  should c o m e  under g r e a t e r  scru t iny  as t o  the i r  su i tab i l i ty  fo r  s t r u c t u r a l  
m e m b r a n e  specif icat ions.  

They have  evolved f r o m  t h e  t e x t i l e  industry where  f ab r i c s  a r e  used in many  
d i f f e r e n t  ways, and t h e r e f o r e  should b e  in t e rp re t ed  w i t h  caution.  

T h e  p r imary  loading mode  in a m e m b r a n e  s t r u c t u r e  i s  biaxial tension,  w i t h  t h e  
possibility of punc tu re  o r  t ea r ing  loads. Essentially, t h e  in t eg r i ty  of t h e  s t r u c t u r e  
i s  dependen t  on r e s i s t ance  t o  propagation of t ea r ing  a f t e r  a n  envi ronmenta l  
loading has  pene t r a t ed  t h e  envelope.  

Typical ly,  a combinat ion  of t ea r ing  modes  should be considered.  Initially, a G r a b  
T e a r  would b e s t  s imu la t e  t h e  f a b r i c  under  biaxial  tension,  w i t h  a Wing (Tongue) 
T e a r  becoming m o r e  appl icable  as t h e  f ab r i c  los t  tension d u e  to propagation,  
par t icu lar ly  if wind loads and f l u t t e r  a r e  involved. The re fo re  t h e  G r a b  T e a r  and 
Wing T e a r  r e su l t s  would s e e m  bes t  c u r r e n t  indica tors  of f ield t e a r  per formance .  

Work done  in t h e  U.K. i nd ica t e s  t h a t  fo r  a convent ional  weave  f ab r i c ,  t e a r  
propagat ion  under biaxial  load o c c u r s  at abou t  25% of tens i le  s t rength .  (5) 



Table 1. 
-0 Class IV Shel-Rlte 9032 Sheerfi l l  I1 
PU: Polyester PU: ~ o l y e s t e r  Teflon Glass 
3x3 Panama WIWK Plain 

SIRIP 'IZEGILE -/Weft) 
ASlM 5102 N/50m 7450/6400 5700/5700 7010/6135* 
DIN 53354 RN/m 149/128 U4/114 140/123 

=/in 850/730 650/650 800/700 

'IZEGILE ( W a r ~ r n f t )  
ASlM 5100 N N/A 
(25w Jaw) IBF N/A 

TmPEmID IPAR ( w a r ~ r n f t )  
PS?M 5136 N llOO/l400 623/623 N/A 
DIN 53363 fBF 247/315 140/140 N/A 

DIN 53357 KN/m 3.0 
W / i n  17.1 
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Source: CSZEED Div of Building Research Technical Paper No. 18 
Terms: R.S.W.I. (Rzlative Solar Weather- Index) 

- 

R.S.W.L. - p ~(£1")  where n=l or n=2. 

I = Solar Irradiance ( ~ / d )  
Assunptims: A l inear  relat ianship exists htween R.S.W.I. ad the m i c a l e n t  Period 

of -sure. eg. 12 ncnths exFosure in Brisbane is equal to 17 m t h s  
exposure in  Sydney. 

R.S.W.I. (ntl) 

( x 104) (EENntS) (n=l) 

12.0 12.0 

8.46 17 .O 

7.72 18.5 

13.0 U.l 

15.53 9.3 

12.94 U. 1 

1 8 . ~  7.6 

U.9 10.4 

14.36 10.0 

33.66 10.6 

R.S.W.I. (n=2) -.- 
( x 107) (-1 (n=2) 

7.7 12.0 

5.45 16.9 

4.49 20.5 

8.5 10.9 

9.57 9.8 

6.79 U.7 

U.8 6.7 

9.28 9.6 

9.29 10.0 

9.16 10.1 

AV.F@TFl. - 

(-) 

12.0 

17.0 

19.5 

11.0 

9.55 

12.4 

7.15 

10.0 

10.0 

10.35 
- 



U.V. XESISTANCE & WEATHERING 

It i s  of t h e  u tmos t  impor t ance  t h a t  t h e  proper t ies  of t h e  f ab r i c  be  mainta ined  
throughout  i t s  useful  life. Ca re fu l  se lec t ion  of  r a w  mater ia l s ,  p roper  base  f ab r i c  
design,  coa t ing  compounding and processing a r e  v i ta l  t o  long t e r m  performance .  

