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METHODS OF TEST FOR 
VULCANIZED RUBBERS

P A R T I TENSILE S TR ES S-STR A IN  PROPERTIES

( First Revision )

0. F O R E W O R D

0 .1  T h is  In d ia n  S ta n d a rd  ( P a r t  I ) ( F irs t R evision ) w as a d o p te d  by tUc 
In d ia n  S ta n d a rd s  In s titu tio n  o n  12 S ep tem b er 1977, a f te r  th e  d ra f t  finaliz* 
e d  by  th e  R u b b e r  P ro d u c ts  S ec tio n a l C o m m ittee  h a d  been  ap p ro v ed  by 
.th e  P e tro leu m , Ck>al an d  R e la te d  P ro u d u c ts  D ivision C ouncil.

0 ^  T h is  s ta n d a rd  w as first p u b lish ed  in  1965. In  th is  revision sm all 
d u m b -b e ll te s t p iece  ( T y p e  3 ) h as  also been  in c lu d ed . O p p o r tu n ity  has 
also been  ta k e n  to a lig n  th is  rev ision  w ith  th e  la te s t In te rn a tio n a l 
S ta n d a rd  o n  th e  subject.

0 .3  T h is  s ta n d a rd  is essentially  based  o n  IS O  37-1976 ‘R u b b e r, v u lcan ized — 
D e te rm in a tio n  o f  tensile  s tress-stra in  p ro p e rtie s ’, issued by th e  In te rn a ­
tio n a l O rg an iza tio n  for S ta n d a rd iz a tio n .

0 .4  I n  re p o r tin g  th e  resu lt o f  a  te s t o r  analysis m ad e  in  a cco rd an ce  w ith 
th is  s ta n d a rd , i f  th e  final va lu e , observed  o r  ca lcu la ted , is to be rounded  
off, i t  sha ll be d o n e  in  acco rd an ce  w ith  IS  : 2-1960*.

1. S C O P E

1,1 T h is  s ta n d a rd  ( P a r t  I ) p rescribes th e  m eth o d  for th e  d e te rm in a tio n  o f  
tensile  stress-stra in  p ro p ertie s  o f  vu lcan ized  rubBers. T h is  m e th o d  is no t 
ap p lic a b le  to  th e  testing  o f  m a te ria ls  o rd in a rily  classified as ebon ite  or 
h a rd  ru b b e r  o r  la tex  film.

2 . T E R M IN O L O G Y

2.1 F o r  th e  purpose o f  th is  s ta n d a rd , th e  definitions g iven  in  IS : 7503 
( P a r t  I  )-1974f shall app ly .

•R u le s  fo r ro u n d in g  off n u m erica l value# ( revised ). 
fG lo tsa ry  o f  te riru  used in  ru b b e r  in d u s try . P a r t  I .



3.1 In  th is  te s t, te s t p icces, e ith e r  dum b-be lls  o r  rings, a re  s tre tc h e d  in  { 
tensile te s tin g  m ach in e  a t  a  co n s ta n t ra te  o f  trav erse  o f  th e  d riv en  g r ip  oj 
pulley. R ead in g s o f  lo ad  a n d  e long atio n  a re  tak en  as re q u ire d  d u rin g  th< 
u n in te r ru p te d  s tre tc h in g  o f  iM^ te s t p iece  a n d  w h en  i t  b reaks.

3.1.1 D u m b -b e ll a n d  r in g  test p ieces do  n o t necessarily  give th e  sam ( 
values for th e  s tress-stra in  p ro p e rtie s . T h is  is m a in ly  because  in  strctched 
rings, th e  stress is no t u n ifo rm  over th e  cross-section . second  fa c to r  is 
th e  existence o f  ‘grain*, w h ich  m ay  cause du m b -b e lls  to  give different
values acco rd in g  to  w h e th e r th e ir  len g th  is p a ra lle l o r  p e rp e n d ic u la r  tc
the  jrrain . • . i-v, ■

' ■
3.1.2 T h e  m a in  po in ts  to be n o ted  in  choosing  betw een  rinsrs and

dum b-be lls  a re  as follows: . .

