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Foreword

T his s ix th  ed itio n  cancels  an d  rep laces  th e  fifth  ed itio n  [ISO 37:2011), w hich  h a s  been  techn ica lly  
rev ised .

The m ain  changes c o m p ared  to  th e  p rev io u s  ed itio n  a re  as  follows:

—  th e  c u tte r  ang le  ra n g e  in  Fig u re  3 h a s  b e e n  ch an g ed  to  30® - 35®;

— accu racy  re q u ire m e n t fo r force m e a su re m e n t h a s  been  changed  to  Class 1;

—  d im ensions o f 0d \  a n d  0 d i  in  Fig u re  5 an d  Table 3 have b een  c o rre c ted ;

—  th e  te s t  re su lts  of In te r la b o ra to ry  te s t  p ro g ra m m e s  (ITP) hav e  b e e n  added .

z
o
<£?

ISO (the  In te rn a tio n a l O rg an iza tio n  fo r S tan d ard iza tio n ] is a w o rld w id e  fe d e ra tio n  o f n a tio n a l s ta n d a rd s  g
bo d ies  (ISO m em b er bod ies). T he w o rk  o f p re p a rin g  In te rn a tio n a l S ta n d a rd s  is n o rm ally  c a rr ie d  o u t ^
th ro u g h  ISO tech n ica l co m m ittee s . Each m em b er body  in te re s te d  in  a  su b je c t fo r w hich  a  tech n ica l to
co m m ittee  h as  been  e s ta b lish e d  h a s  th e  r ig h t to  be re p re se n te d  on  th a t  co m m ittee . In te rn a tio n a l 
o rg an iza tio n s, g o v e rn m en ta l a n d  n o n -g o v e rn m e n ta l in lia iso n  w ith  ISO, a lso  ta k e  p a r t  in th e  w ork . ^
ISO co llab o ra tes  closely w ith  th e  In te rn a tio n a l E lec tro tech n ica l C om m ission  (lEC) on  all m a tte rs  o f  m
e lec tro tech n ica l s ta n d a rd iz a tio n . ^

The p ro c e d u re s  u se d  to  develop  th is  d o c u m e n t an d  th o se  in te n d e d  fo r i ts  f u r th e r  m a in ten an ce  a re  g
desc rib ed  in th e  ISO/IEC D irec tives, P a r t  1. In p a r t ic u la r  th e  d iffe ren t ap p ro v a l c r ite r ia  n ee d e d  fo r th e  lu
d iffe ren t ty p e s  o f ISO d o c u m e n ts  sh o u ld  be n o ted . T his d o cu m en t w a s  d ra f te d  in acco rd an ce  w ith  th e  g
ed ito ria l ru les of th e  ISO/lEC D irec tives, P a r t  2 (see www.isQ.Qrg/directivesl  ^

A tten tio n  is d ra w n  to  th e  p o ss ib ility  th a t  som e o f th e  e lem en ts o f th is  d o c u m e n t m ay  b e  th e  su b jec t o f ^
p a te n t rig h ts . ISO sha ll n o t b e  he ld  re sp o n s ib le  fo r Iden tify ing  any  o r  a ll such  p a te n t  rig h ts . D etails of >
an y  p a te n t  rig h ts  id en tified  d u rin g  th e  d ev e lo p m en t of th e  d o cu m en t w ill b e  in  th e  In tro d u c tio n  a n d /o r  <
on th e  ISO lis t of p a te n t  d e c la ra tio n s  rece iv ed  (see w w w .iso .o rg /p a te n ts1. S

oAny tra d e  n am e u se d  in  th is  d o c u m e n t is  in fo rm a tio n  g iven for th e  conven ience  o f u s e rs  an d  does n o t ^
c o n s titu te  an  en d o rsem en t. S

o
For an  ex p lan a tio n  on  th e  v o lu n ta ry  n a tu re  o f s ta n d a rd s , th e  m ean in g  o f ISO spec ific  te rm s  and  
ex p ressio n s re la te d  to  co n fo rm ity  a sse ssm en t, as w ell a s  in fo rm a tio n  a b o u t ISO's ad h e re n c e  to  th e  
W orld T rade O rg an iza tio n  (W TO) p rin c ip les  in th e  Technical B a rrie rs  to  T rade  (TBT) see  th e  fo llow ing ^
URL. w w w .iso .oi g /iso /fo re w o rd .h tm l. | »

T his do cu m en t w as p re p a re d  by  Technical C om m ittee  ISO/TC 45, Rubber and rubber products, x: g
S ubcom m ittee  SC 2, Testing and analysis. S

h-
—  d im ension  B o f th e  dum b-be ll t e s t  piece  h a s  b een  c o rre c ted  in  Fig u re  3; o

o
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Rubber, vulcanized or thermoplastic — Determination of |  
tensile stress-strain properties g m Ui

d
WARNING 1 —  P e r s o n s  u s in g  th i s  d o c u m e n t  s h o u ld  b e  f a m i l ia r  w i th  n o r m a l  l a b o r a to r y  p r a c t ic e .^  
T h is  d o c u m e n t  d o e s  n o t  p u r p o r t  to  a d d r e s s  a ll  o f  t h e  s a f e ty  p ro b le m s ,  i f  any , a s s o c ia te d  w i th  i t s ^  
u s e . I t  is  t h e  r e s p o n s ib i l i ty  o f  th e  u s e r  to  e s ta b l i s h  a p p r o p r ia te  s a f e ty  a n d  h e a l th  p ra c t ic e s  a n d  tocc 
d e te r m in e  th e  a p p l ic a b i l i ty  o f  a n y  o th e r  r e s t r i c t io n s .  g

0
WARNING 2 — C e r ta in  p r o c e d u r e s  s p e c if ie d  in  th i s  d o c u m e n t  m ig h t  in v o lv e  th e  u se  o r  g e n e ra tio n !^  
o f  s u b s ta n c e s ,  o r  t h e  g e n e r a t io n  o f  w a s te ,  t h a t  c o u ld  c o n s t i tu te  a  lo c a l e n v ir o n m e n ta l  h a z a r d .^  
R e fe re n c e  s h o u ld  b e  m a d e  to  a p p r o p r ia te  d o c u m e n ta t io n  o n  s a fe  h a n d l in g  a n d  d is p o s a l  a f t e r  u s e .^

to

1 Scope >
1

T his d o cu m en t sp ec ifie s  a m e th o d  for th e  d e te rm in a tio n  o f  th e  te n s ile  s tre s s -s tra in  p ro p e r tie s  of'< 
v u lcan ized  an d  th e rm o p la s tic  ru b b e rs . ^

2
T he p ro p e r tie s  w h ich  can  b e  d e te rm in e d  a re  ten s ile  s tre n g th , e lon g a tio n  a t  b reak , s tre s s  a t  a g iv en ;i 
elongation , e lo n g a tio n  a t  a  g iven  s tre s s , s tre s s  a t  y ield  an d  e lon g a tio n  a t  y ield . T he m e a su re m e n t o f |  
s tre s s  an d  s t r a in  a t  y ie ld  ap p lies  only  to  som e th e rm o p la s tic  ru b b e rs  an d  c e r ta in  o th e r  com pounds. ^

UJ)-ri
2 Normative references £

u;
The fo llow ing d o c u m e n ts  a re  r e fe r re d  to  in th e  te x t  in  such  a w ay  th a t  so m e o r  all o f th e ir  c o n te n t^  g  
co n s titu te s  re q u ire m e n ts  o f th is  d o c u m e n t For d a te d  re fe ren ces, on ly  th e  e d itio n  c ited  app lies. F o r^  S 
u n d a ted  re fe ren ces, th e  la te s t  ed itio n  o f  th e  re fe ren ced  d o cu m en t (inc lud ing  an y  am en d m en ts] app lies. iS

UJ
ISO 5893, Rubber and plastics test equipment —  Tensile, flexural and compression types (constant rate o f^  
traverse) — Specification ^

CD3
ISO 23529:2016, Rubber — General procedures fo r  preparing and conditioning test pieces fo r  physical^
test methods =

cc
ou.

3 Terms and definitions °

»

For th e  p u rp o se s  o f  th is  d o cu m en t, th e  follow ing te rm s  an d  d e fin itio n s  apply.

ISO a n d  lEC m a in ta in  te rm in o lo g ica l d a ta b a se s  for u se  in  s ta n d a rd iz a tio n  a t  th e  fo llow ing ad d resses :

ceu.
u;

UJ
— [EC E lec tro p ed ia ; av a ilab le  a t  h ttp ://w w w .e le c tro p e d ia .n rg / ^

f£
— ISO O nline b ro w sin g  p la tfo rm : availab le  a t  h ttp ://w w w .iso .o rg /o h p  ^

3 .1  ^
te n s i le  s t r e s s
S
s tre s s  app lied  so  a s  to  e x te n d  th e  te s t  piece  ffl

Note 1 to entry: It is calculated as the  applied force per unit a rea  of the original cross-section of the test length, g

UJ

3 .2
e lo n g a tio n
E
ten s ile  s tra in , e x p re s se d  a s  a p e rc e n ta g e  o f th e  te s t  len g th , p ro d u c e d  in th e  te s t  p iece  by  a tensile 
stress ( U )



3 .3
te n s i le  s t r e n g th  o
TS I
m axim um  tensile stress (3JL) re c o rd e d  in  ex ten d in g  th e  te s t  piece to  b re a k in g  p o in t 9

3 .4
te n s i le  s t r e n g th  a t  b r e a k
TSb
tensile stress (3.11 re c o rd e d  a t  th e  m o m en t o f ru p tu re

Note 1 to entry: See Figure 1.

Note 1 to entry: See Figure 1.

e lo n g a tio n  a t  a  g iv e n  s t r e s s

ten s ile  s tra in  in the  te s t  le n g th  w h en  th e  te s t  p iece  is su b jec ted  to  a g iven  tensile stress (2 J.)