To gain s o m e  of solar  weather ing  r e l a t iv i t i e s  within Austral ia ,  d a t a  f rom CSIRO 
(11, has  been  ranked in l inear  proport ion of exposure  t i m e  t o  Re la t ive  Solar  
' i i ea ther ing  Iridex (R'WSI) and  reproduced in Fig 1. With Brisbane as t h e  base  
exposu re  (1 2 months), t h e  Average  Equivalent  exposure  fo r  o t h e r  Austral ian s i t e s  
a r e  given. eg.  12  mon ths  in Brisbane i s  equiva lent  t o  17 mon ths  in Sydney, 
10  mon ths  in Darwin. 

Over seas  compar isons  c a n  be  m a d e  o n  t h e  basis  of s imilar  c l i m a t i c  condi t ions  and  
typica l ly  USA based f ab r i c s  a r e  t e s t e d  in F lor ida  exposures  as well  as w i t h  
labora tory  tes t ing .  

The  d i f f icu l ty  w i t h  labora tory  w e a t h e r o m e t e r  t e s t ing  i s  a lways  w h a t  s c a l e  f a c t o r  
appl ies  t o  r e a l  t i m e  and r e a l  loca t ion  predictions. Labora tory  t e s t ing  i s  very  
usefu l  however f o r  ranking f ab r i c  pe r fo rmance ,  and  if field pe r f romance  of one  
o r  m o r e  f ab r i c s  c a n  b e  co r re l a t ed  t o  t h e  l abo ra to ry  tests, valid compar isons  c a n  
be  made .  The  c o n c e n t r a t e d  mir ror  w e a t h e r o m e t e r  method (ALTRAC) used at  t h e  
Allunga Exposure Labora tory ,  Townsville i s  a useful  example ,  however t h e  sca l e  
f a c t o r  is  s t i l l  a n  approximat ion  (4 in t h i s  case) ,  and  co r re l a t ion  relat ionships t o  
r e a l  t i m e  t e s t i n g  a r e  becoming avai lab le  (2). 

t 
Typica l  test r e su l t s  f o r  r e a l  t i m e  t e s t ing  f o r  PVC-Polyester f ab r i c  f rom t h e  USA 
(Florida condit ions)  a r e  shown in Fig  2. The  f ab r i c  in t h i s  test r e su l t  had n o  
ac ry l i c  t o p  coa t ing  and i s  s t i l l  per forming now a f t e r  20 y e a r s  exposure.  

An a p p r o x i m a t e  co r re l a t ion  using t h e  At las  Carbon A r c  Wea the romete r  i s  t h a t  
1000 h r s  equa l s  1-2 yea r s  in  Florida conditions. ie. re la t ive ly  high U.V. exposure ,  
high t e m p e r a t u r e  and  humidity. 

Austral ian expe r i ence  ind ica t e s  PVC fab r i c s  performing well  a f t e r  10  years ,  in 
l oca t ions  as d iverse  as Sydney and  Mt  Tom Pr i ce  in Western Austral ia .  

Predic t ions  of l i f e  f o r  any  fabr ic ,  depend o n  t h e  defini t ion of 'useful  l i fe ' .  
Expe r i ence  shows t h a t  mechan ica l  f a i lu re  of t h e  base  f ab r i c  has n o t  been  a c a u s e  
f o r  r ep lacemen t .  Appea rance  of t h e  c o a t i n g  su r f ace  has  been  t h e  main  c a u s e  of 
r e p l a c e m e n t ,  and  in some  cases, t h e  s e a m s  have been  bo th  a e s t h e t i c  and  
s t r u c t u r a l  fai lures.  
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SEAMING 

Adhesion of Coat ing  

The adhesion of t h e  coa t ing  t o  t h e  base  f ab r i c  i s  t h e  bond which  m u s t  be  
mainta ined  and p ro tec t ed  t o  ensu re  long l i fe  and s t ruc tu ra l  i n t eg r i ty  of any  
tens ion  membrane .  