a ) TensiU strength —  R in g s  give low er, som etim es m u ch  low er, values
th a n  dum b-bells, th e  la t te r  b e in g  m u ch  n e a re r  t o ’th e  t ru e  tensile  
s tren g th  o f  th e  ru b b e r . T h e  es tim a tio n  o f  t r u e  tensile  s tren g th  
from  r in g  d a ta  involves e x tra p o la tio n  o f  th e  s tress-stra in  cu rve. 
D um b-bells  a re , th e re fo re , p re fe rab le  fo r d e te rm in a tio n  o f  tensile  
s tren g th . ..

b )  Elongation at iwoA —  R in g s give, on  th e  average , ap p ro x im ate lv
th e  sam e va lu e  as d u m b -b e lls , p ro v id ed  th e  e lo n g a tio n  o f  r i n «  is 
ca lcu la ted  as a  p e rcen tag e  o f  th e  in te rn a l c ircu ip fe ren ce  and  
dum b-bel s a re  cu t p e rp e n d ic u la r  to  th e  g ra in  i f  th is  is p resen t to 
a  m ark ed  degree . W ith  some ru b b ers , how ever, rings an d  
dum b-bells  m ay  be found  to d iffer m ark ed ly  fo r reasons n o t vet 
^  is l i ttle  to  choose betw een  rin g s L d
dum b-bells  e x c tp t  t h a t  th e  la t te r  shou ld  be used  i f  i t  is desired  to  
s tu d y  g ra m  effects. O therw ise , rings u sua lly  h a v e  th e  ad v an tag e  
o f  m ore  a c c u ra te ly  m easu rab le  values o f  e longation .

c) Elongation at a given stress and modulus —  R in g s a n d  du m b -b e lls  give 
su b s tan tia lly  th e  sam e values, p ro v id ed  th e  e lo n g a tio n  o f  the  
anH rh* c a lc u la ted  as a  percen tage  o f  th e  in itia l m e a n  c ircum fercncc  
an d  th e  av e rag e  v a lu e  is tak en  for dum b-be lls  c u t p a ra lle l  a n d  p e r- 
pendicul^ar to  th e  g ra m  i f  th is  is p resen t to  a  m a rk e d  degree . R in es

u a lly  h av e  th e  ad v an tag e  o f  g iv ing  m o re  consisten t read in g s an d  
m o re  a c c u ra te ly  m easu rab le  values o f  e lo n g a tio n , a n d  fac ilita te
a u to g ra p h ic  re c o rd in g  o f  s tress-s tra in  curves. ; . .

3.1.3 Sm all size te s t p icces give som ew hat h ig h e r  va lues fo r th e  stress 
s tra in  p rop erties  th a n  those o b ta in ed  w ith  n o rm a l size test pieces.



4. A P P A R A T U S

4.1 M arker —  T h e  m a rk e r lo r m ark in g  th e  bench  m arks shall have u  
p a ra lle l knife edges. T h e y  shall be g ro u n d  sm ooth  a n d  tru e . T h e  rccoi 
m en d ed  th ickness o f  th e  lines sh a ll be 0 ‘05 to  0  08 m m .

4.2 Tensile-Test M ach in e—-T h e  m ach in e  sh a ll be o f  such  capaci 
th a t  th e  m ax im u m  lo ad  re q u ire d  to  b reak  th e  te s t specim en  shall no t cxce< 
85 p ercen t n o r  be less th a n  15 p ercen t o f  th e  ra te d  cap a c ity . T h e  ra te

‘ trav e l o f  th e  pow er a c tu a te d  g r ip  sh a ll be  500 ±  50  m m /m in  a n d  shall 
t- u n ifo rm  a t  a ll tim es. I f  co n d itio n s allow  a n d  a  h ig h e r ra te  o f  separatic 
' is d esirab le , a n  in c rease  u p  to  1 000 m m  ra te  m ay  be u sed  in  ro u tin e  wo 
'.^and n o ta tio n  o f  th e  speed  used  m ad e  o n  th e  re p o r t , bu t in  case of 