3 .7
s t r e s s  a t  n g iv e n  e lo n g a t io n

tensile stress in  th e  te s t  le n g th  re q u ire d  to  p ro d u ce  a  g iven  elongation (3.2)

Note 1 to entry: See Figure 1.

m. 
ccLUa
a: 
O
I.I.] 
g

Note 2 to entry: The values of TS and  TSb m ight be different if, after yield at Sy, the  elongation (2*2) continues and ^
is accompanied by a drop in stress, resulting in TSb being lower than TS [see Figure 1 c)]. «

Ui
3 .5  I
e lo n g a t io n  a t  b r e a k  ^
£b i
te n s ile  s tra in  in th e  te s t  len g th  a t  b re a k in g  p o in t ^

c

i3 .6  I
o

o
Cl

-I-

<
CO
LUcc

Note 1 to entry: In the rubber industry, th is definition is widely identified w ith the term  "modulus" and care g
should be taken to avoid confusion w ith the o ther use of "modulus" to denote the slope of the stress-stra in  curve ^
a t a given elongation. 3

3 .8  H
te n s i le  s i  r e s s  a t  y ie ld
o ll
*̂ y o
tensile stress (3.1) a t  th e  f ir s t  p o in t on th e  s tre s s -s tra in  cu rv e  w h e re  so m e f u r th e r  in c re a se  in  s tra in
o ccu rs  w ith o u t an y  in c re a se  in  s tr e s s

ccu.
Note 1 to entry: This m ight correspond either to a point of inflection [see Figure 1 b}] or to a maximum [see uj
Figure 1 cjj.

o
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3.9
e lo n g a tio n  a t  y ie ld

ten s ile  s tra in  a t  th e  f ir s t  p o in t on  th e  s t r e s s - s tr a in  cu rv e  w h e re  so m e fu r th e r  in c re a se  in  s tr a in  is no t 
accom pan ied  by an  in c re a se  in  s t r e s s  *

Note 1 to entry: See Figure 1. Sj
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a)

Key
E elongation 
£■1) elongation at break 
Ey elongation at yield 
■S' stress

Sy stress at yield 
TS tensile strength 
TSb tensile strength a t break 
y yield point

F ig u re  1 — I l lu s t r a t io n  o f  te n s i le  t e r m s
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3.10
t e s t  le n g il i  o f a  d u m b -b e ll
in itia l d is ta n c e  b e tw e e n  re fe re n ce  p o in ts  w ith in  th e  len g th  of th e  n a r ro w  p o rtio n  o f a  dum b-bell te s t  
p iece u sed  to  m e a su re  elongation

Standai- ’ .  ̂ pieces, e ith e r  d u m b -b e lls  o r  rings, a re  s tre tc h e d  in  a te n s ile - te s tin g  m ach in e  a t  a  c o n s ta n t

T he m a ; ::. i s to  be n o te d  in  cho o sin g  b e tw e e n  rin g s a n d  du m b -b e lls  a re  as follow s.

a) Tens...! sc ren g th

R ’ ' ’! t  be  p re fe r re d  in  a u to m a te d  te s tin g , due  to  th e  e a se  o f h a n d lin g  o f th e  te s t  p ieces, an d  in

6.1 f 1

M ini.’*' ' p ieces m ig h t g ive so m e w h a t d iffe ren t, u su a lly  higher, v a lu es  fo r te n s ile  s tre n g th  and  
elon^' rcnk  th a n  th e  la rg e r  te s t  pieces.

Note 1 to L'litry: See Figure 2.
dz

4  Principle o
a: 
a:
Hi

ra te  o f l, . c rse  o f th e  d riv en  g r ip  o r  pulley. R eadings o f  force an d  e lo n g a tio n  a re  ta k e n  as re q u ire d  re
d u rin g  t , ;;;: i n te r ru p te d  s tre tc h in g  o f th e  te s t  p iece an d  w h en  it  b re a k s . S

f
C3LJ

5 General §
w

D um b-L . ; nd r in g  te s t  p ieces  do  n o t n e c e ssa rily  give th e  sam e  v a lu es  fo r th e ir  re sp e c tiv e  s tre s s -s tra in  §
p ro p e rt is m ain ly  b e c a u se  in  s tre tc h e d  rings, th e  s tr e s s  is n o t u n ifo rm  o v er th e  c ro ss-sec tio n . 2
A seco! to r  is in th e  ex is ten ce  o f “g ra in " w hich  m ig h t cau se  d u m b -b e lls  to  g ive d iffe ren t va lues > 
depend  w h e th e r th e ir  len g th  is p a ra lle l o r  a t  r ig h t an g les  to  th e  g ra in . ^

Du i : is a re  p re fe ra b le  fo r d e te rm in a tio n  o f ten sile  s tre n g th . R ings give low er, so m e tim es  m uch ^  
iov les th a n  d u m b -b e lls . §

b) E!( 1 a t b re a k o

Q P
Rii;. ap p ro x im ate ly  th e  sa m e  v a lu es  a s  dum b-bells , p ro v id ed  th a t

lU
13 !ongation  o f r in g s  is ca lcu la ted  as a p e rc e n ta g e  o f th e  in itia l in te rn a l c ircu m feren ce , and  ^

IT'
2) bells a re  c u t a t  r ig h t  an g les  to  th e  g ra in  if  th is  is p re s e n t to  a s ig n ifican t d eg ree . ^

D i s shall b e  u se d  if  i t  is re q u ire d  to  s tu d y  g ra in  effec ts, a s  r in g s  a re  n o t su ita b le  for th is
P

El' : a t a g iven  s t r e s s  a n d  s t r e s s  a t  a  g iven elongation

T!‘ dum b-be lls  ( ty p e s  1 ,2  a n d  lA ) a re  g en era lly  p re fe rred .
5

P d u m b - b e l l s  give a p p ro x im a te ly  th e  sam e v a lu es  p ro v id e d  th a t  £
UJ

1 ' ng a tio n  o f r in g s  is ca lc u la ted  as a p e rc e n ta g e  o f  th e  in itia l m ean  c ircu m feren ce , an d  g
o

2) o rage value  is  ta k e n  fo r d u m b -b e lls  c u t p a ra lle l an d  a t  r ig h t  an g les  to  th e  g ra in  if th is  is ^
t  to  a s ig n if ic a n t d eg ree . g

S
U .I

th e  ’iiina tion  o f s t r e s s  a t  a  g iven  s tra in . g
CQinca

aU1



y p es  o f  te s t  p iece  a re  p ro v id ed , i.e. d um b-be ll-shaped  ty p e s  1, 2, 3, 4  an d  lA  an d  ring -shaped  
\ [no rm al) a n d  B (m in ia tu re ). T he re su lts  o b ta in e d  fo r a g iven  m a te r ia l a re  likely  to  v a ry §  
ng to  th e  ty p e  o f  te s t  p iece  used . T herefo re , th e  re su lts  o b ta in e d  fo r d iffe re n t m a te ria ls  should.^ 
eg a rd ed  a s  co m p arab le  u n less  th e  sam e ty p e  o f te s t  p iece  h a s  b e e n  used ,

're p a ra t io n  o f  t e s t  p ieces re q u ire s  buffing  o r  th ic k n e ss  ad ju s tm e n t, re s u lts  m ig h t b e  affec ted . 

) u m b - b e U s

lell te s t  p ieces sh a ll have  th e  ou tlin e  sh o w n  in  Fig u re  2 .

r length (see Table 1)
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F ig u re  2 ~  S h a p e  o f  d u m b -b e ll  t e s t  p ie c e s

n d a rd  th ic k n e ss  o f  th e  n a r ro w  p o rtio n  shall be 2,0 m m  ± 0,2 m m  fo r ty p e s  1, 2, 3 an d  lA  a n d ^  5  
± 0 ,1  m m  fo r ty p e  4.

t len g th  sha ll b e  in  a cco rd an ce  w ith  Table 1 .

' e r  d im en sio n s  o f  th e  d u m b -b e lls  sha ll be as p ro d u ced  by  th e  a p p ro p r ia te  d ie  (see Table 2 )>

r  ^  
g g  
ai'/IlU□;
tt.'
UI

i -s ta n d a rd  te s t  p ieces, e.g. th o se  ta k e n  from  fin ished  p ro d u c ts , th e  m ax im u m  th ick n ess  o f  the®  
p o rtio n  sh a ll b e  3,0 m m  for ty p e s  1 and  lA , 2,5 m m  fo r ty p e s  2 an d  3, an d  2,0 m m  for ty p e  4. a

T a b le  1 — T e s t  le n g th  o f  d u m b -b e lls

ypeof test piece Type 1 Type lA Type 2 Type 3 Type 4
cst length (mm) 25 ± 0,5 20 ± 0,Sa 20 ± 0,5 10 ±0,5 10 ±0.5

The test length shall not exceed the length of the narrow portion of the test piece Cdimension C in Table 2).

aoLL
o
CO

ind  4 dum b-be ll t e s t  p ieces sha ll on ly  b e  u sed  w h e re  in su ffic ien t m a te ria l is availab le  fo r th e g  
•S t pieces. T h ese  te s t  p ieces  a re  p a r tic u la r ly  su ita b le  fo r te s t in g  p ro d u c ts  an d  a re  u sed  inS^ 
p ro d u c t s ta n d a rd s , e.g. ty p e  3 du m b -b e lls  have b e e n  u se d  fo r te s tin g  p ipe sea lin g  rin g s andar 
verings. o

•Mgs ^
lU

•niard  ty p e  A r in g  te s t  p iece  sha ll hav e  an  in te rn a l d ia m e te r  o f 44 ,6  m m  ± 0,2 m m . T h e  m e d ia n g  
>>ness an d  m e d ia n  ra d ia l w id th  sha ll b e  4 m m  ± 0,2 m m . T he ra d ia l w id th  of any  r in g  s h a ll^  

, d e v ia te  fro m  th e  m ed ian  by m o re  th a n  0,2 m m  an d  th e  ax ia l th ic k n e ss  o f th e  rin g  sh a llo  
d ev ia te  fro m  th e  m e d ia n  b y  m o re  th a n  2 % . 3

Q.
Cl

;la rd  ty p e  B r in g  te s t  p iece sha ll hav e  an  in te rn a l d ia m e te r  o f  8 m m  ± 0.1 m m . T he m ed ian  a x ia l«  
s n nd m ed ian  ra d ia l w id th  shall be  1 m m  ± 0,1 mm. T he ra d ia l w id th  o f an y  rin g  shall n o w h ere  
II oin th e  m ed ian  by  m o re  th a n  0,1 m m . T h is te s t  p iece  shall be u se d  on ly  w h e re  in su ffic ien t 

nvailab le  fo r th e  la rg e r  ty p e  A te s t  piece.