Two t y p e s  of adhesion occur:  mechanica l  and chemica l .  Mechanical  adhesion i s  
t h e  cont inui ty  of coa t ing  achieved be tween  t h e  in t e r s t i ce s  of t h e  w e a v e  of loosely 
woven o r  WIWK base  f ab r i c s  w i t h  liquid c o a t i n g  sys tems.  Chemica l  adhesion 
o c c u r s  w i th  pr imers  and  adhes ives  used t o  fo rm a molecular  bond be tween  t h e  
f ib re  and  coa t ing  o r  laminate .  Ideally, both  a r e  des i rable  t o  ach ieve  toge the r ,  but  
w i t h  t ight ly  woven sc r im ,  o r  l amina ted  coat ing ,  only chemica l  adhesion i s  present .  

I t  i s  impor t an t  t o  no te  t h a t  c h e m i c a l  adhesion i s  usually t h e  only bonding process  
in a r c h i t e c t u r a l  g r a d e s  of f ab r i c  due  t o  t h e  heavier  base  yarn  required t o  give 
a d e q u a t e  s t r eng th .  

The  leve l  of adhesion depends  on  severa l  f ac to r s ,  chiefly: weave  s ty le ,  c o a t i n g  
compound,  base  f ab r i c  t r e a t m e n t ,  coa t ing  process. The  adhesion of t h e  c o a t i n g  
should b e  una f fec t ed  by t h e  welding process  in seaming,  and  a major  f a c t o r  in 
s e a m  pe r fo rmance  i s  weave  design. 

Weave Design 

Two  basic weave  designs have been  used fo r  m e m b r a n e  fabrics:  1) Convent ional  
plain o r  panama  w e a v e  and 2 )  Weft Inserted Warp Kni t  (WIWK) t r ademarked  
Poly-R@ f rom Seaman  Corporat ion.  

WIWK fab r i c s  have su f f i c i en t  open in t e r s t i ce s  t o  pe rmi t  a d e g r e e  of mechan ica l  
adhesion t o  combine  w i t h  c h e m i c a l  adhesion. WIWK weaves  have  lower inherent  
w e f t  s t r e t c h  due  t o  t h e  s t r a igh te r  lay of t h e  w e f t  (fill) yarn  compared  wi th  t h e  
higher c r imping of t h e  w e f t  in convent ional  weave  styles .  F igure  3 shows a 
welded seam m a d e  w i t h  convent ional  weave  f ab r i c  and  WIWK fabric .  The  welded 
s e a m  of t h e  higher s t r e t c h  f a b r i c  will develop  a g r e a t e r  d e g r e e  of i n t e rna l  shea r  
f o r c e  within t h e  seam a s  i t  begins t o  s t r e t c h  under load. A higher adhesion leve l  
i s  requi red  t o  res i s t  i n t e rna l  shear  and  preserve  s e a m  integri ty.  

W IWK fab r i c s  a r e  a l so  e f f ec t ive ly  t w o  yarn  l a y e r s  compared  wi th  convent ional  
t h r e e  yarn  l aye r s  of convent ional  fabrics .  Apar t  f rom reducing t h e  o f f s e t  of t h e  
l ines  of f o r c e  in a l a p  seam,  t h i s  m e a n s  a lower c o a t i n g  weight  c a n  ach ieve  on 
WIWK s ty les ,  a n  equiva lent  o r  b e t t e r  yarn  c o v e r a g e  t h a n  heavier  coa t ings  on 
convent ional  s tyles .  



High T e m p e r a t u r e  Seam S t r eng th  ~- 

I t  i s  impor t an t  t h a t  t h e  adhesion of t h e  c o a t i n g  t o  t h e  base  yarn  and t h u s  t h e  
seam s t r e n g t h  be  mainta ined  at e l eva ted  t empera tu re s .  In s e rv i ce  t e m p e r a t u r e s  -- 
(depending on  f ab r i c  colour)  c a n  r e a c h  60-65 '~ .  The dead  load test has  been  
developed t o  c h e c k  high t e m p e r a t u r e  seam s t rength .  A welded s e a m  isomade (of 
des i red  width)  and  a s t a t i c  load applied and  held fo r  4 hours at  70 C.  The  
maximum load be fo re  any  s e a m  c r e e p  o r  peel  f a i lu re  is  measured ,  and  a l s o  a pee l  
test for  adhesion i s  made .  I t  i s  recommended t h a t  a 24 hour test period b e  used 
f o r  s eve re  c l i m a t i c  condi t ions  of serv ice ,  and  t h e  minimum s e a m  load b e  used fo r  
design purposes. -- 