d isp u te , th e  500 m m  ra te  sha ll be considered  s ta n d a rd . Possible separ 
t io n  o f  th e  g rip s o f  a t  least 750 m m  sh a ll be p ro v id e d . T h e  m ach in e  sh: 
be equipi>ed w ith  a  scale  o r  o th e r  device g ra d u a te d  to  1 m m  for measu 
in g  th e  e lo n g a tio n , as show n by  e ith e r  th e  d is ta n c e  betw een  the  ben< 
m ark s o n  th e  d u m b -b e ll o r  th e  d is tan ce  b e tw een  th e  pu lleys in  test < 
rings. M eans shou ld  b e  p ro v id ed  for o b ta in in g  th e  fo llow ing m easur 
m en ts w ith o u t s to p p in g  th e  m ach ine :

a ) T h e  force o n  th e  test p iece; and
b )  T h e  e lo n g a tio n  o f  th e  test p iece, as show n by e ith e r  the  d is ian  

b e tw een  th e  b en ch  m ark s on  th e  d u m b -b e ll, o r  th e  d istan  
betw een  th e  pu lleys in  tests on  rings.

N o tk  In e r t ia  ( p e n d u lu m  ) ty p e  d y n a m o m e te rt a re  a p t  to  give resu lts wh 
d iffer because o f  fr ic tio n a l a n d  in e r tia l  effects. A n  in e rria-Icsa ( f o r  examp 
'e lectron ic  o r  o p tic a l tra n sd u c e r  ty p e  ) d y n a m o m e te r g iv es resu lts  w h ich  a re  f 
from  these  effects a n d  u ,  th ere fo re , td  be  p re fe rred .

4.2*1 F o r  te s tin g  d u m b -b e ll specim ens, th e  m ach in e  shall be equipp< 
w ith  a  ty p e  o f  g r ip  w h ich  tig h ten s au to m a tica lly  an d  ex e rts  a unifoi 
p ressure  across th e  g r ip p in g  surfaces increasing ly  as th e  tension  increas* 
so as to  p re v e n t u n ev en  slip p in g , an d  to  favour fa ilu re  o f  th e  specim en 
its co n stru c ted  sec tion . I t  is adv isab le  to  hav e  a t  th e  en d  o f  each  grip 
p osition ing  device so th a t  a ll specim ens a re  in se rte d  to  th e  sam e d ep th  
th e  jaw s a n d  a re  p e rp e n d ic u la r  to  th e  d ire c tio n  o f  pu ll.

• 4.2.2 F o r  te s tin g  r in g  pieces, th e  m a c h in e  sh a ll b e  p ro v id ed  wi
pulleys, b o th  o f  w h ich  a re  free to  ro ta te  w h ilst one a t  least is aut 
m atica lly  ro ta te d  by th e  m ach in e  to  eq u a lize  th e  s tra in  in  th e  r in g  duri 
th e  te s t. T h e  pu lleys sha ll be 25 m m  in  d ia m e te r .*

4.2.3 T h e  m ach iiie  sha ll be p o w er-d riven .

4.2.4 Calibration o f  Tensile-Test Machine —  T h e  load  scale an d  t 
^.recording m echan ism  shall b e  c a lib ra te d  a t least once in  th ree  m onths 
'e n su re  th a t  th e  load scale e r ro r  docs no t exceed  tw o p e rcen t o f  t 
^app lied  load.



5.0  T h e  test p iccc sha ll be in  th e  sh ap e  o f  e ith e r  a  r in g  o r  d um b-be ll 
as describ ed  in  5.1 an d  5.2.

5.1 R in g  T e s t  P i e c e  —  R in g s  sh a ll be  n o m in a lly  o f  in te rn a l  d iam ete  
4 4 '6  imm a n d  e x te rn a l d ia m e te r  5 2 '6  m m , th e  ra d ia l  w id th  no  w h e r . 
d e v ia tin g  by  m o re  th a n  ±  0 ’2 m m , fro m  th e  m ean  w id th . T h e  th ickness 
sh a ll p re fe rab ly  be 4  i  0*2 m m . I n  an y  r in g  th e  th ick n ess  sh a ll no  
w here  d e v ia te  by m ore  th a n  ±  0 '2  m m  from  th e  m e a n ’th ickness. '<• <