7 Api' ratus

7 .1  Di : a n d  c u t t e r s

All d ies . c u tte rs  u se d  sha ll b e  in acco rd an ce  w ith  ISO 23529. Dies fo r p re p a ra tio n  o f dum b-bells  
shall ha \ th e  d im en sio n s g iven  in  Table 2 a n d  Fig u re  3 ex cep t fo r th e  c u ttin g  edge fo r w h ich  Fig u re  3 
on ly  indi :tes a su ita b le  g eo m etry . T h e  d e p a r tu re  from  p a ra lle lism  a t  any  p o in t a long  th e  w id th  o f th e  
n a rro w  \ r tio n  o f th e  d ie  sh a ll n o w h e re  exceed  0,05 m m .

For a m e o d  o f c u ttin g  ty p e  B r in g  te s t  pieces, se e  A nn ex A .

T a b le  2  — D im e n s io n s  o f  d ie s  fo r  d u m b -b e l l  t e s t  p ie c e s

D im ension
mm Type 1 Type lA Type 2 Type 3 Type 4

A Over ’ngth (minimum)* 115 100 75 50 35
B Widti ends 25 + 1 25 ±1 12,5 ±1 8,5 ±0,5 6 ±0,5
C Lengt >f narrow  portion 33 ±2 21 ±1 25 ±1 16 ±1 12 ± 0,5
D Widti t narrow  portion 6,2 ± 0,2 5 ±0.1 4 ±0,1 4 ±0,1 2 ±0,1
E Tran n radius outside 14 ± 1 11 ±1 8 ±0,5 7,5 ± 0,5 3 ±0,1
F Trans 11 radius inside 25 ±2 25 ±2 12,5 ±1 10 ±0,5 3 ±0,1
“ Agri 
grips, ihi;

jverall length might be necessary to ensure that only the wide end tabs come into contact with the machine 
ding "shoulder breaks".

7.2 T1 ness gauge

The in s t en t fo r m e a su rin g  th e  th ic k n e ss  of dum b-bell t e s t  p ieces a n d  th e  ax ia l th ic k n e ss  o f rin g  te s t
p ieces si e in acco rd an ce  w ith  th a t  u se d  in  m e th o d  A o f  ISO 23529:2016.

The in s f  •’n t  fo r m e a su rin g  th e  ra d ia l w id th  o f rin g  te s t  p ieces sha ll be s im ila r  to  th e  above, excep t
th a t  t c t a n d  b a se  p la te  sha ll b e  sh a p e d  to  fit th e  c u rv a tu re  o f th e  ring .

7.3 r  !auge

A calihr: cone gauge o r  o th e r  su ita b le  e q u ip m e n t sha ll be u se d  to  m e a su re  th e  in te rn a l d ia m e te r  of
rin g  t' : . es. T he e q u ip m e n t sh a ll b e  cap ab le  o f m easu rin g  th e  d ia m e te r  w ith  an  e r r o r  o f  n o t m ore
th a n  0,0 i. The m e a n s  o f  su p p o r tin g  th e  r in g  te s t  piece to  b e  m e a su re d  sha ll b e  su ch  as to  avoid any
signi* : in g e  in th e  d im en sio n  b e in g  m easu red .
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Dimensions In millimetres

X

Key
1 method of fixing to su it machine
2 ground smooth
3 ground

NOTE 1 For dimensions A to F. see Table 2 .

NOTE 2 The diagram s on the right show sections of typical fixed blades.

F ig u re  3 — D ie f o r  d u m b -b e ll  t e s t  p ie c e s

7.4 Tensile-testing machine
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7 .4 .1  The ten silC 'tes tin g  m ach in e  shall com ply w ith  th e  req u irem en ts  o f ISO 5893, hav ing  an  accu racy ^  
of force m e a su re m e n t com plying w ith  class 1. An ex tensom eter, w h e re  used, shall have an  accu racy c  
com plying w ith  class D fo r ty p e  1, lA  and  2 dum b-bell te s t  p ieces an d  class E fo r ty p e  3 and  4 d u m b -b e lll  
te s t  pieces. The m ach in e  s h i l ,  a s  a  m inim um , be capable o f o p e ra tin g  a t  ra te s  o f tra v e rse  o f  100 m m /m in ,c  
200 m m /m in  an d  500 m m /m in .

W hen te s tin g  d um b-be lls , th e  m e th o d  o f m easu rin g  th e  ex ten s io n  m ig h t re q u ire  th e  te s t  m ach ine  to  
apply  a sm all p re s tr e s s  to  th e  te s t  p iece  to  avoid  it  bend ing . In th is  case, th e  m ach in e  shall b e  capab le  o f^  
apply ing  th e  n e c e ssa ry  p re s tre s s .

7 .4 .2  For te s ts  a t  te m p e ra tu re s  o th e r  th an  a s tan d a rd  lab o ra to ry  tem p era tu re , a  suitable.: 
th erm o sta tica lly  con tro lled  ch am b er shall b e  fitted  to  th e  ten s ile -te s tin g  m achine. G uidance fo r achieving 
elevated  o r  su b n o rm al te m p e ra tu re s  is given in ISO 23529.



An exam ple o f a  te s t  r ig  u sin g  p u lleys fo r te s tin g  r in g s  is show n  in  Fig u re  4 . For r in g s  o f ty p e s  A an d  B, 
th e  pulley  d im en sio n s sha ll b e  a s  sp ec ified  in  Table 3 an d  Fig u re  5.

One o f th e  pu lleys sha ll be fre e  to  tu r n  w ith  very  low  fric tio n  an d  th e  o th e r  sha ll b e  d riv e n  to  ro ta te  th e  
ring . It shall ru n  a t  a  sp eed  b e tw e e n  10 r /m in  a n d  15 r/m in .

Key
1 load cell
2 actuator
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F ig u re  4  — E x a m p le  o f  r ig  fo r  te n s i le  t e s t s  o n  r in g s
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T a b le  3 — P u lle y  d im e n s io n s

Dimensions in millimetres

Pulleys L 0di A R 0^2 B

Standard pulleys for type A 
rings 25,5 + 0,05 5,66 3,0 29 ±0,1 4,3

Alternative pulleys for type A 
rings 3 5 ^ / 22,3 ± 0,05 — — 25 ± 0.1 5,0

Standard pulleys for type  B 
rings 5,5^0-' 4,50 ± 0,02 1,27 0,75 5,2 ± 0,05 1,2
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Cili

3,5

- i -
30̂
3.5

a) S ta n d a r d  p u l le y s  fo r  ty p e  A a n d  B r in g s  b ) A lte rn a t iv e  p u l le y s  fo r  ty p e  A r in g s

Key
1 freely rotating pulley
2 driven pulley
3 direction of extension

F ig u re  5 — P u lle y  a r r a n g e m e n t  fo r  te n s i le  t e s t in g  o f  t y p e  A a n d  B r in g s

8 Number of test pieces

A m in im um  o f  th r e e  t e s t  p ieces sha ll b e  te s te d .

The n u m b er o f t e s t  p ieces sh o u ld  p re fe rab ly  b e  d ec ided  in  advance, b e a r in g  in m in d  th a t  th e  u se  
te s t  p ieces w ill give a lov^er u n c e r ta in ty  th a n  a te s t  w ith  th r e e  te s t  pieces.

9 Preparation of test pieces

9.1 Dumb-bells
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D um b-bell te s t  p ieces sha ll b e  p re p a re d  by th e  a p p ro p ria te  m e th o d s  d esc rib e d  in  ISO 23529. D um b-g  
bells shall, w h e re v e r  possib le , b e  c u t para lle l to  th e  g ra in  of th e  m a te r ia l u n le ss  g ra in  effec ts  a re  to  b e §

ce m o  ztt? 
ul

stud ied , in w h ich  c a se  a  s e t  of dum b-be lls  sha ll a lso  b e  cu t p e rp e n d ic u la r  to  th e  g ra in . 

9 .Z  R in g s

Ring te s t  p ieces sha ll be  p re p a re d  by c u ttin g  o r punch ing , u s in g  th e  a p p ro p r ia te  m e th o d s  d esc rib ed  in g  
ISO 23529, o r  by  m oulding.

10 Conditioning of sample and test pieces

10.1 Time between vulcanization and testing

For all te s t  p u rp o se s , th e  m in im u m  tim e  b e tw e e n  v u lcan iza tio n  an d  te s t in g  sha ll b e  16 h.



For n o n -p ro d u c t te s ts ,  th e  m ax im u m  tim e  b e tw e e n  v u lcan iza tio n  an d  te s t in g  sh a ll b e  4 w eek s  and , for 
ev a lu a tio n s in ten d ed  to  b e  co m p arab le , th e  te s ts  shall, as  fa r  as  possib le , b e  c a rr ie d  o u t a f te r  th e  sam e 
tim e  in te rva l.

