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Foreword

ISO {the Inlernational Organization for Standardization) is a worldwide 
federation of national standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Each member body interested In a subject for 
which a technical committee has been established has the right to be 
represented on that committee. International organizations, govern­
mental and non-governmental, in liaison with ISO, also lake part in the 
work. ISO collaborates closely with the International Electrotechnical 
Commission (lEC) on all matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an Inter­
national Standard requires approval by at least 75%  of the member 
bodies casting a vote.

International Standard ISO 9026 was prepared by Technical Committee 
ISO/TC 45. R ubber and rubber products, Sub-Committee SC 2, Physical 
and degradation tests.
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In trod uction

The stress-strain properties of unvulcanized rubber (either a prepared 
mix or in the raw state) are Important to certain processing operations 
in the rubber industry. These unvulcanized-rubber properties are fre­
quently referred to as "green strength", denoting that the final 
vulcanization cycle has not yet been achieved. The word "green” is thus 
a synonym for uncured or unvulcanrzed.

Green strength is determined primarily by the physical and chemical 
characteristics of polymers, such as molecular mass, tendency to crys­
tallize, degree of branching, etc. It is also related to the compound for­
mulation, particularly Tiller and plasticizer content and the presence of 
peptizers. It is a particularly important characteristic for all processing 
operations in which elongation predominates, for example elongation 
caused by the expansion of the green tyre during the building operation.

Green strength is dependent on the test piece preparation (thermal, 
mechanical), rate of extension and test temperature. Therefore a 
slngle-poinl method cannot be expected to give correlation between 
green strength and processing behaviour over the whole range of pro­
cessing conditions.



Raw rubber or unvulcanized compounds — Determination of 
green strength

1 Scope

This International Standard speclHes a method for 
the determination of green strength of raw rubber 
or unvulcanized-rubber compounds using a tensile 
slress-strain test, the test pieces be(ng prepared 
following standard test conditions, or cut from 
calendered sheets.

2 Norm ative references

The following standards contain provisions which, 
through reference in this text, constitute prov,s|ons 
of this international Standard. At the Ume o pubh- 
cation the editions indicated were valid. stan 
HorHc arp subject to revision, and parties to

registers of currently valid International Standards.

ISO 37— Rubber, vu icanized  or ffiermop/as/fc -  
De^ermmaiion of tensile  stress^stra in properUes.

IO/-1 ,i7 < Q̂ft̂  R ubber — Standard tem peratures, hu- 
^or .he con./.on/n , and (es.np

of (es( pieces.

ISO 1796:1982, Rubber, raw -  Samp/e preparstion.

\^ n  91Q3 Rubber fesf m ixes -  P reparation m ix- 
! n g  a n d  -  E^juipment and procedures.

(SO 4648:1991, Rubber, vu lcan ized o r therm op lastic
— D eterm ination o f d im ensions of test p ieces and  
products fo r test purposes.

ISO 5893:1985, R ubber and p lastics  test equipm ent
-  Tensile, flexura l and com pression types (constant 
ra te  o f traverse) -  Descn'pOon.

3 Definition

For the purposes of this International Standard, the 
following deHnition applies.

3.1 green strength; The resistance 
unvufcanized compounded rubber to tensile de or^
mation or fracture and thereby a 
ability of a rubber or rubber compound to resist 
tensile distortion during processing and m fabn 
cation, e.g. tyre-building operations.

m a x im u m  s t r e s s .

4 principle

jaws.
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Figure 1 — Typica l tensile  s tress*stra in  curves



5 A ppara tu s

5.1 Tensile-testing machine, in accordance with the 
requirements of ISO 5893:1985. grade B. It shall be 
capable of matntaining a constant rate of separation 
of the jaws at the preferred value of 100 mm/mln. 
Other values may be used for special purposes.

It shall have means to test the force on the test piece 
and the elongation by the distance between the 
gauge marks on the dumb-bell. It shall be capable 
of recording Ihe force/elongalion curve obtained 
during the test.

N O T E  2  I n e r l i a - l y p e  m a c h i n e s  ( p e n d u lu m  d y n a ­
m o m e t e r s )  m a y  g i v e  r e s u l t s  w h ic h  d if fe r  b e c a u s e  o f  f r ic ­

t io n a l  ar>d i n e r t i a l  e f f e c t s .  A n  i n e r l t a l e s s  d y n a m o m e t e r  ( fo r  
e x a m p le ,  u s i n g  e l e c t r o n i c  o r  o p t i c a l  t r a n s d u c e r s )  i s  to  b e  
p r e f e r r e d .

If an automatic extensometer is used, it shall be one 
of the non-contacting type.

5.2 Mould, which meets the requirements of 
ISO 2393. tf the test piece with beaded ends (see 
6.1) is required, a special grooved mould, capable 
of producing a sheet 2 mm in thickness and 50 mm 
in length with a bead at both ends, as shown In fig­
ure 2, shall be used.

5.3 Curing press, large enough to take the mould, 
meeting the requirements of ISO 2393.

T w o cavities A djusting bolt - -O utflow  grooves

Half m ould (top  view)

Figure 2 — Mould for test piece with beaded ends



5.4 Fixture for holding the test piece In the testing 
machine

For the test piece with beaded ends, the fixture shall 
possess a suitable slot for gripping the test piece 
without any damage or slippage (see figure 3).