5.2 D u m b -B e ll  T e s t  P i e c e  —  D u m b -b e ll test pieces sha ll h av e  the
o u tlin e  show n in  F ig . 1, w h en  p u n c h e d  w ith  d ies, a n d  sh a ll con fo rm  to  
the  d im ensions g iven for T y p es 1, 2 a n d  3 in  T a b le  1 w hen  re a d  w ith  
F ig . I . ••

5 .2 .1  D u m b -b e ll T y p e  2 a n d  T y p e  3 ( see F ig . 1 a n d  T a b le  I ) sh a ll b e  '
u sed  o n ly  in  cases w h ere  th e re  is insufficient m a te r ia l  to^ e n a b le  d tu n b - 
bell, T y p e  1 to  be u sed . ^  • vV.

■' itV'-.V-- '
5.2 .2  T h e  b en ch  m ark s  sha ll n o t be m ore  th a n  25 m m  fo r  T y p e  1,

20 m m  for T y p e  2 a n d  10 m m  fo r T y p e  3 a n d  sh a ll b e  e q u id is ta n t i f r o m . 
th e  ends o f  th e  c e n tra l  p a ra lle l-s id ed  p a r t  o f  th e  te s t '

N otb  I —  T h e  use o f  au tom atic  extensom e(en is recom m ended, particu la rly  when 
bench  m arks, 10 m m  ap a rt a rc  used to  m easure the elongation, ‘ >j’ ■

N otb  2 —  I f  fabric is a ttach ed  o r em bodied in the ru b b er sam ple, remove the 
sam e before cu tting  the test pieces. Avoid preferably  the use o f  a  sw elling agent 
w hile rem oving the fabric, bu t benzene, chloroform  or carbon tetrach loride m ay be 
used to  w et the contacting  surfaces, i f  necessary. T ake care to  avoid stretching 
o f  th e  rubber d u rin g  th e  separation  from  th e  fabric, a n d  i f  swcUing liqu id  i» used, 
allow  the sam e to  evaporate com pletely from  the rubber surfaces a fte r separation. 
Make the clo th  m arked surfaces sm ooth by  bufi&ng. BufT as an d  w hen necessary 
the rubber sam ple w hich is o f  an  even thickness, or o f  thickness above th a t specified 
for ^ e  test piece w hich is to be cu t from  it. D uring buffing avoid undue heatinx 
o f  the rubber.



TA B LE 1 D IM E N SIO N S O F  D U M B-BELL T E S T  P IE C E S 
( Ciaust 5.2 )

PlMCNBlON* T y t e  1 T y t k Z

■ ( 0 (2) (3) (4)

mm mm mm

O verall length ( A ) , M in 115 75 35

W idth o f  en d t ( S  ) 25 db 1 12-5 ±  1-0 6 ±  0 5

L ength  o f  narrow  parallel 
• po rtion  ( C )

33 ±  2 25 ±  1 12 ±  0-5

W idth  o f  narrow  parallel 
V, portion* ( i )  )

6 +  0-4 
-  0 0

4*0 ±  01 2 ±  01

^SmaU rad iu i ( r } 14 ±  1 8 0 ±  0-5 3 ±  01

-.Large rad iu i ( Ji ) 25 ±  2 ^ 12*5 ± r o 3 ± 0 - l t

^^Thickiteu 2 ± 0 -2 2 0 ±  0*2 1 ±  01

f  *T he v a ria tion  w ithin any  one d ie  shall no t exceed 0*05 nun, 
f;* tC en tre  o f  circle on ihe cen tral line o f  dum b-bell.

! 6. T I M E  L A P S E  B E T W E E N  V U L C A N IZ A T IO N  A N D  T E S T IN G

!■ 6.1 T h e  m in im u m  tim e  b e tw een  v u lcan iza tio n  a n d  te s tin g  sh a ll be 16 
if hours.