10.3 Conditioning of samples

C ondition all sam ples, o th e r  th a n  th o se  fro m  latex , in accordance  w ith  ISO 23529  a t  a  s ta n d a rd  la b o ra to ry  
te m p e ra tu re , w ith o u t h u m id ity  co n tro l, fo r n o t less th a n  3 h  p r io r  to  c u ttin g  o u t th e  te s t  pieces.

10.4 Conditioning of test pieces

For te s ts  a t  te m p e ra tu re s  o th e r  th a n  a s ta n d a rd  la b o ra to ry  te m p e ra tu re , co n d itio n  th e  te s t  p ieces a t 
th e  te m p e ra tu re  a t  w hich  th e  t e s t  is to  be co n d u c ted  fo r a p e rio d  su ffic ien t to  enab le  th e  te s t  p ieces to  
a tta in  su b s ta n tia l eq u ilib riu m  in acco rd an ce  w ith  ISO 23529  (see a lso  7.4.2}.

11 Marking of dumb-bell test pieces

If u sin g  a n o n -co n tac t ex ten so m ete r, m a rk  th e  dum b-bell te s t  pieces w ith  tw o  re fe ren ce  m a rk s  to  define 
th e  te s t  len g th  a s  sp ec ified  in  T able 1 u s in g  a su itab le  m arker. T h e  t e s t  p iece  sh a ll b e  u n s tra in e d  w h en  
it  is m arked .

12 Measurement of test pieces

12.1 Dumb-bells

For p ro d u c t te s ts , w h e n e v e r possib le , th e  tim e  b e tw e e n  v u lcan iza tio n  a n d  te s t in g  sh a ll n o t exceed  S
3 m on ths. In o th e r  cases, te s ts  sh a ll b e  m ad e  w ith in  2 m o n th s o f th e  d a te  o f re c e ip t o f th e  p ro d u c t by  th e  ^
custom er. q

'D10.2 Protection of samples and test pieces ^
cc:

Sam ples and  te s t  p ieces sha ll be  p ro te c te d  a s  com plete ly  as possib le  fro m  all e x te rn a l in flu en ces likely ci
to  cause  dam age  d u rin g  th e  in te rv a l b e tw e e n  v u lcan iza tio n  an d  te s tin g , e.g. th e y  sha ll b e  p ro te c te d  o
from  ligh t and  h ea t. o

U1

C ondition all p re p a re d  la tex  sam p les  in acco rd an ce  w ith  ISO 23529  a t  a  s ta n d a rd  la b o ra to ry  \z
te m p e ra tu re , w ith  h u m id ity  co n tro l, fo r n o t less th a n  96  h p r io r  to  c u ttin g  o u t th e  te s t  pieces. §

P-
C ondition all te s t  p ieces in acco rd an ce  w ith  ISO 23529. If th e  p re p a ra tio n  o f te s t  p ieces involves buffing, 
th e  in te rv a l b e tw e e n  b u ffing  a n d  te s t in g  shall b e  n o t less  th a n  16 h  an d  n o t g re a te r  th a n  72 h. S

For te s ts  a t  a  s ta n d a rd  la b o ra to ry  te m p e ra tu re , te s t  p ieces th a t  do n o t re q u ire  f u r th e r  p re p a ra tio n  m ay  z  ®
b e  te s te d  im m ediately , if  cu t from  co n d itio n ed  te s t  sam ples. W h ere  a d d itio n a l p re p a ra tio n  is involved, a  i f

O ,v

The lines shall be  m a rk e d  on th e  n a r ro w  p a r t  o f th e  te s t  p iece, as  sh o w n  in  F ig u re  2. i.e. e q u id is ta n t uj 
fro m  th e  cen tre  o f th e  te s t  p iece  an d  a t  r ig h t an g les  to  its  lo n g itu d in a l axis.
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M easure  th e  th ick n ess  a t  th e  c e n tre  a n d  a t  each  end  o f th e  te s t  len g th  w ith  th e  th ic k n e ss  gauge. Use th e  
m ed ian  value  of th e  th r e e  m e a su re m e n ts  to  ca lcu la te  th e  a re a  of th e  c ro ss-sec tio n . In  an y  one dum b-bell, ^
none of th e  th r e e  th ic k n e ss  m e a su re m e n ts  o f th e  n a rro w  p o rtio n  sha ll d iffe r by  m o re  th a n  2 %  from  th e  ^
m ed ian  th ick n ess . The w id th  o f th e  te s t  p iece shall be  ta k e n  as th e  d is ta n c e  b e tw e e n  th e  c u ttin g  edges y
of th e  d ie in  th e  n a r ro w  p a r t ,  a n d  th is  d is ta n c e  shall be m e a su re d  in  acco rd an ce  w ith  ISO 23529 to  th e  ^
n e a re s t  0,05 m m . T est p ieces cu t fro m  p ro d u c ts  m igh t have a  n o n -re c ta n g u la r  c ro ss-sec tio n , in w h ich  ^
case  th e  w id th  shall be m e a su re d  d ire c tly  on  th e  te s t  piece.



12.2 Rings
o

M easure th e  rad ia l w id th  a n d  ax ia i th ick n ess  a t  six  ap p ro x im ate ly  eq u a lly  spaced  p o sitio n s a ro u n d g  
th e  ring . T he m ed ian  value  o f each  s e t  o f  m e a su re m e n ts  sha ll be u se d  in  ca lcu la tin g  th e  a re a  o f th e o  
c ro ss-sec tion , The in te rn a l d ia m e te r  sha ll be m e a su re d  to  th e  n e a re s t  0,1 m m . C alculate th e  in te rn a l^  
c ircu m feren ce  a n d  th e  m ean  c ircu m feren ce  as  follow s. 2

o
In te rn a l c ircu m fe ren ce  = Tt x in te rn a l d ia m e te r  *

oUl
M ean c ircu m fe ren ce  = n  x ( in te rn a l d ia m e te r  + ra d ia l w id th ) k

12.3 Comparison of groups of test pieces f
UJtD

if  tw o  g ro u p s  o f t e s t  p ieces  (e ith e r dum b-bells  o r rin g s) a re  be ing  co m p ared , th e  m ed ian  th ick n ess  fo rg  
each g ro u p  sha ll b e  w ith in  7,5 %  o f th e  g ra n d  m ed ian  th ick n ess  fo r th e  tw o  g ro u p s. aa

13 Procedure |
>-

13.1 Dumb-bell test pieces ^
0

In se r t  th e  te s t  p iece  in to  th e  te n s ile -te s tin g  m achine, e n su r in g  th a t  th e  en d  ta b s  a re  g rip p ed  
sy m m etrica lly  so  th a t  th e  te n s io n  is d is tr ib u te d  u n ifo rm ly  o v er th e  c ro ss-sec tio n . It is s tro n g ly a  
reco m m en d ed  th a t  th e  load cell be  r e s e t  to  zero  b efo re  each  te s t . If necessa ry , apply  a  p re s tre s s  o j  
0,1 MPa so  th a t  th e  t e s t  p iece is n o t b e n t w hen  th e  in itia l t e s t  len g th  (see  F ig u re  2} is m easu red . 
necessary , s e t  up  th e  e x te n so m e try  device. S ta r t  th e  m ach in e  an d  m o n ito r  co n tinuously  th e  change in ^  
te s t  len g th  an d  force th ro u g h o u t th e  te s t . ^  ^

w 5
T he n o m in a l r a te  o f t ra v e rs e  o f th e  m oving  g rip  shall b e  50 0  m m /m in  fo r ty p e  1, ty p e  1A an d  ty p e  2 t e s t ^  g  
p ieces an d  2 0 0  m m /m in  fo r ty p e  3 an d  ty p e  4 te s t  p ieces. ^  ^

Any te s t  p iece  th a t  b re a k s  o u ts id e  th e  n a r ro w  p o rtio n  o r  y ie ld s o u ts id e  th e  te s t  len g th  shall b e  discardedtf] 
an d  a re p e a t te s t  co n d u c ted  on an  a d d itio n a l te s t  piece.

Ui
In m ak in g  v isu a l m e a su re m e n ts , c a re  shou ld  b e  ta k e n  to  avoid  in accu rac ies  due to  p a ra llax . §

q:
Ui13.2 Ring test pieces p
1Set th e  c o rre c t in itia l d is ta n c e  b e tw e e n  th e  pu lleys a s  follows:
o

+ 0 2  ®— 30 0 m m  b e tw e e n  th e  c e n tre s  o f th e  s ta n d a rd  pu lleys for ty p e  A rings; ^

—  35 '^ '^  m m  b e tw e e n  th e  c e n tre s  o f th e  a lte rn a tiv e  pu lley s  fo r ty p e  A rings; w :

—  m m  b e tw e e n  th e  c e n tre s  of th e  s ta n d a rd  p u lleys fo r ty p e  B rin g s . 2
K

Set th e  load  to  ze ro  b e fo re  m o u n tin g  th e  te s t  piece  on th e  pu lleys. g
2

Place th e  te s t  p iece  on  th e  p u lley s  an d  s t a r t  th e  m achine, m o n ito rin g  co n tin u o u sly  th e  d is ta n c e  b e tw e e n ^  
th e  p u lleys and  th e  in c re a se  in  s tr e s s  th ro u g h o u t th e  te s t .  o

i3
T he nom ina l r a te  o f t ra v e rs e  o f  th e  m oving  pulley  sha ll b e  500 m m /m in  fo r ty p e  A te s t  p ieces a n d ^  
100 m m /m in  fo r ty p e  B te s t  p ieces. T he d riv en  pulley  shall ro ta te  a t  th e  c o rre c t sp e e d  fro m  th e  s t a r t  t o ^  
th e  end  o f th e  te s t. o

tn



14 Temperature of test

C alculate th e  te n s ile  s tre n g th , TS, e x p re sse d  in m egapasca ls , u s in g  F o rm ula  [1):