Caut ion  mus t  be  used in in terpre t ing  seam s t r e n g t h  specif icat ions.  High 
t e m p e r a t u r e  tests a r e  necessary,  and  t h e  test period m u s t  b e  s t a t ed .  Snap tests ~- 

c a n  g ive  r e su l t s  50-1000% of f ab r i c  tens i le  s t r eng th  for  a 50-60mm s e a m  width,  
whereas  a 24 hour 70 C dead  load test will g ive  a t r u e  resul t  of perhaps  20-30% 
of f ab r i c  t ens i l e  s t rength .  

~ - 

Seaming Techniques 

Acrylic c o a t e d  PVC fab r i c s  c a n  be seamed by high f requency,  hot  a i r /ho t  wedge  - 
welding. High f r equency  welding i s  a lways  specif ied fo r  qual i ty  m e m b r a n e  
s t ruc tu re s .  

TedlarB PVF l amina ted  t o  t h e  f a c e  of PVC fab r i c s  in 1-1.5 mi l  th ickness  will n o t  
readily weld wi th  H.F. equipment.  The  method usually adop ted  i s  t o  use  a PVC 
fab r i c  t a p e  and double width  weld. This  has  t h e  advan tage  of leaving  a smoo th  
f a c e  s ide  at t h e  penalty of e x t r a  welding t i m e  and cos t .  -- 

O t h e r  me thods  of removing t h e  TedlarB f rom t h e  s u r f a c e  in t h e  s e a m  marg in  a r e  
cu r ren t ly  under development .  

W icking P e r f o r m a n c e  

- 
Wicking i s  t h e  phenomenon of absorbing w a t e r  through capi l l ia ry  a c t i o n  by t h e  
ya rn  f ibres.  T h e  absorbed w a t e r  c a n  c a r r y  micro- organisms which will grow 
be tween  t h e  coa t ing  and t h e  fibres. These  micro-organisms c a n  c a u s e  s t a ins  and  
wi th  p lac t ic ized  sys tems,  c a n  consume  t h e  p las t ic izer ,  leading t o  c o a t i n g  
e m b r i t t l e m e n t  and  degradat ion  of t h e  yarn  f ibres.  

A simple test has  been developed t o  c h e c k  if t h e  c o a t e d  f ab r i c  will wick. The  
test cons i s t s  of suspending a sample  ver t ica l ly  in coloured dye  w a t e r  solut ion fo r  
24 hours and  observing if t h e  d y e  t r ave l s  up t h e  yarns. A copy of  t h e  test 
procedure  i s  included as Figure 4. (3) 

An example  of wicking i s  shown in Figure  4(A). 



Figure 4. 

WlCKlNG OF CLOTH, COATED 
1. SCOPE 

1.1 This method is to determtne the amount of water wicking of coated textiles such as liner fabrics. 
alr-structure materials, truck tarpaulins, etc. 

2 TEST SPECIMEN 
2.1 The soectmen shall be a plece of the finished cloth one inch by eight inches (1" x a"), cut in the 

direction spec~fied. 

3. NUMBER OF DETERMINATIONS 
3.1 Unless otherwrse specified In the material spectfication, one specimen shall be tested from each 

sample untt. 

4. APPARATUS 
4.1 Beaker: A one thousand milliliter beaker. Griffin Low Form. The beaker shall be filled to a depth of 

one rnch with a ten percent solution of watersolubledye(contrastingw~th the colorof the material). 

4.2 Polyethylene Film: Film of two to twenty thousandths for covering beaker. 

5. PROCEDURE 
5.1 Hang the soeclmens along the outs~de edge of the beaker, w~ th  one end just touch~ng the bottom 

(one rnch ~mmersed In the dye solution). Hold In oosltlon wlth a paper CIIC over the folded surplus 
over the edge of the beaker. Cover the specimens and beaker wlth the polyethylene fllm and hold In 
place w~th  rubber bands. 

5.2 Allow to remain at room temperature for twenty-four hours. unless otherwise specified. 

5.3 At the end of the soecified time. remove the specimens. blot off and dry. Observe for stain of cloth: 
coatlng may be cut off or peeled to facilitate thls. 