6 .2  F o r  n o n -p ro d u c t tests  th e  m ax im u m  tim e  b e tw een  v u lcan iza tio n  and  
te s tin g  sh a ll b e  4  w eeks a n d  fo r ev a lu a tio n  in te n d e d  to  be co m p arab le , 
th e  tests , as fa r  as possib le, shou ld  b e  c a rr ie d  o u t a f te r  th e  sam e tim e

, i n t e r v a l .  Y
T

6 .3  F o r  p ro d u c t tests , w h en ev er possible, th e  t im e  b e tw een  v u lcan iza tion  
a n d  te s tin g  sha ll n o t exceed  3 m o n th s. I n  o th e r  cases, tests should

:b e  m a d e  w ith in  2 m o n th s o f  th e  d a te  o f  rece ip t b y  th e  cu sto m er o f  the 
‘ p ro d u c t. - 
 ̂’ i
6 .4  S am ples a n d ^ e s t  pieces sh a ll b e  p ro tec ted  from  lig h t as com plete ly  as
f)Ossiblc d u r in g  th e  in te rv a l betw een  v u lcan iza tio n  a n d  te sting . •

7. C O N D IT IO N IN G

7.1 P re p a re d  te s t pieces sha ll b e  co n d itio n ed  im m ed ia te ly  befo re  testing 
for a  m in im u m  o f  3 hou rs a t  th e  te s t te m p e ra tu re , th e  sam e te m p e ra tu re  
b eing  used  th ro u g h o u t any  one te st o r  series o f  te s ts  in te n d e d  to  be 

. co m p arab le .



8. T E M P E R A T U R E  O F  T E S T

8.1 T es tin g  sha ll be c a rr ie d  ou t a t .27 ±  2®C unless o therw ise  specifiecl.

9. P R O C E D U R E

9.1 M easurem ent o f  Test Piece

9.1.1 Ring Test Piece —  M easure  th e  th ickness by  a  m ic ro m ete r gauge, 
th e  foot o f  w h ich  ex erts  a  p ressu re  o f  20k P a  (a p p ro x  200 g f /c m ^ ) o n  th e  
ru b b e r . M easu re  th e  w id th  in  th e  sam e w ay  b u t u sing  a  gauge w ith ' 
c u rv ed  feet to  fit th e  c u rv a tu re  o f  th e  r in g . F o r  p recise  w ork i th e  
cross-section o f  th e  r in g  m ay  be c a lc u la ted  f io m  its m ass, d ensity  a n d  
m ean  c ircu m feren ce , for th e  r in g  specified  in  5*1, th e  c ircu m feren ce  is 
n  X 4 8 ’6 “  152 m m .

9.1.2 Dumb-Bell Test Piece —  M easu re  th e  th ickness by  a  gauge as 
describ ed  in  9.1.1. T h e  w id th  o f  th e  test p o rtio n  is assum ed to  be eq u a l to  
th e  w id th  betw een  th e  c u ttin g  edge o f  th e  n a rro w  c e n tra l p a r t  o f  th e  die; 
for th e  pu rpose , th e  w id th  o f  th is  p a r t  o f  th e  d ie  is m easu red  to  th e  
nearest 0*05 m m . T ak e  th e  average  o f  th re e  m easu rem en ts, one in  the  
cen tre  a n d  tw o on  each  side.

9.2 Determinatioii o f  Tensile Stress-Strain Properties

9.2.1 In se r t a  d u m b -b e ll te s t p iece  in to  th e  g rip s  o f  th e  tensile  testing  
m ach in e , ta k in g  c a re  to  a d ju s t i t  sy m m etrica lly  so th a t  th e  tension  w ill be 
d is tr ib u te d  u n ifo rm ly  o v er th e  c ro ss-sec tion . I f  tension  is g re a te r  on  one 
side o f  th e  te s t p iece  th a n  on  th e  o th e r , th e  b en ch  m ark s  w ill n o t rem ain  
p a ra lle l a n d  th e  m ax im u m  s tre n g th  o f  th e  ru b b e r  w ill n o t b e  developed . 
T h e n  s ta r t  th e  m a c h in e  a n d  m easu re  th e  d is ta n c e  b e tw een  th e  cen tre s  of 
th e  b en ch  as re q u ire d  to  th e  nea rest 1 m m  ta k in g  c a re  to  avoid  p a ra lla x , 
u n til  th e  test p iece  b reak s, i f  necessary . N o te  th e  lo ad  on  th e  te s t p iece 
as req u ire d .