C alcu late th e  e long a tio n  a t  b reak , E\j, e x p re sse d  as a pe rcen tag e , usii

C alcu late th e  te n s ile  s tr e s s  a t  y ield . Sy, e x p re sse d  in m egapasca ls , fro m  th e  fo rce  re c o rd e d  a t  th e  yield 
po in t, u s in g  F orm ula ( 7 ) :

The te s t  shall n o rm ally  b e  c a r r ie d  o u t a t  one o f  th e  s ta n d a rd  la b o ra to ry  te m p e ra tu re s  spec ified  in 
ISO 23529. W hen o th e r  te m p e ra tu re s  a re  re q u ire d , th e se  sha ll b e  se lec ted  fro m  th e  l is t o f p re fe rre d  
te m p e ra tu re s  g iven  in ISO 23529. ^

T he sam e te m p e ra tu re  sh a ll b e  u se d  th ro u g h o u t an y  one te s t  o r  se r ie s  o f te s t s  in te n d e d  to  b e  q  
com parab le . ^

15 Calculation of results |
£C

NOTE The rubber industry  uses the term  equation for the relationships herein term ed formula. The term  g
formula is used to describe the table of ingredients in a rubber compound.

TS =  - ^  m  i
Wt b

C alculate th e  ten s ile  s tre n g th  a t  b reak , TSb, e x p re sse d  in m eg ap asca ls , u s in g  F o rm ula  (2 ); ^
s

TSb = - ^  (2] S

i-
P ^
w 5  ?
X  §

.  lO O CLb-Lo)^ b --------j-------  (3) 5
u

C alcu late th e  s tre s s  a t  a  g iven  e longation , 5e, e x p re sse d  in  m eg ap asca ls , u s in g  Form ula (4 ): ^
LJ

r* “
^ e = —  C4) g^ Wt £

h-
C alculate th e  e lon g a tio n  a t  a  g iven  s tr e s s , Es, ex p re ssed  a s  a p e rcen tag e , u sin g  Form ula [5 ) : g

0 occ.li.
The value, in n ew to n s , o f th e  force, Fg, c o rre sp o n d in g  to  a given s tr e s s  is ca lcu la ted  u s in g  F orm ula [6) : u

F .= S ,W t  [6) I

Ui

F„
I ̂ Wt a
>-

C alcu late th e  e lo n g a tio n  a t  y ie ld , Ey, e x p re sse d  as a  pe rcen tag e , u s in g  F o rm ula  (8) : g

r  rm ^C y ---------- :----------  [oj



to  iS i, th e  sy m b o ls  u se d  have th e  fo llow ing m ean ings:

Fb is th e  force re c o rd e d  a t  b reak , in N;

Frn Is th e  m ax im u m  force reco rd ed , in N;

Fy is th e  force re c o rd e d  a t  y ield , in N;

Lq is th e  in itia l t e s t  len g th , in  mm;

Lb is th e  te s t  le n g th  a t  b reak , in  m m ;

Ls is  th e  te s t  le n g th  a t  a  g iven  s tre s s , in mm;

Ly is  th e  te s t  len g th  a t  yield , in  mm;

t  is th e  th ic k n e ss  of th e  te s t  p iece  over th e  te s t  leng th , in m m ;

W  is th e  w id th  d e te rm in e d  as spec ified  in  12.1. in m m .

1 5 .2  R in g  t e s t  p i e c e s

IUi
6XT
dUI£
CC

s
O
UJ
tPQuu
□3y3
CO

UiO

I
<
t
OX

Q21
NOTE The rubber industry  uses the term  equation for the relationships herein term ed formula. The te rm ^ 
formula is used to describe the  table of ingredients in a rubber compound.

Calculate th e  te n s ile  s tre n g th , TS, e x p re sse d  in  m egapascals,

F
T S = —

2Wt

C alculate th e  te n s ile  s t r e n g th  a t  b reak , TSb, e x p re ssed  in m egapasca ls ,

o
us

P  » V) o  Z iN
C9)5i

<UJin
UJ

TSu =
2Wt

C alculate th e  e long a tio n  a t  b reak , e x p re sse d  as a p e rcen tag e , u s in g  F o rm ula  (11):

_ 1 0 0 (7 u j+ 2 I ,b -C j)

C:

q:
UJ

(10)m
S. 
m
i-~ 
a  
9

i  
u . 
LJ

Zi 
tc
U I

T he d is tan ce , in m illim e tres , b e tw e e n  th e  p u lley  ce n tre s  c o rre sp o n d in g  to  a  given e longation , he, a lso  in §  
m illim etres, is c a lc u la ted  u s in g  Form ula (13): ^

Htu
(13)0,

Calculate th e  s tr e s s  a t  a  g iven  e longation , 5e, e x p re sse d  in  m egapascals , 

F .

2Wt

f .  ^  L g ----------- +  •
200 2

C alculate th e  e lon g a tio n  a t  a  g iven  s tre s s . Bs. e x p re ssed  as a  p e rcen tag e , 

1 0 0 (7 td + 2 L s -C i)

{jj cn 
>- a  
a
UJ

< 4'm



T he value, in n ew to n s , o f th e  force, F©, co rre sp o n d in g  to  th e  re q u ire d  s t r e s s  is ca lcu la ted  u sing  

F^=2S^W t (15)

C alcu late th e  te n s ile  s tr e s s  a t  y ield , Sy, e x p re sse d  in m egapascals,

Cm is th e  in itia l m ean  c ircu m fe ren ce  o f  th e  ring , in m m ; g

Ci is th e

Cm is th e

d is th e

Fh is th e

Fm is the

Py is th e

Lh is th e

is th e

Ly is th e

t is th e

W is th e

is th e  in itia l in te rn a l c ircu m fe ren ce  o f th e  ring , in  m m ; 

is th e  in itia l m ean  c ircu m fe ren ce  o f  t\ 

is th e  d ia m e te r  o f  th e  pu lleys, in  mm;

16 Expression of results

W hen m o re  th a n  one  te n s ile  s t r e s s - s t r a in  p ro p e r ty  is be ing  d e te rm in e d  on th e  sam e  te s t  p ieces, the  
te s t  d a ta  shall b e  t r e a te d  a s  if th e y  h ad  b een  o b ta in ed  in d ep en d en tly  fo r each  p ro p e r ty  a n d  th e  re su lt  
ca lcu la ted  a s  d e sc rib e d  fo r each  p ro p e r ty  sep ara te ly .

In all cases, th e  m ed ian  fo r each  p ro p e r ty  sha ll be re p o rte d .

z
Q
i '
S
CN
•*.0Uf
O

Fy ^
C16] ^

ccUJ Q
2Wt

C alculate th e  e long a tio n  a t  y ie ld , Ey, e x p re s se d  as a p e rcen tag e , u s in g  F o rm ula  (1 7 ): So

100[7cd + 2 L „ -C i )  f
E ,  = ----------- C17) S

(/} CCi 
LU. to  (17). th e  sy m b o ls  u se d  hav e  th e  fo llow ing m ean ings; d
>

< 
o  
z
li.
O 
lu

is th e  m ax im u m  force reco rd ed , in  N; p
jr ®

is th e  force re c o rd e d  a t  y ield , in  N; z  §

is th e  d is ta n c e  b e tw e e n  th e  p u lley  c e n tre s  a t  b reak , in  m m ; &
iD f/j

is th e  d is ta n c e  b e tw e e n  th e  p u lley  c e n tre s  a t  a g iven  s tre s s , in  m m ; ^

is th e  d is ta n c e  b e tw e e n  th e  p u lley  c e n tre s  a t  yield, in m m ; 

is th e  ax ia l th ic k n e ss  o f  th e  ring , in  m m ; C£.

W  is th e  ra d ia l w id th  o f th e  r in g , in  m m . g
i£
O cn

OKii.
u

HIo
a:
UJ
9
5
LU17 Precision g

See

NOTE Annex C analyses, on the  basis of the precision data, the perform ance of the  different types of dumb* 
bell te s t piece. S

- j
p ...arjCO



2) th e  n u m b e r o f te s t  p ieces  te s te d ,

3) an y  d ev ia tio n s  fro m  th e  p ro c e d u re  specified ;

d) te s t  re su lts :

e) th e  d a te  o f  te s tin g .

o
T he te s t  r e p o r t  sha ll include th e  fo llow ing p a r tic u la rs : g

o
a} d e ta ils  o fsa m p le  an d  te s t  pieces: 3

1] a  fu ll d e sc r ip tio n  o f  th e  sam p le  a n d  its  o rig in , ^

21 com pound  d e ta ils  an d  cu re  condition , if know n, o
UJtr:

3) th e  m e th o d  o f  p re p a ra tio n  o f th e  te s t  p ieces (e.g. buffing), g
Q