6 Test piece

6.1 Dimensions

The recommended type of test piece is the one with 
beaded ends, of which the shape and dimensions 
are given in ftgure4. Dumb-bell test pieces of 
type 1 or type 2 in accordance with ISO 37 may be 
used, in which case the ends of test pieces held in 
the grips may be protected by low-hardness 
vulcanized rubber, to avoid any damage.

Since different types of test piece do not necessarily 
give the same values, comparison of the results ob­
tained should be avoided.

6.2 Preparation

6.2.1 General

Standard test conditions shall be followed where 
determination of green strength of raw rubber or 
unvulcanized compounded rubber is to be made 
with no reference given to any particular process 
(see clauses 7 to 9).

Raw rubber shall be homogenized In accordance 
with ISO 1796.

6.2.2 Preparation of moulded test pieces

Raw rubber and unvulcanlzed rubber shall be 
sheeted out to approximately 2,2 mm thickness and 
placed in the mould with the grain direction oriented 
so as to have the grain direction along the length of 
the test pieces, care being taken that a suitable film 
is placed between the mould walls and the rubber 
compound in order to promote mould release. Poly­
ester or PTFE film 0,25 mm thick has been found 
suitable. The sample shall be compressed for 5 min 
at 100 ®C under 2,5 MPa platen pressure, then re­
moved after cooling lo laboratory temperature under 
pressure.

N O T ES

3  F o r  s o m e  r a w  r u b b e r s ,  l o n g e r  t i m e s  o r  h i g h e r  m o u ld ­
in g  t e m p e r a t u r e s  m a y  b e  n e c e s s a r y  in  o r d e r  to  o b t a i n  a  
s m o o t h  s h e e t  f r e e  f ro m  p o r o s i ty .  F o r  s o m e  c o m p o u n d s ,  a  
lo w e r  t e m p e r a t u r e  m a y  b e  n e c e s s a r y  w h e n  t h e r e  i s  a  
d a n g e r  o f  s c o r c h  a t  t h e  p r e f e r r e d  t e m p e r a t u r e .

4  T h e  c o o l in g  t im e  d e p e n d s  o n  t h e  a p p a r a t u s  u s e d .

The test piece shall be cut from the sheet using a 
suitable die.

When it is necessary lo characterize the behaviour 
of compounds intended to be used in a given appli­
cation, the test pieces shall be prepared in such a 
way that the properties of the rubber are not addi­
tionally altered.

Dimensions in m illim etres

Figure 3 — Fixture with slot

Dimensions in m iilim etres

Figure 4 — Dumb-bell test piece with beaded ends



6.2.3 Preparation of test pieces from calendered 
sheet

The dumb-bell test pieces shall be prepared directly 
by die cutting the test pieces from a sheet 
calendered from 2 mm to 4 mm thickness.

6.3 N um ber of test pieces

The test shall be carried oul on at least five test 
pieces.

6.4 M easurem ent

Thickness shall be measured using a micrometer 
gauge according to ISO 4648:1991. method A, with a 
pressure of 10 kPa ±  2 kPa on the rubber. The re­
sult shall be the median of 3 values.

The width shall be assumed to be equal to the width 
between Ihe cutting edges of the central part of the 
die.

7 Cond ition ing

After suitable preparation, the test pieces shall be 
conditioned at the preferred standard temperature 
(see ISO 471) for a determined conditioning period 
between 24 h and 72 h.

The same conditioning period shall be used 
throughout any one test or series of tests Intended 
for comparison.

8 Tem perature of test

The test shall normally be carried out at the stan­
dard temperature (see ISO 471). Where other tem­
peratures are used, take the preferred test 
temperatures as given In ISO 471.

The same temperature shall be used throughout any 
one test or series of tests intended for comparison.

9 Procedure

After removal of the mould-release film, when ap­
plicable (see 6.2.2), insert test pieces with beaded 
ends in the fixture iflustrated in figures. Adjust the 
rate of displacement of the moving jaw to 
100 mm/min and start the tensile test. If the test 
piece breaks at the grips, that result shall be dis­
carded and a retest carried out.

NOTE 5 The preferred rate of separation of the jaws is 
100 mm/min. In special cases, other rates may be used, 
but only tests carried out at the _same rate can be coro- 
pared. '  - - —

I r ......

10 E xp re ssion  of resufts

Using the typical stress-strain curves given in 
ngure l, determine the yield stress or maximum 
stress in megapascals.

Other parameters may be determined, such as yield 
elongation (b,). or the stress at a definite reference 
elongation corresponding to the deformation en­
tailed by a subsequent processing operation.

The stresses are calculated from the initial cross- 
sectional area of the parallel-sided portion of the 
dumb-bell.

The stresses and elongation shall be calculated us­
ing the procedure and formulae described in ISO 3 7 .

11 Test report

The test report shall include the following informa* 
tion:

a) sample details, comprising;

1) full description of the sample and its origin,

2) method of preparation of the test pieces (i.e. 
time and temperature of moulding, if not 
standard conditions),

3) type and dimensions of test piece,

4) any relevant fads about the pre-test history 
of the test pieces;

b) test method and test details, comprising:

1) reference number of this Internationa) Stan­
dard,

2) standard temperature,

3) time of conditioning,

4) rate of separation of the moving jaw, if not the 
preferred rate of 100 mm/min,

5) temperature of test;

c) test results, comprising:

1) number of test pieces tested if more than five,

2) medians and ranges of all results (i.e. yield 
stress, maximum stress, yield elongation — 
see clause 10);

|d) date of test.
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