9 .2.2 P lace  a  r in g  te s t p iece  a ro u n d  th e  tw o pu lleys w ith  a  m in im u m  ol 
tension  a n d  c a r ry  o u t th e  te s t in  th e  sam e  w ay  as fo r d u m b -b e ll test 
p ieces ex cep t for th e  n o tin g  o f  th e  in te r n l l  c ircu m feren ce  as req u ired .

10. C A L C U L A T IO N S
10.1 Tensile  Strength— T h e  tensile  s tre n g th  is given, in  m egapascals, 
by  th e  fo rm u la :

a) F o r  rm g s «  “ J T *
F

b) F o r  du m b -b e lls  =  —-j-

w here
F  =* th e  b reak in g  force, in  new tons; and  
A  =  th e  in itia l cross-sectional a re a , in  sq u are  m illim etres.



10.2 Elongation at Break —  T h e  p c rccn tag e  c iongalio ji a t b reak  is 
g iven  b y  th e  form ula :

a) F o r  r in g s  -  ~T X 100

b ) F o r  du m b -b c lts  “  x  100

. w here
I  »  th e  in te rn a l c ircu m feren ce , in  m illim e tre s , a t break;

th e  in itia l in te rn a l c ircu m fercn ce , in  m illim etres;

L  *• th e  len g th , in  m illim etres, be tw een  b en ch  m arks a t b reak; 
an d

L*— th e  in itia l len g th , in  m illim etres, b e tw een  bench  m arks. 

lOJ M o d u l u s T h e  m odulus is given, in  m eg ap asca ls , by the  form ula:

a) F o r  r in g s  =

b) F o r  du m b -b e lls  — 

w here
f  *  th e  force, in  new tons, a t  th e  re q u ire d  e longation ; and  

A  «  th e  in it ia l  cross-sectional a re a , in  sq u a re  m illim etres.

L0.4 Percent Elongation at Constant Stress —  T h e  percen tage  
elongation a t  co n s ta n t stress is g iven by  th e  form ula :

a) F o r  rin g s =  ■ X 100

b ) F o r  du m b -b e lls  =  X 100

w here
C  =» th e  m e a n  c i r c u m f e r e n c e ,  in  m iJ l im c trc S j a t  th e  r e q u i r e d  

s tre ss ;

C ^= th e  in itia l m ean  c ircu m feren ce , in  m illim etres;

L  =  t h e  le n g th ,  in  m i l l im e t r e s ,  b e tw e e n  b e n c h  m a r k s  a t  th e  
r e q u i r e d  s t r e s s ;  a n d

L ^ =  th e  in i t i a l  le n g th ,  in  m i l l im e tr e s ,  b e tw e e n  b e n c h  m a rk s .



10.5 F o r tensile  s tre n g th , e lo n g a tio n  a t  b reak , m o d u lu s o r  e lo n g a tio n  at 
co n stan t stress, th e  re su lt re p o r te d  sha ll be th e  m id d le  va lu e  i f  a n  odd  
n u m b e r o f  te s t p ieces is u sed , o r  th e  average  o f  th e  m id d le  tw o  values i f  
a n  even n u m b er o f  te s t p ieces is used , th e  vario u s resu lts  b e in g  a rra n g e d  
in  o rd e r  o f  In c reas in g  value .

11. R E P O R T

11.1 T h e  re p o rt sha ll in c lu d e  th e  follow ing p a rticu la rs :

a) T h e  values d e te rm in e d  for tensile  s tren g th , e lo n g a tio n  a t  b reak , 
an d  m odu lus o r  e lo n g a tio n  a t  co n stan t stress;

b) T y p e  o f  te s t p iece  used;

c) M eth o d  o f  d e te rm in g  cross-section  { o f  rings );

d) N u m b er o f  te s t p ieces used;

e) T e m p e ra tu re  o f  test; and

f )  D irec tio n  o f  g ra in  ( for du m b -b e lls  ).
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