4) th e  ty p e  o f t e s t  p iece u sed , o
UiCD

5) th e  m ed ian  th ic k n e ss  o f th e  te s t  piece, g

6)  th e  d ire c tio n  re la tiv e  to  an y  g ra in  in w hich  dum b-bell te s t  p ieces w e re  cu t; S
UJ

b) a  full re fe ren ce  to  th e  te s t  m e th o d , i.e. ISO 37; >
f

c) te s t  d e ta ils : ^

1) th e  te m p e ra tu re  o f  te s t  an d  th e  re la tiv e  hum idity , if  necessary , g

p  p  TO
1) th e  ind iv idual t e s t  re su lts , ^

X  ^
2) th e  m ed ian  v a lu e s  o f th e  p ro p e r tie s  d e te rm in ed , ca lcu la ted  in  acco rd an ce  w ith  C lause 15: ^  h
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Preparation of type B ring test pieces

z
O 
l£>
o 
‘if
<,0 
UJ

o

C) LUre
Type B rin g s m ay b e  c u t o u t u s in g  a  r o ta r y  c u ttin g  m ach ine  o p e ra te d  a t  4 0 0  r /m in  an d  f itte d  w ith  a
a  specia l ho ld er fo r b la d e s  (see  Fig u re  A .l). T he b lad es shou ld  b e  lu b ric a te d  w ith  so a p  so lu tion  an d  g
in sp ec ted  freq u en tly  fo r sh a rp n e ss , d am age , etc. T he sam p le  shou ld  b e  s e c u re d  d u rin g  c u ttin g  w ith  th e  o
device show n  in Fig u re  A.2 . g
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Dimensions in millimetres
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Key
1 side-clamp for blade (dimension A is not critical)

F ig u re  A .l  — S p e c ia l to o l h o ld in g  r e m o v a b le  b la d e s
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Annex B ^
(informative) |

Precision iUl
oz
o

B.l General o
o

The re p e a ta b ility  an d  re p ro d u c ib ility  o f  th e  m e th o d  w ere  ca lcu la ted  on th e  b asis  o f  ISO/TR 9272.(j
O riginal d a ta  w e re  t r e a te d  fo r o u tlie rs  a t  th e  5 %  and  2 %  sig n ificance  levels on th e  basis  o f  th e S
p ro c e d u re s  d e sc r ib e d  in  ISO /TR 9272. ^

c6
UJD

B.2 Details of test programmes
<

B .2.1 T hree  in te r la b o ra to ry  te s t  p ro g ram m es (ITPs) w ere  o rgan ized . p
s

The f ir s t  ITP in 2001  w a s  a s  follow s. ■
C3

T h re e  d iffe re n t co m p o u n d s  of n a tu ra l  ru b b e r  [NR), s ty re n e  b u ta d ie n e  ru b b e r  (SBR) a n d  e th y le n e -  
p rop y len e  d ien e  ru b b e r  (EPDM) w ere  u sed  fo r te n s ile  te s ts . A te s t  re s u l t  fo r th is  te s t  m e th o d  w as th e o  
average  o r  m ean  o f five s e p a ra te  m e a su re m e n ts  o f each  of th e  p ro p e r tie s  a s  in d ica ted  below .

A to ta l  o f  23 la b o ra to r ie s  in  e ig h t c o u n tr ie s  p a rtic ip a te d  in th e  p ro g ra m m e . ^  ^
-i

The second  ITP in 2 0 0 2  w a s  a s  follow s. S  g

One NR com p o u n d  w a s  u se d  fo r te n s ile  te s tin g . T he com pound  fo rm u la tio n  w a s  th e  sam e as th e  N R ^ 
com pound  u sed  in  th e  f i r s t  ITP. ^

QZ
A to ta l o f 17 la b o ra to r ie s  in  six  c o u n tr ie s  p a r tic ip a te d  in th e  p ro g ram m e, a

T he fu lly  p re p a re d  ru b b e r  te s t  p ieces w e re  s e n t to  each  la b o ra to ry  fo r ev a lu a tio n  in  b o th  ITPs, th u s S  
giv ing  a ty p e  1 p rec is io n . p

cc
The th ird  ITP in  2014  w a s  a s  fo llow s. £

o
Five d iffe re n t co m p o u n d s  o f  NR, ac ry lo n itr ile -b u tad ien e  ru b b e r  (NBR) [tw o d iffe re n t acry l n i t r i l e s  
co n te n ts  (ACN)], h y d ro g e n a te d  a c ry lo n itr ile -b u tad ie n e  ru b b e r  (HNBR) a n d  EPDM (see Table B .l) w e re g
u sed  fo r te n s ile  te s ts . ^
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In g red ien t
N um ber o f p a r ts  by  m ass

C om pound A C om pound Bi C om pound C^ C om pound D' C om pound
NR 100
NBRCACN content 28% ) 100
NBR [ACN content 34 %) 100
HNBR (ACN content 34 %] 100
EPDM 100
HAF carbon black (N 330) 35
HAF carbon black (N 550) 70 50 65
HAF carbon black (N 762) 50
Zinc oxide 5 5 5 5
Stearic acid 2 1
Antioxidant (IPPD)® 1
Antioxidant [6PPD)^ 0,5
Antioxidant [TMQ)c 1 0,5 2
Antioxidant diphenylamine 1
Antioxidant (ZMMBl)d 1
Accelerator [TBBS)® 0,7
Accelerator (TMTD)f 2,5
Accelerator (CBS)g 1,5
Sulfur 2,25 0,2
Peroxide (40 % by mass)h 3 5
Peroxide (40 % by mass)' 8
Total 146,95 178,5 160 160,5 177,2

Press cure
140 °C 170 "C 170 °C 170 “C 160 “C
40 min 20 min 20 min 20 min 20 min

a /V-Isopropyl-W'-phenyl-p-phenylenediamine. 
b W-l,3-Dimethylbutyl'W'-phenyI-p-phenyienediamine. 
c Polymerized 2,2,4-trimethyl-l,2-dihydroquinoUne. 
d Zinc salt of 2-mercaptobenzoimidazole. 
e W-tert-ButyI-2-benzothiazoIesulfenamide. 

f Tetramethylthiuram disulfide, 
g /V-Cyciohexylbenzothiazyl>2*sulfenamide. 

h Dicumylperoxid.
J Di(tert-butylperoxyisopropyl)benzene. 
i Compound B is in conformance with ISO 13226 SRE-NBR 28/FX. 
k Compound C is in conformance with ISO 6072 HNBR 1.
! Compound D is in conformance with iSO 6072 EPDM 1, 
m Compound E is in conformance with ISO 13226 SRE-NBR 34/SX. 
HAF = High abrasion furnace

A te s t  re s u lt  fo r th is  t e s t  m e th o d  w a s  th e  av e rag e  o r  m ean  o f  five s e p a ra te  m e a su re m e n ts  o f  each  o f th e  
p ro p e r tie s  as in d ica ted  below.

A to ta l of 25 la b o ra to r ie s  in  sev en  c o u n tr ie s  p a r tic ip a te d  in  th e  p ro g ram m e.



The fully  p re p a re d  ru b b e r  te s t  p ieces w ere  sen t to  each  la b o ra to ry  fo r ev a lu a tio n  in b o th  ITPs, th u s  
g iv ing  a  ty p e  1 p rec is io n . '§

•'£>U>
B .2.2 T he te s t  p ro p e r tie s  to  b e  m e a su re d  w ere  ten sile  s tre n g th  a t  b re a k  (TSb), elongation  a t  b reak  
s tre s s  a t  100 %  e lon g atio n  (5ioo] an d  s tre ss  a t  200 %  elongation  (5200)*

ui

B .2.3 T h ree  ty p es  o f  dum b-bell, ty p e  1, ty p e  2 and  ty p e  lA , w ere  te s ted . §
9

T he ty p e  1 w a s  te s te d  w ith  tw o  te s t  len g th s  of 20 m m  an d  25 m m  m a rk e d  on th e m  in th e  f ir s t  ITP, butce 
fo r th e  seco n d  ITP only  t e s t  p ieces w ith  a  te s t  len g th  of 25 m m  w e re  te s te d . £

§
B.3 Precision results ^

llV
T he re su lts  c a lc u la ted  fo r th e  p rec is io n  a re  g iven  in  Tables B.2. B.3. 8 .4  a n d  B.5. Tables B.2. B.3 a n d  B.4m 
sho w  th e  re s u lts  o f  th e  f i r s t  ITP fo r th e  NR, SBR and  EPDM com pounds, respective ly . Table B.5 show si^ 
th e  re su lts  o f th e  seco n d  ITP fo r NR. Tables B.6. B.7, B.B, B.9 and  B.IO sh o w  th e  re su lts  o f th e  th ird  IT P ^ 
fo r m a te ria ls  A, B, C, D a n d  E, respective ly . 5

I
I

£  Q Z
u. 
O

T he sym bols u se d  in  th e s e  ta b le s  a re  d e fin ed  as  follows;

r  is th e  re p ea tab ility , in  m e a su re m e n t un its;

(r) is th e  re p ea tab ility , in p e rc e n t (relative);

R is th e  rep ro d u c ib ility , in  m e a su re m e n t un its;

(i?) is th e  rep ro d u c ib ility , in p e rc e n t (relative].