6. CALCULATION OF RESULTS 
The length of wtcking shall be reported. along with the direction. 

PURPOSE: To prevent the coated fabric from wicking mpisture and bacteria. Alternated freezing and 
thaw~ng of wtcked fabrlc is detrimental to coating adhesion life. Mildew and starn can also occur 
and decomposed bacteria can be acidic affecting fiber strength and life. 



Dimensional Stability 

The commonly used base f ibres  for membrane s t ruc tu res  have been polyester and 
fibreglass. Li t t le  d a t a  is  available on t h e  long t e r m  c r e e p  performance of these  
f ibres,  and field exper ience  shows t h a t  ini t ial  c r e e p  of polyesters causes  
retensioning of t h e  membrane in 1 - 6 months  a f t e r  initial erect ion.  

[Many s t ruc tu res  have been installed for up t o  10 yea rs  without retensioning being 
required. Present  indications a r e  t h a t  adjus tments  made over t h e  f i r s t  month  c a n  
remove initial c r e e p  sufficiently for no  fur ther  retensioning t o  be required. 

Weave s ty le  has a major e f f e c t  on t h e  initial s t r e t c h  behaviour of t h e  fabric. 
WIWK weaves  have diagonal stiffness, making them more  s t ab le  than plain o r  
panama weave styles. High bias s t r e t c h  indicates wider seaming along t h e  bias 
direction t o  maintain seam strength.  

Good dimensional stabil i ty is  important  in t h e  cu t t ing  and welding of t h e  fabrics. 

Cleanabil i ty 

Buildup of d i r t  and pollutants, a p a r t  from aes the t i c  and translucency problems, 
c a n  damage t h e  coat ing system and reduce useful life. 

Surface coat ings  on vinyl sys tems include acryl ic  lacquers, polymeric films, PVDF 
lacquers and PVF laminated films. 

Teflon PTFE coat ing on fibreglass has a 16 year history and silicone-glass sys tems 
have been used for high translucency applications. 

Generally t h e  desirable propert ies of t h e  surface  finish; inertness t o  a wide range 
of chemicals,  U.V. resistance,  flexibility, self cleaning character is t ics ,  a r e  
achieved wi th  non-plasticized finishes. These c a n  lead t o  problems in a r e a s  such 
a s  handling and fabrication. 

Acrylics a r e  suitable for s t ructures  where regular cleaning c a n  maintain 
appearance.  They a r e  easy t o  f abr ica te  and handle. Tedlarm PVF and Teflon PTFE 
a r e  very iner t  and maintain good appearance without regular cleaning, but a r e  
more  diff icult  t o  handle, and their  iner t  na tu re  requires special  fabrication 
techniques, especially for teflon-glass. T e d l a F  PVF has been used a s  a coat ing 
on aluminium siding for  over 20 years,  and membrane s t ruc tu re  applications have 
maintained good appearance a f t e r  12 years  continuous exposure. 

Damage and Repairability 

The higher t e a r  s t rength  and inherent  resilience of polyester based fabr ics  have 
prevented field o r  shop damage.  On r a r e  occasions of field e rec t ion  damage,  
PVC/PVF systems a r e  easily repaired by adhesives o r  field welding. 

Teflon PTFE coated fibreglass fabr ics  a r e  susceptable t o  flexfold weakening of 
t h e  f ibreglass base yarn and require exceptional  c a r e  in handling in fabr ica t ion 
and field erection.  Patching occurs  more  frequently d u e  t o  breakage of damaged 
yarns during tensioning. This problem i s  unknown in polyester based fabrics. 

The trend t o  higher translucencies in fabr ic  means  t h a t  field repai rs  become more  
noticeable and c r i t i ca l  t o  t h e  aes the t i c  result.  



FIRE RESISTANCE 

T h e r e  a r e  s eve ra l  na t ional  s t anda rds  (DIN, ASTM, NFPA, AS) re la t ing  t o  f i r e  
tes t ing ,  and  most ly ,  t hey  de r ive  f r o m  t h e  t e x t i l e  industry f o r  t e s t ing  m e m b r a n e  
fabrics .  