T a b le  B .2  >— P re c is io n  f o r  NR c o m p o u n d  ( f i r s t  IT P )

■>

P ro p e rty D um b-bell ty p e /  
t e s t  len g th

M ean value
N = 2 3 x 2  = 46

W ith in -lab o ra to ry
re p e a ta b ility

In te rla b o ra to ry
rep ro d u c ib ility

r (r) R (R)

TSb

Type 1/20 mm 34,25 1,10 3,20 3,35 9,79
TVpe 1/25 mm 34,17 1,53 4.47 2,49 7,29
Type 2 /2 0  mm 31,93 1,25 3,93 2,85 8,94

Type lA /2 0  mm 34.88 0,67 1,91 2,63 7,54

Eh

Type 1/20 mm 671 42,1 6,28 57,2 8,52
Type 1/25 mm 670 66.3 9,89 63,1 9.41
Type 2/20 mm 651 29,9 4,60 60,5 9,29

Type lA /2 0  mm 687 29,9 4,35 57,8 8,41

SlOO

Type 1/20 mm 1,83 0,18 10,00 0,36 19,50
Type 1 /25  mm 1,86 0,12 6,73 0,32 17,24
Type 2 /2 0  mm 1.84 0,15 8,33 0,40 21,95

Type lA /2 0  mm 1,89 0,07 3,90 0,28 14,81

•S‘200

Type 1 /20 mm 4,49 0,45 10,08 0,85 18,97
Type 1/25 mm 4,42 0,52 11,82 0,77 17,36
Type 2/20 mm 4,39 0,39 8,79 0,87 19,85

Type lA /2 0  mm 4,58 0,38 8,25 0,70 15,26

'( Instituit of India



P ro p e rty D um b-bell ty p e /  
te s t  len g th

M ean value
/V = 2 3 x 2  = 46

W ith in -lab o ra to ry
re p e a ta b ility

In te r la b o ra to ry
rep ro d u c ib ility

r W R C«)
Type 1/20 mm 24,87 1,48 5,94 2.12 8,53

TSb
Type 1/25 mm 24,60 1,17 4,74 2,58 10,47
Type 2 /20  mm 24,38 1,52 6,22 2,84 11,65

Type lA /2 0  mm 24.70 1,01 4,11 2,38 9,65
Type 1/20  mm 457 29,3 6,40 39,0 8,53
Type 1/25 mm 458 31,4 6,85 31,6 6,90
Type 2 /20  mm 462 32,9 7,12 48,2 10,43

Type lA /2 0  mm 459 13,9 3,04 41,1 8,96
Type 1 /20 mm 2,64 0,20 7,46 0,51 19,47

■̂ 100
Type 1/25 mm 2,61 0,20 7,52 0.41 15,75
Type 2/20  mm 2,66 0,24 9,11 0,57 21,30

Type lA /2 0  mm 2,65 0,10 3,87 0,43 16,15
Type 1 /20  mm 7,76 0,59 7,62 1,28 16,52

5200
Type 1/25 mm 7,74 0,47 6,08 0,94 12,15
Type 2 /20  mm 7,68 0,56 7,31 1,48 19,25

Type lA /20  mm 7,81 0.45 5,74 1,00 12.79

T a b le  B .4 —  P r e c is io n  fo r  EPDM c o m p o u n d  ( f i r s t  IT P )

P ro p e rty D um b-bell ty p e /  
te s t  len g th

M ean value W ith in -lab o ra to ry
re p e a ta b ility

In te r la b o ra to ry
rep ro d u c ib ility

/V = 23 X 2 = 46 r M R m
Type 1 /20 mm 14,51 1,13 7,78 2,01 13,83

TSb
Type 1/25 mm 14,59 1,57 10,76 2,22 15,20
Type 2 /20  mm 14,50 1,20 8,26 2,14 14,74

Type lA /2 0  mm 14,77 0,65 4,39 1,87 12,65
Type 1/20  mm 470 22,2 4,71 32,4 6.90

Eb
Type 1/25 mm 474 33.8 7,13 44,5 9,38
Type 2/20 mm 475 21,9 4,60 42,4 8,93

Type lA /2 0  mm 471 20,2 4,28 39.2 8,34
Type 1/20 mm 2,33 0,21 8,99 0,36 15.32

SlOQ
Type 1/25 mm 2,30 0,18 7,61 0,32 13,94
Type 2/20  mm 2,39 0,17 7,21 0,32 13,52

Type lA /2 0  mm 2,40 0,09 3,87 0,29 12,04
Type 1 /20 mm 5,11 0,35 6,87 0,65 12,80

S2OO
Type 1/25 mm 5,05 0,25 4,88 0,62 12,35
Type 2 /20 mm 5,08 0,27 5,24 0.71 14,04

Type lA /2 0  mm 5,20 0,22 4,22 0,46 8.84

CLD.■Dw



P ro p e rty D um b-bell ty p e /  
te s t  len g th

M ean value

1 7 x 2  = 34

W ith in -lab o ra to ry
re p e a ta b ility

In te rla b o ra to ry
rep ro d u c ib ility

r R m

TSb

Type 1/25 mm 32,26 1,86 5,76 2,21 6,84
Type 2/20  mm 34,75 1,53 4,41 4,04 11,63

Type lA /2 0  mm 33,13 1,19 3,60 2,71 8,17

Eb
Type 1 /25  mm 640 27.26 4,26 54,44 8,50
Type 2 /20  mm 683 30,80 4,51 94.49 13,83

Type lA /2 0  mm 665 22,94 3,45 83,52 12,56

SlQO
Type 1/25 mm 1,74 0,13 7,29 0,32 18,17
Type 2 /20  mm 1,83 0,20 11,08 0,30 16,18

Type lA /2 0  mm 1,78 0,13 7,06 0,22 12,19

S2OO
Type 1/25 mm 4,27 0.32 7,42 1.10 25,81
Type 2 /2 0  mm 4,31 0,44 10,31 1,03 23,91

Type lA /2 0  mm 4,35 0,21 4,78 0,87 20,11

Table B.6 — Precision for material A (third ITP)

P ro p e rty D um b-bell ty p e M ean value 
MPa

W ith in -lab o ra to ry
re p e a ta b ility

In te rla b o ra to ry
rep ro d u c ib ility

r W R

TSb
Type 1 31,3 1,31 4,19 1,71 5,45
Type 2 33,6 1,87 5,55 2,67 7,95
Type 3 30,4 2.58 8,44 3,04 9,95

Eb
Type 1 569 26,3 4,63 34,9 6,13
Type 2 580 28,8 4,95 69,1 11,87
Type 3 543 45,8 8,39 91,9 32,81
Type 1 2,26 0,17 7,59 0,32 14,21
Type 2 2,35 0,24 10,14 0,46 19,54
Type 3 2,30 0,24 10,24 0,64 27,54

■S‘200

Type 1 6,07 0.54 8,89 1,14 18,73
Type 2 6,23 0,92 14,81 1,27 20,35
Type 3 6,07 0,89 14,70 1,88 30,96
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P ro p e rty D um b 'be ll ty p e M ean value 
MPa

W ith ln -Iab o ra to ry
re p e a ta b ility

In te r la b o ra to ry
rep ro d u c ib ility

r W R m

TSb
Type 1 21,0 1,25 5,97 1.39 6,64
Type 2 21,9 1,42 6,46 2,16 9,84
Type 3 21,3 0,94 4.41 1,68 7,89
Type 1 196 18,50 9,49 34,17 17,53
Type 2 206 19,44 9.42 35.78 17,34
Type 3 203 29,75 14.67 43,31 15,47

Sioo

Type 1 11,0 0,69 6,26 1,77 16,17
Type 2 11,0 1,04 9,42 2.27 20,62
Type 3 11,1 1,08 9,75 2,23 20,03

5zoo

Type 1 21,1 1.00 4,75 1,79 8,48
Type 2 21,2 0.94 4,46 1,60 7,58
Type 3 20,7 1,03 4,93 2,15 10,27

oh~<r>
UJ
6

ui£C
•rUia
q:o
Oj
C5
DLU
VJ
CO
LU
D
>
<

s
:So

UJc/5tu
q:
aiui{D03z>
ill

H
ao
u.
C>w
oLf
U.
LUoZuy
a:
UJa
z
_>
UJ

Q
LU
03to
CO
>•CQ
QQi
_l
C-
a .

Table B.8 — Precision for m aterial C (third ITP)

P ro p e rty D um b-bell ty p e M ean value 
MPa

W ith in -lab o ra to ry
re p e a ta b ility

In te r la b o ra to ry
rep ro d u c ib ility

r (r) R m

TSb
Type 1 25,5 1,51 5,92 1,89 7,43
Type 2 27,2 2,06 7,56 2,57 9,45
Type 3 27,5 1,81 6,59 2.33 8,47
Type 1 298 23,94 8,03 27,71 9,29
Type 2 303 27,71 9,15 44,00 14,53
Type 3 316 29,35 9,30 52,35 18,70

5l00

Type 1 4,18 0,36 8,67 0,60 14,34
Type 2 4,33 0,54 12,51 1,27 29,26
Type 3 3,91 0,61 15,54 1,50 38,38

S200

Type 1 14,9 1,08 7,26 1,74 11,70
Type 2 15,5 1,78 11,49 3,43 22,16
Type 3 14,6 2,15 14,62 4,22 28,73



P ro p e rty D um b-bell ty p e M ean value
MPa

W ith in -lab o ra to ry
re p e a ta b ility

In te rla b o ra to ry
rep ro d u c ib ility

r M R W

TSb
Type 1 17,1 2,12 12,40 2.87 16,81
Type 2 18,6 2,08 11,17 3,11 16,77
Type 3 18,0 2,63 14,63 3,31 18,45

£b

Type 1 300 23,49 7,86 53,74 17,99
Type 2 313 27,15 8,68 52,71 16,85
Type 3 302 28,02 9,27 58,72 20,97

5100

Type 1 3,42 0,19 5,56 0,35 10,19
Type 2 3,51 0,24 6,75 0,69 19,63
Type 3 3,29 0,40 12,08 0,84 25,67

5zoo

Type 1 9,51 0,69 7,18 1,28 13,43
Type 2 9,78 0,65 6,67 1,61 16,40
Type 3 9,55 1,10 11,50 2,38 24,91

T a b le  B .IO  — P re c is io n  f o r  m a te r ia l  E ( th i r d  IT P )

P ro p e rty D um b-bell ty p e M ean value 
MPa

W ith in -lab o ra to ry
re p e a ta b ility

In te rla b o ra to ry
rep ro d u c ib ility

r M R (R)
TSb Type 2 22,4 1,18 5,27 1,42 6,34

Type 2 375 37,42 10,01 52,21 13,97

-S“ioo Type 2 7,54 0,70 9,23 1,39 18,28
-S200 Type 2 15,56 1,06 6.79 1,90 12,19

r-j



Analysis of ITP data and dumb-bell shape

C.l General

T his a n n ex  co n sid e rs  th e  p e rfo rm a n c e  o f  th e  d iffe ren t dum b-be ll sh ap es , inc lu d in g  th e  ty p e  lA , th a t  
w a s  m e a su re d  th ro u g h  th e  ITP p ro g ra m m e s . The ty p e  lA  dum b-be ll is a re la tiv e ly  n ew  ad d itio n  to  th is  
d o cum en t, b u t it  h ad  b een  in  u se  in  Japan  a n d  o th e r  c o u n trie s  fo r m an y  y ea rs .