In developing t h e  'Model C o d e  fo r  Arch i t ec tu ra l  Fab r i c  S t ruc tu re s '  i t  w a s  
recognized  t h a t  in sp i t e  of t h e  long standing t rad i t ion  of building te rminology 
such  as combus t ib l e  and n o n c o m b u s t i b l e  (and hour f i r e  rat ings) ,  and  i t s  ingrained 
use  in building codes,  i t s  use  in re la t ion  t o  f ab r i c  s t r u c t u r e s  i s  misleading. (4) 

All t h e  f ab r i c s  used for  a r c h i t e c t u r a l  f ab r i c  s t ruc tu re s ,  when exposed t o  a f i r e ,  
will m e l t ,  c r e a t i n g  a hole in t h e  fabric .  The  pr imary  d i f f e rence  i s  t h a t  w i t h  100% 
polymer ic  membranes ,  t h e  hole will b e  gene ra t ed  quickly, as soon as t e m p e r a t u r e s  
exceed  160-250'~.  With g lass  f i b r e  based fabrics ,  t h e  t e m p e r a t u r e s  mus t  exceed  
7 0 0 ' ~  be fo re  t h e y  will mel t .  T h e  mel t ing  c h a r a c t e r i s t i c  has  s ignif icant  bene f i t s  
in al lowing m u c h  of t h e  hea t  and smoke  t o  ven t  r a t  her t h a n  being confined in t h e  
occupied  space .  Glass  f i b r e  based f ab r i c  will res i s t  f i r e  for  a longer period of 
t i m e ,  and  because  of t h e  n a t u r e  of t h e  ma te r i a l s  will con t r ibu te  less  fue l  t o  t h e  
f i re .  

T h e  e s sen t i a l  c h a r a c t e r i s t i c  of f i r e  r e s i s t an t  f ab r i c s  i s  t h a t  ' spread of f l ame '  is 
l imi ted  t o  t h e  sou rce  a r e a ,  and t h a t  t h e  f ab r i c  self- extinguishes when t h e  sou rce  
i s  removed.  Also 'smoke developed '  mus t  b e  l imited,  however fo r  t h e  reasons  
given above ,  t h e  smoke  i s  m o r e  likely t o  ven t  in 100% polymeric fabr ics ,  so  i s  
less  impor t an t  in m o s t  s i tuat ions.  

Austral ian Standard  1530 P a r t s  2, 3 ,  cove r  f lammabi l i ty  of m a t e r i a l s  and  ea r ly  
f i r e  hazard  propert ies .  

C o m p a r a t i v e  r e su l t s  for  TedlarQ PVFIPVC Polyes ter  and Tef Ion PTFE fab r i c s  a r e  
shown in F igu re  5. 

TOXICITY O F  FUMES 

An issue of conce rn  i s  t h e  toxic i ty  of f u m e s  developed f rom non-self vent ing  
f ab r i c s  such  as Teflon PTFE c o a t e d  fibreglass. 

Recen t ly ,  r e p o r t s  f rom t h e  U.K. indica te  t h a t  PVC-Polyester f ab r i c s  w e r e  
spec i f ied  for  t h e  Lords  C r i c k e t  Ground Grands tand because  of a ban on t h e  use  
of f luoropolymers  such  as PTFE - glass  f ab r i c s  for  l a rge  s c a l e  s t ruc tures .  (6). 

This  i s  not  a problem w i t h  T e d l a e  PVF PVC Polyes ter  d u e  t o  t h e  PVF being on 
t h e  face s ide  of t h e  f ab r i c  and PVC on t h e  in ter ior  side, which i s  t h e  only s ide  
exposed t o  any  f u m e  development  s i tuat ion.  

Figure 5. 

FLwmBILITY OF MRTERUVS 

FS1530.2.1973 

Speed Factor ( 0 4 0 )  
Spread Factor ( 0 4 0 )  
Heat Factor (0 UP) 
Fl-bility Index 

ERRLY FIRE H A W  
FS1530.3.1973 

Ignitabil ity Index (0 -20 ) 
Spread of Flame Index (0-10) 
Heat Evolved Index (0 -10 ) 
Smoke Developed Index (0-10) 

rmF/FW Polyester TkflonGlass 
She1 -Rite 8028FR Sheerfi l l  I1 
950 gsm 1530 gsm 

0 0 
1 0 
1 0 
2 0 

Sources: AWTA Test 7 405524 -EQ, 
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