Jn te rla b o ra to ry  te s ts  sh o w ed  th a t  th e  ty p e  lA  dum b-bell h a s  a d v a n ta g e s  o v er ty p e s  1 a n d  2 o f b e t te r  
re p e a ta b ility  and , p a rtic u la rly , lo w er inc idence  of b re a k s  o u ts id e  th e  te s t  len g th . F in ite -e lem en t an a ly s is  
d e m o n s tra te d  th a t  th e  s t r a in  d is tr ib u tio n  in  th e  ty p e  lA  is m o re  u n ifo rm , w h ich  p ro b ab ly  acco u n ts  for 
its  im proved  pe rfo rm an ce .

T he values o f  th e  te n s ile  p ro p e r t ie s  d e te rm in e d  w ith  th e  ty p e  lA  dum b-be ll a re  v e ry  s im ila r  to  th o se  
o b ta in ed  w ith  th e  ty p e  1, b u t  th e y  c a n n o t b e  e x p e c te d  to  b e  id en tica l in  a ll cases.

T he ty p e  lA  dum b-bell h a s  s im ila r  o v era ll d im en sio n s to  th e  ty p e  1 an d  can  b e  co n sid e red  a s  an  
a lte rn a tiv e . It h a s  n o t re p la c e d  th e  ty p e  1 b ecau se  o f th e  huge b a n k  o f d a ta  o b ta in e d  an d  th e  long 
tra d itio n  w ith  th e  la t te r  dum b-be ll.
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C.2 Three variances for three-factor fully-nested experiments

In th e  co m p ariso n  o f  th e  p rec is io n  ca lc u la ted  in acco rd an ce  w ith  ISO /TR 9272 , R is  an  in d ic a to r  o f th e  
v a rian ce  b e tw e e n  la b o ra to r ie s  a n d  th e  value  o f r  is an  in d ic a to r  o f th e  to ta l  v a r ia n c e  (ao^ + 
fo r a  p a r tic u la r  lab o ra to ry , m ad e  u p  o f  th e  v a rian ce  b e tw e e n  th e  days a n d  th e  v a ria n c e  due  to  
m e a su re m e n t e r ro rs  In o rd e r  to  a n a ly se  ctd^ an d  sep ara te ly , it  is en o u g h  to  m ak e  an  e s tim a te  
o f each  com p o n en t o f  th e  v a r ia n c e  by th e  so -ca lled  th re e -fa c to r  fu lly -n ested  e x p e rim e n t d e sc rib ed  in 
ISO 5725-3.

T he e s tim a te  w as m ad e  fo r each  co m p o n en t of th e  to ta l v a rian ce  in  th e  m e a su re m e n ts  in  th e  second  
ITP. T he re su lts  a re  sh o w n  in  Tables C .l and

Table C.l — Estimate of each com ponent of the variance by m eans o f "three-factor fully-nested  
experim ents" for tensile strength in the second ITP

T yp e 1 T ype 2 T y p e lA

at2 [0,60]2 (1,80)2 (0,80)2

iTD̂ (0,67)2 (0.54)2 (0,17)2

(1,60]2 (1.08)2 (1,04)2
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Table C.2 ^  Estimate o f each com ponent of the variance by m eans o f "three'factor fully*nested
experim ents" for elongation in the second ITP

Type 1 T yp e 2 T y p e lA

ai.2 (20,4)2 (43,7)2 (24,3)2

ao2 (13,6)2 (21,9)2 (28,6)2

(28,1)2 (19,3)2 (19,3)2



Of th e  th r e e  v a rian ces , th e  v a ria n c e  due to  m e a su re m e n t e r ro rs  is th e  m o s t im p o r ta n t for th e  
dum b-bell shape . O th e r v a r ia n c e s  {o\} and  ctd^] a re  in fluenced  by  m an y  fac to rs  o th e r  th a n  th e  d u m b -5  
bell shape .

It is show^n th a t  is sm a lle s t for th e  ty p e  lA  dum b-bell, w hich m ean s  th a t  th e  m e a su re m e n t p rec is io n  
is b e s t  w ith  th is  ty p e .

C.3 Analysis of te s t pieces th a t broke

C.3.1 N um bers o f  te s t  p ie ce s  th at broke o u tsid e  th e  te s t  length

F igure C.l show s th e  n u m b e rs  of te s t  p ieces th a t  b roke  o u ts id e  th e  te s t  len g th  (ou tside  th e  referenceuj 
m arks]. For each  d um b-be ll ty p e , 230 te s t  p ieces w ere  te s te d , as 23 la b o ra to r ie s  each  te s te d  five te s tg  
p ieces on tw o  te s t  days.

m
Hio
>

SBR EPDMNR
Key
Y num ber of test pieces that broke outside test length
A type 1 dumb-bell (with a 25 mm test length)
B type 2 dumb-bell 
C type lA dumb-bell

F ig u re  C .l — N u m b e rs  o f  t e s t  p ie c e s  t h a t  b r o k e  o u ts id e  th e  t e s t  le n g th  
( f i r s t  IT P  — to ta l  o f 2 3 0  o f e a c h  ty p e  o f  t e s t  p ie c e )
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in th e  case of th e  ty p e  1 du m b -b e lls  m ade of an  NR com pound  w ith  a 20 m m  te s t  len g th , 159 te s t  p ie c e s^  
b roke  o u ts id e  th e  te s t  len g th , w hich  is ab o u t 70 %. In th e  case  of ty p e  1 w ith  a 25 m m  te s t  leng th , it w asf^ 
ab o u t 60 % of th e  te s t  p ieces. In th e  case  of ty p e  2, it w as 47 %. H ow ever, in  th e  case  of ty p e  lA , only'^| 
13 % of the  te s t  p ieces b ro k e  o u ts id e  th e  te s t  len g th . >

W ith SBR and  EPDM, th e  p ro b a b ility  o fb re a k in g o u ts id e  th e  te s t  len g th  fo r ty p e  lA  w a s  a lso  co n sid e rab ly ^  
sm alle r th a n  for th e  o th e r  d u m b -b e lls . Cr



C.3.2 R elationsh ip  b e tw e e n  th e  p rop ortion  o f  te s t  p ie ce s  th a t b rok e  o u ts id e  th e  te s t  
len gth  and te n s ile  en ergy

T he re la tio n sh ip  b e tw e e n  th e  p e rc e n ta g e  of te s t  p ieces th a t  b roke  o u ts id e  th e  te s t  len g th  an d  th e  ten sile  
en e rg y  [tensile  s tre n g th  m u ltip lied  by e lon g a tio n  a t b reak ) w as a lso  in v e s tig a te d . NR co m p o u n d s 
d iffe ring  in th e  volum e o f ca rb o n  black th ey  co n ta in ed  w ere  p re p a re d  and  th e ir  TSb an d  Eh m easu red . 
T he p e rc e n ta g e  of te s t  p ieces th a t  b ro k e  o u ts id e  th e  te s t  leng th  w as o b se rv ed . Fig u re  C.2 show s the  
re su lts  of th is  ex p e rim en t.

Key
X
y
1
2

3

13 000-16 000

TSb [MPa %)
percentage of test pieces that broke outside test length 
type 1 dumb-bell 
type 2 dumb-bell 
type lA dumb-beli

19 000-22 000

F ig u re  C.2 — P e r c e n ta g e  o f  t e s t  p ie c e s  t h a t  b ro k e  o u ts id e  th e  t e s t  l e n g th  v s  TSb ^ ( te n s i le
e n e rg y )

As the  va lu e  o f th e  te n s ile  en e rg y  in c reased , th e  p e rc e n ta g e  of te s t  p ieces th a t  b ro k e  o u ts id e  th e  te s t  
len g th  in c reased . At va lu es  o f th e  te n s ile  en e rg y  below  20 000  MPa %, m o st o f th e  ty p e  lA  te s t  p ieces 
b roke  in side  th e  te s t  len g th .

C.4 F in ite - e le m e n t  a n a ly s is

A fin ite -e lem en t a n a ly s is  (FEA) w a s  co n d u cted  on p a r t  of th e  te s t  p iece. Fig u re  sh ow s the  
d is tr ib u tio n  of th e  s tr a in  o b ta in ed  u sin g  "ABAQUS^^" so ftw are .

T he an a ly s is  o f th e  s t r a in  d is tr ib u tio n  sh ow s th a t  th e  h ig h e s t s tr a in  a re a  a p p e a rs  n e a r  th e  ed g e  of 
th e  p ieces for ty p e  1 an d  ty p e  2. T h is  o b se rv a tio n  co incides w ith  th e  re s u lts  of th e  te n s ile  te s tin g  
d esc rib ed  in L I .

On th e  o th e r hand , for ty p e  lA , th e  s tr a in  n e a r  th e  edge is a t th e  sam e  level as  in th e  c e n tra l a re a , w hich 
m ean s ty p e  lA  h as  a re la tiv e ly  u n ifo rm  s tra in  d is tr ib u tio n .

1) ABAQUS is an example of a suitable product available commercially. This information is given for the convenience 
of users of this document and does not constitute an endorsem ent by ISO of this product.



a) Type 1 dumb-bell
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c) Type lA  dumb-bell 

Figure C.3 — Example of strain distribution obtained using "ABAQUS’
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